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Foreword

For the past ten years there have been signifi cant scientifi c advances in biological sci-
ences and healthcare. At the same time, there has been increased accountability and, 
in some instances, attempts to ration services as a mechanism to accomplish this. 
Although arbitrary clinical practice guidelines have been published, more rational 
bases to defi ne optimal healthcare should be based on the identifi cation of innovative 
approaches, outcome analysis in properly designed clinical trials, and careful assess-
ment of current practice based on solid and creditable clinical research and evidence 
based decision making in medicine. The growth in basic and translational research 
data offers a guide to medical practice and is essential for the clinician to appraise and 
use published evidence for medical decisions. Evidence based medicine exemplifi es 
the effect of teaching clinicians to evaluate research data by methodologic standards 
and to critically appraise published evidence from both a scientifi c and sociocultural 
perspective. Physicians are trained to maintain high standards of critical conscious-
ness in methodologic domains, but not necessarily in the broader historic sociocultural 
domains surrounding them.

It is important for those practicing evidence based medicine to take full advantage 
of their encounters with patients, where the questions and answers that may arise can 
lead to providing the patient with the best available medical care. Appropriate and 
relevant clinical questions relate to the patient and the problem, to intervention, to a 
comparison intervention, and to outcome.

The present volume is specifi cally aimed at the utilization of evidence based medi-
cine in outcome from radiation oncology. It stands as a signifi cant and important stan-
dard by which all programs in management can be judged.

Philadelphia  Luther W. Brady
Hamburg Hans-Peter Heilmann
Munich  Michael Molls
Bodø  Carsten Nieder
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Introduction

Jiade J. Lu and Luther W. Brady

The practice of radiation oncology constantly involves decision making. Everyday, 
 radiation oncologists are challenged with evaluating diagnostic and therapeutic 
options for cancer patients, and making decisions together with patients to ensure 
the best treatment of their disease. Historically, clinical experience and summarized 
expert knowledge served as important bases of medical practice. The rationales of 
medical decision making include those made in cancer management based largely on 
pathologic and physiologic rationales. The ability of physicians to provide effective 
medical care and rational decision making has long been assumed the valuable product 
of experience and expertise. When personal experience or understanding is lacking, 
clinicians usually turn to experts in the fi eld for their opinions, or seek knowledge from 
textbooks.

While personal experience and expertise, as well as summarized knowledge, are 
valuable in providing references for daily practice in medicine, experience gained 
from physiologic/pathologic rationale-oriented practice faces several important pit-
falls. One of the most concerning issues is the reliability of such practice, and decisions 
made according to the “obvious” situation according to our understanding of a disease 
(the perception of a physician) may not produce an effective outcome. Consistency of 
 practice is another issue in empirical medicine, and close observation of the actual 
practices has demonstrated that even experienced physicians are likely to be unsystem-
atic and inconsistent in medical decision making. Wide variations in patient care that 
are not related to differences in patients’ preference, availability of treatment technol-
ogy, or specifi c individual scenarios are often observed. 

A recent example that illustrates the insuffi ciency of the pathologic/pathologic ratio-
nale in decision making is the concurrent use of erythropoietin with radiation therapy. 
It is well recognized that radiation is more effective against cancer cells with higher 
oxygen concentration. It has been demonstrated that the treatment outcome in patients 
with head and neck cancer or cervical cancer with high hemoglobin levels, for example, 
are superior to those with severe anemia during radiation therapy. While the effi cacy 
of erythropoietin has been repeatedly demonstrated in patients with cancer or chemo-
therapy-induced anemia, it is reasonable to postulate that an increased hemoglobin 
level induced by erythropoietin may also improve outcome after radiation therapy. 
Based on this rationale, clinical trials were initiated to study whether correction of 
anemia during radiation therapy using certain drugs “should” improve the outcome. 
However, to the surprise of most researchers, although a reliable rise in hemoglobin 
concentration was observed with the use of medication, no benefi t in local control, 
disease-free survival, and overall survival rates were observed when the medication 
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was used concurrently with radiation therapy. In actual fact, treatment of anemia using 
erythropoietin during radiotherapy may impair tumor control, rather than improve 
the effectiveness of radiation (Henke et al. 2003).

This example demonstrated the insuffi ciency of physiologic and pathologic reason-
ing to provide expected results, but also argued that experience and expertise were not 
reliable for preventing the mistreatment of patients. Since the detrimental effects of the 
medication on disease control was not always apparent immediately after the use of the 
medication, a cause–effect relationship could not be readily established. Accumulated 
experience in medical practice tends to be less systemic and may not be useful for rec-
ognizing cause–effect relationships typifi ed above, especially when the time interval 
between the root cause and the effect is relatively protracted. 

What Is Evidence-Based Medicine?

It is generally accepted that effective disease management and medical decision making 
rely on the best available scientifi c evidence, in combination with the clinician’s expe-
rience and patients’ preferences. The most common question posed upon hearing the 
term evidence-based medicine is: “Isn’t that what we always do?” Many physicians, 
including radiation oncologists, may claim that clinical evidence is always incorpo-
rated in their practice. It is very true that much progress has been made in clinical 
research, and that medical decision making based on the results of scientifi c studies 
has increasingly prevailed; however, simply citing or using some research results is 
insuffi cient for effective clinical decision making and, alone, is far from evidence-
based medical practice. 

The Triad of Evidence-Based Medicine

Evidence-based medicine aims to utilize scientifi cally obtained evidence for medi-
cal practice and is defi ned as the conscientious, explicit, and judicious use of current 
best evidence in making decisions about the care of individual patients (Sackett et 
al. 1996). It involves integrating the best available scientifi c evidence from systematic 
research on patients’ condition, value, and expectations, as well as the attending physi-
cian’s expertise in clinical decision making. 

Although scientifi c evidence is one of the most important elements of evidence-
based medicine (and effective medical practice requires routine application of the best 
evidence in patient care), a fundamental principle of evidence-based medicine is that 
evidence alone, even when obtained through systemic and exhaustive research, is not 
suffi cient for effective clinical decision making. Systemically reviewed clinical evi-
dence must be integrated with patients’ expectations and value, together with clinical 
expertise. Effective decision making in medical practice requires the application of all 
three elements of evidence-based medicine (Fig. 1).
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Hierarchy of Evidence

As scientifi c evidence plays a major role in the learning and practice of evidence-based 
medicine, it is necessary to briefl y clarify the meaning of evidence in this context. The 
Cambridge dictionary defi nes “evidence” as anything that helps to prove that some-
thing is or is not true. This simple defi nition can be applied to clinical evidence of 
any specialty in medicine, including radiation oncology. Results obtained from basic 
science, animal, translational, as well as clinical research can all be used as medical 
evidence. Furthermore, observations made in the clinician's daily practice are also 
considered clinical evidence.

However, not all evidence in medicine is created equal, and not all evidence can be, 
or should be, used in decision making in patient care. The quality, i.e., the validity, rel-
evance, and importance of clinical evidence differ signifi cantly. Evidence-based medi-
cine seeks to assess the quality of scientifi c evidence relevant to the risks and benefi ts 
of treatment (or in many cases, lack of treatment), with the purpose of improving the 
health of patients by means of decisions that will maximize patients’ quality of life and 
life span. Merely applying study results without critical appraisal may not only be less 
useful, but potentially harmful or dangerous to patients. 

Evidence used in any clinical decision making process can be categorized according 
to its quality based on the probability of freedom from error, and is usually classifi ed 
by critical appraisal. The following four aspects are the most basic of critical appraisal: 
relevance, validity, consistency, and signifi cance of the results. The quality of evidence 
can be differentiated according to those elements of quality. 

In a simple sense, the quality of evidence, specifi cally its validity, can be differenti-
ated according to the nature of the evidence. For a specifi c topic, when all other factors 
are equal, meta-analyses and systemic reviews based on  randomized clinical trials, as 
well as well-designed and -powered randomized clinical trials, are usually of superior 

Fig. 1. The triad 
of evidence-based 
medicine

Scientifi c 
Evidence

Clinical 
expertise

Patient´s 
value

   Asking
Acquiring

        Appraising
              Applying
                  Auditing
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The “5As” Practice of Evidence-Based Medicine

Radiation oncology is an ever-changing fi eld. With the development of new technology 
and treatment techniques, the management of cancer using ionizing or particle radia-
tion is evolving on a monthly, if not daily, basis. Like any other forms of therapy, apply-
ing newly developed radiation techniques (such as imaging-guided radiation therapy 
and particle therapy) or treatment strategies (such as combined chemoradiotherapy) 
to a particular type of malignancy, or applying existing treatment techniques proven 
for one type of disease to a different type of cancer, requires vigorous testing and veri-
fi cation before it can be called standard. As a result, the fi eld of radiation oncology is 
fl ooded with publications and literature.

While it is encouraging to observe the exponential growth in scientifi c research 
papers and literature published in this fi eld, it is important to recognize that evaluat-
ing and understanding the scientifi c evidence in order that one can utilize it in decision 
making requires profi cient skills and knowledge of evidence-based medicine, as well 
as suffi cient time and effort. 

Scientifi c evidence is one of the three integral parts of evidence-based medical prac-
tice; thus, understanding and being able to apply pertinent and best-available evidence 
for a particular clinical question is crucial in the practice of evidence-based medicine 
in radiation oncology. To achieve this purpose, the following fi ve key steps (the “5As” 
cycle) should be considered sequentially (Fig. 3): 

Fig. 2. Hierarchy of 
evidences

Systematic 
reviews 
and/or 

high-power 
randomized controlled 

trials (RCTs)

Low-power randomized trials

Quasi-experimental studies 
(e.g., prospective non-randomized studies)

Non experimental studies (e.g., retrospective series

Case Reports

Qualit
y o

f e
vid

ence

quality than retrospective series. Figure 2 is a simplifi ed illustration of the quality of 
clinical evidence. However, it is important to remember that quality also depends on 
the relevance and importance of the evidence, and such factors depend largely on spe-
cifi c clinical scenarios. 
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1. Formulating a clinical question (Asking)
2. Acquiring relevant and complete information (Acquiring)
3. Critically appraising the quality (including validity and importance) of available 

evidence, or identifying the lack of evidence (Appraising)
4. Applying the knowledge in the clinical management of patients (Applying)
5. Evaluating the results of practice (Auditing)

A Strategy of Learning and Clinical Practice 
(Why Use Evidence-Based Medicine?)

Evidence-based medicine is probably more of a strategy of effective and effi cient med-
ical care than a scientifi c subject. The ultimate purpose of evidence-based medicine 
by practicing the “5As” cycle is to improve the quality of care for patients. However, 
clinical practice based on the essence of evidence-based medicine can also be used as 
a strategy of continuing medical education and professional development. Inevitably, 
physicians' knowledge deteriorates over time. The “5As” process of evidence-based 
medicine emphasizes a structural, systemic, and strategic search for and evaluation 
of evidence for questions encountered in daily clinical practice, to be used in decision 
making in patient management. Through such a process, clinicians and other health-
care professionals continuously educate themselves and sharpen their knowledge.

Fig. 3. Five key steps of effective evi-
dence-based medical practice. [From 
UBC HEALTH LIBRARY (2008)]

Evaluate decision making

Frame patient scenario into a clinical question

Systematically retrieve best evidence available

Critically appraise evidence

Apply results to patient

Librarian Centred
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Issues in the Practice of Evidence-Based Radiation Oncology

The basic principle of evidence-based medicine can largely be applied to any special-
ties in healthcare, including public health and policy making. However, specifi c issues 
encountered by clinicians in different specialties, including radiation oncologists, 
affect how they practice evidence-based medicine.

Formulating a Clinical Question in Oncology

Clinical questions encountered in the practice of radiation oncology are usually indi-
vidualized based on the diagnoses, patients’ medical conditions and preferences, as 
well as the availability of medical resources. However, as a disease category, cancer 
has been effectively categorized based on pathological diagnosis, differentiation, and 
staging. The value of the AJCC/UICC staging system on predicting outcome, thus facili-
tating the choice of treatment strategy for most types of cancers, has been repeatedly 
proven. In addition, with the development of molecular biology and genetics, other 
disease characteristics have been continuously discovered. 

At the present time, a clinical question in cancer management can be formulated on 
the basis of pathologic diagnosis and cancer staging, combined with patients’ charac-
teristics and other disease-associated prognostic factors. For the purpose of knowledge 
development and learning, the clinical question of focus in the practice of evidence-
based radiation oncology is usually “What is the most effective treatment of this malig-
nancy at the current stage?” 

Acquiring Relevant and Complete Information

Once the target question is formulated, the next step in the practice of evidence-based 
radiation oncology is to search for the relevant evidence. With the development of 
information technology and the Internet, obtaining an exhaustive amount of infor-
mation through literature search using databases such as PubMed and ScienceDirect 
is no longer an issue. However, the problem that perturbs most practicing radiation 
oncologists is usually not insuffi cient, but rather excessive amounts of information of 
varying quality. While all professionals aim to keep abreast of developing research, 
differentiating the “relevant” and “complete” information from a fl ood of publica-
tions usually requires an enormous amount of time and effort, and is hardly achiev-
able. It is usually not feasible for a clinician to fi nd, read, and appraise all available 
evidence on his/her own. The time and effort needed to acquire and then crucially 
appraise information is currently an insurmountable obstacle standing between 
individual clinicians and the practice of evidence-based medicine, including radia-
tion oncologists.

Evaluating the Quality of the Evidence

As mentioned previously, not all evidence is created equal. Much of the available evi-
dence is not clinically relevant for decision making. The quality (i.e., validity and 
importance) of relevant and pertinent clinical evidence varies signifi cantly. As the 
practice of evidence-based medicine involves the integration of the best available sci-
entifi c evidence with expertise and patients’ value in patient care, the critical appraisal 
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of evidence obtained from systemically researched endeavor is crucial for identifying 
the best available and most relevant evidence. 

To evaluate the quality of a piece of evidence, basic knowledge and skills in critical 
appraisal of medical publications are usually required. Often, formal training in litera-
ture research and review is necessary to attain profi ciency in appraising scientifi c evi-
dence. However, critical appraisal of scientifi c evidence is extremely time consuming 
and, as with the process of acquiring relevant and complete information, the time and 
effort required to critically appraise the literature comprises yet another insurmount-
able obstruction to the practice of evidence-based radiation oncology.

It is important for clinicians to understand that, in many instances, the only evi-
dence available is of low quality. For example, the majority of available evidence used in 
guiding radiation therapy for rare tumors (such as cancer of the fallopian tube, cancer 
of urachus) are retrospective in nature. A lack of high-quality evidence does not pre-
clude the feasibility of practicing evidence-based medicine in the treatment of these 
malignancies. One can always use the current best evidence after critical appraisal, 
bearing in mind that even the best is fl awed. 

Radiation Oncology: An Evidence-Based Approach

The traditional thoughts on evidence-based medicine described above emphasize 
searching the literature, appraising, and then summarizing search results with the 
focus on a particular clinical question. Although the basic understanding, required 
skills, and knowledge remain unchanged for the practice of evidence-based medi-
cine, the process has gradually evolved with the increasing availability of sophisti-
cated secondary information resources that differentiate and appraise high-quality 
evidence from the existing medical literature. The most direct product of an insti-
tutional exercise in evidence-based medicine is the development and utilization of 
protocolized diagnostic and treatment recommendations for a particular disease 
entity. In the fi eld of clinical oncology, there is an increased use of guidelines or 
algorithms for disease management which have been developed by professional 
organizations. The Cancer Guidelines for Patients and Physicians developed by 
experts from the National Comprehensive Cancer Network (NCCN) is well known 
among clinical oncologists. In addition, the American Society of Clinical Oncol-
ogy (ASCO) and the American Society of Therapeutic Radiology Oncology (ASTRO) 
also provide treatment recommendations for a number of malignancies or selected 
disease groups. 

However, evidence-based medicine (including evidence-based radiation oncology) 
is a process of learning, developing, and practicing. The guidelines including the algo-
rithms and pathways of diagnosis and treatment developed by NCCN, ASCO, or other 
professional organizations certainly provide crucial references to standardized and 
protocolized management of cancer. However, merely following the recommendations 
provided in the guidelines without knowing the underlying supporting evidence pro-
vides no benefi t for acquiring new knowledge and expanding one’s skill in cancer man-
agement. In other words, knowing “how” to practice does not equal knowing exactly 
“why” to practice in certain ways.
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While the clinical question can be formulated on the basis of pathology, stage at 
diagnosis, as well as other prognostic factors of the disease and the patient, acquir-
ing evidence in the field of radiation oncology is intricate, especially in an era when 
physicians are f looded with publications and information. Furthermore, the search 
for best evidence is especially difficult for clinicians in training due to insufficient 
search techniques and skills in critical appraisal of clinical evidence. Clinicians 
who are proficient in literature searches and appraisal may be impeded by the lack 
of time to update their knowledge and understanding of the new treatment tech-
niques and strategies. In addition, healthcare professionals not trained in North 
America or Europe may experience both language and methodological difficul-
ties. 

Structured and Systemic Learning and Practice of Evidence-
Based Radiation Oncology

The idea behind Radiation Oncology: An Evidence-Based Approach was formulated 
with the aim of facilitating the application of evidence-based medicine in radiation 
oncology and helping clinicians to utilize the best available medical evidence in their 
practice. The sole purpose of evidence-based radiation oncology is to improve the qual-
ity of cancer care through the utilization of the best available scientifi c evidence, in 
combination with clinicians’ expertise and patients’ value. The purpose of Radiation 
Oncology: An Evidence-Based Approach is to convey the knowledge gained in evidence-
based radiation oncology, including the recommendations on cancer management and 
the supporting evidence in a simple, concise, effi cient, and effective manner. It is not 
only a text for studying radiation oncology using an evidence-based approach, but also 
a practical reference for improving the quality of cancer care in daily practice. 

Two of the most important tasks of this publication are: (1) to minimize the time and 
effort required of the reader to absorb and understand the pertinent knowledge, and (2) 
to maximize the opportunities to apply the knowledge in the daily practice of cancer 
care. As such, this publication was deliberately written and structured in a formulated 
fashion, and all entities were presented in a planned sequence: Recommendation and 
the grade of recommendation (“What” to do and the strength of recommendation)  
Evidence and the level(s) of evidence (“Why” to do and the strength of the evidence) 

  Radiation therapy techniques (“How” to do and the detailed techniques). In addi-
tion, diagnosis and treatment algorithms were provided for the majority of commonly 
diagnosed malignancies.

Quality Control of a Quality-Improvement Endeavor 

To ensure the quality of each topic included in Radiation Oncology: An Evidence-
Based Approach, the project invited radiation oncologists with extensive experience in 
the fi eld; many of the contributors have been responsible for developing the treatment 
standards in their subspecialties, including researchers of phase III randomized trials 
who have set the current management standard. Efforts were made to include scien-
tifi c evidence of the highest quality. In addition, the results of clinical research from 
well-established multi-institutional study groups, such as RTOG, SWOG, ECOG, etc., 
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Table 1. Levels of evidence and grade of recommendations

Level Type of Evidence

I Evidence obtained form meta-analysis of multiple, well-designed, controlled studies. Randomized 
trials with low false-positive and low false-negative errors (high power).

II Evidence obtained from at least one well-designed experimental study. Randomized trials 
with high false-positive and/or negative errors (low power).

III Evidence obtained from well-designed, quasi-experimental studies such as nonrandomized, 
controlled, single group, pre-post, cohort, and time or matched case-control series.

IV Evidence from well designed, nonexperimental studies such as comparative and correlational 
descriptive and case studies.

V Evidence from case reports.

Grade Grade of Recommendation

A There is evidence of type I or consistent fi ndings from multiple studies of 
type II, III, or IV.

B There is evidence of type II, III, or IV and fi ndings are generally consistent.

C there is evidence of type II, III, or IV but fi ndings are inconsistent.

D There is little or no systemic empirical evidence

were attributed the highest priority, and all evidence was critically appraised before its 
inclusion. Furthermore, personal opinions or institutional preferences were carefully 
avoided in the process of codifi cation, and the grading of recommendations and evi-
dence was reviewed by a second specialist, including one of the editors. For some enti-
ties provided in this publication where high-quality evidence is lacking (such as recom-
mendations on follow-ups), recommendations were based on consensuses agreed upon 
by organizations such as the ASTRO expert panel, or other treatment guidelines such 
as NCCN.

The quality of clinical evidence and recommendations for treatment can be graded 
according to various grading systems. The non-unifi ed grading systems advocated 
by different organizations have added yet another layer of obstruction to summariz-
ing and codifying a reference like this. To assure that a “common language” is used 
between practitioners with different backgrounds, the grading systems for recommen-
dations and levels of evidence endorsed and used by ASCO and the European Society 
of Medical Oncology (ESMO) were adopted (Table 1) (Smith et al. 1997). 

Evidence-Based Radiation Oncology: Practice with Caution

Although the application of evidence-based radiation oncology involves the use of cur-
rently available evidence of the highest quality, one cannot overemphasize the fact that 
scientifi c evidence alone is never suffi cient for effective decision making in the practice 
of cancer care. The biggest challenge in evidence-based radiation oncology is to apply 
scientifi c evidence and standardized knowledge of cancer management generated 
from population studies to individual patients with unique clinical, psychological, and 
social circumstances. It is equally important to consider clinical expertise of radiation 
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oncologists as well as patients’ value and expectations in the decision-making 
process. In other words, the three elements presented in the “Triad of Evidence-
Based Medicine” should be emphasized equal measure in daily practice. 

The rapidly evolving fi eld of radiation oncology also requires radiation 
oncologists to be vigilant with regard to updates in knowledge, since scien-
tifi c evidence that may induce changes in the treatment standard of medical 
practice emerges continuously and constantly. While Radiation Oncology: An 
Evidence-Based Approach serves as a practical reference for clinicians wishing 
to utilize updated evidence for their practice and better understand the basis 
of those treatment strategies, it can never be updated enough and certainly 
contains gaps which constantly need to be fi lled in by the readers through the 
practice of the “5As” process of evidence-based medicine.
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1.1 Diagnosis, Staging, and 
 Prognoses of 
 Intraocular Melanoma

1.1.1 Diagnosis

Initial Evaluation

Intraocular melanoma is usually diagnosed on  �
ophthalmologic examination. Patients may or may 
not present with symptoms at the time of diagno-
sis, depending on tumor size, location in the eye, 
and production of secondary retinal detachment. 
Frequently, a patient is seen by an optometrist or  �
ophthalmologist for an unrelated condition, then 
sent to a retinal specialist and ultimately to the 
ocular oncologist for an incidental fi nding. The 
overall delay for small tumors was up to 129 days 
as compared to 50 days for medium tumors and 
34 days for large tumors (Level IV) (Damato 2001). 
The diagnosis is only made when seen by the ocu-
lar oncologist since almost 30% of patients referred 
to an ocular oncology service with a diagnosis of 
choroidal melanoma have an incorrect diagnosis 
(Level IV) (Khan and Damato 2007).
The essential diagnostic procedures include ocu- �
lar examination, especially indirect ophthalmos-
copy, fundus photograph, ultrasonography and 
fl uorescein angiography.
With the exception of iris melanomas, which are  �
amenable to biopsy, diagnosis is usually on a clin-
ical basis and is in excess of 99% accurate (COMS, 
Level II) (Collaborative  Ocular  Melanoma 
Study Group 1990).
The disease incidence in men is 6.8/10 � 6 and in 
women 5.3/106 (McLaughlin et al. 2005) in the 
United States. In Europe, incidence rates increase 
from south to north from < 2/106 in Spain and 
southern Italy up to > 8/106 in Norway and Den-
mark (Virgili et al. 2007). This variation of in-
cidence with altitude also holds for the United 
States (Yu et al. 2006) for internal ocular mela-
noma, but is the reverse for external ocular mela-
noma (eyelid and conjunctival melanoma).

Laboratory Tests

Initial blood tests should include a complete  �
blood count with differential, basic blood chemis-
try, liver function tests, and renal function tests.

Imaging Studies

Intraocular melanoma is commonly a localized  �
disease and imaging studies for distant metas-
tasis is usually not indicated for asymptomatic 
patients, except for pre-treatment chest X-ray.
Ultrasound or CT scan of the abdomen is indi- �
cated to rule out hepatic metastasis in patients 
with abnormal liver function test or presenting 
with suggestive symptoms.

Pathology

Intraocular melanoma is commonly diagnosed  �
clinically and biopsy of the intraocular lesion 
should be avoided.
Diagnosis is usually on a clinical basis and is  �
in excess of 99% accurate (COMS, Level II) 
( Collaborative Ocular Melanoma Study 
Group 1990).

1.1.2 Staging

Intraocular melanoma is staged clinically by  �
location of tumor in the eye and by tumor di-
mension and presence or absence of extrascleral 
extension.
The AJCC staging system (Table 1.1) gives the  �
staging for uveal melanoma and melanoma of the 
ciliary body and choroid.
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Primary tumor (T)

All uveal melanomas

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Iris

T1 Tumor limited to the iris

T1a Tumor limited to the iris not more than 3 clock hours in size

T1b Tumor limited to the iris more than 3 clock hours in size

T1c Tumor limited to the iris with melanomalytic glaucoma

T2 Tumor confl uent with or extending into the ciliary body and/or choroid

T2a Tumor confl uent with or extending into the ciliary body and/or choroid with melanomalytic glaucoma

T3 Tumor confl uent with or extending into the ciliary body and/or choroid with scleral extension

T3a Tumor confl uent with or extending into the ciliary body with scleral extension and melanomalytic glaucoma

T4 Tumor with extraocular extension

Ciliary body and choroid

T1* Tumor 10 mm or less in greatest diameter and 2.5 mm or less in greatest height (thickness)

T1a Tumor 10 mm or less in greatest diameter and 2.5 mm or less in greatest height (thickness) without microscopic 
extraocular extension

T1b Tumor 10 mm or less in greatest diameter and 2.5 mm or less in greatest height (thickness) with microscopic 
extraocular extension

T1c Tumor 10 mm or less in greatest diameter and 2.5 mm or less in greatest height (thickness) with macroscopic 
extraocular extension

T2* Tumor greater than 10 mm but not more than 16 mm in greatest basal diameter and between 2.5 and 10 mm in 
maximum height (thickness)

T2a Tumor 10 mm to 16 mm in greatest basal diameter and between 2.5 and 10 mm in maximum height (thickness) 
without microscopic extraocular extension

T2b Tumor 10 mm to 16 mm in greatest basal diameter and between 2.5 and 10 mm in maximum height (thickness) 
with microscopic extraocular extension

T2c Tumor 10 mm to 16 mm in greatest basal diameter and between 2.5 mm and 10 mm in maximum height (thick-
ness) with macroscopic extraocular extension

T3* Tumor more than 16 mm in greatest diameter and/or greater than 10 mm in maximum height (thickness) with-
out extraocular extension

T4 Tumor more than 16 mm in greatest diameter and/or greater than 10 mm in maximum height (thickness) with 
extraocular extension

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

Table 1.1. Defi nition of TNM. These defi nitions apply to both clinical* and pathologic staging

S TAG E  G ROU PI NG 

I: T1 N0 M0,  T1a N0 M0,  T1b N0 M0,  T1c N0 M0

II: T2 N0 M0,  T2a N0 M0,  T2b N0 M0,  T2c N0 M0

III: T3 N0 M0,  T4 N0 M0

IV: Any T N1 M0,  Any T Any N M1
*Note: When basal dimension and apical height do not fi t this classifi cation, the largest tumor diameter should be used for clas-
sifi cation. In clinical practice, the tumor base may be estimated in optic disc diameter (dd) (average: 1 dd = 1.5 mm). The height 
may be estimated in diopters (average: 3 diopters = 1 mm). Techniques such as ultrasonography, visualization, and photography 
are frequently used to provide more accurate measurements.
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1.1.3 Prognostic Factors

In general, prognosis of intraocular melanoma  �
depends on tumor size and location in the eye. 
Treatment modality is not prognostically sig-
nifi cant (Level II) (Collaborative Ocular 
 Melanoma Study Group 2006).
Patient survival has been related to age of the  �
patient (older = poorer), but not gender or pov-
erty level (Burr et al. 2007; Collaborative 
 Ocular Melanoma Study Group 2006; Isager 
et al. 2006), as well as maximal basal tumor di-
ameter (larger = poorer) (COMS 2006, Level II) 
 (Bergman et al. 2005).
Visual deterioration is related to the location of  �
tumor relative to the foveola and optic nerve and 
to globe enucleation for either tumor recurrence 
or complications of treatment after radiation 
(Level IV) (Bergman et al. 2005). Obviously, if 
enucleation is the treatment, vision failure in the 
tumor containing eye is immediate and total.
Tumor apical height, a history of diabetes, pre- �
treatment visual acuity and tumor-associated 
retinal detachment and tumors that were not 
dome-shaped were also associated with poor vi-
sual outcome (Melia et al. 2001).
Tumors higher than 6 mm, tumors with low inter- �
nal refl ectivity, and tumors with an initial rate of 
height regression > 0.7 mm/month had a higher 
5-year melanoma-related mortality. Response to 
brachytherapy is of prognostic signifi cance. The 
initial height regression rate was 6.1% per month 
in patients who later developed metastases versus 
4.3% per month in patients who did not (Level IV) 
(Kaiserman et al. 2004).

1.2 Treatment of Intraocular 
 Melanoma

1.2.1 Surgery

Iris and conjunctival melanomas may be excised  �
on a defi nitive basis. For other sites, surgery is 
usually reserved for tumors too large for radia-
tion treatments or for patient reference.
Enucleation is the surgical procedure of choice;  �
however, if there is a large component of extras-

cleral extension, orbital exenteration may be pref-
erable, followed by external beam irradiation.
Transscleral local resection is not recommended  �
as the standard surgical procedure for intraocu-
lar melanoma (Grade B). Although the procedure 
has been used in an effort to preserve the globe 
and vision, this technique has a local recurrence 
rate of 41% at 5 years compared with about 7% 
for brachytherapy (Level IV) (Puusaari et al. 
2007).

1.2.2 Radiation Therapy

Conventional external-beam radiation therapy is  �
not recommended for the treatment of intraocu-
lar melanoma. External telecobalt treatment of 
the involved eye to 60 Gy has been attempted with 
poor results and, ultimately, visual or globe loss 
from complications.
Proton beam and other hadron therapy can be  �
recommended to treat intraocular melanoma 
(Grade B). It has been reported to have a 95% 
intraocular control rate (Level III) (Damato 
et al. 2005; Dendale et al. 2006; Desjardins 
et al. 2003; Gragoudas et al. 2002). Although 
initially varying among institutions, the tumor 
dose commonly used is currently approximately 
60 cobalt Gy equivalent (CGE) delivered in four 
fractions.
Since proton beam therapy requires accurate 
tumor localization, the patient usually requires 
surgery to implant markers to defi ne the site for 
image-guided set-up. Even with fi ducial guid-
ance, about 50% of the local recurrences were 
at the tumor margin, possibly due to treatment 
planning errors and the majority of the rest were 
either extrascleral extension or uncontrolled tu-
mor (Level III) (Gragoudas et al. 2002).
Stereotactic radiosurgery has been attempted us- �
ing both the GammaKnife and the CyberKnife. 
These results are not mature enough for com-
parison with other techniques. However, from 
a pure physics viewpoint, proton beam delivers 
the lowest dose to the contralateral eye with the 
Gamma Knife delivering the highest dose. Scatter 
dosing into the pelvis of a phantom was nearly 
equivalent between the Gamma Knife and proton 
beam and was an order of magnitude smaller than 
the dose delivered by the CyberKnife (Level III) 
( Zytkovicz et al. 2007).
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Brachytherapy

Brachytherapy is a mainstay radiation modal- �
ity for the treatment of intraocular melanoma 
(Grade A). A variety of different isotopes and 
plaque designs have been employed for the pur-
pose of brachytherapy of ocular melanoma. Re-
sults vary among institutions but are generally in 
the upper 80%–97% range for local intraocular 
control.
Dose of brachytherapy is usually 85 Gy to the  �
tumor apex plus 1 mm (to allow for scleral thick-
ness) and usually allows for a 1- to 2-mm margin 
around the diameter of the tumor.
For medium sized (T2) tumors, there does not 
appear to be any survival differences between 
125I plaque brachytherapy and enucleation in a 
randomized study of >1300 patients (Level II) 
(Collaborative Ocular Melanoma Study 
Group 2006).
For small (T1) tumors, 125I brachytherapy af-
ter observation until growth or until the tumor 
developed orange pigment is associated with a 
5-year melanoma-specifi c mortality of about 4% 
and globe conservation in 97.8% of patients, ac-
cording the results of a prospective series from 
the University of Miami (Level III) (Sobrin et 
al. 2005). 
For large (T3) tumors local control rate was 91% at 
5 years and 87% at 10 years. However, by 10 years, 
34% of patients needed to be enucleated and 55% 
had developed metastatic disease (Level IV) 
(Shields et al. 2002).
Radiation complications will vary with size and  �
location of tumor and choice of brachytherapy 
isotope. In the COMS study, cataracts occurred 
in 83% of study eyes by 5 years, but only 12% 
had undergone cataract surgery; when the lens 
dose was > 24 Gy, 18% had cataract surgery but 
only 4% when the lens dose was < 12 Gy (Level II) 
 (Collaborative Ocular Melanoma Study 
Group 2007).
Risk factors for cataract development were 
age > 65, male, and tumor diameter > 10 mm 
(Level IV) (Lumbroso-Le Rouic et al. 2004). 
Cataract is the earliest complication to develop 
after brachytherapy and obviously occurs more 
frequently with anterior tumor than posterior 
tumors. Increasing tumor height correlates posi-
tively with cataracts, iris neovascularization, 
and persistent retinal detachment. As expected, 
maculopathy and optic neuropathy associate with 

distance to the fovea and optic disk, respectively 
(Level IV) (Puusaari et al. 2004).
Enucleation after brachytherapy can be recom- �
mended for local failure or for a blind painful eye 
despite other interventions to control complica-
tions. Treatment failure was the most common 
cause for enucleation within 3 years of treatment, 
whereas ocular pain was most common thereafter 
(COMS, Level II) (Jampol et al. 2002).
The question of enucleation of non-seeing  �
eyes or their preservation when no recurrence 
can be documented was addressed. Secondary 
enucleation for blind eyes with no evidence for 
recurrence did not appear to improve survival 
(Level IV) ( Augsburger et al. 2004).

1.2.3 Other Treatment Modalities

An attempt to treat small choroidal melanomas  �
by transpapillary thermotherapy alone indicated 
that the major side effect was retinal complica-
tions in over 75% of patients and that thermo-
therapy alone had an almost 30% local failure 
rate. Adjuvant thermotherapy after 125I plaque 
brachytherapy for patients who were deemed 
radio-resistant led to no local failures with lim-
ited follow-up time (Level IV) (Harbour et al. 
2003).

1.3 Follow-Ups and Surveillance

Long-term follow-up after treatment of intraocu- �
lar melanoma is recommended for early detec-
tion of recurrence and treatment complications, 
including secondary primary tumor induced by 
radiation therapy (Grade B).
Long-term analysis of the COMS trials indicated  �
that metastases from intraocular melanoma pref-
erentially occur in liver, followed by lung, and 
then bone (Level II) (Collaborative Ocular 
Melanoma Study Group 2001; Diener-West 
et al. 2005b).
There would appear to be an association between  �
ocular melanoma and the risk of developing sec-
ond primary cancer with standardized incidence 
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ratios (SIR) from a high of 3.89 for liver cancer 
to 1.31 for prostate (Level IV) (Scelo et al. 2007). 
Conversely, there appears to be a signifi cantly 
increased risk for ocular melanoma only after 
prostate cancer (SIR = 1.41). The increased risk 
of cutaneous melanoma after ocular melanoma 
(SIR = 2.38) may merely be related to greater skin 
cancer surveillance in ocular melanoma patients 
and may not be indicative of any common etio-
logic factors. In the COMS study, radiotherapy 
either by external beam for large tumors, pre-
enucleation or brachytherapy with 125I for me-
dium tumors did not signifi cantly increase the 
development of radiation-induced second pri-
mary cancers. Of the 222 patients who developed 
second primary cancers, there was a 5-year rate of 
7.7% of second primary cancer, mostly of prostate 
(23% of 222) and breast (17%) (Level II) (Diener-
West 2005a).

Schedule and Work-Ups

Patients could be followed up every 3–4 months  �
in the fi rst 2 years, every 6 months for an ad-
ditional 3 years, and annually thereafter with 
their ophthalmologists and radiation oncologists 
(Grade D). 
Each follow-up should include a complete history  �
and physical examination and a careful ophthal-
mological examination for non-surgically treated 
patients. As described above, after brachyther-
apy, tumors higher than 6 mm, tumor with low 
internal refl ectivity and tumor with an initial rate 
of height regression > 0.7 mm/mo had a higher 
5-year melanoma mortality. The initial height re-
gression rate was 6.1% per month in patients who 
later developed metastases versus 4.3% per month 
in patients who did not (Level IV) ( Kaiserman 
et al. 2004).
Laboratory and imaging studies are not routinely  �
indicated in follow-up unless indicated by clinical 
symptoms (Grade D), except for CT scan of the 
chest to include the entire liver to be done annu-
ally for surveillance or if symptoms develop.

1.4 Diagnosis, Staging, and 
 Prognoses of 
 Primary Intraocular Lymphoma

1.4.1 Diagnosis

Initial Evaluation

Primary intraocular lymphoma (PIOL) is a sub- �
set or a restricted form of primary central ner-
vous system lymphoma (PCNSL) that involves 
the globe(s) in the absence of systemic or CNS 
lymphoma (Levy-Clarke et al. 2005; Hormigo 
and DeAngelis 2003; Hormigo et al. 2004). PIOL 
often progresses to the brain and meninges.
PIOL frequently presents as a chronic infl amma- �
tory state that resists corticosteroid therapy. Fre-
quently, the disease presents in both eyes (Isobe 
et al. 2006) with symptoms of blurred vision, de-
creased visual acuity, and fl oaters.

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic blood chemistry, liver and re-
nal function tests, alkaline phosphatase, lactate 
dehydrogenase (LDH), and erythrocyte sedimen-
tation rate (ESR) (Greene et al. 2002).
As in primary CNS lymphomas, CSF fl uid should  �
be tested for cell count, protein levels, cytology, 
fl ow cytometry and immunoglobin heavy chain 
gene rearrangement studies. Positive leptomen-
ingeal involvement may change management and 
an elevated CSF protein is a poor prognostic fac-
tor (Abrey 2005).
A bone marrow biopsy with aspirate is part of the  �
recommended staging procedure. 

Imaging Studies

In addition to imaging studies utilized in the  �
diagnosis and evaluation of other types of non-
Hodgkin’s lymphoma (NHL), a brain MRI is 
indicated in patients with primary intraocular 
lymphoma. 

Pathology

Pathologic diagnosis of PIOL is challenging. The  �
procedure of choice for diagnosis is vitrectomy 
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(Grade B). In 83 patients retrospectively studied, 
74 had diagnoses made by vitrectomy, six by chor-
oid/retinal biopsy and three by ophthalmic ex-
amination only (Level IV) (Grimm et al. 2007).

1.5 Treatment of 
 Primary Intraocular Lymphoma

Historically, primary intraocular lymphoma was  �
considered to be associated with a risk for CNS in-
volvement. Conversely, primary CNS lymphoma 
was considered to be associated with a risk for 
intraocular spread. Prior to effective systemic 
agents, this led to the en bloc irradiation of the 
globes, optic nerves, and brain.
The current treatment of primary intraocular  �
lymphoma includes chemotherapy regimens that 
are used for primary CNS lymphoma. The details 
of chemotherapy for primary CNS lymphoma are 
presented in Chapter 31. 
Radiation to the orbits to treat globes and optic  �
nerves remain essential. Ocular radiation can be 
given with the induction chemotherapy if care is 
taken to exclude brain from the fi elds. Intrave-
nous methotrexate (IV MTX) achieves micromo-
lar levels in both aqueous and vitreous humors 
4 h after infusion, but was much lower in the vit-
reous humor. In a series of nine patients with in-
traocular lymphoma treated with IV MTX, seven 
responded to the treatment at 8 gm/m2 but three 
patients relapsed in the eye, requiring irradiation 
(Level IV) (Batchelor et al. 2003).
In patients without other clinical manifestations,  �
ocular irradiation and/or systemic chemother-
apy fail to prevent CNS progression (Level IV) 
( Hormigo et al. 2004).
It is reasonable to treat patients with primary in- �
traocular lymphoma who achieved complete re-
sponse after chemotherapy to lower total dose of 
30.6 Gy in conventional fractionation (Grade D). 
Such a strategy was studied in the treatment of 
primary CNS lymphoma. The use of the systemic 
regimen of Rituximab, MTX, procarbazine and 
vincristine (R-MVP) has allowed a decrease in the 
radiation to the brain in complete responders from 
45 Gy to 30.6 and, most recently, to 23.4 Gy (Level  
III) (Shah et al. 2007). Patients who had less than a 
complete response should be irradiated to 45 Gy.

The strategy for follow-up and surveillance after  �
the completion of treatment of primary intraoc-
ular lymphoma resembles that of primary CNS 
lymphoma detailed in Chapter 31.

1.6 Diagnosis, Staging, and 
 Prognoses of Orbital Lymphoma

1.6.1 Diagnosis

Initial Evaluation

The initial evaluation and diagnosis of orbital  �
lymphoma resemble those performed in other 
types of NHL. Diagnosis and evaluation start 
with a complete history and physical examina-
tion (H&P). Attention should be paid to NHL-
associated signs and symptoms: unexplained 
weight loss of more than 10% over 6 months prior 
to diagnosis, unexplained fever > 38 C, and/or 
drenching night sweats that require change of 
bedclothes (“B” symptoms), shortness of breath, 
hemoptysis, pruritus, recent onset alcohol bever-
age intolerance and unusual fatigue.
Orbital lymphoma is a rare manifestation of NHL 
that appears to have a higher incidence in Asian/
Pacifi c Islanders, lower in whites and lower yet in 
blacks. Incidence increases with increasing age 
and has no gender preference (Moslehi et al. 
2006). From 1975 to 2001, there appeared to be a 
rapid, steady increase in incidence among whites 
regardless of sex, varying between 6.0%–7.0% an-
nually.
Orbital lymphomas occur in conjunctival, lacri- �
mal gland and sac locations. A thorough physical 
examination with special attention to these tis-
sues, nodal sites in the head and neck area, oral 
cavity and oral pharynx, liver, and spleen. 
The majority of orbital lymphoma present as  �
stage IAE, a small minority will have IIAE and 
higher staging (Esik et al. 1996; Hasegawa et 
al. 2003).

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic blood chemistry, liver and re-
nal function tests, alkaline phosphatase, lactate 

LuBrady-BOOK.indb   9 13.08.2008   13:58:12



10 A. M. Markoe

dehydrogenase (LDH), and erythrocyte sedimen-
tation rate (ESR) (Greene et al. 2002).
Bone marrow aspirate and biopsy should be con- �
sidered, although the majority of orbital lym-
phoma present as stage IAE disease.

Imaging Studies

CT scans of the head and neck, thorax, abdomen  �
and pelvis are recommended to appropriately 
evaluate and stage NHL.
Other imaging studies can be considered if in- �
dicated by the fi ndings of H&P, laboratory tests, 
and CT scan.

Pathology

Pathologic diagnosis of orbital lymphoma is man- �
datory prior to determining treatment. Diagno-
sis is by biopsy and PCR gene re-arrangement 
studies. Most cases of orbital lymphoma are of 
B-cell lineage. T-cell and NK/T cell diseases are 
rare. Orbital lymphomas are typically low-grade 
and largely of the extranodal marginal zone type 
(EMZL) of the mucosa-associated lymphoid tis-
sue (MALT) lymphomas (Level IV) (Rigacci et 
al. 2007).
Historically, differentiation of orbital lymphoma  �
from benign lymphoproliferative orbitopathy 
(orbital pseudotumor) on solely histopathologic 
grounds was diffi cult. With the advent of gene 
rearrangement reactions, monoclonality estab-
lishes the nature of the orbital lymphoma and ab-
sence of monoclonality favors the benign state.

1.6.2 Staging

Orbital lymphoma is staged in an identical  �
method to other types of NHL, and is staged 
clinically based on results of physical examina-
tion, laboratory tests, imaging studies, and bone 
marrow biopsy.
The Ann Arbor Staging System is used for both  �
Hodgkin’s disease and NHL (Table 8.3) (Greene 
et al. 2002) 

1.6.3 Prognostic Factors

The prognosis for stage IAE, low grade orbital  �
lymphoma is excellent after defi nitive radiation 
therapy. The local control rate approaches 100%.

1.7 Treatment of Orbital Lymphoma

1.7.1 Radiation Therapy

Radiation therapy is the mainstay treatment of  �
orbital lymphoma (Grade A). Both surgery and 
chemotherapy have limited roles in the defi nitive 
treatment of Stage IAE orbital lymphoma. Esik et 
al. (1996) examined various modes of treatment 
for primary orbital lymphoma. Of 37 patients, 
17 were treated by radiotherapy, 13 by surgery 
alone and seven by chemotherapy. The 10-year 
local relapse free rate was 100%, 0%, and 42%, 
respectively (Level IV).
Local control rates for the low grade orbital lym- �
phoma range between 95% and 100% at 5 years, 
repeatedly confi rmed in multiple single institu-
tion reports. The dose is generally 30 Gy–30.6 Gy, 
as used in various studies, depending on fraction 
size. Higher doses (40 Gy) are recommended for 
the intermediate grade orbital lymphoma. Dose 
to a total 45 Gy or more is indicated for the T and 
NK/T cell OL.

Radiation Technique

The entire orbit needs to be encompassed in the  �
irradiation fi eld except for the very superfi cial 
conjunctival lymphomas (Grade B). When the en-
tire orbit is not treated, recurrences tended to oc-
cur in initially uninvolved areas not treated in the 
initial target volume in 33% of cases (Level IV) 
(Pfeffer et al. 2004).
Recurrences could be salvaged by repeat irradia- �
tion or surgery. 

Radiation-Induced Side Eff ects and 
Complications

Complications of irradiation are relatively un- �
usual for low dose treatment of low grade orbital 
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lymphoma. The main toxicity is, as expected, 
cataract formation in patients treated without a 
lens block (Level IV) (Zhou et al. 2005). Bhatia 
et al. (2002) report that only about 25% of patients 
develop cataracts, 2/3 grade 1 and 1/3 grade 3 
(Level IV). Only male gender predicted for in-
creased risk of cataract formation. Dose of treat-
ment and treatment technique was not predictive 
except that if lens blocking was employed, no pa-
tient developed grade 3 lens toxicity or required 
surgical correction within the median 55-month 
follow-up range. There was a nearly 20% inci-
dence of dry eye, all mild and only 1/47 patients 
developed neovascular glaucoma. No retinal or 
optic nerve injury was seen.

1.7.2 Chemotherapy and 
 Immunotherapy

Chemotherapy and/or immunotherapy may be  �
effi cacious for the treatment of low-grade orbital 
lymphoma; however, further investigation is 
needed before they can be recommended as the 
fi rst line standard treatment. 
The utility of the anti-CD20 monoclonal anti-
body, Rituximab (Rituxan) in the treatment of 
orbital lymphomas has been recently examined 
in small case series with immature data. In one, 
eight patients were treated pre-operatively, and 
5/8 had initial complete response, 2/8 had partial 
response and 1/8 had no response to Rituximab. 
Mean follow-up was 16.5 months and no com-
ment on relapse was made (Level V) (Sullivan 
et al. 2004). The results of a second report re-
vealed that 5/5 previously untreated patients had 
regression (extent not defi ned) and 0/3 patients 
treated with Retuximab after relapse responded. 
Of the fi ve responders, four had early relapse of 
disease with a median time to progression of only 
5 months (Level V) (Ferreri et al. 2005).
Oral chlorambucil has been used as a single dose  �
therapy for MALT orbital lymphoma. An aver-
age of four drug courses with a mean total dose 
of 600 mgm was given in 33 patients. Complete 
response was seen in 79% (26/33) but 4/26 had 
disease recurrence or relapse (Level IV) (Ben 
 Simon et al. 2006).
Chlorambucil and Rituximab have been com- �
bined to treat nine newly diagnosed orbital lym-
phoma patients (8/9 with EMZL) with a median 

follow-up of 25 months; 8/9 (89%)) had complete 
response and 1/9 had partial response. All pa-
tients were alive without progression or late tox-
icities (Level IV) (Rigacci et al. 2007).

1.7.3 Potential Treatment Modalities

Orbital lymphomas have been thought to possibly  �
be antigen-driven disorders and since subsets of 
maltomas have been previously associated with 
infectious organisms (gastric NHL with Helico-
bacter pylori infection), it is not surprising that 
an association has been established between or-
bital lymphoma and Chlamydia psittaci (Cp). In 
Italy, 80% of the 40 orbital lymphoma samples 
examined carried Cp DNA (Level III) (Ferreri 
et al. 2004). However, in a series of 62 patients 
from the University of Miami, none of the speci-
mens harbored Cp DNA (Level III) (Rosado et 
al. 2006). A similar fi nding was substantiated 
from the Northeastern United States (Level III) 
(Vargas et al. 2006). Interestingly, Korean results 
mirrored those in Italy (Yoo et al. 2007).
Meta-analyses were performed, one examining  �
the association of Cp and orbital lymphoma and 
the other focusing on the response of orbital lym-
phoma to antibiotic therapy. A collective of 458 
orbital lymphoma cases were pooled from ten 
countries. Of these cases, 104 (23%) were positive 
for Cp and of the 346 cases that were maltomas, 
25% (87 samples) were positive (Level I) (Husain 
et al. 2007). In all, 90% of the positive samples 
came from only three of the 11 pooled studies. 
This suggested a striking variability of Cp posi-
tively in orbital lymphoma across geographic 
regions and even within studies from the same 
region.
With respect to the treatment of these orbital  �
lymphoma with antibiotics, the Italian group in 
a prospective trial treated Cp positive (11) and 
negative (16) patients with 100 mgm Doxycycline 
twice daily for 3 weeks. Lymphoma regressed in 
68% of positive patients and 38% of negative 
patients. The overall response rate (CR + PR) 
was 48% (Level III) (Ferreri et al. 2006). The 
meta-analysis identifi ed three additional studies 
(overall 42 patients). This confi rmed the overall 
response of 48% but objective response documen-
tation was available for only 3/42 patients. Seven 
other patients experienced recurrence after ini-
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tial response of disease stability with 6/7 of these 
recurrences occurring within the initial year of 
follow-up (Level IV) (Husain et al. 2007).

1.8 Follow-Ups and Surveillance

No follow-up schedule specifi c to orbital lymph - �
oma can be recommended. Patients with orbital 
lymphoma can be followed-up in the same fash-
ion as those with NHL.
Life-long follow-up after defi nitive treatment of 
NHL is recommended for detecting recurrence, 
secondary tumors or other long-term complica-
tions of radiation therapy or chemotherapy.
Follow-ups could be scheduled every 3 months  �
for 2 years, then every 6 months for 3 additional 
years, then annually thereafter (Grade D).
Each follow-up should include a complete his- �
tory and physical examination. Laboratory and 
imaging studies can be performed if clinically 
indicated.

1.9 Diagnosis of Benign Lymphoid 
 Hyperplasia of the Orbit 
 (Orbital Pseudotumor)

Presentations of benign lymphoid hyperplasia are  �
similar to those observed in orbital lymphoma. 
Patients can present with a constellation of symp-
toms, none pathognomonic, which include orbital 
swelling, chemosis, proptosis, blepharoptosis, 
restricted eye motion, diplopia, and visual loss 
(Level IV) (Agir et al. 2007).
There is a high incidence of bilaterality at pre- �
sentation for orbital pseudotumor (Level IV) 
(Austin-Seymour et al. 1985).

Pathology

Orbital pseudotumor is part of a spectrum of lym- �
phocytic infi ltrative orbital conditions that has 
orbital lymphoma at the most aggressive end.

Diagnosis tends to be one of exclusion. With the  �
advent of gene rearrangement reactions, mono-
clonality establishes the nature of the orbital lym-
phoma and absence of monoclonality favors the 
benign state.

1.10 Treatment of Benign Lymphoid 
 Hyperplasia of the Orbit 
 (Orbital Pseudotumor)

Steroids are usually the fi rst line of treatment for  �
this disease.

Radiation Therapy

Many patients are sent for radiation after not re- �
sponding to steroids, relapse after or during ste-
roid taper, or when steroids are refused or medi-
cally contraindicated (Level IV) (Lanciano et al. 
1990).
Radiation doses of 20 Gy with slight varia- �
tion is recommended (Grade A). Excellent re-
sponses have been repeatedly reported in the 
literature. The local control rate is dependent 
on the presenting symptoms with complete re-
sponse observed in 87% of orbits with soft tis-
sue swelling, 82% with proptosis, 78% with re-
stricted extraocular motility, and 75% with pain 
(Level IV) (Lanciano et al. 1990). Response may 
also depend on whether the patient has seen and 
failed steroids. Of naïve eyes irradiated, 100% 
cleared of symptoms but only 85% cleared when 
radiation was not the sole treatment (Level IV) 
(Barthold et al. 1986).

Immunotherapy

The use of Rituximab has been investigated  �
for treating benign orbital pseudolymphomas; 
however, currently available evidence does not 
warrant routine use of Rituximab as a standard 
treatment. In a small series of 11 patients, in-
travenous Rituximab (375 mgm/m2) weekly for 
4 weeks were delivered and 10 patients (91%) 
responded. None of the responders has become 
refractory to the agent (Level III) (Witzig et 
al. 2007).
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1.11 Diagnosis of 
 Choroidal Hemangioma

Choroidal hemangiomas are uncommon benign  �
vascular tumors, and can be circumscribed or 
diffuse. The latter generally occur as part of the 
Sturge-Weber syndrome, and are usually evident 
at birth.
The circumscribed tumors occur sporadically  �
and are usually diagnosed when they cause visual 
disturbance due to development of exudative ret-
inal detachment; retinal capillary hemangioma 
may occur as part of von Hippel-Lindau disease 
(VHL) (Singh et al. 2005).

1.12 Treatment of 
 Choroidal Hemangioma

A variety of therapeutic modalities have been  �
utilized to treat choroidal hemangiomas. The 
most common has been photocoagulation of the 
surface, which is a repetitive treatment that may 
require additional invasive management.
Radiation therapy is indicated in patients with  �
exudative retinal detachment including or threat-
ening the fovea (Grade B). A total dose of 20 Gy of 
photon irradiation can be delivered, and approxi-
mately 64% of patients with circumscribed chor-
oidal hemangiomas achieved complete resolution 
of subretinal fl uid while the rest had residual se-
rous retinal detachment distal to the fovea. Visual 
acuity was stabilized or improved in about 78% of 
patients (Level IV) (Schilling et al. 1997).
In retinal capillary hemangiomas due to VHL dis- �
ease, a small retrospective series of six eyes in 
fi ve patients addressed the effect of radiation for 
salvaging standard therapy failure. Patients were 
given 21.6 Gy (1.8 Gy/fx) with improved visual 
acuity, stabilization of retinal detachment and 
reduced tumor volume in most eyes (Level IV) 
(Raja et al. 2004).
Radioactive eye-plaque brachytherapy has been  �
used to treat circumscribed CH to 29 Gy (mean 
dose) at the apex. All fi ve patients had complete 
resolution of subretinal fl uid and reattachment 

of the retina and all tumors decreased in height. 
A total of 60% of patients had improved visual 
acuity (Level IV) (Aizman et al. 2004). Cobalt 
application also produced retinal reattachment 
(Level IV) (Zografos et al. 1998).
Proton beam treatment to 20 CGE also pro- �
duces retinal reattachment in circumscribed 
choroidal hemangiomas (Level IV) (Frau et 
al. 2004; Zografos et al. 1998). Treatment of 
diffuse choroidal hemangiomas is less effective 
with proton therapy. Proton and photon beam 
treatment appear equally effective (Hocht et 
al. 2006).
Complications secondary to low dose irradiation  �
are usually mild. Maximum grade I optic neu-
ropathy was seen in 41% of patients and retinopa-
thy in 29.5% of cases (only one patient > grade II 
severity) has been reported.
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Introduction and Objectives

Carcinoma of the nasopharynx is a relatively uncommon disease 
in Western countries, but is the most commonly diagnosed head 
and neck malignancy in Southeast Asia. Most nasopharyngeal 
cancers are of epithelial origin. The nonkeratinizing poorly or 
un-diff erentiated squamous cell carcinoma [i.e., World Health 
Organization (WHO) type II and III diseases] are the more 
commonly diagnosed pathologies in Asia and account for al-
most 95% of all cases; however, 75% of cases are WHO type 
I in North America. Radiation therapy is the primary treat-
ment for nasopharyngeal cancer. As nasopharyngeal cancer 
tends to present with regional metastasis, and is sensitive to 
both chemotherapy and radiation therapy, multidisciplinary 
management is usually required for locally advanced disease. 
This chapter examines:

Recommendations for diagnosis and staging procedures for  �
nasopharyngeal cancer 

Staging systems and prognostic factors  �
Management of nasopharyngeal cancer using radiation  �
therapy (for early stage disease) and combined treatment 
based on radiation therapy and cytotoxic chemotherapy, as 
well as the supporting scientifi c evidence

Techniques of radiation therapy including intensity-modu- �
lated radiation therapy

Follow up care and surveillance of survivors �

2.1 Diagnosis, Staging, and 
 Prognoses

2.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of nasopharyngeal can- �
cer initiates with a complete history and physical 
examination. Attention should be paid to disease-
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related signs and symptoms. The most common 
presenting symptom is a neck mass, while cervi-
cal lymph adenopathy occurs in nearly 90% of 
patients, and 50% of cases present with bilateral 
involvement (Skinner et al. 1991; Lindgerb 
1972; Cheng et al. 2001; Choo and Tannock 
1991. Other common presenting symptoms in-
clude epistaxis, nasal congestion (causing nasal 
twang in speech), hearing loss, otitis media, and 
headache.
A thorough physical examination including di- �
rect fi beroptic endoscopy of the nasopharynx, 
oropharynx, and hypopharynx is required to 
evaluate the extent of the disease. Characteristics 
of the metastatic lymph nodes including location, 
size, consistency, tenderness, and mobility should 
be carefully evaluated and recorded. 
Patients with more advanced disease may pres- �
ent with cranial neuropathy. The most commonly 
involved cranial nerves (CN) include CN V and 
VI, but any cranial nerves may be involved in ad-
vanced nasopharyngeal cancer (Wei and Sham 
2005).
Although uncommon, approximately 3% of pa- �
tients present with symptoms secondary to dis-
tant metastasis. The most common sites of distant 
spread include bone, lung, and liver (Ahmad and 
Stefani 1986; Choy et al. 1993).
Dental evaluation to assess and restore (when  �
possible) or extract (when restoration impossible) 
decayed teeth is necessary in all patients who re-
quire radiation therapy at approximately 2 weeks 
prior to commencement of radiation therapy.

Laboratory Tests

Initial lab tests should include a complete blood  �
count, basic blood chemistry, liver function tests, 
and renal function tests.
EBV-specifi c serologic tests including IgA anti- �
 viral capsule antigen (VCA) and Ig-G anti-early 
antigen (EA), which are usually positive in WHO 
type II and III nasopharyngeal cancers, are 
also recommended. Elevated results of both tu-
mor markers are expected in more than 80% of 
nonkeratinized poorly or un-differentiated na-
sopharyngeal carcinoma (Level IV) (Neel 1992).

Imaging Studies

Imaging studies with MRI and/or CT of the head  �
and neck areas are mandatory to evaluate the 

extent of disease at the primary site, as well as 
in the regional lymph nodes. MRI is preferred 
over CT as it is more sensitive for detecting soft-
tissue extension (such as parapharyngeal space) 
and bone involvement (Grade A). The sensitiv-
ity and specifi city of MRI for detecting locore-
gional extension has been repeatedly demon-
strated in both prospective and retrospective 
studies (Level III and IV) (Poon et al. 2000; 
Olmi et al. 1995; Sakata et al. 1999; Sievers 
et al. 2002).
CT scan is more sensitive to MRI in detecting 
early bone invasion; however, MRI is preferred 
for evaluating the extent of invasion of the base 
of the skull or cervical vertebrae (Level IV) 
(Dillon and Harnsberger 1991; Sievers et 
al. 2002).
Chest X-ray is indicated to rule out pulmonary  �
metastasis, while CT with IV contrast of the tho-
rax is required if the chest X-ray is equivocal.
Bone scan and liver ultrasound (or abdominal CT  �
scan) should be considered in patients with more 
advanced disease, especially N3 diseases. How-
ever, routine use of bone scan and liver ultrasound 
is not recommended (Grade B). The incidence of 
distant metastases is associated with the extent of 
regional lymph node involvement. Results from 
a prospective trial revealed that the yield of bone 
scan, liver ultrasound, and chest  X-ray combined 
was 0%, 1.8%, 4.8%, and 14.3% for N0, N1, N2, 
and N3 disease, respectively ( Level III) (Kumar 
et al. 2004). Similar results were reported in a ret-
rospective study from Europe (Level IV) (Caglar 
et al. 2003).
FDG-PET is valuable for detecting local and re- �
gional disease as well as distant metastasis, and 
can be considered for initial evaluation and stag-
ing (Grade B). The sensitivity and specifi city of 
FDG-PET have been demonstrated in several re-
cently published reports:
Results from a retrospective study revealed that 
18F FDG-PET is accurate in staging patients 
with nasopharyngeal cancer, especially in N3 
diseases. However, the sensitivity and specifi c-
ity over bone scan and/or abdominal CT or ul-
trasound for liver metastasis was not discussed 
(Level IV) (Chang et al. 2005). In a prospective 
study, 18F FDG-PET was found to be more sensi-
tive than bone scan for detecting bone metastasis 
in endemic nasopharyngeal carcinoma at initial 
staging. The sensitivity was 70% versus 36.7% 
(P = 0.006) in the patient-based analysis, and 

LuBrady-BOOK.indb   18 13.08.2008   13:58:13



  Nasopharyngeal Cancer 19

55.6% versus 14.8% (P = 0.001) in the region-
based analysis at the spine (Level III) (Liu et al. 
2006). In a more recently published report by 
Liu et al. (2007), FDG-PET was found to be more 
sensitive than CT of the thorax and bone scan 
for detecting lung and bone metastasis, and was 
equally effective in detecting liver metastasis as 
compared to abdominal ultrasound (Level IV) 
(Table 2.1).

Pathology

Histologic confi rmation is mandatory for the di- �
agnosis of nasopharyngeal cancer. Tissue for di-
agnosis can be obtained from the primary tumor 
site during endoscopic examination. Fine-needle 
aspiration (FNA) of an enlarged neck node can 
provide suffi cient tissue for histological diagno-
sis, and can be used when primary tumor is not 
clinically detectable.
Nearly all malignancies arising in the nasophar- �
ynx do so from the mucosa and consequently 
are squamous cell carcinomas. The World Health 
Organization (WHO) classifi es NPC into three 
histopathologic types. WHO type I is a keratiniz-
ing squamous-cell carcinoma that is morphologi-
cally similar to other head and neck carcinomas, 
WHO type II is differentiated non-keratinizing 
carcinoma, and WHO type III is an undifferenti-
ated carcinoma (Shanmugaratnam and Sobin 
1991).
Poorly differentiated nonkeratinizing (WHO type  �
II) and undifferentiated carcinomas (WHO type 
III) have similar clinical behavior and account 
for approximately 95% of nasopharyngeal can-
cer in endemic regions (McGuire and Lee 1990). 
However, approximately 75% of nasopharyngeal 
cancer cases in North America are keratinized 
squamous cell carcinoma (WHO type I) (Marks 
et al. 1998).

2.1.2 Staging

Nasopharyngeal cancer is usually staged clini- �
cally, as surgery has a limited role in the initial 
treatment of the disease. Clinical staging utilizes 
information from patient history and physical 
examinations, imaging studies, laboratory tests, 
and endoscopy. 
The American Joint Committee on Cancer (AJCC)  �
Tumor Node Metastasis (TNM) staging system is 
the accepted standard for staging of nasopharyn-
geal cancer (Table 2.2) (Greene et al. 2002).

2.1.3 Prognostic Factors

The stage at diagnosis is the most important prog- �
nostic factor for nasopharyngeal cancer.
The value of the updated AJCC staging classifi ca-
tion for nasopharyngeal cancer in predicting the 
prognosis has been repeatedly demonstrated. Re-
ports from Asia, Europe, and North America have 
confi rmed its value in defi ning the four prognostic 
categories (Level IV) (Chua et al. 2001; Cooper et 
al. 1998; Ma et al. 2001a,b; Ozyar et al. 1999).
Based on the difference in failure patterns, pa-
tients with NPC can be divided into four differ-
ent prognostic categories: (1) T1–2N0–1 (relatively 
good treatment outcome); (2) T3–4N0–1 (mainly 
local failure); (3) T1–2N2–3 (mainly regional and 
distant failure); and (4) T3–4N2–3 (local, re-
gional, and distant failure) (Level IV) (Wei and 
Sham 2005).
T classifi cation of the AJCC staging system over- �
all is of prognostic signifi cance; however, T1 and 
T2a categories do not differentiate prognosis 
(Level IV) (Sham et al. 1992). Paranasopharyn-
geal extension (T2b) is an independent prognos-
tic factor correlated with adverse local tumour 

Table 2.1. Imaging and lab work-ups for diagnosis and staging of nasopharyngeal cancer

Imaging studies Laboratory tests

MRI or CT scan of the head and neck area
Chest X-ray
CT scan of the thorax (if equivocal chest X-ray)
Bone scan (if clinically indicated)
Liver scan or abdominal CT scan (if clinically indicated)
FDG-PET (if clinically indicated)

Complete blood count
Serum chemistry
Liver function tests
Renal function tests
Alkaline phosphatase
EBV titers (Ig A anti-VCA and Ig G anti-EA)
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control and increased distant spread (Sham and 
Choy 1991a,b; Cheng et al. 2001).
Patients with advanced N-category have higher  �
risk of distant metastases. In a large retrospective 
study, risk factors for a poor outcome after radia-
tion alone were evaluated. Advanced N-category 
and adenopathy in the lower neck were indepen-
dent adverse prognostic factors for the develop-
ment of distant metastases, while advanced T- and 
N-category were independent adverse prognostic 
factors for disease-specifi c survival (Level IV) 
(Geara et al. 1997).
Patients with adenopathy in the lower neck or su-
praclavicular area have signifi cantly higher inci-

dence of distant metastases at presentation or after 
defi nitive treatment (Level IV) (Teo et al. 1991).
Primary tumor volume is an independent prog- �
nostic factor of local control and is more predic-
tive with the AJCC/UICC staging system than with 
Ho’s T stage classifi cation. Validity of tumor vol-
ume has been confi rmed in patients with T3 and 
T4 tumors (Chua et al. 1997; Chang et al. 2002; 
Shen et al. 2008; Sze et al. 2004). However, tumor 
volume is not an independent prognostic factor in 
early-stage nasopharyngeal carcinoma treated by 
radiotherapy alone (Chua et al. 2004a).
The WHO histopathologic classifi cation is of  �
prognostic signifi cance, and WHO type III tu-

Table 2.2. The AJCC Staging System for Nasopharyngeal Cancer [from Greene et al. (2002) with permission]

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor confi ned to the nasopharynx

T2 Tumor extends to soft tissues

T2a Tumor extends to the oropharynx and/or nasal cavity without parapharyngeal extension

T2b Any tumor with parapharyngeal extension

T3 Tumor involves bony structures and/or paranasal sinuses

T4 Tumor with intracranial extension and/or involvement of cranial nerves, infratemporal fossa, hypopharynx, 
orbit, or masticator space

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Unilateral metastasis in lymph node(s), 6 cm or less in greatest dimension, above the supraclavicular fossa

N2 Bilateral metastasis in lymph node(s), 6 cm or less in greatest dimension, above the supraclavicular fossa

N3 Metastasis in a lymph node(s) 6 cm and/or to supraclavicular fossa

N3a Great than 6 cm in dimension

N3b Extension to the supraclavicular fossa

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

S TAG E G ROU PI NG

0: Tis N0 M0

I: T1 N0 M0

IIA: T2a N0 M0

IIB: T1 N1 M0,  T2 N1 M0,  T2a N1 M0,  T2b N0 M0, T2b N1 M0

III: T1 N2 M0,  T2a N2 M0,  T2b N2 M0,  T3 N0 M0,  T3 N1 M0,  T3 N2 M0

IVA: T4 N0 M0,  T4 N1 M0,  T4 N2 M0

IVB: Any T N3 M0

IVC: Any T  Any N M1
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mors have better prognosis: In a review of data 
from the Surveillance, Epidemiology, and End 
Results (SEER) database of the National Cancer 
Institute, 5-year overall survival rates for WHO 
grade I, II, and III tumors treated between 1990 
and 1999 were 42%, 56%, and 69%, respectively 
(Level III) (Lee et al. 2005). The 5-year overall 
survival was 37% for WHO I, 55% for WHO II, 
and 60% for WHO III (P < 0.001) in the INT 0099 
trial (Level IV) (Al-Sarraf et al. 2001).
Quantitative analysis of circulating EBV DNA in na- �
sopharyngeal carcinoma has shown a positive corre-
lation with disease stage and exhibiting prognostic 
importance (Level III and IV) (Lin et al. 2001, 2004; 
Le et al. 2005; Chan et al. 2004). High posttreatment 
levels of EBV DNA may refl ect microscopic residual 
tumor, and provide an even greater estimate of the 
chance of disease recurrence and death than pre-
treatment EBV DNA (Level III and IV) (Lin et al. 
2004; Le et al. 2005; Chan et al. 2004).
Anemia is an independent adverse effect for na- �
sopharyngeal cancer treated with radiation ther-
apy. Chua et al. (2004b) investigated the impact of 
hemoglobin (Hb) levels on treatment outcome in 
patients with nasopharyngeal carcinoma treated in 
a randomized phase III trial aimed at comparing 
induction chemotherapy followed by radiotherapy 
or with radiotherapy alone. This study showed that 
Hb level during radiotherapy was an important 
prognostic factor with respect to local control and 
survival. Patients with Hb levels  11 g/dL during 
radiation had signifi cantly poorer local control than 
patients with higher Hb levels (5-year local recur-
rence-free rate, 60% vs. 80%; P = 0.0059). The 5-year 
disease-specifi c survival for patients with Hb levels 

 11 g/dL and > 11 g/dL were 51% and 68%, respec-
tively (P = 0.001) (Level IV) (Chua et al. 2004b).

2.2 Treatment of 
 Nasopharyngeal Cancer

2.2.1 General Principles

Radiation therapy is the standard treatment for  �
nasopharyngeal cancer. 
For early stage nasopharyngeal cancer (i.e., T1  �
and T2a, N0), radiation therapy alone is the treat-
ment of choice (Grade A).

For locally advanced (i.e., T2b, T3, or T4 catego- �
ries) or N+ diseases, concurrent chemotherapy 
and radiation is recommended and is currently 
the standard of care (Grade A).
Intensity-modulated radiation therapy (IMRT)  �
should be considered for all patients for defi nitive 
treatment, if available (Grade B). IMRT provides 
signifi cantly improved side-effect profi le, as com-
pared to conventional radiation or 3D conformal 
treatment.
Surgery has a limited role in the defi nitive treat- �
ment of nasopharyngeal carcinoma. However, 
neck dissection is indicated for patients with re-
sidual or recurrent neck adenopathy after defi ni-
tive radiation therapy (Grade B).

2.2.2 Radiation Therapy for 
 Early Stage Disease

Radiation therapy alone is recommended in the  �
treatment of early stage nasopharyngeal cancer, 
and optimal outcome can be expected after radio-
therapy (Grade A). The 10-year disease-specifi c 
survival, recurrence-free survival (RFS), local 
RFS, lymph node RFS, and distant metastasis-
free survival rates for stage I NPC were 98%, 94%, 
96%, 98%, and 98%, respectively after radiation 
therapy (Level IV) (Chua et al. 2003a).
Higher dose of radiation is associated with im- �
proved disease control. Higher dose delivered by 
brachytherapy boost in addition to conventional 
external beam radiotherapy has been demon-
strated to provided improved local control, and 
based on a literature review and the judgment of 
its panel of experts, the American Brachytherapy 
Society recommended 18 Gy in six fractions of 
high-dose-rate (HDR) brachytherapy over 3 days 
(two fractions per day, 6 h apart) 1–2 weeks after 
60 Gy external beam radiation (Grade C) (Nag 
et al. 2001). This regimen was utilized in the 
series reported by Levendag et al. (1998) and 
was found to be safe and effective (Level IV).
Several retrospective series from Hong Kong 
also demonstrated comparable fi ndings using 
similar dose schedules of HDR brachytherapy. 
Chang et al. (1996) prescribed 5–16.5 Gy in be-
tween one and three fractions at a 1-week inter-
val, while Teo et al. (2000a) used 18–24 Gy in 
three fractions over 15 days. Both of these tech-
niques appeared effective and safe (Level IV).
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Results of a more recently published prospec-
tive study revealed that the a 2-year local control 
rate of 94% at the primary site can be achieved 
with combined 3D conformal external-beam 
radiotherapy and high-dose-rate intracavitary 
brachytherapy (Level III) (Lu et al. 2004).
However, the necessity of intracavitary brachy-
therapy for treating nasopharyngeal cancer in the 
era of IMRT becomes questionable. In a retro-
spective series from the University of California, 
San Francisco, local control at the primary site af-
ter combined external-beam radiation (including 
IMRT) with or without brachytherapy was > 90% 
at 5 years after treatment for T1, T2, and selected 
cases of more advanced disease (Level IV) (Lee 
et al. 2002a,b).
In the IMRT era, hyperfractionated radiation  �
therapy is not routinely recommended for the 
treatment of early stage nasopharyngeal cancer 
(Grade B). The results of a prospective phase II 
trial showed that the 3-year local control and 
overall survival rates of stage II nasopharyngeal 
cancer treated to a total dose of 72 Gy in an accel-
erated concomitant boost (conformal radiother-
apy) were 87.1% and 85.9%, respectively (Level 
III) (Lu et al. 2007). These rates were inferior to 
the local control and survival rates reported in 
patients treated with IMRT.
In addition, accelerated concomitant boost radi-
ation using conventional technique without CT 
planning was associated with excess side effects 
and complications. A prospective randomized 
trial from Hong Kong aimed at studying the ef-
fect of accelerated concomitant boost radiation 
on locally advanced nasopharyngeal cancer was 
closed prematurely due to excessive toxicity, with 
no signifi cant therapeutic benefi ts demonstrated 
(Level II) (Teo et al. 2000b).
Chemotherapy for early stage NPC has not been  �
confi rmed, and currently is not routinely recom-
mended given the good treatment outcome after 
radiation therapy alone (Grade C). A survival 
benefi t for chemoradiotherapy over RT alone was 
suggested in a retrospective study and a pooled 
analysis of two Phase III trials; however, it has 
not been addressed in any prospectively designed 
studies. Subgroup analysis showed the addition of 
chemotherapy benefi ted patients with T1-2, N0-1 
NPC (n = 208 of the total 790 patients), the 5-year 
overall survival was 79% versus 67% (p = 0.048) 
(Chua et al. 2006). The benefi t of chemoradio-
therapy in early stage disease was also suggested 

in a retrospective study of 32 patients with stage 
II NPC who received concomitant cisplatin and 
5-FU with standard fraction RT, followed by 
2-monthly post-RT chemotherapy cycles. With 
median follow-up of 44 months, locoregional 
control and DFS rates at 3 years were 100% and 
97%, respectively (Cheng et al. 2000).

2.2.3 Combined Chemoradiation 
 Therapy for Locoregionally 
 Advanced NPC Concurrent 
 Chemoradiation

Concurrent chemotherapy and radiation therapy  �
followed by adjuvant chemotherapy is the cur-
rent standard of care for patients with locally 
advanced nasopharyngeal cancer (T3, T4, or N+ 
diseases) (Grade A). The effi cacy of chemother-
apy delivered concurrently with radiotherapy has 
been demonstrated in a number of prospective 
randomized trials:
The landmark INT 0099 study randomly assigned 
147 patients with locally advanced NPC to con-
current chemoradiotherapy (70 Gy) followed 
by adjuvant chemotherapy or the same dose of 
RT alone. Patients in the chemotherapy arm re-
ceived cisplatin (100 mg/m2) on days 1, 22, and 
43 of standard RT followed by adjuvant cispla-
tin (80 mg/m2 on day 1) and 5-FU (1000 mg/m2 
daily days 1 through 4), every 4 weeks for three 
cycles. The study was terminated early due to a 
highly signifi cant 3-year survival advantage for 
chemoradiotherapy (76% versus 46%) (Level I) 
(Al-Sarraf et al. 1998).
A similar study from Singapore reported the out-
come of 221 patients with NPC treated with RT 
alone (70 Gy over 7 weeks) or RT plus concurrent 
cisplatin (25 mg/m2 days 1–4 during weeks 1, 4, 
and 7) followed by adjuvant cisplatin (20 mg/m2 
days 1–4) plus 5-FU (1000 mg/m2 days 1–4), every 
4 weeks for three cycles. The 3-year survival rate 
was signifi cantly better with chemoradiotherapy 
(80% versus 65%), as was the 2-year cumulative 
incidence of distant metastases (13% versus 30%) 
(Level I) (Wee et al. 2005).
In contrast to these reports, a survival benefi t 
for chemoradiotherapy was not shown in a pre-
liminary report of a randomized trial designed 
identically to the INT 0099 regimen from Hong 
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Kong. Approximately 350 patients with T1-4N2-
3M0 NPC were included. With a median follow-up 
of 2.3 years, the CRT arm had signifi cantly better 
locoregional control (92% versus 82%) and 3-year 
failure-free survival (72% versus 62%), but simi-
lar rates of distant control, and overall survival. 
Longer follow-up is required to confi rm these 
outcomes (Level II) (Lee et al. 2005).
Concurrent platinum-based chemoradiation  �
therapy without adjuvant chemotherapy can also 
be recommended for defi nitive treatment for lo-
cally advanced nasopharyngeal cancer (Grade A). 
The benefi t of concurrent chemoradiotherapy 
without additional adjuvant chemotherapy was 
addressed in three large trials: A study from Tai-
wan randomly assigned 284 patients with stage III 
or IV nasopharyngeal cancer radiation therapy 
alone or with cisplatin (20 mg/m2 daily) plus 
5-FU (400 mg/m2 daily), both administered by 
continuous 96-h infusion on weeks 1 and 5 of 
RT. The 5-year overall survival (72% versus 54%), 
progression-free survival (72% versus 53%) and 
locoregional relapse rates (26% versus 46%) sig-
nifi cantly favored chemoradiotherapy (Level I) 
(Lin et al. 2003).
A prospective randomized study from Hong Kong 
reported the outcome of 350 NPC patients treated 
with RT (66 Gy over 6.5 weeks) alone or RT with 
concurrent cisplatin (40 mg/m2 weekly). Although 
the difference in 5-year progression-free survival 
with chemoradiotherapy was not statistically sig-
nifi cant in the entire group, it was signifi cant in 
the subgroup with T3/4 disease, after a follow-up 
of 5.5 years. In addition, the overall survival was 
signifi cantly improved after combined treatment 
in patients with T3 or T4 tumors (Level I) (Chan 
et al. 2005b).
A similar magnitude of benefi t for chemoradio-
therapy was seen in a Chinese trial that used 
weekly oxaliplatin (70 mg/m2 over 2 h weekly) 
rather than cisplatin. However, the effi cacy of ox-
aliplatin-based chemotherapy comparing to that 
of cisplatin needs further investigation (Level II) 
(Zhang et al. 2005).
The effects of combined chemotherapy and ra- �
diation therapy on treatment outcome for locally 
advanced disease have been further confi rmed 
by meta-analysis. Langendijk and colleagues 
(2004) performed a meta-analysis of ten prospec-
tive randomized trials including 2450 patients 
aimed at determining the roles of neoadjuvant, 
concurrent, and adjuvant chemotherapy with de-

fi nitive radiation therapy. It was demonstrated 
that concurrent chemotherapy can provide a 
20% survival benefi ts at 5 years after treatment 
[HR = 0.48, (95% CI, 0.32–0.72)]. However, neo-
adjuvant and adjuvant chemotherapy provided 
comparable results for locoregional recurrence 
and distant metastasis, but not on overall survival 
(Level I) (Langendijk et al. 2004).
Two other meta-analyses, one with smaller sam-
ple size and another reported in abstract form, 
also confi rmed concomitant chemotherapy 
in addition to radiation as probably being the 
most effective way to treat locally advanced NPC 
(Level I) (Baujat et al. 2006; Thephamongkol 
et al. 2004).

The Role of Neoadjuvant Chemotherapy

Neoadjuvant chemotherapy alone prior to ra- �
diation therapy (i.e., without concurrent chemo-
therapy) is not routinely indicated for defi nitive 
treatment of locally advanced nasopharyngeal car-
cinoma when followed by radiotherapy (Grade A). 
Neoadjuvant chemotherapy has not been demon-
strated to improve overall survival if given be-
fore defi nitive radiotherapy in four randomized 
trials:
The preliminary results of a randomized trial re-
ported by the International Nasopharynx Cancer 
Study Group showed that bleomycin, epirubicin, 
and cisplatin given prior to radiation signifi -
cantly improved disease-free survival; however, 
local and distant control, as well as overall sur-
vival, were not statistically different in patients 
treated with radiation alone or combined therapy 
(VUMCA-I, Level II) (VUMCA 1996).
Chua et al. (1998a) reported the results of the 
Asian-Oceanian Clinical Oncology Associations 
randomized trial comparing between two and 
three cycles of cisplatin-based (Cisplatin 60 mg/
m2 on day 1, epirubicin 110 mg/m2 on day 1) in-
duction chemotherapy followed by radiotherapy 
versus radiotherapy alone in the treatment of 
patients with locoregionally advanced nasopha-
ryngeal carcinoma. Analysis of the 334 patients 
based on the intention to treat showed no sig-
nifi cant difference in relapse free survival (48% 
vs. 42%, P = 0.45) or overall survival (78% vs. 
71%, P = 0.57) between the two treatment arms 
( AOCOA trail, Level II) (Chua et al. 1998a).
Another study conducted in China using a simi-
lar study design also failed to demonstrate sig-
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nifi cant overall survival benefi t (63% vs. 56%, 
P = 0.11) with the addition of neoadjuvant che-
motherapy; however, neoadjuvant chemotherapy 
did associate with improved relapse-free survival 
rate (59% vs. 49%, P = 0.05) and local recurrence-
free rate (82% vs. 74%, P = 0.04) (Level I) (Ma et 
al. 2001).
A pooled data analysis of two previously reported 
Phase III studies totaling 784 patients revealed 
that the use of induction chemotherapy resulted 
in an absolute improvement of 8.2% in the recur-
rence-free survival rate (P = 0.014) and 5.4% in 
the disease-specifi c survival rate (P = 0.029) over 
5 years. (Level III) (Chua et al. 2005b).
Neoadjuvant chemotherapy prior to concurrent  �
chemoradiation therapy can be considered in pa-
tients with locally advanced disease for improv-
ing local control (Grade B). Neoadjuvant chemo-
therapy is reasonable for reducing the tumor bulk 
of diseases with extensive intracranial extension 
or bulky neck adenopathy prior to concurrent 
chemoradiation therapy.
Despite lack of support from prospective ran-
domized studies, several prospective phase II 
trails showed encouraging results: The overall 
survival rates for patients with locally advanced 
nasopharyngeal cancer treated with neoadjuvant 
chemotherapy plus concurrent chemoradiation 
therapy were in the range of 90% at 1–3 years post 
treatment (Level III) (Al-Amro et al. 2005; Chan 
et al. 2004; Johnson et al. 2004, 2005; Rischin et 
al. 2002).

The Role of Adjuvant Chemotherapy

Adjuvant chemotherapy is not routinely recom- �
mended for defi nitive treatment of locally ad-
vanced nasopharyngeal carcinoma (Grade A). 
Results of a randomized trial revealed that ad-
juvant chemotherapy after radiation therapy did 
not improve overall survival: Rossi et al. (1988) 
randomized 229 patients with nonmetastatic 
NPC, including some early stage disease, to either 
radiation therapy or radiotherapy plus adjuvant 
chemotherapy (vincristine, doxorubicin, and cy-
clophosphamide) for 6 months. The overall and 
relapse-free survival rates in the two groups were 
nearly identical at about 60% and 55%, respec-
tively (Level II) (Rossi et al. 1988).
Whether adjuvant chemotherapy is necessary after  �
concurrent chemoradiation therapy has not been 
tested in a prospective randomized fashion. 

2.2.4 Radiation Therapy Techniques

Intensity-Modulated Radiation Therapy

IMRT is recommended for defi nitive treatment  �
for all patients with nasopharyngeal cancer 
(Grade A). A number of retrospective reports com-
paring IMRT and 3D conformal radiation therapy 
revealed that IMRT has a much improved toxic-
ity profi le, especially in preserving parotid func-
tion. A landmark report from the University of 
California, San Francisco, demonstrated that the 
local progression-free, locoregional progression-
free, and overall survival rates at 4 years reached 
97%, 98%, and 88%, respectively. In addition, late 
grade 3 and 4 complications were seen in only 
eight of the group of 67 patients. And only one of 
41 evaluable patients had Grade 2 xerostomia at 
24 months, 32% had Grade 1, and 66% had Grade 
0 or no xerostomia (Level IV) (Lee et al. 2002a,b). 
These results have been confi rmed in other ret-
rospective series (Level IV) (Wolden et al. 2006; 
Sultanem et al. 2000; Kam et al. 2004; Kwong 
et al. 2004, 2006). Preliminary data from RTOG 
0225, a prospective phase II trial, revealed that 
the 2-year local progression-free rate is 92% and 
locoregional progression-free rate is 90.5% after 
IMRT (Level III) (Lee et al. 2007). Furthermore, 
a small randomized trial compared the rates of 
delayed xerostomia between two-dimensional ra-
diation therapy (2D-RT) and IMRT in 60 patients 
with early-stage (T1-T2b, N0-1, M0) nasopha-
ryngeal carcinoma. The results revealed that at 
1 year after treatment, patients treated with IMRT 
had lower incidence of severe xerostomia than 
those treated with 2D-RT (39.3% versus 82.1%; 
p = 0.001) (Level II) (Kam et al. 2007).

Treatment Technique of IMRT 
(Planning, Imaging, and Localization)

Treatment planning CT scans are required to  �
defi ne gross target volume(s), and clinical target 
volume(s). MRI scans (required unless medically 
contraindicated) aid in delineation of the treatment 
volume on planning CT scans. Image registration 
and fusion applications, if available, should be used 
to help in the delineation of target volumes.
All tissues to be irradiated must be included in 
the CT scan. CT scan thickness should be  0.3-
cm slices through the region that contains the 
primary target volumes. The regions above and 

LuBrady-BOOK.indb   24 13.08.2008   13:58:14



  Nasopharyngeal Cancer 25

below the target volume may be scanned with 
0.5-cm slice thickness.
The treatment planning CT scan should be ac- �
quired with the patient in the same position and 
using the same immobilization device as for treat-
ment. The immobilization device should include 
the head, neck, and shoulder area. When possible, 
the patient immobilization device should also be 
used for the MRI scan.
The gross tumor volume [GTV-P for primary and  �
GTV-N for lymph node(s)] is defi ned as all known 
gross disease determined from CT, MRI, clinical 
information, and endoscopic fi ndings. GTV-N is 
defi ned as any lymph nodes > 1 cm or nodes with 
a necrotic center.
High risk and low risk clinical target volume 
(CTV) should be defi ned. GTV (GTV-P and GTV-
N) with a margin of  5 mm will be called the 
CTV70 (CTV70-P and CTV70-N).
The high risk CTV at the primary disease site 
(CTV 59.4-P) includes the entire nasopharynx, 
anterior 1/2 to 2/3 of the clivus (entire clivus, if in-
volved), skull base (foramen ovale and rotundum 
bilaterally must be included for all cases), ptery-
goid fossae, parapharyngeal space, inferior sphe-
noid sinus (in T3-T4 disease, the entire sphenoid 
sinus) and posterior fourth to third of the nasal 
cavity and maxillary sinuses (to ensure pterygo-
palatine fossae coverage). The cavernous sinus 
should be included in high risk patients (T3, T4, 
bulky disease involving the roof of the nasophar-
ynx). The outer most boundary of CTV 59.4-P 
should be at least 10 mm from the GTV-P.
The high risk lymph nodal regions (CTV 59.4-N) 
include upper deep jugular (junctional, parapha-
ryngeal); subdigastric (jugulodigastric) (level II); 
midjugular (level III); posterior cervical (level V); 
retropharyngeal; submandibular (level I). If there 
are gross nodes in the low neck, low jugular and 
supraclavicular (level IV) lymph nodal regions 
should be considered high risk. IB lymph nodes 
can be spared if the patient is node-negative. In 
low risk node-positive patients presenting with 
isolated retropharyngeal nodes or isolated level 
IV nodes, level IB may also be spared or limited to 
the anterior border of the submandibular gland. 
The outer most boundary of the CTV 59.4-N 
should be at least 10 mm away from the GTV-N.
The low risk CTV (CTV54) includes bilateral un-
involved lower neck nodal regions.
Neck node target volume delineation and typical  �
IMRT plans are shown in Figures  2.1–2.3.

Dose Specifi cations

The recommended dose to the PTV 70 (i.e., CTV  �
70 with margin) is ~ 70 Gy in 33 fractions at 
2.12 Gy per fraction. 
The high risk PTV 59.4 (CTV 59.4 + margin) will  �
receive 59.4 Gy in 33 fractions at 1.7–1.8 Gy per 
fraction.
The PTV54 (CTV54 + margin) will receive 54 Gy  �
at 1.64 Gy per fraction. If the split beam technique 
is considered, the low neck or supraclavicular 
fi eld may be treated with conventional AP or AP/
PA fi elds for a total of 50 Gy at 2.0 Gy per frac-
tion.
Treatment should be delivered once daily, fi ve  �
fractions per week. All targets should be treated 
simultaneously.

Critical Normal Structures Contour and 
Dose Limitations

Critical normal structures in the head and neck  �
region, including the brainstem, spinal cord, 
optic nerves, chiasm, parotid glands, pituitary, 
temporomandibular (T-M) joints and middle and 
inner ears, skin (in the region of the target vol-
umes), oral cavity, mandible, eyes, lens, tempo-
ral lobes, brachial plexus, esophagus (including 
postcricoid pharynx), and glottic larynx should 
be outlined. 
If planning organ at risk volumes (PRVs) are used,  �
the spinal cord PRV will be defi ned as a 3D margin 
at least 5 mm larger than the spinal cord to ensure 
that the PRV margin is at least 5 mm from any 
portion of the spinal cord. The brainstem PRV, 
chiasm PRV, and optic nerve PRV will be defi ned 
as at least 1 mm larger in all directions than the 
corresponding structure. Parotid glands: Mean 
dose < 26 Gy (should be achieved in at least one 
gland) or at least 20 cc of the combined volume 
of both parotid glands will receive < 20 Gy or 
at least 50% of one gland will receive < 30 Gy 
(should be achieved in at least one gland). Dose 
to the submandibular and sublingual glands and 
oral cavity should be kept at minimal if possible 
(Table 2.3).

Conventional Radiation Therapy

When IMRT is not available, 3D conformation  �
radiation therapy can be utilized for the defi nitive 
treatment of nasopharyngeal cancer.
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Fig. 2.1a–l. CT slides from the consensus reached among cooperative groups with respect to the delineation of the lymph 
node levels in the node-negative neck. These illustrations can be used as a reference for CTV delineation in nasopharyngeal 
cancer treatment
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Table 2.3. Dose constraints of critical normal structures in IMRT for nasopharyngeal cancer treatment

Structure True structure constraint PRV constraint

Brainstem 54 Gy max dose No more than 1% to exceed 60 Gy

Spinal cord 45 Gy max dose No more than 1% to exceed 50 Gy

Optic nerves, chiasm 50 Gy max dose 54 Gy max dose

Mandible, TM joint 70 Gy, if not possible then no more than 
1 cc to exceed 75 Gy

Brachial plexus 66 Gy max dose

Oral cavity (excluding PTVs) Mean dose less than 40 Gy

Each cochlea No more than 5% receives 55 Gy or more

Eyes Max dose less than 50 Gy

Lens Max dose less than 25 Gy

Glottic larynx Mean dose less than 45 Gy

Esophagus, postcricoid pharynx Mean dose less than 45 Gy

Fig. 2.2a–d. Isodose curves of an inverse IMRT plan delivered using multivane dynamic multi-leaf collimator (MIMiC) for 
a patient with T4N1 carcinoma of the nasopharynx displayed on the axial (a), coronal (b), and sagittal (c) planes through 
the centroid of the primary tumor and the dose volume histogram for the relevant structures (d). The gross tumor volume 
is shown in red and the clinical target volume is shown in orange. [From Lee et al. (2002b) with permission]
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Treatment Technique (Simulation and Field 
Arrangement)

The patient’s head position should be hyperex- �
tended at the initial simulation so that there is 
adequate separation between the primary and 
retropharyngeal lymph nodes and the upper neck 
nodes. The head and neck, and in some cases the 
shoulders, are immobilized using a thermoplastic 
mask with the neck supported on a Timo (S-type, 
MED-TEC).
Tumor volumes including the involved neck ad- �
enopathy should be delineated on the planning 
CT scan.

The treatment can start with an opposed pair  �
of large lateral opposing faciocervical fi elds that 
cover the primary tumor and the upper neck 
lymphatics in one volume, with matching lower 
anterior cervical fi eld for lower neck lymphatics. 
The fi elds are designed as follows (Fig. 2.4):
Superiorly: the fi eld border should be set at 2 cm 
superior to the tumor defi ned on the CT and/or 
MRI of the head and neck, and encompass the 
base of skull and sphenoid sinus.
Anteriorly: the fi eld border should be set at 2 cm 
margin anterior to the tumor defi ned on CT and/
or MRI, or to include posterior 1/3 of the maxil-
lary sinus, whichever is more anterior.

Fig. 2.3a–d. Isodose curves of an inverse IMRT plan using nine coplanar gantry angles delivered with conventional MLC 
for a patient with T3N0 carcinoma of the nasopharynx displayed on the axial (a), coronal (b), and sagittal (c) planes through 
the centroid of the primary tumor and the dose volume histogram for the relevant structures (d). The gross tumor volume 
is shown in red and the clinical target volume is shown in magenta. [From Lee et al. (2003) with permission]
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Posteriorly: the posterior border should be set 
at 2 cm posterior to the mastoid process, or to 
include the involved cervical lymph node(s) with 
1.5 cm margin, whichever is more posterior.
Inferiorly: the fi eld border should be set at thyroid 
notch, preferably using a half-beam technique to 
allow matching with the lower neck fi eld.
When the spinal cord dose reaches approximately  �
40 Gy, treatment can be continued to a total dose 
of 50 Gy with the lateral opposing faciocervical 
fi elds but with shrinkage of fi elds to avoid the 
spinal cord (off cord fi elds), and by treating the 
superior-posterior lymphatic with electron fi elds 
(Fig. 2.5).
The lower neck fi eld is usually treated with an- �
teroposterior and posteroanterior (AP/PA) fi elds 
with a midline block to spear larynx and spinal 
cord (Fig. 2.6).
Gross tumor (including primary and involved  �
neck nodes) should be treated with additional 
20 Gy to carry the total dose to approximately 
70 Gy in conventional fractionations (Fig. 2.7).

Brachytherapy

Brachytherapy alone is not recommended for de- �
fi nitive treatment of nasopharyngeal carcinoma 

due to the limitation of its effective treatment 
distance.
Brachytherapy as part of defi nitive treatment  �
for nasopharyngeal carcinoma may be used as a 
boost treatment of T1 to T3 carcinoma of the na-
sopharynx after external beam irradiation or in 
the treatment of recurrent disease, either alone or 
in combination with external beam radiotherapy 
(Level III and IV) (Lee et al. 2002a,b; Lu et al. 
2004).

Fig. 2.4. Initial simulation fi eld (lateral) using conventional 
radiotherapy for a patient with T2N0M0 undifferentiated 
carcinoma of the nasopharynx

Fig. 2.5a,b. Off-cord fi elds (a) of the same patient after 40 Gy 
of conventional radiation delivered by the initial oppose lat-
eral fi elds. The posterior neck fi elds (b) were treated using 
electron beam. The total dose to the off-cord fi elds were 
10 Gy delivered in fi ve daily fractions

b

a
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Fig. 2.7. Final boost fi elds to a total of 20 Gy delivered in ten 
daily fraction to bring the total dose to 70 Gy to the primary 
tumor

Fig. 2.6. Dose distribution of the lower neck area treated 
with AP/PA fi elds using conventional radiation

Various dose arrangements can be used for adju- �
vant brachytherapy. Total dose of 10 Gy given in 
two weekly fractions (i.e., 5 Gy in each session, 
7 days apart), or 5–6 Gy in two daily fractions, 
5–6 h apart, can be prescribed at the isodose 
curve that passes through the nasopharynx point 
as a boost treatment for T1 to T2 lesions after 
65 Gy of external beam radiotherapy (Lee et al. 
2002a,b; Lu et al. 2004). The dose for reirradiation 
of recurrent tumors depends on the previous dose 
of external beam radiotherapy

2.3 Treatment of Recurrent and 
 Metastatic Nasopharyngeal 
 Cancer

2.3.1 Treatment of Local Recurrence

Residual or recurrent disease in the nasopharynx  �
can be managed with a second course of exter-
nal radiotherapy. The second course of external 
radiotherapy with concurrent chemotherapy 
should be considered, although the risk of acute 
and late toxicities could be signifi cant (Grade B). 
In a retrospective study reported by Poon et al. 
(2004), patients treated with a second course of 
radiation with chemotherapy achieved a 5-year 
actuarial overall survival rate of 26% (Level IV) 
(Poon et al. 2004). This result was supported by 
other retrospective series, with or without che-
motherapy (Level IV) (Chua et al. 1998b; Leung 
et al. 2000).
Stereotactic radiotherapy or brachytherapy to  �
the local recurrent focus can be considered for 
small local recurrence with a reduction in the 
incidence of complications from re-irradiation 
(Level IV) (Chua et al. 2003b; Xiao et al. 2001; 
Mitsuhashi et al. 1999; Choy et al. 1993; Kwong 
et al. 2001; Law et al. 2002). Kwong et al. (2001) 
reported the results of persistent and recurrent 
NPC treated with external radiotherapy followed 
by gold grain implants; the 5-year local tumor 
control rates were 87% and 63%, respectively, 
and the corresponding 5-year disease-free sur-
vival rates were 68% and 60% (Level IV) (Kwong 
et al. 2001).
The use of precision radiotherapy such as IMRT  �
could improve the therapeutic ratio for local con-
trol (Chua et al. 2005a; Lu et al. 2004). Chua et al. 
(2005a) reported promising initial results of 31 lo-
cally recurrent NPC patients treated with reirra-
diation using IMRT. Preliminary results showed 
that good control of recurrent T1-3 NPC can be 
achieved using IMRT with a dose between 50 and 
60 Gy, whereas the outcome for recurrent T4 tu-
mor remained poor. Late toxicities were common 
but incidence of severe toxicities was relatively 
low (Level IV) (Chua et al. 2005a).
Nasopharyngectomy may be considered in a se- �
lected group of patients with local recurrence 
(Grade B). The effi cacy of nasopharyngectomy 
has been demonstrated in several small series 
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Stage I or IIA Stage IIB, III, and IVA and IVB
Stage IVA with extensive 

intracranial involvement

Defi nitive Radiation 
Therapy

(Total dose to ~ 70 Gy at 1.8 

to 2.0 Gy per daily fractions)

Concurrent Chemoradiation Therapy 
for defi nitive treatment

(Total dose ~ 70 Gy at 1.8 to 2.0 Gy

per daily fractions

+

Cisplatin-based concurrent chemotherapy)

Concurrent Chemoradiation Therapy for 
defi nitive treatment

(Total dose ~ 70 Gy at 1.8 to 2.0 Gy

per daily fractions

+

Cisplatin-based concurrent chemotherapy)

Induction Chemotherapy
(2 to 3 cycles of cisplatin based chemotherapy)

Follow-Up
Every 3 months for 2 years, then every 6 months for 3 

more years, then annually there after
(History and physical examinations including pharyn-

goscopy at each follow-up session. Laboratory tests and 

imaging studies are indicated if symptomatic)

Evaluation and Staging
Laboratory tests

CBC, serum chemistry, LDH, liver/renal function tests, 

Alkaline Phosphatase, EBV titers (optional)

Imaging studies
MRI or CT scan of the head and neck area, Chest X-ray, 

bone scan and liver ultrasound or abdominal CT scan 

optional except for T4 or N3 diseases

Pathologic Diagnosis of 
Nasopharyngeal Carcinoma

Tissue biopsy from primary disease 

or cervical lymph node(s)

Fig. 2.8. A proposed treatment algorithm for nasopharyngeal cancer

from Asia: In one series of 60 recurrent NPC 
patients, the overall and relapse-free survival 
rates were 56% and 60%, and 30% and 40% at 2 
and 5 years, respectively (Level IV) (Hsu et al. 
2001). In another series of 37 patients with re-
current NPC treated with nasopharyngectomy, 
the 5-year overall survival and locoregional 
control rates were both in the range of 60% (Fee 
et al. 2002). A more recently reported prospec-
tive cohort of recurrent nasopharyngeal cancer 
from Taiwan revealed more optimal fi ndings. 
The actuarial 3-year survival and local control 

rate was 60% and 72.8%, respectively, for 38 
patients with locally recurrent nasopharyngeal 
cancer after salvage surgery (Level IV) (Chang 
et al. 2004).

2.3.2 Treatment of 
 Regional Recurrence

Isolated failure in the regional cervical lymph  �
node(s) is usually rare, and occurs in less than 
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5% of cases after defi nitive radiation therapy for 
nasopharyngeal carcinoma (Level IV) (Huang et 
al. 1985).
Radical neck dissection should be recommended  �
for patients with isolated regional nodal fail-
ure (Grade B). Salvage surgery could achieve a 
5-year tumor control rate of 66% in the neck, 
and a 5-year actuarial survival of 38% (Level IV) 
(Wei et al. 1990).
Radiation can be reserved for patients with con- �
traindication to surgery or who decline surgery 
(Grade B). However, the overall 5-year survival 
rate is around 20% for neck recurrence managed 
with a second course of external radiotherapy 
(Level IV) (Sham and Choy 1991b).

2.3.3 Treatment of 
 Distant Metastasis (Stage IVC)

Chemotherapy is the mainstay treatment for met- �
astatic nasopharyngeal cancer (Grade A). An ag-
gressive approach is recommended for metastatic 
NPC patients with good performance status, and 
response to chemotherapy can be expected in the 
majority of cases. Long-term survival has been 
reported; however, the reported median survival 
of patients with stage IV disease is usually less 
than 1 year, with active chemotherapy and pal-
liative radiation (Level IV) (Choo and Tannock 
1991; Fandi et al. 2000; Hui et al. 2004).
Platinum-based chemotherapy regimens are  �
among the most effective regimens for NPC and 
should be considered as fi rst line chemotherapy 
for metastatic nasopharyngeal cancer.
For patients with metastatic nasopharyngeal  �
cancer who have developed resistance to plati-
num-based chemotherapy, newer agents includ-
ing taxane, gemcitabine, and capecitabine can 
be considered (Grade B). Response rates ranging 
from 29% to 56% have been reported (Level III) 
(Chua et al. 2000; Ngan et al. 2002; Yeo et al. 
1998).
Molecular targeted therapy agents including  �
cetuximab, sorafenib, and gefi tinib have been 
tested in phase II studies in the treatment of 
stage IV nasopharyngeal cancer, but their rou-
tine use in treating this group of patients is not 
recommended (Grade B). Both agents were well 
tolerated in the treatment of stage IV nasopha-
ryngeal cancer when used with platinum-based 

Table 2.4. Follow-up schedule after treatment for nasopha-
ryngeal cancer

Interval Frequency

First year Every 1–3 months

Year 2 Every 2–4 months

Year 3–5 Every 4–6 months

Over 5 years Annually

chemotherapy, and were well tolerated. However, 
response to treatment is uncommon (partial 
response rate ranged from 0% to 12%) and no 
signifi cant improvement in outcome is expected 
(Level III) (Chan et al. 2005a; Chua et al. 2008; 
Elser et al. 2007).

2.4 Follow-Ups

2.4.1 Post-Treatment Follow-Ups

Life-long follow-up after defi nitive treatment of  �
nasopharyngeal carcinoma is usually indicated 
for detection of recurrence or radiation-induced 
complications.

Schedule

The intensity of follow-up is greatest in the fi rst  �
2–3 years (the period of greatest risk for disease 
recurrence): every 1–3 months in the fi rst year 
after treatment, every 2–4 months for the second 
year, every 4–6 months for year 3–5, then annu-
ally thereafter (Grade D) (NCCN 2008).

Work-Ups

Each follow-up should include a complete history  �
and physical examination and should include en-
doscopy (Chao et al. 2003).
Biopsy of the primary area in the post-nasal  �
space is not recommended, unless local disease 
progression is observed on endoscopy (Grade B). 
Serial biopsy results reported from Hong Kong 
showed that positive pathologic results could be 
expected in 6 weeks after the completion of ra-
diation therapy, although most patients develop 
pathological remission in the primary site after 
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12 weeks (Level III) (Kwong et al. 1999). The yield 
of biopsy performed at 4 months after completion 
of defi nitive radiation therapy is less than 5% 
(Level III) (Ma et al. 2006).
CT scan for the head and neck area is not rou- �
tinely indicated and should be performed for pa-
tients with persistent or newly onset symptoms 
(Grade B). CT results of “residual tumor” should 
not be used to determine salvage treatment unless 
disease progression is diagnosed.
Residual tumor in the post nasal space may take 
up to 12 months to resolve, and there is a poor 
correlation between the fi ndings on post-treat-
ment CT and biopsy results (Level III) (Ma et 
al. 2006).
Chest X-ray and bone scan are not routinely in- �
dicated in asymptomatic patients in follow-up 
(Grade D) (NCCN 2008).
Detection of the EBNA-1 and latent membrane  �
protein-1 genes by RT-PCR has been suggested 
as a means of early detection of recurrent disease 
(Level III) (Hao et al. 2004). However, routine uti-
lization for this testing cannot be recommended 
currently.
Surveillance of TSH, speech and swallowing eval- �
uation, as well as rehabilitation are suggested in 
patients with neck irradiation every 6–12 months 
(Grade D) (NCCN 2008).
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Introduction and Objectives

Cancers of the oropharynx and oral cavity originate in central 
locations which can severely impact speech, mastication, taste, 
swallowing, and cosmesis and are curable with multiple treat-
ment modalities. Disease control, quality of life, and organ func-
tion preservation represent important goals of treatment.

Oropharyngeal cancers are usually treated with organ preserva-
tion therapy compared to oral cavity lesions, for which radical 
resection is considered upfront because of excellent control with 
function preservation. For early stages of both diseases, single 
modality therapy is preferred whereas multidisciplinary treat-
ment is needed for locoregionally advanced disease.

Important advances have been made with altered fractionation 
radiotherapy and incorporation of chemotherapy to improve 
disease control. More recent advances involve better targeting 
of tumor either through improved imaging, radiation delivery, 
or biologic therapies.

This chapter examines:

Recommendations for diagnoses and staging work-up �
Staging systems and prognostic factors �
The role of brachytherapy in the treatment of oral cavity and  �
oropharynx cancer

Integration of chemotherapy in the defi nitive and adjuvant  �
setting

Intensity-modulated radiation therapy experience in the  �
treatment of oropharynx cancer

Altered fractionation in the defi nitive and postoperative  �
setting

Role of targeted therapy in the defi nitive management of  �
oral cavity/oropharynx cancer

Follow-up care and surveillance of survivors �
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3.1 Diagnosis, Staging, and 
 Prognoses

3.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of cancers of the head  �
and neck begin with a complete history and phys-
ical examination. History of tobacco or alcohol 
use are the major risk factors for these tumors; 
tobacco use has the greatest impact and should 
be recorded (Crawford et al. 1979). In addition, 
chewing areca or betel nuts, paan, and tobacco 
are risk factors for oral cancer, contributing to the 
high incidence found in Southern Asian countries 
(Balaram et al. 2002; Merchant et al. 2000).
Cancer of the oral cavity can present as a non- �
healing ulcer, pain, bleeding, or ill-fi tting denture. 
More advanced lesions may present with speech 
diffi culties, dysphagia, otalgia, hypersalivation, 
and neck mass. These lesions may be preceded 
or associated with leukoplakia and erythroplakia 
which represent premalignant epithelial changes.

Oropharyngeal carcinomas present differently 
depending on their site of origin.
Soft palate tumors often present in early stages  –
due to ready visualization.
Cancers of the base of the tongue are occult and  –
often diagnosed in later stages due their remote 
location and because of the lack of pain fi bers at 
the site. They commonly present with an asymp-
tomatic neck node. However, symptoms may in-
clude foreign body sensation in the throat, otalgia 
due to referred pain from cranial nerve involve-
ment, dysphagia, and changes in voice/articula-
tion due to tongue fi xation.
Tonsillar lesions may present with pain, sore throat,  –
dysphagia, trismus, and ipsilateral neck mass.

A thorough physical examination should be fo- �
cused upon the head and neck area with special 
attention to tongue mobility, extension to adja-
cent sites including the nasopharynx, larynx or 
hypopharynx, and involvement of the primary 
echelon nodal drainage levels I and II for oral 
cavity and level II in oropharynx (Fig. 3.1).
Level I: Submental and submandibular nodes –
Level II: Upper jugular nodes above the hyoid  –
bone to skull base

Fig. 3.1. Consensus nodal station as defi ned by 
American-Otolaryngology Head and Neck Society. 
Regional lymph nodes have been divided into levels 
I–V as follows: Level I, submental and submandibu-
lar nodes; level II, upper jugular nodes above the 
hyoid bone to skull base; level III, mid-jugular nodes 
between the hyoid and cricoid cartilages under the 
sternocleidomastoid muscle; level IV, lower jugular 
nodes; level V, posterior triangle nodes outlined by 
the trapezius muscle and posterior border of the ster-
nocleidomastoid muscle (Robbins et al. 1991)
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Level III: Mid-jugular nodes between the hyoid  –
and cricoid cartilages under the sternocleidomas-
toid muscle
Level IV: Lower jugular nodes –
Level V: Posterior triangle nodes outlined by  –
the trapezius muscle and posterior border of the 
 sternocleidomastoid muscle (Robbins et al. 1991).

Whether in a clinically involved or negative  �
neck, the spread of tumor into the nodal basins 
is orderly and predictable based on radical neck 
dissection data. The primary lymphatic drain-
age of the oropharynx are to the upper jugulo-
digastric node(s), as well as the retropharyngeal 
and parapharyngeal nodes, while oral cavity tu-
mors drain primarily to submandibular nodes 
and upper jugular nodes (Candela et al. 1990; 
Lindberg 1972; Shah et al. 1990). In a clinically 
negative neck, nodal basins at greatest risk are 
levels II–IV in oropharynx cancer and I–III in 
oral cavity tumors (Table 3.1). Isolated skip nodal 
drainage to the lower level III–IV as well V is 
rare. In patients with clinical node-positive dis-
ease, comprehensive nodal coverage is required 
for both oral cavity and oropharynx cancers 
(Table 3.2) (Level IV) (Shah et al. 1990).
Flexible endoscopy of the upper aerodigestive  �
tract is crucial to evaluate the primary site in 
oropharyngeal cancer and to survey for me-
tachronous lesions. Triple endoscopy including 
rigid endoscopy of the upper aerodigestive tract, 
esophagoscopy, and bronchoscopy should also be 
considered in oropharyngeal cancer. 

Dental evaluation to assess and restore (when  �
possible) or extract (when restoration impossible) 
decayed teeth is necessary for all patients requir-
ing radiation therapy at approximately 2 weeks 
before radiation therapy begins.

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic blood chemistry, liver, and re-
nal function tests.
Testing for human papilloma virus in the biopsy  �
specimen should be considered in oropharynx 
tumors, especially in patients without signifi -
cant history of smoking (Grade B) (Level III) 
( Weinberger et al. 2006).

Imaging Studies

CT scans of the neck and chest are appropriate  �
to evaluate and stage head and neck cancer. MRI 
may be useful to improve tumor delineation, es-
pecially the extent of soft tissue extension (such as 
depth of muscle invasion) in oral cancer patients 
with dental amalgam or in oropharyngeal cancer 
patients with trismus. 
FDG-PET/CT scan is recommended for diagnosis  �
and staging of head and neck cancer (Grade B). 
The results of a prospective study demonstrated 
that FDG-PET had higher sensitivities than CT 
or MRI for both primary tumor detection and 
cervical node detection, although the specifi ci-
ties were not different (Level III) (Kim MR et 
al. 2007). In addition, a retrospective study of 
52 patients evaluated the relationship between 
the activity observed in the primary disease and 
the prognosis of the patients with oropharyngeal 
cancer, and showed that the median SUV was sig-
nifi cantly higher in patients who failed treatment 
than that in the remaining controlled patients. 
Patients having tumors with a high SUV >6.0 
had poorer local control (LC) and disease-free 
survival (DFS) (p<0.05) (Level IV) (Kim SY et al. 
2007) (Table 3.3; Fig. 3.2). 

3.1.2 Pathology

Histologic confi rmation is critical to determine  �
the histopathology and extent of disease spread 
to radiologically indeterminate nodes. 

Table 3.1. Percentage incidence and distribution of pathologi-
cally involved nodes in oral cavity and oropharyngeal cancers 
in clinical node-negative neck after elective radical neck dis-
section

Level of neck nodes I II III IV V

Oropharynx (n=48) 2% 25% 19% 8% 2%

Oral Cavity (n=192) 20% 17% 9% 3% 0.5%

Table 3.2. Percentage incidence and distribution of pathologi-
cally involved nodes in oral cavity and oropharyngeal cancers 
in clinical node-positive neck after elective radical neck dis-
section

Level of neck nodes I II III IV V

Oropharynx (n=165) 14% 71% 42% 28% 9%

Oral Cavity (n=324) 46% 43% 33% 15% 3%
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Tumor tissue can be obtained directly from the  �
lesion(s) during examination or endoscopic ex-
amination. Typically fi ne-needle aspiration of a 
suspected lymph node or open biopsy of the pri-
mary site will yield suffi cient cells for analysis 
(Shaha and Shah 1995).
More than 90% of all oral cavity and oropharyn- �
geal cancers are squamous cell carcinomas (SCC); 
the remainders include minor salivary gland car-
cinomas, lymphoma, sarcoma, and melanoma 

(Crawford et al. 1979). 

3.1.3 Staging

Carcinomas of the oral cavity can be staged clini- �
cally and pathologically. Clinical staging utilizes 
information from examination of the oral cavity 
and the neck area, laboratory tests, endoscopy, as 
well as imaging studies (CT and/or MRI).
Clinical staging is usually used for squamous cell  �
carcinomas of the oropharynx. Information from 
physical examination, direct or indirect endos-
copy, and imaging studies. If surgery is employed 
in the treatment, information on the resected dis-
ease as well as nodal examination of pathology 
should be included for the pathological staging. 

The American Joint Committee on Cancer (AJCC)  �
Tumor Node Metastasis (TNM) staging system 
is the accepted standard for staging of both oral 
and oropharyngeal cancer (Table 3.4) (Greene 
et al. 2002).

3.1.4 Prognostic Factors

The AJCC stage represents an important prog- �
nostic factor. Nodal involvement is the single 
most important prognostic factor which deter-
mines survival and upstages to advanced disease 
(Greene et al. 2002)
In the postoperative setting, presence of extra- �
capsular extension or positive margins are im-
portant predictors of locoregional recurrence and 
survival.
Other negative factors include poor performance  �
status and male gender.
Human papilloma virus is implicated in the  �
transformation of oropharynx with the sub-
type HPV-16 most associated with malignancy 
(Dahlstrand and Dalianis 2005; Weinberger 
et al. 2006). HPV-positive oropharyngeal cancers 
have an improved prognosis related either to the 
 biology of these tumors or the lack of  associated 

Table 3.3. Imaging and laboratory work-up for head and neck cancer

Imaging studies Laboratory tests

– CT scan of neck and chest
– MRI of head and neck if parapharyngeal/perineural spread is suspected, 
   or to evaluate the primary site if there is severe artifact from dental amalgam
– FDG-PET scan or PET/CT

– Complete blood count
– Serum chemistry
– Liver function tests 
– Renal function tests
– HPV

Fig. 3.2. Randomized trial 
of high-risk postoperative 
patients demonstrating need 
to keep the total treatment 
package time to <11 weeks 
either by starting treatment 
early or accelerating radia-
tion delivery (Kim SY et al. 
2007) (With permission from 
Society of Nuclear Medicine)
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 smoking history in many of these patients 
(Level III) (Weinberger et al. 2006).

3.2 Management of 
 Oral Cavity Cancer

3.2.1 General Principles

In general, primary surgery is recommended for  �
oral cavity cancer as single modality therapy in 
stage I and II with radical resection and selective 
neck dissection (Grade B). Surgical reconstruc-
tion to optimize functional outcomes including 
radial forearm free fl ap reconstruction should be 
considered (Grade B).
For stage III/IV disease, radical resection with  �
adjuvant radiation alone or with chemother-
apy in high-risk patients should be considered 
(Grade B). High risk is defi ned by the presence of 
positive margins at the primary site or extraca-
psular nodal extension (Grade A). Other factors 
to be determined for risk stratifi cation include 
lymphovascular, perineural invasion, level IV 
nodal involvement in an oropharynx/oral cavity 
primary, and presence of multiple nodes.
For locoregionally advanced oral cavity tumors  �
not candidates for resection, concurrent chemo-
radiation remains the standard (Grade A).

3.2.2 Treatment of Early-Stage Disease

Oral Tongue

Traditional treatment for oral cavity tumors has  �
been radical resection with or without adjuvant 
radiation as indicated by pathologic risk factors 
(Grade B). Reconstruction with free fl aps most 
commonly from the radial forearm has yielded 
good functional/cosmetic outcomes. A surgical 
series from Memorial Sloan Kettering Cancer 
Center, New York, reported LC rates of 85%, 77%, 
and 50% for T1, T2, and T3 lesions, respectively 
(Level IV) (Spiro et al. 1981). 
Radiation therapy alone serves as a reasonable  �
alternative to surgery for early-stage squamous 
cell cancer of oral tongue (Grade B). The  major 

Table 3.4. The AJCC staging system for cancer of oral cavity 
and oropharynx [from Greene et al. (2002) with permission]

Primary tumor (T): oral cavity

TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Carcinoma in situ
T1 Tumor 2 cm or less
T2 Tumor greater that 2 cm but up to 4 cm
T3 Tumor more than 4 cm in dimension
T4a Tumor invades adjacent structures (cortical bone), 

into deep extrinsic muscle of tongue (genioglossus, 
hyoglossus, palatoglossus, and styloglossus), 
maxillary sinus, skin of face

T4b Tumor invades masticator space, pterygoid plates, 
or skull base/encases internal carotid artery

Primary tumor (T): oropharynx

T1 Tumor 2 cm or less in greatest dimension
T2 Tumor more than 2 cm but 4 cm or less in greatest 

dimension
T3 Tumor more than 4 cm in greatest dimension
T4a Tumor invades the larynx, deep/extrinsic muscles of 

tongue, medial pterygoid, hard palate, mandible
T4b Tumor invades lateral pterygoid muscle, pterygoid 

plates, lateral nasopharynx, skull base, or encases 
carotid artery

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed
N0 No regional lymph nodes metastasis
N1 Metastasis in a single ipsilateral lymph node, 3 cm 

or less in greatest dimension
N2 Metastasis in a single ipsilateral lymph node, more 

than 3 cm but not more than 6 cm in greatest 
dimension, or in multiple ipsilateral lymph nodes, 
none more than 6 cm in greatest dimension, or in 
bilateral or contralateral lymph nodes, none more 
than 6 cm in greatest dimension

N2a Metastasis in a single ipsilateral lymph node more than 
3 cm but not more than 6 cm in greatest dimension

N2b Metastasis in multiple ipsilateral lymph nodes, none 
more than 6 cm in greatest dimension

N2c Metastasis in bilateral or contralateral lymph nodes, 
none more than 6 cm in greatest dimension

N3 Metastasis in lymph nodes more than 6 cm in great-
est dimension

Distant metastasis (M)

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

S TAG E  G R O U P I N G

0: Tis N0 M0
I: T1 N0 M0
II: T2 N0 M0
III: T3 N0 M0  or  T1-3 N1 M0
IVA: T4a N0-1M0  or  T1-4a N2 M0
IVB: Any T N3 M0  or  T4b Any N M0
IVC: Any T Any N M1
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series documenting excellent locoregional con-
trol from defi nitive radiation therapy have 
been large single institution series integrat-
ing brachytherapy (Level IV) (Pernot et al. 
1992, 1996;  Gerbaulet et al. 1985;  Mazeron 
et al. 1987, 1989, 1993; Goffi net et al. 1985; 
 Puthawala et al. 1988; Harrison et al. 1992, 
1996). A series from the Curie Institute in Paris 
of over 600 oral cavity tumors treated with 
brachytherapy reported LC for T1, T2, and T3 
lesions of 86%, 80%, and 68%, respectively. 
Most of the T1 and T2 lesions were treated with 
brachytherapy alone (60–70 Gy over 6–9 days). 
Larger T2 and T3 tumors were treated with a 
combination of external-beam radiation therapy 
(EBRT) (50–55 Gy) and low-dose-rate (LDR) in-
terstitial brachytherapy (20–30 Gy) (Level IV) 
(Pernot et al. 1992, 1996). High dose-rate tech-
niques offer similar outcomes (Inoue et al. 1996; 
Yamazaki et al. 2003).

Floor of Mouth

For early stage fl oor of mouth cancers, the combi- �
nation of brachytherapy and EBRT or brachyther-
apy alone can be recommended (Grade B). These 
treatment strategies have shown excellent out-
comes for early stage tumors. Pernot et al. (1996) 
reported the outcomes of 207 patients with fl oor 
of month cancers treated with defi nitive EBRT 
and brachytherapy or brachytherapy alone. The 
5-year LC was 97%, 72%, and 51% for T1, T2, and 
T3, respectively (Level IV). 

Buccal Mucosa

Tumors of the buccal mucosa can invade a com- �
partment at great risk for spread into the cheek 
and gingivobuccal sulcus, requiring generous 
treatment margins at the primary site and consid-
eration of adjuvant radiation for close margins. 
If the lesion is accessible intraorally, surgery is 
generally preferred, followed by adjuvant radia-
tion (Grade B). Results from surgical series show 
high incidence of locoregional failure after surgi-
cal resection alone, indicating the necessity for 
adjuvant therapy (Dixit et al. 1998). Diaz et al. 
(2003) reported on 119 patients of all stages with 
71% of patients treated with surgery alone. There 
was 45% incidence of locoregional recurrences 
with 32% of failures involving the primary loca-
tion (Level IV).

Select lesions can be treated with radiation ther- �
apy, which may include interstitial brachytherapy, 
intra-oral cone, ipsilateral electrons or confor-
mal EBRT with photons (Grade B). The European 
Group of Curietherapy reported on 748 buccal 
mucosa patients treated either with brachyther-
apy alone, brachytherapy with EBRT, or EBRT 
alone. LC rates were 81% for brachytherapy alone, 
65% for combined treatment, and 66% for exter-
nal radiation alone (Level IV) (Gerbaulet and 
Pernot 1985).

Lip

Most lesions of the lips can be treated with  �
either surgery or radiation alone. Surgery is 
preferred for small lesions without signifi cant 
functional defi cits. Lesions involving the lip 
commissure or which would result in micros-
tomia after resection should be evaluated for 
radiation therapy.
Radiation alone using brachytherapy or elec- �
tron can be recommended in early-stage 
squamous cell carcinoma of the lip (Grade A). 
The European Group of Brachytherapy re-
ported their results of over 1800 cases of lip 
cancer, which were treated with a radioactive 
implant (Level IV) (Mazeron et al. 1984). The 
LC was 98.4%, 96.6%, and 89.9% for T1, T2, 
and T3 lesions, respectively. Electron and or-
thovoltage beams have been reported in large 
retrospective series with LC from 94%–100% 
for T1–2 lesions (Level IV) (Petrovich et al. 
1987; Sykes et al. 1996).

Postoperative Radiation Therapy for 
Early-Stage Oral Cavity Cancer

Patients with positive close margins and perineu- �
ral or lymphovascular invasion may be consid-
ered for adjuvant radiation therapy potentially 
with concurrent chemotherapy (Grade A). Anal-
ysis of patients studied in a phase III random-
ized trial revealed that early-stage lesions un-
dergoing primary surgery may have pathologic 
factors associated with high risk of recurrence, 
including positive close margins and perineural 
or lymphovascular invasion (Level I) (Ang et al. 
2001; Peters et al. 1993). Results from a recent 
prospective randomized trial demonstrated that 
patients with high-risk squamous cell carcinoma 
of the head and neck treated with radiation 
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therapy (60–66 Gy in 30–33 daily fractions over 
6–6.6 weeks) in combination with chemotherapy 
(CDDP 100 mg/m2 in weeks 1, 4, and 7) achieved 
superior outcome in terms of DFS and LC rates as 
compared to those who received adjuvant radia-
tion (66 Gy in 33 daily fractions over 6.6 weeks) 
alone. The results showed that the estimated 
2-year locoregional rates were 82% and 72%, re-
spectively, for both groups, in favor of combined 
chemoradiation therapy (RTOG 95-01, Level I) 
( Cooper et al. 2004). A similar study completed 
by the European Organization for Research and 
Treatment of Cancer (EORTC) showed similar 
fi ndings for stage III and IV squamous cell carci-
noma of the head and neck areas (EORTC 22931, 
Level I) (Bernier et al. 2004). In both random-
ized trials, extracapsular extension (ECE) and 
positive margins were defi ned as high risk. In 
addition, the EORTC study included lymphovas-
cular invasion (LVI), perineural invasion, and 
level IV and V lymph node involvement (for can-
cer of oral cavity) as additional high-risk factors, 
whereas the Radiation Therapy Oncology Group 
(RTOG) study included multiple lymph nodes as 
additional high-risk factors.
Tables 3.5 and 3.6 compare the study popula-
tions and outcomes of the RTOG 95-01 and 
EORTC 22931 trials.
In patients receiving adjuvant radiation, the total  �
treatment package time (day of surgery to the 
end of radiation therapy) should be limited to 
11 weeks or less in high-risk patients (Grade B). 
In a prospective trial partly aimed at evaluating 

the importance of the overall combined treat-
ment duration on the treatment outcome, a trend 
toward higher LRC and survival rates was noted 
when PORT was delivered in 5 rather than 7 weeks 
for high-risk patients. The cumulative duration 
of combined surgery and radiation therapy had 
a signifi cant impact on the locoregional control 
and overall survival rates (Level II) (Ang et al. 
2001).
If defi nitive radiation therapy is considered, in- �
tegration of brachytherapy should be considered 
in combination with conventional external-beam 
radiation (Grade A). Excellent outcome have been 
repeatedly demonstrated using combined EBRT 
and brachytherapy in oral cavity tumors as well 
as oropharynx cancer. (Level IV) (Pernot et al. 
1992, 1996; Gerbaulet et al. 1985;  Mazeron 
et al. 1987, 1989, 1993; Goffi net et al. 1985; 
Puthawala et al. 1988; Harrison et al. 1992, 
1996).
Selected oral tongue and fl oor of mouth cancers  �
can be treated with adjuvant brachytherapy alone 
for positive margins with excellent LC (Lapeyere 
et al. 2000; Hu et al. 2004).

Table 3.6. Comparison of outcomes from the RTOG 95-01 and 
EORTC 22931. Both groups showed the addition of concurrent 
chemotherapy improved locoregional control and disease-free 
survival

Postoperative CT/RT 
vs. RT results of EORTC/RTOG phase III trials

RTOG 95-01 EORTC 22931

Median 
follow-up

46 months 60 months

Loco-
regional 
failure

Outcomes 
(CT/RT vs. RT)
3 years: 22% vs. 33% 
(p=0.01)

5 years: 18% vs. 
31% (p=0.01)

Disease-free 
survival

3 years: 47% vs. 36% 
(p=0.04)

5 years: 47% vs. 
36% (p=0.01)

Overall 
survival

3 years: 56% vs. 47% 
(p=0.09)

5 years: 53% vs. 
40% (p=0.01)

Distant 
metastases

3 years: 20% vs. 23% 
(p=0.46)

5 years: 21% vs. 
24% (p=0.01)

Grade 3 
acute toxicity

22% vs 34% 
(p<0.0001)

44% vs 21% 
(p=0.001)

All late 
toxicity

21% vs 17% (p=0.29) 38% vs 41% 
(p=0.25)

Table 3.5. Comparison of study populations. In the RTOG 
study, a greater proportion of patients were oropharynx and 
had more advanced neck stage. In the EORTC study, more 
patients had positive margins/extracapsular extension (ECE) 
and received higher radiation doses

Post-operative chemoradiation vs. radiation: phase III trials

RTOG 95-01 EORTC 22931

No. of patients 459 334

OPX/OC/LX/HPX 42%/27%/
21%/10%

30%/26%/
22%/20%

T3–4 61% 66%

N2–3 94% 57%

With ECE and/or + margins 59% 70%

RT: receiving 66 Gy 13% 91%
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3.2.3 Treatment of Advanced Disease 
 in Oral Cavity Cancer

For patients with advanced lesions for which  �
primary resection offers the best chance of lo-
coregional control, adjuvant radiation is usually 
required (Grade A). For high-risk patients, tri-
als conducted by the RTOG and EORTC detailed 
above show a signifi cant benefi t for the addition 
of concurrent chemotherapy to conventional frac-
tionated postoperative radiation (EORTC 22931 
and RTOG 95-01, Level I) (Bernier et al. 2004; 
Cooper et al. 2004). These two landmark trials 
(EORTC 22931 and RTOG 95-01) demonstrated a 
benefi t with the use of postoperative concomitant 
chemotherapy with EBRT for high-risk head and 
neck squamous cell carcinomas including oral cav-
ity cancers. Pooled analyses of the EORTC/RTOG 
trials confi rm a locoregional control, disease-free 
and overall survival benefi t for patients with ECE 
or positive margins. Patients with perineural in-
vasion, lymphovascular invasion, presence of 
low level neck nodes in patients with oral cavity/
oropharynx primaries trended towards a survival 
benefi t (Level IV) (Bernier et al. 2005).

For high risk cases in which patients are unable to  �
tolerate chemotherapy, postoperative accelerated 
radiation by delayed concomitant boost (DCB) 
or conventional fractionated radiation starting 
within 4 weeks after surgery improves locore-
gional control and should be considered (Ang 
1998; Ang et al. 2001).
A proposed algorithm for the treatment of oral  �
cavity cancer is presented in Figure 3.3

3.3 Management of 
 Oropharyngeal Cancer

3.3.1 Management of 
 Early-Stage Disease

General Principles

Due to the central location of the oropharynx  �
and its integral role in swallowing, speech, and 
phonation, management of oropharyngeal can-

Negative pathological

fi ndings*

Consideration of postoperative

radiation therapy +/–

concomitant chemotherapy

Defi nitive radiation therapy

+/– elective neck irradiation

Primary surgery and 

postoperative chemoradiation

Defi nitive chemoradiation +/–

planned neck dissection

* Includes close/positive margins, lymphovascular invasion, perineural invasion, poorly diff erentiated

Primary surgery +/–

reconstruction
Initial work up
Complete history & 

physical CT, MRI, CXR, PET/CT as indicated

Fine needed aspiration or core biopsy

Examination under anestesia staging

Evaluation by multidisciplinary team

Supportive care evaluation
Dental consult

Panorex, fl uoride tray, extractions 

Nutrional evaluation

Psychosocial support

Speech & swallowing consult
Locally advanced stage

Resectable

Unresectable

Early stage

Without expected surgical 

functional defi cit or

contraindication to surgery

Without expected surgical 

functional defi cit or

contraindication to surgery

Fig. 3.3. A proposed algorithm for the management of oral cavity cancer
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cer usually requires complex, multidisciplinary 
evaluation.
Treatment decisions depend both on the ability  �
of a particular modality to control disease and 
its associated morbidity.
In contrast to oral cavity tumors, radiation therapy  �
is chosen more often than surgery for either early 
or advanced lesions because of the signifi cant like-
lihood of nodal spread and primary drainage into 
the retropharyngeal nodal basins which are not 
typically addressed surgically (Fig. 3.6). 
For early-stage soft palate and pharyngeal wall  �
cancers, many lesions are near midline leaving 
bilateral neck and retropharyngeal nodes at risk. 
In these patients, EBRT alone is often preferable 
for T1-2 lesions because of comprehensive nodal 
coverage with high rates of control (Grade B) 
(Fein et al. 1993; Amdur et al. 1987; Million et 
al. 1985; Gwozdz et al. 1997). Also, functional 
defi cits after surgery, such as uvulopalatal insuf-
fi ciency, requiring prosthetic obturators to pre-
vent refl ux into the nasopharynx/nasal cavity 
may be avoided. 
Special methods of delivering radiation such as  �
brachytherapy or intensity-modulated radia-
tion further improve upon treatment outcomes 
(Grade B) (Eisbruch et al. 2001; de Arruda et 
al. 2006; Chao et al. 2000, 2004)

Surgery for Early Stage

Selected patients with small oropharyngeal le- �
sions and a clinically negative neck can be man-
aged with primary resection and elective neck 
dissection (Grade B). Laccourreye et al. (2005) 
recently reported a large experience using a 
mandibulotomy-sparing transoral approach for 
early-stage tonsillar lesions with excellent LC 
rates. However, a large percentage were treated 
with induction chemotherapy and postoperative 
radiation (Level IV).

External-Beam Radiation Therapy for 
Early-Stage Disease

Conventionally fractionated radiation therapy  �
(CF) alone controls the majority of early-stage 
oropharyngeal lesions, especially of tonsil cancers, 
but may be suboptimal for T2 base of tongue and 
posterior pharyngeal wall cancers (Grade B). For 
tonsil cancers, several large single institutional 
series show excellent LC after CF alone (65–70 Gy 
delivered over 6.5–7 weeks at 1.8–2.0 Gy per daily 
fraction), approximating 80%–90% for T1 to T2 
lesions and 63%–74% for T3 (Table 3.7) (Level IV). 
Table 3.8 illustrates the outcome of EBRT for base 
of tongue cancers (Level IV). 

Table 3.7. Outcomes after defi nitive external-beam radiation for tonsil cancer from retrospective single institution series

Tonsillar carcinoma: local control and survival with external-beam radiation therapy

Institution and 
study

No. of
patients

Median 
follow-up 
(months)

T3–4
(%)

Local control
(%)

Local control
(%)

5-Year survival 
(%)

T1 T2 T3 T4 N0 N1 N2 N3 DFS Overall

MDAC
(Remmler et al. 
1985)

112 50 63 100 89 68 24 95 95 95 95 48 85

UFla
(Mendenhall et 
al. 2006)

503 24 
(minimum)

94 79 59 50 NS NS NS NS – –

Institut Curie
(Bataini et al. 
1989)

698 60 72 89 84 63 43 NS NS NS NS NS NS

Centre Alexis
(Pernot et al. 
1992)a

277 36 36 89 86 69 – NS NS NS NS 62 NS

Henri Mondor
(Mazeron et al. 
1989)a

165 60 0 100 94 – – NS NS NS NS 71 53

MDAC, MD Anderson Cancer Center; UFla, University of Florida; DFS, disease-free survival; NS, not signifi cant. aWith implant
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Brachytherapy for Oropharynx Cancer

Brachytherapy has been a mainstay treatment for  �
oropharyngeal cancers for decades and excellent 
results have been reported (Level IV) (Crook et al. 
1988; Harrison et al. 1992, 1997; Housset et al. 1987; 
Goffi net et al. 1985; Puthawala et al. 1988).

Brachytherapy implantation of radioactive seeds  �
directly into the target volume offers dose es-
calation to tumor and sparing of surrounding 
normal tissue by inverse square attenuation, pro-
ducing excellent dose conformality with function 
preservation (Fig. 3.4). Normal tissue toxicity is 
further reduced because the dose of EBRT is re-

Table 3.8. Outcomes after defi nitive external-beam radiation therapy alone for base of tongue cancer from retrospective 
single institution series

Institution and study No. of 
patients

Median 
follow-up
(years)

T3/T4
(%)

Local control
(%)

Local control
(%)

5-Year overall 
survival (%)

T1 T2 T3 T4 N0 N1 N2 N3 T1 T2 T3 T4

Institut Curie
(Spanos et al. 1976)

166 5 58 96 57 45 23 86 79 58 61 49 29 23 16

MDAC (Jaulerry et al. 1991) 174 10a 54 91 71 78 52 NS NS NS NS 100 58 38 20

U of Fla (Foote et al. 990) 84 8 54 89 88 77 36b NS NS NS NS 100 86 56 36b

Hospital Necker 
(Housset et al. 1987)

54 8 0 78 47 – – 4 9 – 40 17 17 – –

NS, not signifi cant. a Extrapolated. bAverage of stages IVa and IVb

Fig. 3.4. Example of 
a 62-year-old male pa-
tient with a T2N2bM0 
base of tongue car-
cinoma treated with 
combined external 
beam radiation and 
concurrent chemo-
therapy, brachyther-
apy implant and 
planned neck dissec-
tion. External beam 
radiation was deliv-
ered with intensity 
modulate radiation 
with a reduced dose 
of 59.4 Gy to the in-
volved primary site 
and nodes followed by 
20 Gy brachytherapy 
boost. Dose volume 
histogram demon-
strating dose distri-
bution from IMRT 
course only.
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duced, especially in those receiving concurrent 
chemotherapy. Brachytherapy is typically used 
as a boost (20–30 Gy) after a reduced dose of 
conventional fractionated EBRT that treats the 
bilateral neck and primary site (50–54 Gy to 
the primary site, and 54–60 Gy to regional neck 
nodes) (Fig. 3.4).
Recent data indicate that a brachytherapy boost  �
in combination with a reduced dose of external 
EBRT decreases the incidence of severe dysphagia 
compared to patients receiving a full course of 
external-beam treatment (Level IV) (Levandag 
et al. 2007).
Base of tongue lesions are particularly ideal candi- �
dates for brachytherapy because LC is suboptimal 

after conventional fractionated radiation, even for 
early-stage diseases. Harrison et al. (1992, 1996) 
have reported long-term results of 68 patients 
treated with this strategy combined with planned 
neck dissension for patients presenting with in-
volved neck nodes. At 5-year actuarial estimate, 
LC is as follows: T1 (n=17) 87%, T2 (n=32) 93%, T3 
(n=17) 82%, regional control was 96%, and overall 
survival was 86% (Level IV). Near identical results 
using this approach for base of tongue lesions have 
been reported by  Puthawala et al. (1988) and 
Goffi net et al. (1985). Equally excellent LC for 
early stage tonsil and soft palate cancers treated 
with combined EBRT and brachytherapy boost 
(Level IV) (Goffi net et al. 1985).

Fig.  3.5. Unilateral treatment of a lateralized early stage 
tonsil cancer. A patient treated with unilateral fi elds. This 
patient is a 50-year-old woman with a T2N0 squamous cell 
carcinoma of the left tonsil. Our plan is to treat this patient 
with defi nitive radiation therapy. This patient was treated 
with a three-fi eld plan. This involves a wedged-pair plan, 
with a low-weighted right anterior oblique fi eld, to help 
cover the tongue extension without overdosing the spinal 
cord. The planning tumor volume (PTV) is contoured. The 
primary site, extension along the soft palate, extension into 
the base of tongue, upper neck nodes, and retropharyngeal 
nodes are all included. An axial, sagittal, and coronal dose 
distribution shows that the PTV is well covered. The sali-
vary gland tissue of the contralateral neck, especially the 
parotid gland, is well protected
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Ipsilateral EBRT for Early-Stage Tonsil Cancer

In general, most lateralized T1 to T2 lesions in pa- �
tients with an N0 or N1 neck can be treated with 
ipsilateral radiation fi elds (Fig. 3.5) (Grade B). 
Such an approach minimizes irradiation to the 
contralateral salivary glands and reduces the 
incidence of xerostomia. Eisbruch et al. (2001) 
have demonstrated that patients treated uni-
laterally experience less xerostomia and better 
quality of life compared to those treated with 
intensity-modulated radiotherapy delivery of 
bilateral radiation with contralateral parotid 
sparing (Level III).
Lesions that cross the midline, extensively involve  �
the tongue base or soft palate, or associated with 
N2 or more advanced neck disease should receive 
comprehensive bilateral neck therapy (Grade B). 
A total of 228 patients with tonsillar carcinomas 
were treated with ipsilateral radiotherapy at Prin-
cess Margaret Hospital. Eligible patients typically 
had T1 or T2 tumors (191, T1–2; 30, T3; 7, T4) with 
N0 (133, N0; 35, N1; 27, N2-3) disease. Radiation 
was typically delivered with wedged pair Cobalt 
beams and ipsilateral low anterior neck fi eld de-
livering 50 Gy in 4 weeks to the primary volume. 
At a median follow-up of 5.7 years, the 3-year LC 
rate was 77%, regional control 80%, and cause-
specifi c survival 76%. Contralateral neck failure 
occurred in 3% (8/228). All patients with T1 le-
sions or N0 neck status had 100% contralateral 
neck control. Patients with a 10% or greater risk 
of contralateral neck failure included those with 
T3 lesions, lesions involving the medial 1/3 of 
the of the soft hemi palate, tumors invading the 
middle third of the ipsilateral base of tongue, and 
patients with N1 disease (Level IV) (O’Sullivan 
et al. 2001).

3.3.2 Management of Advanced-Stage 
 Oropharyngeal Cancer

General Principles

Locoregional failure is the primary pattern of  �
failure after any treatment approach for advanced 
oropharyngeal cancer patients.
Radiation alone provides suboptimal rates of LC  �
in T3-4 lesions or patients with advanced N2/3 
neck disease due to high rates of persistent dis-

ease after treatment compared to combined treat-
ment, but may be considered in patients with in-
termediate stage cancers T1–2N1 or T2N0.
For most patients with advanced oropharyngeal  �
cancer, combined modality therapy with pri-
mary chemoradiation is recommended to maxi-
mize organ and function preservation (Grade A) 
(Fig. 3.6).
In an effort to improve locoregional control, ma- �
jor strides have been made with the incorporation 
of altered fractionated radiation, chemotherapy, 
and biologic therapy.

Altered Fractionated Radiation

Altered fractionated radiation therapy attempts  �
to improve tumor control either by accelerat-
ing radiation treatment to overcome tumor re-
population or by dose escalation with hyper-
fractionation (HF) to utilize the radiation repair 
advantage of normal tissues over tumor (Ang et 
al. 1998).
Radiation therapy can be successfully acceler- �
ated by DCB or a Danish regimen of six conven-
tional treatments per week while dose escalation 
is best accomplished by HF (Grade A) (Level I) 
 (Overgaard et al. 2003; Trotti et al. 2005). Al-
tered fractionated radiation represents a reason-
able treatment option for T2N0-1 base of tongue 
cancers or T3 tonsil lesions in patients who can-
not tolerate chemotherapy (Grade A).
Meta-analyses indicate a survival advantage of  �
HF with dose escalation compared to CF, but 
no advantage is noted for accelerated radiation 
compared to CF (Level I) (Bourhis et al. 2006; 
Budach et al. 2006). A landmark trial conducted 
by the Radiation Therapy Oncology Group 
(RTOG 90-03) compared the leading US altered 
fractionated regimens [as described by Million 
et al. (1985), Gwozdz (1997), and Wang (1988)] 
for primarily stage III/IV head and neck cancers. 
A total of 1073 patients were randomized to: (1) 
CF 70 Gy/7 weeks, (2) split course accelerated 
fractionation (S-AF) with 1.6 Gy bid to 67.2 Gy 
over 6 weeks with an intentional 2-week break 
after 38.4 Gy, or (3) accelerated radiation by de-
layed concomitant boost (DCB) 72 Gy/6 weeks 
with bid last 12 days of treatment, and (4)) pure 
hyperfractionation (HF) with 1.2 Gy twice daily 
81.6 Gy/7 weeks. At 8 years median follow-up, 
the DCB and HF arms had signifi cantly better 
8-year locoregional control compared to CF (48% 
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vs. 49% vs. 41%, respectively) and improved DFS 
(30% vs. 31% vs. 21%, respectively) without sig-
nifi cant difference in distant metastases (27% vs. 
29% vs. 29%, respectively). Overall survival was 
34% vs. 37% vs. 30%, respectively (Level I) (Fu 
et al. 2000).
Horiot �  et al. (1992) reported results of the 
EORTC 22791 randomized trial comparing an 
HF regimen of 1.15 cGy bid (4–6 h between 
fractions) to 80.5 Gy over 7 weeks versus con-
ventional fractionation of 1.8–2.0 Gy to 70 Gy 
over 7–8 weeks in the treatment of 356 patients 
with T2-3N0-1 oropharyngeal cancers exclud-
ing the base of tongue. With a mean follow-up 
of about 4 years, HF improved 5-year actuarial 
local regional control compared to conventional 
fractionation (59% vs. 40%, respectively, p=0.02) 
with a trend toward improved survival (38% vs. 
29%, respectively, p=0.08). T3 tumors benefi ted 
from HF but not T2 lesions (Level I) (Horiot 
et al. 1992).

Concurrent Radiation and Chemotherapy

Combined chemotherapy and radiation is  �
the mainstay treatment of locally advanced 
oropharyngeal cancer (Grade A). Numerous 
overviews demonstrate the advantage of add-
ing chemotherapy to radiation (Pignon et al. 
2000;  Monnerat et al. 2002; El-Sayed and 
Nelson 1996). A meta-analysis by Monnerat 
et al. (2002) concludes that concurrent chemo-
therapy offers an 8% survival benefit, induc-
tion chemotherapy 2% and adjuvant therapy a 
1% benefit (Level I).
The French intergroup (GORTEC 94-01) phase  �
III randomized trial established concurrent 
chemoradiation as the standard treatment for 
locoregionally advanced oropharynx cancer 
over conventional radiation alone. A total of 
226 patients with stage III (32%) and IV (68%) 
were randomized to 70 Gy/7 weeks or 70 Gy with 
three cycles of concurrent carboplatin (70 mg/
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Postoperative radiation 

therapy +/- concomitat 

chemotherapy for adverse 

pathologic features
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Fig. 3.6. A proposed algorithm for the management of cancer of oropharynx
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m2/dx4)/5-fl uorouracil (600 mg/m2/dx4) (weeks 1, 
4, and 7). The initial report with a median fol-
low-up of 35 months showed that patients in the 
combined modality arm had an approximately 
20% improvement in 3-year locoregional control 
(66% vs. 42%, p=.03), DFS (42% vs. 20%, p=.04), 
and overall survival (51% vs. 31%, p=.02), but no 
difference in rate of distant metastases (11% vs. 
11%, respectively). Long-term follow-up with a 
median follow-up of 5.5 years, confi rms a 5-year 
overall survival (22.4% vs. 15.8%), DFS (26.6% vs. 
14.6%), and locoregional control (47.6% vs. 24.7%) 
advantage with combined therapy (GORTEC 94-
01, Level I) (Calais 1999; Denis 2004).

Combining Chemotherapy with 
Altered Fractionated Radiation

Efforts to further improve locoregional control  �
and survival have explored combining concur-
rent chemotherapy with altered fractionated 
radiation as both approaches independently 
improve outcome for head and neck cancer pa-
tients. 
The present challenge is to fi nd the optimal  �
chemoradiation regimen(s), which offer high 
rates of locoregional control and organ function 
preservation with acceptable morbidity and the 
possibility of integration with new biologic agents 
or induction chemotherapy.
The majority of phase III trials show a benefi t  �
of the addition of concurrent chemotherapy to 
altered fractionated radiation either with HF 
or DCB compared to the same radiation regi-
men alone. Two randomized trials included 
only patients with oropharynx or hypopharynx 
carcinoma in comparing the benefi t of combin-
ing chemotherapy with altered fractionation 
versus the same altered fractionation alone: 
 Bensadoun et al. (2006) investigated the ben-
efi t of chemotherapy with HF for 163 unresect-
able oropharynx (n=123) or hypopharynx carci-
noma (n=40) randomized to receive HF (1.2 bid 
to 80.4 Gy) with or without cisplatin (100 mg/
m2 days 1, 22, 43)/5-FU (750 mg/m2/5 days on 
day 1, 430 mg/m2/5 days on days 22, 43). Ac-
tuarial 2-year locoregional control, disease-free 
and overall survival were better in the patients 
receiving concurrent chemoradiation: 59% vs. 
27.5% (p=0.0003), 48.2% vs. 25.2% (p=0.002) 
and 37.8% vs. 20.1% (p=0.038), respectively, 
(EORTC 22791, Level I) (Bensadoun et al. 2006). 

Starr et al. (2001) reported a benefi t of the addi-
tion of chemotherapy to DCB in a German ran-
domized trial of 246 stage III/IV oropharyngeal 
(n=178) and hypopharynx (n=62) carcinoma. In 
a 2×2 study, all patients were treated with DCB 
(69.6 Gy/5½ wks) randomized to receive carbo-
platin (70 mg/m2)/5-FU (600 mg/m2/d×5 days) 
on weeks 1 and 5 of RT and then randomized 
again to receive granulocyte colony stimulating 
factor (G-CSF) or not. At a median follow-up 
of 22 months, the 1- and 2-year rates of locore-
gional control were 69% and 51% after CT/RT 
compared to 58% and 45% after RT (p=0.14). Pa-
tients receiving G-CSF had reduced locoregional 
control (55 vs. 38%, p=.0072) and decreased mu-
cositis (p=.06), raising the issue of possible tu-
mor radioprotection with G-CSF. For both trials, 
the addition of chemotherapy sharply increased 
acute mucositis, hematologic toxicity, and feed-
ing tube dependence (Level I). Table 3.9 lists the 
randomized phase III studies that compared the 
addition of concurrent chemotherapy to altered 
fractionated radiation therapy versus altered 
fractionated radiation alone.

Biologic Therapy

Epidermal growth factor receptor (EGFR) is over- �
expressed in more than 90% of head and neck 
cancer cells and has a role in tumor proliferation, 
apoptosis, angiogenesis, and matrix metallopro-
teinase expression (Harari et al. 2000). EGFR 
over-expression is considered a marker of radia-
tion resistance (Ang et al. 2002).
A pivotal phase III trial reported by  � Bonner 
et al. (2006) demonstrated the benefi t of add-
ing cetuximab (C225), the monoclonal anti-
body targeting EGFR, to radiation. A total of 
424 patients with stage III/IV head and neck 
cancer (oropharynx comprised 64% of patients 
enrolled) were randomized to 7 weeks of C225 
plus radiation (CF or altered fractionation) or 
radiation alone. No oral cavity patients were en-
tered. At a median follow-up of 38 months, the 
C225/RT arm was superior to radiation therapy 
alone with respect to 3-year locoregional control 
(47% vss 34%, p<0.01), 3-year overall survival 
(55% vs. 45%, p=0.05) and median overall sur-
vival (54 months vs. 28 months, p = 0.02). With 
regard to toxicity, C225, unlike the addition of 
concurrent chemotherapy or the acceleration of 
radiation, did not signifi cantly increase grade 3 

LuBrady-BOOK.indb   50 13.08.2008   13:59:16



  Cancer of the Oral Cavity and Oropharynx 51

or 4 mucositis (55% vs. 52%, respectively) but 
was associated with increased dermatitis 34% 
vs. 18%, p=0.0003) and infusion reaction (3%) 
(Level I).
The effi cacy of C225 versus chemotherapy has not  �
been compared directly in a randomized clinical 
trial.

Role of Induction Chemotherapy

Induction chemotherapy has been utilized to re- �
duce tumor burden and predict successful treat-
ment of tumors for organ preservation therapy 
(Grade A). With regard to survival benefi t, mul-
tiple meta-analyses have shown a minor benefi t 
of induction chemotherapy (Level I) (Pignon 
et al. 2000; Monnerat et al. 2002; El-Sayed 
et al. 1996). Recent trials report that the addi-
tion of taxotere to cisplatin/5-fl uorouracil (TPF) 
improves survival and organ preservation in pa-
tients treated with subsequent radiation or con-
current chemoradiation: An EORTC prospective 
trial randomized 358 locally advanced head and 
neck cancer patients to receive TPF (75 mg/ m2 
day 1, 750 mg/m2 CI days 1–5, respectively) or 
5-fl uorouracil and cisplatin (PF) (100 mg/m2 
day 1, 1000 mg/m2 CI days 1–5), respectively, 
followed by conventional or altered fraction-
ated radiation. Patients in the TPF arm dem-
onstrated superior response rate (68% vs. 54%, 
p=0.007), and had an increased 3-year overall 
survival (36.5% vs. 23.9%) at 51-month median 
follow-up. Patients who received TPF had less 
grade 3–4 toxicity and fewer toxic deaths (3.7% 
vs. 7.8%) compared to those receiving PF due 
to the reduced doses of platinum and 5-FU in 
the TPF regimen (EORTC 24971, Level I) (Ver-
morken et al. 2007). Posner et al. (2007) reports 
a benefi t of adding taxotere to PF followed by 
concurrent chemoradiation: 494 patients were 
randomized to three cycles of induction TPF 
(75 mg/m2, 100 mg/m2, 1000 mg/m2) or three 
cycles of PF (100 mg/m2, 1000 mg/m2) followed 
by concurrent chemoradiation (70 Gy/7 weeks 
and weekly carboplatin AUC 1.5). At a median 
follow-up of 42 months, 3-year overall survival 
(62% vs. 48%, p=0.0058) and PFS were increased 
(49% vs. 37%, p=0.004) after TPF compared to 
PF (Level I).

3.4 Radiation Therapy Techniques for 
 Cancer of the Oral Cavity and 
 Oropharynx

3.4.1 Intensity-Modulated 
 Radiation Therapy (IMRT)

Recent efforts to improve radiation dose confor- �
mality and reduce toxicity have been made with 
3D and IMRT techniques to treat complex, irregu-
larly shaped head and neck tumors. Cancers of 
the oropharynx are ideal sites for IMRT since the 
tumors often present in close proximity to sen-
sitive normal tissues such as the parotid glands 
or involve the pharyngeal wall/retropharyngeal 
nodes close to the spinal cord. IMRT allows ex-
quisite dose conformality with sparing of adja-
cent organs. Each radiation fi eld is divided into 
a number of beamlets with the aid of an intensity 
modulator and inverse treatment planning. The 
different beamlets are added to form a cumulative 
dose distribution tailored to the shape of the tumor 
and respecting designated normal tissue tolerance 
constraints (Level III) (Hunt et al. 2001). IMRT 
also offers the possibility of differential dosing to 
the elective nodal basin, high-risk nodal areas and 
primary tumor sites with resultant modest acceler-
ated radiation (Fig. 3.7) (de Arruda et al. 2006; 
Chao et al. 2000; Butler et al. 1999).
Early experience with IMRT shows encourag- �
ing locoregional control for oropharynx cancers, 
especially among the recently reported series in 
which LC over 90% is consistently reported (Ta-
ble 3.10) (Levels III–IV) (de Arruda et al. 2006; 
Dawson et al. 2000; Huang et al. 2003; Lawson 
et al. 2008; Chao et al. 2000). 
IMRT regimens of 70 Gy in 33 or 37 fractions are  �
well tolerated even with concurrent chemother-
apy. A multi-institutional RTOG 0022 protocol 
has been completed and the results are pending. 
To date, greatest benefi t of IMRT compared to  �
standard techniques has been to reduce the in-
cidence of severe xerostomia, the primary qual-
ity-of-life complaint among long-term head and 
neck cancer survivors treated with radiation 
(Levels III–IV) (Eisbruch et al. 2001; Chao et 
al. 2001). It can prevent hearing loss and may 
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be useful to preserve swallowing function by 
decreasing dose to the cochlea and constrictor 
muscles (Level IV) (Chen et al. 2006; Eisbruch 
et al. 2004a).

Techniques of IMRT

IMRT should be considered particularly for  �
oropharyngeal tumors near the spinal cord such 
as those involving the posterior pharyngeal wall 
or nasopharynx, as well as for those where sig-
nifi cant parotid sparing can be attained, such as 
those patients with negative contralateral neck 
nodes. 
The patient should be immobilized and the neck  �
extended as described above. An isocenter should 
be selected to treat the primary and upper neck 
nodes for oropharyngeal cancers with a lower 
border matched to a low anterior neck fi eld to 
treat the lower cervical and supraclavicular node. 

Use of an extended mold to immobilize the shoul-
ders is recommended. Need to decide whether 
placement of matchline at or below the arytenoids 
to attempt to spare the voice box.
The nodal stations at risk and patterns of primary  �
spread should be determined, as well as treat-
ment to unilateral or bilateral neck. An extended 
fi eld treating the primary and all regional nodes 
should be considered for patients with exten-
sive lymphadenopathy involving multiple nodal 
 levels.
Treatment planning CT with contrast using  �
3-mm slice thickness should be performed over 
the primary and regional nodes. IV contrast is 
recommended. Fusion with PET and MRI should 
be considered. 
CTV encompassing gross tumor volume, micro- �
scopic disease, and potential for tumor spread 
should be outlined and stratifi ed according to 
burden of disease – high risk: gross disease; inter-

Fig. 3.7. Example of a 
T2N1 base of tongue 
cancer treated with inten-
sity-modulated radiation 
therapy
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mediate risk: areas with high likelihood of nodal 
disease or tumor spread; and low risk: elective 
nodal treatment. Expansion from CTV to PTV is 
typically 5–10 mm.
Care must be taken not to underdose regional  �
nodes near the parotid as well as to evaluate dose 
at the matchline. If a patient has a clinically nega-
tive neck, the superior border of regional node 
delineation can end at the bottom of the C1 trans-
verse process, sparing signifi cant parotid tissue 
(Grégoire et al. 2000, 2003).
Consider treatment of skin in postoperative cases  �
and in defi nitive cases with extensive nodal extra-
capsular extension or soft tissue extension at the 
primary site. If so, consider adding bolus.

Dose Fractionation

Simultaneous integrated boost technique to 70 Gy  �
to high risk CTV, 59.4 Gy to intermediate risk, and 
50–54 Gy to elective risk in 33 daily fractions can 
be used. 
Alternatively, the RTOG studied 30 fractions to  �
66 Gy to high, 60 Gy to intermediate and 54 Gy 
to low risk regions without concurrent chemo-
therapy. 
Prescription isodose should cover at least 95% of  �
the PTV; no more than 20% shall receive >110% 
of prescribed dose; no more than 1% shall receive 

<93% of prescribed dose; and no more than 1% 
of normal tissues outside the PTV shall receive 
>110% the prescribed dose.

Dose Constraints to Normal Tissues

Dose to the temporal lobes should be limited to  �
60 Gy or less. Dose to the optic nerves and chiasm 
should be limited to 50 Gy or less, and no more 
than 1% (V1) should be treated to over 54 Gy.
Dose to the brainstem should be limited to 54 Gy  �
or less, and no more than 1% (V1) should be 
treated over 60 Gy; dose to the spinal cord should 
be limited to 45 Gy, and no more than 1% (V1) 
should be treated to dose over 50 Gy.
Dose to the mandible should be limited to 70 Gy,  �
and no more than 1% (V1) should be treated to 
doses over 75 Gy.
A total of 50% of the parotid bland should be  �
treated to 26 Gy or less.

3.4.2 Conventional Radiation Therapy

Treatment Technique

Unilateral treatment of an early stage lateralized  �
tonsil cancer using 3D conformal therapy. 

Table 3.9. Randomized phase III studies evaluating the addition of concurrent chemotherapy to altered fractionated radia-
tion compared to altered fractionation radiation alone

Study No. of patients 2-Year overall survival 
difference

2-Year locoregional 
control difference

(Brizel et al. 1998)
HF vs. HF+CDDP/5-FU

116 18% 26%

(Wendt et al. 1998)
SC-AF vs. SC-AF+CDDP/5-FU

270 25% 19%

(Jeremic et al. 2000)
HF vs. HF+ daily CDDP or CBCDA

130 22% 15%

(Starr et al. 2001)
DCB vs DCB+ CBCDA/55FU

270 8% 6%

(Dobrowsky and Naude 2000)
CHART vs. CHART+MMC

161 18% 16%

(Budach et al. 2005)
HART vs. HART+MMC/5FU

384 7% 15%

(Bensadoun et al. 2006)
HF vs. HF+5FU/CDDP

163 18% 31%

HF, hyperfractionation; SC-AF, split course accelerated fractionation; DCB, accelerated radiation by delayed concomitant 
boost; CHART, continuous hyperfractionated accelerated radiation therapy; HART, hyperfractionated accelerated radiation 
therapy; CDDP, cisplatin; 5FU, 5-fl uorouracil; CBCDA, carboplatin; MMC:Mitomycin-C.
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Patients should be immobilized in an aquaplast  �
mold with neck extension and shoulder board to 
separate the oropharynx site from the larynx.
For tongue cancers, a bite block may be used to  �
depress the tongue downward and away from 
the palate, allowing easier blocking of the palate 
and preventing a bolus effect from closure of the 
mouth.
Palpable neck disease should be outlined with  �
wire. The target volume of the parallel opposed 
fi elds should include the primary with margin 
plus draining lymph nodes of the upper neck with 
a high match above the arytenoids for orophar-
ynx lesions and oral cavity lesions.
Owing to the high probability of lymph node metas- �
tasis, these portals will also include the retropha-
ryngeal lymph node groups up to the skull base.
Fields are matched to a low anterior neck using a  �
split isocenter technique with a spinal cord/vocal 
cord block in the LAN for oropharynx cancer or 
a lateral fi eld cord block in patients with hypo-
pharynx cancer (Fig. 3.8).
Initial lateral fi elds are treated to 40–45 Gy fol- �
lowed by an off cord cone down to the primary and 
upper neck to a dose of 50–54 Gy and a fi nal cone 
down to gross disease to a dose of 66–70 Gy for 
T3 and 70–80 Gy for a T4 lesion. Posterior necks 
are treated with electron strips using 6–9 MeV 
electrons to appropriate doses of 50–70 Gy.
For lesions involving the posterior pharyngeal  �
wall or retropharyngeal nodes, careful attention 
should be paid to the posterior border of the off 

cord block. Fein et al. (1993) showed that moving 
the posterior border from the middle to the poste-
rior edge of the vertebral body improves LC. 

Postoperative Radiation

When postoperative radiation is administered,  �
patients should be set up similarly to the descrip-
tion above. The match line should be above the 
arytenoids for oropharynx cancer and oral cavity 
lesions. 
A typical dose and fractionation schedule would  �
be 63–66 Gy to high risk areas, 57.6–59.4 Gy to 
intermediate regions of the neck (in 1.8-Gy frac-
tions), and 50–54 Gy to low-risk areas. The low 
anterior neck is treated to a dose of 50 Gy; the 
stoma (when present) is often boosted with elec-
trons to 60 Gy.

3.4.3 Brachytherapy

The dose with LDR Ir-192 interstitial brachyther- �
apy ranges from 2000–3000 cGy at 40–60 cGy/h 
which is done approximately 3 weeks after the 
completion of EBRT. Mandibular lead lined 
shields can be used to decrease the incidence of 
osteoradionecrosis. Interstitial brachytherapy 
should not be ideally performed with lesions 
abutting/tethering mandible due to risk of os-
teoradionecrosis. 

Fig. 3.8. Conventional technique used for defi nitive treatment of squamous cell carcinoma of the tonsil with 
neck node metastasis (wired)
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3.5 Treatment-Induced Toxicities

The major sequelae of radiation therapy can be  �
divided into acute and chronic side effects. These 
depend on total dose, fraction size, fractionation, 
prior or concomitant therapy (i.e., surgery or che-
motherapy), and target volume. 

3.5.1 Acute Toxicities

Acute toxicities during treatment which may per- �
sist up to 3 months after radiation treatment in-
clude: mucositis, pain, phlegm production, xeros-
tomia, dysphagia, dysgeusia, dermatitis, weight 
loss, laryngeal edema, lhermitte’s syndrome.
Mucositis is the major dose-limiting toxicity of  �
radiation. Severe mucositis can result in treat-
ment breaks, which can compromise locoregional 
control and cause infection in patients compro-
mised by chemotherapy.
The addition of concurrent cisplatin toxicity dou- �
bles the grade 3 or 4 mucositis rates and adds a 
treatment mortality risk of 2% (Level I) (Bernier 
et al. 2004; Cooper et al. 2004). The addition 
of chemotherapy steeply increases mucositis, 
feeding tube dependence, dermatitis, hemato-
logic suppression, and infection. The addition of 
C225 increases infusion reaction and dermatitis 
( Bonner et al. 2006).

3.5.2 Chronic Toxicities

Xerostomia, hypothyroidism, cervical fi brosis,  �
dental decay, osteoradionecrosis, chondronecro-
sis, dysphagia/PEG dependence, cricopharyngeal 
stricture, fi stula, epilation are potential toxici-
ties, but their occurrence reduces with the use of 
IMRT.
With regard to chronic toxicity, the major issues  �
after defi nitive radiation therapy are xerostomia 
which represents the main quality-of-life com-
plaint, as well feeding tube dependence. The in-
cidence of feeding tube dependence appears to 
be increased with concurrent chemoradiation, 
particularly after the addition of cisplatin che-
motherapy to DCB.
 In the  � Starr et al. (2001) trial, patients treated 
with chemoradiation treatment had more swal-
lowing problems and continuous need for feeding 
tube (51% vs. 25%, p=.02) Other important side 
effects to consider include soft tissue and bone 
ulceration and necrosis, neck fi brosis, trismus, 
dental caries, epilation, and hypothyroidism.
Long-term complications after implant and EBRT  �
include soft tissue ulcer, osteoradionecrosis, in-
fection, and bleeding (Table 3.11).

Table 3.11. Complications secondary to chemoradiation therapy 
treatment for head and neck cancers. [Summarized from Brizel 
(2000), Trotti et al. (2003), and Zackrisson et al. (2003)]

Complications after chemoradiotherapy Occurrence

Xerostomia 78%–95%

Mucositis/stomatitis 35%–75%

Chewing or eating diffi culties 80%

Dysphagia 40%–65%

Anorexia/weight loss/malnutrition 55%–85%

Dysgeusia 90%

Infection 14%

Radiation necrosis 5%–15%

Table 3.10. Single institution experience of intensity-mod-
ulated radiation therapy for the treatment of oropharynx 
cancer

Study No. of 
patients
(% OPX)

Median 
follow-up
(months)

Locoregional 
control

(Chao et al. 
2000)

52 (54%) 26 79%

(Eisbruch et 
al. 2004)

133 (60%) 32 84%

(Yao et al. 
2004)

90 (71%) 29 Local control 
96%

(de Arruda 
et al. 2006)

48 (100%) 18 Local control 
98%

(Lawson et al. 
2008)

34 (100% 
BOT)

20 Local control 
90%
15% stricture

BOT, base of tongue.

3.5 Follow-Up

3.5.1 Post-Treatment Follow-Up

Close follow-up of the patient is required espe- �
cially during the fi rst 2 years of treatment as lo-
coregional failure is most likely to occur during 
this period.
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The risk of developing a secondary malignancy  �
in the aerodigestive tract is 6%–8%/year and may 
be decreased by half if patients cease smoking or 
consuming alcohol (Spector et al. 2001).
Assessment of smoking cessation is recom- �
mended if applicable.

Schedule

Follow-up every 1–3 months during the fi rst  �
year, every 2–4 months in the second year, every 
4–6 months in years 3–5, then semiannually or 
annually after 5 years (Grade D) (NCCN 2008) 
(Table 3.12).
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Introduction and Objectives

Malignancies of the parotid, submandibular, and sublingual 
glands account for approximately 4% of all head and neck can-
cers. A total of 80% of malignant major salivary gland tumors 
occur in the parotid gland. In adults, roughly a quarter of parotid 
tumors and one half of submandibular tumors are malignant.

Pathology of major salivary glands is complex and best arbi-
trated by the WHO classifi cation. Fine-needle aspirations and 
even histological diagnoses can have surprisingly high rates 
of error. Histology does predict risk of lymphatic spread and 
perineural spread. Grade can predict the risk of local recurrence 
as well as regional spread. Surgery is the mainstay of treatment 
and adjuvant radiation is used liberally to optimize results.

This chapter examines:

Recommendations for diagnosis and staging procedures for  �
major salivary glands

The staging systems, classifi cation (pathology), and prognos- �
tic factors 

The management of salivary gland tumors using surgery,  �
radiation therapy, or combined treatment and supporting 
scientifi c evidence

Techniques of radiation therapy including intensity-modu- �
lated radiation therapy (IMRT)

Follow-up care and surveillance of survivors �

As the characteristics, natural history, presentation, and treat-
ment strategy of the minor salivary glands diff er signifi cantly 
from those of the major salivary glands, the management 
of tumors of the minor salivary glands is not detailed in this 
 chapter. 

A. Y. Chen, MD, MPH
C. L. Perkins, MD, PhD
Emory University School of Medicine, 1365A Clifton Road 
NE, Atlanta, GA 30322–1013, USA
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4.1 Diagnosis, Staging, and 
 Prognoses

4.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of major salivary tu- �
mors start with a complete history and physi-
cal examination. Attention should be paid to 
disease-associated signs and symptoms, which 
are dependent on histologic types, grade, and 
primary origin. Salivary gland cancers can 
present as masses (mostly painless and fast 
growing), facial palsies, lymphatic disease, or 
even skin invasion. Tumors of the deep lobe 
may cause dysphagia, odynophagia, and re-
ferred ear pain.
The history should take careful note of possible  �
risk factors. Prior ionizing radiation exposure to 
the head and neck is clearly associated with an 
increased risk of subsequent development of sali-
vary gland cancer. This risk has been observed 
in atomic bomb survivors (Level IV) (Land et 
al. 1996; Saku et al. 1997), as well as patients 
treated with I-131 for thyroid cancer (Level IV) 
(Hall et al. 1991), or with external beam irradia-
tion. The etiologic role of non-ionizing ultraviolet 
radiation has been controversial (Level IV) (Sun 
et al. 1999).
Clustering due to viral etiology – There is some  �
evidence of a viral component to the development 
of salivary gland cancer. Human papilloma virus 
16 and/or 18 have been detected in pathologic pa-
rotid lesions (Level III) (Vageli et al. 2007) and 
polyomavirus injected into mice on the fi rst day 
of life can induce salivary gland tumors (Stanley 
et al. 1964) Furthermore, the increased incidence 
of salivary gland tumors in Alaskan Eskimos and 
Alaskan Indian women in the Arctic has been 
ascribed to a viral pattern of spread (Level IV) 
(Lanier et al. 1980).
The majority (> 80%) of parotid tumors are be- �
nign (pleomorphic adenoma) and 20% are ma-
lignant. Approximately 50% of submandibular 
tumors are benign while the other 50% are ma-
lignant; most tumors of the sublingual glands 
are malignant.
Though diffi cult to prove, generalizations about  �
the pattern of malignancy within the parotid 

gland ring true (Level IV) (Das et al. 2004). The 
malignant gradient increases from anterior to 
posterior and from superfi cial to deep (Rubin 
and Hansen 2008). The posterior mass is more 
likely to be malignant, as is the deep mass. The 
mass that causes facial nerve paralysis is likely 
malignant in nature. Masses of the submandibu-
lar gland and sublingual glands were more likely 
to be malignant compared to parotid gland. Ma-
lignancy is also more common with increasing 
age (Level IV) (Martin et al. 1989).
Early dental evaluation including imaging to  �
assess and restore (when possible) or extract 
(when restoration is impossible or would cause 
an extensive delay) decayed teeth is required 
for all patients who need high-dose radiation 
therapy.

Laboratory Tests

Initial laboratory tests include a complete blood  �
count and comprehensive metabolic panel, basic 
blood chemistry, liver and renal function tests, 
lactate dehydrogenase, and alkaline phosphatase 
are recommended for initial evaluation.

Imaging Studies

CT scan and/or MRI of the head and neck area  �
are usually recommended for patients with tu-
mor of the major salivary glands, except in small, 
discrete, and freely mobile tumors involving the 
superfi cial lobe of the parotid gland.
MRI is preferred over CT scan for deep-lobe  �
tumors and tumors of submandibular and sub-
lingual gland (Grade B). A carefully performed 
MRI can demonstrate soft tissue extension and 
document nerve involvement without the risks 
of ionizing radiation, and is particularly valu-
able in evaluating tumor of the deep parotid lobe 
(Level IV) (Fee and Tran 2003).
FDG-PET or PET/CT can be considered for pa- �
tients with high-grade malignancies (Grade B). 
Comparing PET/CT with CT alone in the evalu-
ation of salivary gland malignancies, the extent 
of the tumor, regional spread to the nodes, and 
distant disease were all signifi cantly more accu-
rate for the PET/CT studies (Level III) (Jeong et 
al. 2007; Roh et al. 2007).
Imaging studies of the head and neck areas are  �
important for detecting regional lymph adeno-
pathy.
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Appropriate imaging is important for ruling  �
out distant disease. Terhaard et al. (2004) 
found that distant metastases were found in 
the lung (43%), bones (21%), liver (5%), brain 
(1%), elsewhere (6%), and in multiple sites (24%) 
(Level IV).
Human immunodefi ciency virus (HIV)-related  �
parotid hypertrophy is commonly diagnosed by 
imaging, without a biopsy (Grade C) (Beitler et 
al. 1999) (Table 4.1).

had neoplastic lesions. Sensitivity (the percent-
age of positive specimens that are true positives), 
specifi city (the percentage of negative specimens 
that are true negative), and diagnostic accuracy 
(#true positive/#true negative) / (#true positive 
+ #false positive + #false negative + #true nega-
tive) of FNA cytology for all neoplastic lesions of 
the salivary gland were 94.6%, 75.0%, and 91.1%, 
respectively (Level III) (Das et al. 2004).
The vast majority of the studies performed to 
assess the accuracy of the FNA have been sin-
gle institution studies where the FNA result was 
compared to the histological result. The poten-
tial for publication of only those results refl ecting 
positively on the institution and the physicians 
is evident.
The College of the American Pathologists Inter-
laboratory Comparison Program in Nongyneco-
logic Cytology took a prospective approach to 
evaluating the accuracy of FNA: Every quarter, 
fi ve glass slides with accompanying clinical his-
tory were mailed to participating cytopatholo-
gists. The slides had been vetted by two Cyto-
pathology Resource Committee cytopathologists 
who believed that the slides were representative, 
non-controversial, and of good technical quality. 
The reference cytopathologists had to agree on 
the general and specifi c diagnosis. Looking at the 
benign cases, there were 4642 responses and 4254 
had the correct response, producing a specifi city 
of 91%. Benign cases with high false-positive rates 
were monomorphic adenoma (53%) and intrap-
arotid lymph nodes (36%). With respect to the 
malignant cases, there were 1607 responses, with 
1096 being correct, giving a sensitivity of 68% 
and a false-negative rate of 32%. Malignant cases 
with high false-negative rates were lymphoma 
(57%), acinic cell carcinoma (49%), low-grade 
mucoepidermoid carcinoma (43%), and adenoid 
cystic carcinoma (33%). The overall diagnostic 
accuracy for making the correct specifi c reference 
diagnosis was a sobering 48% (Level II) (Hughes 
et al. 2005).
Cajulis et al. (1997) reported that while all 89% 
of the aspirations done by cytopathologists were 
diagnostic, only 77% of the 62 FNAs performed 
by the clinicians were diagnostic (Level III). One 
interpretation of these results is that clinicians 
need assistance in preparing the slide after aspi-
ration. Sensitivity for detecting malignancy was 
91% while the specifi city for detecting a benign 
lesion was 96%.

Table 4.1. Imaging and laboratory work-ups for diagnosis 
and staging of tumor of major salivary glands

Imaging studies Laboratory tests

MRI and/or CT scan of the 
head and neck area
Chest X-ray
FDG-PET or PET/CT 
(optional)

Complete blood count
Comprehensive metabolic 
panel

Pathology

Histological diagnosis is crucial to treatment de- �
cisions. Histological diagnosis may confi rm or 
refute FNA-based diagnosis or grading and may 
exclude squamous cell cancers. The diagnosis of 
squamous cell carcinoma should prompt a vigor-
ous search for a cutaneous primary tumor.
The procedure for defi nitive diagnosis of major  �
salivary glands is tumor resection and pathologic 
study. Incisional or excisional biopsy should be 
avoided as they are associated with increased 
chances of recurrence and complications such as 
facial nerve damage.
Fine needle aspiration (FNA) is often the fi rst  �
diagnostic test and is particularly valuable for 
patients who are medically inoperable, decline 
surgery, or present with metastatic diseases. 
However, results from FNA can be unreliable. A 
negative or benign diagnosis does not exclude 
malignant disease (Grade B). The accuracy of 
FNA varies with the expertise of the pathologist. 
Tumor can be missed, and the relative scarcity 
of the tumor and the relative complexity of the 
WHO classifi cation system further promote inac-
curacy (Level III) (Westra 2007).
In a study of 712 patients undergoing FNA for a 
salivary mass, 73% had benign lesions and 20% 
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The most common histologies for all salivary  �
gland tumors are: Mucoepidermoid (21.7%), 
lymphoma (17.2%), squamous cell (16.1%), other 
adeno (12.8%) and acinar (10.3%) (Davies and 
Welch 2006). For the parotid gland, mucoepi-
dermoid is the most common malignancy; for the 
submandibular gland, adenoid cystic is the most 
common cancer (Davies and Welch 2006).
In most cases the histology determines the tu-
mor grade. Assignment of a specifi c grade is only 
applicable in mucoepidermoid carcinoma, ade-
nocarcinoma not otherwise specifi ed, or when 
either of those two histologies is identifi ed as 
a carcinomatous element in a pleomorphic ad-
enoma.
The histologic classifi cation, as recommended 
by the second edition of the WHO (Seifert and 
Sobin 1992) is shown in Table 4.2.
Just as cytologists face challenges to improve their  �
diagnostic accuracy, the reproducibility of patho-
logic grading has been questioned. Brandwein 
et al. (2001) reported on 20 slides from 20 cases 
of mucoepidermoid cancer circulated among fi ve 
distinguished pathologists. Though the study used 
low, intermediate, and high grading (as compared 
to simply low versus high grade), interobserver 
agreement was poor (weighted kappa estimate, 

 = 0.49). Comparing the fi ve experts with an 
AFIP grading system, there were 46 discrepan-
cies out of 100 pairs of grading events (Level III) 
(Brandwein et al. 2001).
Histologic grade of mucoepidermoid carcino- �
mas did not correlate with clinical behavior, ac-
cording to a retrospective series of 391 patients 
with parotid tumor (Level IV) (Cesinaro et al. 
1994).

4.1.2 Staging

Primary tumors of the major salivary glands can  �
be staged clinically or pathologically based on 
size of the primary tumor and tumor extension. 
Staging for neck nodes are identical to that of 
squamous cell carcinoma of other head and neck 
areas (see Chap. 6, Table 6.2).
The American Joint Committee on Cancer (AJCC)  �
Tumor Node Metastasis (TNM) staging system is 
the accepted standard for staging of tumors of 
the major salivary glands (Table 4.3) (Greene 
et al. 2002).

Table 4.2. WHO Classifi cation, 2nd edition

Tumor type

1 Adenomas
1.1 Pleomorphic adenoma
1.2 Myoepithelioma (myoepithelial adenoma)
1.3 Basal cell adenoma
1.4 Warthin tumor (adenolymphoma)
1.5 Oncocytoma (oncocytic adenoma)
1.6 Canalicular adenoma
1.7 Sebaceous adenoma
1.8 Ductal papilloma
1.8.1 Inverted ductal papilloma
1.8.2 Intraductal papilloma
1.8.3 Sialadenoma papilliferum
1.9 Cystadenoma
1.9.1 Papillary cystadenoma
1.9.2 Mucinous cystadenoma

2 Carcinomas
2.1 Acinic cell carcinoma
2.2 Mucoepidermoid carcinoma
2.3 Adenoid cystic carcinoma
2.4 Polymorphous low-grade adenocarcinoma

(terminal duct adenocarcinoma)
2.5 Epithelial-myoepithelial carcinoma
2.6 Basal cell adenocarcinoma
2.7 Sebaceous carcinoma
2.8 Papillary cystadenocarcinoma
2.9 Mucinous adenocarcinoma
2.10 Oncocytic carcinoma
2.11 Salivary duct carcinoma
2.12 Adenocarcinoma
2.13 Malignant myoepithelioma 

(myoepithelial carcinoma)
2.14 Carcinoma in pleomorphic adenoma 

(malignant mixed tumor)
2.15 Squamous cell carcinoma
2.16 Small cell carcinoma
2.17 Undifferentiated carcinoma
2.18 Other carcinomas

3 Nonepithelial tumors

4 Malignant lymphomas

5 Secondary tumors

6 Unclassifi ed tumors

7 Tumor-like lesions
7.1 Sialadenosis
7.2 Oncocytosis

7.3 Necrotizing sialometaplasia 
(salivary gland infarction)

7.4 Benign lymphoepithelial lesion
7.5 Salivary gland cysts
7.6 Chronic sclerosing sialadenitis of submandibular 

gland (Küttner tumor)
7.7 Cystic lymphoid hyperplasia in AIDS
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4.1.3 Prognostic Factors

The Dutch Head and Neck Oncology Cooperative  �
Group study found that the 10-year cumulative 
regional control for clinical +N/p+N, pN0, and 
clinical N0 patients was 75%, 94%, and 91%, re-
spectively (Level IV) (Terhaard et al. 2004). The 
5-year relative survival rates from the American 
College of Surgeons National Cancer Data Base 
are presented in Table 4.4 (Greene et al. 2002).

Table 4.4. The 5-year relative and observed survival rates 
from the American College of Surgeons National Cancer Data 
Base

Stage
5-Year relative 
 survival rate

5-Year observed 
survival rate

I 86% 75%

II 66% 59%

III 53% 47%

IV 32% 28%

Histologic grade or cellular differentiation of the  �
tumor is one of the most important prognostic 
factors affecting treatment outcome, including 
overall survival.
Histology can be predictive of predilection for  �
lymphatic spread, perineural spread, as well as 
tendency to local recurrence. More than 30% of 
parotid cancers are mucoepidermoid carcinoma, 
which is usually slow growing and rarely metas-
tasizes hematogenously. High-grade mucoepider-
moid carcinoma is locally aggressive, may me-
tastasize to regional lymph nodes in 40%–50% 
of cases and distantly in approximately 30% of 
cases.
Adenoid cystic carcinoma accounts for approxi-
mately 10% of parotid cancer, but is relatively 
more common in submandibular tumors, where 
it accounts for more than 40% of cases. Adenoid 
cystic carcinoma is associated with perineural in-
vasion in more than 50% of cases. Disease growth 
or recurrence along the cranial nerves has been 
a distinct characteristic of adenoid cystic carci-
noma, and extension of disease via nerve to skull 
base is probable. Regional nodal involvement by 
this entity is not common and occurs in less than 
8% of cases at initial presentation; however, dis-
tant spread to lung occurs in approximately 50% 
of cases.

Table 4.3. American Joint Committee on Cancer (AJCC) 
TNM Classifi cation of Carcinoma cancer of Major Sali-
vary Glands

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Tumor 2 cm or less in greatest dimension with-
out extraparenchymal extension

T2 Tumor more than 2 cm but ont more than 4 cm 
in greatest dimension without extraparenchymal 
extension

T3 Tumor more than 4 cm and/or tumor having 
extraparenchymal extension

T4a Tumor invades skin, mandible, ear canal, and/or 
facial nerve

T4b Tumor invades skull base and/or pterygoid 
plates and/or encases carotid artery

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in a single ipsilateral lymph node, 
3 cm or less in greatest dimension

N2 Metastasis in a single ipsilateral lymph node, 
more than 3 cm but not more than 6 cm great-
est dimension, or in multiple ipsilateral lymph 
nodes, none more than 6 cm in greatest dimen-
sion, or in bilateral or contralateral lymph nodes, 
none more than 6 cm in greatest dimension

N2a Metastasis in a single ipsilateral lymph node, 
more than 3 cm but not more than 6 cm in 
greatest dimension

N2b Metastasis in multiple ipsilateral lymph nodes, 
none more than 6 cm in greatest dimension

N2c Metastasis in bilateral or contralateral lymph 
nodes, none more than 6 cm in greatest dimension

N3 Metastasis in a lymph node, more than 6 cm in 
greatest dimension

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis 

S TAG E G ROU PI NG

I: T1 N0 M0

II: T2 N0 M0

III: T3 N0 M0, T1 N1 M0, T2 N1 M0, T3 N1 M0

IVA: T4a N0 M0, T4a N1 M0, T1 N2 M0, T2 N2 M0, 
T3 N2 M0, T4a N2 M0

IVB: T4b Any N M0, Any T N3 M0

IVC: Any T Any N M1
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control 67% of tumors, compared to only 20%–
25% for defi nitive treatment with high energy 
photons (Level IV) (Koh et al. 1989;  Douglas et 
al. 2003; Mendenhall et al. 2005).
Lymphomas of the major salivary glands and HIV- �
related benign parotid hypertrophy are treated 
non-surgically as discussed below (Grade B).
Although response to chemotherapy has been  �
well documented for metastatic salivary cancers, 
there is little persuasive literature to suggest that 
systemic therapy can effectively lower the rates of 
distant metastases.

4.2.2 Surgery

Carcinoma of the Parotid Gland

A superfi cial parotidectomy is the surgery of  �
choice for most parotid tumors. Excisional biopsy 
is not recommended as it may violate the surgi-
cal fi eld and is associated with increased local 
recurrence.
Approximately 90% of parotid tumors are located  �
in the superfi cial lobe of the parotid gland. The 
superfi cial lobe can be resected using superfi cial 
parotidectomy or subtotal parotidectomy.
The spinal accessory, facial, and greater auricu- �
lar nerves are identifi ed. The greater auricu-
lar nerve is usually sacrifi ced because of it’s 
anatomic path through the SCM and parotid 
gland (Figs. 4.1–4.3).
If a branch or the entire facial nerve is paralyzed  �
prior to surgery, sacrifi ce of the nerve is usually 
necessary. However, if there is no facial nerve 
palsy preoperatively, surgeons try not to sacri-
fi ce any branch of the facial nerve. A transient 
facial nerve palsy may occur up to 40% of cases, 
especially if there are other concomitant medical 
comorbidities (Dulguerov et al. 1999; Guntinas-
Lichius et al. 2006) (Level IV). A permanent facial 
nerve palsy is an unusual complication in the 
hands of experienced surgeons, occurring less 
than 5% of cases (Dulguerov et al. 1999; Guntin-
as-Lichius et al. 2006) (Level IV).
For parotid tumors located in the deep lobe, total  �
parotidectomy is the surgery of choice. The entire 
parotid gland with a margin of normal tissue is 
removed in the procedure.
The goals of surgery are complete tumor resection  �
with a  5-mm margin, as well as preservation of 

Approximately 10% of parotid cancers and 17% 
of submandibular cancers are acinic cancers. Ma-
lignant mixed tumors account for roughly 15% of 
parotid malignancy and 10% of submandibular 
cancers.
Completeness of treatment is a signifi cant prog- �
nostic factor for patients undergoing surgical 
resection. Multivariate analysis from the study 
reported by the Dutch Head and Neck Oncol-
ogy Cooperative Group revealed that the status 
of the tumor margins  5 mm was associated 
with improved local control (p = 0.07) (Level IV) 
(Terhaard et al. 2004). For those patients un-
dergoing a therapeutic neck dissection, margin 
status was an independent predictor of regional 
control (67% for positive margin, 83% for < 5-mm 
margin, and 91% regional control for a margin 

 5 mm, p = 0.04). Other authors have used 3-mm 
margins as the standard (Level IV) (Brandwein 
et al. 2001).
Other signifi cant independent prognostic features  �
for regional control were complete facial paralysis 
(65% regional control for complete facial nerve 
paralysis versus 91% for no or partial paralysis), 
bone invasion, and the use of combined modality 
treatment (as detailed below).
In  � Koul et al.’s (2007) review of 184 parotid ma-
lignancies, advanced age was also an independent 
prognostic feature correlating with poor local 
control (Level IV).
The major pattern of failure for malignant tumors  �
of the major salivary glands is development of dis-
tant metastases. In a population based review of 
903 patients, Bhattacharyya and Fried (2005) 
found that increasing age, tumor size, grade, 
extraglandular extension, and nodal positivity 
negatively infl uenced survival (Level IV).

4.2 Treatment of 
 Major Salivary Gland Cancers

4.2.1 General Principles

For patients with malignant tumors of the major  �
salivary glands being treated for cure, surgery is 
the gold standard (Grade B).
For inoperable patients, radiation therapy is indi- �
cated for disease control (Grade B). Neutrons can 
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Fig. 4.3. Facial nerve main trunk 

and branches

Fig. 4.1. Mass overlying facial nerve

Fig. 4.2. Facial nerve main trunk 
and branches
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The Dutch Head and Neck Oncology Cooperative  �
Group studied 565 patients with salivary gland 
tumors and found surgery without post-operative 
radiation had a local failure relative risk of 9.7 
(CI 4.4-21), which was the highest relative risk 
for any factor affecting local control (Level IV) 
( Terhaard et al. 2004).
Koul �  et al.’s (2007) multivariate analysis found 
that the addition of adjuvant radiation decreased 
the hazard ratio of disease-specifi c death to 0.5 
(CI 0.228–0.995) when compared to surgery alone 
and adjusted for tumor size (Level IV).
Early experience from the Princess Margaret  �
Hospital showed that patients with malignant 
tumor of parotid gland treated with surgery fol-
lowed by adjuvant radiation therapy achieved su-
perior recurrence-free survival at 10 years (62% 
versus 22%). An analysis for prognostic factors 
showed that the histology, tumor stage, regional 
metastases (N0 vs. N+), age, and damage to the 
facial nerve all infl uenced cause-specifi c survival 
(Level IV) (Theriault 1986). 
A case-control study reported from Memorial 
Sloan-Kettering Cancer Center evaluated the effi -
cacy of adjuvant radiotherapy and concluded that 
radiation is not routinely indicated for patients with 
low-grade stage I and II cancers of the major sali-
vary glands. However, improved survival and local 
control were demonstrated in patients with locore-
gionally advanced diseases, i.e., stage III and IV or 
N+ cancers. In addition, a trend of improved out-
come was found for high-grade diseases (Level IV) 
(Armstrong 1990). In addition, results from a ret-
rospective series of 178 patients treated at the M.D. 
Anderson Cancer Center revealed that patients 
with high-grade tumor of major salivary glands 
or tumor with perineural invasion benefi ted sig-
nifi cantly from adjuvant radiation therapy. Patients 
who underwent combined surgery and radiation 
achieved 86% local control rate, versus 58% in those 
received surgery only (Level IV) ( Frankenthaler 
1991). The study also demonstrated that histological 
grade, perineural invasion, and presenting stage are 
the most signifi cant prognostic factors. 

4.2.4 Nodal Treatment Considerations

In the era of IMRT, the addition of ipsilateral  �
nodal irradiation to the primary site should have 
manageable late consequences.

as much function and anatomy as oncologically 
possible (Grade C). As mentioned above, the mul-
tivariate analysis from the Dutch Head and Neck 
Oncology Cooperative Group described above 
showed that the status of the tumor margins 

5 mm was associated with improved local con-
trol (p=0.07) (Level IV) (Terhaard et al. 2004). 
Other authors have used 3-mm margins as the 
standard (Level IV) (Brandwein et al. 2001).
Formal neck dissection is not necessarily in- �
dicated if the patient is clinically N0 and elec-
tive neck irradiation is planned (see Sect. 4.2.4) 
(Grade B). Level IIa nodes are best dissected along 
with the parotid for malignant lesions because 
of the proximity of these lymph nodes to the 
tail of the parotid and high rates of involvement 
(Level III) (Corlette et al. 2005). Lymph nodes 
along the external jugular vein also need to be 
dissected, particularly for metastatic parotid le-
sions from dermal primary (Grade B) (Level III) 
(Zbaren et al. 2005; Ying et al. 2006).
For patients with clinically positive lymph nodes,  �
a modifi ed radical or selective neck dissection is 
indicated.

Carcinoma of the Submandibular Gland

Resection of the submandibular gland can be per- �
formed for small tumor of the gland where the 
tumor is encased in normal tissue.
More extensive surgery is required for lesions  �
with extracapsular extension with involvement 
of adjacent tissues and cranial nerves.
Neck dissection is not routinely indicated; how- �
ever, elective neck dissection should be consid-
ered in large or high-grade tumors.

4.2.3 Adjuvant Radiation Therapy of 
 the Primary

Indications for post-operative radiation include  �
positive or close margins, high-grade disease, 
perineural invasion, regional nodal involvement, 
lymphovascular invasion, or pathologic T3 or T4 
disease, and recurrent disease (Grade B). The effi -
cacy of adjuvant radiation therapy for this group of 
patients has been demonstrated in a number of ret-
rospective studies including a case-control study. 
The reliance exclusively on grade to exclude the use 
of radiation should be performed with caution.
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In a study at UCSF, 131 patients with carcinoma 
of the salivary glands underwent elective neck 
irradiation with no subsequent neck failures. 
Conversely, out of 120 patients with salivary 
gland cancer who did not receive elective neck 
irradiation, 24 suffered neck failures at 10 years 
(nodal relapse rate of 0% versus 26%, p = 0.0001). 
The authors were unable to exclude any patient 
group from elective neck irradiation based on 
age, perineural invasion, T-stage, and primary 
site.
The low risk of lymphatic spread for acinic cell  �
cancers and adenoid cystic cancers of the parotids 
is echoed throughout the literature, thus elective 
irradiation to the neck nodes is not indicated for 
these pathologies (Grade B). In the UCSF expe-
rience, there were no neck relapses for any of 
the patients who had adenoid cystic or acinic 
cell histology regardless of whether they received 
elective nodal irradiation (Level IV) (Chen et al. 
2007a).Terhaard et al. (2004) found that the 10-

year cumulative regional control for clinical +N/
p+N, pN0 and clinical N0 patients was 75%, 94%, 
and 91% respectively. Independent prognostic 
features for regional control were complete fa-
cial paralysis (65% regional control for complete 
facial nerve paralysis versus 91% for no or par-
tial paralysis, p = 0.01), and the use of combined 
modality treatment (67% for surgery alone versus 
89% for surgery followed by post-operative radia-
tion therapy, p = 0.03) (Level IV) (Terhaard et 
al. 2004).

4.2.5 Radiation Therapy Techniques

Simulation and Field Arrangement

IMRT techniques are recommended for the treat- �
ment of parotid tumors (Grade B). A six-fi eld plan 
is illustrated in Figure 4.4.

Fig. 4.4. Six-fi eld IMRT isodose distribution
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If IMRT technology is not available, ipsilateral  �
wedge pair, the three-fi eld, and the mixed elec-
tron-photon beam techniques are optimal tech-
niques for providing relatively homogeneous 
dose distributions within the target area and for 
minimizing dose to the relevant normal struc-
tures (Level III) (Yaparpalvi et al. 1998).
Ideally, preoperative imaging should be fused  �
with post-operative CT simulation to ensure an 
adequate plan to the primary site.

Dose and Fractionation

Doses to the primary tumor bed/resection area  �
should be 60 Gy in once-daily fractions over 
30 days, unless the surgical margins were unsatis-
factory. Dose for elective neck irradiation is usu-
ally in the range of 50 Gy in 25 daily fractions.
When the en face mixed beam technique is used,  �
the composition of the dose depends on the depth, 
size, and location of the tumor, and is determined 
by CT planning system. Approximately 80% elec-
tron and 20% photon can be commonly used.
Attention should be paid to the dose delivered to  �
the adjacent normal organs and tissues includ-
ing temporal lobes. Bolus can be used to avoid 
overdosing the temporal lobe. Cerrobend can be 
customized to block the intraoral structures.

4.2.6 Side Eff ects and Complications

Commonly observed acute side effects induced  �
by external beam radiation therapy include 
dermatitis and mucositis; both are usually self-
limited.
Severe long-term complications induced by radia- �
tion therapy are uncommon but can include par-
tial xerostomia, decreased hearing and fi brosis.
Trismus can be a complication and should be ad- �
dressed by speech pathology consultation.

4.3 Patterns of Failure

The major pattern of failure for malignant tu- �
mors of the major salivary glands is develop-

ment of distant metastases. In a population 
based review of 903 patients, Bhattacharyya 
and Fried (2005) found that increasing age, tu-
mor size, grade, extraglandular extension, and 
nodal positivity negatively infl uenced survival 
(Level IV).
There is little persuasive literature to suggest that  �
systemic therapy can effectively lower the rates of 
distant metastases.

4.4 Treatment of Uncommon 
 Major Salivary Gland Tumors

4.4.1 Treatment of Squamous 
 Cell Carcinoma of Parotid

Because of the intraparotid drainage of cuta- �
neous skin malignancies, most squamous cell 
cancers of the parotid gland are metastatic from 
the skin.
In patients with skin cancers metastatic to the  �
parotid area, post-operative local radiation of 60 
Gy or higher improved local control from 74% to 
93%(10/13 vs 16/17 controlled) when compared 
to doses below 60 Gy (Chen et al. 2007b). Post-
operative irradiation to the parotid bed to a dose 
of at least 60 Gy is indicated (Grade B).
Ipsilateral neck irradiation for those patients  �
with clinically N0 neck who had skin cancers 
which has spread to the parotid should also be 
performed (Grade B). Ipsilateral elective nodal 
irradiation from Levels IB to Level V for clini-
cally N0 patients was effective in 15 patients, 
whereas there were seven neck failures in 14 pa-
tients with N0 necks who were observed. Their 
5-year neck control rate was 45% (Chen et al. 
2007b).

4.4.2 Treatment of 
 Benign Lymphoepithelial Cysts 
 in HIV+ Patients

Immunocompromised patients can develop  �
chronic cystic hyperplasia which results in a 
physical deformity that can be cosmetically dev-

LuBrady-BOOK.indb   70 13.08.2008   13:59:57



  Major Salivary Gland Tumors 71

astating. The disease is usually bilateral and can 
persist despite anti-retroviral medication.
As chronic cystic hyperplasia can recur after  �
both aspiration and surgery, radiation therapy 
can be considered (Grade B). Doses of 24 Gy in 
1.5-Gy daily fractions are well-tolerated and have 
long-term effi cacy in 70% of patients (Level IV) 
( Beitler et al. 1999).

4.5 Follow-Ups

4.5.1 Post-Treatment Follow-Ups

Long-term follow-up after defi nitive treatment of  �
malignant tumors of the major salivary glands 
is indicated, especially in high-grade tumors 
(Grade B). The probability of local and distant re-
currence combined approaches 50%, as described 
in studies detailed above (Level IV).
Local salvage is poor.  � Terhaard et al. (2004) 
reported on 100 patients with local residual or 
recurrent disease. Salvage was attempted on 
46 and only 17 of the original 100 were cured 
(Level IV).
Regional salvage is poor.  � Terhaard et al. (2004) 
reported on 61 patients with regional persistence 
or recurrence. Of the 61 patients, 15 were cured 
(Level IV).

4.5.2 Schedule

Follow-ups could be scheduled every 3–4 months  �
in the fi rst 2 years, every 4–6 months over an ad-
ditional 3 years and annually thereafter (Grade D) 
(Table 4.5).

4.5.3 Work-Ups

Each follow-up should include an interval history  �
and physical examination.
Annual chest X-ray can be considered for rul- �
ing out pulmonary metastasis: however, there is 
no evidence to support the use of any imaging 
studies in improving survival (Grade D). Bone 
scan and CT scan of the head and neck area are 
not routinely recommended in asymptomatic pa-
tients (Grade D).
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Introduction and Objectives

Carcinomas of the larynx and hypopharynx tend to present as 
 local-regional disease that often requires multidisciplinary 
management. Preservation of function, as well as anatomy, 
can be paramount in the decision-making process. This tends 
to favor radiation therapy in the selection process. Treatment 
can, and should, be tailored to match the virulence of individual 
tumors and the impact of such therapy on individual patients.

This chapter examines:

Recommendations for diagnosis and staging procedures for  �
both laryngeal and hypopharyngeal cancer

The staging systems and prognostic factors  �
The management of laryngeal and hypopharyngeal cancers  �
using unimodal and multimodal regimens based on surgery, 
radiation therapy, antibody therapy, and cytotoxic chemo-
therapy

Techniques of radiation therapy  �
Follow-up care  �

5.1 Diagnosis, Staging, and 
 Prognosis

5.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of laryngeal and hypo- �
pharyngeal cancer starts with a complete history 
and physical examination. Attention should be 
paid to disease-associated signs and symptoms 
and their chronology. Early onset hoarseness is 
more likely due to laryngeal lesion(s), while early 
onset diffi culty swallowing is more likely from 
hypopharyngeal cancer.
A thorough physical examination including di- �
rect fi beroptic endoscopy under local anesthesia 
and/or indirect mirror exam is required.
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Dental evaluation to assess and restore (when  �
possible) or extract (when restoration impos-
sible) decayed teeth is necessary for all patients 
who require radiation therapy that includes a 
substantial volume of the parotid glands. The 
tooth socket generally requires approximately 
2 weeks to heal before radiation therapy can 
begin.

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic blood chemistry, liver function 
tests, and BUN/Creatinine.

Imaging Studies

Imaging studies with CT and/or MRI and/or PET/ �
CT of the head and neck regions are required to 
evaluate the extent of the disease at the primary 
site, in regional lymph nodes, at distant sites, and 
to look for synchronous independent malignan-
cies in the upper aerodigestive tract.
Three-dimensional imaging of the primary and  �
regional neck nodes is routinely recommended. If 
radiation therapy is planned, scanning is ideally 
performed in radiation treatment position, using 
fi xation devices such as thermoplastic facemasks 
and with the shoulders pulled or pushed down out 
of the path of lateral beams.
FDG-PET or PET/CT scans may be helpful in the  �
evaluation of locally advanced laryngeal cancer 
or hypopharyngeal cancer (Grade B). A non-
randomized prospective trial has demonstrated 
that the sensitivity, specifi city, and accuracy ap-
proached 95%, superior to the results from CT 
scans (Level III) (Gordin et al. 2006). In addition, 
high FDG uptake appears to be associated with 
poor survival in patients who have advanced lar-
yngopharyngeal SCC (Level IV) (Roh et al. 2007; 
Schwartz et al. 2004) (Table 5.1).

Pathology

Histologic diagnosis is mandatory for the diag- �
nosis of cancer of the larynx and hypopharynx. 
Tissue for diagnosis can be obtained from the 
primary tumor site during endoscopic examina-
tion under anesthesia.
Nearly all malignancies arising in the larynx or  �
hypopharynx do so from the mucosa and conse-
quently are squamous cell carcinomas.
If regional adenopathy is present, suffi cient tu- �
mor for diagnosis can often be obtained by fi ne-
needle aspiration or core biopsy.

5.1.2 Staging

Carcinomas of the larynx and hypopharynx  �
should always be assigned a clinical stage. Clini-
cal staging utilizes information from history and 
physical examinations, imaging studies, labora-
tory tests, and endoscopy.
If �  surgery is performed, a pathologic stage should 
also be assigned. Pathologic staging is based on 
fi ndings from clinical staging and examination of 
the resected specimen, including regional lymph 
nodes.
The American Joint Committee on Cancer (AJCC)  �
Tumor Node Metastasis (TNM) staging system 
is the accepted standard for staging of both la-
ryngeal and hypopharyngeal cancers (Table 5.2) 
(Greene et al. 2002).

5.1.3 Prognostic Factors

Presenting stage is the most important prognostic  �
factor for cancer of the larynx or hypopharynx.
Stage for stage, carcinomas of the larynx have a  �
better prognosis than those arising in the hypo-
pharynx.
Local control after radiation therapy is adversely  �
infl uenced by increasing T category, prolonged 
overall treatment time, male gender, low pretreat-
ment hemoglobin level, poor histologic differen-
tiation, and/or failure to stop smoking (Level IV) 
 (Mendenhall et al. 2001; Warde et al. 1998). 
Cause-specifi c survival rates at 5 years over 95% 
and 90% can be expected for T1 and T2 lesions, 
respectively.

Table 5.1. Imaging and laboratory work-ups for cancer of the 
larynx or hypopharynx

Imaging studies Laboratory tests

– CT scan or MRI of the head 
   and neck area

– Chest X-ray or CT scan of 
   chest

– FDG-PET or PET/CT (optional 
   for locally advanced disease)

– Complete blood 
   count

– Serum chemistry 
   including 
   BUN/creatinine 

– Liver function tests 
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Table 5.2. American Joint Committee on Cancer (AJCC) TNM classifi cation of laryngeal and hypopharyngeal cancer 
[from Greene et al. (2002) with permission]

Primary tumor (T): glottis

TX
T0
Tis
T1
T2
T3

T4a
T4b

Primary tumor cannot be assessed
No evidence of primary tumor
Carcinoma in situ
Tumor limited to the vocal cord(s) with normal mobility
Tumor extends to supraglottic and/or subglottis and/or with impaired cord mobility
Tumor limited to the larynx with vocal cord fi xation and/or invades paraglottic space and/or 
minor thyroid cartilage erosion
Tumor invades through the thyroid cartilage, and/or invades tissues beyond the larynx
Tumor invades prevertebral space, encases carotid artery, or invades mediastinal structures

Primary tumor (T): supraglottis

TX
T0
Tis
T1
T2

T3

T4a

T4b

Primary tumor cannot be assessed
No evidence of primary tumor
Carcinoma in situ
Tumor limited to one subsite of supraglottis with normal vocal cord mobility
Tumor invades mucosa of more than one adjacent subsite of supraglottis or glottis or region outside the supraglottis 
(e.g., mucosa of base of tongue, vallecula, medial wall of pyriform sinus) without fi xation of the larynx
Tumor limited to larynx with vocal cord fi xation and/or invades any of the following: postcricoid area, 
pre-epiglottic tissues, paraglottic space, and/or minor thyroid cartilage erosion (e.g., inner cortex)
Tumor invades through the thyroid cartilage and/or invades tissues beyond the larynx(e.g., trachea, 
soft tissues of neck including deep extrinsic muscle of the tongue, strap muscles, thyroid or esophagus)
Tumor invades prevertebral space, encases carotid artery, or invades mediastinal structures

Primary tumor (T): hypopharynx

TX
T0
Tis
T1
T2

T3
T4a
T4b

Primary tumor cannot be assessed
No evidence of primary tumor
Carcinoma in situ
Tumor limited to one subsite of hypopharynx, and 2cm or less in greatest dimension
Tumor invades more than one subsite of hypopharynx or an adjacent site, or measures between 2 and 4 cm 
in greatest dimension, without fi xation of hemilarynx
Tumor measures greater than 4 cm or with fi xation of hemilarynx
Tumor invades thyroid/cricoid cartilage, hyoid bone, thyroid gland, esophagus, or central compartment soft tissue
Tumor invades prevertebral fascia, encases carotid artery, or involves mediastinal structures

Regional lymph nodes (N)

NX
N0
N1
N2

N2a
N2b
N2c
N3

Regional lymph nodes cannot be assessed
No regional lymph node metastasis
Metastasis in a single ipsilateral lymph node, 3 cm or less in greatest dimension
Metastasis in a single ipsilateral lymph node, more than 3 cm but not more than 6 cm greatest dimension, 
or in multiple ipsilateral lymph nodes, none more than 6 cm in greatest dimension, or in bilateral or contralateral 
lymph nodes, none more than 6 cm in greatest dimension
Metastasis in a single ipsilateral lymph node, more than 3 cm but not more than 6 cm in greatest dimension
Metastasis in multiple ipsilateral lymph nodes, none more than 6 cm in greatest dimension
Metastasis in bilateral or contralateral lymph nodes, none more than 6 cm in greatest dimension Metastasis in a lymph 
node, more than 6 cm in greatest dimension

Distant metastasis (M)

MX
M0
M1

Distant metastasis cannot be assessed
No distant metastasis
Distant metastasis 

S TAG E G ROU PI NG

0:
I:
II:
III:
IVA:
IVB:
IVC:

Tis N0 M0
T1 N0 M0
T2 N0 M0
T3 N0 M0, T1 N1 M0, T2 N1 M0, T3 N1 M0
T4a N0 M0, T4a N1 M0, T1 N2 M0, T2 N2 M0, T3 N2 M0, T4a N2 M0
T4b Any N M0, Any T N3 M0
Any T Any N M1
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5.2 Defi nitive Treatment for 
 Anatomic and 
 Functional Organ Conservation

5.2.1 Lesions Incapable of 
 Regional Metastasis

General Principles

Limited extent squamous cell carcinoma of glot- �
tis (i.e., T1 or T2, N0) can be treated effectively 
by radiation therapy or, in select circumstances, 
by surgery (Grade A).
Radiation therapy generally is the preferred op- �
tion based on better subsequent voice quality. 
However, no high level evidence exists to select 
between treatment options, and numerous large 
retrospective studies have demonstrated similar 
control rates after surgery or radiation therapy.

Defi nitive Radiation Therapy

Radiation therapy, by itself, is an effective treatment  �
modality for the treatment of T1 or T2 squamous 
cell carcinoma of the glottic larynx (Grade A).
The 5-year local control rates are approximately 
85%–95% for T1 tumors and from 70% to 80% 
for T2 malignancies. The 5-year overall survival 
for stage I and II squamous cell carcinoma of 
glottic larynx is approximately 75% to 90% (more 
infl uenced by other factors than the tumor); the 
5-year cause-specifi c survival is  approximately 
90%–100% (Level IV) ( Mendenhall et al. 2001, 
2004; Warde et al. 1998).

Techniques

CT-based planning is recommended and the CT  �
scan should be taken in the treatment position.
A megavoltage accelerator (4 MV–6 MV energy  �
photon beams) with a minimum source to iso-
center distance of 100 cm is recommended. Care 
must be taken for patients who have far anterior 
disease that build up is considered. Some patients 
require thin bolus placed over the anterior skin.
Carefully assess laryngeal motion upon swallow- �
ing to ensure that the target tumor remains in the 
treatment fi elds at all times during therapy. Small 
primary lesions of the glottic larynx do not pose 
a substantial risk of spreading to regional lymph 
nodes and treatment of the primary disease alone 
is suffi cient.

For practical purposes, bilateral fi eld sizes as  �
small as 5×5 cm, covering from the thyroid notch 
to the bottom of the cricoid cartilage and fl ash-
ing skin to the anterior 1/3 of the vertebral body 
can be used (Grade A) (Figs. 5.1 and 5.2). The 
effi cacy of this fi eld arrangement has long been 
shown to be effective in retrospective studies 
(Level IV) (Mendenhall et al. 2001, 2004). In 
addition, results from a small randomized study 
using 5×5 cm or 6×6 cm fi elds showed that the 
5-year recurrence free survival approached 90% 
(Level II) (Chatani et al. 1996).
For anteriorly placed tumors without involve- �
ment of the posterior vocal cord, moving the 
posterior border anteriorly by 0.5 cm after a dose 
suffi cient for subclinical disease (approximately 
50 Gy for standard fractionation) is acceptable 
(Grade C). Such arrangement may reduce toxic-
ity and does not appear to be associated with 
decreased tumor control. A smaller fi eld size 
(5 × 5 cm vs. 6 × 6 cm) has been associated with 
less arytenoid edema in a prospective random-
ized trial (Level II) (Chatani et al. 1996). How-
ever, the degree of edema has not been consistent 
across all studies (Level III) (Allal et al. 1997; 
Amdur et al. 1995; Rovirosa 1997). 

Dose and Schedules

T1 lesions of the glottic larynx need to be treated  �
with at least 2 Gy per fraction per day [e.g., to a 
total dose of 66 Gy at 2 Gy per day (in 33 daily frac-
tions)] (Grade A). Smaller daily fractions should 

Fig. 5.1. Simulation fi lm of a 6 × 6-cm fi eld covering the glot-
tis only for treatment of a T1N0M0 glottic tumor
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not be used as results from retrospective studies 
have suggested that they are associated with re-
duced local control rates (Level IV) ( Schwaibold 
et al. 1998; Mendenhall et al. 1988; Kim et al. 
1992; Rudoltz et al. 1993; Ricciardelli et al. 
1994; Yu et al. 1997; Le et al. 1997).
The small fi eld size allows slight acceleration of 
dose. Some reports suggest that 2.25 Gy is more 
effective than 2 Gy per day for these lesions (i.e., 
63 Gy at 2.25 Gy per fraction for 28 fractions) 
(Level II) (Le et al. 1997; Spector et al. 1999; 
Yamazaki et al. 2006).
T2 lesions of the glottic larynx can be treated to  �
a total dose of 70 Gy at 2 Gy per day (in 35 daily 
fractions over 7 weeks).
Hyperfractionated radiation therapy [79.2 Gy in  �
66 fractions over 6.5 weeks (at 1.2 Gy per frac-
tions, twice a day)] can be considered for bet-
ter disease control (Grade B). While there is no 
compelling prospective evidence-based data to 
require it, there is suggestive data in support of 
this treatment strategy to improve local control 
(Level IV, II) (Garden et al. 2003; Trotti et al. 
2006).

5.2.2 Small Lesions Capable of 
 Regional Metastasis

General Principles

Small lesions (T1N0-small N1 and most T2N0) of  �
the supraglottic larynx or (T1N0-1 and small T2N0) 

of the hypopharynx can effectively be treated by 
radiation therapy or surgery (Grade A).
Radiation therapy is the preferred option when  �
anatomic constraints would require total laryn-
gectomy to close the surgical defect.
Chemotherapy is not indicated in the treatment  �
of early stage squamous cell carcinoma of su-
praglottic larynx or hypopharynx capable of re-
gional metastasis.

Defi nitive Radiation Therapy

Defi nitive radiation therapy provides effective  �
treatment for small lesions (T1N0-1 and small 
T2N0) of the hypopharynx or (T1N0-small N1 and 
most T2N0) of the supraglottic larynx (Grade A). 
Results from a multi-institutional review of 
115 patients with stage I and II squamous cell 
carcinoma showed that radiation therapy pro-
duced 5-year local control rates for hypopharyn-
geal tumors of approximately 85% and 65% for T1 
and T2, respectively. The 5-year overall survival 
rate for hypopharyngeal tumors is approximately 
65%; and the 5-year disease-specifi c survival is 
approximately 95% for T1, but only 70% for T2 
lesions (Level IV) (Nakamura et al. 2006). 
The 5-year local control rates for supraglottic 
larynx tumors are close to 100% and 85% for T1 
and T2, respectively. The 5-year overall survival 
rate for supraglottic larynx tumors is approxi-
mately 60% to 65% (more infl uenced by other 
factors than the tumor; 5-year disease-specifi c 
survival is approximately 90%–100%) (Level IV) 
( Hinerman et al. 2002).

Fig. 5.2. Dosimetry of parallel-opposed 
fi elds for T1N0M0 glottic cancer. Parallel-
opposed, 6 × 6 fi elds were used with wedges 
and bolus
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Techniques

Regional lymph nodes need to be included in the  �
treatment volume even for N0 necks (Grade B) 
(Level III) (NCCN 2007).
When conventional 3D planning is used for T1N0  �
supraglottic disease, 4–6 MV bilateral photon 
beams generally are used. These fi elds cover both 
the primary tumor and clinical/subclinical dis-
ease in the upper and mid anterior cervical nodal 
beds (levels 2 and 3 lymph node groups).
For more extensive supraglottic disease the lateral  �
fi elds are mated to a low anterior neck fi eld and the 
volume of concern is extended to cover the low an-
terior cervical nodes (level 4 lymph node group).
If macroscopic disease is evident in the anterior cer- �
vical lymph nodes, the volume of concern is extended 
to include the posterior cervical lymph nodes.
Electron beams of 6–9 MeV generally are required  �
to treat disease over the spinal cord for part of the 
treatment to protect the cord (Fig. 5.3).
When conventional 3D planning is used for hy- �
popharyngeal disease, 4–6 MV bilateral photon 
beams are mated to a low anterior neck fi eld and 
the volume of concern includes the retropharyn-
geal lymph nodes up to the base of the skull, the 
upper, mid and low anterior cervical nodes and 
the posterior cervical nodes.
Intensity-modulated radiation therapy (IMRT) �
techniques can be used to cover equivalent vol-
umes of concern and are helpful when gross ad-
enopathy that would overlie the spinal cord needs 
to be treated to doses required for macroscopic 
disease. However, to date, IMRT has not been 
as helpful in the management of tumors arising 
in the larynx or hypopharynx as it has been for 
nasopharyngeal and oropharyngeal disease.

Dose and Schedules

Standard fractionation: 70 Gy in 35 fractions over  �
7 weeks to gross disease, 50 Gy to subclinical 
disease.
Concomitant boost or hyperfractionated radia- �
tion therapy can be considered for patients with 
T2N0 hypopharyngeal cancer (Grade B). Patients 
who had T2N0 hypopharyngeal lesions were eli-
gible for the RTOG 90-03 altered fractionation 
trial which, for the entire population enrolled, 
showed a local control benefi t for altered fraction-
ation (concomitant boost or hyperfractionated) 
therapy (RTOG 90-03, Level II) (Fu et al. 2000). 
(For an additional discussion of altered fraction-
ation, see Section 5.2.3.)

5.2.3 Locally-Regionally Advanced 
 Lesions

General Principles

More advanced lesions than described previously  �
(i.e., T2N1-3M0, T3-4N0-3M0 cancer of the larynx 
and hypopharynx) require more aggressive treat-
ment than standard fractionation radiation ther-
apy (Grade A), and are best treated by concurrent 
drug-enhanced radiation therapy (in relatively 
healthy patients) (Level I) or altered fractionation 
(in relatively unfi t patients) (Level II, only supra-
glottic larynx and hypopharynx tumors were in-
cluded in RTOG 9003).
Results from prospective randomized trials sup- �
port the superiority of concurrent targeted anti-
body (Level I) (Bonner et al. 2006) or chemother-
apy- (Level I) (Adelstein et al. 2003; Forastiere 
et al. 2003) enhanced radiation therapy over ra-
diation therapy alone for advanced disease.
No prospective high level data exists to permit the  �
head-to-head comparison of targeted antibody- 
vs. chemotherapy-enhanced treatment. However, 
considerably more data exists to support chemo-
therapy-enhanced radiation therapy.
There are numerous drugs and combinations of  �
drugs that appear to augment the effect of radia-
tion therapy when given concurrently. However, 
the optimum regimen is not yet known (Grade B). 
It is not even clear how many drugs should be used 
concurrently with radiation therapy. Preliminary 
results from a randomized phase II trial revealed 
that concurrent radiation therapy and two-drug 
chemotherapy using either paclitaxel + cisplatin, 
5-FU + cisplatin, or hydroxyurea + 5-FU was feasi-
ble (RTOG 97-03, Level II) (Garden et al. 2004).
While de-escalation of the intensity of radiation  �
therapy in combination with more intensive che-
motherapy has been explored and reported (e.g., 
Merlano 2006), the preponderance of combined 
modality data (Grade A) has employed: (1) “full 
dose” standard fractionation therapy ( Forastiere 
et al. 2003), (2) intensifi ed altered fractionation ra-
diation therapy (Adelstein et al. 2003; Brizel et 
al. 1998), or (3) intensifi ed concomitant boost ac-
celerated radiation therapy (Fu et al. 2000).
Although the Department of Veterans Affairs  �
Laryngeal Cancer Study initially created interest 
in sequential chemotherapy – radiation therapy 
regimens, they have since been supplanted by 
concurrent regimens (Grade A). The H&N meta-
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analysis reported by Pignon et al. (2007) and 
results from the RTOG 9111 trial suggest that 
concurrent chemotherapy – radiation therapy 
regimens appear to be superior to sequential regi-
mens in terms of organ preservation and survival 
(Level I) ( Forastiere et al. 2003).
Intensifi ed radiation therapy regimens in com- �
bination with chemotherapy currently are not 

routinely recommended (Grade B). Phase II trials 
suggest that intensifi ed radiation regimens can be 
combined safely with drugs (Level III) (Ang et 
al. 2005). However, at least one prospective ran-
domized trial suggested that the benefi t of drug 
enhancement is somewhat abrogated by more 
intensive radiation therapy (Level II) (Staar et 
al. 2001).

Fig. 5.3a–e. Simulation radiographs of a patient with bi-
opsy-proven locally advanced squamous cell carcinoma of 
the larynx treated with defi nitive radiation therapy. a The 
initial treatment portals are right and left opposed lateral 
fi elds. b Off-spinal cord fi elds using opposed lateral fi elds. c 
The posterior neck was boosted with matched electron-beam 
fi elds. d Final boost fi elds to the tumor with a margin. e The 
anteroposterior supraclavicular fi eld matched to the upper 
neck (lateral) fi elds using half-beam block technique

a b

c d

e
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Defi nitive Radiation Therapy

Chemotherapy-enhanced radiation therapy is  �
suffi ciently potent that advanced lesions of the 
larynx or hypopharynx not associated with carti-
lage destruction can be offered larynx conserving 
therapy (rather than surgery and postoperative 
radiation therapy) without fear of signifi cantly de-
creasing survival (Grade A) (Level I) ( Forastiere 
et al. 2003; Lefebvre et al. 1996).

Techniques

The radiation therapy techniques for the treat- �
ment of locoregionally advanced squamous cell 
cancer of larynx and hypopharynx are similar to 
those described in Section 5.2.2.2.

Dose and Schedules

If standard fractionation is used, a total dose of  �
70 Gy at 2 Gy per daily fraction (in 35 fractions 
over 7 weeks) to gross disease is indicated. The 
prescribed dose to subclinical disease is 50 Gy at 
2 Gy per daily fraction. 
If concomitant boost radiotherapy therapy is  �
used, a total dose of 72.0 Gy is given in 42 frac-
tions over 6 weeks as 32.4 Gy in 18 fractions in 
3½ weeks (1.8 Gy/fraction/day) to a relatively 
large fi eld including subclinical disease followed 
by another 21.6 Gy in 12 fractions (1.8 Gy/frac-
tion) to the same fi eld, and a second daily frac-
tion at least 6 h later consisting of 18.0 Gy in 12 
fractions (1.5 Gy/fraction) to a small “boost fi eld” 
for gross disease.

Chemotherapy and Targeted Therapy

Cisplatin-based chemotherapy delivered con- �
currently with radiation therapy (e.g., cisplatin 
100 mg/m2 IV days 1, 22, 43 of radiation therapy) 
is the “gold-standard” chemotherapy regimen 
for locoregionally advanced squamous cell carci-
noma of the larynx or hypopharynx.
Cetuximab (Erbitux®) in an initial dose of  �
400 mg/m2, followed by 250 mg/m2 weekly for the 
duration of radiotherapy can be considered for 
patients with locoregionally advanced disease but 
unfi t for standard chemotherapy (Grade A). Re-
sults of a (thus far single) multinational, prospec-
tive randomized study (described above) showed 
that treatment of locoregionally advanced head 
and neck cancer with concomitant radiotherapy 
plus cetuximab improves locoregional control 

and reduces mortality without substantially in-
creasing the common toxic effects associated 
with radiotherapy to the head and neck (Level I) 
(Bonner et al. 2006).

Outcome

Caution: The lesions included in this category  �
are more heterogeneous than in other categories 
and the results of different treatments may refl ect 
the differences in the patient populations treated 
more than treatment-related differences.
The 5-year local-regional control rates are ap- �
proximately 35%–75% (Fu et al. 2000;  Forastiere 
et al. 2003; Bonner et al. 2006; Adelstein et al. 
2003; Brizel et al. 1998).
The 5-year overall survival rates are approxi- �
mately 25%–55%.
The 5-year disease-free survival rates are approx- �
imately 25%–45%.

5.3 Beyond Organ Conservation

5.3.1 General Principles

Patients who have tumors that destroy cartilage  �
(T4) have been excluded from trials testing organ 
conservation. At present, laryngectomy is the fi rst 
step and mainstay of their treatment (Grade A). 
The 5-year local control is approximately 75% 
and the 5-year overall survival is approximately 
40% for this group of patients after defi nitive 
treatment (Level I) (Forastiere et al. 2003; 
 Department of Veterans Affairs  Laryngeal 
Cancer Study Group 1991).

5.3.2 Adjuvant Radiation Therapy

Treatment Techniques

Postoperative radiation therapy generally  �
should be prescribed to the entire operative bed 
and draining nodes for risk features such as: 
T3–4 disease, N+ disease, extracapsular exten-
sion, microscopically involved margins of re-
section, perineural invasion (Grade A). Results 
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from a multi-institutional prospective random-
ized trial revealed that patients with these risk 
factors had a signifi cantly worse prognosis in 
terms of locoregional control and survival, as 
compared to those without such factors (Level I) 
(Ang et al. 2001).
Concurrent chemotherapy-enhanced postopera- �
tive radiation therapy should be considered for 
patients whose tumors demonstrate microscopic 
extension to a mucosal margin of the resected 
specimen and/or extracapsular extension of 
nodal disease (Grade A). Postoperative radia-
tion therapy has been compared with combined 
chemotherapy-enhanced radiation therapy in 
two prospective randomized trials: In an RTOG 
study, 459 patients with high-risk squamous cell 
carcinoma were randomized to receive either ra-
diotherapy alone or combined chemoradiation 
postoperatively. The total dose of radiation was 
60–66 Gy in 30–33 fractions over 6–6.6 weeks. 
Intravenous cisplatin (100 mg/m2 of body sur-
face) on day 1, 22, and 43 was given in the com-
bined regimen group. The results showed that 
the estimated 2-year locoregional rates were 
82% and 72%, respectively, in favor of combined 
chemotherapy-enhanced radiation therapy; the 
disease-free survival was signifi cantly longer in 
the combined-therapy group than in the radio-
therapy group, although no signifi cant difference 
in overall survival was detected. In addition, the 
incidence of acute adverse effects of grade 3 or 
greater was almost doubled in the combined-
therapy group (77% versus 34%) (RTOG 95-01, 
Level I) (Cooper et al. 2004). 
In a randomized trial completed by the Euro-
pean Organization for Research and Treatment 
of Cancer (EORTC), 334 patients with stage III 
or IV (non-metastatic) squamous cell carcinoma 
of the head and neck area received postopera-
tive radiotherapy (66 Gy in 33 daily fractions) 
or combined chemoradiotherapy (essentially the 
same radiation and cisplatin-based chemother-
apy regimen as in the RTOG trial detailed above). 
The results of the study largely mirrored those 
found in the RTOG trial. Locoregional control 
and progression-free survival were signifi cantly 
improved with combined adjuvant treatment. 
In addition, overall survival rate was also sig-
nifi cantly greater in the combined-therapy group 
than in the radiotherapy group (53% versus 40%). 
Severe (grade 3 or higher) adverse effects were 
doubled after combined therapy as compared to 

radiation alone (41% versus 21%) (EORTC 22931, 
Level I) (Bernier et al. 2004). 
The data from both trials was subsequently pooled 
and in a previously unplanned retrospective anal-
ysis revealed that extracapsular extension (ECE) 
and/or microscopically involved surgical margins 
were the only risk factors for which the impact 
of chemotherapy-enhanced radiation therapy 
was signifi cant in both trials. Patients who had 
two or more histopathologically involved lymph 
nodes, but without ECE and/or involved margins 
of resection did not appear to benefi t from the 
addition of chemotherapy (Level IV) (Bernier 
et al. 2005).

Doses and Schedules

Standard fractionation is recommended for ad- �
juvant irradiation typically a total dose of 60–
66 Gy at 2 Gy per fraction (in 30–33 fractions over 
6–6½ weeks), as used in the RTOG randomized 
trial.
Cisplatin-based chemotherapy (100 mg/m � 2 IV on 
days 1, 22, 43) with concurrent radiation therapy 
is the regimen best supported by the available 
literature.

5.4 Side Eff ects and Complications

Acute toxicity is related to the intensity of the  �
treatment regimen; both the acceleration of ra-
diation therapy and the addition of concomitant 
chemotherapy are associated with a greater in-
cidence of grade 3–4 reactions (Level I) (Trotti 
et al. 2006).
Limited extent, patchy mucositis is a common  �
radiation-induced side effect and not an indica-
tion to “hold” treatment. Odynophagia is a com-
mon radiation-induced side effect that generally 
also does not constitute a reason for treatment 
interruption.
While there appears to be considerable variation  �
in the onset of acute confl uent grade 3 mucositis 
related to individual patients’ inherent sensitivity 
to treatment, the shorter the time to onset the lon-
ger the duration. More severe protracted mucositis 
is associated with a greater likelihood of late mu-
cosal toxicity (Level IV) (Denham et al. 1999).
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Xerostomia will occur if part of the parotid glands  �
cannot be protected. Keeping the mean dose to the 
gland under 24–25 Gy is recommended (Grade B). 
It appears that limiting dose to this range helps 
to maintain clinically benefi cial salivary fl ow 
(Level IV) (Eisbruch et al. 2001; Bussels et al. 
2004; Blanco et al. 2005; Jellema et al. 2007).
Arytenoid edema is a well known consequence of  �
irradiation. To what degree this effect is a func-
tion of dose delivered is unclear.
The cervical spinal cord may be more tolerant  �
than the generally quoted acceptable risk at 
45–50 Gy (Grade C); however, myelitis rarely does 
occur at this level and in light of the severity of 
this complication, keeping the dose under 50 Gy 
seems prudent in most circumstances (Level IV) 
(Marcus and Million 1990; Jeremic et al. 1991; 
Emami et al. 1991).

5.5 Follow-Up

5.5.1 Post-Treatment Follow-Up

Life-long follow-up is required for early detection  �
of recurrence (initially) and detection of inde-
pendent second malignancies (initially and long 
term) (Grade A).
Independent second malignancies of the upper 
aerodigestive tract are detected in approximately 
3% of patients annually following successful treat-
ment of a head and neck malignancy (Level I) 
(Cooper et al. 1989). There does not appear to be 
a time limitation for this risk.

Schedule

Follow-up should be scheduled every 1–3 months  �
for the fi rst year after treatment, every 2–4 months 
for the second year after treatment, every 
4–6 months for the third through fi fth years af-
ter treatment, and every 6–12 months thereafter 
(Grade D) (National Comprehensive Cancer 
Network 2007) (Table 5.3).
The majority of recurrences will occur within the  �
fi rst 2 years and nearly all within 3 years (Fu et al. 
2000; Forastiere et al. 2003). Early stage glottic 
cancers can continue to recur up to 5 years after 
treatment (Mendenhall et al. 2001).

Work-Ups

Each follow-up examination should include an  �
interval history and physical examination, in-
cluding endoscopy or indirect mirror exam.
Imaging of the neck should be performed �  when-
ever patients develop new signs or symptoms sug-
gestive of recurrence.
Imaging of the thorax looking primarily for new  �
malignancies (not metastases) is recommended 
annually.
If a substantial portion of the thyroid has been  �
irradiated, TSH levels should be monitored over 
the long term.

Table 5.3. Follow-up schedule after treatment of squamous 
cell carcinoma of the larynx or hypopharynx

Interval Frequency

First year Every 1–3 months

Second year Every 2–4 months

Years 3–5 Every 4–6 months

Over 5 years Every 6–12 months

Fig. 5.4. A simplifi ed treatment scheme for organ conserva-
tion therapy of cancers of the larynx and hypopharynx

Basic Scheme for Organ Preservation

Early Stage   Late Stage

Standard Fractionation

Altered Fractionation

Antibody-Enhanced RT

Chemo-Enhanced RT
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Introduction and Objectives

Squamous cell carcinoma adenopathy presenting above the 
 clavicle from an unknown primary site is a rare and challeng-
ing diagnosis. In most cases, these are metastatic lesions arising 
from a head and neck origin. Advances in imaging have assisted 
in improving management of an unknown head and neck pri-
mary, as has better integration of surgery, radiation and, most 
recently, chemotherapy for this uncommon disease manifesta-
tion.

This chapter examines:

Recommendations for diagnosis and staging procedures  �
The staging system and prognostic factors �
Treatment recommendations for squamous cell carcinoma  �
and poorly or un-diff erentiated carcinoma presenting as 
a cervical lymph node of unknown primary, as well as the 
supporting scientifi c evidence

Radiation therapy, surgery, and chemotherapy treatment  �
techniques

Follow-up care and surveillance of survivors �

A cervical lymph node with adenocarcinoma often originates 
from a non-head and neck site, although parotid, thyroid, and 
parathyroid primary should be ruled out. Squamous cell carci-
noma of a parotid lymph node usually has a skin primary. These 
presentations are not addressed in this chapter.

6.1 Diagnosis, Staging, and 
 Prognoses

6.1.1 Diagnosis

Diagnostic work-up aims to fi nd the primary  lesion  �
(if possible) and defi ne the extent of  disease.
Diagnosis begins with a complete history includ- �
ing signs and symptoms attributable not only to a 
head and neck primary such as ear pain, but also 
a possible lung primary presenting with hoarse-
ness or an esophageal primary with associated 
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dysphagia. Alcohol and tobacco use are pertinent 
aspects of the medical history.
The initial physical exam should include a thor- �
ough head and neck examination including skin 
and scalp.
Physical examination should detail the  �
characteristic(s) of the nodal enlargement, par-
ticularly its location, dimensions, consistency, 
tenderness, and mobility.
If suspicion is high or the node does not respond  �
completely to antibiotics, biopsy for histology fol-
lows.

Initial Evaluation

Fine-needle aspiration (FNA) offers diagnos- �
tic yield in most instances (Level II) (Mui et al. 
1997).
If a squamous cell or undifferentiated carcinoma  �
is found on FNA, then panendoscopy under an-
esthesia enables direct visualization of the na-
sopharynx, oropharynx, hypopharynx, larynx, 
trachea, bronchial airway, and esophagus. This 
procedure permits multiple biopsies and may of-
ten locate the primary lesion, most commonly 
found in the nasopharynx, tonsil, and base of 
tongue (Mendenhall et al. 2001). This proce-
dure should be performed after imaging is com-
pleted.

Laboratory Tests

Initial laboratory tests include a complete blood  �
count, basic serum chemistries, liver function 
tests, and renal function tests.
Should biopsy reveal a poorly or undifferenti- �
ated cancer, an Epstein-Barr virus (EBV) anti-
body level (i.e., IgA anti-VCA and IgA anti-EA) 
should be measured. High levels may indicate the 
possibility of the primary to be nasopharyngeal 
cancer, particularly in Asia (Level III) (Lee et al. 
2000).

Imaging Studies

Contrast CT of the head and neck assists in the  �
detection of primary disease and helps defi ne the 
extent of nodal involvement. Contrast MRI may 
be used in place of CT.
PET/CT is recommended for detecting the pri- �
mary disease and staging in unknown head and 
neck primary cancer (Grade A). PET/CT can de-

fi ne suspicious regions and lymph nodes to biopsy 
in the head and neck region, as well as identify 
metastases. The value of FDG-PET in the diagno-
sis and evaluation of unknown primary malig-
nancies has been evaluated in numerous studies, 
and the results of a comprehensive review (meta-
analysis) showed that FDG-PET is 88.3% sensi-
tive, 74.9% specifi c, and 78.8% accurate in detect-
ing the unknown primary. PET was also able to 
detect primary disease that went undetected by 
other modalities in 25% of cases. Furthermore, 
PET detected systemic metastatic disease in an 
additional 27% of cases missed by other modali-
ties. However, FDG-PET has low specifi city and 
a 40% false-positive rate in the tonsil (Level I) 
(Rusthoven et al. 2004).
PET/CT should be considered prior to panendos- �
copy or surgery as this imaging modality can 
assist and direct the surgeon to suspicious loca-
tions and also prevent unnecessary procedures in 
patients with widespread disease.
FDG-PET scan may fi nd primary disease below  �
the clavicle and is therefore an important part of 
staging (Level III) (Miller et al. 2005).
Bone scan is unnecessary when FDG-PET (or  �
PET/CT) is performed.

Table 6.1. Imaging and laboratory work-ups for cancer of 
unknown head and neck primary 

Imaging studies Laboratory tests

MRI and/or CT scan of 
the head and neck area

CT scan of thorax 

FDG-PET scan or 
PET/CT

Bone scan (optional)

Complete blood count

Serum chemistry

Liver function tests 

Renal function tests

Serum EBV EA IgA and VCA 
IgA (for poorly or un-differ-
entiated cancer, if EBV DNA 
by PCR is not performed) 

Pathology

FNA of the enlarged node permits histological di- �
agnosis in 90% of cases (Grade B) (Level II) (Mui 
et al. 1997; Pisharodi 1997). FNA minimizes the 
risk of altering the accuracy of diagnostic imag-
ing and is the preferred method for biopsy.
Should FNA fail to yield diagnosis or if lymphoma  �
is suspected, excisional biopsy should be under-
taken.
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Incisional biopsy is usually not recommended for  �
tissue diagnosis of neck adenopathy (Grade B). 
Incisional biopsy is associated with increased 
risk of local failure and tumor seeding along the 
surgical site (Level III) (McGuirt and  McCabe 
1978).
Squamous cell cancer or poorly differentiated  �
carcinoma are the most common histologies as-
sociated with true unknown head and neck pri-
maries and are the focus of this chapter.
Should histology prove to be adenocarcinoma,  �
the primary is likely below the clavicle. Should 
these involved nodes be in the upper neck one 
must exclude salivary, thyroid, and parathyroid 
primaries, which is beyond the scope of this 
chapter. Similarly, Hodgkin’s and non-Hodgkin’s 
lymphoma may be diagnosed and management is 
found elsewhere in this book.
Evaluation of the nodal specimen for EBV ge- �
nomic DNA using PCR may point to a nasophar-
ynx primary (Level III) (Lee et al. 2000).
Detection of HPV-16 may point to an oropharynx  �
primary (Level III) (Begum et al. 2007).

Panendoscopy under anesthesia with blind bi- �
opsy or biopsy assisted by imaging may detect 
the primary tumor in 40% of cases (Level III) 
(Mendenhall et al. 2001).
Ipsilateral tonsillectomy is suggested for patients  �
with submandibular, subdigastric and mid-jugu-
lar nodes as this may be the site of the primary dis-
ease in 25%–35% of patients (Level IV) ( Lapeyre 
et al. 1997; Lefebvre et al. 1990;  Mendenhall 
et al. 1998).

6.1.2 Staging

The extent of the nodal disease can be staged ac- �
cording to the N-category of the American Joint 
Committee on Cancer (AJCC) Tumor Node Me-
tastasis (TNM) staging system for head and neck 
cancers. For suspicious nasopharyngeal primary 
(i.e., poorly or un-differentiated carcinoma with 
positive EBV DNA on PCR), the N classifi cation of 
the AJCC staging system for nasopharyngeal can-
cer can be used (Table 6.2) (Greene et al. 2002).

Table 6.2. The N classifi cation of the AJCC staging system for squamous cell carcinoma of nasopharynx or other head and 
neck areas. [From Greene et al. (2002) with permission]

Nasopharyngeal cancer Head and neck cancer other than nasopharyngeal cancer

NX Regional lymph nodes cannot be assessed Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis No regional lymph node metastasis

N1 Unilateral metastasis in lymph node(s), 6 cm 
or less in greatest dimension, above the supra-
clavicular fossa

Metastasis in a single ipsilateral lymph node, 3 cm or less 
in greatest dimension

N2 Bilateral metastasis in lymph node(s), 6 cm or 
less in greatest dimension, above the supra-
clavicular fossa

Metastasis in a single ipsilateral lymph node, more than 
3 cm but not more than 6 cm in greatest dimension, or in 
multiple ipsilateral lymph nodes, none more than 6 cm in 
greatest dimension, or in bilateral or contralateral lymph 
nodes, none more than 6 cm in greatest dimension

N2a Metastasis in a single ipsilateral lymph node more than 
3 cm but not more than 6 cm in greatest dimension

N2b Metastasis in multiple ipsilateral lymph nodes, none more 
than 6 cm in greatest dimension

N2c Metastasis in bilateral or contralateral lymph nodes, none 
more than 6 cm in greatest dimension

N3 Metastasis in (a) lymph node(s) > 6 cm and/or 
to supraclavicular fossa

Metastasis in a lymph node more than 6 cm in greatest 
dimension

N3a Greater than 6 cm in dimension

N3b Extension to the supraclavicular fossa
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6.1.3 Prognostic Factors

Extent of nodal disease (presenting stage) is the  �
key prognostic indicator for patients with an un-
known primary head and neck cancer.
The location of the involved nodes is of critical  �
signifi cance. Low neck or supraclavicular nodes 
portend poor survival. Upper and mid cervical 
node metastasis, treated aggressively, have sur-
vival rates of 60% or greater at 5 years (Kaminsky 
and Blot 2006).
Advanced nodal staging, poor differentiation and  �
extracapsular extension are negative prognostic 
indicators (Nieder et al. 2001).
Treatment modality and technique are of prog- �
nostic signifi cance: Combined modality treat-
ment with surgery and radiation achieve higher 
local regional control rates, although survival 
outcomes may not be enhanced. In addition, wide 
fi eld radiation which covers the major mucosal 
areas in the head and neck area was associated 
with a reduced manifestation of primary disease 
(Level IV) (Davidson et al. 1994).

6.2 Treatment of Squamous Cell 
 Carcinoma of Unknown Head 
 and Neck Primary

6.2.1 General Principles

Treatment of squamous cell carcinoma of un- �
known head and neck primary requires a mul-
tidisciplinary team approach that may involve 
surgery, radiation, and chemotherapy. Treatment 
modality is defi ned by extent and location of ad-
enopathy.
Limited N � 1 disease, without extracapsular extension, 
of the mid-neck may be approached by neck dissec-
tion alone or ipsilateral neck radiation (Grade B).
N � 1 disease found to have extracapsular spread or 
to be more extensive on neck dissection should 
have post-op radiation (Grade B).
Radiation is recommended in the treatment of N � 2 
category squamous cell carcinoma of unknown 
head and neck primary (Grade B). In general, 
both sides of the neck as well as mucosal sites 
at risk for harboring the primary tumor are in-
cluded in the radiation portals.

N2 �  disease that is considered bulky or N3 disease 
undergo radiation with concomitant chemother-
apy to improve local disease control (Grade B). If 
response is poor, clinically or radiographically, 
neck dissection may be added.
Supraclavicular adenopathy or patients found  �
to have systemic disease may be offered a short 
course of radiation directed to the adenopathy 
for palliation. 

6.2.2 Surgery

Surgery is rarely employed alone in the treatment  �
of cancer of unknown head and neck primary. 
Surgery may be indicated as the sole treatment 
modality for the patient with limited N1 or N2A 
disease as long as no extracapsular extension is 
found and no incisional biopsy was undertaken 
(Grade A). These patients require close follow-
up and must be reliable to undertake this lim-
ited treatment (Level IV) (Nieder et al. 2001; 
Iganej et al. 2002; Erkal et al. 2001; Coster et 
al. 1992).
Modifi ed neck dissection is generally undertaken  �
to excise deep and superfi cial fascia including 
the nodal contents. As compared to radical neck 
dissection, the modifi ed procedure may spare the 
sternocleidomastoid and digastric muscles, spi-
nal accessory nerve, and the internal jugular vein. 
This allows for improved function and cosmesis 
without signifi cantly higher local failure rates.
Bulky N � 2 and N3 nodes may not respond well to 
high dose radiotherapy or concomitant chemo-
radiotherapy. These patients may benefi t from 
planned neck dissection 4–6 weeks after comple-
tion of external beam radiation (Grade B). Physi-
cal exam, CT, and FDG-PET may assist in the 
determination of residual disease and need for 
surgery (Level IV) (Mendenhall et al. 1986).
Neck dissection is employed for salvage after  �
local-regional recurrence following radiotherapy 
(Grade B) (Level IV) (Grau et al. 2000).

6.2.3 Radiation Therapy

Radiation therapy plays a critical role for most  �
patients diagnosed with an unknown primary of 
the head and neck.
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N1/N2A disease can be treated defi nitively with  �
radiation therapy (Grade A). N1/N2A disease re-
sponds equally well to radiation and surgery in 
terms of local control and survival based on a large 
retrospective series from the University of Florida 
(100% local control and 70% cause-specifi c survival 
at 5 years) (Level IV) (Mendenhall et al. 1998; 
Maulard et al. 1992; Colletier et al. 1998).
Patients with N2B, N2C, or N3 �  disease can be 
treated with defi nitive radiation therapy, or com-
bined radiation and surgery (Grade A). N2B and 
N2C can be controlled in 80% of cases with radi-
cal radiation, neck dissection followed by radia-
tion, or radiation followed by neck dissection. N3 
disease can be controlled only 50% of the time 
with radical radiation or radiation combined with 
neck dissection (Level IV) (Erkal et al. 2001; 
Argiris et al. 2003; Strojan and Anicin 1998; 
Weir et al. 1995).
As combined chemoradiation therapy becomes  �
the mainstay regimen for both defi nitive and ad-
juvant treatment of locally advanced squamous 
cell carcinoma of the head and neck area, patients 
with N2B, N2C, or N3 may also benefi t from the 
addition of chemotherapy.
Radiation is indicated for patients with a history  �
of incisional biopsy or extracapsular spread for 
all N stages (Grade B) (Level IV) (Ellis et al. 1991; 
Mack et al. 1993).

Radiation Technique

Field Arrangement

The optimal volume and fi eld arrangements are  �
yet to be determined and remain a source of con-
troversy.
Nodal location assists in portal design: The oral  �
cavity is generally excluded unless subdigastric 
lymphadenopathy is detected. The contralateral 
parotid gland can be spared in patients with ip-
silateral nodal disease. As the hypopharynx and 
larynx rarely appear to be the source of disease 
these may be excluded from radiation portals to 
diminish morbidity (Level IV) (Million et al. 
1994; Barker et al. 2005).
Appropriately designed smaller portals can be used  �
in early stage (N1) disease (Grade A). Limited-fi eld 
radiotherapy does not appear to diminish survival 
but may slightly increase risk of regional failure 
(Level IV) (Glynne-Jones et al. 1990; Reddy and 
Marks 1997; Weir et al. 1995; Pavlidis and  Fizazi 
2005; Sinnathamby et al. 1997).

N1 disease may be approached by a radiation  �
portal directed to the ipsilateral neck through 
IMRT, direct photons and electrons, or a wedge 
pair (Level IV) (Friesland et al. 2001; Glynne-
Jones et al. 1990).
Larger portals that encompass the bilateral up- �
per and lower neck and also include the mu-
cosal anatomy is recommended for patients 
with more extensive neck disease (Grade B). 
Such treatment arrangement has been associ-
ated with decreased risk of regional failure and 
development of a clinically detectable primary 
tumor at the cost of signifi cantly higher perma-
nent morbidity (Level IV) (Erkal et al. 2001).
The majority of patients, including those with 
N2 disease and above, undergo comprehensive 
radiation directed to (Fig. 6.1):

Fig. 6.1. A hypothetical upper portal. In this case, a half-
beam arrangement is being used at the match line (Figs. 6.2 
and 6.3 show different scenarios for the lower fi eld)

Upper Neck Fields

The upper neck fi elds should be designed to cover  �
the nasopharynx, oropharynx, and the base of 
skull nodal basins using opposed lateral fi eld ar-
rangement or IMRT. 
Superiorly it should encompass the superior  �
border of the nasopharynx with suffi cient (1.5–
2.0 cm) margin.
The inferior border should be set at the thyroid  �
notch. Half-beam technique can be used to ensure 
the match to the lower neck fi elds.
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Anteriorly to cover the base of tongue and ton- �
sillar fossa with 2 cm margin to encompass the 
oropharynx and subdigastric nodes.
Posterior border to be set at the level of the C2  �
spinous process to encompass the posterior cervi-
cal nodes. The spinal cord should be shielded at 
the tolerance dose, and the posterior neck area 
should be supplemented with electron fi elds.

Lower Neck Fields

The lower neck fi elds [in anteroposterior and  �
posteroanterior (AP/PA) arrangement] should 
include the mid and lower jugular nodes, as well 
as the ipsilateral if not bilateral supraclavicular 
region (Fig. 6.2).
The superior border of the lower neck fi elds should  �
match the inferior border of the upper neck fi elds, 
and half-beam technique can be used.
The hypopharynx and larynx are rarely involved  �
as sites of disease origin and may be excluded 
from the lower neck portal based on University 
of Florida data in which no failures at these sites 
were found (Level IV) (Barker et al. 2005). The 
larynx block should cover only the medial part of 
the thyroid cartilage, and special attention should 
be paid to ensure the internal jugular vein lymph 
nodes which are situated along the lateral margin 
of the thyroid cartilage are not shielded.
Coverage to the bilateral lateral supraclavicular  �
area is usually not necessary for patients with 

N0 and N1 disease (Fig. 6.2). However, the lateral 
border of the lower neck fi eld should be set to 
encompass the entire ipsilateral supraclavicular 
area for patients with lower neck disease or ex-
tensive adenopathy (Fig. 6.3). 

Dose

The defi nitive radiation dose to gross disease or  �
the involved nodal area should achieve at least 
70 Gy (if not higher) unless chemotherapy or sur-
gery is planned.
A dose of 64.8 Gy at 1.8 Gy or 66 Gy at 2-Gy frac- �
tions is suggested to all mucosal sites and the 
upper neck nodal basins.
A dose of 50 Gy at 2-Gy per fraction is recom- �
mended for the low neck with additional dose to 
70 Gy to clinically positive nodes in this portal.
The total dose to the planned surgical sites in pa- �
tients who will undergo planned neck dissection 
should be limited to a total dose of 60 Gy to mini-
mize wound healing complications (Grade B) The 
results of a retrospective review from University 
of Florida showed that, although not statisti-
cally signifi cant, higher total doses increased the 
complication rate, lower fraction sizes reduced 
the complication rate, and longer overall radio-
therapy treatment times were associated with 
higher complication rates (Level IV) (Taylor et 
al. 1992).

Fig. 6.2. Lower neck fi eld with a larynx 
block and using a half-beam technique. 
For N0 or N1 disease, the lateral fi eld 
borders may be narrower and do not 
necessarily need to include the entire 
supraclavicular fi eld
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Patients with advanced disease treated for pal- �
liation may undergo a local fi eld to the involved 
neck alone with 30 Gy in 10 daily fractions. This 
dose arrangement achieved a 60% palliation rate 
according to a retrospective study reported by 
Erkal et al. (2001) (Level IV).

Radiation-Induced Side Eff ects

Commonly observed acute side effects include ra- �
diation-induced mucositis and dermatitis. Radi-
ation-induced acute mucositis can be minimized 
by use of Carafate elixir and viscous lidocaine.
Xerostomia is a commonly observed long-term  �
complication and intensive post-treatment den-
tal care is critical for patients after conventional 
radiation treatment to the head and neck areas. 
IMRT to spare the contralateral parotid gland 
for patients with ipsilateral nodal disease may be 
possible. This is not suggested for patients with 
bilateral disease as it may underdose adenopa-
thy.
High radiation doses in combination with chemo- �
therapy may induce fi brotic changes. 
Neck dissection following external beam ra- �
diation therapy has an increased risk of wound 
healing issues, particularly when doses of 60 Gy 
or greater were delivered to the operative bed 
(Level IV) (Taylor et al. 1992; Million et al. 
1994; Carlson et al. 1986).

8.2.4 Chemotherapy

The role of chemotherapy for unknown primary  �
is evolving and platinum based chemotherapy 
has been increasingly used in patients with ad-
vanced neck adenopathy. 
N3 disease is controlled poorly by radiation and  �
surgery. Patients with N3 disease may particu-
larly benefi t from the addition of chemotherapy. 
The effi cacy of combined chemoradiotherapy has 
been addressed in retrospective series: N2 and 
N3 patients have been treated with concurrent 
chemoradiation with excellent progression-free 
survival (87%) (Level IV) (Argiris et al. 2003). 
Similarly, impressive local control of 95% fol-
lowing chemoradiation therapy after neck dis-
section was reported in a small retrospective se-
ries (Level IV) (Shehadeh et al. 2006). However, 
substantial morbidity is to be expected with con-
comitant chemoradiotherapy.
Induction platinum-based chemotherapy for pa- �
tients with advanced disease or poor performance 
status may also be an option for selected patients 
(Grade D) (ESMO 2007).
Targeted agents, such as cetuximab, have shown  �
activity for head and neck cancer, particularly in 
elderly patients. Their use in the unknown pri-
mary is not documented, but may be benefi cial 
as in locally advanced head and neck squamous 
cell carcinoma (Panikkar et al. 2008).

Fig. 6.3. Lower neck fi eld with larynx 
block and using a half-beam technique. 
The left supraclavicular fi eld was ex-
tended in this case due to palpable left 
lower neck nodal disease
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6.3 Follow-Ups

6.3.1 Post-Treatment Follow-Ups

Follow-up after defi nitive treatment of squamous  �
cell carcinoma of unknown head and neck pri-
mary is recommended for management of treat-
ment-induced side effects, detection of disease 
recurrence, and emergence of primary disease. 
Diagnosis of the primary disease occurs in ap-
proximately 15% of patients with unknown head 
and neck primary within 5 years of treatment 
(Level IV) (Erkal et al. 2001).

Schedule

Follow-ups should be scheduled every 1–3  �
months for the fi rst year, then every 4 months 
for the second year, every 6 months during 
years 3–5, and annually thereafter (Grade D).

Table 6.3. Follow-up schedule after treatment for unknown 
primary head and neck cancer

Interval Frequency

Year 1 Every 1–3 months

Year 2 Every 4 months

Years 3–5 Every 6 months

> 5 Years Annually

Fig. 6.4. A proposed treatment algorithm for head and neck squamous cell carcinoma of unknown primary

Surpicious Neck Node

FNA
Squamous cell/undiff erentiated

Clinical Staging

Imaging Studies
PET/CT or CT scan of head and neck 

Chest CT scan

Panendoscopy

positive biopsy

Primary found

Treat per stage
Widespread disease

Local palliative XRT

Systemic chemotherapy

N1

Neck dissection

vs.

neck XRT

N2 + above

Wide fi eld XRT

+

chemo for bulky nodes
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Work-Ups

Each follow-up should include a complete history  �
and physical examination, including endoscopic 
examination of the nasopharynx, oropharynx, 
larynx, and hypopharynx.
Laboratory tests and imaging studies including  �
CT scan of the head and neck area are not rou-
tinely indicated. There is no evidence to support 
the routine use of imaging work-ups for asymp-
tomatic patients. Specifi c examinations should be 
performed if clinically indicated (ESMO 2007).
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Introduction and Objectives

Thyroid cancer is a relatively rare malignancy, occurring in less 
than 1% of the population. However, benign thyroid nodules 
are quite prevalent, found in 50% of the population (EZZAT et al. 
1994). Benign nodules are up to three times more common in 
women than in men, and there is a similar increased incidence 
of malignancy. Yet, the mortality rates remain higher for men, 
perhaps due to the age of diagnosis, with thyroid cancer occur-
ring more often in older males than females.

Three main histological variants of thyroid cancer are recognized: 
diff erentiated, medullary, and anaplastic. The diff erentiated 
types include papillary, follicular, and Hürthle cell. The majority 
of patients tend to present with diff erentiated carcinoma, 80% 
having papillary carcinoma, 11% follicular, 3% Hürthle cell, and 
medullary carcinoma occurring in 4%. Only 2% of patients pres-
ent with anaplastic thyroid carcinoma (HUNDAHL et al. 1998).

This chapter examines:

Diagnosis, staging, and assessing risk �

Histological subtypes �

Treatment recommendations for diff erentiated thyroid  �
cancer, with supporting evidence

Treatment recommendations for medullary thyroid cancer,  �
with supporting evidence and discussion of familial syn-
dromes

Treatment recommendations for anaplastic thyroid cancer,  �
with supporting evidence

The roles of  � 131I and external beam radiotherapy, their 
respective supporting evidence, and a discussion of radio-
therapy technique.

The management of lymphoma of the thyroid gland is not dis-
cussed, as its management is equivalent to lymphoma diagnosed 
elsewhere in the neck, a topic discussed in other chapters.
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7.1 Diagnosis, Staging, 
 and Prognosis

7.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of thyroid cancer initiates  �
with a complete history and physical examination 
(H&P), and attention should be paid to disease-
associated signs and symptoms. Benign thyroid 
nodules are common. The selection of patients for 
observation versus biopsy is based on an estimate 
of risk. The majority of lesions found incidentally 
are asymptomatic, usually detected during routine 
physical exam or scans performed for other rea-
sons. For these incidentally found nodules, biopsy 
is of low yield if the lesions are smaller than 1 cm 
(Level IV) (Tan and Gharib 1997).
If a nodule is greater than 4 cm, there is a higher risk  �
of malignancy and fi ne needle aspiration (FNA) is 
recommended. Symptoms also increase the likeli-
hood that a biopsy will be positive. Nodules that 
are fi xed to adjacent structures or associated with 
regional lymphadenopathy, or give rise to other 
symptoms such as vocal cord paralysis or dys-
phagia, yield a higher risk of a thyroid cancer di-
agnosis. Other factors that increase the likelihood 
of a positive biopsy are age less than 15 years or 
greater than 60 years, a history of exposure to ioniz-
ing radiation, family history of thyroid carcinoma, 
the presence of familial syndromes associated with 
thyroid carcinoma, or the presence of suspicious 
fi ndings by ultrasound examination, such as cen-
tral hypervascularity, an irregular border, or mi-
crocalcifi cations (Level IV) (Frates et al. 2005).
Many patients present with a palpable thyroid nod- �
ule or a nodule seen on routine imaging. FNA of 
the nodule is the primary means of diagnosis. 
Serum thyrotropin (thyroid-stimulating hormone, or  �
TSH) should ideally be measured prior to the FNA.
Serum calcitonin can also be measured and this  �
is advised by some, but is not universally recom-
mended (Level IV) (Singer et al. 1996).
Papillary and medullary carcinoma can be accu- �
rately diagnosed by FNA. Anaplastic carcinoma 
can sometimes be diffi cult to distinguish from 
undifferentiated variants of a more favorable his-
tology by FNA alone. It is particularly diffi cult 
to distinguish follicular carcinoma from benign 
adenomas. Additional tissue is required to de-

termine if there is vascular invasion or capsular 
penetration for this histology, and therefore a 
surgical biopsy is typically necessary.

Laboratory Tests

T3, T4, TSH, and thyroglobulin (Tg) should be  �
measured.
Calcitonin should be measured if there is concern  �
that the carcinoma may be medullary. If medullary 
carcinoma is diagnosed, CEA and calcium along 
with urine and serum catecholamines should also 
be measured, in addition to calcitonin.
A diagnosis of medullary thyroid cancer warrants  �
an evaluation for familial cancer syndromes, 
including familial medullary thyroid cancer 
(FMTC) and MEN 2. These syndromes are asso-
ciated with mutations in the RET proto-oncogene 
on chromosome 10, and specifi c mutations will 
dictate prophylactic surgery in family members.

Imaging Studies

Ultrasound is the imaging modality of choice,  �
and can be used to more extensively examine the 
neck as well as the primary site. CT with contrast 
should be avoided, as it would make it diffi cult 
to treat with 131I. MRI can be useful to evaluate 
adenopathy in the neck.
In cases where an FNA is nondiagnostic, checking  �
a serum TSH and a thyroid 123I or technetium-99m 
scan can identify patients with a hot nodule, which 
are almost invariably benign follicular adenomas. 
A low TSH with a hotspot on such scanning in-
dicates an autonomously functioning nodule, re-
quiring therapy for thyrotoxicosis. Repeating a 
nondiagnostic biopsy can often yield a diagnostic 
result. Patients with a cold nodule and a biopsy sus-
picious for carcinoma should proceed to surgery.
Following surgery,  � 131I or 123I scans are useful in 
assessing residual disease, activity in the surgical 
bed, or a residual thyroid remnant. 123I is more 
expensive, but has the advantage of decreased 
interference with possible subsequent 131I therapy 
(Level III) (Hilditch et al. 2002).

Pathology

The prognosis of thyroid cancer is largely depen- �
dent on the histological variant. Typically, papil-
lary differentiation carries a good prognosis, but 
there are certain histological subsets for which the 
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risk of recurrence is substantially higher. These 
include anaplastic transformation, tall cell papil-
lary variants, and columnar variants. Mixed fol-
licular papillary types, which are characterized 
by papillary cytology and follicular morphol-
ogy, do not carry a worse prognosis (Level IV) 
 (Mazzaferri 1993; Tielens et al. 1994).
Follicular carcinoma can be more aggressive than  �
papillary carcinoma. It tends to occur as a solitary 
encapsulated tumor and there may be capsular 
invasion and/or blood vessel invasion. Without 
evidence of vascular invasion or capsular pen-
etration, it is not possible to distinguish follicu-
lar carcinoma from adenoma, and hence a more 
generous biopsy than FNA is required. Rarely a 
follicular carcinoma will invade surrounding tis-
sues, and this characteristic is associated with a 
higher chance of metastases.
Hürthle cell carcinoma (oncocytic carcinoma) is  �
diagnosed when he majority of the tumor mass 
consists of Hürthle cells. The term oncocyte re-
fers to a cell that has become abnormally swollen, 
due to the accumulation of mitochondria. They 
can occur in a variety of malignancies and may 
also be benign. While Hürthle cell tumors are 
morphologically similar to follicular tumors, cy-
tologically they appear to be more closely related 
to papillary then follicular carcinomas. It can 
be diffi cult to distinguish benign collections of 
Hürthle cells from malignant Hürthle cells based 
on FNA or frozen section alone. Larger tumors 
are more likely to be malignant and can be more 
aggressive, and their clinical course can be more 
diffi cult to predict. The 10-year survival rate is 
roughly 10 percentage points worse than for fol-
licular carcinoma. The incidence of distant me-
tastases is twice that of follicular carcinoma.
Anaplastic thyroid cancer is an undifferentiated  �
carcinoma. It is often found in association with 
better differentiated types of thyroid cancer, most 
commonly papillary. FNA is accurate in 90% of 
cases, but it can be diffi cult to distinguish ana-
plastic carcinoma from less well differentiated 
variants of favorable histologies, such as tall cell 
and columnar papillary types. There is evidence 
that differentiated types can transform into ana-
plastic carcinoma, and this often involves loss of 
p53 function. Spindle cell, giant cell, and squam-
oid types have been described, but these distinc-
tions have no impact on prognosis. Grossly, the 
tumor is a rapidly enlarging unencapsulated mass 
that infi ltrates surrounding tissue.

7.1.2 Staging

Multiple staging systems to stratify the risk of  �
thyroid carcinoma have been developed. The 
most widely used is the AJCC 6th edition, which 
like several other staging systems in use for thy-
roid carcinoma, includes age as an important fac-
tor for the well differentiated histologies (Greene 
et al. 2002). Other factors that have played a role 
in defi ning staging systems include tumor size, 
nodal metastases, extent, invasion, patient age, 
and completion of dissection. None of these 
systems is entirely satisfactory, and many clini-
cians do not incorporate age into their clinical 
decision-making, although it is clearly the most 
important prognostic factor.
Table 7.1 presents the AJCC 6 � th edition TNM clas-
sifi cation system (Greene et al. 2002), while Ta-
ble 7.2 presents the stage grouping. Note that all 
anaplastic carcinomas are by defi nition stage IV.

Table 7.1. American Joint Committee on Cancer (AJCC) 6th 
edition (Greene et al. 2002) staging for thyroid cancer. This 
does not apply to lymphoma

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 2 cm or less, limited to the thyroid

T2 More than 2 cm, less than or equal to 4 cm, limited 
to thyroid

T3 More than 4 cm or minimal extrathyroid extension

T4a Invasion of larynx, trachea, esophagus, recurrent 
laryngeal nerve, or subcutaneous soft tissues.
Anaplastic carcinoma contained by thyroid capsule

T4b Invasion of prevertebral fascia, encasement of 
carotid or mediastinal vessels
Anaplastic carcinoma with extrathyroidal extension

Regional lymph nodes (N)

NX Regional nodes cannot be assessed

N0 No regional node metastases

N1 Regional node metastases

N1a Level VI

N1b Other regional nodes

Distant metastases (M)

MX Distant metastases cannot be assessed

M0 No distant metastases

M1 Distant metastases

Regional nodes: central compartment, lateral cervical, upper 
mediastinal. For multiple tumors, the largest determines the clas-
sifi cation. All anaplastic carcinoma is T4 and group stage IV
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Other risk classifi cation systems include MACIS  �
(metastases, age, completeness of resection, inva-
sion, size), AMES (age, metastases, extent, size), 
and AGES (age, grade, extent, size). Each of these 
systems yields a numerical score that is correlated 
with survival (Cady and Rossi 1988; Hay et al. 
1993; Sherman et al. 1998).

7.1.3 Prognosis

Prognosis is highly dependent upon histology. �
Low-risk patients with follicular or papillary  �
carcinomas have a roughly 99% 20-year survival 
rate.

Patients with anaplastic thyroid carcinoma are  �
incurable and have a dismal prognosis, typically 
surviving less than 1 year after diagnosis. 
Other factors that can infl uence survival and the  �
risk of recurrence include primary tumor size, 
lymph node metastases, degree of local invasion 
or capsular penetration, and distant metastases.
Patients under 45 years of age with papillary  �
or follicular carcinoma can have a surprisingly 
good outcome despite having systemic metasta-
ses. Nonetheless, metastases still portend a poor 
prognosis, and 50% of patients die within 5 years 
in the setting of pulmonary metastases, even with 
favorable histology.
The ability to concentrate  � 131I is a major prog-
nostic factor in determining how patients with 
metastatic disease will do. Patients with med-
ullary carcinoma or anaplastic thyroid cancer 
tend to have tumors which do not concentrate 
iodine, and hence do not have the option of that 
modality.

7.2 Treatment of Papillary and 
 Follicular Thyroid Cancer

7.2.1 Surgical Management

Surgery is the mainstay of treatment for differen- �
tiated papillary and follicular thyroid cancer.
The degree of resection required remains con- �
troversial, but at present the majority of experts 
believe that a total thyroidectomy is required 
(Grade C) (Witt 2008). For some low-risk car-
cinomas, there are advocates of ipsilateral lobec-
tomy, but this can complicate the follow-up and 
is not widely supported. In addition, should a 
recurrence or second primary be found in the 
residual gland, surgery is technically more dif-
fi cult and morbidity is increased (DeGroot and 
Kaplan 1991).
The question of ipsilateral resection versus more  �
complete resection was addressed by the Mayo 
Clinic, with fi ndings of no difference in survival 
between the two groups but a higher incidence of 
local recurrence with limited surgery (Level IV) 
(Hay et al. 1998). Other series have reported a 
local recurrence rate approaching 30% after 
partial resection, and also an increase in subse-

Table 7.2. American Joint Committee on Cancer (AJCC) 
6th edition (Greene et al. 2002) stage grouping for thyroid 
cancer. Hürthle cell carcinoma is considered a follicular car-
cinoma with regard to staging

S TAG E G ROU PI NG

Papillary or follicular, under 45 years of age

Stage I Any T Any N M0,  

Stage II Any T Any N M1

Papillary or follicular, 45 years and older

Stage I T1 N0 M0

Stage II T2 N0 M0

Stage III T3 N0 M0,  T1-3 N1a M0

Stage IVA T4a Any N M0,  T1-3 N1b M0

Stage IVB T4b Any N M0

Stage IVC Any T Any N M1

Medullary carcinoma

Stage I T1 N0 M0

Stage II T2 N0 M0

Stage III T3 N0 M0,  T1-3 N1a M0

Stage IVA T4a Any N M0,  T1-3 N1b M0

Stage IVB T4b Any N M0

Stage IVC Any T Any N M1

Anaplastic carcinoma

Stage IVA T4a Any N M0

Stage IVB T4b Any N M0

Stage IVC Any T Any N M1
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quent pulmonary metastases (Mazzaferri and 
Jhiang 1994).
Lobectomy can be considered for a solitary dif- �
ferentiated lesion less than 1 cm in size, with no 
evidence of vascular invasion, capsule involve-
ment, or other adverse features that might war-
rant subsequent adjuvant therapy (Level III) 
(Mazzaferri and Jhiang 1994). However, some 
patients with higher risk disease continue to un-
dergo such partial resections, and there may be 
socioeconomic factors infl uencing medical prac-
tice (Bilimoria et al. 2007).
The motivation for limited or ipsilateral surgery  �
is reduced surgical morbidity. The long-term 
complications of most concern after thyroidec-
tomy are injury to the recurrent laryngeal nerve 
and hypoparathyroidism. Surgical morbidity is 
correlated with the experience of the surgeon. 
In the hands of surgeons with an adequate case 
load (> 100 cases per year), these complications 
occur at a rate of 2%–5% (Sosa et al. 1998). Subto-
tal thyroidectomy reduces the incidence of nerve 
injury roughly by half, and reduces the risk of 
hypoparathyroidism by an order of magnitude 
(Udelsman et al. 1996; Udelsman 2008).
Contraindications to lobectomy include age less  �
15 years, age greater than 45 years, history of 
prior radiation exposure, distant metastases, 
cervical lymph node metastases, extrathyroidal 
extension, tumor size greater than 4 cm, or a more 
aggressive histology such as tall cell or columnar 
variants. Should a patient proceed to lobectomy 
and be found to have more aggressive histology, 
multifocal disease, positive margins, positive cer-
vical nodes, or extrathyroidal extension, comple-
tion of the thyroidectomy is indicated.
Surgical neck dissection is indicated if preopera- �
tive imaging or physical examination indicates 
adenopathy. Neck dissection typically involves 
a central neck dissection (level VI), and func-
tional lateral neck dissection including levels II 
through V, sparing the spinal accessory nerve, 
internal jugular vein, and sternocleidomastoid 
muscle.
Radionuclide imaging preoperatively with  � 131I or 
123I is useful to verify that a differentiated tumor 
is in fact iodine avid. Iodine uptake is not uni-
versal in differentiated thyroid cancer, especially 
the Hürthle cell variant where only 10%–30% of 
cases are avid. Lack of iodine avidity in the set-
ting of locally extensive disease is an indication 
for postoperative radiotherapy.

Thyroid hormone replacement with Synthroid is  �
indicated after total thyroidectomy. In the setting 
of iodine avid thyroid cancer, thyroid replace-
ment therapy is dosed to a level suffi cient to sup-
press TSH below the lower limit of normal.

7.2.2 Radioactive Iodine (131I)

Radioactive iodine can be used both as adjuvant  �
therapy to treat residual microscopic disease, as 
well as to ablate the residual thyroid remnant af-
ter partial resection. Adjuvant radioactive iodine 
is typically delivered to patients with high-risk 
features or those with positive iodine imaging 
after completion of resection. A thyroid scan is 
usually done 1–12 weeks after thyroidectomy, and 
prior to this scan thyroid replacement is with-
drawn or recombinant TSH is given to raise the 
level of TSH, to improve the sensitivity of the 
scan. The presence of an elevated thyroglobulin 
above 1 ng/ml is also an indication of residual 
carcinoma, and in addition adverse pathological 
fi ndings may lead clinicians to recommend adju-
vant 131I despite a negative scan.
Patients with a signifi cant risk for recurrence  �
should also undergo iodine therapy for the purpose 
of ablating the remnant, to facilitate follow-up.
The typical dose of  � 131I is 100–200 mCi (Grade B). 
Such treatment typically delivers 80 Gy to the sur-
gical bed or residual disease. For remnant abla-
tion, 50 mCi is suffi cient, which delivers approxi-
mately 30 Gy to the remnant (Bal et al. 1996). 131I 
is a beta emitter with a half life of 8 days, and 
delivers little systemic dose.
A large retrospective series from Princess Mar- �
garet Hospital showed no benefi t to radioiodine 
therapy for low risk differentiated patients (less 
than 45 years of age with T1 tumors) (Level IV) 
(Brierley et al. 2005).
Following delivery of radioiodine, a post-treat- �
ment scan is typically performed to verify ef-
fi cacy. Patients with T4 disease and older than 
40–45 years of age should be considered at this 
point for adjuvant external beam radiotherapy.
Radioiodine ablation is not recommended to ab- �
late the residual thyroid for patients undergoing 
partial thyroidectomy. Such limited resections 
should be restricted to patients with very low risk 
disease, for which therapeutic 131I and diagnostic 
iodine scans are not indicated. If pathological fi nd-
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ings from a partial thyroidectomy are adverse and 
adjuvant therapy is being considered, completion 
thyroidectomy should be completed fi rst.
Hürthle cell thyroid cancer can be viewed as a  �
variant of follicular thyroid cancer, although 
less often iodine avid than the more common 
differentiated histologies. However, Hürthle cell 
cancers are iodine avid frequently enough that io-
dine imaging should be performed, in which case 
therapeutic iodine is effective (Level IV) (Besic 
et al. 2003).
Treatment with  � 131I requires that Synthroid (T4) 
be withheld for 6 weeks prior to treatment, and 
the patient is placed on a low iodine diet. Cy-
tomel (T3) is given for the fi rst 3 of these weeks, 
and then also stopped. Prior to treatment, a di-
agnostic iodine scan is done to help determine 
the therapeutic dose, and treatment is given 
within 5 days of the scan. Some clinicians do 
not perform the diagnostic scan due to concern 
over inhibiting uptake of iodine during therapy 
(referred to as stunning). This can be mitigated 
by using 123I, which can also inhibit therapeutic 
uptake but to a lesser degree than 131I (Level III) 
(Hilditch et al. 2002). A scan is again performed 
1 week to 10 days after therapy, and this scan may 
show additional foci of disease not detected on 
the diagnostic scan, due to the higher dose used. 
Another diagnostic scan is repeated 4–6 months 
later, and the process continues until a negative 
scan is obtained.
The lifetime limit for total activity of  � 131I adminis-
tration is generally quoted as 1000 mCi, although 
this is not based on reliable data (Grade D). Each 
administration of therapeutic iodine delivers a 
dose to blood and bone marrow of roughly 2 Gy. 
The bone marrow recovers from this dose well, 
and as treatments are typically 6 months apart, 
pancytopenia generally is not a problem. The 
cumulative dose limit is instead based on the 
theoretical risk of radiation-induced malignan-
cies, and the possibility of pulmonary injury for 
patients with diffuse pulmonary metastases.

7.2.3 Systemic Chemotherapy

There is little evidence suggesting a benefi t to  �
systemic chemotherapy for differentiated thyroid 
carcinoma (Grade C). Doxorubicin has shown 
some promise for anaplastic thyroid cancer, in 

particular with radiotherapy, and this drug has 
been more widely studied than others. 
A randomized cooperative group study (ECOG)  �
compared doxorubicin alone versus doxorubicin 
and cisplatin for advanced stage thyroid cancer, 
including differentiated, medullary, and anaplas-
tic (Level II) (Shimaoka et al. 1985). Response 
rates were relatively low (23%), and there was no 
signifi cant difference between the arms. However, 
the complete responses (CR) did differ between 
the arms, with fi ve CRs seen in the combination 
arm and none in the single agent arm (p = 0.03), 
and several patients remained disease free for a 
substantial period. 

7.2.4 Radiation Therapy

No prospective randomized trials have been per- �
formed to evaluate the role of external beam ra-
diotherapy.
Indications for external beam radiotherapy for  �
differentiated thyroid cancer in the setting of poor 
iodine uptake include incomplete resection, inva-
sion of adjacent structures in the neck, extracap-
sular extension of nodal disease, and involvement 
of mediastinal nodes (Level IV) (Simpson and 
Carruthers 1978; Tubiana et al. 1985; Simpson 
et al. 1988; Farahati et al. 1996). External beam 
radiotherapy is also recommended after resection 
of local or regional recurrences.
For iodine avid tumors,  � 131I radioiodine treatment 
typically delivers radiotherapy more conformally 
and to a higher dose than can be achieved with ex-
ternal beam equipment. Another advantage of 131I is 
that it also treats undetected systemic metastases.
For completely resected papillary carcinomas with  �
high risk features, there is compelling evidence to 
support the use of external beam radiotherapy 
(Grade B). There have been no prospective trials, 
and an attempt at a large randomized trial failed 
to accrue patients and was abandoned (Level IV) 
(Biermann et al. 2003). However, a retrospective 
review evaluated external beam radiotherapy for 
both follicular and papillary thyroid cancer with 
T4 disease. Subgroup analysis indicated that ra-
diotherapy provided a signifi cant benefi t for pa-
tients older than 40 years with invasive papillary 
thyroid cancer with lymph node involvement, in 
comparison to those treated with surgery and 
iodine therapy alone (Level IV) (Farahati et 
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al. 1996). This study showed no benefi t to adju-
vant radiotherapy for follicular carcinoma with 
these risk factors (completely resected node posi-
tive T4). Similarly, a series of 382 differentiated 
thyroid cancer patients from Princess Margaret 
Hospital showed a benefi t to RT only for patients 
with papillary histology and microscopic residual 
disease (Level IV) (Tsang et al. 1998). Others have 
also recommended the addition of external beam 
radiotherapy for papillary patients with T4 dis-
ease, N1b (lateral cervical nodes), or bulky nodes 
(> 2 cm) (Level IV) (Chow et al. 2002, 2006; Lee 
and Tuttle 2006).
The case for adjuvant external beam radiotherapy  �
for completely resected but locally advanced folli-
cular carcinoma is less well supported than for the 
papillary variant, in view of the subset analyses in 
the above studies (Grade C). However, this lack of 
benefi t for follicular histology is not uniformly re-
ported, with a large retrospective review showing 
that 10-year cause-specifi c survival was improved 
with the addition of external beam radiotherapy, 
for older patients with completely resected T4 
disease, improving from 65% to 81% (Level IV) 
(Brierley et al. 2005). This study included well 
differentiated thyroid carcinoma of both papil-
lary and follicular types. Local control was also 
improved for these high-risk completely resected 
patients. Follicular carcinoma is more likely than 
papillary to present with locally advanced disease 
(Level IV) (Sherman et al. 1998).
Hürthle cell thyroid cancer is frequently not io- �
dine avid, and external radiotherapy should be 
considered postoperatively in high-risk cases. Ra-
diotherapy has been shown to be effective in the 
adjuvant setting for high-risk cases, for salvag-
ing recurrences, and for palliation of metastases 
(Level IV) (Foote et al. 2003).
In the case of gross residual disease, retrospective  �
data more clearly supports a role for radiotherapy 
(Grade B). Royal Marsden Hospital reported on 
a series of 49 patient with gross residual disease, 
all of whom received radioiodine therapy and ex-
ternal beam radiotherapy to substantial dose of 
60–75 Gy (Level IV) (O’Connell et al. 1994). Com-
plete responses were seen in 37.5%, with a simi-
lar number of nonresponders, and the remaining 
25% saw a partial benefi t. Survival was on 27%, 
much worse than for those with only microscopic 
residual, and clearly every attempt must be made 
to surgically eradicate gross disease. A similar 
series of patients with gross residual treated with 

or without external beam radiotherapy, yielded a 
50% reduction in local failure (Level IV) (Tubiana 
et al. 1985). However, Princess Margaret Hospital 
reported a 62% local recurrence rate (Level IV) 
(Tsang et al. 1998). In some of these series the 
dosing was inadequate by modern standards, and 
it is possible that dose escalation with intensity 
modulation techniques will improve on these re-
sults.

7.3 Treatment of 
 Medullary Thyroid Cancer

Medullary thyroid cancer is derived from the  �
neuroendocrine C cells of the thyroid, cells that 
are commonly located in the upper portion of the 
thyroid lobes. These cells produce calcitonin. The 
majority of cases (80%) are sporadic, the remain-
ing associated with familial syndromes such as 
multiple endocrine neoplasia (MEN 2A and 2B). 
Both MEN 2A and 2B are associated with med-
ullary carcinoma and pheochromocytoma, and 
the MEN 2A variant is also associated with para-
thyroid tumors. Familial tumors tend to arise at 
earlier ages.
The high incidence of familial syndromes in pa- �
tients with this diagnosis warrants genetic test-
ing. Specifi c mutations of RET proto-oncogene 
on chromosome 10 are associated with MEN 2 
and FMTC. This proto-oncogene codes for a 
membrane associated tyrosine kinase receptor 
expressed in neuroendocrine cells. The possibil-
ity of MEN 2 syndrome necessitates exclusion of 
pheochromocytoma (MEN 2A and 2B) and hy-
perparathyroidism (MEN 2A) prior to surgery, 
and these should be excluded even if MEN 2 is 
not suspected.

7.3.1 Surgical Management

Surgery is the primary treatment for medullary  �
thyroid cancer, due to the lack of evidence that 
radiotherapy can eradicate macroscopic disease 
and the relative ineffi cacy of systemic therapy 
(Grade B).
Medullary carcinoma is not iodine avid. �
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Total thyroidectomy is recommended for all pa- �
tients, and the degree of neck dissection depends 
on preoperative imaging, degree of invasion, pres-
ence of involved nodes, and the need for parathy-
roid resection in some cases (Saad et al. 1984).
A central neck dissection (the level VI nodal sta- �
tion) is generally recommended (Grade B). If this 
level is involved, or the primary tumor is greater 
than 1 cm, levels II through V are also dissected. 
There is a lower threshold for more extensive neck 
dissection in patients with MEN 2B. Functional 
neck dissections are preferred, and radical dis-
section is not recommended unless there is evi-
dence of involvement of the adjacent structures. 
In the case of hyperparathyroidism, care should 
be taken to leave adequate parathyroid tissue, and 
cryopreserve parathyroid tissue for possible later 
implantation.
Calcitonin should be measured a few months  �
postoperatively, and if elevated additional imag-
ing is warranted. The serum half life of calcitonin 
is 12 min. In the absence of distant metastases, 
comprehensive neck dissection can normalize 
calcitonin in roughly a third of patients. In some 
series, the mediastinum was also dissected, but it 
is unclear if this is necessary or benefi cial.
Thyroid replacement therapy is given after thy- �
roidectomy for medullary carcinoma, but it un-
necessary to administer doses suffi cient to sup-
press TSH.

7.3.2 Systemic Therapy

Chemotherapy for medullary thyroid cancer has  �
not established effi cacy for recurrent disease or in 
the setting of distant metastases, and such treat-
ment should be performed on a clinical trial if 
possible. Dacarbazine-based regimens have been 
utilized, with modest response rates (Level III) 
(Orlandi et al. 1994; Wu et al. 1994). Clinical 
trials are currently exploring the use of tyrosine 
kinase inhibitors. Radio-immunotherapy utiliz-
ing radioisotopes bound to anti-CEA antibodies 
has shown some promise in early clinical trials 
(Level IV) (Chatal et al. 2006).

7.3.3 Radiation Therapy

Adjuvant external beam radiotherapy should be  �
considered for high-risk medullary thyroid can-

cer (Grade B). Historically, this histology has a 
reputation for being unresponsive to radiation 
(Quayle and Moley 2005; Vezzosi et al. 2007). 
While the results of surgical resection for subcen-
timeter primary lesions is quite good, exceeding 
90% disease-free survival, this drops to under 
50% for tumors greater than 1 cm. Medullary 
thyroid tends to progress more slowly than other 
thyroid cancer variants, but nonetheless is more 
diffi cult to control. This slow growth may have 
contributed to its reputation for being radiore-
sistant.
Radiotherapy is unlikely to be effective in eradi- �
cating gross disease, and surgical resection of 
gross disease should be performed if possible. In 
the postoperative setting, radiotherapy can pro-
vide some benefi t. In a small series of locally ad-
vanced cases from M. D. Anderson cancer center, 
locoregional control was 87% at 5 years. All of the 
patients had stage IV disease, half had mediasti-
nal involvement, and a third had positive margins 
(Level IV) (Schwartz et al. 2008).
Due to the long natural history of the disease, and  �
the lack of effective alternative therapies, post-
operative radiotherapy should be considered for 
high-risk patients even in the setting of meta-
static disease.
Radiotherapy was used at the Royal Marsden  �
Hospital in the setting of elevated calcitonin 
postoperatively (Level IV) (Fersht et al. 2001). 
While calcitonin was typically not normalized af-
ter radiotherapy, local control was improved from 
41% to 71%. The failure to normalize calcitonin 
likely refl ects metastatic disease, and indeed, re-
cent studies have shown a high incidence of bone 
marrow involvement for locally advanced cases 
(Level III) (Mirallie et al. 2005).

7.4 Treatment of 
 Anaplastic Thyroid Cancer

Anaplastic thyroid cancer carries a dismal prog- �
nosis, with a median survival of approximately 
6 months. Aggressive locoregional therapy with 
chemoradiation can improve survival, but the 
disease remains universally fatal. Other histolo-
gies, such as lymphoma and poorly differenti-
ated follicular carcinoma, can be misinterpreted 
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as anaplastic carcinoma. An adequate biopsy 
specimen must be obtained to distinguish it from 
diagnoses with a more favorable outcome and dif-
ferent management.

7.4.1 Surgical Management

Except in cases of small tumors confi ned within  �
the thyroid capsule, surgical resection does not 
improve survival (Grade B) (Venkatesh et al. 
1990). However, aggressive local and regional 
management is warranted in view of the high 
likelihood of dying from airway compromise. 
In addition, rare cases of prolonged survival are 
almost invariably those that have been resected 
at diagnosis. If technically resectable, a total 
thyroidectomy should be performed along with 
selective dissection of the involved node bearing 
regions of the neck. If unresectable, surgery with 
the intent of protecting the airway is appropri-
ate. Most cases are diagnosed via FNA, and some 
cases undergo total thyroidectomy due to the dif-
fi culty in distinguishing the pathology from other 
thyroid malignancies.

7.4.2 Systemic Therapy

Systemic agents have not been shown to improve  �
survival. Chemotherapy, typically doxorubicin-
based, is often used in radiosensitizing doses con-
currently with hyperfractionated radiotherapy. 
Palliative systemic chemotherapy may be indi-
cated in patients with good performance status, 
preferably in the setting of a clinical trial. No 
survival benefi t has been demonstrated, although 
taxanes have some activity. 
Combretastatin A4 phosphate (CA4P), a biologic  �
agent that targets tumor vasculature, has shown 
effi cacy in vitro and in tumor xenograft models, 
and led to one prolonged tumor remission in an 
early clinical trial (Yeung et al. 2007). A clinical 
trial is currently underway using this agent with 
carboplatin and paclitaxel.
Trials are also underway exploring the use of  �
tyrosine kinase inhibitors, such as the multiple 
target inhibitor sorafenib, in conjunction with 
conventional chemotherapy for anaplastic thy-
roid cancer.

7.4.3 Radiation Therapy

Hyperfractionated radiotherapy with concur- �
rent doxorubicin chemotherapy, though toxic, 
has demonstrated the best results (Grade B) 
(Level III) (Kim and Leeper 1983; Tallroth et 
al. 1987; De Crevoisier et al. 2004). This im-
proves the median survival to 1 year, although the 
disease remains incurable. The primary benefi t 
that justifi es this toxicity is a change in the pat-
tern of failure from one of airway compromise to 
distant metastases (Level III) (Kim and Leeper 
1987).
Radiotherapy is typically delivered at 1.6 Gy bid to  �
a total of 57.6 Gy, with weekly low-dose doxorubi-
cin (10 mg/m2), based on Sloan Kettering experi-
ence (Level III) (Kim and Leeper 1987). Doxoru-
bicin is a potent radiosensitizer, and the regional 
morbidity of this regimen is considerable. Rapid 
proliferation of anaplastic thyroid cancer moti-
vated treatment with hyperfractionated regimens, 
to keep pace with tumor repopulation.
In view of the tendency to repopulate rapidly, and  �
the consequences of local failure, potential ben-
efi ts of IMRT should be weighed against the time 
required to plan such therapy. IMRT can be useful 
as a boost to conventional therapy, allowing ra-
diotherapy to start without unnecessary delay.

7.5 Radiation Therapy Techniques

Radiotherapy dosing and fi eld recommendations  �
vary little based on histology, and large random-
ized trials have not been done to optimize these 
factors, due to the relative rarity of the disease. 
In general, the nodal regions treated include lev-
els II–VI of the neck, and the superior mediasti-
num. Fields tend to extend from the angle of the 
mandible to the carina.
See Figure 7.1 for a typical beam arrangement.  �
This region is usually treated in an AP/PA fashion, 
often with low energy photons from the anterior 
beam and high energy from the posterior, and 
the dose is taken to 40–44 Gy. The surgical bed 
and dissected neck is then boosted to 60 Gy, de-
livered in an off-cord manner, usually with a set 
of oblique fi elds. This dose is appropriate for mi-
croscopic disease in the postoperative (hypoxic) 
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setting, and is based more on general head and 
neck cancer recommendations than specifi cs of 
thyroid cancer. In this example there is an inter-
mediate off-cord boost to 50 Gy, before reducing 
fi elds further. Gross residual disease should be 
boosted to approximately 70 Gy.
Dose recommendations have varied widely in  �
the literature, due a lack of radiobiological and 

clinical data (Grade C). Recommendations have 
ranged from 40 Gy to approximately 70 Gy (Simp-
son and Carruthers 1978; Ford et al. 2003). 
One study suggested improved outcomes for both 
local control and survival at higher doses, but 
patient numbers were small (Ford et al. 2003).
In the case of anaplastic carcinoma, the maxi- �
mum dose is approximately 60 Gy delivered in a 

Fig. 7.1a–e. Anteroposterior (AP) radiograph of a typi-
cal radiotherapy portal for thyroid cancer. This would be 
treated to a dose of 44 Gy in 22 fractions, utilizing low en-
ergy photons (4–6 MV). It is opposed to a PA fi eld, which 
would utilize higher energy photons (10–20 MV), if avail-
able. The surgical bed and ipsilateral neck would then be 
boosted to an additional 6 Gy. b In this case it is delivered 
with opposed oblique fi elds, consisting of a right anterior 
oblique and c, a left posterior oblique. These oblique fi elds 
were then further reduced and treated to an additional 
10 Gy (d and e). This brings the total dose to 60 Gy, an ap-
propriate dose for hypoxic microscopic disease (dissected 
primary site and neck). An additional boost to gross re-
sidual disease, if present, would be appropriate, bringing 
the gross residual plus planning margin to 70 Gy

a b

c d

e
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hyperfractionated fashion with concurrent radio-
sensitizing chemotherapy. Boosting beyond this 
level is not advised, as the regimen is toxic enough 
at 60 Gy, and pattern of failure is primarily sys-
temic after that dose.
Treating thyroid carcinoma with radiotherapy  �
can be technically diffi cult due to the geometry 
of the neck and upper mediastinum. This is due 
to the varying thicknesses of portions of the body, 
and made more complex because of the length 
of spinal cord adjacent to the treatment volume. 
Reproducible and accurate patient immobiliza-
tion is essential. Obtaining acceptable dosimetry 
in this region often requires multiple beam seg-
ments, and other techniques including lateral 

fi elds and electrons have been reported (Tubiana 
et al. 1985; Tsang et al. 1998).
Intensity modulated radiotherapy (IMRT) has been  �
found to be useful in improving dosimetric tar-
get coverage and in lowering the spinal cord dose 
(Grade C) (Level IV) (Posner et al. 2000; Nutting 
et al. 2001). As the standard radiotherapy fi elds 
cover the inferior portions of the parotid glands, 
IMRT should be able to reduce xerostomia, as has 
been shown with other head and neck malignan-
cies. Esophageal and pharyngeal toxicity should be 
reduced with IMRT. Figure 7.2 illustrates a com-
parison of dose distributions for the upper neck 
and mediastinum for IMRT and the conventional 
fi eld arrangement described in Figure 7.1.

Fig. 7.2a–d. Comparison of the dosimetry for conventional therapy (see Fig. 7.1) and intensity modulated radiotherapy 
(IMRT). IMRT is useful for thyroid cancer as it allows better sparing of the spinal cord, better conformation of dose over 
portions of the body of different thickness (neck and chest), and in some cases sparing of the parotid glands. IMRT was de-
livered with seven nonopposed coaxial beams, each composed of 6 MV photons and modulated with a multi-leaf collimator. 
a Depicts the dosimetry at the level of upper level II for conventional therapy, compared with b IMRT. With conventional 
therapy the hotspots overlap the parotid glands, while with IMRT these are spared somewhat. With IMRT target coverage is 
improved, at the expense of large volumes of the head and neck that now receive a low dose, regions that may receive no dose 
with conventional therapy. c A similar comparison in the superior mediastinum for conventional therapy, compared with 
d, IMRT. Note the improved conformality of the high dose region. A primary benefi t of IMRT for thyroid cancer is that the 
high dose region is further from the spinal cord, reducing the risk of cord complications due to patient positioning errors

a b

c d
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7.6 Follow-Up

Follow-up is dependent on histology (due to  �
iodine avidity of the majority of differentiated 
cases). 
Physical examination remains important for all  �
types. 
Laboratory studies commonly used for differen- �
tiated histology include thyroid function tests, 
including thyroglobulin, TSH, free T3, and thy-
rotropin. Imaging for these cases is typically done 
with ultrasound, although MRI of the neck is also 
an option.
Radioiodine imaging is often performed, and is  �
of added utility in that the degree of uptake can 
infl uence salvage treatment recommendations. 
However, this test requires withdrawal of thyroid 
supplements. A modern alternative to thyroxine 
withdrawal is the use of recombinant TSH.
For medullary and anaplastic thyroid carcinoma,  �
thyroid labs and radioiodine imaging are of no 
utility. Contrast CT can be used for these cases. 
Serum calcitonin is useful for following medul-
lary thyroid cancer.
For patients with MEN 2 syndrome, annual  �
screening for hyperparathyroidism and pheo-
chromocytoma are necessary.
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8.1 Diagnosis, Staging, Risk Factors, 
 and Prognostic Factors

8.1.1 Diagnosis

Initial Evaluation

Initial evaluation requires a complete medical  �
history and physical examination. The medi-
cal history will include a detailed history per-
taining of the breast cancer and associated risk 
factors. A complete physical examination with 
special attention to the breast exam and drain-
ing lymph nodes must be performed. The breast 
exam should be completed both in sitting and 
supine positions.
Most patients who present with early-stage breast  �
cancer are asymptomatic and the cancer is detected 
by screening mammography. In other instances, pa-
tients may present with a palpable breast lump, and 
rarely report bloody nipple discharge as the only 
presenting symptom. Infl ammatory breast cancer, 
which is an aggressive sub-type, presents with a 
cluster of clinical symptoms including erythema 
and an infl ammatory type of reaction with skin 
edema (peau d’orange). Paget’s disease presents with 
an eczematoid change involving the nipple areola 
and associated mass or bloody nipple discharge.

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic blood chemistry, liver function 
tests, and BUN/creatinine.

Imaging Studies

Mammography and ultrasonography are the  �
most commonly used diagnostic imaging tech-
niques. With ongoing studies and accumulating 
clinical experience, there is an emerging role for 
breast MRI in selected cases (Level I) (Lord et 
al. 2007).
Breast imaging reporting data system (BI-RAD)  �
is a radiographic classifi cation of mammographic 
lesions and is the established standard for report-
ing fi ndings on mammogram (Table 8.1).
Breast MRI requires a special coil to obtain high- �
resolution high-contrast images. Due to its high 
sensitivity and low specifi city, MRI screening 
is used in selected high-risk patient popula-
tions which include young women with previ-
ous diagnosis of breast cancer, patients with 
known genetic mutations, known LCIS, history 
of lymphoma with prior RT, occult breast cancer 
with a biopsy-proven axillary lymph node, and 
 patients with augmentation or reconstruction 
using implants (Kriege et al. 2004; Lehman et 
al. 2007).
Body CT scan is indicated in patients presenting  �
with locally advanced disease. When available, 
FDG-PET scans or PET/CT can be ordered for 
staging and documenting metastatic disease.

Table 8.1. The breast imaging reporting and data system (BI-
RADS). [From American College of Radiology (2003) 
with permission]

Category Assessment Recommendation 

0 Incomplete study Need additional 
imaging and/or prior 
mammograms for 
comparison

1 Negative Routine screening

2 Benign fi ndings Routine screening

3 Probably benign 
fi ndings

Initial short-interval 
follow-up to establish 
stability

4 Suspicious 
abnormality

Biopsy should be 
considered

5 Highly suggestive 
of malignancy

Appropriate action 
should be taken 

6 Known, suggestive 
of malignancy

Appropriate action 
should be taken

patient awareness and education of treatment options and clinical 
outcomes is very important. In many States in the US the physicians 
are required by law to discuss treatment options of breast-conserv-
ing surgery plus RT and modifi ed radical mastectomy with eligible 
patients.

This chapter examines the recommendations for:

Breast cancer diagnosis and staging �
Treatment of: �
Stage 0 (DCIS, LCIS) –

Stage I through Stage IIB (T1-2, N0-1)  –

Stage IIB (T3N0) and Stage III –

Radiation treatment delivery �
Follow-up and screening guidelines �
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Bone scan is an optional study and only per- �
formed when there are symptoms related to the 
skeletal system or in patients with advanced stage 
of disease. Liver scans are optional studies that are 
obtained when there is questionable abnormality 
detected on CT scan or on liver chemistry.

Pathology

Prior to initiating any treatment, a pathologic  �
diagnosis of cancer must be confi rmed. This is 
usually obtained by performing a fi ne-needle 
aspirate or core-needle biopsy. The palpable or 
sonographically identifi ed lesions are subjected 
to ultrasound guided biopsies; a stereotactic-
guided biopsy is performed for non-palpable le-
sions and MRI-directed biopsies for lesions de-
tected on MRI alone.
A thorough pathology evaluation and standard- �
ized reporting is an essential component of 
treating breast cancer. The College of Ameri-
can Pathologists’ (CAP) protocols for reporting 
the pathology of all breast specimens is recom-
mended to ensure standardized reporting of 
pathology fi ndings. The reference for the CAP 
template is available through the CAP website 
(www.cap.org).
Request for biomarkers that include estrogen re- �
ceptors (ER), progesterone receptors (PR), and 
HER-2 status should be stated at the time of pa-
thology review.
The multifocal or multicentric nature of the  �
disease described in the pathology report is an 
important factor in deciding optimal local treat-
ment. A lesion is defi ned to be ‘multifocal’ when 
multiple foci of cancer are identifi ed within the 
same quadrant. ‘Multicentric’ disease is defi ned 
when foci of cancer are noted in multiple quad-
rants of the breast.

8.1.2 Staging

The American Joint Committee on Cancer (AJCC)  �
revised the breast cancer staging in 2002. The 
sixth edition of the Cancer Staging Manual in-
cludes the most current TNM staging system used 
for breast cancer (Greene et al. 2002).
The goals of the revised staging were to categorize  �
patients within uniform cohorts for better assess-
ment of prognosis and treatment (Table 8.2).

8.1.3 Risk Factors

The exact etiology of breast cancer is unknown;  �
however, there are a number of genetic and ac-
quired risk factors that have been associated with 
a higher incidence of the disease.
Gender:  � The female gender is at risk. The 
female:male ratio is 100:1 (Jemal et al. 2007).
Age � : The incidence of breast cancer increases 
with advancing years. However, the patients of 
younger age have a worse prognosis.
Race � : There is a fi ve-fold difference in the in-
cidence of breast cancer in Western countries 
compared to Japan, Thailand, and India where 
the incidence tends to be very low. Breast cancer 
survival rates in African American and Hispanic 
populations is lower than in Caucasian women. 
Young age, advanced stage, and poor pathology 
risk factors are more often seen in African Ameri-
can women (Moormeier 1996).
Hormonal milieu:  � Early menarche, late meno-
pause, nulliparity, late primi, and exogenous un-
opposed estrogens in premenopausal women are 
some of the factors associated with a higher risk 
of developing breast cancer. 
The use of oral contraceptives and the risk of breast  �
cancer has been studied in a large meta-analysis 
trial  (Collaborative Group on  Hormonal 
 Factors in Breast Cancer 1996) The analysis 
of 54 studies including 53,297 women with breast 
cancer and 100,239 women without breast cancer 
noted the following results: 

A modest increase in the risk of breast cancer  –
was observed with oral contraceptive use. 
The risk of breast cancer decreased to back- –
ground levels after 10 years of discontinuation 
of contraception use.
The limitations of the study were that it was  –
based on clinical data on oral contraceptive 
pills with the hormone dose that is no longer 
recommended. It is believed that the more re-
cent use of lower dose oral contraceptive pills 
may not be associated with this increased 
risk. 

The risk from hormone replacement therapy  �
(HRT) was studied in the 16,608 postmenopausal 
women who participated in the Women’s Health 
Initiative Study Group (Writing Group for the 
Women’s Health Initiative Investigators 
2002). The study randomization was between 
HRT and placebo. At a mean follow-up of 5.2 years 
they observed a 26% increased risk of developing 

LuBrady-BOOK.indb   113 13.08.2008   14:00:27



114 M. Chadha

Table 8.2. American Joint Committee on Cancer (AJCC) TNM classifi cation of carcinoma cancer of breast. [From Greene 
et al. (2002)]

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

Tis (DCIS) Ductal carcinoma in situ

Tis (LCIS) Lobular carcinoma in situ

Tis (Paget’s) Paget’s disease of the nipple with no tumor

T1 Tumor 2 cm or less in greatest dimension

T1mic Microinvasion 0.1 cm or less in greatest dimension

T1a Tumor more than 0.1 cm but not more than 0.5 cm in greatest dimension

T1b Tumor more than 0.5 cm but not more than 1 cm in greatest dimension

T1c Tumor more than 1 cm but not more than 2 cm in greatest dimension

T2 Tumor more than 2 cm but not more than 5 cm, in greatest dimension

T3 Tumor more than 5 cm in greatest dimension

T4 Tumor of any size with direct extension to (a) chest wall or (b) skin, only as described below

T4a Extension to chest wall, not including pectoralis muscle

T4b Edema (including peau d’orange) or ulceration of the skin of the breast, or satellite skin nodules confi ned 
to the same breast

T4c Both T4a and T4b

T4d Infl ammatory carcinoma

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed (e.g., previously removed)

N0 No regional lymph node metastasis

N1 Metastasis to movable ipsilateral axillary lymph node(s)

N2 Metastases in ipsilateral axillary lymph nodes fi xed or matted, or in clinically apparent ipsilateral internal 
mammary nodes in the absence of clinically evident axillary lymph node metastasis

N2a Metastasis in ipsilateral axillary lymph nodes fi xed to one another (matted) or to other structures

N2b Metastasis only in clinically apparent ipsilateral internal mammary nodes and in the absence of clinically 
evident axillary lymph node metastasis

N3 Metastasis in ipsilateral infraclavicular lymph node(s) with or without axillary lymph node involvement, or 
in clinically apparent ipsilateral internal mammary lymph node(s) and in the presence of clinically evident 
axillary lymph node metastasis; or metastasis in ipsilateral supraclavicular lymph node(s) with or without 
axillary or internal mammary lymph node involvement

N3a Metastasis in ipsilateral infraclavicular lymph node(s)

N3b Metastasis in ipsilateral internal mammary lymph node(s) and axillary lymph node(s)

N3c Metastasis in ipsilateral supraclavicular lymph node(s)

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis 

S TAG E G ROU PI NG

0: Tis N0 M0

I: T1* N0 M0

IIA: T0 N1 M0,  T1* N1 M0,  T2 N0 M0

IIB: T2 N1 M0,  T3 N0 M0

IIIA: T0 N2 M0,  T1* N2 M0,  T2 N2 M0,  T3 N1 M0,  T3 N2 M0

IIIB: T4 N0 M0,  T4 N1 M0,  T4 N2 M0

IIIC: Any T N3 M0

IV: Any T Any N M1

* includes T1 mic
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breast cancer among the women receiving HRT 
compared with placebo. When prescribing HRT, 
an individualized evaluation of the risk:benefi t 
ratio should be carefully evaluated. 
Previous history of breast cancer:  � Results in ap-
proximately a fi ve-fold increase in the risk of de-
veloping another cancer.
Radiation exposure: �  Previous radiation exposure 
is known to increase the risk of breast cancer 
with a latency period of 15–20 years (Bhatia et 
al. 1996; Yahalom et al. 1992).
Family history:  � There is a two- to three-fold in-
creased incidence of breast cancer when there is 
a history of a fi rst-degree relative having breast 
cancer. This incidence rises to ten-fold among 
women where the mother and sister was affected 
with breast cancer.
Genetic mutations � : Hereditary mutations account 
for approximately 10% of all breast cancers di-
agnosed, while in the other 85%–90% of patients 
the breast cancer is a sporadic event (Garber and 
Offi t 2005; Martin and Weber 2000). BRCA1/
BRCA2 carriers are at high risk of developing 
breast cancer at a younger age. The lifetime breast 
cancer risk among BRCA carriers may range from 
50%–85%. Further studies evaluating the impact 
of genetic mutations among the general breast 
cancer population still need to be pursued.
Diet and obesity � : It is suggested that the incidence 
of breast cancer may be related to environmental 
and dietary factors that are rich in animal fat 
(Chlebowski et al. 2006).
History of proliferative breast disease/benign dis- �
ease: Women who have a history of hyperplasia 
and lobular carcinoma in situ are at an increased 
risk of developing breast cancer. Lobular carci-
noma in situ is markedly known to increase the 
risk of subsequent invasive breast cancer (8- to 
11-fold).

8.1.4 Prognostic Factors

The individualized treatment plan for any given  �
patient should be based on prognostic factors.
The stage at diagnosis is the most important prog- �
nostic factor (Table 8.3).
Axillary lymph node status remains an indepen- �
dent predictor of patient outcome. 
Histology and grade of the primary tumor has  �
prognostic signifi cance. The prognosis of inva-
sive lobular is similar to invasive ductal, where 
as subtypes including tubular, medullary, and 
mucinous have a more favorable prognosis.
Tumor hormone receptor and HER-2 status are  �
prognostic factors that also infl uence treatment. 
Patient age and menopausal status also infl uence  �
outcome.
Cancer genomic analysis evaluating the contribution  �
of 16 cancer related genes in the patients own tumor 
appears to have prognostic and predictive value.

8.2 Management of Stage 0 Disease

Stage 0 breast cancer includes ductal carcinoma in  �
situ and lobular carcinoma in situ (Harris 2004; 
Silverstein 1997; Silverstein and Lagios 2006). 
The diagnosis of in-situ cancer is generally made on 
mammography. With the widespread use of screen-
ing mammography there is an increase in the over-
all incidence of in-situ lesions. Approximately 20% 
of all breast cancers diagnosed are in situ.

8.2.1 Lobular Carcinoma In Situ (LCIS)

The biologic behavior of LCIS illustrates that  �
this lesion is associated with an increased risk 
for bilateral breast cancer. The incidence of sub-
sequent breast cancer among women with LCIS 
is 20%–25% when followed over a duration of 
15 years (Haagensen et al. 1981). 
Pleomorphic LCIS has been recognized as an ag- �
gressive variant that has a greater potential for 
progressing to invasive cancer (Anderson et al. 
2006). In the future, a better understanding of 
the natural history supported by clinical evidence 
from outcome data on histologic variants of LCIS 
might infl uence our treatment recommendations. 

Table 8.3. 5-Year survival by stage of disease. [From Balch 
et al. (2002) with permission]

Stage 5-Year survival

0 100%

I 98%

IIA 88%

IIB 76%

IIIA 56%

IIIB, IIIC 49%

IV 16% 
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Therapy Recommendations for LCIS

With a diagnosis of LCIS preventive interventions  �
for risk reduction of subsequent cancer events is 
recommended (Grade A); the diagnosis is also an 
indication for following screening guidelines in 
high-risk patients (Grade A).
Risk reduction may be achieved by either of the  �
following:

Chemoprevention strategy using tamoxifen or  –
raloxifene (Grade A).
No local treatment for the breast per se is indi- –
cated, however, the option of bilateral mastec-
tomy through individualized risk assessment 
under special circumstances like BRCA1/2 mu-
tations or strong family history (Grade B) may 
be performed.

The benefi t of chemoprevention was evaluated  �
in the NSABP-P1 tamoxifen trial (NSABP-P1, 
Level I) (Fisher et al. 2005), which randomized 
healthy patients at high risk of breast cancer to 
receive placebo vs. tamoxifen for 5 years. Among 
all patients receiving tamoxifen the relative risk 
of invasive and non-invasive breast cancer was 
reduced by 49% and 50%, respectively. Among 
the 13,388 women enrolled in the study, 826 had 
LCIS. At a follow up of 69 months, a 56% reduc-
tion in the incidence of invasive cancer in the 
LCIS patient group was observed. Results from 
the STAR trial conducted by the NSABP random-
ized patients between tamoxifen and raloxifene 
(NSABP-P2; Level I) (Vogel et al. 2006). They 
observed both agents to be effective in reduc-
ing second cancer events. Based on these results, 
tamoxifen in the premenopausal patient and ral-
oxifene in the postmenopausal patient is an effec-
tive therapeutic intervention for risk reduction in 
women with LCIS. 

8.2.2 Ductal Carcinoma In Situ (DCIS)

DCIS arises from the ductal epithelium. This his- �
tologic pattern includes comedo and non-comedo 
subtypes. The non-comedo subtypes described 
are micropapillary, papillary, cribriform, and 
solid.
With a diagnosis of DCIS, the subsequent risk of  �
infi ltrating duct cell cancer is increased by eight 
to ten-fold. This risk is higher with comedo his-
tology (Level IV) (Ward et al. 1992). 

Van Nuys classifi cation of DCIS is based on  �
nuclear grade and presence of comedo necrosis 
(Grade C). Group 1 is non-high grade without 
necrosis; Group 2, non-high grade with necrosis; 
and Group 3, high grade. Risk of recurrence is low-
est in Group 1 and highest in Group 3 (Level IV) 
(Silverstein 2003).
Unlike LCIS, DCIS tends to be more unilateral  �
than bilateral. 
The poor prognostic variables for DCIS include  �
young age, positive or close margins of resection, 
high nuclear grade, necrosis, and size of the le-
sion.

Therapy Recommendations for DCIS

General

Patients with a diagnosis of DCIS who have mam- �
mographically-detected calcifi cations should 
have a post-lumpectomy, pre-RT mammogram 
to establish the new baseline, and also to docu-
ment whether there is any radiographic evidence 
of residual calcifi cations.
Local treatment  � options in the management of 
DCIS include: 

Lumpectomy with adjuvant RT ( – Grade A). The 
goal of lumpectomy is to remove the tumor 
with associated microcalcifi cations in its en-
tirety and achieve negative surgical margins. 
Lumpectomy alone ( – Grade B). 
Total mastectomy with/without sentinel lymph  –
node biopsy with/without reconstruction 
(Grade B). 

Role of RT

NSABP B-17 is a phase III study that random- �
ized patients between lumpectomy and lumpec-
tomy plus 50 Gy RT. A total of 391 patients were 
treated by lumpectomy alone, while 399 patients 
received RT following lumpectomy. Patients with 
all subtypes of DCIS benefi ted from RT with an 
overall recurrence rate of 16% at 12-years fol-
low-up compared to 32% among the observation 
group. Approximately 50% of the recurrence had 
in-situ histology and the other 50% had invasive 
recurrences (NSAPB B-17, Level I) (Fisher et al. 
1998b). 
The limitations of the NSAPB B-17 study are that  �
the margin width was not reported and data on 
post-lumpectomy mammograms documenting 
removal of all radiographic microcalcifi cations 
was not routinely performed.
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A prospective phase III clinical trial completed  �
by the European Organization of Research and 
Treatment of Cancer (EORTC) randomized 
1010 patients with DCIS with documented nega-
tive margins on lumpectomy to receive 50 Gy RT 
vs. observation (Bijker et al. 2006). At 4-year 
follow-up they reported benefi t of RT with a 
lower recurrence rate of 9% among the irradi-
ated patients compared with 16% in the observa-
tion group (EORTC 108-53, Level I) (Bijker et 
al. 2006).

Role of Observation After Lumpectomy

Observation after lumpectomy has been stud- �
ied in a recent multi-institutional ECOG 5194 
 single-arm prospective study. In this study, 
patients with low risk DCIS were treated with 
lumpectomy alone. The results identifi ed a favor-
able subset as patients with low- to intermediate-
grade DCIS with median tumor size of 6 mm and 
a clear margin width of 5–10 mm. At 5 years, 
the local recurrence rate for this group was 6.8% 
compared to 13.7% among those with small high-
grade DCIS. The results suggest that there may 
be a select group of patients with DCIS who may 
be observed following lumpectomy (ECOG 5194, 
Level II) (Hughes et al. 2006).
Retrospective studies evaluating patients with  �
DCIS treated by excision alone suggests that there 
is an incremental improvement in local control 
by achieving large, clear margins on excision. It 
may be possible to select subgroups of DCIS who 
are at low risk for recurrence and may not benefi t 
from the administration of RT at initial diagnosis 
(Level IV) (MacDonald et al. 2005). However, 
a recent study completed by Wong et al. (2006) 
noted otherwise. Among a favorable group of pa-
tients with grade 1 or 2 DCIS <2.5 cm on mammo-
gram and with negative resection margins >1 cm 
a relatively high local failure rate of 12% at 5 years 
was observed (Level IV).

Role of Tamoxifen

The NSABP B-24 trial aimed to study the effect of  �
tamoxifen in the prevention of tumor recurrence 
or secondary breast cancer in patients treated 
for DCIS (Fisher et al. 1999). RT was used for 
post-operative adjuvant treatment. In this trial, 
1804 women with the diagnosis of DCIS were 
treated with lumpectomy and RT. This was fol-
lowed by randomization to placebo vs. tamoxifen 
at a dose of 20 mg daily for 5-years. A total of 

902 women received tamoxifen and 902 women 
were observed. The margins of resection were 
positive in 16% of the patients enrolled in this 
study. At 7-year follow-up, they reported an over-
all reduction in cancer events when tamoxifen 
was used. In the ipsilateral breast the recurrence 
rate decreased from 11% to 8% and in the con-
tralateral breast the reduction in cancer events 
reduced from 4.9% to 2.3% (NSABP B-24, Level I) 
(Fisher et al. 1999).
In a subsequent publication, the response to ta- �
moxifen with respect to the ER status was evalu-
ated. In ER-positive patients, tamoxifen resulted 
in a 59% reduction of all breast cancer events, 
whereas in ER-negative patients, only a 20% re-
duction was observed (Level I) (Allred et al. 
2002).
The  � UK Coordinating Committee on Cancer 
Research (2003) completed a four-arm random-
ized trial. Patients were randomized after lumpec-
tomy with negative margins to observation vs. RT 
alone vs. tamoxifen alone vs. tamoxifen and RT. The 
study enrolled 1701 patients and reported failure 
rates observed at a median follow-up of 53 months 
The results on reported local relapse rates were 
22%, 18%, 8%, and 6% for patients enrolled to no 
treatment, tamoxifen alone, RT alone, and both RT 
and tamoxifen, respectively. Patients receiving any 
RT had a 6% relapse rate compared to 14% relapse 
for patients receiving no RT (UKCCCR, Level I). 

8.2.3 Radiation Therapy Dose Fraction 
 Schedule

All the level I data evaluating the effi cacy of RT  �
in the management of DCIS used whole breast 
RT fi elds.
The recommended RT is conventionally deliv- �
ered in opposed tangential fi elds to the ipsilat-
eral breast. 
Irradiation of the regional nodal areas is not re- �
quired because the risk of nodal metastasis is 
low.
The dose of RT to whole breast is 45–50 Gy in  �
 1.8–2.0 Gy fractions. An additional 10–16 Gy dose 
is delivered to the boost. Generally, the boost vol-
ume includes the surgical bed with a 1.5–2-cm 
margin. 
Field arrangements, simulation, and dosimetric  �
considerations are detailed in Section8.5.
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8.3 Management of Stage I 
 Through Stage IIB Diseases

8.3.1 General Therapy Principles

The standard of care in breast-conserving ther- �
apy (BCT) includes adjuvant radiation after 
lumpectomy (Grade A). The effi cacy of postop-
erative RT after lumpectomy has been repeatedly 
demonstrated through various prospective ran-
domized trials (Table 8.4). A number of Phase III 
randomized trials have shown that lumpectomy 
and axillary dissection, followed by RT is equiva-
lent to modifi ed radical mastectomy. BCT is the 
preferred treatment option for the majority of pa-
tients with early-stage invasive breast cancer and 
allows for organ preservation (Grade A).
The value of RT following lumpectomy in the el- �
derly population has been studied in Phase III 
trials completed in North America. In the early 
results, RT does not appear to improve overall 
survival, but its use is noted to signifi cantly im-
prove local control (Grade A).
The logistical problems associated with conven- �
tional ERT include a protracted time commitment 

from the patient, commuting issues for those 
women who live at great distances from the hospi-
tal/centers has led investigators to study alterna-
tive accelerated dose fraction schedules. Partial 
breast irradiation is delivered to the lumpectomy 
volume only by using either brachytherapy or 
conformal external beam RT (ERT) therapy tech-
nique (Grade B). Early results suggest the safety 
and effi cancy of using partial breast irradiation 
in carefully selected patients.
Accelerated whole breast RT using varied dose  �
fraction schedules has been investigated in Can-
ada and Europe. Early outcome data suggest that 
a large fraction size is well tolerated by the breast 
and may be safely used to administer an accel-
erated schedule resulting in an overall shorter 
course of treatment (Grade B).

8.3.2 Treatment Recommendations for 
 Stage I Through Stage IIB

Breast-Conserving Therapy vs. Mastectomy

As noted in Table 8.4 ( � Veronesi et al. 2002; 
 Fischer et al. 2002b; Blichert-Toft et al. 1992; 
Arriagada et al. 1996; Jacobson et al. 1995; 

Table 8.4. Lumpectomy and whole breast RT vs. mastectomy

Institution Years Patients
(n)

Overall
survival (%)

Follow-up
years

Milan 1973–1980 349 (M) Same @ 20 years

352 (Q + XRT)

NSABP-B06 1976–1984 590 (M) Same @ 20 years

629 (L + XRT)

Danish Breast Cancer 1983–1987 429 (M) 82% @ 6 years

Cooperative Group 430 (L + XRT) 79%

Institut Gustave-Roussy 1972–1979 91 (M) 65% @ 15 years

Breast Cancer Group 88 (L + XRT) 73%

NCI 1980–1986 116 (M) 75% @ 10 years

121 (L + XRT) 77%

EORTC 10801 1980–1986 426 (M) 63% @ 8 Years

456 (L + XRT) 58%

Q, Quadrantectomy; M, mastectomy; L, lumpectomy; XRT, whole breast external beam RT.
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van Dongen et al. 2000) and the meta-analy-
sis by the Early Breast Cancer  Trialists’ 
 Collaborative Group (1995), there is estab-
lished level I evidence that notes that BCT is 
equivalent to mastectomy. However, mastectomy 
is performed when BCT is clinically contraindi-
cated or when mastectomy is the patient’s prefer-
ence. The clinical contraindications to BCT in-
clude multicentricity, unfavorable ratio of tumor 
size to breast, advanced-stage disease, pregnancy, 
and collagen vascular disease. Even though we 
have robust supporting evidence on the use of 
BCT for early stage disease, a signifi cant num-
ber of patients still undergo a modifi ed radical 
mastectomy. This is primarily attributed to lack 
of patient education and awareness of treatment 
options, as well as management infl uenced by 
surgeon bias (Morrow et al. 2001; American 
College of Surgeons Report).

Administering a Boost After Whole Breast RT

Most radiation oncologists administer a boost  �
with electrons and, on occasion, with photons 
to administer a higher dose to the lumpectomy 
site with the objective of improving local control 
(Bartelink et al. 2001; Antonini et al. 2007; 
Romestaing et al. 1997). Boost irradiation to the 
tumor bed is recommended after whole breast RT 
(Grade A).
The EORTC conducted a randomized trial to  �
evaluate the impact of additional RT dose to the 
lumpectomy site. The study enrolled 5569 pa-
tients with stage I and II disease. All patients 
underwent a lumpectomy with negative margins 
and were randomized to receive 50 Gy ERT to 
breast vs. 50 Gy ERT to breast and 16 Gy boost. 
The boost treatment was associated with a lower 
recurrence rate of 4.3% vs. 7.3% among patients 
receiving no boost. The maximum benefi t of 
boost dose was observed in the younger women 
aged <40 years (EORTC 22881–10882, Level I) 
(Bartelink et al. 2001; Antonini et al. 2007). 
Another randomized boost vs. no boost trial 
was conducted in Lyon. In this study, patients 
received 50 Gy whole breast RT followed by ran-
domization to receive 10 Gy boost vs. no boost. 
A total of 1024 patients with tumors less than 
3 cm were enrolled. At a median follow-up of 
3 years the local relapse rate in the boost arm 
was 3.6% compared to 4.5% in the non-boost 
arm. No difference in the cosmesis was observed 

between the two groups (Level I) (Romestaing 
et al. 1997).

Patient Selection for Safely Eliminating RT

Adjuvant RT is currently recommended in all pa- �
tients after lumpectomy, regardless of the size of 
the primary disease, age of patient, and hormonal 
receptor (Grade A). A number of studies have fo-
cused on whether we can identify subsets of pa-
tients in whom RT may be safely eliminated. 
NSABP B21 evaluated the potential for eliminat- �
ing post-lumpectomy ERT for very small inva-
sive tumors and ER-positive patients receiving 
antiestrogen therapy. The study enrolled 1009 
patients with tumor size < 1 cm. The random-
ization following lumpectomy was tamoxifen vs. 
placebo and RT vs. tamoxifen and RT. At 8-years 
median follow-up, the study results reported RT 
and tamoxifen to have the lowest relapse rate at 
2.8%; the RT and placebo had a local relapse rate 
of 9.3% and tamoxifen alone had a local relapse 
rate of 16.5% (NSABP –B21, Level I) (Fisher et 
al. 2002a).
In a study limited to post-menopausal patients, 
women over the age of 50 years, with stage I/II 
disease irrespective of ER status, were random-
ized following lumpectomy to receive tamoxifen 
and RT vs. tamoxifen alone. The study enrolled 
769 patients. The 5-year local failure rate was 
much lower when treating with RT and tamoxifen 
as compared to tamoxifen alone, 0.6% vs. 7.7% 
(p<0.001). The fi ndings of the study illustrate 
a high local failure rate with a short follow-up 
establishing RT as the recommended treatment 
after lumpectomy (Level I) (Fyles et al. 2004).
The objective of the CALGB C9343/INT trial  �
was to evaluate the role of post-lumpectomy RT 
in the elderly. The study enrolled 636 patients 
over the age of 70 years with ER-positive stage 
T1N0 disease. Following lumpectomy, patients 
were randomized to tamoxifen alone vs. tamox-
ifen and RT. At 5-year follow-up they observed 
statistically signifi cant differences with a lower 
recurrence rate when both tamoxifen and RT 
were used, 1% vs. 4% (p< 0.001). However, no 
difference in survival was observed between the 
two groups. When treating the very elderly, one 
could consider individualizing the risk benefi ts of 
adjuvant treatment with regards to the patient’s 
overall health and co-morbidities (CALGB C9343, 
Level I) (Hughes et al. 2004).
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Accelerated Partial Breast Irradiation

Although RT to the whole breast is considered the  �
standard treatment course, administering partial 
breast irradiation may be an effective treatment 
(Grade B)  (McCormick 2005). Accelerated partial 
breast irradiation (APBI) can signifi cantly reduce 
the overall treatment time of adjuvant RT, and 
its effi cacy has been shown in non-randomized 
trials. 
A Phase II trial that included 199 patients with  �
early stage cancer treated all patients with par-
tial breast brachytherapy. Using either high-dose-
rate (HDR) or low-dose-rate (LDR) brachyther-
apy. Matched-pair analysis with women treated 
with whole breast RT was performed. At a median 
follow-up of 65 months, the local failure rate was 
1% and the results observed were comparable to 
those achieved with whole breast RT (Level III) 
(Vicini et al. 2003).
The RTOG completed a Phase II trial of  �
brachytherapy alone following lumpectomy for 
stage I/II breast cancer. Following lumpectomy 
and axillary dissection, patients either received a 
dose of 34 Gy in ten fractions over 5 days through 
HDR brachytherapy treatments or 45 Gy over 
3.5–5 days using LDR brachytherapy. They re-
ported an overall actuarial survival of 93% and 
less than 1% local failure per year (Level III) 
 (Arthur et al. 2006).
There is an ongoing phase III randomized  �
prospective trial, i.e., RTOG 0413/NSABP B39 
( Radiation Therapy Oncology Group 2004). 
The eligible patients include stage 0–II breast can-
cer, all histologic subtypes are eligible. Patients 
with up to three positive nodes are allowed to en-
roll. The randomization is between whole breast 
RT 45–50 Gy followed by a boost delivering 60–
66 Gy to the lumpectomy site and partial breast 
irradiation with either brachytherapy technique 
delivering 34 Gy in ten fractions or 3D external 
beam partial breast treatment delivering 3.85 Gy 
in ten fractions. The study is projected to enroll 
in excess of 3000 patients.

Accelerated Whole Breast Radiation Therapy

One of the limitations of the accepted ERT treat- �
ment is that it requires patients to receive at least a 
6-week course of RT on a daily schedule from Mon-
day through Friday. Published Phase III reports 
suggest that a large fraction size is well tolerated 

by the breast and may be safely used to administer 
an accelerated schedule resulting in an overall 
shorter course of treatment (Grade B) (Whelan et 
al. 2002; Dewar et al. 2007). However, longer fol-
low-up and more clinical data need to be acquired.
Whelan et al. (2002) randomly assigned 1234 
women to receive either the “long” arm (n = 612) 
delivering 50 Gy in 25 fractions over 35 days, or 
the “short” arm (n = 622) delivering 42.5 Gy in 
16 fractions over 22 days (2.65 Gy per day). At a 
median follow-up of 69 months, the 5-year local 
recurrence-free survival was 97.2% in the short 
RT arm and 96.8% in the long RT arm. The local 
breast recurrence rates reported at 5 years were 
2.87% and 2.9% (p = 0.83), respectively. Over-
all and disease-free survival was also equivalent 
(Level I).

Radiation Therapy Dose Fraction Schedule

All the level I data evaluating the effi cacy of RT  �
in the management of early-stage invasive breast 
cancer used whole breast RT fi elds.
The recommended RT is conventionally deliv- �
ered in opposed tangential fi elds to the ipsilat-
eral breast. 
Irradiation of the regional nodal areas is indi- �
cated when there is signifi cant burden of meta-
static disease in the lymph nodes. 
The dose of RT to whole breast is 45–50 Gy in  �
1.8–2.0-Gy fractions. Boost volume is generally 
defi ned as the lumpectomy cavity plus a 1.5–2-cm 
margin. Another 10- 16 Gy boost is prescribed for 
a total dose of 60–66 Gy at the lumpectomy site. 
The dose to the regional nodes, when indicated, 
is in the range of 50 Gy.
Alternative dose fraction schedules are used for 
patients participating in protocols.
Field arrangements, simulation, and dosimetric  �
considerations are detailed in Section 8.5. 

8.4 Radiation Therapy Techniques 
 for the Intact Breast

Treatment Technique and 
Field Arrangements

Breast irradiation: �  Radiation therapy is conven-
tionally delivered using opposed tangential fi elds 

LuBrady-BOOK.indb   120 13.08.2008   14:00:28



  Breast Cancer 121

to the ipsilateral breast. A volume-based dosim-
etric plan should be evaluated in all cases. There-
fore, CT simulation is recommended (Grade A). 
This would assure adequate coverage of target and 
maximize sparing and limiting the dose to lung 
and heart. A recent phase III study has very nicely 
illustrated the benefi t of minimizing hot spots 
within the target volume (Level I) (Donovan et 
al. 2007; Pignol 2006). Achieving homogenous 
dose distribution may require using wedges or 
intensity-modulated RT with forward planning 
or inverse planning technique.
Boost: �  The lumpectomy boost volume includes 
the lumpectomy cavity with a 1.5- to 2-cm mar-
gin. The most commonly used beam for boost 
is the electrons, on occasion, when treating 
deep-seated cavity photons may be used. There 
is  limited experience using brachytherapy for 
boost. 
Regional nodes: �  In a negative axilla or an ade-
quately dissected axilla with low residual tumor 
burden (1–3 positive nodes) may not require the 
addition of an RT fi eld that targets the lymph 
node bearing area. This added radiation fi eld 
is associated with increased morbidity and lack 
of clear evidence of therapeutic benefi t. On the 
other hand, if a patient has 1–3 positive nodes 
and the axillary dissection is inadequate, i.e., 
only a limited number of nodes (6 or less) are 
removed, or following a positive sentinel lymph 
node, a formal axillary dissection is not per-
formed. The plan should include RT to the re-
gional lymph node. Also, when more than 4 
nodes are positive RT to regional lymph nodes 
should be planned.

Dose Fraction Schedule

The most commonly used fraction schedule to  �
the whole breast is 45–50 Gy in 1.8–2.0 Gy per 
fraction. This is followed by boost treatment. 
Generally, a dose of another 10–16 Gy boost is 
prescribed for a total dose of 60–66 Gy to the 
lumpectomy site. When indicated, the lymph 
node stations are treated using a supraclavicular 
fi eld with or without a posterior axilla boost fi eld. 
The prescribed dose to the regional nodes is in the 
range of 50 Gy in 1.8–2.0 Gy fractions.

8.5 Management of Locally Advanced 
 (Stage IIB and III) Diseases

8.5.1 General Therapy Principles

For locally advanced disease the optimal treat- �
ment of local, regional, and systemic risk of breast 
cancer, requires a multimodality approach.
Among operable patients, generally the surgical  �
procedure for the primary tumor and draining 
lymph nodes is performed upfront, followed by 
adjuvant chemotherapy, hormone therapy, and 
RT based on individualized risk.
Among patients with large tumors neoadjuvant  �
chemotherapy may facilitate operability.

8.5.2 Surgery

Patients presenting with large tumors undergo  �
modifi ed radical mastectomy with a level I/II ax-
illary dissection. In this category, only patients 
presenting with unifocal breast cancer and fa-
vorable tumor-to-breast ratio may be candidates 
for a breast-conserving operation that includes a 
lumpectomy and axillary dissection.

8.5.3 Adjuvant Radiation Therapy 
 After Mastectomy

Following mastectomy, patients with locally ad- �
vanced-stage disease are at a substantial risk for 
local and regional recurrence when left untreated 
(Taghian et al. 2004; Katz et al. 2000; Nielsen 
et al. 2006). Locoregional relapse is a challenging 
problem for the patient and clinician alike. On 
average, the probability of controlling a localized 
relapse is 50%. 
Postmastectomy RT (PMRT) has consistently  �
been shown to improve local regional control of 
disease (Grade A). The Early Breast  Cancer 
Trialists’ Collaborative Group (2005b) com-
pleted a meta-analysis of 78 randomized trials 
that included over 42,000 women. In all these 
studies one of the treatment arms included post-
operative RT. The results noted an improvement 
in local control when RT was used and reported 
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a 17%–19% benefi t from RT at 5-years. The added 
absolute benefi t of RT was also noted among pa-
tients receiving chemotherapy. The 15-year over-
all survival noted an absolute benefi t of RT in 
the order of 5.3% after BCT and 4.4% after mas-
tectomy and axillary dissection. These benefi ts 
were noted among all age groups, tumor grade, 
nodal status, and receptor status (EBCTCG RT, 
Level I).
PMRT is routinely indicated for patients present- �
ing with stage T3/4 tumor, more than four axil-
lary lymph nodes with evidence of metastases, or 
when the lymph node metastasis has extracap-
sular extension and positive margins on mastec-
tomy (Grade A). Harris et al. (1999), Recht et al. 
(2001), and Taghian et al. (2004) systemically re-
viewed clinical data on 5758 lymph node-positive 
breast cancers that were treated with mastectomy 
and had enrolled in one of the fi ve listed NSABP 
trials (B15, B16, B18, B22, B25). The majority of 
isolated failures involved either the chest wall or 
the supraclavicular nodes. The signifi cant clini-
cal factors associated with a risk of local recur-
rence in the range of 25% were > four positive 
nodes, tumors greater than 5 cm, young age (be-
low 40 years), and suboptimal axillary dissection 
< six nodes retrieved (Level I).
At least three randomized studies have also  �
shown a survival advantage in addition to the 
benefi t in locoregional control, although others 
do not illustrate that conclusion:
The Danish Breast Cooperative Group reported 
on the impact of PMRT on 1708 premenopausal 
patients with stage II and III breast cancer. At 10-
year follow-up, the addition of PMRT to chemo-
therapy had a local failure rate of 9% compared 
with 32% without PMRT. They also reported a 
signifi cant improvement in disease-free survival 
and overall survival at 34% and 45% compared to 
48% and 54%, respectively (Level I) (Overgaard 
et al. 1997). In the postmenopausal population, a 
similar magnitude of benefi t of RT over tamox-
ifen alone on local control disease-free survival, 
and overall survival was reported in 1375 women 
with stage II and III disease. The common cri-
tique of these results is focused on the low median 
number of lymph nodes reported in the axillary 
dissection (Level I) (Overgaard et al. 1999). 
A similar experience reported by the British 
Columbia Trial (Ragaz et al. 2005) limited to 
premenopausal patients reported the benefi t of 
PMRT administered to the chest wall and regional 

nodes. At a median follow-up of 14.5 years, sig-
nifi cant improvements in local control, disease-
free survival, and overall survival were observed 
in favor of RT with chemotherapy over chemo-
therapy alone. The most signifi cant benefi t was 
seen in the 1–3 lymph node-positive group with 
extracapsular spread (Level I).

8.5.4 Radiation Therapy Technique for 
 Postmastectomy RT

Treatment Technique and 
Field Arrangements

Chest wall irradiation: �  RT is commonly delivered 
using opposed tangential fi elds to encompass the 
ipsilateral chest wall. A volume-based dosimetric 
plan should be evaluated in all cases. Therefore, 
CT simulation is recommended. This would as-
sure adequate coverage of target while limiting 
the dose to lung and heart. 
Achieving homogenous dose distribution may 
require using wedges or intensity-modulated 
RT with forward planning or inverse planning 
 technique.
Boost: �  There is no consensus on whether the 
mastectomy scar should receive a boost. Most 
contemporary techniques do not use scar 
boost.
Regional nodes: �  If the axilla is adequately dis-
sected and there is no extracapsular extension, 
the residual tumor burden from metastatic dis-
ease in the axilla may not justify the addition of 
an RT fi eld to include the axilla. RT fi eld overlap-
ing an adequately dissected axilla is associated 
with increased morbidity and with little supple-
mental therapeutic benefi t. On the other hand, 
if the patient has had an inadequate axillary 
dissection, or there is evidence of extracapsular 
extension, the lateral border of the supraclavicu-
lar fi eld includes the axilla with intent to treat. 
The lymph node stations are treated using an 
anterior supraclavicular fi eld with or without a 
posterior axilla boost fi eld. The internal mam-
mary nodes (IMN) can be encompassed by using 
deep tangential beam with blocks or a separate 
matched IMN fi eld may be used.
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Dose Fraction Schedule

The most commonly used dose fraction schedule  �
to the chestwall and regional node is 50 Gy in 
1.8–2.0 Gy per fraction.
For patients treated with BCT, a dose of another  �
10–16 Gy boost is prescribed for a total dose of 
60–66 Gy to the lumpectomy site.

8.6 Chemotherapy

Adjuvant Chemotherapy

For high-risk disease, chemotherapy is as- �
sociated with improved overall survival, dis-
ease-free survival, and local control. This has 
been repeatedly demonstrated for this group 
of patients by prospective randomized trials 
(Grade A)  (Harris 2004; Early Breast  Cancer 
 Trialists’ Collaborative Group 2005a). De-
tailed discussions of these trials are beyond the 
scope of this chapter. 
For early stage the clinical data shows that, al- �
though systemic therapy improves local control, 
it does not obviate the role of RT in patients with 
early-stage invasive ductal carcinoma (Grade A). 
In a randomized trial from Europe which en-
rolled 585 patients with stage I/II breast cancer, 
T size < 4 cm, and negative margins of resec-
tion, patients were randomized to lumpectomy 
vs. lumpectomy and RT. All patients were then 
prescribed systemic therapy. ER-negative patients 
received CMF (cyclophosphamide, methotrexate, 
fl uorouracil 5FU) chemotherapy and ER-positive 
patients received tamoxifen. The patients that re-
ceived lumpectomy and adjuvant systemic ther-
apy alone had a local failure rate of 24.5% vs. 5.8% 
among the patients who also received RT (p<0.01) 
(Scottish Trial, Level I) ( Forrest et al. 1996).
The EBCTCG completed a meta-analysis on  �
chemo-/hormone therapy (Early Breast Can-
cer Trialists’ Collaborative Group 2005a). 
This meta-analysis included 194 randomized tri-
als. The results reported a benefi t to using an-
thracycline-based chemotherapy and hormone 
therapy in the ER-positive patients. Patients 
who received an anthracycline-containing che-
motherapy regimen for at least 6 months expe-

rienced a reduction in breast cancer mortality 
by 38% and 20% among the premenopausal and 
postmenopausal women, respectively. Tamoxifen 
of 5 years’ duration is more effective than the 
shorter 1- to 2-year course. The absolute benefi ts 
at 5 years without chemotherapy were 12% and 
with chemotherapy 11% (EBCTCG chemo/HT; 
Level I).
NSABP B-31 included high-risk HER-2 positive  �
breast cancer patients who were randomized and 
received either adriamycin, cyclophosphamide 
and paclitaxel, or the same chemotherapy plus 
trastuzumab. Results on 3351 patients reported 
that the trastuzumab arm had a better 3-year dis-
ease-free survival and overall survival at 87% and 
94% compared to 75% and 92% for the patients 
who received chemotherapy alone However, tras-
tuzumab was associated with a higher cardiac 
toxicity (NSABP B-31 & NCCTG N9831, Level I) 
(Romond et al. 2005).

Sequencing of Chemotherapy and 
Radiation Therapy

When patients are advised RT, the scheduled RT  �
generally begins 3–4 weeks after the last chemo-
therapy cycle. Further, for patients receiving her-
ceptin, radiotherapy course can be administered 
concomitantly.
The sequencing of chemotherapy and RT may  �
impact the fi rst site of failure but is not known 
to infl uence overall outcome (Grade A). In pa-
tients with close or positive surgical margins, if 
re-excision is not feasible, RT should be consid-
ered prior to chemotherapy. In a prospective ran-
domized trial which enrolled 244 patients with 
stage I/II disease, patients were randomized to 
receive either four cycles of anthracycline-based 
chemotherapy followed by RT, or initial RT fol-
lowed by the same the chemotherapy regimens. 
At 11-year follow-up, no difference in the over-
all survival, distant metastases, between the two 
arms was observed. Patients with clinical close 
margins seemed to benefi t from receiving the RT 
fi rst. The local recurrence with RT fi rst was 4% 
compared to 32% with chemotherapy fi rst. Pa-
tients with positive margins experienced similar 
local failure rates of 20%–23% (Level I) (Recht 
et al. 2004). 
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Sequencing of Chemotherapy and Surgery

Although chemotherapy is usually delivered fol- �
lowing surgery, no difference was observed in 
outcome between pre- vs. postoperative chemo-
therapy. The NSABP B-18 trial enrolled 1523 pa-
tients and randomized all cases to four cycles of 
pre- or postoperative chemotherapy using four 
cycles of doxorubicin and cyclophosphamide 
(AC regimen). The results of this prospective 
randomized trial showed that no difference can 
be found in overall survival and disease-free sur-
vival between patients treated in either sequence 
at 9 years. However, those treated with preop-
erative AC chemotherapy achieved a higher rate 
of BCT when the size of the primary tumor at 
presentation was > 5 cm (NSABP B-18, Level I) 
(Fisher et al. 1998).

Neoadjuvant Chemotherapy

Neoadjuvant chemotherapy is often used to ad- �
dress the systemic risk upfront, as well as to 
assess response to the chemotherapy regimen 
prescribed. Effective cytoreduction might obvi-
ate the need for a modifi ed radical mastectomy 
(Grade A). Neoadjuvant chemotherapy converts 
mastectomy to BCT in 20%–30% of cases; CR and 
PR rates on neoadjuvant therapy range between 
20%–40% and 10%–20%, respectively. BCT may 
be appropriate among patients achieving a good 
response to neoadjuvant chemotherapy. In the 
NSABP-B 18 trial, the women randomized to the 
neoadjuvant arm had 12% more lumpectomies 
resulting in BCT (NSABP B-18, Level I) (Fisher 
et al. 1998).
Multiple retrospective reviews have reported the  �
feasibility of BCT for advanced stage disease. 
Chen et al. (2004) completed a retrospective re-
view on 340 patients who received neoadjuvant 
chemotherapy followed by BCT. With appropriate 
selection, this sequencing can offer breast conser-
vation with acceptable local failure rates of 5% 
at 5 years (Level IV). Kuerer et al. (1999) also 
reported on 372 patients diagnosed as having lo-
cally advanced disease. All patients received four 
cycles of neoadjuvant AC. They reported a better 
outcome for patients who had experienced at least 
a partial response to chemotherapy. The 5-year 
overall survival was 89% among the respond-
ers compared to 64% among non-responders 
(Level IV).

8.7 Post-Therapy Follow-Up 
 Guidelines

Follow-up after treatment of breast cancer is  �
recommended for all patients (Grade D). Ideally, 
follow-up of patients should be performed by a 
multidisciplinary team. 
The recommended follow-up schedule is as fol- �
lows: every 3–6 months for years 1–3; every 
6 months for years 4 and 5, and annually there-
after.
Each follow-up visit requires an interval history  �
and a physical examination that includes a breast 
exam. Follow-up mammograms are obtained 
6 months after completion of therapy is per-
formed. Subsequent mammograms are obtained 
annually. A short follow-up mammogram may be 
obtained on a case-by-case basis and is at the dis-
cretion of the radiologist. Dedicated MRI breast 
follow-up may be used in selected situations, i.e., 
when the patient is identifi ed as being at high risk, 
has dense breast on mammogram, or is a carrier 
of BRCA mutations.
Other imaging studies are obtained only if clini- �
cal history and physical fi ndings warrant this.
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Introduction and Objectives

Non-small-cell lung cancer (NSCLC), unless in its earliest stage, 
is a systemic disease that requires multidisciplinary manage-
ment. Accurate staging is crucial to determine resectability as 
resection is currently the best means to prolong survival. The 
gold standard for resectable disease remains surgery, though 
equivalent outcomes appear possible for selected T1N0/T2N0 
lesions treated by radiosurgery. Patients with stage IB disease 
and beyond benefi t from adjuvant chemotherapy. Those with 
stage III disease require concurrent chemoradiation. In addition, 
innovative interventions are needed for these individuals as out-
comes remain poor in this subgroup.

This chapter examines:

Recommendations for diagnosis and staging procedures �

The staging system and prognostic factors �

Treatment recommendations as well as the supporting  �
scientifi c evidence for defi nitive and adjuvant treatment for 
early stage resectable NSCLC

The use of combined chemotherapy and radiotherapy for  �
defi nitive treatment of locally advanced disease

Systemic chemotherapy and palliative radiation for meta- �
static disease

Follow-up care and surveillance of survivors �
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9.1 Diagnosis, Staging, and 
 Prognosis

9.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of NSCLC starts with  �
a complete history and physical examination 
(H&P). Presenting signs and symptoms depend 
on the location and extent of the tumor.
Attention should be paid to tobacco use, ex- �
posure to environmental carcinogens, weight 
loss, bone pain, neurologic signs, and NSCLC-
associated paraneoplastic syndromes. Although 
paraneoplastic syndromes are comparatively 
uncommon in NSCLC, squamous cell carcinoma 
of the lung may present with hypercalcemia 
due to parathyroid-like hormone production. 
Adenocarcinoma of the lung may be associated 
with clubbing and hypertrophic pulmonary os-
teoarthropathy and the Trousseau syndrome of 
hypercoagulability.
Thorough physical examination should be per- �
formed to exclude atelectasis, pleural effusion, 
airway obstruction, hepatomegaly, supraclavicu-
lar and neck lymphadenopathy, and in particular, 
neurologic symptoms.

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic serum chemistry, liver function 
tests, renal function tests, alkaline phosphatase, 
and lactate dehydrogenase (LDH). Serum LDH is 
prognostically important in NSCLC.
Adequate pulmonary function is  required when  �
lobectomy, pneumonectomy, or defi nitive dose 

radiation therapy is attempted. However, tumor 
obstruction may provide a falsely low FEV1. In 
these cases curative radiation/chemoradiation is 
still possible and recommended (Beckles et al. 
2003).

Imaging Studies

A PET/CT scan is recommended ( � Grade A). Diag-
nostic imaging studies are required to evaluate 
the extent of the disease in the thorax as well 
as distant metastasis. Contrast CT of the brain, 
neck, thorax, and abdomen with bone scan may 
be used as substituted, but is inferior to PET/CT. 
Mediastinoscopy and biopsy is indicated for  �
lymph nodes greater than 1.0 cm in short-
est transverse axis or positive on FDG-PET 
(Grade B). CT alone is not adequate for detect-
ing mediastinal lymphadenopathy.Prospec-
tive evaluation of CT and mediastinoscopy in 
mediastinal lymph node staging revealed the 
sensitivity, specifi city, and accuracy of CT was 
63%, 57%, and 59%, respectively; therefore, CT 
alone is not adequate for mediastinal staging 
(Level III) (Gdeedo et al. 1997). A lymph node 
is considered normal if its short axis is < 1 cm 
on CT. Results from a large retrospective study 
showed metastasis was found in 20% of medi-
astinal lymph nodes < 1.5 cm in shortest diam-
eter (Level IV) (De Leyn et al. 1997).
FDG-PET/CT scan is optimal for staging as it  �
is more specifi c and sensitive than CT alone 
for detecting distant metastasis and mediasti-
nal lymphadenopathy (Grade A). Results from a 
prospective study for the impact of FDG-PET on 
preoperative staging of NSCLC showed the sen-
sitivity and specifi city of PET for the detection 
of both mediastinal and distant metastatic dis-
ease was 95% and 83%, respectively, signifi cantly 
higher than those from CT alone (Level III) (Pi-
eterman et al. 2000). In addition, results from 
a prospective randomized study revealed the 
addition of FDG-PET scan signifi cantly reduced 
the number of unnecessary thoracotomies (PLUS 
multicentre trial, Level I) (van Tinteren et al. 
2002).
Brain CT or MRI is not routinely indicated for  �
stage I and II NSCLC, but should be used when 
signs and symptoms of brain metastases are pres-
ent. When defi nitive surgery or chemoradiation is 
indicated for stage III disease, brain CT or MRI 
should be considered (Grade B). Asymptomatic 

Table 9.1. Imaging and laboratory work-ups for NSCLC

Imaging studies Laboratory tests

– PET/CT or FDG-PET scan
– MRI or CT of brain with 
   contrast (optional for 
   stage I and II )
– Chest X-ray
– CT of chest/upper 
   abdomen
– Bone scan (optional)

– Complete blood count
– Serum chemistry
– Liver function tests
– Renal function tests
– Alkaline phosphatase
– LDH
– Pulmonary function
   tests
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brain metastases occur in approximately 30% of 
stage II and III patients within 2 years after diag-
nosis. When compared to CT, MRI did not show 
a higher preoperative detection rate in patients 
without neurologic symptoms. The detection rate 
for patients with stage I or II NSCLC was 4%, and 
that for stage III disease was 11.4% (Level III) 
(Yokoi et al. 1999).
A bone scan is unnecessary for staging when  �
FDG-PET is performed (Grade B). The accuracy 
in detecting bone metastasis by FDG-PET was 
96% versus 66% by bone scan in a retrospective 
series (Level IV) (Bury et al. 1998). Furthermore, 
results from a small prospective nonrandomized 
trial which included 53 patients with small-cell 
lung cancer or advanced stage NSCLC showed 
that FDG-PET is the most accurate method for 
detecting bone metastasis compared to bone 
scan and SPECT (Level III) (Schirrmeister et 
al. 2001).
Isolated adrenal or liver mass on CT, abdomi- �
nal ultrasound, or PET/CT may require biopsy 
for pathologic confi rmation of metastasis for pa-
tients otherwise considered curable due to the 
risk of false positive results (Grade B) (Porte et 
al. 1999).
Table �  9.1 lists the recommended laboratory and 
imaging tests for the evaluation and staging of 
NSCLC.

Pathology

Pathologic confi rmation of NSCLC is imperative  �
prior to the initiation of any treatment. Tissue 
for pathologic diagnosis can be obtained via fi ne-
needle biopsy of the primary tumor, sputum cy-
tology, or from a metastasis including a pleural 
effusion.
Approximately 80% of centrally located tumors 
can be diagnosed with sputum cytology (with 
three samples), but the yield is only 20% for small 
peripheral lesions.
Bronchoscopy or CT-guided biopsies are gener- �
ally successful to gain histologic diagnosis in 
virtually all patients. Mediastinoscopy is sug-
gested to avoid futile surgeries for unresectable 
patients.
A Chamberlain procedure may be used to stage 
AP window nodes.
When a pleural effusion is observed, a thoracen- �
tesis is indicated to rule out malignant pleural 
effusion.

9.1.2 Staging

NSCLC can be staged clinically and pathologically.  �
Clinical staging utilizes information from H&P, 
imaging studies, and laboratory tests; pathologic 
staging is based on fi ndings from clinical staging 
and procedures such as mediastinoscopy, thora-
centesis, thoracoscopy, and examination of the 
resected specimen.
The 2007 American Joint Committee on Cancer  �
Tumor Node Metastasis (TNM) staging system is 
presented in Table 9.2 (Greene et al. 2002).

9.1.3 Prognostic Factors

The prognosis of patients with NSCLC is directly  �
associated with presenting characteristics. Ad-
vanced pretreatment stage, poor performance 
status, and weight loss of 10% or more within 
6 months prior to the diagnosis are the most 
important adverse prognostic factors in NSCLC 
(Greene et al. 2002; Stanley 1980).
The pathologic subtype of NSCLC (i.e., squamous  �
cell carcinoma, adenocarcinoma, and large cell 
undifferentiated carcinoma) is not prognostically 
important, especially in locally advanced disease. 
Nevertheless, adenocarcinoma has a higher pro-
pensity to metastasize to the brain.
For stage I and II diseases, the size of the primary  �
tumor is prognostically important (Groome et 
al. 2007).
Malignant pleural or pericardial effusion is as- �
sociated with poor prognosis. Although staged 
as T4 disease in the current TNM staging system, 
the prognoses of patients with malignant pleural 
or pericardial effusion is similar to those with 
distant metastases, and defi nitive surgery or ra-
diation therapy is usually not indicated (Groome 
et al. 2007).
Sites of distant metastases may be important  �
prognostically. Metastasis to liver and bone are 
associated with shorter survival compared to me-
tastasis to other organs such as adrenal glands 
(Stanley 1980).
Currently no biologic markers are routinely uti- �
lized for determination of prognosis of lung can-
cer. 
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9.2 Treatment of Resectable NSCLC

9.2.1 General Principles

Complete surgical resection is the standard treat- �
ment for stage I, II, and resectable IIIA NSCLC. 
External beam radiation is the defi nitive treat-

ment of choice for medically inoperable patients 
or patients who decline surgery.
Radiosurgery has become an alternative choice to  �
resection for stage I/II patients who are medically in-
operable or those who decline surgery (Grade B).
For stage IA NSCLC, adjuvant radiation therapy  �
or chemotherapy has no role after complete resec-
tion (Grade A).

Table 9.2. American Joint Committee on Cancer (AJCC) TNM classifi cation of non-small-cell lung cancer [from Greene 
et al. (2002) with permission]

S TAG E G ROU PI NG

Occult Carcinoma: TX N0 M0
0: Tis N0 M0
IA: T1 N0 M0
IB: T2 N0 M0
IIA: T1 N1 M0
IIB: T2 N1 M0, T3 N0 M0
IIIA: T1 N1 M0, T2 N2 M0, T3 N1 M0, T3 N2 M0
IIIB: Any T N3 M0, T4 Any N M0
IV: Any T Any N M1

Primary tumor (T)

TX Primary tumor cannot be assessed, or tumor proven by the presence of malignant cells in sputum or bronchial 
washings but not visualized by imaging or bronchoscopy

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor 3 cm or less in greatest dimension, surrounded by lung or visceral pleura, without bronchoscopic evidence 
of invasion more proximal than the lobar bronchus (i.e., not in the main bronchus)

T2 Tumor with any of the following features of size or extent:
– More than 3 cm in greatest dimension
– Involves main bronchus, 2 cm or more distal to the carina
– Invades the visceral pleura
– Associated with atelectasis or obstructive pneumonitis that extends to the hilar region but does not involve the 

entire lung

T3 Tumor of any size that directly invades any of the following: chest wall (including superior sulcus tumors), dia-
phragm, mediastinal pleura, parietal pericardium; or tumor in the main bronchus less than 2 cm distal to the carina 
but without involvement of the carina; or associated atelectasis or obstructive pneumonitis of the entire lung

T4 Tumor of any size that invades any of the following: mediastinum, heart, great vessels, trachea, esophagus, vertebral 
body, carina; or separate tumor nodules in the same lobe; or tumor with malignant pleural effusion

Regional lymph nodes (N)

NX Regional lympy node (s) cannot be assessed

N0 No regional lympy node metastasis

N1 Metastasis to ipsilateral peribronchial and/or ipsilateral hilar lymph nodes, and intrapulmonary nodes including 
involvement by direct extension of the primary tumor

N2 Metastasis to ipsilateral mediastinal and/or subcardinal lymph nodes(s)

N3 Metastasis to contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene, or supraclavicular 
lymph nodes(s)

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis present (includes separate tumor nodules (s) in a different lobe (ipsilateral or contralateral)
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For stage IB, IIA, and IIB lesions, adjuvant radia- �
tion therapy after complete resection is not in-
dicated; however, cisplatin-based chemotherapy 
has been shown to improve treatment outcome 
in adjuvant settings and is usually recommended 
(Grade A).
For resectable IIIA NSCLC, adjuvant chemo- �
therapy has been shown to improve treatment 
outcome and should be recommended (Grade A). 
However, routine use of postoperative radiation 
directed to the mediastinum in patients with 
completely resected stage IIIA NSCLC is contro-
versial. Adjuvant radiation therapy is indicated 
if microscopic (positive margin) or macroscopic 
residual disease is suspected after surgical resec-
tion in early stage NSCLC.
Preoperative radiation therapy is usually not  �
indicated for resectable NSCLC (Grade A). The 
role of neoadjuvant chemotherapy in resectable 
NSCLC is controversial.

9.2.2 Surgery

Lobectomy is the standard surgery for resectable  �
NSCLC (Grade A). Results from a randomized 
trial reported by the Lung Cancer Study Group 
revealed that local recurrence after wedge re-
section for stage T1N0M0 diseases was approxi-
mately 18% versus 6% after lobectomy (LCSG 
821, Level I) (Ginsberg and Rubinstein 1995). 
In addition, results from lobectomy were equal 
to those of pneumonectomy, if complete tumor 
resection could be achieved (Churchill et 
al. 1950). Mortality associated with lobectomy 
is less than 3% in modern series (Boffa et al. 
2008).
Complete mediastinal lymphadenectomy enables  �
accurate pathologic staging and information for 
patient selection for adjuvant radiotherapy (N2 
disease).
The 5-year overall survival for patients with path- �
ological stage I after complete surgical resection 
is approximately 70%, while that for pathologi-
cal stage II is approximately 50% (Mountain 
2000).
Most treatment failures for early stage NSCLC  �
after complete surgical resection are due to meta-
static recurrences rather than locoregional failure 
(Level IV) (Feld et al. 1984; Pairolero et al. 
1984; Thomas and Rubinstein 1990).

9.2.3 Adjuvant Chemotherapy

Chemotherapy is not indicated in the treatment  �
of stage IA NSCLC after surgical resection and 
may be detrimental.
Adjuvant chemotherapy is usually recommended  �
in stage IB, IIA, IIB, and IIIA NSCLC after com-
plete resection (Grade A). Numerous randomized 
studies have confi rmed that adjuvant chemother-
apy can improve outcome when used after com-
plete resection (IALT, ANITA, LACE meta-analy-
sis, Level I) (Arriagada et al. 2004; Douillard 
et al. 2006; Pignon et al. 2006). Adjuvant chemo-
therapy may improve outcome for patients whose 
primary lesions are larger than 4 cm in diameter. 
A signifi cant survival benefi t of 12% at 4 years was 
seen with the addition of chemotherapy (CALGB 
9633, Level II) (Strauss et al. 2004).
The role of neoadjuvant chemotherapy in re- �
sectable NSCLC is controversial and should not 
be routinely considered for resectable NSCLC 
(Grade C). Survival benefi ts were observed in 
two randomized trials in stage IIIA NSCLC in 
which patients received cisplatin-based induction 
chemotherapy and surgery versus surgery alone 
(Level I) (Rosell et al. 1999; Roth et al. 1998). 
However, overall survival improvement was not 
observed in a randomized trial that enrolled 355 
patients with resectable stage IB–IIIA NSCLC, 
although the median disease-free survival was 
extended from 13 to 27 months after induction 
chemotherapy (Level I) (Depierre et al. 2002).

Regimens

Cisplatin-based chemotherapy regimens (e.g.,  �
cisplatin 50 mg/m2 on days 1 and 8 every 4 weeks 
for four cycles, and vinorelbine 25 mg/m2 weekly 
for 16 weeks for four cycles) should be considered 
in the adjuvant setting (Grade A). The majority 
of published randomized trials mentioned above 
utilized cisplatin-based multiagent chemother-
apy regimens (Level I).
Alkylating agents are not recommended due to  �
their association with shorter survival (Grade A). 
Results from the NSCLC Collaborative Group 
individual-patient meta-analysis (17 trials) re-
vealed a signifi cant survival disadvantage asso-
ciated with the use of adjuvant alkylating agents 
(Level I) (Non-small Cell Lung Cancer Col-
laborative Group 1995).
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9.2.4 Radiation Therapy

Adjuvant Radiation

Postoperative radiation therapy (PORT) is indi- �
cated when microscopic or macroscopic residual 
disease is suspected after surgical resection.
For stage I and II NSCLC, post-operative radia- �
tion therapy is not recommended after complete 
resection (Grade A). The PORT meta-analysis of 
nine trials (2128 patients) found a signifi cant det-
rimental effect of adjuvant thoracic irradiation 
on overall survival of patients with stage I and 
II NSCLC (i.e., lower nodal status) (PORT Meta-
analysis, Level I) (PORT 1998). This fi nding was 
confi rmed by the results of a more recently pub-
lished randomized European trial in which pa-
tients with stage I–IIIA NSCLC were randomized 
to surgery alone or surgery followed by 60 Gy of 
thoracic irradiation. The 5-year overall survival 
rate was 43% for the control group and 30% for 
the radiotherapy group. The detrimental effect of 
PORT was specifi c to patients with stage II disease 
(Level I) (Dautzenberg et al. 1999).
For stage IIIA NSCLC, PORT can be considered  �
in N2 disease for locoregional control, but its rou-
tine use after complete resection is controver-
sial (Grade B). According to a large retrospective 
study that included 7465 patients with NSCLC, 
survival was improved with adjuvant radiation in 
patients with N2 disease, but PORT reduced sur-
vival in patients with N0 disease (SEER, Level IV) 
(Lally et al. 2006). In randomized trials or meta-
analysis, although locoregional recurrence was 
found to be reduced by PORT, no benefi t or detri-
mental effects on survival has been observed after 
complete resection followed by mediastinal radi-
ation (Stephens et al. 1996; Lung Cancer Study 
Group 1986). Furthermore, addition of concur-
rent cisplatin-based chemotherapy to PORT did 
not improve locoregional control or survival, as 
compared with radiation alone (INT 0115/ECOG 
E3590, Level I) (Keller et al. 2000).
Preoperative radiation therapy alone is not rec- �
ommended for resectable NSCLC (Grade A). Re-
sults from two randomized clinical trials revealed 
that preoperative radiation therapy followed by 
surgery in both operable and marginally inoper-
able NSCLC provided no advantage over surgery 
alone (NCI and VAMC, Level I) (Warram 1975).
Preoperative concurrent chemoradiation may be  �
of benefi t to patients with stage IIIA disease, who 

have biopsy proven N2 nodes. Combination cis-
platinum and etoposide concurrent with radia-
tion offer a 3-year survival rate of 27%. Patients 
who achieved a pathologic complete response 
had a tripling of medial survival (SWOG 8805, 
Level III) (Albain et al. 1995).

Radiation Technique – Adjuvant Setting

The gross tumor volume (GTV) and clinical target  �
volume (CTV) in the adjuvant setting encompass 
suspected residual gross and microscopic disease 
as indicated by both preoperative imaging stud-
ies and postoperative surgical clips, surgical and 
pathology reports, as well as postoperative imag-
ing studies.
The GTV and CTV are expanded to take into ac- �
count motion, generating internal target volumes 
(ITVs) for each, which are then expanded to the 
planning target volume (PTV) which takes into 
account setup error.
Elective nodal radiation can be omitted in the ad- �
juvant setting for Stage I/II NSCLC as nodal fail-
ure rates are below 10% (Level IV) ( Rosenzweig 
et al. 2001). Adjuvant radiation for stage IIIA (N2 
disease) only includes involved lymph node sta-
tions (Senan et al. 2002).
Dose to microscopic disease (positive margin) is  �
60 Gy with conventional fractionation. With gross 
residual disease, the addition of concurrent che-
motherapy should be considered, as should radia-
tion dose escalation (Level II) (Perez et al. 1980). 
Simulation, beam energy, and delivery are similar 
to those described and utilized in defi nitive radia-
tion for unresectable disease (see below).

Defi nitive Radiation

Fractionated radiation therapy remains the stan- �
dard treatment for patients with early stage but 
medically inoperable NSCLC, and for patients who 
decline surgery. Local failure rates remain high 
even when dose excalation is attempted by con-
ventional fractionation. Doses of 70–90 Gy in 2-Gy 
treatment offered local control to only 50%–70% 
of patients (Level IV) (Bradley 2005).
The effi cacy of chemotherapy in patients with  �
stage I or II NSCLC after defi nitive radiation 
therapy is unknown at this time and requires 
further study.
Radiosurgery (stereotactic lung radiosurgery) is  �
the emerging optimal treatment technique for T1/
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T2 N0 M0 NSCLC. For selected patients, outcomes 
appear equivalent to surgery. Local control rates 
were of greater than 90% at 2-year follow-up, with 
only 3% serious morbidity. The 5-year survival for 
medically operable patients who refused surgery 
was 88% (Level IV) (Onishi et al. 2004, 2007).
For medically inoperable stage IIIA NSCLC,  �
combined chemotherapy and radiation therapy 
should be considered in patients with good per-
formance status (ECOG 0, 1, or possibly 2). The 
treatment regimen and techniques are identical 
to unresectable stage IIIA/IIIB disease.

Radiosurgery Technique

Radiosurgery enables the delivery of a small  �
number of large fractions to minimize tumor 
repopulation. Figure 9.1 illustrates a typical ra-
diosurgery isodose plan.
The biological equivalent dose (BED � 10) of 100 Gy 
is required to offer local control of lesions  4 cm 
(Grade B). By delivering the BED10 of 100 Gy to 
the PTV, high local control rates with low com-
plications are possible. In a retrospective multi-
institutional review, delivering a BED < 100 re-
sulted in a 27% local failure rate compared to 8% 
local failure with a BED > 100 Gy. Survival with 
doses less than 100 BED was 70% versus 88% 
with BED > 100 (p < 0.05) (Level IV) (Onishi 
et al. 2004).

BED � 10 of 100 Gy can be delivered safely via sev-
eral different regimens including 12 Gy × 4 or 
10 Gy × 5. Doses of 20 Gy × 3 can be toxic es-
pecially when treating central lesions (Level III) 
(Timmerman et al. 2006).
Optimal radiosurgery requires careful treatment  �
planning to defi ne the PTV, generally by measur-
ing motion on CT Scan. Radiosurgery treatment 
delivery also requires precise targeting, often as-
sisted by image-guided radiation therapy (IGRT) 
and limiting of respiratory motion by stereotac-
ticradiosurgerybody frame or via gated radiation 
delivery (Chang et al. 2006).
Immobilization via a Vac-Loc bag and Tbar  �
minimizes motion to 7 mm or less, > 95% of the 
time.

Radiosurgery Morbidity

Normal tissue tolerance is not yet clearly defi ned  �
for hypofractionated irradiation to the intratho-
racic tissues, bone, and soft-tissue.
Acute morbidity induced by radiosurgery is rare.  �
Late complications may occur one year or more 
after surgery, and may include fi stula, bleeding, 
fi brosis, pneumonitis, pneumonia, brachial plex-
opathy for apical lesions and liver toxicity for 
basal lesions (Level IV) (Onishi et al. 2007). Rib 
fracture and soft tissue fi brosis are also possible 
with stereotactic radiosurgery.

Fig. 9.1. Hypofractionated curative radiosurgery, 10 Gy × 5 fractions every other day. Note 
the GTV is encompassed by the 100% isodose, and the 80% isodose encompasses microscopic 
tumor extension. Vascular structures are limited below the 60% isodose line. (Image courtesy 
of Hiram Gay, MD)
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9.3 Treatment of Surgically 
 Unresectable Stage III NSCLC

9.3.1 General Principles

For unresectable or medically inoperable stage  �
IIIA and IIIB NSCLC, combined radiation and 
chemotherapy is the treatment of choice for pa-
tients with good performance status (ECOG 0, 1, 
or possibly 2) (Grade A).
Radiation therapy and chemotherapy should be  �
utilized concurrently (Grade A). The role of in-
duction chemotherapy before and consolidation 
chemotherapy after concurrent chemoradiation 
are not yet proven and should not be routinely 
utilized.
Stage IIIB NSCLC with malignant pleural effu- �
sion, malignant pericardial effusion, and/or pleu-
ral dissemination are usually treated as meta-
static cases.

9.3.2 Systemic Chemotherapy

Combined chemotherapy and radiation therapy  �
should be considered as the defi nitive treatment 
of choice for stage IIIA and IIIB NSCLC (Grade A). 
The effi cacy of induction chemotherapy (cispla-
tin + vinblastine) followed by radiation therapy 
(60 Gy given in 30 fractions) was compared with 
radiation therapy alone in the treatment of stage 
III NSCLC in a CALGB randomized trial. Results 
from the 7-year follow-up revealed that patients 
receiving 5 weeks of induction chemotherapy 
had a 4.1-month increase of median survival, 
compared to those treated with radiation alone 
(CALGB 8433, Level I) (Dillman et al. 1996). 
These results were confi rmed in a three-arm ran-
domized trial from RTOG in which 490 patients 
with unresectable stage II–IIIB NSCLC were ran-
domized to induction chemotherapy followed by 
radiation (same regimen as in the CALGB 8433 
trial) or one of two radiation alone arms (twice 
daily radiation at 1.2 Gy/fraction to a total of 
69.6 Gy versus conventional radiation to a total 
of 60 Gy). The median survival of patients who 
received induction chemotherapy followed by ra-
diation was 13.2 months, signifi cantly better than 
patients treated with radiation alone (12 months 

and 11.4 months for twice daily and conventional 
radiation, respectively) (RTOG 8088, Level I) 
(Sause et al. 2000). This benefi t was seen only 
for patients with good performance status and 
minimal weight loss.
Chemotherapy is usually delivered concurrently  �
with radiation therapy (Grade A). Results from 
a number of phase III randomized trials have 
suggested improvements in locoregional con-
trol and survival when chemotherapy is used 
in this fashion with radiation therapy. A phase 
III randomized trial from Japan treated 320 pa-
tients with unresectable stage III NSCLC with 
concurrent chemotherapy (cisplatin, vindesine, 
and mitomycin) and radiation (two courses of 
28-Gy treatment, with 10 days break in between) 
or sequential chemotherapy (same regimen) fol-
lowed by radiation (56 Gy in 28 daily fractions). 
The medial survival durations were 16.5 months 
versus 13.3 months, signifi cantly superior in the 
concurrently treated group. The 5-year overall 
survival was 15.8% and 8.9%, respectively, favor-
ing concurrent chemoradiation (West Japan Lung 
Cancer Group Study, Level I) (Furuse et al. 1999). 
The sequencing of chemotherapy and radiation 
was also studied in a RTOG phase III trial. Pa-
tients with medically inoperable or unresectable 
stage II and III NSCLC were randomized to re-
ceive concurrent chemotherapy (cisplatin + vin-
blastine) and radiation (1.8 Gy daily to a total of 
63 Gy), sequential chemoradiation (same chemo-
therapy and radiation regimens), and concurrent 
chemotherapy (cisplatin + etoposide) and hyper-
fractionated radiotherapy (1.2 Gy twice daily to 
a total of 69.6 Gy). The results were reported in 
abstract form, which revealed that concurrent 
chemotherapy and daily radiation improved me-
dian survival (17.1 months) as compared to the 
other two treatment strategies (15.2 months and 
14.6 months, respectively, for concurrent chemo-
therapy + twice daily radiation and sequential 
chemoradiation) (RTOG 9410, Level I) (Curran 
et al. 2003). A French randomized trial treated 
205 patients with unresectable stage III NSCLC 
with either cisplatin- and vinorelbine-based che-
motherapy followed by 66 Gy radiation therapy 
(given in 33 daily fractions), or concurrent ra-
diation (same dose regimen) and chemotherapy 
(cisplatin + etoposide) followed by consolidation 
chemotherapy consisting of cisplatin and vinore-
lbine. Concurrent chemoradiotherapy improved 
the median survival duration to 16.3 months 
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compared to 14.5 months from the sequential 
treatment, although the difference did not reach 
statistical signifi cance (GLOT NPC 95-01, Level I) 
(Fournel et al. 2005).
No evidence supports the use of induction che- �
motherapy (carboplatin-based) prior to concur-
rent chemoradiation therapy (Grade A). Results 
from a randomized trial where 366 patients were 
randomized to concurrent radiation (66 Gy given 
in 33 daily fractions) and chemotherapy (weekly 
carboplatin + paclitaxel) or the same chemora-
diation regimen preceded by two cycles of in-
duction chemotherapy revealed no signifi cant 
difference in 1-year overall survival rates (48% 
vs. 54%) or medial survival time (11.4 months 
vs. 14 months) (CALGB 39801, Level I) (Vokes 
et al. 2002).

Regimens

Various platinum-based chemotherapy regimens  �
have been utilized in combination with radiation 
therapy. Cisplatin-based chemotherapy regimens 
such as cisplatin + etoposide are commonly used. 
Other regimens including carboplatin + pacli-
taxel, cisplatin+ paclitaxel, and cisplatin + vi-
norelbine have also been studied.
Between two and four cycles of chemotherapy  �
can be used in combination with radiation for 
unresectable stage III NSCLC (Grade D). The op-
timal duration of cisplatin-based chemotherapy 
used as induction, concurrent, and/or adjuvant 
treatment with radiation or unresectable NSCLC 
is debatable, and the role of consolidation chemo-
therapy is unknown.

9.3.3 Radiation Therapy

Treatment Technique

Simulation

CT-based planning is recommended, and CT scan  �
should be taken in the treatment position with 
arms raised above head (treatment position) with 
3-mm-thick slices.
Intravenous contrast is not recommended for  �
planning CT as it may compromise the treatment 
planning calculation. Fusion of a CT with con-
trast may be needed if IV contrast is necessary 
for tumor delineation.

Pulmonary lesions should be delineated with  �
the “lung window” setting; lymph nodes should 
be outlined using a “mediastinal window” set-
ting.

Target Delineation (see Fig. 9.2)

GTV is visible tumor on imaging including all  �
nodes on CT  1 cm, though PET/CT is far more 
accurate to delineate nodal spread.
CTV is the region of microscopic disease spread.  �
It expands the GTV by 6 mm for squamous lesions 
and 8 mm for adenocarcinomas.
PTV is the CTV with margin for motion and setup  �
error. About 85% of lesions move less than 1 cm. 
Lesions near the diaphragm often move more 
than 1 cm.
ITV is the CTV with explicit measurement of mo- �
tion usually via CT scan. Delineation of motion is 
critical when highly conformal, IMRT, or stereo-
tacticradiosurgery fi elds are employed as the risk 
of geographic miss is increased.
Motion can be minimized by Vac-Loc bags and  �
stereotactic body frames with diaphragm com-
pression; motion can be accounted for by gated 
delivery of therapy, breath-hold techniques, or 
active tracking devices.

Beam Energy and Dose Calculation

Megavoltage accelerator with a minimum source to  �
isocenter distance of 100 cm is recommended.
Only 6-MV to 10-MV energy photon beams are  �
to be used for any fi eld arrangement, including 
oblique or other fi elds.

Fig. 9.2. Important terminology in lung radiotherapy: GTV, 
gross tumor volume; CTV, clinical tumor volume; ITV, inter-
nal target volume; PTV, planning target volume
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Doses are to be calculated with heterogeneity cor- �
rection; i.e., correction is to be made for density 
differences between air spaces, lung, water-den-
sity, or bony tissue for 3D planning.
IMRT may be advantageous as it better limits  �
dose to normal lung as compared to conventional 
delivery.

Field Arrangement

Involved-Field Radiation (See Fig. 9.3)

Involved-fi eld radiation is a new paradigm to  �
minimize normal tissue toxicity, particularly 
pneumonitis risk.
Radiation port defi ned exclusively on abnormal or  �
hot spots on PET/CT, with no attempt to include 
radiologically uninvolved nodal basins, as approx-
imately 10% nodal failure rate is found with this 
technique (Level IV) (Rosenzweig et al. 2001).
From a practical viewpoint, involved fi eld radia- �
tion is still a relatively large fi eld (as compared to 
stereotactic radiosurgery) so many nodal basins 
are still encompassed

Large-Field Thoracic Radiation

Large-Field thoracic radiation is a classis ap- �
proach encompassing gross and microscopic 
regions of spread, which includes all abnormal 
regions on radiology as well as mediastinum, hi-
lum, and ipsilateral supraclavicular fossa (except 
for lower lobe lesions)
The large fi eld size limits therapeutic outcomes  �
due to risk of pneumonitis and signifi cant acute 
esophagitis

Dose and Fractionation

Thoracic irradiation to a total dose of 60 Gy ad- �
ministered in conventional fractionation (1.8 Gy 
or 2.0 Gy per fraction) should be used for de-
fi nitive treatment of NSCLC (Grade A). However, 
high local failure rates, up to 40%, are reported 
with this dose (Level I) (Perez et al. 1980).
Several studies have examined dose escalation  �
with conventional fractionation and concomi-
tant chemotherapy. It appears that 74 Gy in 2 Gy 
per fraction with concurrent chemotherapy im-
proves both local control and extends survival 
to 22 months (Level IV) (Bradley 2005). These 
results need to be confi rmed in randomized tri-
als.
Hyperfractionated radiation therapy has not been  �
shown to be more effi cacious than conventional 
radiation in defi nitive treatment of NSCLC. The 
RTOG compared hyperfractionation of 1.2 Gy 
bid from 60–77 Gy. Optimal outcome was seen 
at 69.6 Gy with a 3-year 20% survival rate. When 
69.6 Gy bid was later compared to sequential che-
motherapy with 60 Gy conventional fractionation 
in a randomized trial, outcomes were statistically 
superior with conventional therapy (RTOG 8808, 
Level I). The RTOG 9410 then compared the total 
dose of 69.6 Gy given at 1.2 Gy twice daily with 
concurrent chemotherapy, conventional frac-
tionation with concurrent chemotherapy, and 
sequential chemoradiation. Conventional radio-
therapy with concurrent chemotherapy offered 
the best survival outcome (RTOG 9410, Level I) 
(Curran et al. 2003).
Continuous hyperfractionated accelerated radia- �
tion therapy (CHART) delivers 54 Gy in at 1.5 Gy 
per fraction three times a day (TID), 7 days a 
week. Hyperfractionated accelerated radiation 
therapy (HART) delivers 57 Gy in 1.5 Gy per 
fraction TID, 5 days a week. The CHART and 
HART offered only 20% local control at 2 years 
and similar 12-month survival (Level II) (Mehta 
et al. 1998; Saunders et al. 1999).
Split course of radiation should not be used in  �
the treatment of NSCLC for curative treatment 
(Grade A). This is associated with poorer outcome 
but may be a means for palliative therapy with 
minimal morbidity (Perez et al. 1980).
The combination of involved fi eld radiation with  �
stereotactic radiosurgery boost to the primary tu-
mor could be considered as a means to improve 
local control and survival in lung cancer.

Fig. 9.3. Anterior radiation portal including GTV (red) and 
PET positive lymph nodes (blue)
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Side Eff ects and Complications

Radiation-Induced Side Effects and Complications

Esophagitis is the most common radiation- �
induced side effect during treatment. It may be 
severe with concomitant chemotherapy. Carafate 
elixir and lidocaine elixir may be palliative.
Radiation-induced myocarditis or transverse  �
myelitis rarely occurs at doses lower than 
50 Gy.
Radiation-induced pneumonitis is a diagnosis  �
of exclusion and occurs in ~ 10% of patients 
4–6 weeks after treatment. It is associated with 
the amount of normal lung treated above 20 Gy 
(V20), as well as the mean lung dose. Radio-
graphic evidence of radiation change and subse-
quent fi brosis of the lung will occur within lung 
volume receiving 40 Gy (Level III) (Bradley and 
Movsas 2006).
Other side effects include bone marrow toxic- �
ity, skin pigmentation, brachial plexopathy, and 
epilation depending on the site and dose of ir-
radiation.

Dose Limiting Structures

Dose of radiation to the spinal cord should be lim- �
ited to 45 Gy (1.8–2.0 Gy daily) (Level IV) (Emami 
et al. 1991).
Dose to the esophagus should be limited to 60 Gy  �
for 1/3 of the esophagus, or 55 Gy for the entire 
esophagus.
V40 of the heart should be limited to 50% or  �
less.
V20 of bilateral lung should be limited to  � 30% 
as probability of pneumonitis increases rapidly 
when more than V20 >30% (Level III) (Bradley 
and Movsas 2006).
Delivering a V20 �  <20 Gy offers minimal pneu-
monitis risk (Bradley and Movsas 2006).

9.4 Treatment of 
 Superior Sulcus Tumor and 
 “Marginally Unresectable” NSCLC

9.4.1 General Principles

Preoperative chemoradiation therapy followed  �
by surgery is recommended for the treatment 

of “Pancoast” tumor (superior sulcus tumor) 
(Grade B).
The concept of “marginally unresectable” NSCLC  �
has not been uniformly defi ned.
For stage I/II marginally unresectable patients,  �
pre-op chemotherapy followed by post-operative 
chemotherapy is recommended. Focal post-op ra-
diation therapy should be used if residual disease 
is present (Grade B).
For stage IIIA marginally unresectable patients,  �
preoperative chemotherapy may downstage for 
surgery, followed by postoperative chemotherapy. 
Postoperative radiation is included for N2 nodes 
or residual disease (Roth et al. 1998; Depierre 
et al. 2002) (Grade B).

9.4.2 Induction Treatment

Preoperative radiation therapy followed by sur- �
gery has been the treatment of choice for pa-
tients with “Pancoast” tumor (superior sulcus 
tumor). Long-term survival can reach 40%–50% 
if complete resection is achievable after induction 
chemoradiation.
Surgery is contraindicated for superior sulcus tu- �
mors with extensive brachial plexus involvement, 
mediastinal involvement of nodes, and subcla-
vian artery extension. MRI, PET/CT, and medi-
astinoscopy can determine resectability (Emami 
et al. 1991).
Concurrent chemotherapy and radiation therapy  �
(45 Gy given in 25 daily fractions) should be con-
sidered for patients with superior sulcus tumor 
followed by evaluation for resection (Grade B). 
Although randomized study comparing the ef-
fi cacy of induction radiation and chemoradiation 
has never been performed, results from a SWOG 
phase II study revealed that pathologic complete 
or near-complete response reached 65% after 
concurrent cis-platinum and etoposide induc-
tion chemotherapy and 45 Gy of radiation therapy 
(Level III) (Rusch et al. 2007). 
Evaluation of resectability should be performed  �
after induction chemoradiotherapy. If resection 
is not feasible, continuation of chemotherapy 
and radiation to a defi nitive dose should be of-
fered.
Due to critical surrounding normal structures  �
and minimal motion of these lesions, IMRT 
should be favored.
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9.4.3 Treatment of Marginally 
 Unresectable Disease

Marginally unresectable disease can be down- �
staged to resection in many instances by preop-
erative chemotherapy and, if successful, postop-
erative chemotherapy is continued. Patients with 
residual disease or N2 nodes can be offered in-
volved fi eld radiation (French Thoracic Coopera-
tive Group, Level I) (Depierre et al. 2002).
In stage IIIA disease, concurrent chemoradio- �
therapy (45 Gy) may be employed to downstage. If 
resectable, postoperative chemotherapy is deliv-
ered. If unresectable, concurrent chemoradiation 
to defi nitive doses are offered (INT 0139, Level I) 
(Albain et al. 2005).
There is no evidence to support the routine use  �
of surgery after combined chemoradiation for 
defi nitive treatment in patients with “marginally 
unresectable” NSCLC.

9.5 Treatment of Metastatic NSCLC

9.5.1 General Principles

Systemic chemotherapy is indicated for stage IIIB  �
(pleural and/or pericardial effusion) and stage IV 
NSCLC patients with good performance statues 
(ECOG 0, 1, or possibly 2) (Grade A).
Palliative thoracic irradiation is commonly used  �
to treat hemoptysis, excessive cough, dyspnea, 
and other symptoms caused by locally advanced 
pulmonary lesions.

9.5.2 Systemic Chemotherapy

Cisplatin in combination with one of the newer  �
agents (such as vinorelbine, paclitaxel, docetaxel, 
and gemcitabine) should be considered as fi rst 
line treatment in most patients with good per-
formance status (ECOG 0 or 1) (Grade A). Re-
sults from numerous randomized trials have 
confi rmed that platinum-based two-drug chemo-
therapy regimens using newer agents improves 
survival in advanced stage NSCLC compared 
to cisplatin alone, or used with fi rst generation 

agents (such as etoposide). A phase III random-
ized trial compared the effi cacy of cisplatin plus 
paclitaxel, gemcitabine, or docetaxel, or carbo-
platin plus paclitaxel and showed no difference 
in these combinations (Level I) (Schiller et al. 
2002).
For elderly patients or patients with poor perfor- �
mance status (ECOG 2), single-drug chemother-
apy can be considered (Grade A) (Level I) (Jatoi 
and Aranguren 2007).
First-line chemotherapy should be discontinued  �
after 4 cycles if clinical response is not achieved 
(Grade D). There is no evidence that supports the use 
of maintenance chemotherapy after 4–6 cycles.

9.5.3 Palliative Radiotherapy

Palliative thoracic irradiation is commonly used  �
for relieving symptoms caused by advanced pul-
monary disease or distant metastases. 
Radiation is indicated when symptoms occur and  �
prophylactic irradiation to the chest is usually not 
indicated (Grade A). A multicenter randomized 
controlled trial investigating the effects of im-
mediate palliative radiation (17 Gy given in two 
fractions 1 week apart or 10 Gy single-fraction) 
to chest versus delayed treatment until the onset 
of symptoms on symptom control, quality of life, 
and survival in 230 patients with NSCLC who 
were not candidates for curative treatment, found 
no difference between the two groups of patients 
(Level I) (Falk et al. 2002).
Various total dose and fraction arrangements can  �
be considered for controlling thoracic symptoms: 
30–39 Gy administered in 10–13 fractions, 5 days 
per week, or 20 Gy over fi ve fractions are com-
monly used.
Higher dose radiation regimens for palliation  �
are preferred over lower dose (hypofractionated) 
regimens (Grade A). Higher dose regimens may 
be associated with modest survival benefi ts in 
which patients with incurable NSCLC. An MRC 
randomized study compared the effi cacy of 17 Gy 
of chest radiation given in two fractions 1 week 
apart and 39 Gy of radiation delivered in 13 frac-
tions, 5 days per week, found that although more 
hypofractionated irradiation led to rapid symptom 
palliation and less toxicity (dysphagia), patients in 
the higher dose arm had signifi cantly longer sur-
vival (9 months vs. 7 months) (MRC Lung Cancer 

LuBrady-BOOK.indb   142 13.08.2008   14:00:36



  Non-Small Cell Lung Cancer 143

Fig. 9.4. A proposed treatment 
algorithm for non-metastatic non-
small-cell lung cancer

Working Party, Level I). (Macbeth et al. 1996). 
Results from a similarly designed phase III ran-
domized study from Canada revealed similar fi nd-
ings. Patients with uncurable NSCLC who received 
20 Gy of chest radiation over fi ve fractions had 
better symptom relief and 2 months longer median 
survival time compared to patients treated with 
10 Gy thoracic irradiation in one fraction (NCIC 
CTG SC.15, Level I) (Bezjak et al. 2002).
Whole brain radiation therapy with or without  �
stereotactic radiosurgery (for between one and 
four brain metastases) or surgical resection (for 

solitary brain metastasis) is usually indicated 
for stage IV NSCLC with intracranial metastases 
(Grade A). Brain metastases occur in approxi-
mately 30% of patients with NSCLC, and pal-
liative treatment for brain metastasis in patients 
with NSCLC usually follows the common strategy 
for CNS metastasis. 
Palliative radiation for bone pain and prevention  �
of fracture in weight-bearing bone in patients 
with bone metastasis is commonly used, and usu-
ally follows the common strategy of radiation for 
bone metastases.

Pathologic Diagnosis of Non-Small
Cell Lung Cancer

Tissue biopsy; Bronchoscopy; Cytology

Stage IA Stage IB, II, or IIIA Unresectable or Inoperable 
Stage IIIA or Stage IIIB

Superior Sulcus Tumor or
"Marginally" Unresectable 

Stage IIIA

Staging
Laboratory tests

CBC, serum chemistry, LDH, liver/renal function tests, 

Alkaline Phosphatase

Imaging studies
Chest X-ray, FDG-PET, CT/MRI of brain for

clinically stage III disease, and bone scan (optional)

Mediastinoscopy and biopsy
Cytology of pleural eff usion (if applicable)

Surgical Resection
(Lobectomy)

Or
Defi nitive Radiation Therapy if 

Unresectable or Inoperable
(stereotactic radiosurgery or conformal 

external-beam radiotherapy)

Surgical Resection
(Lobectomy)

Or
Defi nitive Radiation Therapy if 
Unresectable or Inoperable for

Stage IB and II
(stereotactic radiosurgery or conformal 

external-beam radiotherapy)

Surgical Resection if Resectable
(Lobectomy)

Or
Continue Concurrent Chemoradio-

therapy
(defi nitice dose if unresectable

after neoadjuvant therapy)

Neoadjuvant Concurrent
Chemoradiation Therapy
Platinum based chemotherapy

+

External-beam radiotherapy

to 45 Gy in 25 fractionsDefi nitive Chemoradiation
Therapy

(concurrent radiotherapy and

platinum based chemotherapy)

Adjuvant Platinum-based
Chemotherapy

Follow-Up
Every 3 month for 2 years, then every 6 month for 3 

more years, then anually there after
(History and physical examinations at each follow-up session.

Lab test and imaging studies are indicated if symptomatic)
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9.6 Follow-Ups

9.6.1 Post-Treatment Follow-Ups

Life-long follow-up is required for all patients  �
with NSCLC treated with curative intent.

Schedule

Follow-ups could be scheduled every 3 months  �
initially in the fi rst 2 years after treatment, then 
every 6 months thereafter through year 5. Annual 
follow-up is recommended for long-term survi-
vors after 5 years (Table 9.3) (Grade D) (Pfi ster 
et al. 2004).
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Introduction and Objectives

Small-cell lung cancer (SCLC) accounts for 15%–20% of all lung 
cancer cases. It is a systemic disease that requires multidisci-
plinary management. Both chemotherapy and radiation therapy 
are important treatment modalities in curative and palliative 
treatment of SCLC. 

This chapter examines:

Recommendations for diagnosis and staging procedures �
The staging systems and prognostic factors �
Treatment recommendations for both limited- and exten- �
sive-stage SCLC, as well as the supporting scientifi c evidence

The use of prophylactic cranial irradiation (PCI) in both  �
limited- and extensive-stage SCLC

Techniques of thoracic irradiation and PCI �
Follow-up care and surveillance of survivors �

10.1 Diagnosis, Staging, and 
 Prognoses

10.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of small-cell lung can- �
cer (SCLC) starts with a complete history and 
physical examination. Attention should be paid 
to history, signs and symptoms specifi c to SCLC, 
including its paraneoplastic syndromes.
The most common endocrinologic syndrome is  �
the syndrome associated with inappropriate se-
cretion of antidiuretic hormone (SIADH) (List 
et al. 1986).
Atrial natriuretic peptide (ANP) syndrome can  �
produce hypotension, natriuresis, and hypona-
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tremia; physical fi ndings of myasthenia gravis-
like symptoms may indicate Eaton-Lambert 
syndrome; ectopic adrenocorticotropic hormone 
(ACTH) production syndrome results in cushin-
goid symptoms, and usually indicates poor prog-
nosis (Dimopoulos et al. 1984).
Most SCLC associated paraneoplastic syndromes  �
respond to therapy.

Laboratory Tests

Initial laboratory tests should include a com- �
plete blood count, basic serum, liver function 
tests, renal function tests, alkaline phosphatase, 
and lactate dehydrogenase (LDH). Serum LDH is 
prognostically important.
Adequate pulmonary function is required when  �
thoracic radiotherapy is indicated. However, 
tumor obstruction may provide a falsely poor 
result of pulmonary function. In such cases, 
defi nitive chemoradiation is still possible and 
recommended.

Imaging Studies

Diagnostic imaging studies are required to evalu- �
ate the extent of the disease in the thorax as well 
as distant metastasis.
Imaging studies utilized for SCLC are similar to  �
those of non-small cell lung cancer (NSCLC). CT 
scan of the thorax and upper abdomen is required 
to evaluate the extent of disease. 
MRI or CT scan of brain and radionuclide bone  �
scan are indicated in all cases to rule out brain 
or bone metastasis when SCLC is considered. The 
most common sites of distant metastases include 
liver (62%), adrenals (42%), brain (40%), and bone 
(37%) (Line and Deeley 1971). 
Any evidence of distant metastasis on imaging  �
study should preclude further investigations of 
other metastatic disease(s) unless local treatment 
is indicated by symptoms (Grade D). 
Although SCLC is avid to fl uorodeoxyglucose  �
(FDG), currently FDG-PET scan is not routinely 
recommended for staging of small-cell lung can-
cer (Grade B). Although FDG-PET was found to 
be more sensitive and specifi c than CT scans for 
non-brain distant metastases in a retrospective 
series, upstaging or downstaging of patients with 
SCLC was observed in less than 10% of cases when 
FDG-PET is used (Level III) (Bradley et al. 2004; 
Brink et al. 2004).

Pathology

Tissue (specimen) for pathology diagnosis can be  �
obtained via fi ne needle biopsy of the primary 
tumor, sputum cytology, or from metastatic area 
including pleural effusion.
As the treatment strategy for SCLC differs sig- �
nifi cantly from NSCLC, pathologic confi rmation 
of SCLC is imperative prior to the initiation of 
any treatment. 
Invasive mediastinal staging is not necessary once  �
a diagnosis of SCLC is established, as surgery has 
a limited role in the treatment of SCLC. 
When pleural effusion is observed on chest X-ray,  �
thoracentesis is indicated to rule out malignant 
pleural effusion.
In cases where no sign of extensive disease is ob- �
served, bone marrow aspirate and/or biopsy should 
be performed in patients with equivocal bone scan 
or elevated alkaline phosphatase or LDH.

10.1.2 Staging

SCLC is usually staged clinically. The more com- �
monly used Veterans’ Administration (VA) Lung 
Study Group criteria for SCLC staging include lim-
ited- and extensive-stage (Stahel et al. 1989).
Recent cooperative group trials in North America  �
require staging of all SCLC patients with the AJCC 
TNM system to avoid variable interpretations of 
the VA criteria. The 2002 American Joint Com-
mittee on Cancer Tumor Node Metastasis (TNM) 
staging system for lung cancer is presented in 
Table 9.2 (see Chap. 9).

Limited Stage

Limited-stage SCLC is confi ned to one hemitho- �
rax and regional lymph nodes, and can be encom-

Table 10.1. Imaging and laboratory work-ups for SCLC

Imaging studies Laboratory tests

– Chest X-ray
– CT of chest/abdomen
– CT or MRI of brain
– Bone scan
– PET/CT (optional)

– Complete blood count
– Serum chemistry
– Liver function tests 
– Renal function tests
– Alkaline phosphatase
– LDH
– Pulmonary function test
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passed in a single radiation port. Involvement of 
ipsilateral supraclavicular lymph nodes is gener-
ally considered as limited-stage.
Approximately 40% of SCLC cases are catego- �
rized as limited-stage at diagnosis (Govindan 
et al. 2006).
The corresponding AJCC stages for limited-stage  �
SCLC include stages I–IIIB (except for pleural ef-
fusion).

Extensive Stage

Extensive-stage SCLC refers to diseases that can- �
not be included in a single radiation port, and 
usually has metastatic disease outside the ipsi-
lateral thorax. 
Common sites of distant metastasis include the  �
brain, bone, liver, and bone marrow.
Contralateral supraclavicular lymph nodes and/ �
or pleural effusion denote extensive stage, al-
though both conditions are not explicitly defi ned 
in the staging criteria.
The corresponding AJCC stages for extensive  �
stage SCLC include IIIB (pleural and/or pericar-
dial effusion) and IV.
Approximately two thirds of SCLC cases are ex- �
tensive at presentation. 

10.1.3 Prognosis

The prognosis of patients with SCLC is directly  �
associated with the presenting characteristics.

Main Prognostic Factors

Extensive stage, poor performance status, and  �
weight loss (more than 5% within 6 months 
prior to diagnosis) are the most important ad-
verse prognostic factors for SCLC (Paesmans et 
al. 2000).
For limited-stage disease, the median survival is  �
18–20 months with concurrent chemoradiation. 
The 2- and 5-year survival rates are approxi-
mately 40% and 15%–25%, respectively (Turrisi 
et al. 1999).
For extensive-stage disease, the median survival  �
after treatment is in the range of 8–10 months 
with 2-year survival of 10% or less. 

Other Prognostic Factors

When other factors are equal, male gender, ad- �
vanced age, high serum LDH level, higher num-
ber of organs involved in metastases (in extensive 
disease), metastases to the liver, central nervous 
system, and bone marrow, as well as more ad-
vanced disease (> stage I by TNM criteria) within 
limited-stage are associated with poor prognoses 
(Byhardt et al. 1986; Cerny et al. 1987; Albain 
et al. 1991).

10.2 Treatment of Limited-Stage SCLC

10.2.1 General Principles

SCLC is usually a systemic disease at diagnosis,  �
and chemotherapy is the mainstay treatment for 
limited-stage (Grade A).
Thoracic radiation therapy to the involved fi eld  �
delivered concurrently with chemotherapy is 
usually recommended and can signifi cantly im-
prove the treatment outcome (Grade A).
The utilization of surgical resection should be  �
limited to diagnosis or early-stage (T1-2N0M0 
confi rmed by PET CT) SCLC, followed by sys-
temic chemotherapy (Grade B).

10.2.2 Systemic Chemotherapy

Chemotherapy is the mainstay treatment for  �
limited-stage SCLC (Grade A) (Loehrer et al. 
1988).
Approximately 80%–90% of cases of limited- �
stage SCLC achieve partial or complete response 
to chemotherapy; however, response is usually 
short-lived (Level IV) (Chute et al. 1997).

Regimens

Concurrent cisplatin and etoposide (EP regi- �
men) is the preferred chemotherapy regimen for 
limited-stage SCLC used with concurrent radio-
therapy (Grade A). A phase III study from Eu-
rope randomly assigned 436 patients with SCLC 
to EP regimen or CAV (cyclophosphamide, epi-
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rubicin, and vincristine)-based chemotherapy. 
Of all patients, 214 with limited-stage disease 
were treated with concurrent radiation started 
at cycle 3 of their chemotherapy. The median 
survival for limited-stage patients treated with 
the EP regimen was 14.5 months, as compared 
to 9.7 months in those who received CAV regi-
men chemotherapy (Level I) (Sundstrøm et al. 
2002). 
Carboplatin-based chemotherapy can also be  �
used with radiation therapy for the treatment 
of limited-stage SCLC (Grade B). A random-
ized trial from Greece compared the effi cacy of 
etoposide-cisplatin or etoposide-carboplatin in 
SCLC (limited- and extensive-stage). Patients 
who achieved response to chemotherapy were 
treated with thoracic irradiation. The results 
revealed that overall response and complete re-
sponse rates, as well as median survival, did 
not differ signifi cantly in the two groups (Hel-
lenic Co-operative Oncology Group, Level II) 
( Skarlos et al. 1994).

Dose

Between four and six 3-weekly courses of cis- �
platin and etoposide are usually prescribed [e.g., 
Etoposide 100–120 mg/m2 intravenously (IV) on 
days 1–3, and cisplatin 60–90 mg/m2 IV on day 1] 
(Grade A). No evidence supports the use of more 
than six cycles of chemotherapy (i.e., mainte-
nance chemotherapy), and treatment-induced 
side effects increase with prolonged use of chemo-
therapy (Level I, II) (Byrne et al. 1989; Giaccone 
et al. 1993; Sculier et al. 1996).

10.2.3 Thoracic Radiation Therapy

Thoracic irradiation in combination with con- �
current chemotherapy is recommended for 
definitive treatment of limited-stage SCLC 
(Grade A). The addition of thoracic irradiation 
to chemotherapy significantly reduced the risk 
of locoregional failure by 25% and significantly 
improved the overall survival in limited-stage 
SCLC, as demonstrated in two meta-analyses.
In a meta-analysis by Pignon et al. (1992), 13 ran-
domized trials including more than 2400 patients 
with limited-stage SCLC were analyzed. The ad-
dition of thoracic irradiation to chemotherapy 

provided an absolute benefi t overall survival of 
5.4% at 3 years. The relative risk of death in the 
combined treatment group compared with che-
motherapy alone was 0.86 (95% CI, 0.78 to 0.94; 
p=0.001) (Level I).
The results of a second meta-analysis by Warde 
and Payne (1992) that included 11 randomized 
trials revealed that the absolute difference in 
2-year survival was 5.4% with the addition of 
thoracic irradiation to chemotherapy (Level I).

Treatment Technique

Simulation

CT-based planning is recommended, and CT  �
scan should be taken in the treatment position 
with arms raised above head (treatment posi-
tion).
Intravenous contrast is not recommended for  �
planning CT as it may compromise the treatment 
planning calculation. Fusion of a CT with con-
trast may be needed if IV contrast is necessary 
for tumor and lymph node delineation.
Pulmonary lesions should be delineated with the  �
“lung window” setting; lymph nodes should be 
outlined using a “mediastinal window” setting.

Beam Energy and Dose Calculation

Megavoltage accelerator with a minimum source to  �
isocenter distance of 100 cm is recommended.
Only 6 MV–10 MV energy photon beams are to be  �
used for any fi eld arrangement, including oblique 
or other fi elds.

Field Arrangement

Involved Field Radiation

Gross tumor volume (GTV) that includes primary  �
tumor and involved lymph nodes (defi ned as PET 
scan or pathologic positive, or > 1.5 cm in larg-
est dimension on thoracic CT) plus 1.5- to 2-cm 
margin (Fig. 10.1) (Curran 2001). 
Elective lymph node irradiation is usually not  �
recommended. Ipsilateral hilum/mediastinum 
should be treated to 36 Gy (1.5 Gy twice daily) or 
40–45 Gy (1.8–2.0 Gy daily) in rare cases without 
lymph node involvement (Fig. 10.2).
The involved fi eld arrangement is adopted by  �
various collaborative research groups includ-
ing RTOG as the fi eld arrangement of choice 
(Grade D) (Radiation Therapy Oncology 
Group 2007). 
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In cases where chemotherapy was initiated prior  �
to the start of thoracic radiation, post-chemo-
therapy tumor volume should be used as GTV 
(Grade B). A subgroup of patients (191 cases) 
with limited-stage SCLC in a SWOG initiated 
randomized trial who had partial response or 
stable disease after induction chemotherapy 

were randomized to receive radiation using 
a pre- or post-induction tumor volume, with 
treatment portals designed according to tumor 
extent before or after induction chemotherapy, 
respectively. No difference in survival was de-
tected with either radiation fi eld arrangement 
(Level II) (Kies et al. 1987).

Fig. 10.1. Anteroposterior fi eld of 
involved fi eld radiation therapy for 
limited-stage small-cell lung cancer. 
Planning tumor volume encompassed 
the involved area with a margin of 
2 cm

Fig. 10.2a,b. The anterior radiation fi eld of a peripheral small-cell lung cancer case without lymph node involvement. a 
Irradiation to the primary tumor with elective ipsilateral hilar lymph node treatment to 36 Gy (1.5 Gy twice daily). b The 
boost fi eld for the primary tumor was treated to an additional 9 Gy

a b
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Liengswangwong et al. (1994) reported the 
results of a retrospective study intended to de-
termine the appropriate volume that should be 
encompassed by thoracic radiation treatments 
for patients with limited-stage SCLC who have 
responded to initial chemotherapy. The use of 
radiation fi elds that encompass post-chemother-
apy tumor volumes does not increase the risk of 
intrathoracic failures including marginal failures 
(Level IV) (Liengswangwong et al. 1994). 

Large-Field Thoracic Radiation

Uninvolved ipsilateral hilum and bilateral medi- �
astinum from thoracic inlet to 5 cm below carina 
can be considered as clinical tumor volume (CTV) 
for thoracic irradiation.
Uninvolved contralateral hilum and contralateral  �
supraclavicular area should not be involved in the 
treatment fi eld. Unilateral supraclavicular area 
could be included in upper lobe disease only.
There is no evidence to support that irradiating  �
subclinical disease using the large-fi eld technique 
can improve outcome when concurrent chemora-
diation is used for limited-stage SCLC.

Dose and Fractionation

Accelerated Hyperfractionation

External beam radiation therapy to a total dose  �
of 45 Gy delivered twice daily (i.e., 1.5 Gy bid) 
is currently the dose of choice for limited-stage 
SCLC radiation (Grade A). Results from a ran-
domized study showed that the 5-year overall 
survival of patients treated with 45 Gy radia-
tion therapy over 15 days (1.5 Gy twice daily) 
and concurrent EP chemotherapy reached 26%, 
versus 16% in patients who received the same 
chemotherapy regimen with 45 Gy of thoracic 
radiation over 25 fractions at 1.8 Gy per daily 
fraction (ECOG/RTOG, Level I) (Turrisi et al. 
1999).
Twice-daily radiation given in split course does  �
not improve outcome compared with once-daily 
radiation, thus should not be considered in rou-
tine practice (Grade A). No difference was ob-
served in treatment outcome in terms of overall 
survival and local progression rates in a phase III 
trial aimed to compare twice-daily radiotherapy 
(two courses of 24 Gy in 16 fractions, twice a 
day, spaced by 2.5 weeks) versus continuous once-
daily radiotherapy (50.4 Gy in 28 fractions over 
5.5 weeks). Radiotherapy was initiated with the 

4th cycle of chemotherapy in the trial, and all pa-
tients received six cycles of identical EP chemo-
therapy regimen (NCCTG, Level I) (Bonner et 
al. 1999).

Conventional Fractionation

When twice-daily radiotherapy is not feasible,  �
once-daily thoracic radiation at conventional 
fractionation (i.e., 1.8–2.0 Gy/day) to a total dose 
of 54 Gy or higher can be considered (Grade B). 
A phase I study reported that 56–70 Gy delivered 
at 2 Gy per daily fraction is well tolerated when 
given with concurrent EP chemotherapy (radia-
tion started at the 4th cycle of chemotherapy) 
(Level III) (Choi et al. 1998).
Results from a phase II trial that used conventional 
radiation to a total dose of 70 Gy with concurrent 
chemotherapy revealed such a regimen was fea-
sible. The median survival was 19.8 months for 
the entire group (CALGB, Level III) (Bogart et 
al. 2002).

Side Eff ects and Complications

Radiation-Induced Side Effects and 
Dose Limiting Structures

Dose of radiation to the spinal cord should be  �
limited to  36 Gy (1.5 Gy twice daily) or 45 Gy 
(1.8–2.0 Gy daily) (Grade C) (Emami et al. 
1991).
Dose to the esophagus should be limited to 60 Gy  �
for 1/3 of the esophagus, or 55 Gy for the en-
tire esophagus (Grade C) (Emami et al. 1991). 
Esophagitis is a common radiation-induced side 
effect during treatment, and usually does not 
constitute a reason for treatment interruption.
V � 20 of bilateral lung should be limited to 30% 
as probability of  pneumonitis increases rapidly 
when more than V20 > 30% (Level II) (Byhardt 
et al. 1993). 
Radiation-induced pneumonitis is a diagno-
sis of exclusion and occurs in ~10% of patients 
4–6 weeks after treatment. It is associated with 
the amount of normal lung treated above 20 Gy 
(V20), as well as the mean lung dose; radiographic 
evidence of radiation change and subsequent fi -
brosis of the lung will occur within lung volume 
receiving 40 Gy (Level III) (Movsas et al. 1997; 
Claude et al. 2004; Byhardt et al. 1993).
V � 40 of the heart should be limited to 50% or less. 
Radiation-induced myocarditis rarely occurs at 
doses lower than 50 Gy. 
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Other side effects include bone marrow toxicity,  �
skin pigmentation, brachial plexopathy, and hair 
loss (in chest), depending on the site of irradia-
tion. 

10.2.4 Timing of Thoracic Radiation

Thoracic radiation should be initiated early in  �
the chemotherapy course starting at the fi rst or 
second cycle of chemotherapy (Grade A). A ran-
domized trial completed by the NCI of Canada 
compared thoracic radiation (40 Gy in 15 frac-
tions over 3 weeks) initiated early during che-
motherapy (cyclophosphamide, doxorubicin, 
and vincristine [CAV] alternating with etoposide 
and cisplatin [EP] every 3 weeks for a total of six 
cycles) in week 3 to radiation initiated concurrent 
with the last cycle of chemotherapy in week 15. 
The results showed progression-free survival and 
overall survival rates were signifi cantly superior 
in the early radiation arm. Additionally, patients 
treated in the late radiation arm had a signifi -
cantly higher risk of brain metastases (NCIC, 
Level I) (Murray et al. 1993).
Similar results were seen when accelerated hy-
perfractionated radiation was utilized. Thoracic 
radiation given during weeks 1–4 provided im-
proved survival compared to same radiation reg-
imen delivered in weeks 6–9 of chemotherapy. 
The median survival time was 34 months and 
26 months, in early and late radiation groups, 
respectively. The estimated 5-year survival rates 
were 30% and 15%, respectively, favoring early 
initiation of irradiation (Level II) (Jeremic et al. 
1997).

10.2.5 Prophylactic Cranial Irradiation

Prophylactic cranial irradiation (PCI) is part of  �
the standard treatment for SCLC with complete 
response after chemotherapy or chemoradia-
tion (Grade A). Results from the PCI Overview 
Collaborative Group meta-analysis showed that 
patients who achieved complete response after 
chemotherapy or combined chemoradiation had 
improved overall survival after PCI. The 3-year 
survival rates were 20.7% versus 15.3% for pa-
tients receiving PCI and control group patients , 

respectively (PCI Overview Collaborative Group, 
Level I) (Auperin et al. 1999). 
PCI should also be recommended for SCLC with  �
partial response after chemotherapy or chemo-
radiation (Grade B). Results from a randomized 
study from Europe revealed that PCI can improve 
survival in patients with extensive-stage SCLC 
who developed response to chemotherapy. Al-
though limited-stage SCLC was not included in 
the study, it is reasonable to infer that a similar 
benefi t from PCI can be expected if partial re-
sponse is achieved in limited-stage disease after 
chemoradiation (EORTC 22993-08993, Level II) 
(Slotman et al. 2007). 

Timing of PCI

PCI should be initiated once complete response is  �
achieved after chemoradiation (Grade B). Results 
from a retrospective study revealed late start of 
PCI may adversely affect the prognosis of patients 
(Level IV) (Suwinski et al. 1998). 

Dose and Fractionation

Different radiation doses and fractionation have  �
been utilized in various studies. A dose of 25 Gy 
delivered in 10 daily fractions (2.5 Gy/day) to 
36 Gy delivered in 18 daily fractions (2 Gy/day) 
can be used (Grade B) (Kotalik et al. 2001).
Total equivalent dose less than 24 Gy (calculated  �
in 2 Gy per daily fraction) should not be used for 
PCI (Grade A). A randomized study from the UK 
has shown that a dose of 24 Gy in 12 daily frac-
tions (2 Gy/day) or equivalent total dose lower 
than that does not improve patients’ prognosis 
compare to control (UK02 of UKCCCR/EORTC, 
Level I) (Gregor et al. 1997).
Fraction dose of less than 3 Gy per daily fraction  �
is recommended (Grade B). Cognitive and neu-
rologic function may be impaired when higher 
fraction dose is used, as suggested in two retro-
spective studies (Level IV) (Komaki et al. 1995; 
Johnson et al. 1990).

10.2.6 Surgery

Surgery after defi nitive chemotherapy can be  �
considered in stage I SCLC (Grade B). The re-
sults of a prospective nonrandomized trial from 
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Canada showed that adjuvant surgery (thoraco-
tomy) signifi cantly improved median survival of 
patients with stage I SCLC, as compared to pa-
tients treated with chemotherapy only. Improve-
ment in survival was not seen in patients with 
more advanced disease (Level III) (Shepherd et 
al. 1989).
There is no evidence to support the routine use  �
of surgery after chemotherapy as a replacement 
strategy of combined chemoradiation therapy for 
early stage SCLC, including stage I disease. 

10.3 Treatment of 
 Extensive-Stage SCLC

10.3.1 Systemic Chemotherapy

Chemotherapy is the mainstay treatment for ex- �
tensive stage SCLC. Approximately 70% of cases of 
extensive stage SCLC achieve partial or complete 
response to chemotherapy; however, response to 
chemotherapy is usually limited to 6–8 months 
only (Chute et al. 1997; Loehrer et al. 1988).

Chemotherapy Regimen

Between four and six 3-weekly courses of cispla- �
tin-based chemotherapy is usually recommended 
[e.g., Etoposide 100–120 mg/m2 intravenously 
(IV) on days 1–3, and cisplatin 60–90 mg/m2 IV 
on day 1] (Grade A). Maintenance chemo-therapy 
after six cycles does not improve outcome, but 
treatment-induced side effects increase with pro-
longed chemotherapy (Level I) (Giaccone et al. 
1993; Sculier et al. 1996; Beith et al. 1996).

10.3.2 Radiation Therapy

Thoracic radiation should not be included in the  �
initial treatment of the defi nitive therapy for ex-
tensive stage SCLC, and is usually reserved for 
palliation of symptomatic metastases or intratho-
racic lesions.

Consolidation Radiotherapy

In patients who achieved partial response to che- �
motherapy, the effi cacy of post-chemotherapy 
thoracic irradiation for consolidation treatment 
to residual disease is not proven.

Prophylactic Cranial Irradiation

PCI should be considered in all SCLC patients  �
who achieve response to chemotherapy (Grade A). 
Results from a randomized study revealed that 
patients with extensive-stage SCLC who received 
PCI had lower risk of symptomatic brain me-
tastases. PCI was associated with an increase in 
median disease-free survival from 12.0 weeks to 
14.7 weeks and in median overall survival from 
5.4 months to 6.7 months. The 1-year survival 
rates were 27.1% versus 13.3% for patients who 
received PCI and patients in the control group, 
respectively, (EORTC, Level I) (Slotman et al. 
2007).
The radiation fi eld arrangement, dose, and frac- �
tionation are identical to those used in PCI in 
limited-stage disease.

Palliation

Radiotherapy is commonly utilized to palliate  �
symptoms from metastatic diseases such as bone 
and brain metastasis, or extensive and symp-
tomatic local disease in patients with extensive 
SCLC.
Figure 10.3 presents a proposed treatment algo- �
rithm for SCLC.

Table 10.2. Follow-up schedule

Interval Frequency

First year Every 2–3 months

Year 2–3 Every 3–4 months

Year 4–5 Every 4–6 months

Over 5 years Annually
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10.4 Follow-Ups

10.4.1 Post-Treatment Follow-Ups

Life-long follow-up is recommended for all pa- �
tients treated for SCLC for early detection of re-
currence as well as second primary lung cancer 
(Grade D). 

Schedule

Follow-ups could be scheduled every 2–3 months ini- �
tially in the fi rst year after treatment, then every 3–4 
months in year 2–3, then every 4–6 months in year 

4–5. Annual follow-up is recommended for long-
term survivors after 5 years (Grade D) (National 
Comprehensive Cancer Network 2008).

Work-Ups

Each follow-up examination should include a  �
complete history and physical examination.
Imaging and laboratory tests including chest  �
 X-ray or CT scan, complete blood count, and basic 
serum chemistry can be ordered if clinically indi-
cated; CT or MRI of the brain is indicated when 
neurologic symptoms occur; total body bone scan 
or PET/CT can be ordered if signs and symptoms 
indicate bone or distant metastasis. 

Pathologic diagnosis of SCLC:
Tissue biopsy; Bronchoscopy: Cytology

Clinical Staging:
CT of chest and abdomen; MRI/CT of brain;

Total body bone scan

or

PET/CT (optimal)

Limited Stage SCLS:
Concurrent EP regimen chemotherapy (4–6 cycles)

+

Involved fi eld thoracic irradiaiton (45 Gy bid)

Extensive Stage SCLC:
EP regimen chemotherapy (4–6 cycles)

+

Radiation for symptomatic control

Disease Progression:
Second line chemotherapy

+/–

Palliative treatment

PCI in Responders:
Whole cranial irradiation to 25 Gy

in 10 daily fractions

Follow-Up:
History and physical examination;

Chest X-ray or CT; Laboratory tests.

Fig. 10.3. A proposed treatment 
algorithm for small-cell lung 
cancer

LuBrady-BOOK.indb   155 13.08.2008   14:00:42



156 J. J. Lu

References

Albain KS, Crowley JJ, Livingston RB (1991) Long-term sur-
vival and toxicity in small-cell lung cancer. Expended 
Southwest Oncology Group experience. Chest 99: 1425–
1432

Auperin A, Arriagada R, Pignon JP et al. (1999) Prophylac-
tic cranial irradiation for patients with small-cell lung 
cancer in complete remission. Prophylactic Cranial Ir-
radiation Overview Collaborative Group. N Engl J Med 
341: 476–484

Beith JM, Clarke SJ, Woods RL et al. (1996) Long-term 
follow-up of a randomised trial of combined chemora-
diotherapy induction treatment, with and without main-
tenance chemotherapy in patients with small cell carci-
noma of the lung. Eur J Cancer 32A: 438–443

Bogart J, Herndon J, Lyss AP et al. (2002) 70 Gy thoracic ra-
diotherapy is feasible concurrent with chemotherapy for 
limited stage small cell lung cancer: preliminary analysis 
of a CALGB phase II trial. Int J Radiat Oncol Biol Phys 
54[2 suppl]:103

Bonner JA, Sloan JA, Shanahan TG et al. (1999) Phase III 
comparison of twice-daily split-course irradiation ver-
sus once-daily irradiation for patients with limited stage 
small cell lung carcinoma. J Clin Oncol 17: 2681–2691

Bradley JD, Dehdashti F, Mintun MA et al. (2004) Positron 
emission tomography in limited-stage small-cell lung 
cancer: a prospective study. J Clin Oncol 22:3248–3254

Brink I, Schumacher T, Mix M et al. (2004) Impact of [18F]
FDG-PET on the primary staging of small-cell lung can-
cer. Eur J Nucl Med Mol Imaging 31:1614–1620

Byhardt RW, Hartz A, Libnoch JA et al. (1986) Prognostic 
infl uence of TNM staging and LDH levels in small cell 
carcinoma of the lung (SCLC). Int J Radiat Oncol Biol 
Physs 12:771–777

Byhardt RW, Martin L, Pajak TF et al. (1993) The infl uence of 
fi eld size and other treatment factors on pulmonary tox-
icity following hyperfractionated irradiation for inoper-
able non-small cell lung cancer – analysis of a Radiation 
Therapy Oncology Group protocol. Int J Radiat Oncol Biol 
Phys 27:537–544

Byrne MJ, van Hazel G, Trotter J et al. (1989) Maintenance 
chemotherapy in limited small-cell lung cancer: a ran-
domized controlled clinical trial. Br J Cancer 60:413–
418

Cerny T, Blair V, Anderson H, et al. (1987) Pretreatment 
prognostic factors and scoring system in 407 small cell 
lung cancer patients. Int J Cancer 39:146–149

Choi NC, Herndon JE 2nd, Rosenman J et al. (1998) Phase I 
study to determine the maximum-tolerated dose of radia-
tion in standard daily and hyperfractionated-accelerated 
twice-daily radiation schedules with concurrent chemo-
therapy for limited-stage small-cell lung cancer. J Clin 
Oncol 16:3528–3536

Chute JP, Venzon DJ, Hankins L et al. (1997) Outcome of 
patients with small-cell lung cancer during 20 years of 
clinical research at the US National Cancer Institute. 
Mayo Clin Proc 72:901–912

Claude L, Pérol D, Ginestet C et al. (2004) A prospective study 
on radiation pneumonitis following conformal radiation 
therapy in non-small-cell lung cancer: clinical and dosi-
metric factors analysis. Radiother Oncol 71:175–181

Curran WJ Jr. (2001) Combined-modality therapy for limit-
ed-stage small cell lung cancer. Semin Oncol 28[2 Suppl 
4]:14–22

Dimopoulos MA, Fernandez JF, Samaan NA et al. (1984) 
Paraneoplastic Cushing’s syndrome as an adverse prog-
nostic factor in patients who die early with small cell car-
cinoma of the lung. Am J Med 77:851–857

Emami B, Lyman J, Brown A et al. (1991) Tolerance of normal 
tissue to therapeutic irradiation. Int J Radiat Oncol Biol 
Phys 21:109–122

Giaccone G, Dalesio O, McVie GJ et al. (1993) Maintenance 
chemotherapy in small-cell lung cancer: long-term re-
sults of a randomized trial. European Organization for 
Research and Treatment of Cancer Lung Cancer Coopera-
tive Group. J Clin Oncol 11:1230–1240

Govindan R, Page N, Morgensztern D et al. (2006) Chang-
ing epidemiology of small-cell lung cancer in the United 
States over the last 30 years: analysis of the surveillance, 
epidemiologic, and end results database. J Clin Oncol 
24:4539–4544

Gregor A, Cull A, Stephens RJ et al. (1997) Prophylactic cra-
nial irradiation is indicated following complete response 
to induction therapy in small cell lung cancer: results of 
a multicentre randomized trial. United Kingdom Coor-
dinating Committee for Cancer Research (UKCCCR) and 
the European Organization for Research and Treatment 
of Cancer (EORTC). Eur J Cancer 33:1752–1758

Jeremic B, Shibamoto Y, Acimovic L et al. (1997) Initial versus 
delayed accelerated hyperfractionated radiation therapy 
and concurrent chemotherapy in limited small-cell lung 
cancer: a randomized study. J Clin Oncol 15:893–900

Johnson BE, Patronas N, Hayes W et al. (1990) Neurologic, 
computed cranial tomographic, and magnetic resonance 
imaging abnormalities in patients with small-cell lung 
cancer: further follow-up of 6- to 13-year survivors. J Clin 
Oncol 8:48–56

Kies MS, Mira JG, Crowley JJ et al. (1987) Multimodal ther-
apy for limited small cell lung cancer: a randomized 
study of induction combination chemotherapy with or 
without thoracic radiation in complete responders; and 
with wide-fi eld versus reduced-fi eld radiation in partial 
responders; a Southwest Oncology Group study. J Clin 
Oncol 5:592–600

Komaki R, Meyers CA, Shin DM et al. (1995) Evaluation of 
cognitive function in patients with limited small-cell lung 
cancer prior to and shortly following prophylactic cranial 
irradiation. Int J Radiat Oncol Biol Phys 33:179–182

Kotalik J, Yu E, Markman BR et al. (2001) Practice guide-
line on prophylactic cranial irradiation in small-cell lung 
cancer. Int J Radiat Oncol Biol Phys 50:309–316

Liengswangwong V, Bonner JA, Shaw EG et al. (1994) Limited 
stage small-cell lung cancer: patterns of intrathoracic re-
currence and the implications for thoracic radiotherapy. 
J Clin Oncol 12:496–502

Line DH, Deeley TJ (1971) The necropsy fi ndings in carci-
noma of the bronchus. Br J Dis Chest 65:238-242

List AF, Hainsworth JD, Davis BW et al. (1986) The syn-
drome of inappropriate secretion of antidiuretic hor-
mone (SIADH) in small cell lung cancer. J Clin Oncol 
4:1191–1198

Loehrer PJ Sr, Einhorn LH, Greco FA (1988) Cisplatin plus 
etoposide in small cell lung cancer. Semin Oncol 15[3 
Suppl 3]:2–8

LuBrady-BOOK.indb   156 13.08.2008   14:00:42



  Small Cell Lung Cancer 157

Movsas B, Raffi n TA, Epstein AH et al. (1997) Pulmonary 
radiation injury. Chest 111:1061–1076

Murray N, Coy P, Pater JL et al. (1993) Importance of timing 
for thoracic irradiation in the combined modality treat-
ment of limited-stage small-cell lung cancer. The Na-
tional Cancer Institute of Canada Clinical Trials Group. 
J Clin Oncol 11:336–344

National Comprehensive Cancer Network (2008) Clinical 
practice guidelines in oncology: small-cell lung cancer. 
Available at http://www.nccn.org/ Accessed on March 30, 
2008

Paesmans M, Sculier JP, Lecomte J et al. (2000) Prognostic 
factors for patients with small cell lung carcinoma: analy-
sis of a series of 763 patients included in 4 consecutive 
prospective trials with a minimum follow-up of 5 years. 
Cancer 89:523–533

Pignon JP, Arriagada R, Ihde DC et al. (1992) A meta-analy-
sis of thoracic radiotherapy for small-cell lung cancer. N 
Engl J Med 327:1618–1624

Radiation Therapy Oncology Group (2007) Active lung can-
cer protocols. Available at http://www.rtog.org/members/
active.html#lung. Accessed on October 23, 2007

Sculier JP, Paesmans M, Bureau G et al. (1996) Randomized 
trial comparing induction chemotherapy versus induc-
tion chemotherapy followed by maintenance chemother-
apy in small-cell lung cancer. European Lung Cancer 
Working Party. J Clin Oncol 14:2337–2344

Shepherd FA, Ginsberg RJ, Patterson GA et al. (1989) A pro-
spective study of adjuvant surgical resection after chemo-
therapy for limited small cell lung cancer. A University 

of Toronto Lung Oncology Group study. J Thorac Cardio-
vasc Surg 97:177–186

Skarlos DV, Samantas E, Kosmidis P et al. (1994) Random-
ized comparison of etoposide-cisplatin vs. etoposide-
carboplatin and irradiation in small-cell lung cancer. A 
Hellenic Co-operative Oncology Group study. Ann Oncol 
5:601–607

Stahel RA, Ginsberg R, Havermann K et al (1989) Staging and 
prognostic factors in small cell lung cancer: a consensus. 
Lung Cancer 5:119–126

Sundstrøm S, Bremnes RM, Kaasa S et al. (2002) Cisplatin 
and etoposide regimen is superior to cyclophosphamide, 
epirubicin, and vincristine regimen in small-cell lung 
cancer: results from a randomized phase III trial with 5 
years’ follow-up. J Clin Oncol 20:4665–4672

Slotman B, Faivre-Finn C, Kramer G et al. (2007) Prophylac-
tic cranial irradiation in extensive small-cell lung cancer. 
N Engl J Med 357:664–672

Suwinski R, Lee SP Withers HR (1998) Dose-response rela-
tionship for prophylactic cranial irradiation in small-
cell lung cancer. Int J Radiat Oncol Biol Phys 40:797–
806

Turrisi AT 3rd, Kim K, Blum R et al. (1999) Twice-daily com-
pared with once-daily thoracic radiotherapy in limited 
small-cell lung cancer treated concurrently with cisplatin 
and etoposide. N Engl J Med 340:265–271

Warde P, Payne D (1992) Does thoracic irradiation improve 
survival and local control in limited-stage small-cell 
carcinoma of the lung? A meta-analysis. J Clin Oncol 
10:890–895

LuBrady-BOOK.indb   157 13.08.2008   14:00:42



  Thymoma 159

Thymoma 11
Feng-Ming (Spring) Kong and Jiade J. Lu

F.-M. (Spring) Kong, MD, PhD, MPH
Radiation Oncology, Veteran Administration Health Center 
and University Hospital Department of Radiation  Oncology, 
University of Michigan, 1500 E  Medical Center Drive, Ann 
Arbor, MI 48109, USA
J. J. Lu, MD, MBA
Department of Radiation Oncology, National University 
Cancer Institute of Singapore, National University Health 
System, National University of Singapore, 5 Lower Kent 
Ridge Road, Singapore 119074,  Singapore

C O N T E N T S

11.1 Diagnosis, Staging, and Prognoses 159
11.1.1 Diagnosis 159
 Initial Evaluation 159
 Laboratory Tests 160
 Imaging Studies 160
 Pathology 160
11.1.2 Staging 160
11.1.3 Prognostic Factors 161

11.2 Treatment of Resectable Thymoma 162
11.2.1 General Principles 162
11.2.2 Surgery 162
11.2.3 Adjuvant Radiation Therapy 162
11.2.4 Chemotherapy 163

11.3 Treatment of  Unresectable Thymoma 163
11.3.1 General Principles 163
11.3.2 Induction Chemotherapy 163
11.3.3 Induction Chemoradiation 163
11.3.4 Adjuvant and Neoadjuvant Radiation 
 Therapy 163

11.4 Radiation Therapy Techniques 164
11.4.1 Simulation, Target Volumes, and 
 Field Arrangement 164
11.4.2 Dose and Fractionation 167

11.5 Side Effects and Complications 168
11.5.1 Radiation-Induced Side Effects and 
 Complications 168

11.6 Follow-Ups 168
11.6.1 Post-Treatment Follow-Ups 168

 References 169

Introduction and Objectives

Thymoma is a tumor originating from the epithelial cells of the 
thymus. Thymic tumors are the most commonly diagnosed tu-
mors in the anterior mediastinum in adults, accounting for ap-
proximately 50% of anterior mediastinal tumors. Thymoma is 
usually an indolent disease with a potential of local invasion.

This chapter examines:

Recommendations for diagnosis and staging procedures �
Staging systems and prognostic factors �
Treatment recommendations for both resectable and unre- �
sectable diseases

The use of chemotherapy in both resectable and unresect- �
able disease and the role of radiation therapy

Techniques of radiation therapy �
Follow-up care and surveillance of survivors �

11.1 Diagnosis, Staging, and 
 Prognoses

11.1.1 Diagnosis

Initial Evaluation

Approximately one-third of patients with thy- �
moma are diagnosed incidentally on chest  X-ray.
Diagnosis and evaluation of thymoma starts  �
with a complete history and physical examina-
tion (H&P). Attention should be paid to thy-
moma-specifi c history, signs, and symptoms in-
cluding cough, chest pain, dysphagia, superior 
vena cava syndrome, and thymoma-associated 
paraneoplastic syndromes including myasthe-
nia gravis.
Lymph node metastases are rare in thymomas,  �
but are present in 40% of thymic carcinomas.
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Myasthenia gravis occurs in approximately  �
30%–45% of cases of thymoma, and 10%–15% of 
patients with myasthenia gravis will develop thy-
moma during their course of disease. Myasthenia 
gravis is an uncommon manifestation of thymic 
carcinoma (López-Cano et al. 2003).
Other commonly seen paraneoplastic syndromes  �
associated with thymoma include pure red cell apla-
sia, hypogammaglobulinemia, and various types of 
autoimmune disorders and vasculitides. Paraneo-
plastic syndromes are rare in thymic carcinoma. 

Laboratory Tests

Initial lab tests should include a complete blood  �
count, basic blood chemistry, liver and renal 
function tests, and other studies directed by the 
presenting syndromes. Serum -fetoprotein and 

-HCG in male patients should be performed to 
rule out germ cell tumor.

Imaging Studies

CT scan of the thorax is the most important im- �
aging study for mediastinal tumors and is usu-
ally required to evaluate the characteristics and 
extent of the disease.
MRI can be considered for distinguishing ante- �
rior mediastinal tumors (Grade B). While CT is 
superior to MRI of the chest in the diagnosis of 
anterior mediastinal tumors, MRI is more valu-
able for evaluating thymic cyst such as thymic cyst 
with hemorrhage or infl ammation which mimic 
solid tumor despite low enhancement (Level III) 
(Tomiyama et al. 2007).
Octreotide scanning for diagnosis and staging of  �
thymoma or thymic carcinoma should not be rou-
tinely considered. Octreotide scanning was reported 
to be accurate for diagnosing thymoma in a small 
prospective series of 18 cases (Level III)  (Lastoria 
et al. 1998). However, whether octreotide scanning 
provides additive value over its value over tradi-
tional diagnostic process is unknown.
The use of FDG-PET scans for diagnosis and stag- �
ing of thymoma is currently under investigation 
and should not be routinely utilized.

Pathology

Clinical diagnosis of a thymoma is usually suf- �
fi cient for small tumors, especially in cases as-
sociated with paraneoplastic syndromes. Biopsy 

of the tumor is usually necessary for large and 
locally invasive tumor for pathological diagnosis, 
or when lymphoma or germ cell tumors are con-
sidered (Grade C). The results from a retrospec-
tive series from Johns Hopkins Hospital revealed 
improved survival in patients who underwent bi-
opsy before tumor resection (Level IV) (Wilkins 
et al. 1999). However, case reports raised concerns 
of tumor spillage into the pleura space when the 
capsule was breached during biopsy (Level V) 
(Moran et al. 1992).
Biopsy can be performed using CT-guided core  �
needle biopsy, anterior mediastinoscopy. Video-
assisted thoracoscopy or open surgical biopsy by 
limited anterior mediastinotomy may be neces-
sary if fi ne-needle aspiration or core biopsy is 
insuffi cient to establish the diagnosis. 
Tumor spillage into pleural space or seeding along  �
needle track secondary to biopsy procedures has 
not been confi rmed.
Approximately 50% of thymomas are localized  �
within a capsule without infi ltration at diagnosis, 
and the vast majority (90%–95%) are localized 
and resectable. Small and encapsulated disease 
should be excised for diagnosis and treatment.
Thymoma can be classifi ed histologically into  �
six subtypes according to the WHO classifi ca-
tion (Table 11.1) (Rosai 1999). Thymic carcinoma 
(type C) represents less than 1% of the thymic ma-
lignancies. The WHO classifi cation of thymoma 
is of prognostic signifi cance.

Table 11.1. World Health Organization pathologic classifi cation 
of thymoma

Type Histologic description 5-/10-Year 
survival

– A
– AB
– B1
– B2
– B3
– C

– Medullary thymoma
– Mixed thymoma
– Predominately cortical thymoma
– Cortical thymoma
– Thymic carcinoma
– Well-differentiated thymic 
   carcinoma
– Thymic carcinoma

– 100/95%
– 93/90%
– 89/85%
– 82/71%
– 71/40%
– 23%

11.1.2 Staging

Two pathological staging systems exist for the  �
staging of thymoma.
The staging system proposed by  � Masaoka et al. 
(1981) is based on the histological fi nding of lo-
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cal invasion and has been widely adopted for the 
staging of thymoma (Table 11.2).
The staging system proposed by the Groupe  �
d’Etudes des Tumerus Thymiques (GETT) is based 
on the extent of surgical resection  (Table 11.3) 
(Gamondès et al. 1991).

11.1.3 Prognostic Factors

The most important determinants of long-term  �
survival in thymoma include stage, completeness 
of resection, and histologic classifi cation of the 
disease. 
The stage (i.e., invasiveness) of the tumor is the  �
main prognostic factor of thymoma. The 10-year 
overall survival ranges between 90% to 100% 
for Masaoka stage I and II, 50%–60% for stage 
III, and 0%–10% for stage IV diseases (Level IV) 
(Maggi et al. 1986; Quintanilla-Martinez et 
al. 1994; Blumberg et al. 1995).
Completeness of resection and the use of post- �
operative adjuvant radiation therapy for incom-
pletely resected cases are signifi cant prognostic 

factors (Level IV) (Myojin et al. 2000; Rena et 
al. 2005).
The WHO classifi cation is an independent prog- �
nostic factor of thymoma. The signifi cance of 
the WHO classifi cation in predicting long-term 
outcome of thymoma has been confi rmed by 
a number of studies. The 10-year disease-free 
survival of type A and AB disease approaches 
95%–100%. That of type B1, B2, and B3 diseases 
approximates 85%, 70%, and 40%, respectively 
(Level IV) (Chen et al. 2002; Kondo et al. 2004; 
Rena et al. 2005; Okumura et al. 2002). The 
median survival of patients with thymic carci-
noma is approximately 2 years, and the 10-year 
overall survival average 33% (Eng 2004). The 
presence of myasthenia gravis at diagnosis is not 
an independent predictor of overall survival af-
ter defi nitive treatment, but may indicate favor-
able prognosis in advanced diseases (Level IV) 
(Chen et al. 2002; Kondo and Monden 2005; 
Lucchi 2005).
Age, gender, and disease-free interval are not inde- �
pendent predictors of overall survival (Level IV) 
(Pescarmona et al. 1990; Quintanilla-Marti-
nez et al. 1994; Blumberg et al. 1995).

Table 11.3. GETT staging system of thymomas

Stage Description 5-Year survival

Ia Encapsulated tumor, totally resected 100%

Ib Macroscopically encapsulated tumor, totally resected, but the surgeon suspects mediastinal 
adhesions and potential  capsular invasion 

60%–87%

II Invasive tumor, totally resected 85%

IIIa Invasive tumor, subtotally resected 65%

IIIb Invasive tumor, biopsy 40%

IVA Supraclavicular metastasis or distant pleural implant 

IVB Distant metastases

Table 11.2. Masaoka staging system of thymomas

Stage Description 5-Year survival

I Macroscopically completely encapsulated and microscopically no capsular invasion 94%–100%

II Microscopically invasion into capsule (A); or macroscopically invasion into surrounding 
fatty tissue or mediastinal pleura (B) 

86%–95%

III Macroscopically invasion into neighboring organs (i.e., pericardium, great vessels, or lung). 
(A) Without invasion of great vessels and (B) with invasion of great vessels

56%–69%

IV Pleural or pericardial dissemination (A)
Lymphogenous or hematogenous metastases (B)

11%–50%
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11.2 Treatment of 
 Resectable Thymoma

11.2.1 General Principles

Surgery is the mainstay treatment for potentially  �
resectable thymoma (Grade A).
Adjuvant treatment of any type is usually not  �
justifi ed for stage I disease after complete resec-
tion. 
Postoperative radiation therapy may be recom- �
mended for stage II and stage III thymoma after 
complete resection for local control (Grade C).
Postoperative radiation therapy is recommended  �
for incompletely resected stage III and IVA thy-
moma (Grade B).
Currently there is no evidence to support the use  �
of adjuvant chemotherapy in the treatment of thy-
moma after surgical resection.

11.2.2 Surgery

Complete resection is the treatment of choice for  �
surgically resectable thymoma (Grade A). Com-
pleteness of surgical resection is of prognostic 
signifi cance. Incomplete resection leads to poor 
results even with postoperative radiotherapy or 
chemoradiotherapy for locally advanced disease 
(Level IV) (Myojin et al. 2000; Rena et al. 2005).
Median sternotomy is the standard procedure  �
for most cases of thymoma. Other surgical tech-
niques such as cervical approaches or video-as-
sisted thoracic surgery have been reported, but 
their effi cacy in comparison with median sterno-
tomy approach needs to be confi rmed.
Preoperative preparation (including plasma- �
pheresis) for patients with myasthenia gravis may 
be necessary to avoid respiratory complications 
in the perioperative period.
Perioperative mortality is less than 1% in modern  �
series.

11.2.3 Adjuvant Radiation Therapy

For encapsulated thymoma (Masaoka stage I),  �
adjuvant treatment after complete resection is 

not justifi ed (Grade A). The disease-specifi c sur-
vival of patients with encapsulated thymoma ap-
proaches 100%, and locoregional recurrence rate 
is less than 5% after surgery alone (Level IV) 
(Curran et al. 1988; Maggi 1991).
For stage II disease, adjuvant radiation therapy  �
may be recommended after resection (Grade C). 
Although close to 100% of stage II thymoma can 
be completely resected, results from retrospec-
tive series showed that the local recurrent rate 
approached 30% after complete resection of stage 
II thymoma, as compared to less than 10% for 
those receiving postoperative radiation therapy 
(Level IV) (Curran et al. 1988; Haniuda et al. 
1996; Ogawa et al. 2002). However, results from 
other retrospective studies did not confi rm such 
fi ndings (Level IV) (Mangi et al. 2002; Kondo 
and Monden 2003).
For stage III thymoma, adjuvant radiation ther- �
apy after surgery may be recommended after 
resection, especially in type B2 and B3 diseases 
(Grade C). Complete resection is possible in ap-
proximately 60% of stage III thymoma. Results 
from a number of retrospective series have indi-
cated that adjuvant radiation therapy after com-
plete resection is benefi cial for local control in 
stage II and III thymoma (Level IV) (Curran et 
al. 1988; Gripp et al. 1998; Ogawa et al. 2002). 
In a recently published large retrospective re-
view of 228 resected thymoma cases, adjuvant 
radiation therapy was given to 42 patients. No 
patients receiving adjuvant radiation after com-
plete resection had recurrence, as compared to 
33% local recurrence rate among those receiving 
complete resection only (Level IV) (Ströbel et 
al. 2004).
However, results from a small series from Japan 
revealed that the recurrence rates for stage III 
patients with or without adjuvant radiation were 
23% and 26%, respectively, after complete resec-
tion (Level IV) (Kondo and Monden 2003).
Complete resection is usually not feasible for  �
stage IVA thymoma. For incompletely resected 
stage III and stage IVA cases, adjuvant radiation 
therapy is recommended (Grade B). Results from 
numerous retrospective studies have confi rmed 
that adjuvant radiotherapy can improve local 
control and overall survival rates. 
Radiation to the entire mediastinum was found 
to improve local control in stage III and IVA 
thymoma after surgery. In a retrospective study 
from Italy which included 77 patients with stage 
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III and IVA diseases, complete resection was 
achieved in 56% of stage III cases and in no 
patients with stage IVA diseases. Intrathoracic 
relapses occurred in 15.2% of patients in stage 
III and in 50% of patients in stage IVA disease, 
but only seven relapses (9.1%) were within the 
limits of the radiation fi eld (Level IV) (Urgesi 
et al. 1990). 
In the above-mentioned study by Ströbel et al. 
(2004), 75 patients with B2 and B3, stage III, or 
higher thymomas had incomplete resection of 
their primary diseases. The recurrence rate of 
patients who received adjuvant chemoradiation 
therapy was 34%, as compared to 78% in patients 
without adjuvant treatment (Level IV) (Ströbel 
et al. 2004).

11.2.4 Chemotherapy

Currently, chemotherapy cannot be recom- �
mended for routine use after complete or par-
tial resection of thymoma (Grade C). Thymoma 
is relatively sensitive to chemotherapy; however, 
chemotherapy is usually used for induction treat-
ment for unresectable thymomas. In a French 
multicenter retrospective review of 90 cases with 
stage III and IVA thymomas, a subgroup (59) of 
patients received postoperative chemotherapy, 
with or without radiation. The results showed 
that chemotherapy was not a signifi cant prog-
nostic factor after partial resection or biopsy 
(Level IV) (Mornex et al. 1995).

11.3 Treatment of 
 Unresectable Thymoma

11.3.1 General Principles

A combined multimodality approach including  �
induction chemotherapy, radiation therapy, and/
or surgery should be considered for unresectable 
thymoma (Grade A).
The use of radiotherapy as induction therapy for  �
unresectable thymoma is justifi ed if chemother-
apy is contraindicated (Grade C).

11.3.2 Induction Chemotherapy

Induction chemotherapy followed by radiation  �
therapy or surgery (with or without radiation) 
is usually indicated for unresectable thymoma 
(Grade A). Thymoma is relatively sensitive to 
chemotherapy, and response rates to induction 
 chemotherapy ranges from 60%–77%.
An Intergroup phase II trial treated 26 patients 
with limited-stage unresectable thymoma with 
four cycles of induction cisplatin-doxorubicin-
cyclophosphamide chemotherapy, followed by 
external beam radiation (54 Gy in conventional 
fractionation) to the primary disease and regional 
lymph nodes. Complete or partial response were 
seen in 16 of 26 cases, and the progression-free and 
overall survival rates at 5 years were 54% and 52%, 
respectively (Level III) (Loehrer et al. 1997).
A phase II trial from the M. D. Anderson Cancer 
Center treated 22 patients with invasive and un-
resectable disease with induction chemotherapy 
(cyclophosphamide, doxorubicin, cisplatin, and 
prednisone) followed by surgical resection, fol-
lowed by adjuvant radiation therapy and con-
solidated chemotherapy. Response was observed 
in 77% of patients, and 21 patients underwent 
complete resection (16 patients) or incomplete re-
section (fi ve patients). The overall survival rate 
was 95% and 79% at 5 and 7 years, respectively 
(Level III) (Kim et al. 2004).

11.3.3 Induction Chemoradiation

Induction chemoradiation followed by sur- �
gery can also be used in unresectable thymoma 
(Grade C). Wright et al. (2008) treated 10 pa-
tients with cisplatin and etoposide along with 
45 Gy of radiation over the past 10 years with 
acceptable toxicity and no treatment-related mor-
tality. There were seven stage II (post-treatment) 
and three stage IVA patients – the 5-year survival 
was 60% in all patients and 85% in the stage III 
patients (Level IV) (Wright et al. 2008).

11.3.4 Adjuvant and Neoadjuvant 
 Radiation Therapy

Radiation therapy is usually recommended af- �
ter induction chemotherapy followed by surgical 
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resection for unresectable cases. Adjuvant radia-
tion seems most appropriate in the setting of in-
complete resections or close margins.
Adjuvant chemoradiation can also be used fol- �
lowing neoadjuvant chemotherapy and surgery 
(Grade B). In a prospective series of 45 cases of 
unresectable stage III thymic tumors, induc-
tion and adjuvant chemotherapy was found to 
be effective and safe. The 10-year survival rates 
after induction chemotherapy, surgery, followed 
by adjuvant chemotherapy for patients with thy-
moma or well-differentiated thymic carcinoma 
were 90% and 85%, respectively. The 8-year sur-
vival for patients with thymic carcinoma was 56% 
(Level III) (Venuta et al. 2003).
Preoperative radiation therapy can be used for  �
unresectable thymoma if induction chemother-
apy is contraindicated (Grade C). A small ret-
rospective series from Japan of 12 patients with 
unresectable thymoma was treated with preop-
erative radiation therapy followed by surgery. 
Complete resection was possible by concomitant 
resection of the surrounding tissues, mainly peri-
cardium and/or brachiocephalic vein in nine of 
the 12 patients (Level IV) (Akaogi et al. 1996). 
The use of preoperative radiation therapy was 
also reported by other studies and results have 
shown that preoperative treatment to increase the 
complete resection rate could improve the overall 
survival of these patients (Level IV) (Bretti et al. 
2004; Ohara et al. 1990).
A dose of 40–50 �  Gy can be considered in 1.8- to 
2.0-Gy daily fractions for preoperative radiation 
therapy (Grade D).
For surgically unresectable or medically inopera- �
ble cases after induction chemotherapy, radiation 
therapy can be used for local treatment (Grade B). 
As in cases with gross residual after surgery, a 
total dose of 60–70 Gy may be needed for patients 
with unresectable disease (Grade D). Lower radi-
ation dose may be associated with higher chances 
of disease progression or recurrence. 
The progression-free and overall survival rates 
at 5 years were 54% and 52%, respectively, after 
induction chemotherapy followed by radiation to 
a total dose of 54 Gy, as reported in the above 
mentioned Intergroup phase II trial (Level III) 
(Loehrer et al. 1997).

11.4 Radiation Therapy Techniques

11.4.1 Simulation, Target Volumes, and 
 Field Arrangement

CT-based planning is highly recommended. CT  �
scan should be taken in the treatment position 
with arms raised above the head (treatment po-
sition). Simulations of considering target motion 
are encouraged whenever possible. CT scan can 
be performed at the end of natural inhale, exhale, 
and under free breathing, when more sophisti-
cated techniques like 4D CT or gated CT, active 
breathing control (ABC) are not available.
The gross tumor volume (GTV) should include  �
any grossly visible tumor. Surgical clips indica-
tive of gross residual tumor should be included 
for postoperative cases.
The clinical tumor volume (CTV) for postop- �
erative radiation therapy should encompass the 
potential site with residual disease, the entire 
thymus (for partial resection cases), and any po-
tential sites with residual diseases. The treatment 
fi eld should include CTV plus 1.5- to 2-cm margin 
for motion and set-up errors.
Extensive elective nodal irradiation (entire me- �
diastinum and bilateral supraclavicular nodal 
regions) is not recommended (Grade B). Thymo-
mas do not commonly metastasize to regional 
lymph nodes, thus elective nodal irradiation 
is often substantially morbid without any evi-
dence of clinical benefi t (Level IV) (Ruffi ni et 
al. 1997).
The planning target volume (PTV) should con- �
sider the target motion and daily set-up error. 
The PTV margin should be based on individual 
patient’s motion, the simulation techniques used 
(with and without inclusion motion) and repro-
ducibility of daily set-up of each clinic.
Radiation beam arrangements depend on the  �
shape of PTV aiming to confi ne the prescribed 
high dose to the target and minimize dose to ad-
jacent critical structures. Anterior-posterior and 
posterior-anterior (AP/PA) ports weighting more 
anteriorly (Fig. 11.1), or wedge pair technique 
(Fig. 11.2) may be considered. 
Three-dimensional conformal plan (Fig. 11.3) and  �
intensity-modulated radiation therapy (IMRT) 
(Fig. 11.4) may further improve the dose distri-
bution and decrease dose to normal tissue.
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Fig. 11.1a–c. Isodose distribution of an AP/PA tradi-
tional fi eld arrangement in a postoperative case (pre-
scription dose=54 Gy to the ICRU reference point)

a

c

b

Fig. 11.2a–c. Isodose distribution of a wedge paired 
fi eld arrangement in a postoperative case (prescription 
dose = 54 Gy to the ICRU reference point)

a

c

b
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Fig. 11.4a–c. Isodose distribution of an intensity modu-
lated radiation therapy (IMRT) in a postoperative case 
(prescription dose = 54 Gy to the planning target volume)

a

c

b

Fig. 11.3a–c. Isodose distribution of a 3 D conformal 
radiation therapy in a postoperative case (prescription 
dose = 54 Gy to the ICRU reference point)

a

c

b
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Fig. 11.5. Comparison 
of lung dose volume his-
tograms (DVH) treated 
with various techniques. 
NTCP = normal tissue 
complication probability

For adjuvant treatment, the radiation dose con- �
sists of 45–50 Gy for clear/close margins, 54 Gy 
for microscopically positive resection margins, 
and 60 Gy for grossly positive margins, if con-
ventional fractionation (1.8–2.0 Gy per daily frac-
tion) is recommended (Grade D).
A total dose of 60–70 �  Gy may be needed for patients 
with gross residual disease after surgery, although 
there is no clear evidence of a dose-response rela-
tionship for thymoma due to the rarity of the dis-
ease (Grade D) (Level IV) (Mornex et al. 1995).

Fig. 11.6. Comparison 
of cord dose volume his-
tograms (DVH) treated 
with various techniques

These techniques, though commonly used during  �
traditional 2D era, can generate excessive dose to 
normal tissue (Figs. 11.5 and 11.6).

11.4.2 Dose and Fractionation

The dose and fractionation schemes of radiation  �
therapy depend on the completeness of surgical 
resection.

Technique Radiation Therapy (RT) Mean Lung Dose

IMRT Intensity Modulated RT 17.2 Gy

3DCRT 3-D Conformal RT 21.4 Gy

APPA Anterior/Posterior 2DRT 20.6 Gy

WDG Wedge Paired 2DRT 27.8 Gy

IMRT_Lung NTCP=11.7%

3DCRT_Lung NTCP=20.61%

APPA_Lung NTCP=18.8%

WDG_PR_Lung NTCP=39.9
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11.5 Side Eff ects and Complications

11.5.1 Radiation-Induced Side Eff ects 
 and Complications

Commonly seen acute side effects secondary to  �
radiation treatment for thymoma include fatigue, 
skin erythema, odynophagia, dysphagia, cough, 
or mild dyspnea. 
Late complications include radiation-induced  �
lung toxicities (such as pneumonitis, fi brosis), 
radiation-induced cardiac diseases (such as 
pericarditis or myocarditis), and myelopathy 
(rarely).
To avoid late toxicities to lung, the mean lung  �
dose should be limited to 20 Gy, and V20 of to-
tal lung with exclusion of gross tumor volume 
should be limited to 30% (Grade B). Radiation-
induced lung toxicity is associated with many 
lung dosimetric factors such as volume receiving 
>20 Gy (V20) and the mean lung dose. The risk 
for developing radiation-induced lung toxicity in-
creases substantially if mean lung dose is >20 Gy 
(Level III) (Kong et al. 2006; Wang et al. 2006).
To avoid radiation-induced heart disease, V � 40 
of the heart should be limited to 50% or less 
(Grade B). Radiation-induced myocarditis rarely 

Fig. 11.7. A proposed treatment algorithm for thymoma

occurs at doses lower than 50 Gy. Dose of radia-
tion to the spinal cord should be limited to 45 Gy 
(1.8–2.0 Gy daily) (Grade C) (Level IV) (Emami 
1991).

11.6 Follow-Ups

11.6.1 Post-Treatment Follow-Ups

Life-long follow-up is required for thymoma pa- �
tients after defi nitive treatment (Grade B). Late 
recurrences up to 12% occurring 10–20 years after 
surgery has been reported (Level IV) (Wilkins 
1999).
Follow-ups could be scheduled every 4–6 �  months 
initially in the fi rst 2 years after treatment, then 
annually thereafter (Grade D) (NCCN 2008).
Each follow-up examination should include a  �
complete history and physical examination. An-
nual thoracic CT scan is recommended by the 
National Comprehensive Cancer Network clini-
cal practice guidelines (Grade D) (NCCN 2008). 
Other imaging studies and lab studies should 
be ordered according to clinical fi ndings on fol-
low-up examinations. 

Tissue diagnosis 
by core needle biopsy, 

medianoscopy, 
video-assisted thoracomy, 

or open biopsy

Stage II/III:
Radiation treatment

Chemotherapy +/– radiotherapy
Chemotherapy +/– radiotherapy +
surgery for stage III and IVA diseases

Treatment Algorithm for Thymona

Anterior mediastinal mass, thymoma likely

History and physical, blood tests, and image studies

Lifelong follow-up

Yes, 
resectable and 

operable

No, 
unresectable and 

inoperable

If medically operable

Resection, pathology diagnosis and staging

Stage I:
No treatment

Resectable and operable
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Introduction and Objectives

Esophageal cancer is a highly malignant disease with a cure 
rate of less than 20%. Less than 40% of patients present with 
localized and resectable disease. Both surgery and combined 
chemoradiation therapy are important therapeutic modalities 
in curative treatment for esophageal cancer. Radiation therapy 
plays an important role in palliation of symptoms caused by ad-
vanced local or metastatic disease. 

This chapter examines:

Recommendations for diagnosis and staging procedures �
The staging systems and prognostic factors �
Treatment recommendations as well as the supporting  �
scientifi c evidence for esophagectomy and neoadjuvant and 
adjuvant treatment for resectable esophageal cancer

The use of concurrent chemotherapy and radiotherapy for  �
defi nitive treatment of locally advanced esophageal cancer

Palliative radiation (external beam radiation therapy and  �
brachytherapy) for symptomatic control in advanced dis-
eases

Follow-up care and surveillance of survivors �

12.1 Diagnosis, Staging, and 
 Prognoses

12.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of esophageal cancer  �
starts with a complete history and physical ex-
amination (H&P). Attention should be paid to 
esophageal cancer-specifi c history, signs, and 
symptoms including tobacco and alcohol use, 
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dietary history, obesity, weight loss, gastroe-
sophageal refl ux disease (GERD), dysphagia, 
odynophagia, cough, hoarseness, hematemesis, 
and hemoptysis.
Thorough physical examination should be per- �
formed with attention to aerodigestive track as 
well as cervical and/or supraclavicular lymph-
adenopathy.
Panendoscopy (triple endoscopy) examines the  �
trachea, larynx, pharynx, and esophagus. Panen-
doscopy allows direct visualization of character-
ization, measurement of tumor extent, as well as 
biopsy for pathologic diagnosis. 

Laboratory Tests

Initial laboratory tests should include a com- �
plete blood count, basic serum chemistry, liver 
function tests, renal function tests, and alkaline 
phosphatase.

Imaging Studies

CT scans of chest and abdomen are required to  �
evaluate local extension, regional lymph nodes, 
and to rule out distant metastasis.
Endoscopic ultrasonography (EUS) should be  �
performed to evaluate the depth of invasion 
from the primary disease, as well as periesopha-
geal and regional nodal involvement (Grade B). 
The accuracy of EUS for evaluating T and N 
classifications approaches 90% and 80%, re-
spectively, as compared to 70% and less than 
60%, respectively, for CT of thorax (Level III) 
(Kelley et al. 2001; Picus et al. 1983; Salonen 
et al. 1987).
Barium esophagram can be used to detect tra- �
cheoesophageal (TE) fi stula and delineate the 
proximal and distal tumor margins. TE fi stula is 
a relative contraindication of radiation therapy, 
and usually requires stent placement prior to 
treatment. 
FDG-PET is highly encouraged for initial evalu- �
ation and staging (Grade B). The sensitivity and 
specifi city of PET over CT scan alone have been 
repeatedly recognized in prospective studies 
(Level III) (Kato et al. 2005; Katsoulis et al. 
2007; Flamen et al. 2000; Rankin et al. 1998). In 
addition, response of esophageal cancer in terms 
of reduction in metabolic activity on FDG-PET 
after defi nitive chemoradiation is of prognostic 

value (Level III) (Ott et al. 2006; Wieder et al. 
2004).
Bone scan is indicated for patients with elevated  �
alkaline phosphatase or if bone pain is reported. 
Bone scan is optional if FDG-PET is performed. 
Imaging and laboratory work-ups required for  �
the diagnosis and staging of esophageal cancer 
are listed in Table 12.1. 

Table 12.1. Imaging and laboratory work-ups for esophageal 
cancer

Imaging studies Laboratory tests

– Barium esophagram

– Endoscopic ultrasonography
  (EUS)

– CT of chest and abdomen

– FDG-PET scan or PET/CT

– Bone scan (optional)

– Complete 
   blood count

– Serum chemistry

– Liver function tests 

– Renal function tests

– Alkaline phosphatase

Pathology

Tissue for pathology diagnosis can be obtained  �
during initial examination using endoscopy.
Pathologic confi rmation of esophageal cancer is  �
imperative prior to the initiation of any treat-
ment. Treatment and prognosis of the more com-
monly diagnosed adenocarcinoma and squamous 
cell carcinoma (comprising 95% of all esophageal 
cancer cases combined) are substantially differ-
ent from those of the more rarely diagnosed ma-
lignancies such as leiomyosarcoma, lymphoma, 
and malignant melanoma.

12.1.2 Staging

Esophageal cancer can be staged clinically and  �
pathologically: Clinical staging utilizes informa-
tion from H&P, imaging studies, endoscopy, and 
laboratory tests; Pathologic staging is based on 
fi ndings from clinical staging and procedures 
such as esophagectomy and examination of the 
resected specimen.
The 2002 American Joint Committee on Cancer  �
Tumor Node Metastasis (TNM) staging system is 
presented in Table 12.2. 
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12.1.3 Prognostic Factors

The prognosis of patients with esophageal cancer  �
is directly associated with the presenting char-
acteristics. 
Stage is the most important prognostic factor in  �
predicting patients’ outcome. 
The significance of pathologic subtypes of  �
esophageal cancer (squamous cell carcinoma 
vs. adenocarcinoma) on prognosis has not been 
confirmed. For resectable cases, results from a 
large single-center series showed that the 5-year 
overall survival is better in adenocarcinoma 
than in squamous cell carcinoma (47% vs. 37%), 
as the probability of regional nodal metastasis 
is higher in the latter (Level IV) (Siewert et 
al. 2001). However, difference in survival was 
not observed in locally advanced esophageal 
cancer treated with chemoradiation between 
the two subtypes (Level  II) (Al-Sarraf et al. 
1997).
The size of the primary tumor and depth of  �
tumor invasion are prognostically signifi cant 
(Crehange et al. 2007; Greene et al. 2002). 
However, anatomic location does not appear to 
be a signifi cant prognostic factor (Greene et 
al. 2002).
Male gender, advanced age (65 years of age or  �
above), weight loss, and poor performance sta-
tus have been associated with poor prognosis in 
esophageal cancer (Level III/IV) (Crehange et 
al. 2007; Hussey et al. 1980; Pearson 1977).
Currently no biologic markers can be routinely  �
recommended for determination of prognosis of 
esophageal cancer. 

12.2 Treatment of 
 Resectable Esophageal Cancer

12.2.1 General Principles

Stages I–III and selective IVA esophageal cancer  �
are potentially resectable for cure, and approxi-
mately 30%–40% of patients with esophageal can-
cer present with potentially resectable disease.
Esophagectomy is the standard treatment for re- �
sectable cancer of thoracic esophagus. Cancer of 
the cervical esophagus (beginning at the level of 

Table 12.2. American Joint Committee on Cancer (AJCC) 
TNM classifi cation of carcinoma of esophagus [from Greene 
et al. (2002) with permission]

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor invades lamina propria or submucosa 

T2 Tumor invades muscularis propria

T3 Tumor invades adventitia

T4 Tumor invades adjacent structures 

Regional lymph nodes (N)

NX Regional lymph node metastasis cannot be 
assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis present

Tumors of the lower thoracic esophagus:

M1a Metastasis in celiac lymph nodes

M1b Other distant metastasis

Tumors of the midthoracic esophagus:

M1a Not applicable

M1b Nonregional lymph node and/or other distant 
metastasis

Tumors of the upper thoracic esophagus:

M1a Metastasis in cervical lymph nodes

M1b Other distant metastasis

S TAG E G ROU PI NG

0: Tis N0 M0

I: T1 N0 M0

IIA: T2 N0 M0, T3 N0 M0

IIB: T1 N1 M0, T2 N1 M0

III: T3 N1 M0, T4 Any N M0

IVA: Any T Any N M1a

IVB: Any T Any N M1b

* Used with permission of the American Joint Committee 
on Cancer (AJCC), Chicago, Illinois. The original and pri-
mary source for this information is the AJCC Cancer Stag-
ing Manual, 6th Edition (2002) published by Springer-Verlag 
New York.

LuBrady-BOOK.indb   173 13.08.2008   14:01:03



174 J. J. Lu

the lower border of the cricoid cartilage and end-
ing at the thoracic inlet at the level of suprasternal 
notch) is usually treated with radiation therapy 
or combined chemoradiotherapy for locally ad-
vanced disease without surgery.
For stage T1-2 N0 M0 thoracic esophageal can- �
cer, neoadjuvant or adjuvant treatment is not in-
dicated, unless microscopic or macroscopic re-
sidual (including positive margins) is suspected 
after resection. 
For surgically resectable stage IIA (T3 N0 M0),  �
IIB-IVA cancer of thoracic esophagus, induc-
tion chemoradiotherapy may further improve 
the treatment outcome and should be considered 
(Grade A). However, if esophagectomy is per-
formed without induction therapy, chemoradio-
therapy can be considered for adjuvant treatment 
(Grade B). 
Preoperative or postoperative radiotherapy (or  �
chemotherapy) alone is usually not recommended 
for esophageal cancer before or after complete re-
section (Grade A).
For patients with medically inoperable esopha- �
geal cancer or who decline surgery, external beam 
radiation is the defi nitive treatment of choice for 
stage T1-2 N0 M0 disease. Concurrent chemora-
diotherapy should be considered for locally ad-
vanced lesions.

12.2.2 Surgical Resection

Surgery is considered as the primary treatment  �
for resectable esophageal cancer, with the excep-
tion of cancer of the cervical esophagus. 
Surgery alone is usually indicated for stage I and  �
IIA thoracic esophageal cancer; however, sur-
gery as a monotherapy for resectable but more 
advanced disease is questionable. The 5-year sur-
vival rates of less than 40% only after surgery 
alone for locally advanced esophageal cancer in 
contemporary surgical series suggested adjuvant 
treatment is necessary (Hulscher et al. 2002; 
Kelsen et al. 1998).
Esophagectomy can be accomplished by a tran- �
shiatal or transthoracic approach. The optimal 
surgical approach for esophageal cancer is de-
batable. Results of a randomized trial compar-
ing transhiatal versus transthoracic approach 
in patients with adenocarcinoma of esophagus 
revealed no signifi cant differences in 5-year 

overall and disease-free survival rates, although 
transhiatal esophagectomy was associated with 
lower morbidity (Level I) (Hulscher et al. 
2002).

12.2.3 Preoperative (Neoadjuvant) 
 Treatment

Preoperative Radiation Therapy

Radiation therapy alone given preoperatively is  �
not recommended in the treatment of resectable 
esophageal cancer (Grade A). Results from numer-
ous randomized trials of various sizes comparing 
esophagectomy with or without preoperative ra-
diotherapy revealed no improvement in respect-
ability or overall survival rates from the addition 
of preoperative radiation (Level I or II) (Arnott 
et al. 1992; Gignoux et al. 1987; Launois et al. 
1981; Wang et al. 1989). In addition, results from 
a meta-analysis including samples from fi ve ran-
domized studies showed no signifi cance between 
patients treated with preoperative radiotherapy 
followed by surgery as compared to surgery alone, 
although a trend of reduction of risk of death 
(11% at 5 years) was noticed (Oesophageal Can-
cer Collaborative Group meta-analysis, Level I) 
(Arnott et al. 2005).

Pre- or Peri-operative Chemotherapy

Chemotherapy alone given preoperatively is not  �
routinely recommended in potentially resect-
able esophageal cancer (Grade A). The rate of 
pathologic complete response (CR) after neo-
adjuvant chemotherapy is low, and improve-
ment of curative resection has not been dem-
onstrated. 
An Intergroup randomized trial reported the 
outcome of 440 patients with local and operable 
esophageal cancer (squamous cell carcinoma or 
adenocarcinoma) treated with surgery only or 
surgery with three cycles of pre- and two cycles of 
postoperative chemotherapy (cisplatin + 5 FU). 
The rate of CR after neoadjuvant chemotherapy 
was merely 2.5%, and there is no difference in the 
2-year local control (32% vs. 31%) or overall sur-
vival rates (23% vs. 26%). Results from long-term 
follow-ups were also negative. In addition, there 
were no differences in survival between patients 

LuBrady-BOOK.indb   174 13.08.2008   14:01:03



  Esophageal Cancer 175

with squamous cell carcinoma or adenocarci-
noma (INT0113/RTOG 89-11, Level I) (Kelsen et 
al. 1998, 2007).
A similar study from the Medical Research 
Council Oesophageal Cancer Working Group 
randomly assigned 802 patients with resect-
able esophageal cancer of any cell type to either 
two cycles of chemotherapy (cisplatin + 5-FU) 
followed by surgery or surgery alone. The re-
sults indicated that patients receiving neoadju-
vant chemotherapy had a statistically improved 
2-year survival rate (43% versus 34%). However, 
the benefi t of neoadjuvant chemotherapy on sur-
vival was questionable because clinicians could 
choose to give preoperative radiotherapy to pa-
tients irrespective of randomization. In addi-
tion, preoperative CT scan was not required for 
staging (Level II) (MRC  Oesophageal Cancer 
Working Group 2002).
Gebski et al. (2007) performed a meta-analysis 
of eight randomized controlled trials comparing 
neoadjuvant chemotherapy with surgery versus 
surgery alone, comprising more than 1700 pa-
tients with local and operable esophageal cancer. 
The results revealed that neoadjuvant chemo-
therapy did not have a survival benefi t [hazard 
ratio for mortality 0.88 (0.75–1.03)] for squamous 
cell carcinoma, but may be benefi cial for adeno-
carcinoma, although only one of the eight trials 
reported treatment effects of neoadjuvant chemo-
therapy (Level I) (Gebski et al. 2007).

Preoperative Chemoradiotherapy

Preoperative chemotherapy given concurrently  �
with radiation should be considered in poten-
tially resectable locally advanced [stage IIA (T3 
N0 M0) to IVA] cancer of the thoracic esopha-
gus (Grade A). Radiation therapy techniques 
including simulation, fi eld arrangement, and 
dose/fractionation are similar to those used in 
defi nitive treatment for unresectable esopha-
geal cancer. Chemotherapy regimens consisting 
of cisplatin and 5-FU [e.g., two cycles of cispla-
tin (100 mg/m2, day 1) and 5-FU (1000 mg/m2/d, 
4 days) spaced 4 weeks apart, as used in the 
CALGB9781 trial] with current external-beam 
radiation therapy to 50.4 Gy can be considered. 
(Tepper et al. 2006).
Neoadjuvant concurrent radiation and cispla-
tin and 5-FU-based chemotherapy can produce 
a pathological complete response (pCR) rate of 

approximately 25%, and patients who achieved 
pCR had improved treatment outcome (Level I) 
(Stahl et al. 2005; Walsh et al. 1996).
In a randomized trial from Ireland, Walsh et al. 
(1996) randomly assigned 113 patients with ad-
enocarcinoma of the esophagus to surgery alone 
or neoadjuvant chemotherapy (cisplatin + 5-FU) 
and radiation therapy (40 Gy in 15 fractions over 
3 weeks) followed by surgery. The results revealed 
that approximately 25% of patients achieved pCR 
after concurrent chemoradiation. A signifi cantly 
improved 3-year overall survival rate after pre-
operative chemoradiation plus surgery was dem-
onstrated, as compared to surgery alone (32% 
versus 6%); however, these results were criticized 
because of the lower than expected survival of pa-
tients treated with surgery alone (Level I) (Walsh 
et al. 1996).
Bosset et al. (1997) randomly assigned 282 pa-
tients with squamous cell carcinoma of the esoph-
agus to surgery alone or concurrent cisplatin-
based chemotherapy and radiation therapy (split 
course) followed by surgery. Although median 
survival after either treatment regimen showed 
no difference (18.6 months for both groups), pa-
tients receiving neoadjuvant chemoradiotherapy 
had a signifi cantly higher rate of curative re-
section, local control and disease-free survival. 
However, the postoperative mortality in the com-
bined treatment arm was signifi cantly higher as 
compared to surgery alone (12% vs. 4%) (Level I) 
(Bosset et al. 1997). 
In the recently reported meta-analysis by  Gebski 
et al. (2007), ten randomized controlled trials 
comparing neoadjuvant chemoradiotherapy 
plus surgery versus surgery alone, comprising 
more than 1200 patients with local and operable 
esophageal cancer, were included. The results 
revealed that neoadjuvant combined chemora-
diation signifi cantly improved 2-year overall 
survival [hazard ratio for mortality 0.81 (0.70–
0.93, p=0.002)]. The benefi t of neoadjuvant 
chemoradiation was found in both squamous 
cell carcinoma or adenocarcinoma. In addition, 
no benefi t was demonstrated in patients who 
received sequential preoperative chemotherapy 
and radiotherapy (Level I) ( Gebski et al. 2007). 
The advantage of neoadjuvant chemoradiation 
was also reported in an earlier meta-analysis of 
nine randomized trials comprising more than 
1100 patients (Level I) (Urshel and Vasan 
2003).
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12.2.4 Postoperative (Adjuvant) 
 Treatment

Postoperative Radiation Therapy

Postoperative radiation therapy is not routinely  �
indicated in the treatment of esophageal cancer 
after complete resection (Grade A). Radiation 
given after complete resection does not improve 
survival, but may reduce locoregional recurrence 
in locally advanced diseases. Results from three 
randomized trials comparing esophagectomy 
alone or esophagectomy followed by radiation 
therapy reported no survival advantage with the 
addition of adjuvant radiotherapy (Level I) (Fok et 
al. 1993; Ténière et al. 1991; Zieren et al. 1995).
A recently published randomized trial from China 
reported the outcome of 549 patients with tho-
racic squamous cell carcinoma treated with sur-
gery or surgery plus adjuvant radiation therapy, 
and confi rmed that postoperative radiation has 
no effect on overall survival. However, a retro-
spective review of all cases according to the extent 
of metastasis revealed that the 5-year survival of 
patients with involved lymph nodes treated with 
surgery followed by radiation therapy was 34.1%, 
as compared to 17.6% in patients who received 
surgery alone (Level IV) (Xiao et al. 2005).

Postoperative Chemotherapy

Chemotherapy alone given postoperatively is not  �
routinely indicated after complete resection of 
esophageal cancer (Grade B). Results from pro-
spective randomized trials have not demonstrated 
a survival benefi t from the addition of chemother-
apy after surgery. A Japanese Esophageal Oncol-
ogy Group trial randomly assigned patients with 
resectable squamous cell carcinoma of esophagus 
to surgery alone or surgery followed by adjuvant 
cisplatin and vindesine. The results showed no 
benefi t in 5-year overall survival from the addi-
tion of postoperative chemotherapy  (Japanese 
Esophageal Oncology Group, Level I) (Japa-
nese Esophageal Oncology Group 1993).
In a study reported by the Japanese Clinical 
Oncology Group, 242 patients with esophageal 
squamous cell carcinoma were randomly as-
signed to receive surgery alone or surgery fol-
lowed by cisplatin and 5-FU. Although the 5-year 
disease-free survival (primary end point) was sig-
nifi cantly improved with adjuvant chemotherapy 

in patients with nodal involvement, the study 
failed to demonstrate an overall survival benefi t 
(JCOG9204, Level I) (Ando et al. 2003).
However, it is important to note that newer che-
motherapy agents may be more effi cacious for 
adjuvant treatment of esophageal cancer. In a col-
laborative phase II study, 59 patients with stage T2 
N+ and T3-4 adenocarcinoma of the distal esoph-
agus, gastroesophageal (GE) junction, and gastric 
cardia were treated with adjuvant chemotherapy 
(cisplatin + paclitaxel) followed by surgery. The 
2-year overall survival was 60%, signifi cantly im-
proved from 38% of the historic control (ECOG/
E8296, Level III) (Armanios et al. 2004).

Postoperative Chemoradiotherapy

For locally advanced disease, if esophagectomy  �
is performed without induction therapy, chemo-
radiotherapy may be considered for adjuvant 
treatment (Grade B). The effects of postoperative 
chemoradiotherapy have not been thoroughly ex-
amined for locally advanced squamous cell car-
cinoma; however, adjuvant chemoradiation may 
improve treatment outcome in patients with ad-
enocarcinoma of the esophagus. 
Approximately 20% of patients treated in the In-
tergroup 0116 trial had primary adenocarcinoma 
of the GE junction or proximal stomach with 
involvement of the GE junction. The subgroup 
analysis of patients with gastroesophageal dis-
ease of the trial revealed a signifi cant survival ad-
vantage in the adjuvantly treated group (INT0116, 
Level II) (Macdonald et al. 2001).

12.2.5 Treatment of Medically 
 Inoperative Esophageal Cancer

Radiation therapy is the mainstay treatment for  �
medically inoperable but potentially resectable 
esophageal cancer.
For stage T1-2 N0 M0 diseases, external beam  �
radiation therapy alone to a total dose of ap-
proximately 60 Gy in conventional fractionation 
should be considered for defi nitive treatment 
(Grade D).
For stage IIA (T3 N0 M0) to IVA diseases, concur- �
rent chemoradiotherapy with curative intent is 
the treatment of choice if the patient is medically 
fi t for combined treatment. 
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12.3 Treatment of Locally Advanced 
 Unresectable Esophageal Cancer

12.3.1 General Principles

Current chemotherapy and radiation therapy is the  �
standard treatment for locally advanced and surgi-
cally unresectable esophageal cancer (Grade A).
External beam radiation therapy alone can be  �
considered for defi nitive treatment when chemo-
therapy is contraindicated.
The role of surgery after defi nitive chemotherapy  �
has not been proven and should not be routinely 
recommended (Grade A).

12.3.2 Concurrent Chemoradiotherapy

Combined chemotherapy and radiation therapy is  �
the defi nitive treatment of choice for unresectable 
or medically inoperable locally advanced esopha-
geal cancer (Grade A). The RTOG 8501 trial ran-
domly assigned patients to either radiation (64 Gy 
in 32 fractions over 6.4 weeks) alone, or concurrent 
chemotherapy [two cycles of cisplatin (75 mg/m2 
day 1) and FU (1000 mg/m2/d by continuous infu-
sion for 4 days)] and radiotherapy (50 Gy in 25 frac-
tions over 5 weeks). Patients in the chemoradiation 
arm received two more cycles of cisplatin and FU 
after radiation. The results of the RTOG 8501 trial 
showed that overall survival was signifi cantly im-
proved in the combined treatment arm. The 2-year 
overall survival and local recurrence rates were 
38% versus 10%, and 16% versus 24%, respectively, 
both in favor of the chemoradiation arm (RTOG 
85-01, Level I) (Herskovic et al. 1992). Updated 
trial results from Cooper et al. (1999) revealed that 
at 5 years of follow-up, survival rates were 26% and 
0% for patients who received chemoradiotherapy 
or radiation therapy alone, respectively (Level I).

12.3.3 Surgery After 
 Defi nitive Chemoradiotherapy

Surgery after defi nitive chemoradiotherapy is not  �
routinely recommended (Grade A). “Adjuvant” 
surgery may improve local control after defi ni-
tive chemoradiation, but its effect on survival has 
not been demonstrated.

In a randomized trial from Germany, 172 patients 
with locally advanced but potentially resectable 
squamous cell carcinoma (SCC) of esophagus 
were treated with three cycles of induction che-
motherapy (cisplatin, etoposide, 5-FU, leuco-
vorin) followed by concurrent chemotherapy 
(cisplatin + etoposide) and external beam radio-
therapy (40 Gy). Patients were then randomized 
to receive either further concurrent chemoradia-
tion (to 60–65 Gy) or surgery. No survival ben-
efi t was observed with the addition of surgery to 
combined chemoradiation: The median survival 
and 3-year overall survival rates were 16 months 
versus 15 months and 31% versus 24%, respec-
tively, without signifi cant difference. However, 
2-year progression-free survival was 64.3% ver-
sus 40.7%, signifi cantly improved with the ad-
dition of surgery (p=0.003). It is interesting to 
note that the subgroup of patients who achieved 
pathologic CR after chemoradiation had an im-
proved survival rate (50% at 5 years after treat-
ment) (Level I) (Stahl et al. 2005).
A recently published French randomized trial 
treated 444 patients with T3 N0-1 M0 potentially 
resectable thoracic esophageal cancer with con-
current chemotherapy (cisplatin  + 5-FU) and ra-
diation therapy (two split courses of 15 Gy given 
at 3 Gy per fraction, 2 weeks apart, or 46 Gy given 
in 23 fractions). A total of 259 patients with clini-
cal partial or CR were subsequently randomized 
to receive further combined chemoradiation or 
surgery. The median survival and overall sur-
vival rates were 19.3 months versus 17.7 month 
and 40% versus 34%, respectively, for the two 
groups, without signifi cant differences. However, 
the 3-month mortality rates were 9.3% and 0.8%, 
respectively, signifi cantly worse in patients who 
received surgery after chemoradiation. Surgery 
after chemoradiotherapy offered no improve-
ment in outcome in locally advanced esophageal 
cancer, at least in responders to chemoradiation 
(FFCD9102, Level I) (Bedenne et al. 2007).

12.3.4 Radiation Therapy Techniques

Dose and Fractionation

External beam radiation therapy to a total dose  �
of 50.4 Gy at 1.8 Gy/fraction, in combination 
with concurrent cisplatin + 5-FU chemotherapy 
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is currently the standard regimen for defi nitive 
treatment (Grade A). The Intergroup 0123 trial 
randomly assigned 236 patients with locally ad-
vanced esophageal cancer (T1-4, N0/1) to radia-
tion to a total dose of 50.4 Gy or 64.8 Gy at 1.8 Gy/
fraction. Concurrent chemotherapy (cisplatin + 
5-FU) was used in both groups. The results re-
vealed no differences in locoregional failure rates 
(56% versus 52%) and 2-year overall survival rates 
(31% versus 40%), as well as in median survival 
(13 months versus 18 months) (INT 0123, Level I) 
(Minsky et al. 2002).
Continuous-course radiation therapy is pre- �
ferred over split-course radiation (Grade A). A 
randomized phase III trial from France com-
pared standard versus split-course irradia-
tion with concurrent chemotherapy for defi ni-
tive treatment for squamous cell carcinoma of 
esophagus. Its results showed standard course 
irradiation was associated with improved local 
control rates (57% versus 29%) as well as 2-year 
survival rates (37% versus 23%), as compared 
to split course radiation (FFCD9305, Level I) 
( Jacob et al. 1999).
An ancillary study of the above mentioned French 
FFCD9102 phase III randomized trial compared 
protracted chemoradiation with split-course 
chemoradiation for T3 N0-1 M0 tumor of the tho-
racic esophagus. Two radiation schemes (46 Gy in 
23 fractions over 4.5 weeks, or split-course radia-
tion with two 1-week courses of 15 Gy spaced 2 
weeks apart) were allowed in the FFCD9102 trial. 
Responders to chemoradiation were randomized 
to either surgery or further chemoradiotherapy 
(continuous-course radiation to 20 Gy in 10 frac-
tions, or 15 Gy in 1 week in the split-course arm). 
The 2-year local relapse-free survival rate was 
76.7% versus 56.8%, respectively, for protracted 
and split-course radiation (p=0.002), although 
no statically signifi cant difference was found in 
overall survival. In addition, the 2-year local re-
currence-free survival rate was higher with con-
tinuous-course radiation whether patients were 
resected or not (FFCD9102, Level II) (Crehange 
et al. 2007).

Simulation and Planning

CT-based treatment planning is highly recom- �
mended for defi ning gross tumor volume (GTV) 
and planning target volume (PTV). An individu-
alized immobilization device (e.g., Alpha cradle, 

Smithers Medical Products, Inc. North Can-
ton, OH) should be used during planning and 
 treatment.
CT scan should be taken in the treatment position  �
with arms placed overhead (supine for proximal 
and distal diseases, and prone for mid-esophageal 
primaries are recommended) with 3- to 5-mm-
thick slices from the level of cricoid cartilage to 
upper abdomen. Oral and IV contrast should be 
administered to better defi ne the esophagus and 
the disease.
The tumor volume should be defi ned by CT,  �
EUS, or esophagram, whichever is larger. PET/
CT scan is recommended for planning purposes, 
but should be utilized with other diagnostic tests 
(Grade B). GTV adjustment was required in more 
than 50% of cases with the utilization of FDG-
PET and CT fusion in a small prospective trial 
(Level III) (Moureau-Zabotto et al. 2005).
The clinical tumor volume (CTV) is defi ned to  �
include GTV with 4-cm proximal and distal 
margins, and 1-cm radial margins. The plan-
ning tumor volume (PTV) is defi ned as CTV plus 
1–2 cm expansion for set-up errors and organ 
movement.
Peri-esophageal nodes are usually included in  �
the treatment fi eld arranged as described above. 
Elective radiation therapy to other clinically un-
involved lymph nodes is usually not performed 
in thoracic esophageal cancer.
Normal tissues to be delineated include, but are  �
not limited to, both lungs, skin, heart, spinal cord, 
esophagus, and liver for organ identifi cation, lung 
correction, and dose-volume histograms. For 
disease located in distal esophagus, contour of 
intestine, liver, stomach, and/or kidneys may be 
needed.

Field Arrangement

Radiation treatment of esophageal cancer can be  �
delivered in a number of ways: A three-fi eld (two 
anterior oblique and one posterior) technique 
(single-phase treatment, Fig. 12.1), or a two-phase 
arrangement using an AP/PA fi eld (to approxi-
mately 36 Gy) followed by boost treatment with 
opposed lateral, oblique, or AP plus two posterior 
oblique fi elds (to the total dose of 50.4 Gy) can be 
planned (Fig. 12.2).
Attention should be paid to limit the radiation 
dose to dose-limiting organs including spinal 
cord, lungs, heart, liver, and kidneys. In addition, 
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Fig. 12.1. Field arrangement using a 
PA and two anterior oblique fi elds for 
a patient with squamous cell carci-
noma of the mid-lower esophagus

Fig. 12.2. a Dose distribution from AP and PA fi elds in the 
fi rst phase of treatment. b Dose distribution by using an AP 
fi eld and two off-cord posterior oblique fi elds. c Cumulative 
dose distribution [from Hong et al. (2006) with permission)

a b

c
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dose inhomogeneity should be limited to 5% or 
less (Hong et al. 2006).
Bilateral supraclavicular nodes should be in- �
cluded for diseases located above the carina 
including cervical primaries: A pair of AP/PA 
fi elds should be used for the initial 39.6 Gy fol-
lowed by oblique fi elds to 10.8 Gy to exclude the 
spinal cord. The supraclavicular fi eld, which is 
excluded from the oblique fi elds, can be supple-
mented with electrons to bring the total dose up 
to 50.4 Gy calculated 3 cm from the skin surface.
For distal esophageal cancers, celiac lymph nodes 
(located at T12 level) should be included in the 
treatment fi elds (Fig. 13.1, see Chap. 13). 
Intensity-modulated radiation therapy (IMRT)  �
can be recommended for cervical esophageal can-
cer treatment (Grade D). The benefi t of IMRT in 
the treatment of thoracic esophagus has not been 
demonstrated in clinical trials; however, results 
from a dosimetric study suggested its advantage 
over three-dimensional conformal radiation (Wu 
et al. 2004).

Brachytherapy

Brachytherapy alone is not recommended for  �
defi nitive treatment of esophageal cancer due 
to the limitation of its effective treatment dis-
tance. 
Brachytherapy as part of definitive treatment  �
for esophageal cancer is usually not recom-
mended after definitive dose of external beam 
radiation (Grade B). Esophageal brachytherapy 
has not been shown to be efficacious for defini-
tive treatment as an adjuvant to external beam 
radiotherapy but is related to increased adverse 
effects.
Results from an RTOG phase I/II prospective 
study showed the median survival time for pa-
tients who received concurrent cisplatin-/5-FU-
based chemotherapy and external beam radiation 
(50 Gy in 25 fractions over 5 weeks) followed by 
adjuvant brachytherapy after 2 weeks [15 Gy in 
three weekly fractions for high-dose-rate (HDR), 
or 20 Gy for low-dose-rate (LDR) during week 8] 
was 11 months; however, the incidence of fi stula 
after such treatment reached 12% (RTOG 9207, 
Level III) (Gasper et al. 2000). 
American Brachytherapy Society (ABS) con- �
sensus guidelines suggested that brachytherapy 
should be performed with caution if used after 
defi nitive chemoradiation for esophageal can-

cer. Patients with unifocal cancer of the thoracic 
esophagus, primary tumor  10 cm in length con-
fi ned to esophageal wall, and no regional lymph 
node or systemic metastases are good candidates 
for adjuvant brachytherapy. The recommended 
dose of brachytherapy was 10 Gy in two weekly 
fractions (5 Gy each) for HDR or 20 Gy in a single 
course at 0.4–1 Gy/h for LDR, and should not be 
used with concurrent chemotherapy (Grade D) 
(Gaspar et al. 1997).

Radiation-Induced Side Eff ects and 
Dose Limiting Structures

Radiation-induced side effects and complica- �
tions depend on the location of the primary tu-
mor and the treatment fi elds. The critical normal 
structures commonly located within treatment 
fi elds include spinal cord, lungs, and heart. At-
tention should be paid to the radiation dose to 
intestine, stomach, liver, and kidney for diseases 
of the lower thoracic esophagus and GE junc-
tion.
Commonly observed adverse effects associated  �
with radiation include esophagitis (dysphagia 
and odynophagia) and pneumonitis.
Dose of radiation to the spinal cord should be lim- �
ited to 45 Gy (1.8–2.0 Gy daily) (Grade C) (Emami 
et al. 1991). V20 of bilateral lung should be limited 
to  30% as probability of pneumonitis increases 
rapidly when more than V20 > 30% (Level III) 
(Byhardt et al. 1993). V40 of the heart should be 
limited to 50% or less, and the dose to the entire 
heart should be limited to 30 Gy.
Incidence of death related to chemoradiation  �
therapy was approximately 2% as reported in the 
RTOG8501 and INT0123 trials (Herskovic et al. 
1992; Minsky et al. 2002).

12.4 Palliative Treatment of 
 Esophageal Cancer

12.4.1 General Principles

Radiation (external beam radiation therapy or in- �
traluminal brachytherapy) is frequently utilized 
to palliate symptoms caused by the primary dis-
ease (e.g., dysphagia) or metastases. 
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Chemotherapy given concurrently with radiation  �
can further improve the palliative results, and is 
recommended in medially fi t patients with meta-
static esophageal cancer (Grade B).
Systemic chemotherapy is usually indicated for  �
symptomatic palliation of metastatic esophageal 
cancer (Grade C). Distant metastasis occurs in 
25%–30% of cases at diagnosis, and is a major 
cause of treatment failure. The most common 
sites of distant metastasis include lung, liver, 
bone, kidney, and pleura. However, randomized 
trials have failed to consistently demonstrate a 
survival advantage with the use of chemotherapy 
(van Meerten and van der Gaast 2005).
Other useful treatment modalities for palliation  �
include photodynamic therapy (PDT), balloon 
dilatation, alcohol or chemotherapeutic injec-
tion, placement of plastic or expandable metal 
prosthesis.

12.4.2 Palliative Radiation Therapy

External Beam Radiation Therapy

External beam radiation therapy, with or with- �
out chemotherapy, is indicated for palliative 
treatment of dysphagia, a common present-
ing symptom of advanced esophageal cancer 
(Grade B). The effi cacy of radiation for palliation 
of esophageal cancer has been demonstrated in 
numerous retrospective trials. External beam 
radiation therapy either used alone or in com-
bination with chemotherapy offers symptomatic 
relief in more than 70% of cases.
The results of a retrospective analysis of 120 
patients with esophageal cancer treated with 
concurrent chemoradiotherapy revealed that 
45% and 83% of patients had symptomatic relief 
within 2 weeks and 6 weeks of treatment initia-
tion, respectively (Level IV) (Coia et al. 1993). 
A phase I/II trial from Canada prospectively 
treated 22 patients with dysphagia from ad-
vanced incurable esophageal cancer with pal-
liative radiation (30 Gy in 10 fractions) with a 
concurrent single course of chemotherapy (5-FU, 
1000 mg/m2, days 1–4 and mitomycin-C 10 mg/

m2, day 1). The results showed that the combined 
regimen was well tolerated, and close to 70% pa-
tients achieved a CR (i.e., no diffi culty on swal-
lowing) with a median time to normalization of 
swallowing of 5 weeks (Level III) (Hayter et al. 
2000).
A range of dose and fractionation of external  �
beam radiation can be considered for symptom-
atic palliation: 30 Gy administered in 10 frac-
tions to the primary tumor with 2 cm margins 
in AP-PA arrangement, to dose/fractionation in 
the range of defi nitive treatment, i.e., 50.4 Gy at 
1.8 Gy/fraction has been used. 

Brachytherapy

Brachytherapy can be utilized for rapid symp- �
tomatic (dysphagia) palliation in selected groups 
of patients (Grade A). A Danish randomized trial 
randomly assigned 209 patients with dysphagia 
from inoperable carcinoma of the esophagus or 
GE junction to either single-dose brachytherapy 
(12 Gy) or stent placement. Its results showed 
that dysphagia improved more rapidly after stent 
placement, but long-term relief of dysphagia was 
better after brachytherapy. Additionally, stent 
placement had signifi cantly more complications 
than brachytherapy (33% versus 21%) (Level I) 
(Homs et al. 2004).
The efficacy of external beam radiation ther- �
apy and brachytherapy in dysphagia palliation 
has not been compared. However, due to the 
short effective range of treatment, the utiliza-
tion of intraluminal brachytherapy is usually 
limited. 
American Brachytherapy Society (ABS) con- �
sensus guidelines recommended brachytherapy 
alone without external beam radiation, dosed 
at 10–14 Gy in one to two weekly fractions for 
HDR or 25–40 Gy in one or two fractions at 
0.4–1.0 Gy/h for LDR to be used for palliative 
treatment for recurrent esophageal cancer after 
external beam radiation or patients with short 
life expectancy. In previously un-irradiated pa-
tients, the addition of external beam radiation 
before brachytherapy may prolong the dura-
tion of palliation (Grade C) (Gaspar et al. 1997) 
(Fig. 12.3).
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12.5 Follow-Ups

12.5.1 Post-Treatment Follow-Ups

Life-long follow-up after defi nitive treatment of  �
esophageal cancer is usually indicated for detec-
tion of local or distant failures.
Local failure is a major cause of treatment failure  �
and the rates of locoregional failure range from 30% 

Follow-Up

Every 4 months for the 1st year, every 6 months for 2 more years, 

then annually there after

Fig. 12.3. A proposed treat-
ment algorithm for cancer of 
thoracic esophagus

to 50% after surgery or defi nitive concurrent chemo-
radiotherapy (Herskovic et al. 1992; Hulscher et 
al. 2002; Kelsen et al. 1998; Minsky et al. 2002).

Schedule

Follow-ups could be scheduled every 4 months for  �
1 year, then every 6 months for 2 more years, then an-
nually thereafter (Table 12.3) (Grade D) (National 
Comprehensive Cancer Network 2008).

Clinical staging

Laboratory tests
(CBC, serum chemistry, liver/renal function tests, AIk. phosphatase)

Imaging studies
(barium esophagram, CT of chest/abdomen, EUS, and FDG-PET)

Pathologic diagnosis of squamous cell carcinoma 
or adenocarcinoma of esophagus

Stage IVBUnresectable stage IIB–IVA

Concurrent chemoradiation 
therapy 

for defi nitive treatment

External-beam radiation therapy

(50.4 Gy at 1.8 Gy per day)

+

Cisplatin-based chemotherapy

(2 cycles of Cisplatin 

[e.g. 100 mg/m2, day 1] and 5-FU

[e.g., 1000 mg/m2/d, 4 days)

Palliative radiation therapy for 
symptomatic disease

External-beam radiation therapy

(total dose depends on status of 

disease, general health, and life 

expectancy)

or

Intracavitary brachytherapy (10–

14 Gy in 1–2 weekly fractions using 

HDR) for rapid symptomatic palliation

Stage I and IIA

Esophagectomy

Adjuvant radiation therapy 
for gross or microscopic 

residual disease only

Palliative chemotherapy

Resectable stage IIB–IVA

Neoadjuvant concurrent
chemoradiation therapy

External-beam radiation therapy

(50.4 Gy at 1.8 Gy per day)

+

Cisplatin-based chemotherapy

(2 cycles of Cisplatin

[e.g. 100 mg/m2, day 1]

and 5-FU

[e.g., 1000 mg/m2/d, 4 days)

Esophagectomy
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Work-Ups

Each follow-up should include a complete his- �
tory and physical examination. Laboratory tests 
include complete blood count and serum chem-
istry, endoscopy, chest X-ray, and CT of the chest 
are required when clinically indicated (Grade D) 
(National Comprehensive Cancer Network 
2008).
Although changes of metabolic activity on FDG- �
PET after neoadjuvant treatment may be of prog-
nostic importance, currently FDG-PET cannot be 
recommended routinely for follow-up (Grade D). 
The value of PET-guided therapy for residual dis-
ease has not been confi rmed. 
Results from a prospective nonrandomized trial 
from Japan found that metabolic response after 
neoadjuvant chemotherapy was a signifi cant pre-
dictor for recurrence after chemotherapy followed 
by surgery for esophageal cancer. The 3-year over-
all survival rates for patients with or without met-
abolic response were 70% versus 35%, respectively 
(p=0.01) (Level III) (Ott et al. 2006).
Change of metabolic activity measured by FDG-
PET after neoadjuvant chemoradiation is a strong 
predictor of median survival time for squamous 
cell carcinoma of esophagus: 16–23 months for 
responders versus 6–7 months for non-respond-
ers (Level III) (Wieder et al. 2004). Results of a 
retrospective study also showed that the post-
treatment standardized uptake value (SUV) on 
PET/CT predicted for disease-free survival after 
defi nitive chemoradiotherapy for esophageal 
cancer (Level III) (Konski et al. 2007).
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Introduction and Objectives

Gastric cancer is the second leading cause of cancer-related 
death worldwide. Surgery is the primary treatment modality 
for resectable gastric cancer. An estimated 50% of the disease is 
resectable. However, the cure rate after surgery alone for locally 
advanced cancer is low, while the overall survival rate after com-
pleted D2 is around 30% in most parts of the world other than 
Japan, where the rate approaches 60%. Adjuvant treatment, 
which include perioperative chemotherapy and postoperative 
chemoradiotherapy has been demonstrated to improve survival 
for locally advanced gastric cancer.

This chapter examines:

Recommendations for diagnosis and staging procedures for  �
adenocarcinoma of the stomach

The staging systems and prognostic factors �
Treatment recommendations as well as the supporting  �
scientifi c evidence for surgery and adjuvant treatment for 
resectable gastric cancer

Surgery in combination with neoadjuvant chemotherapy or  �
adjuvant chemoradiation for locally advanced gastric cancer

Systemic chemotherapy and palliative radiation for meta- �
static diseases

Follow-up care and surveillance of survivors �

The management of other types of gastric cancer, including 
gastric lymphoma, carcinoid tumors, and sarcoma, is detailed 
in other chapters.
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13.1 Diagnosis, Staging, and 
 Prognoses

13.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of gastric cancer starts  �
with a complete history and physical examina-
tion (H&P). Attention should be paid to gastric 
cancer-specifi c history, signs, and symptoms in-
cluding Helicobacter pylori infection, weight loss 
and persistent abdominal discomfort, dysphagia, 
melena, nausea and vomiting, and early satiety.
Thorough physical examination should be per- �
formed with attention to an abdominal mass and 
Blumer’s rectal shelf (for drop metastases into 
the peritoneal refl ection in the prerectal and 
postvesical space), as well as left supraclavicular 
lymphadenopathy.
Upper gastrointestinal endoscopy allows direct  �
visualization and measurement of the character-
ization and extent of tumor, while biopsy enables 
pathologic diagnosis. 
Staging laparoscopy can be used to rule out peri- �
toneal spread when neoadjuvant therapy or sur-
gery with curative intent is planned. Peritoneal 
metastases are found in 20%–30% of endoscopic 
ultrasonography (EUS)-staged cases beyond T1, 
as well as CT-negative patients (Feussner et al. 
1999; Watt et al. 1989).

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic blood chemistry, liver function 
tests, and renal function tests.
Serologic marker tests (including CEA, CA125,  �
CA19-9 and CA72-4) are not routinely indicated 
(Grade B). The serum levels of these marks may be 
elevated in about 44% of gastric cancer patients; 
however, the sensitivity and specifi city are low 
and wide ranging, from 6% to 31%, which limit 
their routine use as diagnostic tests (Level III) 
(Carpelan-Holmstrom et al. 2002; Lai et al. 
2002).

Imaging Studies

CT scan of abdomen and pelvis are required to  �
evaluate local extension, regional and distant 

lymph nodes, ascites, and to rule out distant me-
tastasis (Grade B).
CT scan can accurately assess the T-category of 
the primary lesion in 43%–70% patients (Level III) 
(Davies et al. 1997; Minami et al. 1992; Dux et al. 
1999). The sensitivity and specifi city rates of CT 
regional adenopathy detection range from 65% 
to 97%, and 49% to 90%, respectively (Level III) 
(D’Elia et al. 2000; Kienle et al. 2002).
Endoscopic ultrasonography (EUS) is required to  �
evaluate the depth of invasion of primary gas-
tric cancer, especially in early lesions, as well as 
regional nodal involvement (Grade B). The ac-
curacy of EUS for differentiation tumor stage 
(T1–T4) ranges from 77% to 93% (Willis et al. 
2000; Kelly et al. 2001). Nodal staging accu-
racy ranges from 65% to 90%, slightly greater as 
compared to CT (Level III) (Willis et al. 2000; 
 Tsendsuren et al. 2006).
Barium study can be used to detect patients with  �
linitis plastica in relatively normal endoscopic 
appearance for the decreased distensibility of the 
stiff, ‘leather-fl ask’ stomach.
Chest X-ray is recommended to rule out pulmo- �
nary metastasis. CT scan of the chest is indicated 
for proximal gastric cancer to evaluate disease 
extension to the esophagus and regional lymph 
nodes, as well as thoracic metastasis.
FDG-PET can be used for preoperative staging to  �
screen for distant metastases; however, its value in 
evaluating the extent of primary disease and peri-
toneal spread has not been supported by clinical 
evidence. Up to one third of patients with gastric 
cancer have disease that was not FDG-avid. It may 
be a useful tool in some gastric cancer patients but 
is not routinely indicated for all gastric patients 
due to its limitation. PET scan will not identify 
most peritoneal disease (Level II) (Shah 2007); 
(Level III) (Chen et al. 2005) (Table 13.1).

Table 13.1. Imaging and laboratory work-ups for esophageal 
cancer

Imaging studies Laboratory tests

– CT of abdomen and pelvis

– Chest X-ray or CT of thorax

– Endoscopic ultrasonography

– Barium study (optional)

– FDG-PET scan or PET/CT 
   (optional)

– Complete
   blood counts

– Serum chemistry

– Liver function tests

– Renal function tests

– Alkaline phosphatase
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Pathology

Pathologic confi rmation of gastric cancer is impera- �
tive prior to the initiation of any treatment. Adeno-
carcinomas comprise 90%–95% of all gastric malig-
nancies. Treatment and prognosis are different from 
those more rarely occurring malignancies such as 
lymphoma, leiomyosarcoma, carcinoid tumors, 
 adenoacanthomas, and squamous cell carcinomas.
Adequate tissue sampling for pathologic diagno- �
sis can usually be obtained during initial exami-
nation using upper gastrointestinal endoscopy.
Numerous pathologic classifi cations for gastric  �
adenocarcinoma exist. The WHO classifi cation 
based on light microscopy is the most commonly 
used: adenocarcinomas are graded into well, 
moderately, or poorly differentiated patterns of 
gastric adenocarcinoma. Other than the degree 
of differentiation, subtyping of adenocarcino-
mas may also take into account traditional his-
topathological characteristics such as intestinal 
or diffuse subtype, based on growth patterns 
( Fenoglio-Preiser et al. 2000).
Other less commonly used classifi cations of gas-
tric cancer include the Borrmann classifi cation 
which consists of four categories based on the 
gross morphology. The Lauren classifi cation di-
vides gastric cancer into two groups based on 
epidemiologic studies.

13.1.2 Staging

Gastric cancer can be staged clinically and patho- �
logically: Clinical staging utilizes information 
from H&P, imaging studies, endoscopy, and labo-
ratory tests; pathologic staging is based on fi nd-
ings from clinical staging and procedures such as 
laparoscopy, gastrectomy, and examination of the 
resected specimen.
Depending on the depth of invasion into the gas- �
tric wall and regional lymph node status, local-
ized gastric carcinomas are divided into early and 
locoregionally advanced stages. 
Two staging systems are currently in use for gas- �
tric cancer. The 2002 American Joint Committee on 
Cancer staging system based on tumor/node/metas-
tasis (TNM) (Table 13.2) (Greene et al. 2002). The 
Japanese staging system for gastric cancer is based 
on refi ned anatomic involvement (especially that of 
the elaborate lymph node stations) and is not widely 
utilized in non-Asian countries (Table 13.3).

Table 13.2. American Joint Committee on Cancer (AJCC) 
TNM classifi cation of gastric cancer [from Greene et al. 
(2002) with permission]

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ: intraepithelial tumor without 
invasion of the lamina propria

T1 Tumor invades lamina propria or submucosa

T2 Tumor invades muscularis propria or submucosa 

T2a Tumor invades muscularis propria 

T2b Tumor invades submucosa

T3 Tumor penetrates scrosa (visceral peritoneum) 
without invasion of adjacent structures

T4 Tumor invades adjacent structures

Regional lymph nodes (N)

NX Regional lymph node(s) cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in 1–6 regional lymph nodes

N2 Metastasis in 7–15 regional lymph nodes

N3 Metastasis in more than 15 regional lymph nodes

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis 

S TAG E G ROU PI NG

0: Tis N0 M0

IA: T1 N0 M0

IB: T1 N1 M0,  T2a/b N1 M0

II: T1 N2 M0,  T2a/b N1 M0,  T3 N0 M0

IIIA: T2a/b N2 M0,  T3 N1 M0,  T4 N0 M0

IIIB: T3 N2 M0

IV: T4 N1-3 M0,  T1-3 N3 M0,  Any T Any N M1
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Table 13.3. Japanese surgical staging system for gastric 
cancer

Defi nitions

S0 No serosal invasion

S1 Suspected serosal invasion

S2 Defi nite serosal invasion

S3 Adjacent organ involvement

N1 Perigastric lymph nodes

N2 Lymph nodes around the left gastric artery, common 
hepatic artery, splenic artery, and celiac axis

N3 Lymph nodes in the hepatoduodenal ligament, pos-
terior aspect of pancreas, and root of mesentery

N4 Periaortic and middle colic lymph nodes

P0 No peritoneal metastases

P1 Adjacent peritoneal involvement

P2 A few scattered metastases to distant peritoneum

P3 Many distant peritoneal metastases

H0 No liver metastases

H1 Metastases limited to one lobe

H2 A few bilateral metastases

H3 Numerous bilateral metastases

S TAG E G ROU PI NG

Stage I S0, N0, P0, H0

Stage II S1, N0-1, P0, H0

Stage III S2, N0-2, P0, H0

Stage IV S3, N3-4, P1-3, H1-3

13.1.3 Prognostic Factors

The prognosis of patients with gastric cancer is  �
directly associated with the presenting charac-
teristics. Advanced stage, poor performance sta-
tus, weight loss, and abdominal pain at diagnosis 
are associated with adverse outcomes in gastric 
cancer.
Stage is the most important prognostic factor  �
in predicting patients’ outcome. Gastric cancer 
with a limited depth of invasion has a much 
more favorable prognosis and survival rates from 
85%–95% have been reported for early stage dis-
ease (T1 category without nodal involvement) 
(Level IV) ( Everett and Axon 1997; Craanen et 
al. 1991; Eckardt et al. 1990). Survival decreases 
with more tumor invasive depth into the stomach 
wall. The 5-year survival rates of T3 to T4 lesions 
decrease signifi cantly, from 30% to 5% in Japa-

nese studies and 47% to 15% in Western studies, 
respectively (Noguchi et al. 1989; Bonenkamp 
et al. 1995; Meyers et al. 1987). Cure of diseases 
with distant metastasis or peritoneal seeding is 
dismally low.
Regional nodal involvement adversely affects the  �
prognosis. The number and locations of the af-
fected lymph nodes are both signifi cant factors 
for prognosis. Classifi cation of the nodal groups 
advocated by The Japanese Research Society for 
Gastric Cancer are as follows: N1 nodes, peri-
gastric lymph nodes; N2 nodes, nodes around 
the left gastric artery, common hepatic artery, 
splenic artery and celiac axis; N3 nodes, nodes 
in the hepatoduodenal ligament, posterior aspect 
of pancreas, and root of mesentery; N4 nodes, 
periaortic and middle colic lymph nodes (Nishi 
et al. 1986).
The prognosis of the level of lymph node me-
tastases is signifi cant. From level I to III lymph 
nodes according to the Japanese Classifi cation of 
gastric cancer, numbers of positive level II nodes 
have more infl uence on the prognosis in patients 
with node-positive gastric cancer. Early stage gas-
tric cancer has a favorable 5-year survival of over 
80%; however, the survival rate decreases in rela-
tion to the lymph node metastasis with approxi-
mate 77% for N1 and 60% for N2. Involvement 
of more than three or four nodes was an inde-
pendent poor prognostic determinant (Level IV) 
(Folli et al. 2001; Saito et al. 2007; Adachi et al. 
2000; Shimada et al. 2001;  Ichikura et al. 1993; 
Kodera et al. 1998).
Tumor location of the primary tumor has been  �
suggested to be prognostically signifi cant. The 
prognosis of proximal cancers is less favorable 
than that of distal lesions (Levels IV) (Fein et al. 
1985; Heberer et al. 1988).
Pathologic features including gross and micro- �
scopic appearance, tumor grade are not indepen-
dent prognostic factors relative to tumor stage. 
These features provide some prognostic informa-
tion. Diffuse type pathology cases are associated 
with worse treatment results compared with in-
testinal type (Level II) (Macdonald et al. 2004). 
Borrmann’s type I and II tumors have relatively 
favorable 5-year survival rates compared with 
type IV carcinomas (Level IV) (Dent et al. 1979; 
Tsukiyama et al. 1988).
Currently, no biologic markers can be routinely  �
utilized for determining prognosis of gastric 
 cancer.
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13.2 Treatment of 
 Resectable Gastric Cancer

13.2.1 General Principles

Surgery is the primary treatment of resectable  �
gastric cancer. Total gastrectomy or subtotal gast-
rectomy has been the main surgical procedure for 
resectable gastric cancer depending on the extent 
and location of the tumor: A subtotal gastrectomy 
can be utilized for diseases located in the body or 
distal stomach.
The optimal standard surgical principles have not 
reached consensus. The most controversial aspect 
of surgery for gastric cancer is the extent of lymph 
node dissection required.
For resectable clinical stage T2 or higher or node- �
positive tumors, neoadjuvant or adjuvant treat-
ment may further improve the treatment outcome 
and is recommended (Grade A). Recent evidence 
also supports the use of surgery with neoadjuvant 
and adjuvant (perioperative) chemotherapy, or 
surgery with adjuvant chemoradiation therapy for 
locoregionally advanced gastric cancer (Grade A).
For patients with locally advanced unresectable  �
gastric cancer, treatment options including con-
current chemoradiation, preoperative chemo-
therapy with or without radiation, or maximal 
resection with intraoperative radiation therapy 
(IORT) can be considered (Grade B).
For patients who have distant metastasis, perito- �
neal seeding, or are medically inoperable, con-
current chemoradiation or chemotherapy alone 
can be considered for palliation. 

13.2.2 Surgical Resection

Surgical resection of the stomach and regional  �
lymph nodes is the primary therapy of curable 
gastric cancer (Grade A). Following surgical re-
section of early stage gastric cancer 5-year sur-
vival rates of 80% or higher can be achieved ,while 
the same rate is 30% or less for patients with 
extensive lymph node involvement (Everett and 
Axon 1997; Agboola 1994).
For tumors limited to the mucosa or submucosa  �
(T1 classifi cation or less), surgical resection alone 
is suffi cient in most cases. Modalities including 
endoscopic mucosal resection and minimal ac-
cess surgery have been applied to selected early 

gastric cancer patients. For low-risk patients, 
adjuvant therapy is usually not recommended. 
Node-negative T1 tumors are associated with a fa-
vorable 5-year survival of more than 90% (Kooby 
et al. 2003).
Subtotal gastrectomy is the procedure of choice if  �
a 5-cm margin can be achieved (Grade B). Total 
gastrectomy is not necessary if a suffi cient margin 
can be obtained.
The choice of surgical procedure is based on tu-
mor location. The preferred treatment for body or 
antrum lesions of stomach is a radical subtotal re-
section (Level I) (Bozzetti et al. 1999). Proximal 
or extensive gastric cancers usually require a total 
gastrectomy to achieve adequate margins.
The extent of lymph node dissection has not  �
been determined; however, it is accepted that 
extended lymphadenectomies are not necessary 
(Grade C). Results of two randomized trials has 
demonstrated that extended dissection of re-
gional nodes were not associated with improved 
survival: A large multicenter randomized trial 
from the Netherlands (the Dutch trial) and a ran-
domized trial reported by the Medical Research 
Council compared D1 versus D2 dissection in pa-
tients with gastric cancer. The results from both 
trials showed no signifi cant differences in 5-year 
survival among the patients who received either 
nodal dissection, but higher postoperative mor-
tality and morbidity rates were observed in the 
patients undergoing D2 dissection (Bonenkamp 
et al. 1999; Hartgrink et al. 2004; Cuschieri 
et al. 1999).
However, the debate on nodal dissection is not 
solved (Mansfi eld 2004). The Japanese Research 
Society for Gastric Cancer (JRSGC) has provided 
guidelines for the standardization of surgical 
treatment and pathological evaluation, and con-
sidered surgery without D2 dissection inadequate 
 (Kajitani 1981). The results from a randomized 
trial from Taipei revealed that the overall 5-year 
survival was signifi cantly improved in patients who 
received D3 surgery than those who received D1 
dissection (59.5% versus 53.6%, respectively). More 
importantly, a low mortality rate was observed from 
the study (Level II) (Wu et al. 2006) These fi nding 
were confi rmed by the results from a randomized 
trial from Japan, which reported a hospital mortal-
ity rate of 0.8% (JCOG 95-01, Level I)  (Sasako et 
al. 2006; Sano et al. 2004). An Italian study also 
showed similar results on postoperative mortality 
(Level II) (Degiuli et al. 2004).
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Results from a number of retrospective trials  �
suggested that D2 gastrectomy with pancreas- 
and spleen-sparing procedure may be safe when 
performed in high-volume centers and that may 
confer a survival benefi t in selected patients 
(Grade B). Nonrandomized gastric cancer stud-
ies from Germany, England, Norway, and the 
United States reported mortality between 4% and 
5%, morbidity between 22% and 30.6% postop-
eratively, and 5-year survival between 26.3% and 
55% for patients who underwent D2 dissections. 
These results indicated D2 dissections appear to 
improve survival.
Splenectomy is not routinely recommended for  �
the purpose of adequate removal of station 10 
and 11 lymph nodes in D2 dissection but spleen- 
and pancreas-preserving lymphadenectomies are 
becoming more popular (Fenoglio-Preiser et 
al. 1996).
Endoscopic mucosal dissection (EMR) has been  �
increasingly used in selected patients with early-
stage gastric cancer. Indications for EMR include 
tumor size < 3 cm, absence of ulceration, well-
differentiated histology, absence of lymph node 
metastasis, and no evidence of invasive fi ndings 
(Ono et al. 2001; Hiki et al. 1995; Noda et al. 
1997). There is no defi ned standard for managing 
incomplete resection after EMR. Gastrectomy has 
generally been recommended. Close endoscopic 
follow-up with or without further resection may 
be appropriate for some cases. Chemoradiation 
may be another alternative modality for endo-
scopically treated early gastric cancer.

13.2.3 Postoperative Treatment

The suboptimal outcome after surgery alone for  �
gastric cancer indicated the necessity of adjuvant 
treatment for locally or locoregionally advanced 
adenocarcinoma of the stomach. Adjuvant treat-
ment for gastric cancer could involve radiation 
therapy, chemotherapy, or combined chemora-
diotherapy.

Postoperative Radiation Therapy

Postoperative radiation therapy alone is not indi- �
cated for gastric cancer after complete surgical re-
section (Grade B). A prospective randomized trial 
reported by the British Stomach Cancer Group 
(BSCG) compared surgery alone versus surgery 

followed by postoperative chemotherapy or post-
operative radiation. The results showed postop-
erative radiation therapy improved local-regional 
control but provided no survival benefi t for pa-
tients, suggesting combined with chemotherapy 
may be helpful to improve survival rates (Level II) 
(Allum et al. 1989; Hallissey et al. 1994).

Postoperative Chemotherapy

The role of postoperative chemotherapy alone in  �
patients after complete resection of gastric can-
cer has not been fully confi rmed. As the effi cacy 
of peri-operative chemotherapy and adjuvant 
chemoradiotherapy have been confi rmed in the 
treatment of resectable locally advanced gastric 
cancer, adjuvant chemotherapy alone is not rou-
tinely recommended for locally advanced gastric 
cancer (Grade C). Results of randomized clinical 
trials of adjuvant chemotherapy have not dem-
onstrated a consistent improvement on survival 
benefi t when compared with surgery alone in 
gastric cancer:
The International collaborative cancer groups 
(ICCG) and an Italian study evaluated FAM-
based chemotherapy (fl uorouracil, adriamycin, 
and mitomycin) regimen in resected high-risk 
gastric cancer. However, neither overall survival 
nor relapse rates were affected by the addition of 
the chemotherapy (Level II) (Coombes et al. 1990; 
DeVita et al. 2006).
The European Organization for Research and 
Treatment of Cancer (EORTC) and ICCG con-
ducted two randomized phase III trials inde-
pendently to compare adjuvant chemotherapy 
(FAMTX or FEMTX) following surgery to sur-
gery alone. Both studies failed to demonstrate a 
signifi cant difference with the addition of post-
operative chemotherapy. In addition, the pooled 
analysis of these two studies did not demonstrate 
any signifi cant change on overall survival with 
chemotherapy, and the 5-year survival was 52% 
and 51% in patients treated with surgery plus 
FAMTX chemotherapy or surgery alone, respec-
tively, or 33% and 36% in patients treated with 
surgery plus FEMTX chemotherapy or surgery 
alone (Level II) (Nitti et al. 2006).
The results of a recently published randomized  �
trial from Japan reported a signifi cant improve-
ment in overall survival with a single oral che-
motherapeutic agent, S-1, given postoperatively 
(80 mg/m2, daily, for 4 weeks and 2 weeks’ break). 
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S-1 is a compound drug consisting of the oral 
fl uoropyrimidine prodrug tegafur and the en-
zyme inhibitors gimeracil and oteracil. It reduces 
the toxic effects associated with fl uorouracil by 
inhibiting orotate phosphoribosyltransferase. 
There was a signifi cant survival benefi t of ad-
juvant therapy comparing surgery alone with 
3-year survival from 70% to 80% and with a low 
incidence of toxicity (Level II) (Sakuramoto et 
al. 2007). Two other randomized trials in Japan 
involving patients with advanced gastric cancer 
have shown the non-inferiority of S-1 to the con-
tinuous infusion of 5-FU and the activity of S-1 in 
combination with cisplatin (Level II) (Boku et al. 
2007; Narahara et al. 2007). However, these re-
sults should be evaluated and verifi ed in Western 
populations prior to any change in practice.
The effects of postoperative chemotherapy in gas- �
tric cancer have been evaluated by a number of 
meta-analyses. Many of the individual random-
ized trials included in meta-analyses had small 
numbers of patients, using chemotherapy regi-
mens of limited effi cacy. Overall, there is a trend 
with an odds ratio from 0.8–0.94 of advantage of 
adjuvant chemotherapy; however, the low quality 
of many of these studies weaken the impact to 
conclude a defi nitive result regarding the value 
of postoperative chemotherapy of gastric can-
cer (Level I) (Hermans et al. 1993; Earle and 
 Maroun 1999; Hu et al. 2002).
In a comprehensive review and meta-analysis re-
cently reported by Liu et al. (2008), a total of 4919 
gastric cancer patients treated with surgery and 
adjuvant chemotherapy in 23 randomized trials 
were analyzed. Trials utilizing peri-operative or 
preoperative chemotherapy were excluded. The 
analysis reported a benefi t of adjuvant chemo-
therapy and a pooled relative risk of death was 
0.85 (95% CI: 0.80–0.90) was observed (Level I). 
An up to 18% reduction of death risk benefi t of 
adjuvant chemotherapy compared with surgery 
alone was reported in two additional analyses. 
However, adequately powered randomized trials 
and individual patient data analyses were recom-
mended by the authors (Level I) (Panzini et al. 
2002; Mari et al. 2000; Janunger et al. 2001).

Postoperative Chemoradiation Therapy

Postoperative concurrent chemoradiation is indi- �
cated for resected high-risk stage II–III B gastric 
cancer patients (Grade A). The effi cacy of com-

bined chemoradiation therapy has been demon-
strated in randomized trials of various sizes:
The Mayo clinic performed the fi rst trial to evalu-
ate postoperative chemoradiotherapy versus sur-
gery alone, and 62 patients were enrolled. Local 
control was achieved in 61% of patients treated 
with adjuvant chemoradiation and 45% in the 
surgery-alone group. The 5-year survival also 
favored the adjuvant therapy group (20% versus 
4%) (Level II) (Moertel 1984).
The randomized phase III trial Intergroup 0116 
compared postoperative chemoradiation with 
observation. This study demonstrated an overall 
survival benefi t in combined adjuvant therapy. 
Patients who received postoperative therapy had 
a signifi cant improvement in median survival 
(26 months versus 35 months at 7-year follow up, 
p = 0.006), and 3-year overall survival (50% ver-
sus 41%, p = 0.005). Local and regional failure de-
creased in the chemoradiation group (19% versus 
29% and 65% versus 72%). However, only 10% of 
patients received planned surgical resection (i.e., 
D2 dissection) (INT 01-16, Level II) (Macdonald 
et al. 2001).
Adjuvant chemoradiation therapy is recommended  �
after D2 resection for patients with locally or lo-
coregionally advanced gastric cancer (Grade B); 
however, randomized trial data is lacking. A large 
retrospective adjuvant chemoradiation analysis 
from Korea indicated an overall survival benefi t 
for postoperative therapy as compared to surgery 
alone: the 5-year survival rates were 57% versus 
51%, respectively, in favor of postoperative treat-
ment (p=0.005). Local control was signifi cantly 
improved with postoperative chemoradiation 
therapy (15% versus 22%, p=0.005); however, no 
difference in distant metastasis (38%) was ob-
served (Level IV) (Kim et al. 2005).

13.2.4 Pre- or Peri-operative Treatment

Peri-operative Chemotherapy

Peri-operative chemotherapy can be recommended  �
as one of the standard treatment regimens for 
patients with locally or locoregionally advanced 
but resectable gastric cancer (Grade A). The re-
sults of a randomized phase III trial from Britain 
demonstrated that the addition of three cycles of 
peri- and post-operative chemotherapy using an 
ECF regimen (epirubicin 50 mg/m2 day 1, cisplatin 

LuBrady-BOOK.indb   195 13.08.2008   14:01:10



196 Z. Zhang

60 mg/m2 d1 and 5-FU 200 mg m2 for 21 days) 
to surgery signifi cantly improved survival in pa-
tients with potentially curable gastric cancer: The 
5-year overall survival rates were 36% versus 23% 
for patients treated with or without peri-operative 
chemotherapy. In addition, it was observed that 
chemotherapy produced signifi cant tumor down-
staging and increased resectability (MAGIC Study, 
Level I) (Cunningham et al. 2006).

Preoperative Chemoradiotherapy

Preoperative chemoradiation therapy cannot be  �
routinely offered for resectable gastric cancer at 
this stage, as the effi cacy of such strategy has 
not been confi rmed by phase III randomized tri-
als. Research on neoadjuvant chemoradiation for 
patients with gastric cancer is limited to phase 
II trials: The RTOG 99-04 trial included 49 pa-
tients treated with two cycles of induction 5-FU, 
leucovorin, and cisplatin followed by irradiation 
(45 Gy) with concurrent continuous 5-FU and 
weekly paclitaxel preoperatively. The results re-
vealed 27% pathological CR and 77% R0 resection 
rates (RTOG 99-04, Level III) (Okawara et al. 
2005; Ajani et al. 2006).
Two phase II studies from the M. D Anderson Can-
cer Center also indicated the possible effect of neo-
adjuvant chemoradiation therapy. One enrolled 33 
patients treated with induction chemotherapy of 
5-FU, leucovorin, and cisplatin followed by chemo-
radiation of 45 Gy in 25 fractions concurrently 
with 5-FU. The pathological complete and partial 
response was observed in 64% patients (Level III) 
(Ajani et al. 2004). The second study included 41 
resectable gastric cancer patients treated with two 
cycles of induction chemotherapy of 5-FU, pacli-
taxel, and cisplatin followed by 45 Gy irradiation 
with concurrent 5-FU and paclitaxel. The 25% 
pathological CR and 78% R0 resection rate was 
achieved (Level III) (Ajani et al. 2005). These data 
form the basis for future evaluation of pre- versus 
postoperative chemoradiotherapy strategies for 
localized resectable gastric cancer.
Although there are no published phase III tri- �
als aimed at studying the effect of preoperative 
chemoradiation on gastric cancer, two random-
ized trials of esophagus cancer included either 
gastric cardia or GE junction lesions: The ran-
domized trial by Walsh et al. (1996) assigned 
113 patients with lesions of esophagus and gastric 
cardia comparing immediate surgery to preoper-

ative 5-FU/cisplatin-based chemotherapy and ra-
diation therapy (to a total dose of 40 Gy in 15 daily 
fractions) followed by surgical resection. A sig-
nifi cant survival improvement was demonstrated 
with combined therapy in 3-year survival of 32% 
versus 6% of the surgery-alone arm (Level III). 
The prospective randomized CALGB 9871 was a 
phase III trial of preoperative chemoradiation (5-
FU/cisplatin and 50.4 Gy in 28 fractions) versus 
surgery alone for treatment of esophageal car-
cinoma. Patients with GE junction lesions were 
included in the trial. It was closed due to poor 
accrual of 56 patients for a targeted patient enroll-
ment of 500. Although accrual was well below that 
planned, the observed 5-year survival of 39% in 
the preoperative therapy arm versus 16% in the 
surgery alone arm suggests that combined mo-
dality is an appropriate treatment for this disease 
(CALGB 98-71, Level III) (Krasna et al. 2006). It 
is important to note that the numbers of patients 
with gastric cardia lesions are limited in both 
studies, and the results of the trials cannot be 
directly applied to gastric cancer treatment.

Preoperative Radiation Therapy

Radiation therapy is not routinely indicated in the  �
treatment of resectable gastric cancer (Grade C). 
As the effects of adjuvant chemotherapy and ra-
diation therapy, as well as perioperative chemo-
therapy, have been confi rmed by well designed 
multi-institutional randomized trials, preopera-
tive radiation is not recommended as a standard 
practice for potentially resectable gastric cancer. 
Prospective randomized trials from Russia and 
one from China have demonstrated the effect of 
preoperative radiotherapy in the treatment of 
resectable gastric cancer; however, regimens in-
cluding dose and fractionation used in the stud-
ies were not standardized. Further investigations 
with randomized trials are needed to confi rm the 
effi cacy of neoadjuvant radiation therapy before 
it can be recommended as part of standard treat-
ment.
Three prospective randomized Russian trials  �
have evaluated radiotherapy alone (20 Gy in four 
fractions in the fi rst two trials and 32 Gy in the 
third trial) in potentially resectable gastric can-
cer. Although survival advantage was observed in 
these trials with preoperative therapy, there were 
some methodological uncertainties and their ap-
plicability to gastric cancer in other countries is 
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not clear (Level II) (Kossé 1990; Skoropad et al. 
2000; Talaev et al. 1990).
A well designed randomized trial from China  �
compared preoperative radiation (40 Gy in 20 
fractions) with surgery alone in patients with 
clinically resectable gastric cardia disease. A 
signifi cant improvement in survival and local 
regional disease control were observed with the 
preoperative-radiation arm to the surgery-only 
arm. The 5-year survival rate was 30% versus 
20%, p=0.0094, with local relapse rates of 39% 
versus 52%, p<0.025. However, only patients with 
adenocarcinoma of gastric cardia were included 
in this single institutional randomized trial 
(Level I) (Zhang et al. 1998).
A randomized trial from Georgetown University  �
293 patients with gastric cancer (resectable and 
unresectable) to preoperative radiation therapy, 
preoperative radiation with postoperative hy-
perthermia, or gastrectomy alone. The results 
of this trial showed that preoperative radiation 
therapy of 20 Gy delivered in four fractions (5 Gy 
per fraction) did not improve overall survival as 
compared to surgery alone. However, patients 
with unresectable gastric cancer benefi ted sig-
nifi cantly from preoperative radiotherapy with 
or without hyperthermia (Level II) (Shchepotin 
et al. 1994).

13.3 Treatment of Locally Advanced 
 Unresectable Gastric Cancer

13.3.1 General Principles

Neoadjuvant chemoradiation therapy followed  �
by surgery and adjuvant chemotherapy, or neo-
adjuvant chemotherapy followed by surgery and 
adjuvant chemoradiation can be considered for 
patients with unresectable gastric cancer or re-
sidual tumor after resection.
Radical subtotal or total gastrectomy may be in- �
dicated in some patients to achieve symptomatic 
palliation.

13.3.2 Surgery

Limited gastric resection is recommended for  �
symptomatic control and may alleviate symptoms 

such as hemorrhage, symptomatic obstruction, 
perforation, and pain by ulceration (Grade B). 
Resection may be associated with benefi t of pro-
longation of survival but is not confi rmed in 
randomized trials. However, palliative surgery 
has been shown to improve quality of life for pa-
tients with bulky or proximal tumors (Level III) 
 (Haugstvedt et al. 1989; Monson et al. 1991).

13.3.3 Radiation and Chemotherapy

Combined radiation and chemotherapy may be  �
considered for patients of unresectable gastric 
cancer, or for patients with residual tumor after 
surgical resection (Grade C). Data from random-
ized studies of postoperative combined chemo-
radiation in patients with locally unresectable 
gastric cancer were inconsistent.
In an early randomized study reported by the 
Mayo Clinic, combined therapy of radiotherapy 
(35–37.5 Gy over 4–5 weeks) and chemotherapy 
(5-FU) were given to patients with unresectable 
gastric cancer after surgery, as compared to sur-
gery alone. Mean and overall survival rates were 
signifi cantly improved in the combined modality 
group (13 versus 5.9 months and 12% versus 0% 
for 5-year survival) (Level II) (Moertel et al. 
1969).
Two randomized trials conducted by GITSG com- �
pared the effect of combined chemoradiotherapy 
and chemotherapy in patients with locally ad-
vanced unresectable gastric cancer. The fi rst trial 
compared chemotherapy (5-FU and MeCCNU) 
and split-course radiation (50 Gy delivered in split 
courses spaced 2 weeks apart) with chemotherapy 
alone in patients with locally unresectable gastric 
cancer. Approximately 25% of patients who re-
ceived chemoradiation died or deteriorated ear-
lier within the fi rst 10 weeks of treatment. How-
ever, further follow-up revealed that a signifi cant 
improvement in 4-year survival was observed in 
the combined modality group (18% versus 6%) 
(Level II) (Schein et al. 1982).
In the second study from GITSG, radiation was 
delivered in continuous course, and doxorubi-
cin was added to the chemotherapy regimen and 
chemotherapy was delivered before combined 
modality therapy. However, close to 50% of the 
patients in the combined treatment group did not 
receive planned therapy, and the outcome of the 
combined therapy group did not show improve-
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ment of survival (Level II) (Gastrointestinal 
Tumor Study Group 1982).
A retrospective analysis of 60 patients with un- �
resectable, incompletely resected, or recurrent 
gastric or gastroesophageal junction adenocar-
cinoma was reported by the Mayo Clinic. The 
results indicated that in patients with recurrent 
disease, the number of sites involved and the use 
of external-beam radiation and IORT to a total 
dose of more than 54 Gy were of borderline signif-
icance in regard to survival (Level IV) (Henning 
et al. 2000). The median survival time for the 
entire group of patients was 11.6 months, similar 
to those reported in the randomized  trials.

13.3.4 Neoadjuvant Chemotherapy and 
 Radiotherapy

Neoadjuvant chemotherapy in patients with re- �
sectable gastric cancer to improve survival has 
been confi rmed in the MAGIC trial. The resect-
ability may be improved. The role of neoadju-
vant chemotherapy to increase resectability or 
improve survival in patients with locally ad-
vanced unresectable gastric cancer has not yet 
been demonstrated. 
Kang �  et al. (1996) performed a small randomized 
trial of 107 patients with locally advanced gastric 
cancer to receive between two and three cycles of 
chemotherapy followed by surgery versus surgery 
alone. Pathological complete response of 7% was 
observed. No signifi cant improvement in survival 
(55% versus 55% of 2 years) but borderline in-
creased resectable rate was observed with neoad-
juvant chemotherapy (71% versus 61%) (Level II).
Radiation should be considered incorporated into  �
the study design for initially unresectable tumor 
due to high incidence of local regional relapse 
after neoadjuvant chemotherapy. As detailed 
above, the survival benefi t reported by Walsh 
et al. (1996) in a trial of chemoradiation followed 
by surgery versus surgery alone in patients with 
esophagus and gastric cardia tumors can be refer-
ences for future trial design (Level III).

13.3.5 Treatment of Medically 
 Inoperable Gastric Cancer

For patients with inoperable gastric cancer due  �
to their medical conditions, defi nitive treatment 

with external beam radiation to a total dose of 
45–50.5 Gy in 25–28 fractions with concurrent 
5-FU-based chemotherapy can be considered 
(Grade D).
If combined treatment is not feasible, single mo- �
dality management with radiation therapy or 
chemotherapy can be considered for palliation 
(Grade D).

13.4 Radiation Therapy Techniques

13.4.1 Dose and Fractionation

External beam radiation therapy to a total dose  �
of 45 Gy at 1.8 Gy/fraction combined with cur-
rent 5-FU-based chemotherapy is the standard 
regimen for adjuvant treatment (Grade A). In the 
above mentioned Intergroup 0116 study, patients 
in the treatment arm received adjuvant chemora-
diation to a total dose of 45 Gy at 1.8 Gy/fraction 
and concurrent chemotherapy (5-FU and leuco-
vorin) (Level II) (Macdonald et al. 2001).
For patients with gross residual disease, a fi eld  �
reduction technique is recommended for boost 
to 50–55 Gy.

13.4.2 Simulation and Planning

The optimal target of adjuvant radiation treat- �
ment for gastric cancer is yet to be determined. 
A fi eld that encompasses tumor bed, major lymph 
node regions, as well as any residual disease is 
reasonable, due to the high likelihood of local 
and regional recurrence in these areas (Grade D) 
(Tepper and Gunderson 2002).
CT-based treatment planning is highly recom- �
mended for defi ning clinical target volume (CTV) 
and planning target volume (PTV). An individu-
alized immobilization device (e.g., Alpha cradle, 
Smithers Medical Products, Inc. North Canton, OH) 
should be used for simulation and treatment. 
CT scan with a slice thickness of 3–5 mm should 
be performed with the patient in a supine treat-
ment position with arms placed overhead, prefer-
ably 2–3 h after a meal.
The treatment target should be defi ned by CT  �
(pre- and postoperative) and surgical fi ndings, 
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and depends on both the location and depth of 
invasion of the primary tumor (T category), as 
well as the location and extent of known nodal 
involvement (N category). When the invasion of 
primary tumor is deeper than subserosa (T2b or 
above), the tumor bed should be irradiated.
The lymph node chain should be included in the 
radiation fi eld if there is nodal involvement (N+). 
Major lymph nodes at risk include the lesser and 
greater curvature, celiac axis, pancreaticoduo-
denal, splenic, suprapancreatic, porta hepatis 
and para-aortics. For resected tumor with posi-
tive or closer (less than 5 cm) margins, the re-
sidual stomach should be included (Tepper and 
 Gunderson 2002).
The margin  should be added to CTV to gener- �
ate planning target volume (PTV) to account for 
individual’s organ motion and daily setup uncer-
tainties. For postoperative radiation, a preopera-
tive CT is preferred as a reference.
Normal tissues to be delineated include spinal  �
cord, liver, distal esophagus, and kidneys for or-
gan identifi cation and dose-volume histograms. 
For tumor at GE junction, heart and mediastinum 
may need to be contoured.

13.4.3 Field Arrangement

Although AP/PA with or without lateral fi elds  �
(three- or four-fi eld arrangement) are practical, 
multiple fi elds with 3D conformal techniques 

should be considered for sparing more normal 
tissue if possible (Smalley et al. (2002).
Currently, no recommendation can be given for  �
standard volume delineation. In a prospective 
study reported by Chung et al. (2004), tumor 
volume delineation between radiation oncolo-
gists differed signifi cantly, in both clinical tu-
mor volume (measured as total volume in cm3) 
on 3D planning, as well as area of treatment fi eld 
(measured as total volume in cm2) on 2D plan-
ning, for adjuvant radiotherapy for gastric can-
cer using the treatment regimen indicated in the 
Intergroup 0116 trial (Level III).
The suggested fi eld of treatment depends on the  �
location of the primary disease and the status of 
lymph node involvement: For proximal gastric 
tumor at the GE junction and cardia, the propen-
sity to lymph node spread to the gastric antrum, 
periduodenal, and porta hepatic nodes is lower. 
These regions can be excluded to spare as much 
liver and right kidney as possible. 
For distal gastric tumor, periduodenal, peripan-
creatic, and porta hepatic nodes should be in-
cluded in the treatment fi elds, whereas periesoph-
ageal, pericardia, and splenic hilar nodes can be 
excluded for their lower likelihood of involve-
ment. For tumors in the body of the stomach, all 
above-mentioned major lymph nodes should be 
included in the treatment fi eld. 
Figure 13.1 depicts nodal stations in the abdomen. 
Table 13.4 summarizes the draining lymph node 
groups of various gastrointestinal structures.

Fig. 13.1. CT images depict nodal stations in 
the abdomen
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Table 13.4. Gastrointestinal lymphatic system [from Martinez-Monge et al. (1999) with permission] 

Anatomic site First echelon nodal group Subgroup Category Abbreviation

Gastric cardia Left gastric nodes Juxtacardiac Main LGNc

Gastric lesser curvature Left gastric nodes Gastropancreatic
Lesser curvature

Main
Main

LGNlc
LGNlc

Gastric antrum and pylo-
rus

Hepatic nodes Right gastroepiploic
Infrapyloric
Suprapyloric

Main
Main
Main

HNrg
HNp
HNp

Greater omentum Hepatic nodes Right gastroepiploic
Infrapyloric
Supropyloric

Main
Main
Main

HNrg
HNp
HNp

Gastric greater curvature Splenic nodes Suprapancreatic Main SpINs

Duodenum Hepatic nodes

Superior mesenteric nodes

Infrapyloric
Retropyloric
Pancreaticoduodenal
Postpancreaticoduodenal

Main
Main
Main
Main

HNP
HNp
HNpd
SMN

Pancreas Hepatic nodes

Splenic nodes

Left gastric nodes
Superior mesenteric nodes

Right paraaortic nodes
Left paraaortic nodes

Infrapyloric, suprapyloric
Pancreaticoduodenal
Hepatic artery
Suprapancreatic
Splenic hilum
Gastropancreatic
Root of mesentery
Middle colic
Postpancreaticoduodenal
Superior
Superior

Main
Main
Main
Main
Main
Main
Main
Main
Main
Main
Main

HNp
HNpd
HNha
SpINs
SpINh
LGNIc
SMN
SMN
SMN
RPNs
LPNs

Spleen Splenic nodes Splenic hilum Main SpINh

Liver Hepatic nodes
Celiac axis nodes
Left gastric nodes
Diaphragmatic nodes
Paraesophageal nodes
Renal hilum nodes

Gallbladder, hepatic artery

Lesser curvature
Anterior, lateral
Inferior

Main
Main
Main
Main
Main
Main

HNha
CN
LGNIc
DNa, lat
PENi
RRH, LRH

Gallbladder and cystic duct Hepatic nodes Gallbladder
Foramen of Winslow

Main
Main

HNha
HNha

Hepatic duct Hepatic nodes Foramen of Winslow Main HNha

Common bile duct Hepatic nodes Foramen of Winslow

Postpancreaticoduodenal

Main

Main

HNha

HNhaHNpd

3D conformal treatment with mono-isocentric  �
split-fi eld technique or intensity-modulated ra-
diation therapy (IMRT) can be considered for 
gastric cancer treatment. It is desired to deliver 
highly conformal dose to the target while reduc-
ing the dose to the surrounding critical struc-
tures. The benefi t of IMRT over 3D conformal 

radiation has been suggested by many publica-
tions; however it needs to be further confi rmed 
by the clinical outcome (Level III) (Wieland et 
al. 2004).
Figure 13.2 depicts a postoperative radiation  �
fi elds for a ptient with T3N1 gastric cancer of the 
antral primary
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Fig. 13.2. a–c Postoperative radiation fi elds of a patient with T3N1 gastric cancer of the antral primary. [a–c Gastric remnant; 
tumor bed (red); celiac artery (light orange); porta hepatis (light blue); right kidney (light orange); pancreatic head (orange)]. 
d–f DRR and DVH of 3D conformal plan

a b

c d

e f
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13.4.4 Intraoperative Radiation

IORT alone or with external beam radiation may  �
be considered for the treatment of locally advanced 
gastric cancer (Grade C). Randomized trials have 
examined the effi cacy of IORT in combination 
with surgery for patients with gastric carcinoma. 
The limited data suggested that IORT may im-
prove locoregional control in selected patients 
with gastric cancer; however, most trials failed 
to demonstrate a benefi t in overall survival. 
Abe �  et al. (1988) performed a randomized trial 
of 211 patients with gastric cancer comparing 
surgery only with surgery and IORT (28–35 Gy). 
Advantage of combined therapy was observed in 
patients with locally advanced gastric cancer. For 
stage IV disease, 15% patients who received IORT 
were alive at 5 years compared to no survivors in 
the surgery alone group (Level II). In a prospec-
tive randomized trial reported by  Sindelar et 
al. (1993), surgical resection alone was compared 
to surgery and IORT (20 Gy) followed by external 
beam radiation (50 Gy in 25 fractions) in locally 
advanced gastric cancer. The results revealed no 
signifi cant difference in patients who received 
surgery or combined treatment; however, locore-
gional disease failures occurred in 44% patients 
treated with IORT and in 92% of patients who 
received surgery only (p < 0.001). Complication 
rates were similar between IORT and control pa-
tients (Level II). 
A more recently published study compared sur-
gery followed by chemoradiation and surgery 
plus IORT followed by chemoradiation. A group 
of 94 patients with locally advanced gastric can-
cer were treated with surgery followed by chemo-
radiation, with or without IORT. The results re-
vealed that the 3-year locoregional control rates 
were 77% versus 63%, respectively, in favor of 
IORT-treated patients. However, no difference in 
overall survival was observed (Level IV) (Fu et 
al. 2008).

13.4.5 Side Eff ects and Complications

Radiation-Induced Side Eff ects and 
Complications

Toxicities and complications of radiation depend  �
on the location of the target and treatment fi elds. 
The critical normal structures for gastric treat-

ment located within treatment fi elds include liver, 
kidneys, spinal cord, and heart.
Gastritis is a common radiation-induced side ef- �
fect during treatment and does not constitute a 
reason for treatment interruption.
Radiation-induced kidney dysfunction is dose-  �
and volume-dependent and associated with in-
cidence of renovascular hypertension. A dose of 
approximately 20 Gy, given over 3–5 weeks, is 
considered the radiation tolerance dose. A pro-
gressive decrease in relative left kidney function 
of approximately 11% at 6 months and 52% at 
18 months in AP/PA parallel opposed fi eld tech-
nique was observed (Level III) (Jansen et al. 
2007).
Other side effects may include fatigue, skin reac- �
tion, bone marrow toxicity, and/or diarrhea de-
pending on the site and volume of irradiation.

13.4.6 Dose Limiting Structures

V20 of one functional kidney should not exceed  �
75%.
Radiation dose to the spinal cord should be less  �
than 45 Gy (1.8–2.0 Gy/day); V40 of the heart 
should be limited to 50% or less; V30 of the 
liver should be limited to 60% or less (Level IV) 
(Emami et al. 1991).

13.5 Palliative Treatment of 
 Gastric Cancer

13.5.1 General Principles

Limited gastric resection can be used for relief of  �
symptoms such as obstruction, hemorrhage, and 
ulceration or gastric perforation (Grade B).
Radiation therapy is frequently recommended to  �
palliate symptoms such as pain, dysphagia, ob-
struction, and bleeding (Grade B).
Chemotherapy concurrently combined with ra- �
diation can be considered in palliation treatment 
of advanced gastric cancer (Grade B).
Systemic chemotherapy can be considered for  �
metastatic gastric cancer; however, the effect of 
chemotherapy on prolonging survival has not 
been confi rmed.
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13.5.2 Palliative Radiation Therapy

Dysphagia/obstruction, hemorrhage, and pain  �
are the more common presenting symptoms 
of advanced gastric cancer. Radiation alone or 
in combination with chemotherapy is recom-
mended in symptomatic palliation of advanced 
gastric cancer (Grade B). Radiation offers relief 
of symptoms in approximately 70% of patients. 
The outcomes of retrospective analyses of pa-
tients with gastric cancer treated with palliative 
radiation or concurrent chemoradiation revealed 

70%–81% symptom control rates (Level IV) (Kim 
et al. 2007). Some reports showed radiation alone 
had symptom control in 54% patients with bleed-
ing and 25% patients with obstruction of gastric 
cancer (Level IV) (Tey et al. 2007).
Relationship between dose response and clinical  �
effects in palliative radiation is not consistent. 
Various doses to the primary tumor range from 
30 Gy in 10 fractions to the dose fractionation 
for defi nitive treatment, i.e., 50.4 Gy at 1.8 Gy/
fraction have been used. A retrospective study 
showed bleeding can be palliated with 30 Gy in 

Pathologic diagnosis of gastric cancer
Tissue biopsy; upper gastrointestinal endoscopy

Staging
Laboratory tests 

CBC, serum chemistry, LDH, liver/renal function tests, Alkaline Phosphatase
Imaging studies

Chest X-ray or CT of thorax, CT of abdomen and pelvis, EUS, barium study, 
FDG-PET scan or PET/CT (optimal) 

Laparoscopy (if applicable)

Potentially resectable Unresectable

T1 or less T2 or higher or N+

Surgery alone
Total or subtotal

Peri-operative chemotherapy 
or

surgery
(Total or subtotal 
gastrectomy with

intraoperative radiation 
if applicable) followed by 

adjuvant 
chemoradiation therapy

Chemoradiation therapy, 
or chemotherapy

Restaging

Chemotherapy with or
without radiation

Salvage therapy
(chemotherapy with or

without radiation)
or

best supportive care

Follow-Up

Every 4–6 months for 3 years, then annually thereafter
History and physical examination at each follow-up session

Resectable Unresectable

Surgery if applicable

followed by chemotherapy

Fig. 13.3. A proposed 
treatment algorithm for 
gastric adenocarcinoma
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10 daily fractions and no obvious dose response 
was evident (Level IV) (Tey et al. 2007). The role 
of higher biologically effective dose of radiation 
remains to be established in prospective random-
ized studies.

13.5.3 Combined Chemoradiation 
 Therapy

Chemotherapy concurrently combined with radi- �
ation can be considered in palliative treatment of 
advanced gastric cancer (Grade B). In a prospec-
tive trial aimed to study the effects of combined 
radiation therapy and chemotherapy (razoxane, 
used as a radiosensitizer), partial response was 
achieved in 89% patients and local control in 64%. 
The median time to an in-fi eld recurrence was 
7 months. Rapid pain relief was achieved in 96% 
of patients (Level III) (Rhomberg et al. 1996).

13.6 Follow-Ups

13.6.1 Post-Treatment Follow-Ups

Life-long follow-up after defi nitive treatment of  �
gastric cancer is usually indicated.

Schedule

Each follow-up should include a complete history  �
and physical examination. Laboratory tests in-
clude complete blood count and multichannel se-
rum chemistry; radiologic imaging or endoscopy 
are required when clinically indicated (Grade D) 
(NCCN 2008).
Follow-ups could be scheduled every 4–6 months  �
initially in the fi rst 3 years after treatment and 
annually thereafter (Grade D) (NCCN 2008) 
 (Table 13.5).

Table 13.5. Follow-up schedule

Interval Frequency

First 3 years Every 4–6 months

Over 3 years Annually

Work-Ups

Each follow-up examination should include a  �
complete history and physical examination. 
There is no clear role for routine imaging studies 
for asymptomatic patients.
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Introduction and Objectives

Pancreatic cancer is a challenging disease to treat. 

This chapter examines:

Recommendations for diagnosis and staging procedures �
The staging systems and prognostic factors �
Treatment recommendations as well as the supporting  �
scientifi c evidence for defi nitive and adjuvant treatment for 
early stage resectable pancreatic cancer

The use of combined chemotherapy and radiotherapy for  �
defi nitive treatment of locally advanced disease

Systemic chemotherapy and palliative radiation for meta- �
static diseases

Follow-up care and surveillance of survivors �

14.1 Diagnosis, Staging, and 
 Prognoses

14.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of pancreatic cancer  �
starts with a complete history and physical ex-
amination (H&P). Presenting signs and symp-
toms depend on the location and extent of the 
tumor. Possible signs of pancreatic cancer include 
jaundice, pain, and weight loss.
The physical examination rarely confi rms the  �
diagnosis of localized pancreatic cancer. In ad-
vanced disease, palpable lymph nodes, hepato-
megaly (from metastases), splenomegaly from 
portal vein obstruction, gallbladder (i.e., Cour-
voisier sign), ascites, or an abdominal mass might 
be appreciated.
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Possible risk factors for pancreatic cancer that  �
should be obtained in the history include smok-
ing, long-standing diabetes, and chronic pancre-
atitis. Hereditary conditions such as hereditary 
pancreatitis, multiple endocrine neoplasia type-1 
syndrome, hereditary nonpolyposis colon cancer 
(HNPCC: Lynch syndrome), von Hippel-Lindau 
syndrome, ataxia telangiectasia, and the familial 
atypical multiple mole melanoma syndrome may 
be predisposing conditions.

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic blood chemistry, liver function 
tests, renal function tests, alkaline phosphatase, 
and lactate dehydrogenase (LDH). Patients with 
jaundice may show elevations in bilirubin.
CA 19-9 (serum carbohydrate antigenic determi- �
nant) is a tumor marker that is often elevated in 
patients with pancreatic cancer and is usually tested 
(Grade B). The reference range of CA 19-9 is less 
than 33–37 U/mL. It is more reliable in patients with 
more advanced disease. In one large study, CA 19-9 
had a sensitivity of 92%, a specifi city of 73%, and a 
total accuracy of 82% (Level IV) (Safi  et al. 1987).
Positive cytology from washings obtained at  �
laparoscopy or laparotomy is equivalent to M1 
disease.

Imaging Studies

A CT scan of the thorax, abdomen, and pelvis  �
should be obtained for diagnosis and evaluation 
of the extent of disease (Grade A). The CT of the ab-
domen should be performed according to a defi ned 
pancreas protocol such as triphasic cross-sectional 
imaging and thin slices. The reported sensitivity 
is high, ranging between 89%–97% (Level III) 
(Miura et al. 2006; Schima et al. 2002). 
Endoscopic ultrasound is useful in evaluating  �
small lesions of the pancreas, determining local 
vascular invasion and obtaining tissue diagno-
sis (Grade B). It is an accurate tool for detecting 
pancreatic cancer, particularly when the lesion 
is small (in this situation, it is superior to CT) 
(Level III) (Mertz et al. 2000). Endoscopic ultra-
sound can also localize lymph node metastases.
Endoscopic retrograde cholangiopancreatog- �
raphy is very sensitive for detecting pancreatic 
cancer. It is an invasive procedure, thus there is 
a real but small risk of complications.

PET and PET/CT may be helpful in differentiating  �
between benign and malignant lesions (Grade B). 
FDG-PET has a sensitivity of 71%–100% and a 
specifi city of 64%–90%. Results from prospec-
tive imaging studies revealed that FDG-PET had 
higher sensitivity and specifi city compared to 
CT in diagnosing pancreatic carcinoma (92% 
and 85% versus 65% and 62%). Overall, PET sug-
gested potential alterations in clinical manage-
ment in 43% of patients suspected with primary 
pancreatic cancer (Level III) (Rose et al. 1999). 
Results from another prospective study also dem-
onstrated that FDG-PET is more sensitive than 
helical CT for detecting pancreatic cancer: The 
sensitivity for the detection of pancreatic can-
cer was higher for endoscopic ultrasound (EUS) 
(93%) and FDG-PET (87%) than for CT (53%). In 
addition, FDG-PET is useful for identifying meta-
static disease (Level III) (Mertz et al. 2000).
However, it is important to note that FDG-PET 
does not replace, but is complementary to, CT 
imaging (Miura et al. 2006) (Table 14.1).

Pathology

The necessity of obtaining a cytologic or tissue  �
diagnosis of pancreatic cancer prior to surgery is 
controversial. On the one hand, needle aspiration 
is associated with a small risk of contaminating 
the peritoneum with cancer cells. Others argue 
that the operation has signifi cant morbidity and 
should be only undertaken in patients with a 
known diagnosis. Finally, a pathologic diagnosis 
is generally preferred prior to initiation of che-
motherapy, radiation therapy, or non-operative 
palliation.
EUS-directed fi ne-needle aspiration (FNA) is  �
theoretically preferable to a CT-guided FNA in 
patients with resectable disease because of the 
much lower risk of peritoneal seeding.

Table 14.1. Imaging and laboratory work-ups for pancreatic 
cancer

Imaging studies Laboratory tests

– CT of chest/abdomen/pelvis
– EUS
– FDG-PET scan or PET/CT
– ERCP

– Complete blood count
– Serum chemistry
– Liver function tests 
– Renal function tests
– Alkaline phosphatase
– LDH
– CA 19-9, CEA
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14.1.2 Staging

Pancreatic cancer can be staged clinically and  �
pathologically: Clinical staging utilizes informa-
tion from H&P, imaging studies, and laboratory 
tests; pathologic staging is based on fi ndings 
from clinical staging and procedures such as 
laparoscopy, exploratory laparotomy, EUS, and 
endoscopic retrograde cholangiopancreatogra-
phy (ERCP).
Diagnostic staging laparoscopy is advocated by  �
some experts to rule out sub-radiologic metas-
tases (especially for body and tail lesions or for 
patients with high clinical suspicion of metastatic 
disease) (Grade D).
The 2007 American Joint Committee on Cancer  �
Tumor Node Metastasis (TNM) staging system is 
presented in Table 14.2 (Greene et al. 2002).

14.2 Treatment of 
 Resectable Pancreatic Cancer

14.2.1 General Principles

Complete surgical resection is the mainstay treat- �
ment for respectable pancreatic cancer, although 
only a few patients are cured with surgery alone 
(Grade A). Subtotal resection or debulking sur-
gery has no proven benefi t.
Radiation therapy, chemotherapy, or combined  �
chemoradiation is not routinely recommended 
preoperatively. Preoperative or neoadjuvant 
therapy has not been studied in large prospec-
tive studies. After a complete resection (R0 resec-
tion), adjuvant radiotherapy with 5-FU (Grade C) 

Table 14.2. American Joint Committee on Cancer (AJCC) TNM classifi cation of carcinoma cancer of exocrine pancreas 
[from Greene et al. (2002) with permission]

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor limited to the pancreas, 2 cm or less in greatest dimension

T2 Tumor limited to the pancreas, more than 2 cm in greatest dimension

T3 Tumor extends beyond the pancreas but without involvement of the celiac axis or the superior mesenteric 
artery

T4 Tumor involves the celiac axis or the superior mesenteric artery (unresectable primary tumor)

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasi

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

S TAG E G ROU PI NG

0: Tis N0 M0

IA: T1 N0 M0

IB: T2 N0 M0

IIA: T3 N0 M0

IIB: T1 N1 M0, T2 N1 M0, T3 N1 M0

III: T4 Any N M0

IV Any T Any N M1
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or gemcitabine alone (Grade B) can be recom-
mended.
After a subtotal resection (R1 resection), adju- �
vant chemotherapy (5-FU-based) and radiation 
therapy is indicated (Grade A).

14.2.2 Surgical Resection

Surgical resection is the only curative treatment  �
modality for pancreatic cancer, and should be 
considered in all operable and resectable patients 
(Grade A). Resectable pancreatic tumors of the 
head, body, or tail are tumors without any evidence 
of distant metastases, a clear fat plane around ce-
liac and superior mesenteric arteries (SMA), supe-
rior mesenteric vein and portal vein (National 
Comprehensive Cancer Network 2008).
The 5-year disease free survival for resected pancre- �
atic cancer without additional therapy is generally 
10% or less. In the Charite Onkologie (CONKO)-
001 trial, the median disease free interval was 
6.9 months and 5-year overall survival of 5.5% for 
the observation arm (Oettle et al. 2007).
An R1 resection (residual microscopic disease)  �
experiences similar overall survival to those with 
de novo presentation of locally advanced disease 
(i.e., 9–12 months median survival, and a 5-year 
survival rate of close to 0%) (Pisters et al. 2003). 
Unfortunately, incomplete resections are com-
mon and the incidences of positive margins were 
reported to be as high as 51% (Level IV) (Willet 
et al. 1993; Moutardier et al. 2004).
Some practice guidelines suggest that resections  �
should be done at institutions that perform at 
least 20 pancreatic resections annually (Grade B) 
(National Comprehensive Cancer Network 
2008). There is an inverse relationship between 
surgical morbidity/mortality and surgical vol-
ume for pancreaticoduodenectomy (Level IV) 
(Birkmeyer et al. 2002).

14.2.3 Adjuvant Chemotherapy

Chemotherapy is indicated for adjuvant treat- �
ment of pancreatic cancer after completed resec-
tion (Grade B). The effi cacy of chemotherapy on 
pancreatic cancer using single agent or a combi-
nation of medications has been reported.

Single Agent Adjuvant Chemotherapy

The effi cacy of gemcitabine-based chemotherapy  �
was recently demonskated. The CONKO-001 
trial randomized patients with resected pancre-
atic cancer to adjuvant gemcitabine versus obser-
vation. Adjuvant gemcitabine improved disease 
free survival (13.4 versus 6.9 months) but over-
all survival was not improved. In a “qualifi ed” 
analysis meant to exclude patients in the treat-
ment arm that did not receive at least one cycle of 
chemotherapy and those patients in the observa-
tion arm that received adjuvant chemotherapy or 
radiotherapy, there was a small but statistically 
signifi cant survival improvement of 24.2 versus 
20.5 months (p=0.02) (Level II) (Oettle et al. 
2007).
A randomized trial (ESPAC-3 trial) intended to  �
compare the effect of adjuvant 5-FU to adjuvant 
gemcitabine-based chemotherapy has completed 
the accrual of patients; however, the results are 
still pending.

Combination Chemotherapy

A European study compared AMF (doxorubicin,  �
mitomycin, and 5-FU) for six cycles after sur-
gery to an observation group. The AMF group 
had improved median survival (23 months versus 
11 months, p=0.02) and 2-year survival rate (43% 
versus 32%, p=0.04), but no survival advantage 
was seen at 3 years (Level II) (Bakkevold et al. 
1993).
The Virginia Mason Cancer Center single insti- �
tution trial consisted of 43 patients treated with 
radiation, continuous infusion 5-FU, cisplatin, 
and interferon alpha, followed by 4 months of in-
fusional 5-FU. The 2- and 5-year survival rates of 
64% and 55% are promising. (Level IV) ( Picozzi 
et al. 2003).
The Virginia Mason regimen is being tested in an 
American College of Surgeons Oncology Group 
(ACOSOG) multi-institutional trial (Z05031). The 
accrual has been completed but the results are 
pending.
Pooled analysis of two randomized trials (GER- �
COR/GISCAD: Gemcitabine/Oxaliplatin versus 
Gemcitabine; German multi-center trial: gem-
citabine plus cisplatin versus gemcitabine) was 
presented at the ASCO 2006. The conclusion was 
that high performance patients may achieve a 
greater benefi t in progression-free survival (5.8 
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versus 3.5 months, p<0.001) and overall survival 
(10.6 versus 6.4 months, p<0.001) from treatment 
with a gemcitabine/platinum doublet (Level II) 
(Louvet et al. 2006).

14.2.4 Radiation Therapy

Adjuvant Radiation

Radiation therapy, in combination with chemo- �
therapy, is recommended as the local treatment 
modality for adjuvant treatment of pancreatic 
cancer (Grade C). The high rate of local failure 
after surgical resection provides a strong ratio-
nale for the role of radiation after surgery. In 
the CONKO-001 trial, local recurrence was 34% 
in the gemcitabine-treated patients and 41% in 
the observation arm. Recurrence rates in patients 
with R1 resections are typically even higher, in 
excess of 60%.
The effects of postoperative radiation therapy on 
pancreatic cancer have been studied in a number 
of randomized trials. However, the results from 
these trials varied, largely due to small sample 
size or poor study design.
The fi rst randomized trial providing evidence in  �
favor of adjuvant therapy was conducted by the 
Gastrointestinal Tumor Study Group (GITSG). In 
this trial, Kalser and Ellenberg (1985) com-
pared observation to bolus fl uorouracil (5-FU) 
plus split-course radiation followed by 2 years 
of 5-FU. A total of 43 patients were evaluable 
and an improvement in median survival of 20 
versus 11 months (p=0.35), and in 2-year sur-
vival of 42% versus 15% was shown in favor 
of the adjuvant chemoradiation group (GITSG, 
Level II). This study was stopped early because 
the adjuvant radiation therapy arm was doing 
so much better. Similar results were obtained 
when additional patients were treated with the 
same adjuvant chemoradiotherapy regimen (the 
experimental arm). This study was recently up-
dated and the survival advantage persisted to 
10 years.
The RTOG 9704 trial randomized patients with  �
resected pancreatic cancer to either pre- and 
post-chemoradiation 5-FU or pre- and post-
chemoradiation gemcitabine, with both groups 
receiving concurrent chemoradiation using in-
fusional 5-FU. For the group with tumors of the 

head of the pancreas, a 3-year survival improve-
ment was seen in the arm that received gemcit-
abine compared to the arm that received 5-FU 
(32% versus 21%) (p=0.33), with a hazard ratio 
of 0.76 (CI = 0.61–0.97). When the analysis in-
cluded pancreatic body and tail tumors, no sig-
nifi cant improvement in survival was revealed. 
More than 85% of patients completed therapy 
in both arms (RTOG, Level I) (Regine et al. 
2006).
The EORTC 40891 trial compared observation to  �
adjuvant infusional 5-FU and split-course radia-
tion. Only 114 of the 127 patients included had 
tumor of the head of the pancreas. Among all 
patients, the 2-year survival between the treat-
ment and control groups was 51% versus 41%, 
but this was not statistically signifi cant. In a 
subgroup analysis of head of pancreas patients, 
2-year survival was 37% versus 23% for the con-
trol arm (Level II) (Klinkenbijl et al. 1999). This 
study is often criticized because of the inclusion 
of patients with positive margins after resec-
tion, patients with ampullary tumors, the lack 
of maintenance chemotherapy, the split-course 
radiotherapy regimen, and the lack of radiation 
quality assurance.
The ESPAC-1 was a study designed to test whether  �
patients would benefi t from adjuvant chemother-
apy alone (5-FU/Leucovorin), chemoradiotherapy 
(40 Gy split-course with 5-FU) or observation. 
Not all the patients were randomized and the 
study was a 2 × 2 design. The authors concluded 
that adjuvant chemotherapy was benefi cial and 
that adjuvant chemoradiotherapy was detrimen-
tal because the 5-year survival was 20% in the 
two chemotherapy arms, and 10% in the two RT 
arms. There are a number of criticisms of this 
study including the “non-randomized” compo-
nent, the lack of quality assurance, the fact that 
only 90 patients received the prescribed RT dose, 
and the split dose of RT (40 Gy). Also, this sel-
dom mentioned but a 2 × 2 factorial design is only 
valid if there is not thought to be any interac-
tion between the two treatment arms. Because 
5-FU is a known radiosensitizing agent, there is 
an interaction between the two treatment arms 
which may invalidate the conclusions (Level II) 
 (Neoptolemos 2001, 2004).
EORTC 40013-22012 is a randomized phase II trial  �
that is designed to evaluate adjuvant gemcitabine 
versus adjuvant gemcitabine followed by chemo-
radiation. This study is closed to accrual.

LuBrady-BOOK.indb   213 13.08.2008   14:01:24



214 V. K. Mehta

Defi nitive Radiation

Combined chemoradiation therapy is indicated  �
for unresectable or inoperable pancreatic cancer. 
As described below, most studies reported have 
suggested that chemoradiotherapy is superior to 
radiotherapy alone as adjuvant therapy following 
surgery.
In patients who are not candidates for chemo- �
therapy, discussion about the role of radiotherapy 
alone should be performed in a thoughtful and 
careful manner.

14.3 Treatment of 
 Unresectable Pancreatic Cancer

14.3.1 General Principles

Defi nitive chemoradiation therapy should be of- �
fered to patients with unresectable or inoperable 
pancreatic cancer without evidence of distant me-
tastasis (Grade B).
Gemcitabine or gemcitabine-based combination  �
therapy without radiation therapy may be consid-
ered as an alternative to 5-FU-based chemoradio-
therapy in patients with locally advanced, unre-
sectable disease (Grade B). Although the effi cacy 
of gemcitabine-based chemotherapy has been 
demonstrated, chemotherapy alone has not been 
compared to combined chemoradiation therapy 
in phase III randomized trials.
When defi nitive treatment is not feasible due to  �
poor medical condition or patients’ preference, 
palliative chemotherapy and/or radiation therapy 
is often used for symptomatic control.

14.3.2 Concurrent Chemoradiotherapy

Patients with unresectable but non-metastatic  �
pancreatic cancer should be offered defi ni-
tive chemoradiotherapy (Grade B). 5-FU-based 
chemotherapy can be considered for combined 
chemoradiotherapy. 
In a randomized trial reported by GITSG, 194 pa-
tients with unresectable adenocarcinoma of the 
pancreas were randomly assigned to high-dose 
(60 Gy) radiation therapy alone, high-dose radia-

tion plus 5-FU, or moderate-dose (40 Gy) radia-
tion plus 5-FU. Median survival with radiation 
alone was only 5.5 months. Both 5-FU-containing 
treatment regimens produced a highly signifi cant 
survival improvement when compared with ra-
diation alone, with an overall median survival 
of 10 months. The 1-year overall survival rates 
were 40% versus 10% for patients treated with 
or without chemotherapy, respectively. However, 
survival differences between high or moderate 
doses of radiation were not observed (Level II) 
(Moertel et al. 1981).
The FFCD-SFRO was a phase III trial compar-
ing chemoradiotherapy (cisplatin and 5-FU) fol-
lowed by gemcitabine versus gemcitabine alone 
in patients with locally advanced non-resectable 
pancreatic cancer. The study was stopped be-
fore the planned inclusion due to lower survival 
with combined chemoradiation, as compared to 
gemcitabine treatment alone. Gemcitabine alone 
had less toxicity and improved median survival 
(14.3 versus 8.4 months, p=0.014) (Level II) 
(Chauffert et al. 2006).

Chemotherapy Regimen

Gemcitabine or gemcitabine-based combination  �
therapy without radiation therapy may be con-
sidered as an alternative to 5-FU-based chemo-
radiotherapy in patients with locally advanced, 
unresectable disease (Grade A).
Gemcitabine has been demonstrated to improve 
the disease-related symptoms associated with 
unresectable or metastatic pancreatic cancer. 
Patients with advanced and symptomatic pan-
creas cancer were randomized to receive either 
gemcitabine 1,000 mg/m2 weekly for seven cycles 
followed by 1 week of rest, then weekly for three 
cycles every 4 weeks thereafter or to 5-FU 600 mg/
m2 once weekly. The clinical benefi t response (a 
composite measure of pain, performance status, 
and weight) was measured to be 23.8% in pa-
tients treated with gemcitabine and only 4.8% 
in patients treated with 5-FU. The median sur-
vival durations were 5.6 months for gemcitabine-
treated patients and 4.4 months for 5-FU-treated 
patients. The survival rate at 12 months was 18% 
for gemcitabine patients and 2% for 5-FU patients 
(Level I) (Burris et al. 1997).
Results from a randomized phase II study re-
vealed that patients with locally advanced or 
metastatic adenocarcinoma of the pancreas were 
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randomized to 2200 mg/m2 gemcitabine over 
30 min or 1500 mg/m2 over 150 min on days 1, 
8, and 15 of a 4-week cycle. Slow infusion re-
sulted in increased median survival (5 months 
versus 8 months, p = 0.063) and decreased toxic-
ity (Level II) (Tempero et al. 2003).

14.4 Treatment of 
 “Marginally Unresectable” 
 Pancreatic Cancer

14.4.1 General Principles

The National Comprehensive Cancer Network  �
(NCCN) defi nes patients that are borderline re-
sectable as tumors that are going to have a high 
likelihood of an incomplete (R1 or R2) resection 
(National Comprehensive Cancer Network 
2008). For tumors in the head and body, criteria 
for borderline resectable patients include severe 
unilateral SMV/portal impingement, tumor abut-
ment on SMA, gastroduodenal artery encasement 
up to origin at the hepatic artery, tumors with 
limited involvement of the IVC, SMV occlusion, 
or colon/mesocolon invasion.
Decisions about resectability should be made af- �
ter multidisciplinary consultation with reference 
to appropriate radiographic studies.

14.4.2 Induction Therapy and Surgery

Neoadjuvant treatment has theoretical benefi ts but  �
has not been that well studied. The neoadjuvant 
treatment studies often include small numbers of 
patients, and have used a variety of criteria to defi ne 
resectability or marginally resectable disease.
Most of the studies have used either bolus or in- �
fusional 5-FU and a wide range of radiation doses 
(30–50 Gy) The ability to downstage resectable 
tumors or to convert “unresectable” to resectable 
tumors has been reported in some small studies 
and not in others.
For tumors where there is a higher likelihood of  �
an incomplete (R1 or R2) resection, the NCCN 
guidelines suggest neoadjuvant chemoradiother-
apy be given prior to surgery.

14.5 Treatment of 
 Metastatic Pancreatic Cancer or 
 Recurrent Cancer

14.5.1 General Principles

Systemic chemotherapy can be administered to  �
patients with metastatic disease at diagnosis or 
when patients become symptomatic from their 
disease.

14.5.2 Chemotherapy

Gemcitabine at 1000 mg/m � 2 over 30 min, weekly 
for 3 weeks every 28 days, is considered standard 
front-line therapy. Fixed dose rate gemcitabine 
(10 mg/m2/min) may substitute standard infusion 
of gemcitabine over 30 min
Gemcitabine combinations (gemcitabine + er- �
lotinib, gemcitabine + cisplatin, gemcitabine + 
fl uoropyrimidine) have shown a small improve-
ment in response rate or time to progression, but 
defi nitive evidence of a survival benefi t remains 
elusive.
Second-line therapy may consist of gemcitabine  �
or gemcitabine combinations.

14.5.3 Palliative Radiotherapy

Palliative pancreatic irradiation is commonly used  �
for relieving pain symptoms caused by advanced 
abdominal disease or distant metastases.

14.6 Radiation Therapy 
 Treatment Technique

Abrams �  and colleagues (2007) reviewed the ra-
diotherapy delivered in RTOG 97-04 and dem-
onstrated that suboptimal delivery of radiation 
therapy can be a more signifi cant prognostic fac-
tor than the identity of the adjuvant chemoradio-
therapeutic agent (Level IV).
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Simulation and Treatment Planning

CT simulation and 3D treatment planning is con- �
sidered a standard and is highly recommended. 
Simulation is performed with the patient supine, 
arms above the head, while oral contrast is used 
to visualize the small bowel and IV contrast is 
used to delineate vessels and the kidneys.
The tumor and nodal groups at risk should be  �
delineated using preoperative and postoperative 
imaging studies, as well as the fi ndings at surgery. 
3D planning is necessary to optimize dose distri-
butions while maintaining dose to liver, kidneys, 
small bowel, and spinal cord.
In general, treatment volumes should encompass  �
primary tumor as well as regional lymph nodes. 
For cancer in the pancreatic head, the pancrea-
ticoduodenal, suprapancreatic, celiac nodes, and 
porta hepatic should be included in the treat-
ment fi elds. The entire duodenal loop should be 
included.
For lesions in the body/tail, the pancreaticoduo-
denal, porta hepatic, lateral suprapancreatic, and 
splenic hilum nodes should be covered. Usually, 
the porta hepatic and duodenal bed do not need 
to be covered. 
Lymph nodal stations to be encompassed in the 
treatment of pancreatic cancer were described 
and depicted in Table 13.4 and Figure 13.1 (see 
Chap. 13).
Fluoroscopy at the time of simulation or verifi ca- �
tion to evaluate organ movement during respira-
tion, or 4D treatment planning to account for 
organ movement should be considered if those 
technologies are available.

Conventional Field Arrangement

Conventional treatment plans will often use a  �
three- or four-fi eld technique. The following fi eld 
arrangement was utilized in the RTOG 9704 trial 
(Figs. 14.1–14.4):
In the anteroposterior/posteroanterior (AP/PA) 
fi elds, the upper border of the fi elds will be the 
mid-T11 vertebral body and lower border of L3 
vertebral body. 
Right lateral 2- to 3-cm margins to the preop-
erative tumor extent should be maintained. In 
tumors of the body or tail region, the right edge 
may be moved to a minimum of 2 cm from the 
right edge of the vertebral bodies, as long as a 
margin of 2–3 cm is maintained on preopera-
tive primary tumor extent, to allow sparing of 

the right kidney while covering nodal areas at 
high risk.
Left lateral margin of 2–3 cm from the preopera-
tive primary tumor extent or 2 cm from the left 
edge of the vertebral bodies, whichever is most 
lateral.
In the lateral fi elds, the posterior border should 
split the anterior vertebral bodies in half. The 
anterior border should be set at 1.5–2 cm ante-
rior to the anterior aspect of the primary tumor 
as defi ned on preoperative CT scan and at least 
3.5–4 cm anterior to the anterior edge of the ver-
tebral bodies, whichever is most anterior.
Shaped blocks are useful in limiting radiation to 
these organs. There might be fi eld reductions as 
the dose is increased above normal tissue toler-
ances.

Fig. 14.1. AP fi eld, with blocking, for pancreatic head lesion

T10

L5

Fig. 14.2. Lateral fi eld, with blocking

L5
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Fig. 14.3. AP fi eld, with blocking, for pancreatic body lesion

T10

L5

Fig. 14.4. AP fi eld, with blocking, for pancreatic tail lesion

T10

L5

Fig. 14.5a–c. Postoperative radiation fi elds using IMRT of a 
patient with adenocarcinoma of the pancreatic head. Doses 
to small bowel, kidneys, and liver were limited as compared 
to four-fi eld arrangement for conventional radiation

a

b

c
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IMRT Treatment Planning

Intensity-modulated radiation therapy (IMRT)  �
is increasingly being used in the planning of 
patients with pancreatic cancer. The advantages 
to IMRT include improved coverage of the target 
tissues and reduced dose to the nearby normal 
tissues (Fig. 14.5). Results from a number of do-
simetric studies have indicated that IMRT has 
the potential to signifi cantly improve radiation 
therapy of pancreatic cancers by reducing nor-
mal tissue (particularly small bowel and kid-
ney) dose, and simultaneously allow escalation 
of dose to further enhance locoregional control 
(Level III) (Brown et al. 2006; Landry et al. 
2002). Preliminary results from clinical stud-
ies have demonstrated that combined IMRT 
and chemotherapy were well tolerated and ef-
fi cacious for both resectable and unresectable 
pancreatic cancers (Level IV) (Ben-Josef et 
al. 2004; Milano et al. 2004). Because of the 
steep dose gradients and improved dose con-
formity, image-guided radiotherapy techniques 
are also increasingly being employed (Xing et 
al. 2006).

Beam Energy and Dose Calculation

Most centers will treat with higher energy beams  �
if available.
6 MV can be used for IMRT. �

Dose and Fractionation

Adjuvant or resected pancreatic cancer �
Standard fractionation consists of 1.8–2.0 Gy per  –
daily fraction to a total dose of 45–50.4 Gy in 
25–28 fractions.
5-FU-based chemotherapy is administered con- –
currently.
Unresectable pancreatic cancer �
Standard fractionation consists of 1.8–2.0 Gy per  –
daily fraction to a total dose of 54–60 Gy.
5-FU-based chemotherapy is administered con- –
currently.

Normal Tissue Tolerances

Particularly for pancreatic cancer irradiation, the  �
equivalent of one kidney is limited to less than 
20 Gy. The whole liver is limited to less than 20 Gy, 
and 60% of the liver is limited to less than 30 Gy. 
Efforts should be made to exclude the small bowel 

and liver as much as possible by utilizing mega-
voltage beams and multiple shaped ports.
The spinal cord dose should be limited to  �
< 45 Gy.

14.7 Follow-Ups

14.7.1 Post-Treatment Follow-Ups

Life-long follow-up is required for all patients  �
with pancreatic cancer treated with curative 
 intent.

Schedule

Follow-ups could be scheduled every 3–6 months  �
for 2 years, then annually thereafter (Grade D) 
(National Comprehensive Cancer Network 
2008).

Work-Ups

Each follow-up examination should include a  �
complete history and physical examination. Lab-
oratory tests (including CA 19-9) and abdominal 
CT can be considered at each follow-up (Grade D) 
(NCCN 2008).
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Introduction and Objectives

Hepatobiliary carcinomas represent tumors that originate ei-
ther from the gallbladder, the liver parenchyma, or bile ducts 
(cholangiocarcinoma). Hepatocellular cancer is the seventh most 
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15.1 Diagnosis, Staging, 
 and Prognoses

15.1.1 Diagnosis

Initial Evaluation (Presentation)

Patients with intrahepatic cholangiocarcinoma  �
or hepatocellular carcinoma may present with 
dull pain in the upper abdominal or epigastric 
area. Weight loss and fatigue are also common 
and can be more prominent in patients with cir-

Gallbladder cancer is the most common biliary tract tumor and 
is most common in women aged 70–75 years. Gallbladder can-
cer is associated with gall stones, chronic cholecystitis, calcifi ed 
gallbladder (porcelain gallbladder), polyps, and carcinogens 
(nitrosamines).

Extrahepatic cholangiocarcinoma occurs more frequently than 
intrahepatic cholangiocarcinoma and is seen equally in men 
and woman aged 60–70 years. The incidence of intrahepatic 
cholangiocarcinoma, however, has been rising faster than its 
extrahepatic counterpart. Cholangiocarcinoma is correlated 
with choledochal cysts, thorotrast, sclerosing cholangitis, liver 
fl ukes, hepatolithiasis, and ulcerative colitis.

In 2007, an estimated 19,160 people will develop hepatocellu-
lar or intrahepatic bile duct cancer (male/female 13,650/5,510) 
and 16,780 will die of their disease (JEMAL et al. 2007). A total 
of 9,250 patients will develop gallbladder or extrahepatic bile 
duct cancer, resulting in 3,250 deaths. While surgery remains the 
primary treatment for hepatobiliary carcinomas, many tumors 
are found to be unresectable at diagnosis. Several technologies 
have emerged as defi nitive or bridge therapy to resection and/
or transplantation. Both chemotherapy and radiation remain an 
integral part of the treatment of hepatobiliary carcinomas.

This chapter examines:

Overview of hepatocellular cancer, gallbladder cancer, and  �
cholangiocarcinoma (intrahepatic/extrahepatic)

Staging systems and prognostic factors �
Treatment recommendations for hepatocellular cancer,  �
gallbladder cancer, and cholangiocarcinoma

Summary of available literature documenting outcomes with  �
chemotherapy and radiation

Emerging technologies such as stereotactic radiation therapy  �
and radioembolization

Novel chemotherapeutic and targeted therapies available for  �
the treatment of hepatobiliary carcinomas

rhosis. Paraneoplastic symptoms include hyper-
cholesterolemia, erythrocytosis, hypercalcemia, 
and hypoglycemia. Many patients may have no 
symptoms relating to the underlying tumor, but 
may have symptoms relating to their underlying 
liver insuffi ciency.
Patients with advanced gallbladder cancer com- �
monly complain of pain and jaundice and may 
have weight loss, anorexia, and fatigue. The ma-
jority of gallbladder cancers (70%), however, are 
diagnosed incidentally following cholecystec-
tomy.
Patients with distal or hilar cholangiocarcinoma  �
often present with jaundice. Abdominal pain, 
weight loss, anorexia, fatigue, fever, and night 
sweats are common.

Laboratory Tests

Required laboratory tests for hepatocellular car- �
cinoma include Alpha-fetoprotein (AFP) which 
is elevated in 60%–90% of patients. Physicians 
should also collect creatinine, alkaline phos-
phatase, albumin, PT/PTT (INR), bilirubin, and 
test for Hepatitis B/C. C-reactive protein, PIV-
KA-II, and standard laboratory tests (complete 
blood counts, serum chemistry, etc.) should also 
be obtained.
There are no specifi c tumor markers for gallblad- �
der cancer. Carbohydrate antigen 19-9 (CA 19-9) 
can sometimes be elevated.
CC (both intra- and extrahepatic) may be associ- �
ated with elevations in CA 19-9; however, biliary 
obstruction can also lead to an elevated CA 19-9 
which decreases after stenting.

Imaging/Diagnostic Studies

Standard tests of hepatocellular carcinoma and  �
gallbladder cancer include a liver ultrasound, 
abdominal / chest CT, and / or MRI (Table 15.1) 
(Grade A) (Miller et al. 2007). Patients with 
chronic liver disease who are at risk for hepato-
cellular carcinoma should undergo periodic liver 
screening for focal liver tumor detection, usually 
with ultrasonography (US) with MRI being used 
when US is equivocal (Grade B) (Oliva and Saini 
2004).
The utility of FDG-PET in hepatocellular carci- �
noma in the evaluation and staging of hepatobil-
iary tumors is still unclear, and should be ordered 
when there is suspicion of extrahepatic disease 
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by other methods (Grade C). Yoon et al. (2007) 
compared CT, MRI, and FDG-PET on 87 patients 
with newly diagnosed hepatocellular carcinoma. 
Extrahepatic metastases were identifi ed in 24 of 
87 (33%) patients. The location and frequency of 
metastases were: lung, 12; lymph nodes, 19; and 
bone, 11. All extrahepatic metastases were de-
tected by FDG-PET. In addition, FDG-PET identi-
fi ed four lymph node metastases and six bone me-
tastases that were not found using conventional 
methods. The initial TNM stage based on the con-
ventional staging work-up was changed in four 
cases after FDG-PET. Extrahepatic metastasis 
was signifi cantly more frequent in patients with 
intrahepatic tumors > 5 cm in size (p = 0.045) 
(Level III). Overall, the sensitivity of FDG-PET 
for detection of hepatocellular carcinoma is re-
ported to be around 50%–70%. Some investiga-
tors have reported that 11C-Acetate PET imaging 
may have a higher sensitivity and specifi city as 
a radiotracer compared with FDG-PET for the 
evaluation of hepatocellular carcinoma lesions/
metastatic disease (Level III) (Ho et al. 2003).
Endoscopic retrograde cholangiopancreatogra- �
phy/magnetic resonance cholangiopancreatog-
raphy (ERCP/MRCP) and endoscopic ultrasound 
(EUS) can help in the diagnosis of gallbladder 
cancer and cholangiocarcinoma (Grade A). These 
studies are also critical in assisting the surgeon 
to determine resectability. Biliary brushing at the 

time of cholangiography may assist in diagnosis; 
however, it must be kept in mind that brushings 
have a high false-negative rate.
Although PET/CT may help select which patients  �
who are better candidates for surgical resection 
for cholangiocarcinoma, obtaining a PET/CT is 
currently not standard practice in patients with 
disease that is deemed resectable by standard 
imaging (Grade C). Kim et al. (2008) evaluated 
the utility of PET/CT scans in 123 patients with 
suspected resectable cholangiocarcinoma. The 
sensitivity, specifi city, positive predictive value 
(PPV), negative predictive value (NPV), and accu-
racy of PET/CT in primary tumor detection were 
84.0%, 79.3%, 92.9%, 60.5%, and 82.9%, respec-
tively (Level III). PET/CT was able to signifi cantly 
predict the presence of regional lymph nodes me-
tastases (75.9% vs. 60.9%, p = 0.004) and distant 
metastases (88.3% vs. 78.7%, p = 0.004) when 
compared to CT scans. However, for patients 
with resectable disease, the value of FDG-PET or 
PET/CT is not confi rmed. In addition, interpreta-
tion of PET/CT fi ndings may be limited in those 
cholangiocarcinoma patients with pre-existing 
biliary stents.

Pathology

With potentially resectable hepatocellular car- �
cinoma, a biopsy may be performed if: (1) AFP 
< 400 ng/ml and is negative for hepatitis B surface 
antigen or (2) AFP < 4000 ng/ml with positive 
hepatitis B antigen (Grade C). However, the role 
of biopsy in hepatocellular carcinoma is con-
troversial ( National Comprehensive Cancer 
Network 2008).
There are various histologic types of hepatocel-
lular carcinoma and fi brolamellar is associated 
with a better prognosis.
Most gallbladder carcinomas  and cholangiocar- �
cinomas are adenocarcinomas; however, small 
cell carcinoma and other rare histologies have 
also been reported. Gallbladder cancer is classi-
fi ed as papillary, nodular, or tubular.
CC is typically divided on the basis of location:  �
intrahepatic, extrahepatic, or hilar (Klatskin’s 
tumor). Grossly, they are sclerotic, with a diffuse 
fi rm thickening of the duct. Almost all are mucin-
producing adenocarcinoma. Intrahepatic cholan-
giocarcinoma can be further subdivided into three 
major macroscopic subtypes: mass forming, peri-
ductal infi ltrating, and intraductal growth.

Table 15.1. Imaging and laboratory work-up for hepatobil-
iary cancers

Imaging studies Laboratory tests

– Liver MRI/MRCP
– Abdominal ultra-
   sonography
– CT of chest and 
   abdomen
– Bone scan (optional, 
   hepatocellular 
   carcinoma)
– Transhepatic or endo-
   scopic cholangiography 
   (cholangiocarcinoma)

– Complete blood count
– Serum chemistry, including 
   liver function tests
– Coagulation studies 
   (PT, PTT)
– Serum CA 19-9 and CEA 
   (cholangiocarcinoma)
– AFP (hepatocellular 
   carcinoma)
– Hepatitis tests (HBsAg, 
   HBsAb, HBcAb, anti-HCV)

AFP, Alpha-fetoprotein; anti-HCV, antibody to hepatitis C 
virus; CEA, carcinoembryonic antigen; CT, computed tomog-
raphy; HBcAb, hepatitis B core antibody; HBsAb, hepatitis B 
surface antibody; HBsAg, hepatitis B surface antigen; MRCP, 
magnetic resonance cholangiopancreatography; MRI, mag-
netic resonance imaging; PT, prothrombin time; PTT, partial 
thromboplastin time
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15.1.2 Staging

The AJCC/UICC (6th edition) staging of hepa- �
tocellular carcinoma, gallbladder cancer, and 
cholangiocarcinoma is presented in Table 15.2. 

Other hepatocellular carcinoma staging systems 
include the CLIP (Cancer of the Liver Italian 
Program), the Okuda, and the BCLC (Barcelona 
Clinic Liver Cancer) scoring systems. All staging 
systems are based on a combination of clinical 

Table 15.2. American Joint Committee on Cancer (AJCC) TNM classifi cation for hepatobiliary cancers. [From Greene et 
al. (2002) with permission]

Primary tumor (T): liver and intrahepatic cholangiocarcinoma

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Solitary tumor without vascular invasion

T2 Solitary tumor with vascular invasion, or multiple tumors, none more than 5 cm

T3 Multiple tumors more than 5 cm or tumor involving a major branch of the portal or hepatic veins

T4 Tumors with direct invasion of adjacent organs other than the gallbladder or with perforation of the visceral 
peritoneum

Primary tumor (T): gallbladder

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor invades lamina propria or muscle layer

T1a Tumor invades lamina propria

T1b Tumor invades muscle layer

T2 Tumor invades perimuscular connective tissue; no extension beyond serosa or into the liver

T3 Tumor perforates the serosa (visceral peritoneum) and/or directly invades the liver and/or one other adjacent 
organ or structure, such as the stomach, duodenum, colon, or pancreas, omentum, or extrahepatic bile ducts

T4 Tumor invades main portal vein or hepatic artery or invades multiple extrahepatic organs or structures

Primary tumor (T): extrahepatic cholangiocarinoma

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor confi ned to the bile duct histologically

T2 Tumor invades beyond the wall of the bile duct

T3 Tumor invades the liver, gallbladder, pancreas, and/or unilateral branches of the portal vein (right or left) or 
hepatic artery (right or left)

T4 Tumor invades any of the following: main portal vein or its branches bilaterally, common hepatic artery, or 
other adjacent structures such as the colon, stomach, duodenum, or abdominal wall

Regional lymph nodes (N)

NX Regional lymph node metastasis cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis present
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and radiographic factors used to predict progno-
sis in patients with hepatocellular carcinoma.
In general, the AJCC staging system is utilized for 
patients undergoing resection or transplantation, 
while the CLIP staging system has been advocated 
for patients undergoing non-surgical therapies.
For cholangiocarcinoma, Bismuth-Corlette clas- �
sifi cation determines the extent of bile duct in-
volved with tumor. The Jarnagin staging system 
predicts for resectability.

15.1.3 Prognostic Factors

Hepatocellular Carcinoma

For hepatocellular carcinoma, primary prognos- �
tic factors include resectability, Child-Pugh Class 
(A-C), MELD (model for end-stage liver disease) 
score, fi brosis, size of future liver remnant, vas-
cular invasion, tumor grade, size > 5 cm, > 3 tu-
mors, poor performance status, and extrahepatic 
disease.
The prognosis of patients with hepatocellular  �
carcinoma is often correlated with the extent of 
fi brosis/cirrhosis and overall liver function based 
on the Child-Pugh classifi cation (Table 15.3). The 
number, size, and location of lesions have also 
been shown to be prognostic (Level IV) (Pawlik 
et al. 2005). Tumor grade and the presence of 
vascular invasion (major > microscopic) are also 
strong predictors of survival.
The 5-year survival rate after liver transplanta- �
tion in patients with hepatocellular carcinoma 
has increased (25% for 1987–1991, compared 
to 47% for 1992–1996, and 61% for 1997–2001) 
(Level IV) (Yoo et al. 2003). This is in compari-
son to the 5-year survival in patients undergoing 
surgical resection alone (44.3%) (Level IV) (Poon 
et al. 2000).

Gallbladder Cancer

For gallbladder cancer, favorable prognostic fac- �
tors include early T-stage, no lymph node me-
tastasis, a successful en bloc R0 resection with 
lymphadenectomy, adjuvant therapy, and no evi-
dence of metastatic disease.
The probability of metastasis is relatively high  �
for gallbladder cancer (primarily peritoneal 
and/or intrahepatic metastasis). Patients with 
early-stage and resectable gallbladder cancer, 

papillary pathology, and well-differentiated 
disease with associated metaplasia have a bet-
ter prognosis.
After curative resection alone, the prognosis  �
is poor for all gallbladder cancer stages, with 
a pooled overall 5-year survival rate of ap-
proximately 5% (range, 3%–65%). The overall 
5-year survival rate reported by Piehler and 
Crichlow (1978) for a surgical series of 6222 
cases was 4.1% (Level IV).
Kayahara �  and Nagakawa (2007) evaluated the 
predictive value of stage in determining survival 
in 4,774 patients with gallbladder cancer between 
1988 and 1997. Stage correlated well with 5-year 
survival rates: 77% for stage I disease, 60% for 
stage II disease, 29% for stage III disease, 12% for 
stage IVA disease, and 3% for stage IVB disease 
(Level IV).
Lymph node involvement is an important prog- �
nostic factor in gallbladder cancer, being closely 
associated with extent of the primary malig-
nancy. The lymph node metastasis rate increases 
in frequency with increasing pathologic T-stage. 
Shimada et al. (1997) reported the overall lymph 
node metastasis rate in gallbladder cancer to be 
63.4%. Those rates for T1, T2, and T3–4 dis-
ease were 0%, 61.9%, and 81.3%, respectively 
(Level IV). Pawlik et al. (2007) similarly dem-
onstrated that the overall rate of lymph node 
metastasis increased with T-stage: T1b, 13%, T2, 
31%, and T3, 46% (Level IV). In another study 
of 73 patients who underwent curative resection, 
Shimada et al. (2000) found 5-year survival rates 
to be 77.0% in pN0 cases and 27.3% in pN1 cases 
(p < 0.01) (Level IV).

Cholangiocarcinoma

Patients who underwent complete resection with  �
negative margins and without nodal involvement 
have the most favorable prognosis. Frequently, a 
concomitant liver resection is required to achieve 
an R0 margin in patients with hilar cholangio-
carcinoma.
Patients with margin and node-negative cholang- �
iocarcinomas have the most favorable prognosis. 
Unfortunately, 30%–50% of all cholangiocarci-
noma patients have node-positive or metastatic 
disease at presentation.
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15.2 Treatment of 
 Hepatocellular Carcinoma

15.2.1 General Principles

Hepatocellular carcinoma is an aggressive tumor  �
which typically occurs in patients with pre-exist-
ing cirrhosis or chronic liver disease.
Curative options for hepatocellular carcinoma in- �
clude partial hepatectomy or total hepatectomy 
with liver transplantation (Grade A). Unfortu-
nately, most (70%–80%) patients are diagnosed 
in late stage, thus precluding them from surgical 
consideration.
Many patients are unable to undergo curative  �
resection because of advanced underlying liver 
disease which is typically classifi ed based on the 
Child-Pugh classifi cation (Table 15.3). In addi-
tion, many hepatocellular carcinoma patients 
are not candidates for transplantation due to 

advanced malignancy that is outside the Milan 
criteria (e.g., solitary tumor  5 cm or up to three 
tumors all  3 cm) on presentation.

15.2.2 Curative Surgical Resection

The proposed algorithm for the treatment of he- �
patocellular carcinoma is illustrated in Fig. 15.1. 
Surgical resection of hepatocellular carcinoma 
may be appropriate in the setting where there is 
no major vascular invasion and the patient has 
well-compensated liver function (Child-Pugh A) 
(Grade A). The size, number, and location of 
lesions can also dictate surgical resectability 
(Level IV) (Pawlik et al. 2005).
It is imperative to determine the hepatic reserve  �
prior to resection. The Cancer of the Liver Italian 
program (CLIP) staging classifi cation takes into 
account the tumor stage as well as hepatic func-
tion to predict survival (Cancer of the Liver 
Italian Program 2000). Specifi cally, one should 
ensure an adequate future liver remnant (FLR) 
of at least 40%–50% based on pre-operative CT 
volumetry. In cases where the FLR is inadequate, 
portal vein embolization to induce hypertrophy 
of the FLR may be considered (Level III) (Seo et 
al. 2007).
Modern surgery can lead to operative mortality  �
rates of up to 3% with 5-year survival rates ap-
proaching 50%–90% (Bruix and Llovet 2002). 
Recurrence rates following surgical resection 
alone can be as high as 70%.

15.2.3 Transplant

In the setting of hepatocellular carcinoma, a total  �
hepatectomy and orthotopic liver transplantation 
(OLT) removes both the underlying diseased cir-
rhotic liver as well as the malignant macroscopic/
microscopic disease. However, patients need to be 
carefully selected (Grade A). Recently, 11 studies 
were reviewed to determine the incidence of he-
patocellular carcinoma recurrence following OLT 
to identify prognostic variables of recurrence 
(Level I) (Zimmerman et al. 2008). Recurrence 
was seen in approximately 20% of OLT patients 
and was likely the result of microscopic extrahe-
patic disease. These fi ndings underscore the im-
portance of accurate clinical staging and patient 
selection prior to transplantation.

Table 15.3. Child-Pugh classifi cation of severity of liver dis-
ease. Modifi ed Child-Pugh classifi cation of severity of liver 
disease according to the degree of ascites, the plasma con-
centrations of bilirubin and albumin, the prothrombin time, 
and the degree of encephalopathy

Parameter Points assigned

1 2 3

Ascites Absent Slight Moderate

Bilirubin, mg/dl  2 2–3 > 3

Albumin, g/dl > 3.5 2.8–3.5 < 2.8

Prothrombin time
Seconds over control
or INR

 
1–3
< 1.8

 
4–6
1.8–2.3

 
> 6
> 2.3

Encephalopathy None Grade 1–2 Grade 3–4

A total score of 5–6 is considered grade A (well-compensated 
disease); 7–9 is grade B (signifi cant functional compromise); 
and 10–15 is grade C (decompensated disease). These grades 
correlate with 1- and 2-year patient survival.

Grade Points 1-Year 
patient 
survival 
(%)

2-Year 
patient 
survival 
(%)

A: well-compensated 
disease

5–6 100 85

B: signifi cant func-
tional compromise

7–9  80 60

C: decompensated 
disease

10–15  45 35
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Resection 
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Currently, the Milano/Mazzaferro criteria deter- �
mines which hepatocellular carcinoma patients 
are eligible for liver transplantation (tumor  5  
cm or up to three tumors all  3 cm) (Grade A). 
Liver transplantation has been reported to result 
in a 5-year survival of 70%–90% in well selected 
patients (Level IV) (Jonas et al. 2001; Yao et 
al. 2001). In these cases, OLT for hepatocellular 
carcinoma is slightly worse than survival rates 
in patients undergoing OLT for non-malignant 
causes.
Allocation of donor livers is determined by the  �
model for end stage liver disease (MELD), a model 
which predicts survival in patients with cirrhosis.
While a patient is waiting for a transplant, bridg- �
ing therapy with transarterial chemoemboliza-
tion (TACE), radiofrequency ablation (RFA), or 
partial hepatectomy may be considered, although 
this data is limited (Grade D). Bridge therapy is 
probably most appropriate for those patients with 
anticipated long (> 6 months) wait times.
Because of the limited availability of organs,  �
living-donor liver transplantation (LDLT) is an 

increasingly popular alternative (Grade C). LDLT 
enables recipients to avoid a long pre-transplanta-
tion waiting time. Subsequent ablative techniques 
(described below) can reduce tumor growth to 
ensure that patients continue to fulfi ll the Mi-
lan criteria for transplantation (Kassahun et al. 
2006).
For smaller (< 3- to 4-cm) unresectable lesions,  �
non-surgical ablative therapies can sometimes be 
curative with 5-year survival rates approaching 
50% (Level IV) (Arii et al. 2000; Sutherland 
et al. 2006).

15.2.4 Adjuvant and 
 Neoadjuvant Therapies

Systemic chemotherapy, hepatic-artery che- �
motherapy (HAI), TACE, and combinations of 
these therapies have not clearly demonstrated 
improved overall or disease-free survival after 
potentially curative surgery for localized hepa-

Fig. 15.1. A proposed algorithm for the 
treatment of hepatocellular carcinoma

Unresectable
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tocellular carcinoma (Grade C). In a review of 
13 randomized trials with recurrence or survival 
endpoints reported at 3 years or longer, systemic 
and hepatic-artery chemotherapy or chemoem-
bolization have not been shown to improve over-
all or disease-free survival after resection of he-
patocellular carcinoma (Level I) (Schwartz et 
al. 2002). However, there are no defi nitive trials 
comparing adjuvant systemic chemotherapy with 
supportive  management.
A meta-analysis of three Japanese studies evalu-
ating adjuvant chemotherapy for resected hepa-
tocellular carcinoma included a total of 108 ran-
domized patients (Level I) (Ono et al. 2001). The 
authors concluded that adjuvant chemotherapy 
conferred no signifi cant benefi t over support-
ive care. In a subset analysis, they determined 
that chemotherapy was associated with signifi -
cantly lower disease-free and overall survival 
in the 70 patients with documented cirrhosis. 
This raises the question of whether patients with 
cirrhosis can tolerate aggressive adjuvant che-
motherapy.
A phase II randomized trial of PI-88, an agent  �
inhibiting heparinase and VEGF activity, in pa-
tients after resection of hepatocellular carcinoma 
has been recently completed and suggests an im-
provement in disease-free survival in resected 
patients (Level III) (Ferro et al. 2007; Gautam 
et al. 2007).
Similarly, prevention of recurrence is also im- �
portant in patients undergoing liver transplanta-
tion or ablative therapies. Even after liver trans-
plantation for small hepatocellular carcinoma, 
metastatic tumor recurrence is not uncommon, 
and this is in part related to the use of immu-
nosuppressive agents to prevent graft rejection. 
mTOR inhibitors with dual immunomodulating 
and anti-cancer effects appear to be particularly 
useful in this setting; however, additional studies 
are needed (Pang and Poon 2007). 

15.2.5 Treatment of Medically 
 Inoperable or Unresectable 
 Hepatocellular Cancer

Resectability should be determined using a multi- �
disciplinary approach. Complicated cases should 
be evaluated at high volume institutions.

Small Unresectable Tumors

If tumors are small but still unresectable due to  �
tumor location/number or medical comorbidi-
ties, ablative therapies include radiofrequency 
ablation (RFA), ethanol injections, and cryother-
apy (Grade C).
RFA involves the local application of radiof-
requency thermal energy to the liver lesion(s). 
A high frequency alternating current causes ions 
within the tissue to change direction and results 
in frictional heating of the tissue. As the tempera-
ture rises above 60 C, cells are ablated causing 
necrosis. RFA provides 5-year survival rates of 
33%–40%. In a comprehensive review of 3,670 
patients treated with RFA for liver tumors, the 
mortality was 0.5% and the complication rate was 
8.9% (Level I) (Mulier et al. 2002).
Percutaneous ethanol injections and cryotherapy 
(alternating freeze-thaw cycles) can also effec-
tively treat small liver lesions; however, they are 
less common with the widespread application of 
RFA.

Large Unresectable Tumors

For large unresectable hepatocellular carcinoma  �
lesions, TACE with chemotherapy, radioembo-
lization (yttrium-90-tagged microspheres), or 
drug eluting beads can be delivered selectively to 
the tumor via the hepatic artery (Grade C). These 
therapies should be used with caution if there is 
portal vein thrombosis, advanced liver disease 
(Child-Pugh B/C), biliary obstruction, or if the 
patient has a poor performance status.
Hepatocellular carcinoma tumors are supplied  �
primarily by the hepatic artery while the normal 
liver is supported by the portal vein. With TACE, 
chemotherapy (adriamycin, cisplatin, or doxoru-
bicin) is suspended in Lipiodol (a lipid contrast 
taken up by hepatocytes) and injected into the 
smallest hepatic branch supplying the tumor and 
sometimes followed with an embolizing agent. 
Partial responses are reported in 15%–55% of tu-
mors and cause signifi cant delay in tumor pro-
gression and vascular invasion. A meta-analysis 
demonstrated a survival advantage for TACE over 
no treatment when patients received between 
three and four TACE treatments per year (Level I) 
(Llovet and Bruix 2003).
TheraSpheres (MDS Nordion, Ontario) are insol- �
uble glass microspheres (20–30 μm) and are FDA 
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approved for the treatment of  hepatocellular car-
cinoma. Several activity sizes are available: 3 GBq 
(81 mCi)-20 GBq (540 mCi). Sir-Spheres SIRT (se-
lective internal radiation therapy) (SIRTex Medi-
cal Inc., Australia) are resin-based microspheres 
impregnated with Y90 (20–60 μm) in size and 
are currently FDA approved for the treatment of 
colorectal metastasis. Data regarding effi cacy in 
hepatocellular carcinoma patients are limited but 
emerging (Salem et al. 2006).
Geschwind et al. (2004) reported on 80 patients 
treated with yttrium-90 microspheres using a 
segmental, regional, and a whole-liver approach. 
Pretreatment patients were staged using the 
Child-Pugh, Okuda, or CLIP scoring systems. 
The pretreatment CLIP system was superior in 
stratifying risk. Survival was found to be 628 
and 324 days for Okuda I (68%) and II (32%) 
patients treated with theraspheres, respectively 

(Level IV). Currently, a multi-institutional study 
is being conducted to prospectively evaluate the 
effi cacy of theraspheres in patients with primary 
and metastatic liver disease.

15.2.6 Radiation Therapy (Conformal 
 and Stereotactic Radiotherapy)

There was a historical bias against radiotherapy  �
for liver malignancies because of the low toler-
ance of whole liver radiation. Radiation-induced 
liver disease (RILD) can occur in 5% of patients 
receiving 30–33 Gy of whole liver radiation.
Modern techniques including three-dimensional  �
(3D) and intensity-modulated radiation therapy 
(IMRT) can be recommended for unresectable 
or inoperable hepatocellular carcinoma and al-
low for focused partial liver irradiation (Grade B) 

Fig. 15.2a,b. Radiographic response of hepatocellular carcinoma after conventional radiation. a CT scan taken before radia-
tion therapy; b 6 months after the completion of radiation therapy (Courtesy of Dr. Theodore Lawrence)
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Fig. 15.3. a,b Intensity-modulated radiation (IMRT) (Ben-Josef et al. 2005). Plan to deliver high dose radiation to a HCC lesion
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(Figs. 15.2, 15.3). Between 1996 and 2003, 128 pa-
tients with primary/metastatic liver cancer and 
unresectable intrahepatic cholangiocarcinoma 
were treated at the University of Michigan. Three-
dimensional (3-D) conformal individualized ra-
diation therapy was based on the maximum toler-
ated dose of radiation therapy calculated from the 
Lyman Normal Tissue Complacation Probability 
(NTCP) model to be 10%–15% risk of devel-
oping Radiation Induced Liver Disease (RILD). 
Radiation therapy (1.5 Gy BID) was given con-
currently with intra-arterial 5-FU via a brachial 
artery catheter. Overall, the median survival for 
unresectable cholangiocarcinoma and hepatocel-
lular carcinoma was 13.3 and 15.2 months, re-
spectively. Median and progression-free survival 
of all patients was 21 months vs. 11 months, re-
spectively (p < 0.05). Outcome was improved in 
those lesions treated to > 75 Gy. In fi eld and ex-
trahepatic sites of fi rst disease, progression was 
similar for hepatocellular carcinoma and cholan-
giocarcinoma (44%/53% and 36%/40%), respec-
tively. RILD was reported in 4% of patients with 
one death (Level IV) (Ben-Josef et al. 2005).
Results of a retrospective series of 50 patients  �
demonstrated that unresectable hepatocellular 
carcinoma can be safely treated with high doses 
of twice-daily conformal radiation therapy in 
combination with TACE and concurrent 5-FU. 
The overall survival rates at 2 years and 3 years 
were 38% and 28%, respectively, and the median 
survival was 17 months (Level IV) (Zhou et al. 
2007).
Three-dimensional conformal radiation therapy  �
(3D-CRT) is a practical treatment option in he-
patocellular carcinoma patients for whom TACE 
is ineffective or unsuitable; however, additional 
studies are necessary to demonstrate effi cacy of 
this regimen (Grade B). One study evaluated 70 
patients with unresectable hepatocellular car-
cinoma who subsequently received 3-D confor-
mal radiation because TACE was ineffective or 
unsuitable. 3D-CRT was associated with a 54% 
objective response rate for primary tumors and 
a 39% objective response rate for patients exhib-
iting portal venous thrombosis. Both hepatocel-
lular carcinoma and portal venous thrombosis 
responses were found to be prognostic factors for 
overall survival (Level IV) (Kim et al. 2008).
Stereotactic body radiation therapy (SBRT) is  �
hypofractionated multi-beam conformal radio-
therapy delivered to lesions in patients with un-

resectable hepatocellular carcinoma. With SBRT, 
tighter margins are used resulting in a smaller 
volume of normal liver irradiation. Therefore, 
radioablation with SBRT may result in a lower 
risk of RILD. SBRT is unique because it is the 
only potentially non-invasive ablative therapy 
for the treatment of unresectable hepatocellular 
carcinoma. In patients with good liver function 
(Child-Pugh Class A) and small tumors, SBRT 
appears tolerable (Grade B).
A total of 41 patients with unresectable Child-
Pugh A hepatocellular carcinoma (n = 31) or in-
trahepatic carcinoma (n = 10) were treated with 
SBRT delivered in six fractions with a median 
dose of 36 Gy (range 24–54 Gy) (Level III) (Tse 
et al. 2008). The median tumor size was 173 ml 
(9–1, 913 mL). Seven patients (fi ve hepatocellular 
carcinomas, two intrahepatic carcinomas) had a 
decline in liver function from Child-Pugh class A 
to B within 3 months after SBRT. Two patients 
(5%) with intrahepatic carcinoma developed 
transient biliary obstruction after the fi rst few 
fractions, which was alleviated by pre-treatment 
with dexamethasone. There was no evidence of 
RILD. Median survival of hepatocellular carci-
noma and intrahepatic carcinoma patients was 
11.7 months (9.2–21.6 months) and 15 months 
(6.5–29 months), respectively. With individual-
ized dose allocation, large tumors receive less 
radiation because of the increased risk of RILD. 
Therefore, for large tumors the authors recom-
mend the use of radiation sensitizers and protec-
tors to enhance the effi cacy of liver SBRT.
The safety and effi cacy of hypofractionated SBRT 
for hepatocellular carcinoma and intrahepatic 
cholangiocarcinoma were reported in several 
retrospective and single-institutional prospec-
tive phase I/II trials. Gunven et al. (2003) evalu-
ated SBRT for recurrent liver lesions and found 
favorable control rates and that all tumors were 
locally controlled with complete radiological re-
mission after treatment. Limited side effects were 
observed after SBRT. Only one patient recurred in 
the liver (Level IV). Studies by Herfarth et al. 
(2001) and Wulf et al. (2006) reported no serious 
toxicity when a selected group of patients were 
treated with SBRT (Level III). Mendez Romero et 
al. (2006) treated 11 hepatocellular carcinoma pa-
tients (Child-Pugh A or B, tumor size < 7 cm) with 
25 Gy in fi ve fractions, 30 Gy in three fractions, or 
37.5 in three fractions (Level III). Some patients 
were retreated after recurrence and the overall 
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1-year hepatocellular carcinoma local control rate 
and survival was 82% and 75%, respectively. One 
patient developed RILD. Treatment of additional 
patients with longer follow-up is necessary to de-
termine the effi cacy of SBRT for hepatocellular 
carcinoma and intrahepatic carcinoma.
How SBRT affects the tumor and surrounding  �
normal liver is unknown. Cupp et al. (2008) 
reported on tissue effects after SBRT using Cy-
berKnife (Accuray, Inc., Sunnyvale, CA) on four 
patients (autopsy) with abdominal malignancies. 
They found that the pathophysiological mecha-
nisms of radiation-induced normal tissue dam-
age are similar for biologically equivalent single 
and fractionated doses of radiotherapy (Level IV). 
How SBRT results in cell death (apoptosis vs. ne-
crosis) and affects normal liver function is cur-
rently unknown and requires further study.

15.2.7 Radiation Simulation and 3D 
 Planning

CT-based treatment planning is highly recom- �
mended for defi ning the gross tumor volume 
(GTV) and planning treatment volume (PTV). An 
individualized immobilization device (e.g., Alpha 
cradle; Smithers Medical Products, Inc. North 
Canton, OH ) should be used during planning and 
treatment for reproducible patient set-up. The CT 
scan should be taken in the supine position with 
arms placed above the head with 3- to 5-mm-thick 
CT slices from the level of the carina to L5-S1. Oral 
and IV contrast should be administered to better 
identify the stomach and bowel and defi ne the tu-
mor and any adjacent lymph nodes.
For unresectable hepatocellular carcinoma, gall- �
bladder cancer, and cholangiocarcinoma, MRI 
and four-dimensional (4D) CT scans may better 
determine tumor motion with breathing prior to 
treatment planning (Kirilova et al. 2008).
For 3D conformal or IMRT-based radiation plan- �
ning of primary liver hepatocellular carcinoma 
or intrahepatic carcinoma, the CTV is GTV plus 
1 cm and PTV is CTV plus 0.5-cm margin. In 
addition, a 0.3- to 3-cm margin should be added 
for breathing motion (based on dynamic excur-
sion during fl uoroscopic/4D simulation). Breath-
ing motion may be decreased and hence smaller 
margins are needed if it can be controlled by an 
active breathing control (ABC) device, breathing 

exercise programs, and/or body immobilization. 
For SBRT, breathing motion should be  5 mm 
or controlled with external compression or an 
ABC device. The CTV for SBRT should include the 
GTV 0.5–1 cm. The PTV should include the CTV 
+ 0.5 cm for set-up uncertainty and an additional 
margin for breathing motion.
For hepatocellular carcinoma fi ducials such as  �
gold seeds placed in the tumor by CT or US guid-
ance can sometimes be used to track tumor mo-
tion during respiration; however, how fi ducials 
correlate with tumor motion is unknown.
SBRT treatment is either isocentric (Linac-based)  �
(Tse et al. 2008) or non-isocentric (CyberKnife) 
(Casamassima et al. 2006). Motion secondary 
to breathing can be controlled by breathing exer-
cises, the ABC device (Linac-based), or a robotic 
arm (CyberKnife) which moves to track the mo-
tion of the tumor (fi ducial placed in the tumor) or 
an external surrogate of breathing motion placed 
on the patients chest.
The tumor volume should be defi ned by a thin- �
sliced CT scan, EUS, ERCP, or in some cases an 
MRI. The utility of a PET/CT scan for the plan-
ning of hepatocellular carcinoma, gallbladder 
cancer, and cholangiocarcinoma is limited (dis-
cussed earlier).
Normal tissues to be delineated include bilateral  �
kidneys, normal and diseased liver, spinal cord, 
stomach, and small bowel. Dose volume histo-
grams should be used to outline dose to these 
structures.

15.2.8 Palliative Options and 
 Chemotherapy

Palliative radiation can be offered to patients for  �
pain control (Grade B). A prospective, non-ran-
domized trial of > 100 patients with six different 
radiation doses and fractionation schedules were 
evaluated ranging from 21 Gy in seven fractions 
to 25.6 Gy in 16 fractions. Palliation of pain was 
achieved in 55% with no difference between treat-
ment regimens (Level III) (Borgelt et al. 1981).
Palliative chemotherapy for unresectable and  �
metastatic hepatocellular carcinoma has been 
largely ineffective. New targeted therapy agents 
have shown effi cacy in palliative treatment of 
advanced hepatocellular carcinoma and can be 
recommended (Grade A). Targeted agents such 
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as Sorafenib have shown promising results in a 
phase II trial (Level III) (Abou-Alfa et al. 2006). 
In a double-blind, randomized, placebo-controlled 
phase III trial recently completed, Sorafenib was 
administered to patients with advanced hepato-
cellular carcinoma who had no prior systemic 
therapy. The study enrolled 226 patients from sites 
in China, Korea, and Taiwan. The primary objec-
tives of the study were to compare overall survival, 
progression-free survival, and time to progression 
(TTP) in patients administered Sorafenib 400 mg 
twice daily versus patients administered placebo. 
This study was found to prolong survival in HCC 
patients. Future studies investigating the role of 
Sorafenib in the adjuvant setting are anticipated. 
Interpretation of systemic studies is diffi cult be-
cause Asian patients with HCC (younger, cirrhosis 
due to chronic hepatitis) exhibit a diverse presenta-
tion when compared with Western patients (elderly, 
cirrhosis due to long-term alcohol consumption).

15.3 Management of 
 Gallbladder Cancer

15.3.1 General Principles

Gallbladder cancer (GBC) is a rare but fatal malig- �
nancy. Fewer than 9,500 new cases are diagnosed 
in the US yearly. The incidence of incidental GBC 
is roughly 1 in 100 in patients undergoing chole-
cystectomy. The poor prognosis stems from the 
propensity of the disease to spread locoregionally 
(e.g., lymph nodes), as well as distantly (e.g., lung, 
liver, peritoneum).
Surgical resection alone has resulted in relatively  �
poor survival rates. A complete resection with 
negative margins seems critical to achieving a 
favorable outcome.
Earlier detection of GBC and integration of novel  �
agents with radiation in the neoadjuvant and ad-
juvant setting is imperative to improve outcomes.

15.3.2 Curative Resection

For patients with preoperatively or intraopera- �
tively diagnosed GBC, a resection that includes a 

radical cholecystectomy with hepatic resection in 
conjunction with regional lymph node dissection 
is recommended (Grade A) ( Cubertafond et al. 
1999; Ruckert et al. 1996). Contraindications for 
surgical resection include gross vascular inva-
sion or encasement of major vessels (T4), ascites, 
diffuse hepatic involvement, distant metastasis, 
and poor functional status. All patients should be 
evaluated individually and discussed in a tumor 
board setting.
The goal for treating GBC is to obtain a margin-neg-
ative (R0) resection; however, since most patients 
present with advanced-stage disease, only a third 
of patients are potential surgical  candidates.
GBC may extend into the hepatic parenchyma, 
the hepatoduodenal ligament, and adjacent or-
gans (duodenum, transverse colon, stomach, and 
small bowel). The extent of hepatic resection (e.g., 
wedge, formal 4b/5 segmentectomy, extended he-
patectomy) should be dictated by the patient’s 
anatomy and the extent of the underlying malig-
nant disease.
Staging laparoscopy should be considered prior  �
to resection because of the high rate of occult 
metastatic disease (Grade B). If metastatic disease 
is found at laparoscopy, tissue biopsy can avoid 
a non-therapeutic laparotomy and a potential 
perforation with tumor spread. In a prospective 
series of 100 patients with extrahepatic biliary 
carcinoma, the yield of staging laparoscopy was 
found to approach 50% (Level III) (Weber et al. 
2002). FDG-PET scan may also help identify occult 
metastatic disease in the preoperative setting.
Over a 20-year period, one study identifi ed only  �
38% of patients who were eligible for a curative 
resection. The cohort that underwent complete 
resection (all stages considered) rather than pal-
liative surgery had an improved overall survival 
(31% vs. 13%). As expected, none of the unre-
sectable gallbladder cancer patients were alive at 
5-years (Level IV) (Ito et al. 2004).
When GBC is discovered incidentally following  �
cholecystectomy and the specimen demonstrates 
mucosal involvement on microscopic examina-
tion (Tis), or there is submucosal or muscular in-
vasion (T1), no further therapy is necessary (Reid 
et al. 2007). Gallbladder cancers identifi ed at lap-
aroscopic evaluation should be converted to an 
open procedure and the port sites removed to pre-
vent the potential of port site recurrences (Fong 
et al. 1993). The expected 5-year survival using 
this technique for stage 1 cancers approaches 
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100%; therefore, adjuvant therapy is typically 
not recommended for these patients (Grade A). 
Others recommend adjuvant therapy in stage T1b 
(Level IV) (de Aretxabala 1997).
For patients with T2 or T3 disease, a radical re- �
section including a hepatic resection and lymph-
adenectomy is indicated.
Common bile duct resection is not routinely rec- �
ommended for GBC. Bile duct resection should be 
performed, however, in the setting of a positive 
cystic duct margin.
As noted, the extent of hepatic resection is usually  �
limited to resection of segments IV and V, 2 cm 
away from the gallbladder bed. This technique 
is adequate in GBC confi ned to the subserosal 
layer but may not be adequate in some T3 and T4 
cancers. Therefore, in some cases, extended hepa-
tectomy with or without a caudate lobe resection 
may be justifi ed.

15.3.3 Neoadjuvant and 
 Adjuvant Treatments

Kopelson �  et al. (1981) reported on 11 gallblad-
der cancer patients who had curative resection 
and did not receive adjuvant radiation therapy 
(RT) or chemotherapy. Of the 11, seven (64%) 
patients were found to have local-regional fail-
ures (Level IV). Poor outcome after surgery alone 
for gallbladder cancer indicated that adjuvant or 
neoadjuvant therapy is needed to improve local 
control rates.
Prospective phase III studies testing the addi- �
tion of neoadjuvant or adjuvant chemoradiation 
to surgery are needed to determine the optimal 
management of gallbladder cancer. Since gall-
bladder cancer is rare, it is unlikely these trials 
will be completed; therefore, only single institu-
tion retrospective studies can be referenced.
There is currently no defi ned role for neoadjuvant  �
treatment in gallbladder cancer.

Adjuvant Therapy

Adjuvant RT can be offered to patients with  �
gallbladder cancer with regional lymph node 
involvement or with positive resection margins 
(Grade B). In an attempt to improve local-re-
gional control and survival, adjuvant RT alone, or 
in combination with chemotherapy, has been ex-

plored. The majority of studies evaluating the role 
of adjuvant radiation therapy +/– chemotherapy 
are retrospective, and there have been confl ict-
ing reports regarding the value of adjuvant RT 
+/– chemotherapy. This is due to differences in 
patient selection factors, staging systems, extent 
of resection, radiation therapy techniques, and 
chemotherapy regimens used.
There are several single institution studies evalu- �
ating the role of adjuvant therapy for CBC. One 
recent retrospective report from Duke Univer-
sity described 22 patients with resected and non-
metastatic adenocarcinoma of the gallbladder 
who underwent adjuvant RT between 1980 and 
2003 (Level IV) (Czito et al. 2005). The median 
dose RT was 45 Gy and 81% received concurrent 
5-FU chemotherapy. In this series, margin status 
did not infl uence outcome. All seven local fail-
ures occurred in the radiation fi eld. The 5-year 
actuarial overall survival, disease-free survival, 
metastases-free survival, and local-regional con-
trol was 37%, 33%, 36%, and 59%, respectively. 
Median survival for all patients was 1.9 years. 
This report advocates a radical resection followed 
by RT given concurrently with 5-FU. However, 
the main drawback of this report is the small 
number of patients included in each group and 
low RT dose used.
Houry �  et al. (1989) described results of 20 pa-
tients who received adjuvant or defi nitive radia-
tion (mean 42 Gy) +/– chemotherapy (seven pa-
tients) for gallbladder cancer between 1977 and 
1987 (Level IV). The results are diffi cult to in-
terpret because of the diverse groups of patients 
included in the study, however, the authors claim 
that RT may improve survival in patients with 
partially resected or unresectable GBC.
A modern study evaluating the role of radiation  �
in cholangiocarcinoma and gallbladder cancer 
(n = 28) was recently reported by University 
of Michigan. The median overall survival and 
progression-free survival for gallbladder cancer 
was 14.4 and 11.1 months, respectively. Patients 
had better outcomes if they underwent a mar-
gin-negative resection and received > 45 Gy of 
radiation. For all patients there was no statisti-
cally signifi cant benefi t seen with the addition 
of chemotherapy to radiation although the num-
bers were small. The treatment was well tolerated 
overall with nausea and fatigue being the most 
common symptoms reported (Level IV) (Ben-
David et al. 2006).
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A surveillance epidemiology and end results  �
(SEER) analysis of 3,187 cases of GBC in a Japanese 
registry from 1992 to 2002 was recently reported 
(Level III) (Mojica et al. 2007). Of the surgical 
group, 35% were stage I, 36% were stage II, 6% 
were stage III, and 21% were stage IV. Adjuvant RT 
was administered in 17% of the cases. The median 
survival for those patients who did or did not re-
ceive RT was 14 vs. 8 months (p  or = 0.001). The 
survival benefi t with RT was seen primarily in 
those patients with regional spread (p = 0.0001) 
or tumors infi ltrating the liver (p = 0.011).
The use of 5-FU-based chemotherapy concurrent  �
with adjuvant RT can be considered (Grade B). 
The Mayo Clinic reported on 21 consecutive GBC 
patients who underwent curative resection fol-
lowed by adjuvant 5-FU-based chemoradiation 
between 1985 and 1997. RT fi elds encompassed 
the tumor bed and regional lymph nodes (me-
dian dose of 54 Gy in 1.8–2.0 Gy fractions). Most 
patients (n = 20) had stage III–IV disease. The 
5-year survival rate for all patients was 33%. For 
patients with/without residual disease, 5-year 
survival was 64% vs. 0%, (p = 0.002). The 5-year 
local control rate was 73%. Five-year local control 
rates were 100% for the six patients who received 
total radiation therapy doses > 54 Gy. Patients 
who underwent R0 resections of their gallblad-
der cancer followed by adjuvant radiation therapy 
plus 5-FU had a 5-year survival rate of 64% which 
is superior to 5-year survival rates for histori-
cal controls (33%) (Level III) (Kresl et al. 2002). 
5-FU is typically given at a dose of 500 mg/m2/
day in bolus fashion for 3 days during weeks 1 
and 5 of radiation or by continuous infusion at 
225 mg/m2/day throughout the RT course. Low 
dose gemcitabine (300–500 mg/m2) with radia-
tion is also being evaluated.
IMRT or conformal radiation should be used in  �
order to decrease the dose to normal adjacent 
structures and perhaps allow dose escalation of 
chemotherapy and/or allow for the addition of 
targeted agents during RT.
Intraoperative radiation therapy (IORT) with  �
electrons (IOERT) or high dose/low dose rate 
brachytherapy (HDR-IORT, LDR-IORT) can 
sometimes be used to improve local control 
(Calvo et al. 2006). IORT should be considered 
in conjunction with neoadjuvant or adjuvant 
5-FU-based conformal radiation therapy which 
has been shown to enhance the likelihood of 
long-term local control in other sites (Grade C) 

 (Krempien et al. 2006). This allows for dose es-
calation to the tumor or tumor bed while limiting 
the dose to adjacent normal structures.
One non-randomized study evaluated 17 patients 
undergoing resection for T4N0-1 with gallbladder 
cancer who received IORT with or without post-
operative EBRT. At 3 years, the group receiving 
IORT had an improved survival compared to re-
section alone (10% vs. 0%) (Level III) (Todoroki 
et al. 1991, 1997). Given the limited data, IORT 
should only be used at experienced centers where 
patients are at a high risk of undergoing a margin-
positive resection.

Adjuvant Chemotherapy

Adjuvant chemotherapy may be considered in  �
the treatment of gallbladder cancer, alone or 
with adjuvant RT depending on the extent of the 
disease and status of surgical resection margin 
(Grade B). In a prospective, randomized phase-III 
trial, Takada et al. (2002) examined the role of 
adjuvant chemotherapy in 508 patients diagnosed 
with resectable pancreaticobiliary carcinomas, 
and 140 had gallbladder cancer. Patients were 
randomized to receive surgical resection alone 
or surgery plus adjuvant 5-FU and Mitomycin C. 
The latter group received Mitomycin C [6 mg/
m2 intravenously (IV)] during the operation and 
5-FU (310 mg/m2 IV) for fi ve consecutive days 
during the fi rst and third weeks postoperatively, 
followed by oral 5-FU (100 mg/m2) starting the 
fi fth postoperative week until tumor recurrence. 
The 5-year survival rate for patients in the adju-
vant treatment group was 26% compared with 
14% in the control group (p = 0.04) (Level II) 
(Takada et al. 2002).
As with pancreatic cancer, additional studies are 
needed to determine which patients may be bet-
ter treated with adjuvant chemotherapy alone or 
chemotherapy combined with RT.
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15.3.4 Palliative Options 
 (Metastatic and Unresectable 
 Gallbladder Cancer): 
 Radiation and Chemotherapy

Patients with advanced unresectable or meta- �
static gallbladder cancer have a dismal progno-
sis (5-year survival < 5%). Imaging (MRI, ERCP, 
and CT scans) can be helpful in determining 
whether a gallbladder tumor is resectable prior 
to surgery. However, if the patient’s gallbladder 
cancer is found to be unresectable at the time 
of surgery, palliative bypass procedures may be 
considered because of the rate (up to 60%) of 
gastric and biliary obstruction. Specifi cally, a 
Roux-en-Y hepaticojejunostomy +/– a gastroje-
junostomy may be performed at the time of ex-
ploration.
The nonoperative options of percutaneous or en- �
doscopic endobiliary stents plus endoscopic en-
teric stenting and feeding tubes can be used in 
patients with locally advanced GBC. This should 
be considered as primary palliative therapy for 
patients with poor functional status, limited life 
expectancy, or signifi cant comorbidities. No con-
trolled trials have compared the use of stents vs. 
surgical bypass in this patient population; how-
ever, patients with metastatic or extensive disease 
may be better served by stent placement.
If the patient has non-metastatic or low burden  �
metastatic disease with an excellent performance 
status, a defi nitive course with concurrent 5-FU/
gemcitabine-based CRT should be considered 
(50.4–60 Gy/1.8 fractions). Patients who present 
with locally advanced metastatic gallbladder can-
cer who experience pain due to local obstruc-
tion should be considered for palliative radiation 
+/– chemotherapy given over a shorter course 
(30 Gy/3-Gy fractions).
Systemic chemotherapy alone has demonstrated  �
limited benefi t in gallbladder cancer; however, 
most studies are small and typically include 
other sites such as pancreas and cholangiocarci-
noma (Grade C). Objective response rates average 
between 25%–50%; however, whether these re-
sponses infl uence overall survival is unknown.
Recently, several trials have evaluated various 
chemotherapeutic (gemcitabine, 5-FU) and some 
targeted therapies (Erlotinib) for metastatic or lo-
cally advanced gallbladder cancer (Furuse et al. 
2008; Iyer et al. 2007; Thomas 2007).

15.3.5 Radiation Therapy (Conformal)

Simulation and Field Arrangement, 
Dose, and Fractionation

Adjuvant radiation therapy: 3D conformal or  �
IMRT should be used to treat the tumor bed and 
local-regional lymph nodes (portohepatic, per-
icholedochal, celiac, and pancreaticoduodenal) 
with a 2- to 3-cm margin to a median dose of 
45 Gy (range 39.6–45 Gy). Additional radiation 
therapy is administered using reduced fi elds to 
an additional 5.4–9.0 Gy. Patients receive 1.8–2 Gy 
per fraction daily, 5 days a week. Mixed energy 
beams (6/15-MV photons) can be used.
Historically, external beam doses above 54 Gy  �
should be avoided because of intolerance to ad-
jacent structures including the liver, kidneys, 
spinal cord, and duodenum. However, with 3D 
conformal or IMRT doses in excess of 54 Gy 
can sometimes be delivered if the dose to nor-
mal structures, especially bowel, can be limited 
(Level IV) (Ben-David et al. 2006).
Milano �  et al. (2004) compared conventional and 
IMRT plans for six patients with pancreatic or bile 
duct cancer. Compared with conventional treat-
ment, IMRT reduced the mean dose to the liver, 
kidneys, stomach, and small bowel. IMRT was 
well tolerated, with 80% experiencing Grade 2 
or less acute upper GI toxicity. In these patients, 
there did not appear to be any increased risk of 
local recurrence with IMRT (Level III).
The optimal dose of IORT for gallbladder cancer is  �
unknown. In general, the biological effectiveness 
of single dose IORT is thought to be equivalent to 
1.5–2.5 times the same total dose of fractionated 
EBRT (Gunderson et al. 1982). Therefore, add-
ing 15 Gy of IORT to 45 Gy of EBRT is equivalent 
to an EBRT dose of 75–87.5 Gy, which is the dose 
range believed to be most effective at controlling 
microscopic residual disease.

15.4 Management of 
 Cholangiocarcinoma

15.4.1 Curative Resection

Cholangiocarcinomas are categorized based on  �
location (intrahepatic, hilar, and distal). For in-
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trahepatic cholangiocarcinoma surgical resec-
tion is the only option for cure (Grade A). How-
ever, intrahepatic carcinomas are typically large 
at presentation and, therefore, margin-positive 
resections are common (Grade A) (Weber et al. 
2001). Standard surgery for intrahepatic carci-
noma includes hemi-hepatectomy or extended 
hepatic resection. Resection may also include bile 
duct resection, regional lymphadenectomy, and 
– when indicated – Roux-en-Y hepaticojejunos-
tomy. Whether major vascular resection coupled 
with these procedures or hepatic transplantation 
in selected intrahepatic carcinoma patients will 
improve overall survival is unknown (Nagorney 
and Kendrick 2006).
For hilar CC, extended radical resection can be  �
recommended. Extended radical resection offers 
a chance for cure with a 5-year survival rate of ap-
proximately 40% (Seyama and Makuuchi 2007). 
In general, routine hepatectomy for hilar CC is 
advocated to obtain higher rates of margin nega-
tive resections and improved survival.
Pancreaticoduodenectomy with lymphadenec- �
tomy is the surgical choice for treatment of distal 
EHC. Very rarely, for extensive tumors, a major 
hepatectomy with hepatopancreatoduodenec-
tomy may be necessary. The 5-year survival rate 
ranges from 24% to 39% after partial resection 
for middle and distal bile duct cancer (Seyama 
and Makuuchi 2007).

15.4.2 Neoadjuvant Treatments

Patients with large, multi-focal cholangiocar- �
cinoma with vascular involvement typically do 
poorly following resection and may, therefore, 
benefi t from neoadjuvant therapy (chemotherapy/
radiation); however, data is limited (Grade C).
Ben-David et al. (2006) found no difference in 
survival between patients with microscopically 
positive margins and patients with unresectable 
disease (Level IV). This stresses the importance 
of R0 resection and suggests that resection should 
be attempted only when an R0 resection is likely. 
Therefore, borderline resectable patients may 
benefi t from neoadjuvant therapy.
Liver transplantation is considered as an alterna- �
tive to resection for carefully selected patients 
with localized, node-negative hilar and distal 
cholangiocarcinoma (Grade B). The Mayo clinic 

developed a protocol combining neoadjuvant 
radiotherapy, chemotherapy, CI 5-FU, IOERT, 
and orthotopic liver transplantation for patients 
with stage I and II hilar cholangiocarcinoma be-
tween January 1993 and August 2004. A total of 
71 patients were considered for the protocol; 54 
patients were explored and 26 (48%) eventually 
underwent liver transplantation, while 28 (52%) 
had unresectable disease. Patients received 45 Gy 
with concurrent bolus (5-FU) 500 mg/m2 daily for 
the fi rst 3 days of radiation. A boost of radiation 
was delivered using a transcatheter Iridium-192 
brachytherapy wire, with a target dose of 2000–
3000 cGy. Following brachytherapy, patients ini-
tially continued to receive CI 5-FU or oral capecit-
abine as tolerated until transplantation. The 1-, 
3-, and 5-year patient survival rates were 92%, 
82%, and 82% after transplantation. There were 
few recurrences in the transplant patients (13%) 
(Level III) (Rea et al. 2005).

15.4.3 Adjuvant Treatment

Extrahepatic and Hilar Cholangiocarcinoma

Adjuvant radiation in patients with resected hi- �
lar cholangiocarcinoma should be considered 
(Grade B). Positive margins were frequently 
observed after surgical resection, and local 
recurrence rates were usually unacceptably 
high after incomplete resections. Positive mar-
gins occur in up to 85% of patients with hilar 
cholangiocarcinoma with a 5-year survival of 
9%–40% (Nakeeb et al. 1996). For distal bile 
duct cancers, the margin-positive rate is lower 
(25%–40%), most likely due to a more radical 
resection which includes a pancreaticoduo-
denectomy and lymph node resection (Fritz et 
al. 1994). Jarnagin et al. (2003) compared re-
currence patterns of hilar cholangiocarcinoma 
and gallbladder cancer (Jarnagin et al. 2003). 
In their study, 76 patients had hilar cholangio-
carcinoma and 53 (66%) recurred at a follow-up 
of 24 months. Isolated locoregional recurrences 
were statistically more common with hilar cho-
langiocarcinoma vs. gallbladder cancer (59% 
vs. 15%, p < 0.001). Gallbladder cancer patients 
were statistically more likely to recur distantly 
compared with hilar cholangiocarcinoma (85% 
vs. 41%, p < 0.001).
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The European Organization for Research and  �
Treatment of Cancer (EORTC) reported retro-
spectively on 55 resected patients with cholan-
giocarcinoma in which 53 had margin-positive 
resections. A total of 38 received chemoradiation 
and 17 had surgery only. Adjuvant chemoradia-
tion (no maintenance chemotherapy) was as-
sociated with a signifi cant survival benefi t (19 
vs. 8 months, p = 0.005) (Level IV) (Gonzalez 
Gonzalez et al. 1990).
Gerhards �  et al. (2003) evaluated 41 patients with 
hilar CC who received RT plus brachytherapy, 30 
patients with radiation alone, and 20 who were 
observed. Only 14% of patients underwent an 
R0 resection (Level IV). There was a signifi cant 
benefi t with radiation therapy vs. surgery (24 vs. 
8 months, p < 0.01); however, it is possible that 
the benefi t of adjuvant therapy was secondary 
to patients undergoing incomplete resections. 
There was no clear benefi t of brachytherapy in 
this study and these patients experienced more 
toxicity.
Recently,  � Hughes et al. (2007) reported a Johns 
Hopkins retrospective series of adjuvant chemo-
radiation after partial resection for adenocarci-
noma of the distal common bile duct. The me-
dian survival was 36.9 months, and the 5-year 
survival was 35%. Patients with negative lymph 
nodes lived signifi cantly longer than those with 
positive lymph nodes (p < 0.02). All patients with 
negative lymph nodes lived at least 5 years, com-
pared with 24% of patients with positive lymph 
nodes. The outcomes of patients in this study 
were compared with those of a group of historical 
controls treated at the same institution at a time 
before this study when adjuvant therapy was not 
routinely offered (Yeo et al. 1998). The group re-
ceiving adjuvant therapy had a signifi cantly lon-
ger survival (36.9 months vs. 22 months; p < 0.05) 
(Level IV).
In a study by  � Serafi ni et al. (2001), the mean 
survival for patients with distal common bile 
duct tumors who received adjuvant chemoradia-
tion was 41 months compared with 21 months 
for surgery alone (p = 0.04) (Level IV). Disease 
recurrence occurred in 71% with the site of fi rst 
recurrence being predominantly metastatic to the 
liver (83%). The most common site of local recur-
rence was the portal nodes.
The University of Michigan recently reported  �
their series of patients diagnosed with extra-
hepatic carcinoma (gallbladder 28, distal bile 

duct 24, hilar 29) between June 1986 and De-
cember 2004. A total of 35% underwent poten-
tially curative resection with R0/R1 margins; 
64% were unresectable or underwent resection 
with macroscopic residual disease (R2). All 
patients received 3D-planned megavoltage ra-
diation therapy. Complete resection (R0) was 
the only predictive factor significantly asso-
ciated with increase in both overall survival 
and progression-free survival (p =  0.002), and 
there was no difference in outcomes between 
R1 and R2 resections. The first site of failure 
was predominantly locoregional (69% of all 
failures). Patients who had complete resection 
with negative margins followed by adjuvant 
CRT tended to have a better outcome with 64% 
surviving 5 years. However, maintenance che-
motherapy should be considered because of the 
high risk of distant failure, which can be as high 
as 70% in their study (Level IV) (Ben-David et 
al. 2006).
Todoroki �  et al. (2000) found that patients who 
were treated with radiation after resection of 
hilar carcinoma had signifi cantly higher 5-year 
survival rates and median survivals than pa-
tients who underwent surgery alone: 33.9% and 
32 months vs. 13.5% and 10 months, respectively 
(p = 0.01). Patients who were treated with a com-
bination of intraoperative radiation (using elec-
tron beam) and postoperative EBRT had the best 
survival. However, only 3% of patients had nega-
tive surgical margins.
Sagawa �  et al. (2005) reported 69 patients who 
underwent surgery for hilar cholangiocarci-
noma between 1980 and 1998, and 39 patients 
received adjuvant therapy. Patients treated with 
adjuvant chemoradiation did not have a signifi -
cant survival benefi t overall (p = 0.554); how-
ever, there was a signifi cant benefi t with patho-
logical stage III or IVA disease after radiation 
therapy (p = 0.042).
Local failure is a major problem in extrahepatic  �
carcinoma, suggesting the need for dose esca-
lation and better radiosensitizing strategies. 
Because R1 resection appears to convey no ben-
efi t in survival, it appears that surgery should 
be contemplated only when an R0 resection is 
likely. Borderline-resectable patients might be 
better served by neoadjuvant therapy (Wakai et 
al. 2005).
Possible treatment fi elds for hilar cholangiocar- �
cinoma are illustrated in Figure 15.4.
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Intrahepatic Cholangiocarcinoma

If patients undergo a margin-negative resection  �
(R0), the standard of care is observation (Na-
tional Comprehensive Cancer Network 
2008) or chemotherapy (gemcitabine or 5-FU). If 
resection margins are positive (R1/R2), then pa-
tients should be considered for re-resection, abla-
tive techniques, or receive chemotherapy (gemcit-
abine or 5-FU) with focused radiation. However, 
given the small number of patients with intrahe-
patic carcinoma and limited data, care should be 
individualized on a case-by-case basis.

15.4.4 Radiation Therapy (Conformal)

Simulation and Field Arrangement, Dose, 
and Fractionation

The techniques of EBRT for cholangiocarcinoma  �
assimilate those used in the treatment of gallblad-
der cancer.

15.4.5 Palliative Options 
 (Unresectable Cholangiocarcinoma) 
 and Chemotherapy

There is limited data on the outcome of primary  �
radiation therapy for unresectable extrahepatic 
carcinoma. The published retrospective series 

are typically small and with great heterogeneity 
in treatment techniques and radiation dose. In 
general, chemotherapy and radiation should be 
considered for palliation as described in the gall-
bladder cancer palliative options (Sect. 15.3.5).

Chemotherapy Alone for Advanced or 
Metastatic Cholangiocarcinoma

The median survival of patients with advanced or  �
metastatic cholangiocarcinoma treated with che-
motherapy alone is approximately 5–9 months 
(Ben-David et al. 2006).
In a multicenter phase II study,  � Furuse et al. 
(2008) evaluated the antitumor effect and safety 
of S-1 (a compound drug consisting of the oral fl u-
oropyrimidine prodrug tegafur and the enzyme 
inhibitors gimeracil and oteracil) in previously 
untreated patients with advanced periampullary 
tumors (Level III). Eligible patients had patholog-
ically proven, unresectable cholangiocarcinoma 
with no prior chemotherapy or radiotherapy. Pa-
tients received S-1 orally at 80 mg/m2 total daily 
dose divided twice daily for 28 days followed by 
14 days of rest. A total of 40 patients were as-
sessable. The trial included gallbladder (n = 20), 
extrahepatic bile duct (n = 15), and the ampulla 
of Vater (n = 5). One patient (2.5%) achieved a 
complete response, 13 patients (32.5%) had par-
tial responses, 17 patients (42.5%) had no change, 
seven patients (17.5%) had progressive disease, 
and two patients (5.0%) were not evaluable. The 
overall objective response rate was 35.0%. The 
median overall survival was 9.4 months, and the 
median time to progression was 3.7 months. S-1 

Fig. 15.4. Treatment fi elds for hilar cholangiocarcinoma (Courtsey of Dr. Joseph M. Herman)
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monotherapy should be evaluated in a random-
ized study.
One phase I study evaluated gemcitabine and  �
capecitabine (GemCap) in patients with advanced 
biliary cancer arising from the intra- and extra-
hepatic bile ducts or gallbladder with no prior 
chemotherapy (Level III) (Knox et al. 2005). Pa-
tients were treated on a 3-week cycle consisting 
of capecitabine at 650 mg/m2 orally twice a day 
for 14 days and gemcitabine at a fi xed dose of 
1000 mg/m2 intravenously over 30 min on days 1 
and 8. There were 45 patients enrolled between 
July 2001 and January 2004. A total of 53% of 
patients had cholangiocarcinoma, 47% had gall-
bladder cancer, and 89% had metastatic disease. 
The overall objective response rate was 31%, 42% 
stable disease, for a disease control rate of 73%. 
The median overall survival time was 14 months, 
and the median progression-free survival time 
was 7 months. This regimen warrants further 
evaluation in a randomized study with survival 
and quality-of-life end points.

15.5 Radiation-Induced Side Eff ects 
 and Dose Limiting Structures

15.5.1 Radiation-Induced Liver Disease

With all hepatobiliary malignancies, normal liver  �
will likely receive some radiation which can lead 
to radiation-induced liver disease (RILD). The 
clinical syndrome of RILD includes hepatomegaly, 
ascites, elevated liver enzymes (AP > transami-
nases), and jaundice (late effect) which occurs 
2 weeks–3 months after radiation therapy. It re-
sembles veno-occlusive disease after transplant 
resulting in marked venous congestion and hepa-
tocyte atrophy. The pathogenesis is unclear, but 
is possibly due to selective injury of the vascular 
endothelial cells rather than hepatocytes. Treat-
ment includes supportive care with diuretics and 
steroids but can lead to liver failure.
Partial liver radiation therapy was fi rst reported  �
by Ingold et al. (1965) who safely delivered 55 Gy 
to parts of the liver.
Emam � I et al. (1991) suggested that TD5/5 and 
TD50/5 for 1/3, 2/3, and 3/3 of the liver as 50/50 Gy, 
35/45 Gy, and 30/40 Gy, respectively. This data 

was based on retrospective reports of “suspected” 
radiation injury in 27 patients. The volume and 
dose estimates were “clinical judgments” since 
detailed dose and volume data were not available 
(Level IV).
The Lyman NTCP model describes the volume  �
dependence of radiation therapy on normal tis-
sue toxicity. It assumes a sigmoidal relationship 
between dose of uniform radiation given to a 
volume of an organ and the probability of com-
plications.
Dawson et al. (2002) analyzed the risk of RILD 
using the Lyman NTCP model in 203 patients and 
found the liver radiation therapy exhibits a large 
volume effect. There was a strong correlation be-
tween the normal tissue complication probability 
and the mean liver dose. No RILD cases were 
observed when the mean liver dose was < 31 Gy 
(Level IV).
For hepatocellular carcinoma, the RILD risk is  �
predicted to be 5% for an effective liver volume 
of two-thirds treated to 46 Gy and near 0% if 
the treated effective liver volume was less than 
one-third. Thus, it is unlikely that liver tolerance 
could be exceeded in patients receiving conven-
tional doses of radiotherapy for cholangiocarci-
noma or gallbladder cancer. Current estimates of 
a 15% risk of RILD in hepatocellular carcinoma 
for the whole liver, 2/3 liver, and 1/3 liver is 32, 
47, and 93 Gy, respectively, in 1.5-Gy fractions 
twice daily. The NTCP for RILD does depend on 
liver function. Therefore, patients with hepato-
cellular carcinoma and cirrhosis have a higher 
risk of RILD when compared to liver metastases 
(Dawson et al. 2005).
The risk of RILD with hypofractionated SBRT is  �
unknown and is being evaluated in a phase I clini-
cal trial (RTOG 0438). Dose tolerance for various 
normal structures for SBRT limited by the RTOG 
0438 are as follows:
Normal liver: The normal liver is defi ned as that  –
portion of liver not radiographically involved by 
gross tumor (normal liver volume minus GTV). 
In all patients, it is required that there is at least 
1000 cc of normal liver. No more than 30% of the 
normal liver may receive more than 27 Gy, and 
no more than 50% of normal liver may receive 
over 24 Gy.
Kidney: For patients with only one functioning  –
kidney or creatinine > 2.0 mg/dl, no more than 
10% of the functioning kidney(s) may receive 
10 Gy or more. For patients with normal creati-
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nine and two functioning kidneys, no more than 
33% of the combined renal volume may receive 
18 Gy or more.
Spinal cord: Maximal permitted dose to spinal  –
cord is 34 Gy.
Small bowel: Maximal permitted dose to small  –
bowel is 37 Gy for any 1 cc volume.
Stomach: Maximal permitted dose to stomach is  –
37 Gy for any 1 cc of volume.

The above listed doses were not biologically cor-
rected, and 37 Gy is biologically equivalent to 
50 Gy in 2 Gy/fraction using an /  of 3.

15.5.2 Other Radiation Dose 
 Limiting Structures

Kidneys: �  Kidney function should be examined 
prior to treatment. Typically the entire right kid-
ney will receive some radiation even with 3D or 
IMRT treatment. According to the RTOG 0411 
protocol: 2/3 of one kidney should receive less 
than 18 Gy. The exact radiation tolerance of the 
kidney is unknown.
Stomach and duodenum: �  Previously it was re-
ported that 60 Gy to 1/3 of the stomach will give a 
5% risk of ulceration and/or perforation (Level IV) 
(Emami et al. 1991). The University of Michigan 
study of 128 patients treated on the phase I liver 
protocol (5-FU and radiation) demonstrated a 7% 
incidence of gastrointestinal bleeding. In this trial 
the maximum allowed dose to the duodenum or 
stomach was 68 Gy (Ben-Josef et al. 2005). The 
Mayo clinic analysis involving biliary cancers 
suggests that doses greater than 55 Gy with ra-
diation (+/– chemotherapy or brachytherapy) re-
sulted in severe gastrointestinal complications in 
30%–40% of patients ( Buskirk et al. 1992).
Ben-David et al. (2006) reported that acute tox-
icity associated with 3D conformal radiotherapy 
for extrahepatic carcinoma is generally mild. Late 
gastrointestinal toxicity was also acceptable (fi ve 
patients, 6%). RILD occurred in two patients with 
hilar extrahepatic carcinoma who received high-
dose radiotherapy (68 Gy and 81 Gy) with concur-
rent chemotherapy.
Arterial: �  Mantel et al. (2007) reported on vas-
cular complications in patients undergoing or-
thotopic liver transplantation after neoadjuvant 
chemoradiation for hilar cholangiocarcinoma 
(Mantel et al. 2007). Arterial complications 

arose in 21%, portal venous complications arose 
in 22%, and overall, 40% developed vascular 
complications. Late hepatic artery complications 
occurred more often in living donor recipients 
transplanted for cholangiocarcinoma compared 
with the living donor control group (p = 0.047). 
Liver transplantation with neoadjuvant therapy 
is associated with far higher rates of late arte-
rial and portal venous complications, but these 
complications do not adversely affect patient and 
graft survival.

15.6 Post-Treatment Follow-Ups

Life-long follow-up after defi nitive treatment of  �
hepatobiliary cancers is usually indicated.

Schedule

Follow-ups could be scheduled every 3–6 months  �
initially in the fi rst 3 years after treatment, then 
annually (Grade D) (National Comprehensive 
Cancer Network 2008).

Table 15.4. Follow-up schedule

Interval Frequency

First 2 years Every 3–6 months

Over 3 years Annually

Work-Ups

Each follow-up should include a complete his- �
tory and physical examination. Laboratory tests 
include complete blood count and multichannel 
serum chemistry; radiologic imaging or endos-
copy may be clinically indicated.
For HCC, AFP can be performed every 3 months  �
in the fi rst 2 years, if the value was elevated 
prior to initial treatment (Grade D) (National 
 Comprehensive Cancer Network 2008).
For gallbladder cancer, imaging studies can be  �
performed every 6 months for 2 years (Grade D) 
(National Comprehensive Cancer Network 
2008).
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Introduction and Objectives

Rectal cancers account for approximately 12% of all colorectal 
cancers diagnosed in the United States. While their histology 
closely mimics that of colon cancers, their anatomical location 
below the peritoneal refl ection allows them to easily infi ltrate 
the surrounding soft tissues of the pelvis. The close proximity 
to the anal sphincter and genitourinary structures makes surgi-
cal excision more complex with the potential to aff ect quality of 
life at early stages of the disease. For these reasons, combined 
modality therapy plays a vital role in both the neoadjuvant and 
adjuvant settings.

This chapter examines:

Recommendations for diagnosis and staging procedures �
The staging systems and prognostic factors �
Treatment recommendations as well as the supporting  �
scientifi c evidence for surgical excision and neoadjuvant and 
adjuvant treatment for resectable rectal cancers

Palliative radiation (external-beam radiation therapy and  �
brachytherapy) for symptomatic control in advanced disease

Follow-up care and surveillance of survivors �

16.1 Diagnosis, Staging, and 
 Prognosis

16.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of rectal cancer begin  �
with a complete history and physical examination 
(H&P). Special attention should be given to signs 
and symptoms specifi c to rectal cancer, includ-
ing gross red blood alone, with stool or mucus, 
changes in stool caliber and bowel habits, includ-
ing constipation, diarrhea, tenesmus, and incom-
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EUS. Preoperative pelvic MRI consistently pre-
dicts the surgical circumferential margin, lead-
ing to appropriate risk stratifi cation of patients 
(Grade A). Prediction of the radial margin status 
can be predicted in as much as 94% of cases when 
high-resolution MR imaging is obtained (Level I) 
(Lahaye et al. 2005) (Level II) (Brown et al. 2003, 
Beets-Tan et al. 2001, MERCURY Study Group 
2006).
Endoscopic ultrasonography (EUS) may be per- �
formed to determine the lesion’s depth of inva-
sion and to evaluate regional lymph nodes for 
metastatic spread. The sensitivity and specifi city 
of EUS approach 94% and 86% for invasion to 
the muscularis propria, 90% and 75% for peri-
rectal tissue, and 67% and 78% for lymph nodes 
(Level I and III) (Bipat et al. 2004; Chun et al. 
2006;  Massari et al. 1998).
Interobserver evaluations of T3/4 lesions have  �
been shown to be consistent, while T1/2 lesions 
display greater variability (Level III) (Burtin et 
al. 1997).
CT evaluation of the chest, abdomen, and pelvis  �
with both oral and intravenous contrast is recom-
mended for evaluation of metastasis (Grade A).
CT evaluation of direct extension to adjacent or- �
gans and regional nodal spread, its use in the 
evaluation of depth of invasion, and circumferen-
tial spread are inadequate for preoperative strati-
fi cation (Level II) (Bipat et al. 2004; Kulinna et 
al. 2004; Matsuoka et al. 2003; Wolberink et 
al. 2007).
PET/CT for the staging of early disease may aid  �
in target delineation, but is experimental and 
generally not recommended (Grade B) (Level III) 
(Bassi et al. 2007).

Pathology

Tissue for pathologic diagnosis can be obtained  �
during initial examination using proctoscopy or 
endoscopy.
Pathologic confi rmation of rectal cancer is man- �
datory. More than 90% of rectal cancers are of 
adenocarcinoma histology. Mucinous variations 
account for 20%, with 2% being signet ring vari-
ants. More rare histologies include squamous cell, 
carcinoid, lymphomas, and leiomyosarcomas.
Pathologic margins (proximal, distal, and radial)  �
are key to the treatment and prognosis of rectal 
cancer. It is unclear if margins <2 mm should be 
considered positive.

Table 16.1. Imaging and laboratory work-ups for rectal 
cancer

Imaging studies Laboratory tests

High-resolution pelvic MRI
Endoscopic ultrasonography 
(EUS)
CT of chest and abdomen
PET/CT if evaluating 
oligometastatic disease

CEA
Complete blood count
Serum chemistry
Liver function tests 
Renal function tests

plete emptying, genitourinary symptoms or pain 
in the buttocks, perineum or sciatic nerve dis-
tribution, personal history of colorectal cancer, 
colonic polyps, or infl ammatory bowel disease.
Complete physical examination should be per- �
formed with attention to the hepatic enlargement 
or pain and digital rectal exam noting the size, 
mobility, and distance from the anal verge of any 
palpable mass. For female patients, a rectovaginal 
exam should be included.
Rigid proctoscopy and colonoscopy allow for bet- �
ter characterization, biopsy, and measurement 
of distance from the anal verge of the primary 
lesion. A complete colonoscopy should be per-
formed to evaluate for additional lesions within 
the colon. If a colonoscope cannot be passed by 
the lesion at the time of diagnosis, then a complete 
colonoscopy should be performed within a few 
months following defi nitive therapy.

Laboratory Tests

Baseline laboratory tests should include a carci- �
noembryonic antigen level (CEA), complete blood 
count, basic blood chemistry, liver function tests, 
and renal function tests (Table 16.1).

Imaging Studies

Clinical staging using endoscopic ultrasound or  �
MRI with pelvic or endorectal coils should be per-
formed. Each modality provides excellent guid-
ance in the staging of the primary lesion, but is 
less effective in staging regional nodal disease. 
The specifi c modality selected will vary with an 
institution’s expertise and equipment availability 
(Table 16.1).
High-resolution pelvic MRI may be performed  �
to evaluate the depth of invasion and extent of 
circumferential spread. Evaluation of the re-
gional lymph nodes is slightly less accurate than 
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16.1.2 Staging

Rectal cancer may be staged either clinically or  �
pathologically. Clinical staging is based on H&P 
fi ndings and imaging modalities. Pathologic 
staging is based on examination of the surgical 
specimen. The high frequency of neoadjuvant 
treatment frequently results in pathologic down-
staging if more than 7 days elapse between the 
completion of neoadjuvant therapy and surgery.
The 2002 American Joint Committee on Cancer  �
Tumor Node Metastasis (TNM) staging system is 
presented in Table 16.2 (Greene et al. 2002).
Dukes �  (1932) staging was based on the extent 
of bowel wall penetration and the presence or 
absence of nodal metastasis. Astler and Coller 
(1954) staging described specifi c tumor penetra-
tion and nodal metastasis with a later modifi ca-
tion specifying adherence to surrounding organs. 
Both systems are antiquated and do not account 
for neoadjuvant treat effects.

16.1.3 Prognostic Factors

TNM stage is the most important prognostic  �
factor in predicting outcome. Patients may be 
categorized as having low or high risk of re-
currence. Low risk includes patient stage T1/T2 
through N+ or T3N0. High risk includes patients 
with stage T3N+ through T4N+. Overall survival 
and relapse-free survival at 5 years measure 76% 
and 73% for low risk and 55% and 48% for high 
risk patients, respectively (INT-0114). Table 16.3 
depicts recurrence-free and overall survival at 
5 years by AJCC stage. 
T stage predicts response to neoadjuvant treat- �
ment with worse prognosis and higher risk of 
local recurrence in T4 disease, as demonstrated in 
results of retrospective studies as well as pooled 
analysis of data from multiple prospective ran-
domized trials (Grade A) (Level III) (Stocchi et 
al. 2001; Gunderson et al. 2004), and the RTOG 
0012 (Mohiuddin et al. 2006).
Nodal stage predicts recurrence risk and sur- �
vival (Grade A) (Level IV) (Stocchi et al. 
2001;  Gunderson et al. 2004; Kim et al. 2006) 
( Table 16.3). The number of nodes analyzed in 
surgical specimens correlates with time to re-
currence and survival in node-negative patients, 
ranging from 37% for 1–4 nodes to 19% for 8–12 

nodes. Evaluating >14 nodes is recommended for 
determination of nodal stage (Grade B) (Level II 
and III) (Tepper et al. 2001; Baxter and Garcia-
Aguilar 2005).
Higher grade and mucinous adenocarcinomas  �
show worse prognosis, specifi cally with signet 
ring histology.

Table 16.2. American Joint Committee on Cancer (AJCC) 
TNM classifi cation of colorectal cancer. [From Greene et al. 
(2002) with permission]

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ: intraepithelial or invasion of 
the lamina propria

T1 Tumor invades submucosa 

T2 Tumor invades muscularis propria

T3 Tumor invades through the muscularis propria 
into the subserosa, or into nonperitonealized 
pericolic or perirectal tissues

T4 Tumor is adherent to or directly invades other 
organs or structures, and/or perforates the 
visceral peritoneum

Regional lymph nodes (N)

NX Regional lymph node metastasis cannot be 
assessed

N0 No regional lymph node metastasis

N1 Metastasis to 1–3 regional lymph nodes

N2 Metastasis to 4 or more regional lymph nodes

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis present

S TAG E G ROU PI NG

0: Tis N0 M0

I: T1–2 N0 M0

IIA: T3 N0 M0

IIB: T4 N0 M0

IIIA: T1–2 N1 M0

IIIB: T3–4 N1 M0

IIIC: Any T N2 M0

IV: Any T Any N M1
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Circumferential margin status at the time of  �
resection predicts local recurrence at the anas-
tomosis and distant metastasis (Grade A). A 
positive margin following neoadjuvant therapy 
is more ominous, with a hazard ratio of 6.3 fol-
lowing neoadjuvant treatment versus 2.0 with no 
prior therapy (Level I) (Nagtegaal and Quirke 
2008).
Elevated preoperative CEA predicts relapse with  �
a cut-off of 5 ng/ml (Yoon et al. 2007; Kim et al. 
2006).
Operative method, age, gender, ploidy status, and  �
S-phase fraction in resected specimens have not 
consistently correlated with recurrence or sur-
vival.
Locoregional recurrence is the dominant means  �
of failure, with nodal metastasis and deep inva-
sion strongly predicting outcomes.

Multiple trials evaluating both neoadjuvant and  �
adjuvant radiation with and without chemother-
apy have been explored. Local control rates are 
clearly improved with radiotherapy, while overall 
survival is effected less.
While increasing T-stage generally increases the  �
risk of recurrence, retrospective analyses have 
shown a subset of patients with T3N0 whose 
10 year actuarial recurrence is less than 10% 
(Level IV) (Willett et al. 1999; Merchant et 
al. 1999). Predictors of local recurrence included 
lymphovascular invasion (LVI) and invasion into 
perirectal fat >2 mm in this subset of patients.

16.2.2 Surgical Resection

Presentation of most tumors requires extensive  �
resection of mesorectal tissue and all disease, 
both gross and microscopic.
Transanal local excision may be selected for early  �
cancers (T1, <3 cm, well differentiated, within 
8 cm of the anal verge, encompassing <30% of 
rectal wall circumference, and clinically node 
negative). The specimen should be of full thick-
ness and have >3-mm negative margin. The 5-year 
local control rates approach 80% and survival 
72% in T1 disease (Baxter and Garcia-Aguilar 
2007; Nascimbeni et al. 2004).
Low anterior (LAR) and abdominoperineal resec- �
tions (APR) with total mesorectal excision (TME) 
have become the standard of care for radical re-
section of rectal cancers (Grade A). Overall and 
cancer-specifi c survivals for stage II and III pa-
tients treated with standardized TME were 70% 
and 75%, respectively, and 43% and 52% for those 
treated without standard TME (Level I) (Arbman 
et al. 1996; Havenga et al. 1999; Bolognese et 
al. 2000).
The increased diffi culty of APR with TME due to  �
thin mesorectal tissue near the anus, close prox-
imity to genitourinary structures, and permanent 
colostomy detracts from its use.

16.2.3 Preoperative (Neoadjuvant) 
Treatment

While the oncology community agrees on the use  �
of combined modality therapy, great debate rages 

Table 16.3. The 5-year recurrence-free survival (RFS) and 
overall survival (OS) by TNM stage. [From O’Connell et al. 
(2004) and Platell and Semmens (2004)]

RFS OS

Stage I 88% 90%

Stage II 62% 72%

Stage III 50% 52%

Stage IV N/A 7%

16.2 Treatment of 
 Resectable Rectal Cancer

16.2.1 General Principles

Surgical resection remains the primary treatment  �
in the management of rectal cancers. Manage-
ment depends on stage and location of the tu-
mor. Figure 16.1 provides a graphical treatment 
algorithm.
Tis and T1 �  without high risk features (e.g., LVI, 
high grade, positive margins) may be locally ex-
cised and followed closely.
Combined-modality therapy (surgery, radiation,  �
and chemotherapy) is recommended for most pa-
tients with Stage II and greater disease (Grade A). 
While there is general agreement on the use of 
combined-modality treatment, a specifi c method 
and timing are not standardized.
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over the use of neoadjuvant versus adjuvant ther-
apy. Proponents of neoadjuvant therapy believe 
that it improves sphincter preservation and thereby 
quality of life, allows otherwise unresectable dis-
ease to be surgically excised, and delivers improved 
outcomes of local control. Opponents contend that 
the surgical procedures are made more diffi cult 
following radiation, healing is impaired, and over-
treatment of early stage patients occurs.

Preoperative Radiation Therapy

Neoadjuvant radiation alone effectively improves  �
local control (Grade A). Although neoadjuvant ra-
diation with a biologically effective dose >30 Gy 
provides signifi cant improvement in local failure 
(odds ratio =0.49) and cancer-specifi c survival 
(odds ratio =0.71) at 5 years, it does not improve 
overall survival or the rate of distant metasta-
sis (Level I) (Cammà et al. 2000; Colorectal 
 Cancer Collaborative Group 2001).
The Dutch Colorectal Cancer Group (CKVO 
95-04) compared short course, neoadjuvant ra-
diotherapy followed by TME to TME alone in 

1861 matched patients with clinically resectable 
disease. A total dose of 25 Gy in 5-Gy fractions 
was delivered over 5 days. Initial data at 2 years 
showed a decrease in local recurrence (8% vs. 
2%). This difference remained at 5 years, 5.6% in 
the RT+TME arm and 10.9% for TME alone. The 
greatest benefi t was seen in patients with mid-
rectal tumor, negative circumferential margins, 
and positive nodes. There was no benefi t in the 
RT+TME arm as compared to TME alone on over-
all survival, with 64.2% and 63.5%, respectively 
(Level II) (Kapiteijn et al. 2001; Peeters et al. 
2007).
The Swedish Rectal Cancer Trial randomized 1168 
patients with resectable, rectal cancers to 25 Gy in 
fi ve fractions preoperatively versus surgery alone. 
The 5-year recurrence rates for preoperative RT 
versus surgery alone were 12% and 27%, respec-
tively. An absolute overall survival benefi t of 10% 
favoring the preoperative RT arm was noted. This 
trial has been criticized for lacking TME in the 
surgery only arm, leading to the high failure rate 
(Level II) (Swedish Rectal Cancer Trial 1997; 
Dahlberg et al. 1999).

Pathologic Diagnosis of Rectal Cancer:
Biopsy, Proctoscopy, Colonoscopy

Clinical Staging:
H&P, Colonoscopy, EUS or pelvic MRI,

CT (chest/abdomen/pelvis)

Tis or Low

Risk T1

Metastatic

Disease

> T2 or Node

Positive

Local

Excision

CMT for Disease
Control & Palliation:

Consider metastectomy,

if limited disease

Neoadjuvant,
Concurrent CMT:

5-FU-based (weeks 1 & 5)

or RT (1.8 Gy/Fx to 45 Gy)

Surgery (TME)

Adjuvant
Chemotherapy:
4 cycles 5-FU-based

Follow-Up:
H&P, CEA level,

endoscopy

Fig. 16.1. Invasive Rectal Cancer treatment Algorithm
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The French Lyon R96-02 trial evaluated T2/T3, 
Nx, M0 rectal cancers encompassing less than 
two thirds of the rectum by comparing external-
beam radiotherapy (39 Gy in 13 fractions) to the 
same external beam dose plus a contact X-ray 
therapy boost to 85 Gy in three fractions. A total 
of 88 patients were randomized. An increase in 
the complete response rate was noted between 
the boost and no boost groups, with 24% ver-
sus 2%, respectively. Sphincter preservation was 
also signifi cantly improved in the boost arm (76% 
vs. 44%, p=0.004). Morbidity, survival, and lo-
cal control were similar (Level II) ( Gerard et al. 
2004).

Preoperative (Neoadjuvant) 
Chemoradiotherapy

As the specifi cs of combined-modality treatment  �
evolve, concurrent radiation with a fl uoropyrim-
idine-based chemotherapy regimen is generally 
recommended (Grade A). The effect of combined 
preoperative chemoradiation therapy has been 
demonstrated in a number of randomized trials: 
The EORTC 22921 trial evaluated neoadjuvant 
chemotherapy and radiation and the use of adju-
vant chemotherapy. In all, 1011 patients with re-
sectable T3 or T4 rectal cancer were randomized 
to preoperative radiation or chemotherapy, pre-
operative radiation and chemotherapy, preopera-
tive chemotherapy and radiation with postopera-
tive chemotherapy, or preoperative chemotherapy 
and postoperative chemotherapy. Radiotherapy 
consisted of 45 Gy over 5 weeks. Chemotherapy 
consisted of 5-FU/leucovorin (LV) for 5 days for 
two cycles of preoperative arms and an additional 
four cycles in the postoperative arms. The 5-year 
local recurrence rate in the arms receiving any 
chemotherapy was approximately 8.5%, while the 
arm receiving radiation alone was 17% (p=0.002). 
Overall survival was the same (EORTC 22921, 
Level I) (Bosset et al. 2006). 
The German Rectal Cancer Study Group evaluated 
preoperative versus postoperative chemotherapy 
and radiation. The trial randomized 823 patients 
with clinical T3, T4, or node-positive rectal can-
cer to preoperative radiation (50.4 Gy) with 120-h 
infusional 5-FU during weeks 1 and 5 of radiation 
followed by surgery and four cycles of postop-
erative 5-FU. The postoperative chemoradiation 
arm included an additional 5.4-Gy boost to the 
tumor bed. The 5-year overall survival remained 

the same in the two arms (75%), while local failure 
was higher in the postoperative than the preop-
erative arm, at 13% and 6%, respectively. Toxicity 
was also less in the preoperative arm (German 
Rectal Cancer Study Group, Level I) (Sauer et 
al. 2004). 
The French rectal cancer trial (FFCD 9203) com-
pared preoperative radiation with preoperative 
chemoradiation in 733 patients with T3/T4, Nx 
rectal cancer who were randomized to preop-
erative radiation (45 Gy over 5 weeks) with or 
without 5-FU/LV during the 1st and 5th weeks of 
radiation. All patients were treated with surgery 
and postoperative 5-FU/LV. At 5 years, the lo-
cal recurrence rate was lower in the chemoradia-
tion arm than in the radiation arm, with 8% and 
16%, respectively. Differences in overall survival 
and sphincter preservation were not signifi cant 
(FFCD 9203, Level I) (Gerard et al. 2006).
The use of oxaliplatin- and capecitabine-based  �
regimens is based on data extrapolated from co-
lon cancer trials. Clinical trials examining their 
use in rectal cancer are warranted.

16.2.4 Postoperative (Adjuvant) 
 Treatment

Postoperative Radiation Therapy

Postoperative radiation allows selection only of  �
patients with high-risk features who would ben-
efi t from adjuvant care. Drawbacks to adjuvant 
RT include hypoxia of the post-surgical tumor 
bed and increased small bowel in the pelvis re-
sulting in increased toxicity. 
Multiple trials have evaluated the timing of radia- �
tion in the treatment of rectal cancer. Preopera-
tive radiation shows higher levels of local control 
and less morbidity, especially when combined 
with chemotherapy (Grade A).
The Uppsala trial compared short-course preop-
erative radiation (25.5 Gy over 5 days) to con-
ventional fractionation postoperative treatment 
(60 Gy over 8 weeks). A total of 471 patients with 
resectable rectal cancer were randomized. Preop-
erative treatment was better tolerated. The local 
recurrence rate was signifi cantly lower after pre-
operative than after postoperative radiotherapy 
(12% versus 21%; p=0.02) (Level I) (Pahlman 
and Glimelius 1990).
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The NSABP R-03 and Intergroup 0147 trials were  �
designed to evaluate preoperative versus postop-
erative therapy, but both closed early due to poor 
accrual. The NSABP R-03 trial published prelimi-
nary 3-year data with 253 of the planned 900 pa-
tients that demonstrated improved survival and 
local control rates in the preoperative treatment 
arm. This was not statistically signifi cant (NSABP 
R-03/INT 0147, Level II) (Roh et al. 2004).
Local excision followed by adjuvant therapy has  �
been explored. Chakravarti et al. (1999) re-
ported long-term follow-up on 99 patients with 
transanal excision treated with and without ad-
juvant radiation. Of the 47 patients treated with 
adjuvant radiation, 26 also received concurrent 
5-FU. Rates for 5-year local control and disease-
free survival were 72% and 66%, respectively, 
for the local excision only group, and 90% and 
74%, respectively, for the adjuvant therapy group 
(Level IV).

Postoperative Chemotherapy

Based on subset analysis from randomized tri- �
als, select T3N0 patients with high rectal tumors 
and without adverse features may have adequate 
local control from surgery and may not benefi t 
from further local radiotherapy. This select group 
may be best treated with surgery and adjuvant 
chemotherapy (Grade C) (Level IV) (Gunderson 
et al. 2004).

Postoperative Chemoradiotherapy

The type of chemotherapy administered with  �
radiation remains 5-FU-based; 5-FU with or 
without LV appears to be equal in effi cacy, but 
bolus 5-FU demonstrated increased hematologic 
toxicity (Grade A). A sandwich-based regimen 
is recommended. This consists of two cycles of 
chemotherapy followed by concurrent chemora-
diation (weeks 1 and 5 of RT) and then two fi nal 
cycles of chemotherapy (Grade B). 
Two Intergroup Trials (0114 and 0144) evaluated 
a postoperative 5-FU-based regimens with adju-
vant radiation. Both had similar endpoints and 
results. Intergroup 0114 examined postoperative 
adjuvant chemotherapy and radiation therapy in 
1695 patients with T3/T4 and node-positive rec-
tal cancer following potentially surgery. Patients 
were treated by sandwich chemotherapy and ra-
diation, consisting of two cycles of chemotherapy 

followed by concurrent chemoradiation (45 Gy 
with a boost to 50.4–54 Gy) and followed by two 
fi nal cycles of chemotherapy. The chemotherapy 
regimens consisted of bolus 5-FU, 5-FU/LV, 5-FU 
and levamisole, and 5-FU, LV, and levamisole. No 
difference in overall survival (60%), disease-free 
survival (52%), and local control (14%) was found 
(INT 0114/INT 0144, Level I) (Tepper et al. 2002; 
Smalley et al. 2006). 
Krook et al. (1991) evaluated 204 patients with 
deeply invasive or node-positive rectal cancers 
treated with postoperative radiation (45–50.4 Gy) 
alone or in combination with 5-FU. Patients 
within the chemoradiation arm received one cy-
cle of 5-FU and semustine before and after radia-
tion. Results at a median follow-up of 7 years were 
reported. The combined modality arm showed 
signifi cant improvement in local control and can-
cer-specifi c death (Level I) Krook et al. 1991). 
The Gastrointestinal Tumor Study Group (GITSG) 
protocol GI-7175 evaluated 227 patients with As-
tler and Colle rectal cancer, randomized to ob-
servation, postoperative chemotherapy, postop-
erative radiotherapy, and combined radiotherapy 
and chemotherapy. Results of the study showed 
a signifi cant improvement in combined modality 
treatment over no adjuvant therapy for time to 
recurrence (p=0.005) and for survival (p=0.01) 
(Level I) (Thomas et al. 1988).

16.3 Treatment of Locally Advanced 
 Unresectable Rectal Cancer

16.3.1 General Principles

Current chemotherapy and radiation therapy  �
comprise the standard treatment for locally ad-
vanced and surgically unresectable rectal cancer 
(Grade A).
The role of surgery after combined modality ther- �
apy depends on the likelihood of obtaining clear 
margins and the patient’s willingness to undergo 
radical treatment.
Retrospective analysis of 55 patients treated at Me- �
morial Sloan-Kettering with pelvic exenteration 
showed that 70% of those treated were recurrent, 
while only 30% had primary colorectal cancer. 
Most had previous radiotherapy and had a previ-
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ous APR. In all, 49% received intraoperative radia-
tion at the time of resection, and median survival 
was 48 months (Level IV) (Jimenez et al. 2003).
Using intraoperative radiotherapy (IORT) at Me- �
morial Sloan-Kettering, 68 patients over a 4-year 
period were treated with neoadjuvant 5-FU/LV 
followed by surgery and IORT. High-dose-rate 
IORT consisted of a 10- to 20-Gy fraction deliv-
ered using the Harrison-Anderson-Mick applica-
tor. Median follow-up was 17.5 months. Of the 
minority of primary cases, 81% had local control 
at 2 years. For patients with recurrent disease, 
the 2-year local control rate was 63% (Level IV) 
(Harrison et al. 1998).

16.4 Radiation Therapy

16.4.1 Simulation and 
 Field Arrangement

A treatment-planning CT study is recommended  �
for defi ning gross tumor volume (GTV) and plan-
ning target volume (PTV) with the patient in the 
treatment position. 
Prone position on a belly board is preferred,  �
although patient mobility may demand supine. 
Patients should have a full bladder. Radiopaque 
markers should include anal, vaginal, and 
perineal skin. Oral and rectal contrasts delineate 
the small bowel and GTV. If present, the perineal 
scar should be wired. 
Photons of 10 MV or higher energy should be used  �
with a three- or four-fi eld box technique. Fig-
ure 16.2 details typical prone and supine three-
fi eld arrangements.
If using 2D technique, posterior-anterior borders  �
include L5–S1 superiorly, 5 cm below the GTV 
or the inferior aspect of the obturator foramen 
(whichever is more inferior) inferiorly, and 1.5 cm 
outside the pelvic inlet laterally. Lateral fi eld bor-
ders should be behind the sacrum posteriorly. 
The anterior border should be 4 cm anterior to the 
rectum; if T4, the border should be 4 cm anterior 
to gross disease or anterior to the pubic arch.
If using 3D conformal technique, the clinical tu- �
mor volume (CTV) should include GTV plus a 
2-cm margin and nodal drainage. At risk nodes 
include the presacral, pelvic mesentery, and in-

ternal iliac nodes. External iliac nodes may be 
included for T4 disease.
A boost fi eld should include the initial GTV plus  �
2 cm and the sacral hollow.
Intensity-modulated radiation therapy is begin- �
ning to be explored. Well-designed clinical trials 
are pending.

16.4.2 Dose and Fraction

Continuous course radiation is recommended  �
over split course therapy (Grade A). RTOG 81-15 
examined preoperative 5 Gy versus surgery alone. 
All patients with T3 or node-positive rectal cancer 
received postoperative RT to 45 Gy. At 5 years 
overall survival for both groups was 54%. Local 
recurrence was 26% for patients with preopera-
tive RT and 29% for those with no preoperative 
RT (Level I) (Sause et al. 1994).
Standard fractionation (1.8 Gy/day) up to 45– �
50.4 Gy is recommended for patients receiving 
chemoradiation either pre- or postoperatively 
(Grade A). If postoperative, an additional boost 
of 5.4–9 Gy is recommended depending on the 
whole pelvis dose and the amount of small bowel 
in the fi eld.
Hyperfractionated RT (between 1.2 Gy BID and  �
50.4 Gy) with neoadjuvant chemotherapy was ex-
amined by RTOG 00-12, but similar rates of down-
staging, tumor response, and toxicity compared 
to standard fractionation were found (Level I) 
(Mohiuddin et al. 2006).
Short-course, high-dose per fraction RT (25 Gy in  �
fi ve fractions) is viable as neoadjuvant therapy, as 
mentioned above; however, this regimen has not 
been evaluated with concurrent chemotherapy 
(Grade A).

16.4.3 Brachytherapy

Intraoperative, interstitial, and endocavitary  �
radiation improves local control in locally ad-
vanced and recurrent rectal cancers (Grade B). 
Doses of 10–20 Gy are generally delivered, with 
higher doses used for gross residual disease and 
patients unable to receive external-beam therapy 
(Level III) (Nuyttens et al. 2004) (Level IV) 
(Alektiar et al. 2000).
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Experience with intraoperative electron therapy  �
(IOERT) at Massachusetts General was reported by 
Nakfoor et al. (1998). They described 73 patients 
with locally advanced rectal cancer who received 
IOERT at surgery due to tumor adherence or re-
sidual disease. All patients received neoadjuvant 
RT, most with concurrent 5-FU. At 5 years, local 
control was associated with the extent of resection. 
Complete resection and IOERT yielded local con-
trol and disease-specifi c survival of 89% and 63%, 
respectively, and 65% and 32%, for the 28 patients 

undergoing IOERT for residual disease. The 5-year 
complication rate was 11% (Level IV).
Alektiar �  et al. (2000) described high-dose rate 
(HDR) intraoperative brachytherapy (IORT) for 
locally recurrent colorectal cancer at Memorial 
Sloan-Kettering. They reported on 74 patients 
treated with surgery and HDR-IORT (10–18 Gy). 
Less than 50% of the patients received additional 
external-beam RT or 5-FU-based chemotherapy. 
All patients received a complete gross resection, 
21 of whom had positive microscopic margins. 

Fig. 16.2. Standard 3-Field PA and Lateral Portals in the same patient simulated supine (Top Row) and prone on a belly 
board (Bottom Row). The GTV is contoured in green and small bowel is in yellow
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The dose of HDR-IORT ranged from 10 to 18 Gy. 
The 5-year local control and overall survival rates 
were 39% and 23%, respectively (Level IV).

16.4.4 Side Eff ects and Complications

Acute radiation-induced side effects and compli- �
cations are generally mild, but increased severity 
occurs with combined modality therapy.
Diarrhea is the most common complaint. Severe  �
diarrhea (Grade 3/4) was reported in 44% of pa-
tients treated with 5-FU-based chemotherapy 
concurrently in INT-0144 (Level I) (Smalley et 
al. 2006).
Incidence of death related to chemoradiation ther- �
apy was <1% as reported in the GITSG-7175, INT-
0114, and NSABP R-02 trials (Level I) ( Tepper et 
al. 2002; Thomas and Lindblad 1988; Wolmark 
et al. 2000).

16.5 Palliative Treatment of 
 Rectal Cancer

16.5.1 General Principles

Radiotherapy is frequently used to alleviate  �
symptoms of local and distant metastases. 
Rectal stenting of obstructing lesions can pro- �
vide relief for more than 9 months and have 
rates of migration <15% (Level III) (Stelzner 
2004).
Radiopharmaceuticals (samarium-153 and stron- �
tium-89) successfully relieve pain in patients with 
boney metastases active on bone scan (Grade A) 
(Level I) (Bauman et al. 2005).

16.5.2 Resectable Metastatic Disease

Surgical resection of limited metastatic disease  �
to the liver or lung improves survival. Poor 
prognostic indicators include the number, size, 
and laterality of metastases within the organ 
(Level IV) (Iizas et al. 2006; Abdalla et al. 
2004).

16.6 Follow-Ups

16.6.1 Post-Treatment Follow-Ups

Life-long follow-up after defi nitive treatment of  �
rectal cancer is indicated for detection of local 
or distant failures.
Local failure is a major cause of treatment failure,  �
and the rates of locoregional failure range from 
25% to 50% after defi nitive combined modality 
therapy, most occurring within the fi rst 3 years 
(Pfi ster et al. 2004).

Schedule

Follow-ups should be scheduled every 3–6 months  �
for 2 years, then every 6 months for 5 years, 
and annually thereafter (Table 16.4) (National 
 Comprehensive Cancer Network 2008).

Table 16.4. Follow-up schedule after treatment for rectal 
cancer

Interval Frequency

First 2 years Every 3–6 months

Years 3–5 Every 6 months

Over 5 years Annually

Work-Up �
Each follow-up should include a complete his- �
tory and physical examination. A CEA should be 
drawn every 3–7 months for 2 years, then every 
6 months for 5 years for lesions >T2 (Grade B) 
(National Comprehensive Cancer Network 
2008).
Colonoscopy should be performed 1 year follow- �
ing defi nitive treatment. If obstruction limited 
colonoscopy at the time of diagnosis, it should 
be done within 3–6 months following defi nitive 
treatment. Screening exams should be performed 
every 3–5 years thereafter if normal.
A proctoscopy is recommended every 6 months  �
for 5 years in patients treated with LAR to evalu-
ate for anastomotic recurrence.
Diagnostic imaging is warranted if symptomatic  �
or elevations in CEA are noted.
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Introduction and Objectives

Anal cancer is a rare type of gastrointestinal malignancy. Over 
80% of anal cancers are of squamous origin and arise from the 
squamous epithelium of the anal canal and perianal area. Re-
cent evidence has demonstrated that the incidence of squamous 
cell carcinoma of anal cancer increases in immunocompromised 
patients. Approximately 10% are adenocarcinoma arising from 
the glandular mucosa of the upper anal canal or anal glands. 
Other malignancies of the anal canal, such as melanoma, sar-
coma, and lymphoma, are exceedingly rare. Surgery has limited 
application in the treatment of squamous cell carcinoma of the 
anal canal. Radiation therapy plays a major role in the treat-
ment of anal cancer, and concurrent chemoradiation therapy 
is the standard treatment for most cases of locally advanced 
disease.

This chapter examines:

Diagnosis and staging procedures of squamous cell carci- �
noma or adenocarcinoma of the anal canal

Staging system and prognostic factors �

Recommendations for defi nitive treatment using radiation  �
therapy or concurrent chemoradiotherapy and supporting 
peer-reviewed clinical evidence

Techniques of radiation therapy for defi nitive treatment of  �
anal cancer

Defi nition of persistent and recurrent local disease, as well  �
as their treatment

Follow-up care and surveillance of survivors �

Tumors of the anal margin without involvement of the anal 
verge are classifi ed and treated as skin cancers, and are dis-
cussed in detail in Chapter 36. The management of the rare 
pathological types of anal malignancies, such as melanoma, 
soft-tissue sarcoma, and lymphoma, are also not addressed in 
this chapter.
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17.1 Diagnosis, Staging, and 
 Prognoses

17.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of anal carcinoma start  �
with a complete history and physical examination 
(H&P). Attention should be paid to anal cancer 
specifi c history, signs, and symptoms, including 
those associated with anal-receptive intercourse 
and HIV infection.
Thorough physical examination (including a  �
proctoscopy) should be performed to evaluate 
the extent of the primary disease and to exclude 
regional lymph node metastasis. Approximately 
10% of patients present with synchronous nodal 
metastasis in the inguinal area (Gerard et al. 
2001). Inguinal and femoral lymph nodes are 
commonly involved in locally advanced lesions 
of the anal canal below the dentate line.
For female patients, a thorough gynecologic ex- �
amination is indicated to evaluate the extent of 
the disease and screen for cervical cancer.

Pathology

Histological confi rmation of the diagnosis of anal  �
canal cancer is essential. Treatment strategy of 
the more commonly diagnosed squamous cell 
carcinoma is substantially different from those 
of adenocarcinoma, sarcoma, and melanoma.
Tissue for pathology diagnosis can be obtained via  �
biopsy of the primary tumor under proctoscopy. 
Fine-needle biopsy or simple excision of enlarged 
groin lymph nodes is recommended (Wolfe and 
Bussey 1968). Formal lymph node dissection 
should not be performed in the initial evaluation 
of suspicious nodes in the inguinal area.

Imaging Studies

MRI or CT of the pelvis and abdomen is the most  �
important imaging study for evaluating the ex-
tent of local disease.
Transanal ultrasound may be helpful to identify  �
the depth of tumor penetration and visualize 
perirectal nodes (Tarantino and Bernstein 
2002).

PET/CT scan can be recommended for evaluat- �
ing pelvis lymph nodes and diagnosis of distant 
metastasis (Grade B). Neither CT nor MRI is reli-
able for detecting metastasis to internal iliac and 
superior hemorrhoidal lymph nodes, as approxi-
mately 50% of the involved nodes are <0.5 cm 
(Wade et al. 1989). FDG-PET has been shown 
to be more sensitive for detecting abnormal in-
guinal lymph nodes than conventional CT and 
physical examination (Level III) (Cotter et al. 
2006; Trautmann and Zuger 2005).
Chest X-ray is usually adequate to rule out lung  �
metastasis, and liver metastasis can be evaluated 
by CT or MRI of the abdomen. Distant metastases 
occur in approximately 10% of cases. The most 
common sites of distant metastasis include liver 
and lung (Myerson et al. 1997).
Bone scan is not routinely recommended except  �
in cases with elevated alkaline phosphatase and 
symptoms indicating bone metastasis.

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic blood chemistry, liver, and re-
nal function tests.
HIV test and CD4 counts are recommended in  �
patients who have a high risk of HIV infection, 
including homosexual males (Grade B). Patients 
with HIV infection experience more severe side 
effects and complications to chemotherapy and 
radiation therapy (Level IV) (Hoffman et al. 
1999; Kim et al. 2001; Place et al. 2001; Stadler 
et al. 2004; Wexler et al. 2007) (Table 17.1).

Table 17.1. Imaging and laboratory work-ups for anal canal 
cancer

Imaging studies Laboratory tests

– MRI or CT of pelvis and 
   abdomen
– Chest X-ray
– FDG-PET or PET/CT scan
– Transanal ultrasound 
   (optional)
– Bone scan (optional)

– Complete blood count
– Serum chemistry
– Liver function tests 
– Renal function tests
– Alkaline phosphatase
– HIV and CD4  
   (optional)

17.1.2 Staging

Anal cancer is usually staged clinically as surgery  �
has a limited role in the defi nitive treatment of 
anal cancer. Clinical staging utilizes information 
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from physical examination (including proctos-
copy), imaging studies, and laboratory tests.
The most commonly utilized staging system for  �
anal cancer is the Tumor Node Metastasis (TNM) 
staging system of the American Joint Committee 
on Cancer (AJCC) and UICC. The TNM staging 
system is based on tumor size, invasion of adja-
cent structures, status of regional lymph nodes, 
and status of distant metastases (Table 17.2) 
(Greene et al. 2002).

17.1.3 Prognostic Factors

The presenting stage of the disease (including the  �
size and extent of the primary tumor, extent of 
nodal involvement, and status of distant metasta-
sis) is the most important prognostic factor for anal 
cancer (Cummings 2001; Greene et al. 2002).
When all other factors are equal, male gender,  �
advanced age (65 years or above), and poor per-
formance status before treatment are associated 
with poor outcome after defi nitive treatment 
(Level IV) (Bartelink et al. 1997; Gerard et al. 
1999; Peiffert et al. 1997).
Prognosis of different subtypes of squamous cell  �
carcinoma (keratinizing or non-keratinizing sub-
types) is similar. However, patients with well-dif-
ferentiated disease have more favorable prognosis 
as compared to those with poorly differentiated 
disease: the 5-year overall survival rates were 75% 
versus 25%, respectively (Level IV) (Goldman et 
al. 1987).
Side effects and complications of radiation  �
therapy and chemotherapy are more prominent 
in patients with HIV infection and AIDS, espe-
cially when the CD4 count is <200 μl (Level IV) 
( Hoffman et al. 1999; Kim et al. 2001; Place et al. 
2001; Stadler et al. 2004; Wexler et al. 2007).

17.2 Treatment of Anal Canal Cancer

17.2.1 General Principles

Concurrent chemotherapy with radiation ther- �
apy is recommended for the defi nitive treatment 
of anal canal cancer (Grade A), except for stage 

Table 17.2. American Joint Committee on Cancer (AJCC) 
TNM staging system for anal cancer. [From Greene et al. 
(2002) with permission]

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor 2 cm or less in greatest dimension

T2 Tumor more than 2 cm, but not more than 5 cm in 
greatest dimension

T3 Tumor more than 5 cm in greatest dimension

T4 Tumor of any size invades adjacent organ(s), e.g., 
vagina, urethra, bladder a

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis b

N1 Metastasis in perirectal lymph node(s)

N2 Metastasis in unilateral internal iliac and/or
inguinal lymph node(s)

N3 Metastasis in perirectal and inguinal lymph nodes 
and/or bilateral internal iliac
and/or bilateral internal iliac 
and/or inguinal lymph nodes

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

S TAG E G ROU PI NG

0: Tis N0 M0

I: T1 N0 M0

II: T2 N0 M0,  T3 N0 M0

IIIA: T1 N1 M0,  T2 N1 M0,  T3 N1 M0,  T4 N0 M0

IIIB: T4 N1 M0,  Any T N2 M0,  Any T N3 M0

IV: Any T Any N M1

Histologic grade (G)

GX Grade can not be assessed

G1 Well differentiated

G2 Moderately differentiated

G3 Poorly differentiated

G4 Undifferentiated

a Direct invasion of the rectal wall, perirectal skin, subcutane-
ous tissue, or the sphincter muscle(s) is not classifi ed as T4.
b Regional lymph nodes for the anal canal include inguinal, 
perirectal, and internal iliac lymph nodes. Metastasis to 
other pelvic lymph nodes, including the rectosigmoid, exter-
nal iliac, and common iliac, or paraaortic lymph nodes, is 
classifi ed as distant metastasis

LuBrady-BOOK.indb   259 13.08.2008   14:01:43



260 Q. Zhang and A. A. Abitbol

T1N0M0 disease, which can be treated with radia-
tion therapy alone.
Currently there is no evidence to support the use  �
of neoadjuvant and adjuvant chemotherapy in ad-
dition to concurrent chemoradiotherapy.
Surgery as a modality for defi nitive therapy is  �
usually reserved for selected patients with well-
differentiated early-stage (i.e., well-differentiated 
T1N0M0) squamous cell carcinoma. Abdominal 
peritoneal resection is reserved for salvage after 
primary chemoradiotherapy failure (Fig. 17.1).

17.2.2 Combined Radiation Therapy 
 and Chemotherapy

Radiation therapy with current chemotherapy is  �
the standard treatment for locally advanced (all 
non-metastatic cases except for T1N0M0) anal ca-
nal cancer (Grade A). It has been confi rmed that 
patients who received combined chemotherapy 
and external-beam radiotherapy had signifi cantly 
improved local control rates as compared to those 
who received radiation only. Complete response 

Fig. 17.1a–d. Examples of acceptable AP/PA fi elds for N0 or N+ patients. The pelvis, anus, perineum and inguinal lymph 
nodes are treated with AP-PA technique to include lateral inguinal nodes within AP/lateral fi elds but not PA fi eld. Patient 
lies supine with a full bladder. Superior border reduced at 30.6 Gy to the level of sacroiliac joint

a b

c d
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has been observed in 80%–90% of patients with 
squamous cell carcinoma of the anal canal after 
concurrent chemoradiotherapy, and both local con-
trol and overall survival rates approached 90%.
In a prospective randomized phase III trial con-
ducted by the UK Coordinating Committee on 
Cancer Research, a total of 585 patients were ran-
domized to receive either radiation therapy alone 
(45 Gy in 20 or 25 fractions over 4–5 weeks) or 
the same regimen of radiotherapy in combination 
with 5-FU and mitomycin. The results indicated 
that the addition of chemotherapy gave a reduc-
tion of 46% in the risk of local failure in the pa-
tients receiving combined treatment (p<0.0001). 
Local control rates were 59% versus 36%, respec-
tively, for patients who received chemoradiother-
apy or radiation only. However, the benefi t of che-
motherapy on overall survival was not observed 
(UKCCCR, Level I) (UKCCCR 1996).
Similar results were observed in a prospective 
randomized study from European Organization 
for Research and Treatment of cancer (EORTC): 
101 patients with T3-4NO-3 or T1-2N1-3 anal 
cancer were randomized to receive either radia-
tion therapy alone (45 Gy at 1.8 Gy per day over 
5 weeks) or the same regimen of radiotherapy in 
combination with 5-FU and mitomycin. Patients 
who achieved partial or complete response after a 
rest of 6 weeks were treated with a radiation boost 
to 20 Gy or 15 Gy, respectively, and non-respond-
ers received surgical resection. The addition of 
chemotherapy to radiotherapy resulted in a sig-
nifi cant increase in the complete remission rate 
from 54% for radiotherapy alone to 80% for com-
bined treatment. The 5-year locoregional control 
and colostomy-free survival rates were 68% ver-
sus 50%, and 72% versus 40%, respectively, both 
in favor of the combined chemoradiation therapy. 
Again, no benefi t of overall survival was observed 
(EORTC, Level I) (Bartelink et al. 1997).

Chemotherapy Regimens

Two cycles of concurrent chemotherapy (continu- �
ous infusion 5-FU of 1000 mg/m2 days 1–4 plus 
mitomycin-C of 10 mg/m2 bolus on day 1 given in 
week 1 and 5) and radiation therapy are currently 
the standard treatment regimen for anal canal 
cancer (Grade A). 
A prospective randomized trial from Radiation 
Therapy Oncology Group (RTOG) studied the ne-
cessity of mitomycin-C in the combined chemo-

radiation regimen. Patients were randomized to 
receive  either radiotherapy (45–50.4 Gy to pelvis) 
plus concurrent 5-FU, or concurrently with 5-FU 
and mitomycin-C. At 6 weeks of follow-up, pa-
tients with residual tumor on post-treatment bi-
opsy were treated with additional radiation to the 
pelvis (9 Gy) plus concurrent chemotherapy (5-
FU and cisplatin) for salvage. The results showed 
that although toxicity was signifi cantly higher in 
patients who received mitomycin-C, colostomy 
rates (9% vs. 22%; p=0.002), colostomy-free sur-
vival rates (71% vs. 59%; p=0.014), and disease-
free survival rates (73% vs. 51%; p=0.0003) were 
signifi cantly improved with the addition mitomy-
cin-C at 4 years. However, a signifi cant difference 
in overall survival was not observed. (RTOG 87-
04, Level I) (Flam et al. 1996).
Currently, there is no evidence to support the  �
use of other chemotherapy combinations as the 
standard regimen in place of 5-FU and mito-
mycin-C. An Intergroup phase III randomized 
trial compared the effects of the standard 5-FU/
mitomycin-C regimen to 5-FU/cisplatin (two 
cycles for induction therapy and two cycles of 
concurrent treatment) with radiation therapy. 
No signifi cant differences were observed in the 
preliminary analyses at 5 years: the estimated 
disease-free survival and colostomy rates were 
56% versus 48% and 10% versus 20%, respec-
tively. The overall survival rate was 69% in both 
groups. However, grade 3 and 4 hematologic 
toxicity was signifi cantly higher in the group 
treated with 5 FU and mitomycin-C (47% versus 
67%) (RTOG 98-11, Level I) (Ajani et al. 2006).

Neoadjuvant and Adjuvant Chemotherapy

Neoadjuvant chemotherapy is not recommended  �
for anal canal cancer, including locally advanced 
(T3, T4, or N+) disease (Grade C). Approximately 
50% of patients with T3 or T4 disease will require 
salvage surgery. Neoadjuvant chemotherapy has 
been shown to be effi cacious in approximately 
65% of patients in terms of clinical response. How-
ever, the advantage of neoadjuvant chemotherapy 
plus concurrent chemoradiation in comparing 
with standard concurrent radiation therapy and 
5-FU/mitomycin-C has not been confi rmed. 
In a prospective phase II trial conducted by 
CALGB, 45 patients with T3, T4, or N2/N3 anal 
canal cancer were treated with two cycles of in-
fusional 5-FU/cisplatin prior to the standard con-
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current chemoradiation regimen. Complete and 
partial response rates were 18% and 47%, respec-
tively, after induction chemotherapy. At 4 years of 
follow-up, the overall and disease-free survival 
rates were 68% and 61%, respectively. The colos-
tomy- and disease-free survival rate were 50% 
(CALGB 92-81, Level III) (Meropol et al. 1999).
In addition, the above-mentioned prospective 
randomized phase III trial (RTOG 98-11) com-
pared the effects of the concurrent radiation and 
5-FU/mitomycin-C to two cycles of neoadjuvant 
5-FU/cisplatin chemotherapy followed by con-
current chemoradiation (using 5-FU/cisplatin). 
There were no signifi cant differences observed 
in terms of estimated overall, disease-free sur-
vival and colostomy rates at 5 years (RTOG 98-11, 
Level I) (Ajani et al. 2006).
Currently, there is no evidence to support the use  �
of adjuvant chemotherapy after the completion 
of defi nitive concurrent radiation therapy and 
chemotherapy using a 5-FU and mitomycin-C 
regimen (Grade D). 

17.2.3 Radiation Therapy

External-Beam Radiation Therapy Techniques

Patients should be treated with equipment with  �
photon energy of 6 MV or greater for pelvic ir-
radiation.
CT-based planning is recommended ( � Grade B). 
Three-dimensional conformal radiation ther-
apy and intensity-modulated radiation therapy 
(IMRT) have been shown to reduce treatment-
induced toxicity in retrospective series (Level IV) 
(Milano et al. 2005; Salama et al. 2007; Vuong 
et al. 2007).
Various treatment techniques of conventional ra- �
diation therapy exist for anal cancer treatment, 
including AP/PA technique, four-fi eld technique, 
and prone three-fi eld technique (PA and two 
lateral fi elds). The more commonly used AP/PA 
technique is presented here.

Simulation and Field Arrangements

Patients are simulated in supine position with  �
the bladder fi lled (to minimize the volume of 
small bowel in the radiation fi eld) using the AP/
PA technique. 

Enlarged inguinal lymph nodes and anal verge (or  �
inferior extent of the tumor, whichever is lower) 
should be outlined with wire for identifi cation 
during simulation or on planning CT. 
The borders of the initial pelvic fi eld (for the fi rst  �
30.6 Gy) are as follows: – Superiorly at L5/S1 to 
include the common iliac, upper presacral, and 
rectosigmoid nodes. – Inferiorly at 3 cm below 
the anal verge or the inferior margin of the tu-
mor (whichever is lower) (Fig. 17.1a). – Laterally 
to include lateral inguinal nodes as determined 
by bony landmarks or lymphangiogram for the 
anterior fi eld (Fig. 17.2) (Level III) (Wang et al. 
1996). – Laterally at 1.5 cm lateral to the widest 
bony margin of the true pelvis for the posterior 
fi eld (not to include the lateral inguinal region) 
(Fig. 17.1b)
After the initial 30.6 Gy, the superior border is  �
lowered to the inlet of the true pelvis at the bot-
tom of the sacroiliac joints for the remaining 
14.4 Gy to encompass the internal iliac, perirectal, 
and lower presacral nodes (Figs. 17.1c,d).
Supplementary radiation using anterior electron  �
fi elds to the lateral inguinal region matched with 
the exit PA fi eld is required to bring the dose of 

Fig. 17.2. Topographic distribution of inguinal lymph 
node metastases in patients with carcinoma of the anus and 
low rectum (circles, n=50), vulva vagina-cervix (triangles, 
n=17), and urethra (squares, n=17). The fi eld arrangement 
described provided adequate coverage of 86% of all inguinal 
lymph nodes (Level III). (Reprinted from Wang et al. (1996) 
with permission) 
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the inguinal nodal region to 36 Gy for clinically 
N0 disease or 45 Gy for N+ disease. 
The depth of prescription for electron fi elds 
should be determined by CT scan (Grade B). The 
depth of the femoral vessel ranged from 2.0 to 
18.5 cm in one study (Level IV) (Koh et al. 1993).
Boost fi eld encompassing the primary tumor (and  �
involved inguinal lymph nodes) plus a 2- to 3-cm 
margin to 9 Gy can be offered to patients with 
T3, T4, and N+ diseases after 45 Gy to the pelvis 
(Fig. 17.3) (Grade D).
The boost treatment for patients with biopsy- �
proven residual disease at 6 weeks after initial 
treatment of 45 Gy (concurrent with 5-FU/cispla-
tin) as described in the RTOG 87-40 protocol is 
optional (Grade D).
Conformal technique is recommended to reduce  �
normal tissues toxicities with favorable treatment 
response (Grade B). In a group of 62 anal cancer 
patients prospectively treated with 3D conformal 
radiation therapy, patients were able to complete 
radiation and chemotherapy without interrup-
tion for toxicity, and the local control, freedom 
from relapse, and overall survival rates were im-
proved (Level IV) (Vuong et al. 2007).

Intensity-Modulated Radiation Therapy (IMRT)

IMRT is another option to protect normal tissues  �
and deliver an entire course of radiation dose in a 

Fig. 17.3. Optional boost fi eld for patients with T3, T4, and 
N+ disease after 45 Gy

Fig. 17.4. Intensity-modulated Radiation Therapy (IMRT). 
The planned target volume (PTV) included the gross tumor 
volume, clinical tumor volume (encompassing both the in-
guinal and pelvis lymph nodes) in a single phase treatment

single phase of treatment. IMRT has been shown 
to be effective in the treatment of anal cancer and 
associated with reduced toxicity, thus less treat-
ment break, when used with concurrent chemo-
therapy (Level IV) (Milano et al. 2005; Salama 
et al. 2007).
Treatment plan should include anorectum and  �
primary disease with a margin, posterior pel-
vic, internal iliac, and inguinal lymph nodes 
(Fig. 17.4).

Dose and Fractionation

External-beam radiation should be delivered as  �
a continuous course at 1.8–2.0 Gy per daily frac-
tion.
Split course of radiation should not be rou- �
tinely used in the defi nitive treatment of anal 
cancer (Grade B). Treatment break is often nec-
essary for skin intolerance; however, the entire 
course of radiation should be completed within 
5–6.5 weeks, and break of treatment for skin 
intolerance should not exceed 10 days in total. 
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Results from a retrospective study of 90 patients 
treated with chemotherapy and radiation with 
various lengths of gap revealed that gaps longer 
than 5 weeks correlated with poorer locoregional 
control with especially unsatisfactory results ob-
served in younger patients ( 65 years) (Level IV) 
(Weber et al. 2001). In addition, increases in ra-
diotherapy dose to 59.4 Gy given in split-course 
with conventional chemotherapy regimens were 
not associated with improved local control, ac-
cording to a phase II trial (RTOG 92-08, Level III) 
(John et al. 1996).

Side Eff ects, Complications, and 
Dose Limiting Structures

Commonly observed acute effects caused by  �
radiotherapy, especially with concurrent che-
motherapy, include skin toxicity, reduced blood 
count, fatigue, and gastrointestinal and urinary 
toxicities. Most of the symptoms are self-limited; 
however, intervention is usually required for skin 
reactions induced by treatment.
Dose limitation structures of anal cancer radia- �
tion therapy include the bladder, rectum, bone 
(femoral head and neck), and small bowel. At-
tention should be paid to limit the amount of 
small bowel in the treatment fi eld. Radiation 
dose to the bladder should be limited to 65 Gy, 
the dose to the femoral head and neck should be 
limited to 42 Gy, and the dose to the small bowel 
should be limited to 45 Gy (Level IV) (Emami 
et al. 1991).
Commonly diagnosed late side effects include an- �
orectal urgency, rectal bleeding, and impotence 
(Level IV) (Allal et al. 1999; Vordermark et 
al. 1999).
For patients with HIV infection, especially those  �
with CD4 count less than 200/μl, highly active 
antiretroviral therapy is recommended for the 
treatment of HIV infection, and reduced radia-
tion fi eld and/or lower dose may be considered 
(Grade B). Results of numerous retrospective 
studies confi rmed that signifi cant toxicity (es-
pecially hematologic toxicities) is usually seen 
with standard treatment regimens for anal can-
cer in patients with low CD4 count (Level IV) 
( Hoffman et al. 1999; Kim et al. 2001; Place 
et al. 2001; Stadler et al. 2004; Wexler et al. 
2007). However, outcome after defi nitive com-
bined treatment for HIV-related anal squamous-
cell carcinoma with highly active antiretroviral 

therapy seems to be comparable to the outcome 
in patients without HIV infection (Level IV) 
(Blazy et al. 2005; Hoffman et al. 1999;  Wexler 
et al. 2007).

Brachytherapy

Brachytherapy is not routinely indicated in the  �
defi nitive treatment of squamous cell carcinoma 
of the anal canal (Grade C). Results of a collab-
orative study (retrospective) from France and 
numerous retrospective studies have shown that 
the local control rates after brachytherapy follow-
ing conventionally dosed external beam radiation 
ranged between 70% and 90% for squamous cell 
carcinoma of the anal canal (Level IV) (Bruna 
et al. 2006; Gerard et al. 1999; Kapp et al. 2001). 
Substantial improvement in local control disease-
free survival rates has not been documented; 
however, brachytherapy-associated anal necrosis 
was observed at an average rate of 10%.

17.2.4 Surgery

The role of surgery is limited in the defi nitive  �
treatment of anal canal cancer.
Abdominal perineal resection (APR) is reserved  �
for salvage treatment for irradiated patients who 
develop locoregional recurrence or persistent 
disease (Grade B). The long-term overall survival 
rate for patients who failed primary chemora-
diation treated with potentially curative salvage 
surgery ranged between 30% and 50% in vari-
ous retrospective series (Level IV) (Akbari et al. 
2004; Longo et al. 1994; Renehan et al. 2005).
The utilization of local excision is limited to  �
highly selected patients with well-differentiated, 
small primary disease (T1 N0 M0) and should not 
be routinely recommended (Grade C). In a ret-
rospective study from the Mayo Clinic, a subset 
of 12 cases with limited disease was treated with 
local excision. The overall survival for this group 
of patients reached 100%, and only one patient 
developed local recurrence (Level V) (Boman 
et al. 1984). However, results of a smaller series 
of cases with limited anal canal cancer measur-
ing 2 cm or less in diameter showed that long-
term survival was observed in only three of the 
eight reported cases treated with local excision 
(Level V) (Greenall et al. 1985).
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17.3 Follow-Up

17.3.1 Post-Treatment Follow-Up

Life-long follow-up is required for all patients with  �
anal canal cancer treated with curative intent. 

Schedule

Follow-up every 2 months initially in the first  �
2 years, every 6 months thereafter through 

year 5, then annually thereafter can be sched-
uled (Grade D). Most recurrences occur within 
3 years after the completion of treatment 
 (Table 17.3).

Work-Up

Each follow-up examination should include a  �
complete history and physical examination, in-
cluding a digital examination (DRE) and proc-
toscopy. Attention should be paid to the extent of 
the disease on each examination.

Pathologic Diagnosis of Squamous 
Cell Carcinoma

or Adenocarecioma of Anus

Clinical Staging
Complete H&P

Laboratory tests
(CBC, serum chemistry, liver/real function tests,

HIV serology [optional])

Imaging studies
(CT of chest/abdomen, Chest X-ray,

and/or  FDG-PET)

Stage I Stage II to IIIB Stage IV

Defi nitive Radiation Therapy
Total dose of 45 Gy at 1.8 Gy per daily 

fraction, over 25 days to the pelvis and 

inguinal nodes

+

Boost to primary disease to 9 Gy

Concurrent Chemotherapy and
Radiation Therapy

Total dose of 45 Gy at 1.8 Gy per daily faction, 

over 25 days to the pelvis and inguinal nodes 

(shrinking technique) with optional 9 Gy boost 

to shrinking fi eld technique primary in T3, T4 and 

N+ diseases

+

5-FU 1000 mg/m2/24 hour day 1–4 and 29–32, 

and mitomycin-C at 10 mg/m2 on days 1 and 29

Palliative Chemotherapy and
Radiation Therapy

Follow-Up
Every 3 months for 2 years, then ervery 6 months 

for 3 more years, then annually there after
(H&P including digital rectal examination.

Biopsy for progressive disease or persistent disease 

> 3 months after curative treatment only)

Fig. 17.5. A proposed algorithm for the management of squamous cell carcinoma or adenocarcinoma of the anus
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Biopsy of the residual disease and salvage treat- �
ment are not recommended for tumors continu-
ing to decrease in size. Biopsy can be considered 
for stable residual tumor at 3 months after the 
completion of treatment and is indicated if a tu-
mor progresses or recurrence after complete re-
sponse is noticed (Grade B).
Biopsy results from patients who received com-
bined chemoradiation and “salvage” chemoradi-
ation (9 Gy with concurrent 5-FU/cisplatin) from 
the RTOG 87-04 study revealed that more than 
50% of patients can achieve pathologic complete 
response at 6 weeks after treatment. (Flam et al. 
1996). However, slow regression is common after 
combined treatment, and complete response may 
take up to 12 months to achieve (Level III and IV) 
(Cummings et al. 1991; Nigro 1984).
Imaging studies (CT scan of abdomen and pelvis  �
and FDG-PET) are recommended for progres-
sive disease discovered on DRE or proctoscopy 
(Grade B) (National Comprehensive Cancer 
Network 2008). 
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Introduction and Objectives

Renal cell carcinoma (RCC) is the most commonly diagnosed ma-
lignancy of the kidney and accounts for approximately 3% of new 
cancer cases. Surgical resection is the primary treatment for local-
ized renal cell carcinoma, and adjuvant treatment is usually not 
indicated in the majority of patients after complete resection. 
Transitional cell carcinoma (TCC) is the most common histological 
type of cancer of renal pelvis and ureter origin. Synchronous or me-
tachronous involvement of multiple sites of the upper urinary tract 
is commonly observed, and it frequently metastasizes to regional 
lymph nodes, especially in high-grade diseases. The management of 
TCC of the renal pelvis and ureter diff ers signifi cantly from renal cell 
carcinoma and usually involves a multi-modality approach. 

This chapter examines:

Recommendations for diagnosis and staging procedures for both  �
renal cell carcinoma and TCC of the renal pelvis and ureter

The staging systems and prognostic factors �
Unimodal and multimodal regimens based on surgery, radia- �
tion therapy, and/or chemotherapy for renal cell carcinoma 
and TCC of the upper urinary tract

Techniques of radiation therapy for adjuvant treatment of  �
renal cell carcinoma, as well as defi nitive and adjuvant treat-
ment of TCC of the renal pelvis and ureter

Follow-up care and surveillance of survivors �

18.1 Diagnosis, Staging, and 
 Prognoses

18.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of carcinoma of the up- �
per urinary tract start with a complete patient 
history and physical examination (H&P). Atten-
tion should be paid to signs and symptoms spe-
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cifi c to renal cell carcinoma, including gross or 
microscopic hematuria, palpable mass, and fl ank 
pain (the triad of symptoms that occurs in ap-
proximately 10% of cases), and to metastatic dis-
ease. Symptoms commonly observed with cancer 
of the renal pelvis and ureter include dysuria, he-
maturia, fl ank pain, and a palpable mass caused 
by hydronephrosis. 
History of cigarette smoking and exposure to  �
phenacetin-containing analgesics, heavy metals, 
and asbestos is relevant to renal cell carcinoma 
and should be recorded. 
Renal cell carcinoma is associated with paraneo- �
plastic syndromes, including hypertension, ane-
mia, hypercalcemia, liver dysfunction, and fever 
(Sufrin et al. 1989).

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic blood chemistry, liver and re-
nal function tests, lactate dehydrogenase (LDH), 
and urinalysis.

Imaging Studies

CT scan or MRI of the abdomen and pelvis is  �
required for staging and metastatic workup for 
renal cell carcinoma, as well as lesions of the renal 
pelvis and ureter (Johnson et al. 1987; Semelka 
et al. 1993). For transitional cell carcinoma of the 
renal pelvis or ureter, multifocal lesions should 
be excluded.
Intravenous pyelogram (IVP) is recommended for  �
evaluation of tumor mass and organ function.
Ultrasound with color-fl ow Doppler is helpful to  �
identify the tumor thrombus in the renal vein or 
inferior vena (McClennan 1991).
The most common sites of distant metastasis include  �
the lung, bone, and liver. Chest X-ray or CT of the 

thorax is indicated to rule out lung metastasis. Liver 
metastasis can be evaluated by CT or MRI of the ab-
domen. Skeletal metastasis occurs in approximately 
25%–50% of patients with renal cell cancer, and 
bone scan should be performed to rule out skeletal 
metastasis (Althausen et al. 1997) (Table 18.1).
FDG-PET can be used for detecting and staging  �
of metastatic renal cell carcinoma, but its applica-
tion in evaluating the primary tumor extension 
is limited (Martinez et al. 2007; Ramdave et 
al. 2001).

Pathology

Histological diagnosis of upper urinary tract  �
cancer is essential. Histological differentiation is 
signifi cantly associated with prognosis in renal 
cell carcinoma, transitional cell carcinoma of the 
renal pelvis, as well as ureteral cancer (Cozad 
et al. 1995; Hall et al. 1998; Huben et al. 1988; 
Zhang et al. 2008).
Tissue for pathologic diagnosis can be obtained  �
via urine cytology, transurethral biopsy of the 
suspicious tumor under cystourethroscopy and 
urethrography, or from metastatic lesions.
Pathologic confi rmation is often made at the time  �
of curative surgery.

18.1.2 Staging

Renal cell carcinoma is staged both clinically and  �
pathologically. Clinical staging relies on results 
from physical examination, laboratory tests, and 
imaging studies. Pathologic confi rmation of the 
extent of the disease from resected specimen 
(kidney including primary tumor, Gerota’s fascia, 
perinephric fat, renal vein, and regional lymph 
node) is recommended. 
For renal cell carcinoma, the American Joint  �
Committee on Cancer (AJCC) Staging Classifi ca-
tion (Table 18.2) is currently the most commonly 
used staging system (Greene et al. 2002). The 
AJCC staging system is preferred over the histori-
cally used Robson’s modifi cation of the Flock and 
Kadesky staging system for renal cell carcinoma, 
as it more clearly describes the primary and re-
gional tumor extent (Sokoloff et al. 1996).
For cancers of the renal pelvis and ureter, clinical  �
staging relies on results of physical examination, 
imaging studies, and laboratory tests. Pathologic 

Table 18.1. Imaging and laboratory work-ups for upper uri-
nary tract cancer

Imaging studies Laboratory tests

– CT or MRI of abdomen and 
   pelvis
– Intravenous pyelogram (IVP)
– Chest X-ray or CT of the thorax
– Bone scan
– Ultrasound with color-fl ow 
   Doppler (optional)
– FDG-PET or PET/CT (optional)

– Complete blood count
– Serum chemistry
– Liver and renal 
   function tests
– Lactate dehydrogenase 
   (LDH)
– Urine analysis

LuBrady-BOOK.indb   272 13.08.2008   14:01:53



  Kidney and Ureter Cancers 273

staging depends on histological examination of 
the extent of tumor invasion.
Both the AJCC Staging Classifi cation (Table 18.3)  �
and the Jewett-Strong classifi cation (originally 
developed for transitional carcinoma of the blad-
der) are used for cancer of the renal pelvis and 
ureter (Greene et al. 2002).

18.1.3 Prognostic Factors

Renal Cell Carcinoma

Presenting stage and histological differentiation  �
(tumor grade) are the most important prognostic 
factors in renal cell carcinoma and cancers of the 
renal pelvis or ureter. The estimated 5-year over-
all survival rates for renal cell carcinoma are 95%, 
82%, 65%, and 25%, respectively, for stage I–IV 
disease (DeVita et al. 2004). The locoregional 
treatment failure rates for early stage and low 
grade cancer of the renal pelvis or ureter are less 
than 15%, and those of locally advanced or higher 
grade are more than tripled (Cozad et al. 1995).
Presence of tumor thrombus on the level of the  �
renal vein or inferior vena cava is associated with 
higher tumor grade and stage, and is associated 
with increased likelihood for distant metastases. 
In addition, completeness of surgery is prognosti-
cally important. The risk of local failure is only 
5% after complete resection with radical nephre-
ctomy (Rabinovitch et al. 1994).

Cancer of the Renal Pelvis and Ureter

The stage at presentation and histological differ- �
entiation (tumor grade) are the most important 
prognostic factors for cancers of the renal pel-
vis and ureter: The average 5-year overall sur-
vival rates were >60% for stage I and II, 33% for 
stage III, and <15% for stage IV diseases, respec-
tively. Those for grade I, II, III, and IV diseases 
were 85%, 60%, 30%, and <15%, respectively.
The number of lesions in multifocal disease, DNA  �
pattern (i.e., heteroploid), and hypermethylation 
of the promoter region of patients may be ad-
versely related to long-term prognosis (Corrado 
et al. 1992).
The location of primary tumor may be of prog- �
nostic signifi cance in locally advanced disease 
(Level IV) (Wu et al. 2007).

Table 18.2. American Joint Committee on Cancer (AJCC) 
TNM classifi cation of renal cell carcinoma. [From Greene 
et al. (2002) with permission]

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Tumor 7 cm or less in greatest dimension, 
limited to the kidney

T1a Tumor 4 cm or less in greatest dimension, 
limited to the kidney

T1b Tumor more than 4 cm, but not more than 7 cm 
in greatest dimension, limited to the kidney

T2 Tumor more than 7 cm in greatest dimension, 
limited to the kidney

T3 Tumor extends into major veins or 
invades adrenal gland or perinephric tissues, 
but not beyond Gerota’s fascia

T3a Tumor directly invades adrenal gland or 
perirenal and/or renal sinus fat but not beyond 
Gerota’s fascia

T3b Tumor grossly extends into the renal vein or its 
segmental (muscle-containing) branches, or vena 
cava below the diaphragm

T3c Tumor grossly extends into vena cava above 
diaphragm or invades the wall of the vena cava

T4 Tumor invades beyond Gerota’s fascia

Regional lymph nodes (N)a

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in a single regional lymph node

N2 Metastasis in more than one regional lymph node

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis 

S TAG E G ROU PI NG

I: T1 N0 M0

II: T2 N0 M0

III: T1 N1 M0, T2 N1 M0, T3 N0 M0, T3 N1 M0, 
T3a N0 M0, T3a N1 M0, T3b N0 M0, T3b N1 M0, 
T3c N0 M0, T3c N1 M0

IV: T4 N0 M0, T4 N1 M0, Any T N2 M0, 
Any T Any N M1

a Laterality does not affect the N classifi cation.
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18.2 Treatment of 
 Renal Cell Carcinoma

18.2.1 General Principles

Surgery is the only curative treatment modality  �
for renal cell carcinoma and is recommended for 
all resectable and operable cases (Grade A).
Neoadjuvant and adjuvant radiation therapy has  �
a limited role for resectable disease or after com-
plete resection and is not routinely recommended 
(Grade A).
Neoadjuvant radiation therapy can be considered  �
in unresectable locally advanced renal cell carci-
noma (Grade C). It has been shown to improve the 
resectability of locally advanced disease, but no 
signifi cant difference in long-term survival was 
observed. Adjuvant radiation therapy is indicated 
in incompletely resected disease. It can also be 
considered in cases with involved lymph node(s) 
(Grade C).
Neoadjuvant or adjuvant chemotherapy or im- �
munotherapy has no substantial role in the treat-
ment of stage I–III diseases after complete resec-
tion (Grade A). 
Immunotherapy and targeted therapy are the  �
mainstay treatments for metastatic renal cell 
carcinoma (Grade A). Cytoreductive surgery is 
recommended prior to systemic immunotherapy 
and targeted therapy (Grade A). Palliative radia-
tion therapy is a commonly used treatment mo-
dality for renal cell carcinoma with brain or bone 
metastases. 

18.2.2 Surgery

Radical nephrectomy is the standard treatment  �
for resectable and operable cases of renal cell car-
cinoma (excluding T1, N0, M0 disease) (Grade A). 
Radical nephrectomy removes the primary tu-
mor, ipsilateral kidney, ipsilateral adrenal gland 
(for upper pole disease), Gerota’s fascia, perirenal 
fat, and hilar lymph nodes.
Dissection of regional lymph nodes is not rou- �
tinely recommended for early-stage disease as it 
is not associated to improved treatment outcome 
(Grade A). Results from a randomized trail re-
ported by the European Organization for the Re-

Table 18.3. American Joint Committee on Cancer (AJCC) 
TNM classifi cation of renal pelvis and ureter. [From Greene 
et al. (2002) with permission]

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Ta Papillary non-invasive carcinoma

Tis Carcinoma in situ

T1 Tumor invades subepithelial connective tissue

T2 Tumor invades the muscularis

T3 (For renal pelvis only) Tumor invades beyond 
muscularis into peripelvic fat or the 
renal parenchyma

T3 (For ureter only) Tumor invades beyond 
muscularis into periureteric fat

T4 Tumor invades adjacent organs or through the 
kidney into the perinephric fat

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in a single lymph node, 2 cm or less in 
greatest dimension

N2 Metastasis in a single lymph node, more than 2 cm, 
but not more than 5 cm in greatest dimension; 
or multiple lymph nodes, none more than 5 cm in 
greatest dimension

N3 Metastasis in a lymph node, more than 5 cm in 
greatest dimension

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis 

S TAG E G ROU PI NG

0a: Ta N0 M0

0is: Tis N0 M0

I: T1 N0 M0

II: T2 N0 M0

III: T3 N0 M0

IV: T4 N0 M0, Any T N1 M0, Any T N2 M0, 
Any T N3 M0, Any T Any N M1
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search and Treatment of Cancer (EORTC) 30881 
revealed that the incidence of unsuspected lymph 
node metastases was only 3.3%, and complete 
lymph node dissection did not seem to improve 
the survival (EORTC 30881, Level I) (Blom et al. 
1999). Therefore, extended lymph node dissection 
should not be routinely considered, and lymph-
adenectomy should be limited to perihilar tissue 
for staging or in selected locally advanced cases. 
Regional dissection during radical nephrectomy  �
can be considered in patients with locally ad-
vanced disease (Grade C). The results of a large 
retrospective review showed that large primary 
tumor size (>10 cm in largest dimension), T3 dis-
ease, high tumor grade, and presence of necrosis 
were associated with a higher chance of lymph 
node metastases (Level IV) (Blute et al. 2004).
Partial nephrectomy (nephron-sparing surgery,  �
NSS) can be considered in patients with small 
primary tumors of less than 7 cm (T1) in larg-
est dimension (Grade A). Results of a number of 
retrospective studies have indicated that partial 
nephrectomy was associated with an acceptable 
local failure rate of less than 5% for T1 disease 
(Level IV) (Leibovich et al. 2004; Patard et al. 
2004; Permpongkosol et al. 2006; Saika et al. 
2003). In addition, preliminary results from an 
international collaborative Phase III randomized 
study revealed that NSS partial nephrectomy was 
of particular importance in patients with bilateral 
renal cell carcinoma.
Cytoreductive nephrectomy is recommended for  �
patients with metastatic renal cell cancer prior to 
immunotherapy or immunotherapy and targeted 
therapy (Grade A). Results from three intergroup 
studies completed by the Southwest Oncology 
Group (SWOG) and the EORTC have confi rmed 
that survival could be improved by cytoreduc-
tive surgery performed prior to immunotherapy 
(SWOG 8949/EORTC, Level I) (Flanigan et al. 
2001, 2004; Mickisch et al. 2001; Boorjian and 
Blute 2008).

18.2.3 Radiation Therapy

Neoadjuvant Radiation Therapy

Neoadjuvant radiation therapy is not recom- �
mended in patients with resectable renal cell 
carcinoma (Grade A). Results of two prospective 

randomized trials published in the 1970s showed 
that neoadjuvant radiation therapy did not im-
prove the survival after nephrectomy. 
The results of a prospective randomized trial re-
ported by Juusela et al. (1977) revealed that the 
overall survival of patients treated with neoad-
juvant radiation therapy up to 33 Gy (2.2 Gy per 
daily fraction) followed by nephrectomy was 47% 
at 5 years after therapy, whereas for the group 
treated with nephrectomy it was 63% (Level II). 
In an earlier prospective randomized trail, the 
author found that low-dose neoadjuvant radia-
tion therapy (30 Gy in 15 fractions) was asso-
ciated with an increased frequency of complete 
resection in patients with internal and external 
vein and lymph vessel extension. In addition, the 
survival at 18 months was signifi cantly higher 
in the group who received neoadjuvant radio-
therapy. However, the overall survival rates were 
approximately 50% in both groups, with no sig-
nifi cant difference (Level II) (van der Werf-
Messing 1973).
Neoadjuvant radiation can be considered for lo- �
cally advanced renal cell carcinoma with direct 
invasion of adjacent organs, especially in cases 
where complete resection is not feasible (Grade B). 
In the above mentioned prospective random-
ized study reported by van der Werf-Messing 
(1973), complete resection was more common 
among patients with tumor involvement of the 
veins or lymph vessels who received neoadjuvant 
radiation (Level II).

Adjuvant Radiation Therapy

Adjuvant radiation therapy is not routinely rec- �
ommended in renal cell carcinoma after complete 
resection (Grade A). The local failure rate after 
complete resection of renal cell carcinoma is ap-
proximately 5% in stage I–III diseases. Although 
retrospective studies have suggested that adju-
vant radiotherapy may improve local control in 
locally advanced diseases, its effect on survival in 
completely resected cases has not been confi rmed 
by prospective studies: 
Results from a number of retrospective or non-
randomized prospective studies have shown that 
adjuvant radiation therapy may be benefi cial for 
local control of patients with high-risk renal cell 
carcinoma after nephrectomy. However, survival 
benefi ts of adjuvant radiotherapy have not been 
demonstrated in any of these trials (Level IV) 
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(Gez et al. 2002; Kao et al. 1994; Stein et al. 
1992; Ulutin et al. 2006). 
In a prospective randomized trial completed by 
the Copenhagen Renal Cancer Study Group, 65 
patients with stage II and III renal cell carcinoma 
were randomized and treated with nephrectomy 
only or nephrectomy followed by adjuvant radia-
tion therapy (50 Gy in 20 fractions). The 5-year 
survival for the patients who received combined 
therapy was 38%, as compared to 62% for patients 
treated with surgery only. Postoperative radia-
tion was associated with an increase of signifi -
cant complications in nearly half of the patients 
(Level II) (kjaer et al. 1987).
Adjuvant radiation should be considered for in- �
completely resected renal cell cancer including 
positive margin. It may also improve outcome in 
patients with positive lymph node(s) (Grade D). In 
a large single-institutional retrospective review, 
the outcome of 172 patients with unilateral renal 
cell carcinoma treated with surgery alone was 
analyzed. Only six patients developed local fail-
ure after complete resection, but 26% of patients 
developed distant metastasis. Lymph node in-
volvement and renal vein extension were the two 
independent factors associated to the occurrence 
of distant metastasis (Level IV) (Rabinovitch 
et al. 1994). However, the role of adjuvant radia-
tion therapy in non-metastatic stage IV renal cell 
carcinoma with nodal involvement has not been 
specifi cally addressed in any trials. 

Techniques of Radiation Therapy

Simulation and Planning

CT-based planning is highly recommended for  �
radiation treatment of renal cell cancer, if radia-
tion is indicated, as in preoperative treatment of 
unresectable disease or cases with residual dis-
ease after surgery. Patient should be supine with 
arms-up position.
The primary tumor (in preoperative cases), tu- �
mor bed (in postoperative cases), vascular ex-
tent of tumor, and hilar lymph node should be 
delineated and included in the treatment portal. 
Surgical clips should be carefully located and uti-
lized for delineation of the clinical tumor volume 
(CTV) in postoperative cases. 
Multi-fi eld arrangement can be used to reduce  �
doses to critical tissues and organs, including the 
liver, contralateral kidney, small intestine, stom-
ach, and spinal cord.

Dose and Schedules

Total doses of 45–50.4 Gy (1.8 Gy per daily frac- �
tion) over 25 or 28 treatments are recommended. 
In case residual tumor exists, a small fi eld boost 
to the residual disease with a margin of 2 cm to a 
total dose of 54–60 Gy is recommended. 
Higher dose of irradiation can be delivered using  �
intensity-modulated radiation therapy (IMRT).

Dose Limiting Structures

Dose of radiation to the spinal cord should be  �
limited to 45 Gy (1.8–2.0 Gy daily). The dose to the 
contralateral kidney should be limited to 20 Gy 
or less, if lateral fi eld(s) is used. The dose to the 
small intestine should be limited to 40 Gy or less 
(Level IV) (Emami et al. 1991).
Limited treatment volume and dose to the liver  �
should be considered for tumor of the right kid-
ney and when lateral or oblique fi elds are applied 
for the left-sided disease. 

18.2.4 Chemotherapy and 
 Immunotherapy

Neoadjuvant or adjuvant chemotherapy has no  �
substantial role in the treatment of stage I–III dis-
eases after complete resection (Grade A) ( Yagoda 
et al. 1993).
Immunotherapy [interferon- �  or interleukin-2 
(IL-2)] is not indicated for the defi nitive treat-
ment of renal cell carcinoma (Grade A). Results 
from prospective randomized trials reported by 
various collaborative research groups aimed to 
study the effi cacy of adjuvant interferon-  or 
IL-2 on overall survival or relapse-free survival 
failed to demonstrate their benefi ts on overall 
survival (Level I) (Atzpodien et al. 2005; Clark 
et al. 2003; Messing et al. 2003; Pizzocaro et 
al. 2001).
Immunotherapy and targeted therapy (with mul- �
tikinase inhibitor sorafenib or sunitinib, or anti-
angiogenesis monoclonal antibody bevacizumab) 
play an important role in the treatment of meta-
static renal cell carcinoma and are currently the 
fi rst-line treatment (Grade A). The effects on 
progression-free survival (primary end point) of 
sorafenib, sunitinib, and bevacizumab used with 
interferon-  have been demonstrated in random-
ized phase III trials. However, the effects on over-
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all survival have not been demonstrated (Level I) 
(Escudier et al. 2007, 2007; Motzer et al. 2007).

18.2.5 Radiation Therapy in the 
 Treatment of
 Metastatic Renal Cell Carcinoma

Radiation therapy is commonly used for symp- �
tomatic control in renal cell cancer with distant 
metastasis. Lung, bone, and brain are the com-
mon sites for distant metastases in renal cell car-
cinoma (Motzer et al. 1996).
Palliative irradiation is recommended for symp- �
tomatic bone metastasis in renal cell carcinoma; 
however, higher dose (BED 50 Gy or higher us-
ing / =10) should be considered (Grade C). Al-
though renal cell carcinoma has been considered 
as “radioresistant,” pain palliation is expected in 
more than two-thirds of patients after radiation 
therapy: 
In a retrospective study reported by  DiBiase et 
al. (1997), patients treated with a higher biologi-
cally effective dose of radiation had a signifi cantly 
higher response rate (59%) to radiotherapy, as 
compared to those who received lower BED (39%) 
(Level IV). However, the results from a series re-
ported by Wilson et al. (2003) suggested that 
higher BED did not seem to be a predictor of 
response or of duration of response in the pal-
liative treatment of renal cell carcinoma. Never-
theless, symptomatic palliation was observed in 
the majority of patients with metastatic renal cell 
carcinoma, including patients with painful bone 
metastasis (Level IV) (Wilson et al. 2003).
Whole brain irradiation in combination with ste- �
reotactic radiosurgery is indicated for patients with 
single or multiple brain metastases (Grade A). A 
number of retrospective studies have addressed 
the effects of combined stereotactic radiotherapy 
and whole brain radiation on disease control of 
brain metastasis in renal cell carcinoma: The ad-
dition of stereotactic radiosurgery signifi cantly 
improved the outcome (including overall survival 
in selected cases) of renal cell cancer patients with 
brain metastasis, and whole brain irradiation 
should not be omitted and is associated with an 
improved local control rate (Level IV) ( Amendola 
et al. 2000; Brown et al. 2002; Fuller et al. 1992; 
Hernandez et al. 2002).

18.3 Treatment of Cancer of the 
 Renal Pelvis or Ureter

18.3.1 General Principles

Surgery is the only curative treatment modal- �
ity for cancers of the renal pelvis or ureter, and 
should be considered for all resectable and oper-
able cases (Grade A).
Adjuvant radiation therapy is recommended for  �
patients with locally advanced disease (stage III 
or above) or grade 3 and 4 transitional carcinoma 
of the renal pelvis or ureter (Grade B).
The effect of adjuvant chemotherapy in the treat- �
ment of high-risk patients is largely unknown. 
Due to the high risk of distant metastasis, adju-
vant chemotherapy can be considered for patients 
after complete resection (Grade D).
For surgically unresectable or medically inoper- �
able transitional cell carcinoma of the renal pelvis 
or ureter, defi nitive chemoradiation therapy can 
be considered for defi nitive treatment (Grade D). 
Regimens utilized in the treatment of transitional 
cell carcinoma or that of the urinary bladder can 
be considered because of the similarity of the bio-
logical behavior.

18.3.2 Surgery

For single-site, stage I, and low-grade lesions less  �
than 1.5 cm in largest dimension, partial ure-
terectomy or nephron-sparing surgery can be 
considered (Grade B).
Nephroureterectomy with removal of the blad- �
der cuff is the standard surgical technique for 
cancer of the renal pelvis or ureter (Grade A). 
Nephroureterectomy can be performed laparo-
scopically without compromising the treatment 
outcome (Level IV) (Shalhav et al. 2000; Gill 
et al. 2000; Rouprêt et al. 2007).

18.3.3 Radiation Therapy

The high risk of locoregional treatment failure in  �
locally advanced-stage and higher grade tumors 
has made adjuvant radiation therapy an important 
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part of defi nitive treatment of cancer of the renal 
pelvis or ureter (Grade B). Postoperative radio-
therapy has been shown to improve locoregional 
control and disease-free survival rates in high-risk 
patients; however, its effect on overall survival has 
not been consistently demonstrated, partly due to 
the limited size of reported  studies: 
In a small retrospective study reported by Cozad 
et al. (1992), 26 patients with T3, T4, or N+ transi-
tional cell carcinoma of the renal pelvis or ureter 
were treated with or without adjuvant radiation 
therapy after surgery. With a median follow-up 
of 13.5 months, the actuarial 5-year local con-
trol rates were 88% and 34%, respectively, for the 
groups treated with or without adjuvant therapy. 
The 5-year actuarial survival was 44% with and 
24% without adjuvant radiation therapy (p=NS) 
(Level IV). In a more recently published series 
with 94 patients with locally advanced disease 
by Cozad et al. (1995), the effects of adjuvant 
radiation therapy were again demonstrated. Ad-
juvant radiation therapy signifi cantly reduced the 
local recurrence rate. In addition, adjuvant radio-
therapy was of borderline signifi cance for signifi -
cantly improving the survival rate (Level IV).

Techniques of Radiation Therapy

Simulation and Planning

CT-based planning is highly recommended for  �
external-beam radiotherapy for cancers of the re-

nal pelvis or ureter. The patient should be supine 
position with arms raised.
The radiation therapy fi eld after nephroureterec- �
tomy should encompass the tumor bed with suffi -
cient margin and regional lymph node (Fig. 18.1) 
(Grade B). The risk of regional lymph node me-
tastasis can be as high as 60% in high-grade dis-
ease (Level IV) (Charbit et al. 1991; Miyao et 
al. 1998).
For renal pelvic or upper ureteral disease, cover-
age of the ipsilateral renal hilar nodes as well as 
adjacent periaortic or pericaval lymph nodes is 
recommended. For lower ureteral diseases, cover-
age of the pelvis lymph node is recommended.
For unresectable disease, the radiation fi eld  �
should encompass the entire course of the ureter 
(from the renal fossa to the trigone of the ip-
silateral bladder), including the primary tumor 
bed (Fig. 18.2). However, the parenchyma of the 
kidney should be spared if possible. 

Dose and Schedules

Total doses of 45–50.4 Gy (1.8 Gy per daily frac- �
tion) over 25–28 treatments are recommended. 
An additional dose to a total of 54–60 Gy to gross 
or microscopic residual disease is usually rec-
ommended if tolerance doses of adjacent normal 
organs are not exceeded. A higher dose of irradia-
tion can be delivered using IMRT.
A higher dose of radiation can also be delivered  �
via intraoperative radiation therapy (IORT) for 

Fig. 18.1. Radiation fi eld for a patient 
with locally advanced ureter transi-
tional cell cancer of distal ureter after 
resection. The fi eld encompassed the 
tumor bed and the ipsilateral pelvis 
lymph nodes, and was treated to 45 Gy 
with AP/PA fi elds
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ureter cancer (Grade C). The safety and effi cacy 
of IORT have been suggested by a small group 
of patients treated with nephroureterectomy fol-
lowed by IORT and external-beam radiation: In 
a recently published study, Zhang et al. (2008) 
prospectively treated 17 patients with locally ad-
vanced (T3, T4, or N+) transitional cell carcinoma 
of the ureter with nephroureterectomy followed 
by IORT and adjuvant external-beam radiother-
apy. The 5-year local control and overall survival 
rates were 51% and 46%, respectively. In addi-
tion, signifi cant side effects and complications 
associated with high-dose irradiation, including 
IORT, was not observed (Level III). However, the 
utilization of IORT on renal pelvic cancer has not 
been addressed. 

Dose Limiting Structures

The dose of radiation to the spinal cord should  �
be limited to 45 Gy (1.8–2.0 Gy daily). The dose 

to the kidneys should be limited to 20 Gy or less; 
the dose to the small intestine should be limited 
to 40 Gy or less (Level IV) (Emami et al. 1991).
Limited treatment volume and dose to the blad- �
der should be considered for tumors of the lower 
ureter, and dose/volume to the liver should be 
considered if lateral fi elds are applied. 

18.3.4 Adjuvant Chemotherapy

Platinum-based chemotherapy given concurrently  �
with radiation can be considered in the treatment 
of locally advanced (T3, T4, N+) transitional cell 
carcinoma of the upper urinary tract (Grade B). 
Platinum-based chemotherapy used in an adju-
vant setting has been shown to reduce the risk 
of distant metastases in locally advanced upper 
urinary tract carcinoma (Level IV)  (Bamias et al. 
2004; Kwak et al. 2006). In addition, results from a 
retrospective study have indicated that combined 
chemoradiation therapy in an adjuvant setting 
was more effective than radiotherapy alone: 
A retrospective study from Massachusetts General 
Hospital addressed the effects of postoperative 
concurrent cisplatin-based chemotherapy and 
radiation therapy. Patients with locally advanced 
disease (T3, T4, N+) were treated with external 
beam radiation therapy (median dose: 49.6 Gy), 
with or without concurrent chemotherapy (meth-
otrexate, cisplatin, and vinblastine). The 5-year 
actuarial overall and disease specifi c survival 
were 27% vs. 67% and 41% vs. 76%, signifi cantly 
improved with the addition of concurrent chemo-
therapy (Level IV) (Czito et al. 2004).

18.4 Follow-Ups

18.4.1 Post-Treatment Follow-Ups

Long-term follow-up is required for early detec- �
tion of recurrence in successfully treated patients 
with renal cell carcinoma and transitional cell 
carcinoma of the upper urinary tract. Metachro-
nous recurrence of transitional cell carcinoma in 
the urinary tract is not uncommon in patients 
with renal pelvic or ureteral cancer.

Fig. 18.2. Radiation fi eld for a patient with 
an unresectable transitional cell cancer of 
the renal pelvis and upper ureter. The fi eld 
encompassed the renal pelvis and ureter, 
and spared most part of the renal paren-
chyma. Entire ureter was treated up to the 
insertion in the bladder
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Schedule

For stage I–III renal cell carcinoma, follow-up  �
can be scheduled every 6 months for the fi rst 
2 years, then annually for 5 more years (Grade D) 
(National Comprehensive Cancer Network 
2008).
For transitional cell carcinoma of the renal pel- �
vis or ureter, follow-up can be scheduled ev-
ery 3–4 months for the fi rst 2 years, then every 
6 months for 3 additional years, then annually 
thereafter (Grade D).

Work-Ups

Each follow-up examination should include a com- �
plete history and physical examination. Labora-
tory tests, including complete blood count, com-
plete metabolic panel, urine analysis, and LDH, 
should be performed at each follow-up (Grade D) 
(National Comprehensive Cancer Network 
2008). Cystoscopy should be considered for tran-
sitional cell carcinoma of the lower ureter in the 
fi rst 2 years of follow-up (Grade D).
For stage I–III renal cell carcinoma, chest X-ray  �
and CT of the abdomen and pelvis should be con-
sidered at 4 to 6 months after treatment, then 
ordered if symptomatically indicated (Grade D) 
(National Comprehensive Cancer Network 
2008).
For transitional cell carcinoma of the renal pelvis  �
or ureter, in addition to chest X-ray and CT of 
the abdomen and pelvis, imaging work-ups rec-
ommended for bladder cancer for detecting lo-
cal recurrence can be referenced. Studies should 
include ureteroscopy, and upper tract imaging 
(IVP, retrograde pyelogram, CT urography, or 
MRI urogram) can be performed at 3–12 month 
intervals (Grade D) (National Comprehensive 
Cancer Network 2008).
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Introduction and Objectives

Bladder cancer is one of the most common malignancies of the 
urinary tract and is a disease that ranges from localized disease 
treated with cystoscopy and transurethral tumor resection only 
to metastatic disease that requires systemic therapy. Although 
the majority of patients present with superfi cial disease, ap-
proximately one third of patients with bladder cancer will have 
muscle invasion, and localized invasive disease often requires 
multidisciplinary management, particularly if bladder preserva-
tion is to be attempted.

This chapter examines:

Recommendations for diagnostic and staging procedures  �
for non-invasive and invasive disease

The staging system and prognostic factors for recurrence of  �
superfi cial disease, progression of superfi cial disease to in-
vasive disease, survival and recurrence of invasive disease, 
and bladder preservation of invasive disease

Treatment recommendations with supporting scientifi c  �
evidence including intravesicular chemotherapy for superfi -
cial disease, cystectomy, the potential role of preoperative 
radiation, neoadjuvant and adjuvant chemotherapy, and 
bladder preservation therapy

Radiation therapy techniques and how to combine radiation  �
with chemotherapy and transurethral resection for bladder 
conservation

Systemic chemotherapy for metastatic disease �

Treatment recommendations for non-transitional  �
 histologies

Quality of life, follow-up care, and recommendations for  �
surveillance of survivors, including those who have under-
gone bladder-sparing therapy
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19.1 Diagnosis, Staging, and 
 Prognoses

19.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of bladder cancer begin  �
with complete history and physical examination. 
Presenting signs and symptoms depend upon 
the extent of the tumor. History includes noting 
symptoms, such as hematuria (the most com-
mon symptom, which occurs in approximately 
75% of cases), urinary irritative or obstructive 
symptomatology, decreased appetite, weight loss, 
bone pain, and pelvic pain.
History of carcinogen exposure: tobacco use, oc- �
cupational history (naphthylamines, benzidines, 
biphenyl exposure), chemotherapy (cytoxan), 
catheterization, bladder lithiasis, multiple uri-
nary tract infections, and/or a history of schis-
tosomiasis.
Thorough physical examination includes biman- �
ual examination to evaluate for pelvic/bladder 
mass, abdominal exam for organomegaly, cystos-
copy, and boney palpation.

Laboratory Tests

Laboratory tests include complete blood count,  �
serum chemistry, liver function tests, renal 
function tests, and urinalysis, and urine cytol-
ogy should be performed. Urine cytology has 
an overall sensitivity of 20–50%, with overall 
specifi city in of 80%–100% (Level I) (Lotan and 
Roehrborn 2003).

Imaging

Diagnostic imaging studies evaluate the extent  �
of disease in the bladder, and for invasive cancer, 
ruling distant metastases in or out is required.
Work-up involves cystoscopy fi rst with imaging  �
of the upper tract collecting system to rule out 
synchronous primaries. Retrograde pyelography, 
at the time of the cystoscopy or separately via 
intravenous pyelography, should be performed.
Ultrasonography is useful for detecting blad- �
der masses and can demonstrate the presence of 
transmural invasion.

For patients with invasive cancer, imaging of the  �
upper tract is usually accomplished by CT scan 
of the abdomen and pelvis with IV contrast. This 
test also evaluates for adenopathy and metasta-
sis.
MRI of the pelvis can be considered if delineation  �
of extravesicular bladder tumor and local exten-
sion is desired as MRI can ascertain this better in 
some circumstances than a CT (Grade B). Staging 
accuracy in one retrospective study was 85% in 
differentiating superfi cial from invasive tumors 
and 82% in differentiating organ-confi ned from 
non-organ-confi ned tumors (Level III) (Tekes et 
al. 2005). Results from a prospective study de-
signed to identify prognostic features on MRI 
before radiotherapy demonstrated that those 
patients upstaged clinically from T2a to T3b on 
MRI had a signifi cantly worse outcome (Level III) 
(Robinson et al. 2000). MRI can be helpful for 
evaluating less common neoplastic diseases of the 
bladder, such as urachal carcinoma, and tumors 
that develop within bladder diverticula (Level III) 
(Mallampati and Siegelman 2004).
Chest X-ray is recommended to rule out pulmo- �
nary metastasis in invasive cancer of the blad-
der. Bone scan is not routinely recommended, but 
should be ordered for cases with elevated alkaline 
phosphatase or bone pain.
FDG-PET scan is ineffective in evaluating blad- �
der tumors as FDG accumulates in the bladder. 
However, FDG-PET may be useful for diagnosis 
of distant or lymphatic metastasis (Grade B). PET 
imaging identifi ed 17 of 17 patients with met-
astatic disease as well as two of three patients 
(67%) with localized lymph node involvement 
(Level III) (Kosuda et al. 1997). The detection 
rate for regional nodal disease was 67% in an-
other trial (Level III) (Heicappell et al. 1999).

Table 19.1. Imaging and laboratory work-up for superfi cial 
bladder cancer

Imaging studies Laboratory tests

– Cystoscopy
– Intravenous or 
   retrograde 
   pyelography

– Complete blood count
– Serum chemistry
– Liver function tests
– Renal function tests
– Alkaline phosphatase
– LDH
– Urine cytology before and 
   after cystoscopy
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Pathology

Because of high specifi city of urine cytology,  �
positive cytology is almost always diagnostic of 
bladder cancer. In 40%–80% of poorly differen-
tiated carcinoma, cytology will be positive, but 
only 5%–40% of well-differentiated cases will 
have positive cytology (Level I) (Lotan and 
Roehrborn 2003). However, it is important to 
remember that urine cytology cannot differenti-
ate between invasive and superfi cial disease.
Cystoscopy enables direct visualization of the  �
intravesical lesion and provides tissue for histo-
logical diagnosis. Transurethral resection of the 
bladder tumor to a maximum extent should be 
performed, and random biopsies of the bladder 
mucosa should be taken to rule out carcinoma 
in situ.
Transitional cell carcinoma (TCC) is the most  �
common type of bladder cancer in North America 
and Europe. Superfi cial transitional cell carci-
noma comprises 70% of transitional cell carci-
nomas, and 30% of cases are invasive.
Tumors of mixed histology consisting of transi- �
tional cell carcinoma with squamous or adeno-
carcinoma elements are common and were iden-
tifi ed in 25% of patients in one large study. These 
are variants of transitional cell carcinoma and 
are associated with higher incidence of muscle 
invasion and extra-vesicle extension, but do not 
portend a worse survival (Level III) (Wasco et 
al. 2007). One study demonstrated that these pa-
tients have a higher incidence of positive margins 
after cystectomy (Level IV) (Dotan et al. 2007).

Squamous cell carcinoma is associated with  �
chronic bladder irritation and schistosomia-
sis infection. Historically, squamous cell car-
cinoma was the predominant form of bladder 
cancer in Egypt; however, transitional cell 
carcinoma has recently become the most fre-
quent type (Level III) (Felix et al. 2008). Other 
pathologic types, such as small cell carcinoma, 
spindle cell carcinoma, and adenocarcinoma, 
also occur.

19.1.2 Staging

Bladder cancer can be staged clinically and  �
pathologically: Clinical staging utilizes informa-
tion from the history and physical exam, imaging 
studies, and laboratory tests, as well as fi ndings 
from cystoscopy and exam under anesthesia. 
Pathologic staging is based on fi ndings at cys-
tectomy, intraoperative exam, and lymph node 
dissection.
The American Joint Committee on Cancer Tumor  �
Node Metastasis (TNM) staging system for blad-
der cancer is presented in Table 19.3.

19.1.3 Prognostic Factors

The stage at diagnosis is the most important prog- �
nostic factor for bladder cancer. Superfi cial dis-
ease is usually not immediately life-threatening 
as lymph nodes or distant metastases occur only 
at the invasive stage.
Superfi cial low-grade tumor and papillary con- �
fi guration predict low risk of recurrence. Higher 
risk for development of intravesical recurrence of 
superfi cial disease includes high-grade disease, 
carcinoma in situ, multifocal disease, and rapid 
recurrence post recent transurethral resection. 
However, these factors do not predict nodal or 
distant metastasis.
If the patient undergoes cystectomy, prognostic  �
groups can be roughly divided according to the 
stage into organ-confi ned disease (confi ned to 
the wall of bladder with negative nodes, pT2,N0) 
versus extra-vesicular invasion with negative 
nodes (pT3-T4,N0) versus patients with meta-
static disease to pelvic lymph nodes (pTany, 
N+).

Table 19.2. Imaging and laboratory for invasive bladder 
cancer

Imaging studies Laboratory tests

– Chest X-ray
– Ultrasonagraphy
– CT of abdomen and pelvis
– MRI (if additional 
   in formation regarding 
   local tumor extent desired)
– Bone scan (if indicated 
   by symptoms or elevated 
   alkaline phosphatase)
– FDG-PET (optional for 
   diagnosis of distant 
   metastasis)

– Complete blood count
– Serum chemistry
– Liver function tests
– Renal function tests
– Alkaline phosphatase
– LDH
– Urine cytology before 
   and after cystoscopy
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Factors that predict success of bladder preserva- �
tion are performance of complete transurethral 
resection, complete regression of disease after ra-
diation and chemotherapy, solitary tumor, lack 
of ureteral obstruction, or hydronephrosis; T2 is 
better than T3 (Level IV) (Mameghan et al. 1995; 
Shipley et al. 1985).
The hemoglobin level may be prognostic ( � Level III) 
(Gospodarowicz et al. 1989).
Female gender may predict higher chances of pos- �
itive margins after cystectomy (Level IV) (Dotan 
et al. 2007).
Tumor markers, including p53 status, p21 status,  �
and RB gene status, are being investigated. HER2/
neu status has been found to predict reduced 
complete response, and epidermal growth factor 
receptor is a predictor of favorable outcome in 
patients treated with chemoradiation in a review 
of the RTOG chemoradiation studies (Level III) 
(Chakravarti et al. 2005). However, these mark-
ers are not ready to be routinely tested for, and 
their utilization requires further investigation.

19.2 Treatment of Bladder Cancer

19.2.1 Treatment of 
 Superfi cial Bladder Tumors

Transurethral resection of the bladder tumor is  �
the standard treatment for superfi cial bladder 
tumors (Grade A). However, despite complete 
resection of the disease, approximately 70% of 
patients will develop intravesical recurrence, and 
15% will progress to invasive recurrence if no 
further therapy is rendered.
Patients with superfi cial bladder tumors can be  �
divided into two risk groups according to the 
histological characteristics: Low-risk patients 
include those with low-grade bladder tumor and 
papillary confi guration, and require close cysto-
scopic surveillance after TURBT. These patients 
have a 50% probability of developing recurrent 
bladder tumor with less than a 5% chance of pro-
gression to invasive cancer.
High-risk superfi cial bladder cancer patients in- �
clude all others: High-grade disease, carcinoma 
in situ, multifocal disease, and patients who have 

Table 19.3. American Joint Committee on Cancer (AJCC) 
TNM Classifi cation of Carcinoma Cancer of the Urinary 
 Bladder. [From Greene et al. (2002) with permission]

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Ta Non-invasive papillary carcinoma

Tis Carcinoma in situ: “fl at tumor”

T1 Tumor invades subepithelial connective tissue

T2 Tumor invades muscle

pT2a Tumor invades superfi cial muscle (inner half)

pT2b Tumor invades deep muscle (outer half)

T3 Tumor invades perivesical tissue

pT3a Microscopically

pT3b Macroscopically (extravesical mass)

T4 Tumor invades any of the following: prostate, 
uterus, vagina, pelvic wall, abdominal wall

T4a Tumor invades prostate, uterus, vagina

T4b Tumor invades pelvic wall, abdominal wall

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis in a single lymph node, 2 cm or less in 
greatest dimension

N2 Metastasis in a single lymph node, more than 
2 cm, but not more than 5 cm in greatest dimen-
sion; or multiple lymph nodes, none more than 
5 cm in greatest dimension

N3 Metastasis in a lymph node, more than 5 cm in 
greatest dimension

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

S TAG E G ROU PI NG

0a: Ta N0 M0

0is: Tis N0 M0

I: T1 N0 M0

II: T2a N0 M0,  T2b N0 M0

III: T3a N0 M0,  T3b N0 M0,  T4a N0 M0

IV: T4b N0 M0,  Any T N1 M0,  Any T N2 M0,  
Any T N3 M0,  Any T Any N M1

Used with permission of the American Joint Committee on 
Cancer (AJCC), Chicago, IL. The original and primary source 
for this information is the AJCC Cancer Staging Manual, 6th 
edn (2002), Springer, New York
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rapid recurrence post recent transurethral resec-
tion of bladder tumor. High-risk patients should 
be considered for installation of intravesicu-
lar chemotherapy after transurethral resection 
(Grade A). Approximately 70% of these patients 
will develop recurrent bladder tumor, and 30% 
will progress to invasive disease.
The types of intravesicular chemotherapy that  �
have been used include Bacillus Calmette-Guerin 
(BCG), interferon plus BCG, thiotepa, mitomy-
cin-C, doxorubicin, and gemcitabine. Random-
ized studies and a meta-analysis have demon-
strated a decrease in the recurrence of superfi cial 
bladder tumors using intravesicular chemother-
apy (Level I) (Pawinski et al. 1996).
BCG with or without interferon has been proven  �
to be superior to other types of intravesicular 
chemotherapy and should be considered an ini-
tial treatment (Grade A). A meta-analysis dem-
onstrated that response to BCG was 70% com-
pared to 50% for chemotherapy, and at a median 
follow-up of 3.6 years, 50% had no evidence of 
disease compared with 25% who had received 
chemotherapy (Level I) (Sylvester et al. 2005). It 
is important, however, to note that BCG cannot be 
used immediately after transurethral resection 
of the bladder tumor because of risk of systemic 
absorption.
Unfortunately, no study has demonstrated that  �
the chances of recurrent disease becoming inva-
sive are reduced. Therefore, particularly for high-
risk disease, cystectomy should be considered 
when a patient has had recurrence, particularly 
multiple recurrences.

19.2.2 Treatment of Invasive Disease

General Principles

Cystectomy is considered the standard treatment  �
for invasive transitional cell carcinoma of bladder 
(Grade B). A selective group of patients is eligible 
for segmental cystectomy without compromising 
the treatment outcome and function of the blad-
der.
Preoperative radiation therapy is not routinely  �
indicated for patients with invasive bladder can-
cer (Grade C). However, it may be benefi cial for 
patients with extension to the surrounding or-
gans.

There is no evidence to support the use of adju- �
vant radiation therapy after cystectomy, but sal-
vage radiation with chemotherapy should be con-
sidered for patients with positive margins based 
upon the general principle that residual disease 
will recur without further therapy (Grade D) and 
based upon the knowledge that these patients 
have poorer disease-specifi c survival (Level III) 
(Dotan et al. 2007).
Neoadjuvant chemotherapy can be considered  �
particularly for locally advanced cancers, such 
as clinical stage T3-4 and/or positive pelvic nodes 
(Grade C).
Adjuvant chemotherapy can be considered for  �
patients after cystectomy, particularly for locally 
advanced disease with extravesical extension and/
or positive nodes, and may improve progression-
free survival and overall survival (Grade C).
Maximal TURBT, combined chemoradiation  �
therapy, with or without cystectomy, is currently 
the standard regimen used in bladder preser-
vation treatment for invasive bladder cancer 
(Grade A).

Cystectomy

Cystectomy has been considered standard treat- �
ment for invasive bladder cancer in the United 
States (Grade B). Cystectomy provides the best 
local control, and the potential of developing 
second cancers in the bladder is eliminated. A 
review of 1054 patients at the University of South-
ern California demonstrates a pelvic recurrence 
of 7%, a 5-year recurrence-free survival of 68%, 
and 10-year recurrence-free survival of 66% 
(Level IV) (Stein et al. 2001). At the University 
of Bern, local recurrence was 3% for organ-
confi ned disease, 11% for non-organ-confi ned 
node-negative tumors, and 15% for node-positive 
disease. The 5-year recurrence-free survival was 
73%; 5-year overall survival was 62% (Level IV) 
( Madersbacher et al. 2003). At the University 
of Ulm, local failure was 4% for organ-confi ned 
tumors, 16% for non-organ-confi ned tumors, 
and 20% for patients with positive lymph nodes 
(Level IV) (Hautmann et al. 2006).
Radical cystectomy involves cystoprostatectomy  �
and pelvic lymph node dissection in male pa-
tients, and consists of pelvic lymph node dissec-
tion and an anterior exenteration (removes the 
bladder, urethra, ventral vaginal wall, and uterus) 
in female patients.
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A minority of patients is eligible for segmental  �
cystectomy. In order to be eligible, the patient 
needs to have a solitary invasive lesion on an 
accessible location of the bladder that would af-
ford the patient an opportunity to have complete 
resection with negative margins. This usually 
only occurs in the dome of the bladder. In addi-
tion, carcinoma in situ must be absent. In such 
patients, the 5-year overall, disease-specifi c, 
and recurrence-free survival rates were 67%, 
87%, and 39%, respectively, at M.D. Anderson 
(Level IV) (Kassouf et al. 2006). At Memorial 
Sloan  Kettering, the overall 5-year survival 
was 69%, and 67% are disease-free with an in-
tact bladder (Level IV) (Holzbeierlein et al. 
2004).

Preoperative Radiation Therapy

Preoperative radiation therapy is not routinely  �
recommended for the treatment of invasive 
bladder cancer (Grade C). Although it has been 
considered to be a standard of care previously, 
available literature fails to consistently support 
a role for this treatment: A small, prospective, 
randomized study of 44 patients demonstrated 
a 61% 5-year survival in patients undergoing 
surgery only versus 75% in those undergo-
ing radiation followed by surgery (Level II) 
( Anderstrom et al. 1983). In a larger study 
of 140 patients, the 5-year survival was 53% 
in the surgery only group and 43% in the ra-
diation and surgery group (Level II) (Smith 
et al. 1997). However, the meta-analysis re-
search group reported that the available clini-
cal trial data do not support a role for routine 
use of preoperative radiation therapy (Level I) 
(Huncharek 1998).
Preoperative radiation therapy may play a role  �
in bladder cancer patients with extension to ad-
jacent organs and tissues (Grade C). Patients at 
M.D. Anderson with T3B disease who received 
preoperative RT had improvement in 5-year lo-
cal control from 72%–91%, 5-year freedom from 
distant metastatic of 54%–67%, and overall sur-
vival of 40%–52% (Level IV) (Cole et al. 1995). 
Review of the preoperative radiation therapy lit-
erature comprising 1185 patients demonstrates 
that the addition of preoperative radiation 
therapy for T3 bladder cancer adds 15%–20% 
to the 5-year survival (Level IV) (Parsons and 
Million 1989).

Neoadjuvant Chemotherapy

Neoadjuvant chemotherapy alone is not routinely  �
indicated in the treatment of bladder cancer 
(Grade C). Multiple studies have demonstrated 
high response rates to chemotherapy. While lo-
cal control with cystectomy is high, survival is 
only 40%–60% secondary to a large percentage 
developing metastatic disease. Therefore, neo-
adjuvant chemotherapy should be a promising 
addition to cystectomy. Unfortunately, neoad-
juvant chemotherapy studies have demonstrated 
limited support for the use of neoadjuvant 
c hemotherapy:
According to the results of a prospective, ran-
domized trial reported by the Medical Research 
Council and the EORTC, chemotherapy non-
signifi cantly improved 3-year survival from 50% 
to 55% (Level I) (MRC/EORTC 1999). An update, 
presented in abstract form only, demonstrated 
an improvement in disease-free survival and lo-
cal-regional progression-free survival (Level II) 
(Hall 2002). The Nordic cystectomy trial I dem-
onstrated non-signifi cant improvement for che-
motherapy (Level I) (Malmstrom et al. 1996). 
There was, however, a 15% signifi cant improve-
ment in overall survival for patients with stages 
T3 through T4A disease. Therefore, the Nordic 
cystectomy trial II included such patients and 
improved 5-year survival non-signifi cantly from 
46% to 53% (Level I) (Sherif et al. 2002). 
However, a randomized trial completed by the 
Southwest Oncology Group demonstrated signifi -
cant improved median survival from 46 months 
to 77 months. Improved survival was due to the 
absence of residual cancer at cystectomy, 15% ver-
sus 38% (SWOG, Level I) (Grossman et al. 2003). 
A meta-analysis demonstrates that survival in-
creased signifi cantly from 45% to 50% at 5 years 
(Level I) (Advanced Bladder Cancer Meta-
Analysis Collaboration 2003).
The results of an RTOG trial randomized 123  �
patients to receive two cycles of MCV prior to 
concurrent pelvic radiation with cisplatin versus 
concurrent radiation and cisplatin alone. There 
was no difference in any endpoints, and MCV 
prior to concurrent chemoradiotherapy did not 
provide any benefi t to outcome (RTOG 89-03, 
Level I) (Shipley et al. 1998).
The probable reason why neoadjuvant chemo- �
therapy has not shown greater benefi t is: These 
studies include patients who have organ-confi ned 
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lymph-node-negative disease. Such patients 
achieve 70%–90% recurrence-free survival with 
cystectomy alone. Patients with non-organ-con-
fi ned disease, but negative nodes have a 50%–60% 
chance of recurrence-free survival and those with 
positive nodes have only about one-third chance 
of recurrence-free survival (Stein et al. 2001). 
The chemotherapy benefi t appears to be confi ned 
to patients who have no residual at cystectomy, 
which occurs in about 30% (Grossman et al. 
2003; Sherif et al. 2002).

Adjuvant Chemotherapy

There is limited evidence to support the use  �
of adjuvant chemotherapy in bladder cancer 
(Grade C). There are fi ve small randomized stud-
ies addressing the effi cacy of adjuvant chemo-
therapy in the treatment of bladder cancer; how-
ever, results of these trials were not consistent: 
The Swiss Group for Clinical Cancer Research 
non-signifi cantly improved 5-year survival from 
54% to 57% (Level II) (Studer et al. 1994). The 
Italian Uro-Oncologic Cooperative Group also 
found not advantage to adjuvant chemotherapy 
(Level II) (Bono et al. 1989). At Stanford Univer-
sity, four cycles of CMV signifi cantly improved 
freedom from progression from 12 months to 
37 months. However, median survival was not 
signifi cantly improved (Level II) (Freiha et al. 
1996). At the University of Southern California, 
P3, P4, or N+ disease received four cycles of 
cisplatinum, doxorubicin, cyclophosphamide, 
or observation. The 3-year time to progression 
and median survival were both signifi cantly 
improved from 46% to 70% and 2.4 years to 
4.3 years (Level II) (Skinner et al. 1991). At the 
University of Mainz, pT3B, pT4A, and/or pN+ 
received MVAC or MVEC versus observation. An 
interim analysis closed the study because of sig-
nifi cant improvement in progression-free sur-
vival (Level II) (Stoeckle et al. 1995). The ABC 
meta-analysis suggests a 25% relative reduc-
tion in risk of death for chemotherapy (Level I) 
(Advanced Bladder Cancer Meta-Analysis 
Collaboration 2005).
EORTC-30994 will include 1344 patients with pT3  �
or pT4; N0 or node-positive disease randomized 
to four cycles of standard MVAC, or high-dose 
MVAC, or gem-cisplatin versus observation, will 
hopefully provide higher level evidence for adju-
vant chemotherapy.

19.2.3 Bladder Preservation Therapy

Radiation Therapy Alone

Historically, radiation therapy alone was used ex- �
tensively in the 1950s through 1980s before de-
velopment of modern cystectomy (Grade B). The 
effi cacy of radiotherapy for bladder cancer treat-
ment was repeatedly demonstrated in retrospec-
tive trials reported from Europe; however, these 
older studies demonstrate inferior local control 
and some inferior survival compared with a cys-
tectomy.
The results of a large retrospective series from  �
the University of Edinburgh revealed that 45% of 
963 patients treated with radiotherapy achieved 
local tumor regression (Level IV) (Duncan and 
Quilty 1986). A 5-year survival of 40% with 
41% local control was observed in a retrospec-
tive study from the London Hospital in 182 pa-
tients with T2 and T3 bladder cancer (Level IV) 
( Jenkins et al. 1988). At the University of Bergen, 
Norway, the 5-year and 10-year survival rates 
were 39% and 23%, respectively, for 90 patients 
treated with radiotherapy (Level IV) (Daehlin 
et al. 1999). At the Norwegian Radium Hospital, 
5-year survival was 22% for 271 patients with T2 
through T4 cancer (Level IV) (Fossa et al. 1996). 
In 384 patients with T2 through T4 carcinomas, 
30%–40% achieved local control (Level IV) 
(Goffi net et al. 1975). A total of 470 patients 
achieved a 5-year survival of 38% and 10-year 
survival of 22% (Level IV)  (Goodman et al. 
1981). At Princess Margaret Hospital, 247 pa-
tients had 10-year survival of 19%, and local 
control was 32% (Level IV) (Chung et al. 2007). 
At Brescia University, 459 patients had 5-year 
survival of 36%; failure-free survival was 33% 
(Level IV) (Tonoli et al. 2006). At City Hos-
pital in Nottingham, UK, 67 patients achieved 
5-year survival of 38%, and local control was 
42% (Level IV) ( Bessel et al. 1993).
There is a subgroup of patients who have high  �
local control with radiation therapy only: clini-
cal stage T2, no ureteral obstruction, complete 
transurethral resection, complete resolution of 
disease after radiation therapy, solitary tumors, 
and patients that do not have T4 disease. These 
patients can achieve survival and local control 
in excess of 50%, and radiation only can be con-
sidered (Grade B). In 55 patients treated at Mas-
sachusetts General with radiation therapy alone, 
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5-year survival for T2 and T3 versus T4 cancer 
was 45% versus 9%. Papillary surface histological 
fi ndings had 63% versus 20% survival for fl at tu-
mors. Of these patients, 54% with complete tran-
surethral resection survived versus 17% who had 
incomplete and 47% without ureteral obstruction 
versus 14% with survived (Level IV) (Shipley 
et al. 1985). At the Prince of Wales Hospital in 
Australia, prognostic factors for higher bladder 
relapse were tumor multiplicity, presence of ure-
teric obstruction, and higher T-stage (Level IV) 
(Mameghan et al. 1995). 

Radiation and Chemotherapy

Maximal TURBT, combined chemoradiation ther- �
apy, with or without cystectomy is currently the 
standard regimen used in bladder preservation 
treatment for invasive bladder cancer (Grade A). 
The bladder preservation approach has sought to 
include patients with as many of the above-men-
tioned characteristics as possible and also adds 
chemotherapy to increase the response rate and 
local control while requiring patients to undergo 
close cystoscopic surveillance for salvage cystec-
tomy if local invasive failure develops.
The current scheme for bladder preservation in- �
cludes maximal TURBT and induction external-
beam radiation therapy to 40 Gy at 1.8–2.0 Gy per 
fraction, with concomitant chemotherapy (pref-
erably cisplatinum 100 mg/m2 days 1 and 22). 
Four weeks later, cystoscopy is performed with 
multiple biopsies and cytology. If this is negative, 
then a boost of 24 Gy is delivered to the partial 
bladder or entire bladder with another cycle of 
chemotherapy. Cystoscopy is performed 4 weeks 
after completion therapy. If a complete response 
is achieved, adjuvant chemotherapy could be con-
sidered. If at any point there is persistent disease, 
cystectomy should be performed.
One of the fi rst studies to utilize this approach  �
was the National Bladder Cancer Group Trial, 
wherein patients with favorable characteris-
tics were treated with external-beam radiation 
therapy and cisplatinum. Of the patients, 77% 
had complete regression of their bladder tumor, 
and 73% of these patients were alive at 4 years 
with their bladder intact (Level III) (Shipley et 
al. 1987). Subsequently, multiple chemoradiation 
therapy studies have been performed, which have 
consistently demonstrated survival similar to 
that reported in cystectomy studies with a high 

level of bladder preservation, thereby establish-
ing this treatment as an alternative to cystectomy: 
RTOG 8512 treated 47 patients with 40 Gy pelvic 
radiation therapy and cisplatin 100 mg/m2 days 
1 and 22. Of these patients, 66% had complete 
regression of disease and went on to receive an 
additional 24 Gy boost with a third dose of cispla-
tin. Eleven out of 28 evaluable patients remained 
continuously in remission, eight relapsed in the 
bladder, and fi ve of these eight cases involved non-
invasive tumors. The actual rate of survival was 
64% at 3 years (RTOG 85-12, Level III)  (Tester 
et al. 1993). In RTOG 88-02, 91 patients received 
two cycles of MCV chemotherapy followed by 
39.6 Gy with platinum 100 mg on days 1 and 22. 
Of these patients, 75% had complete response; 
40% of patients required cystectomy either be-
cause of incomplete regression of disease or sub-
sequent recurrence. Four-year survival was 62%. 
Four-year survival with intact bladder was 44% 
(RTOG 88-02, Level III) (Tester et al. 1996).
In RTOG 89-03, 123 patients with stage T2 to  �
T4a NX MO bladder cancer were randomized to 
receive two cycles of MCV prior to chemoradia-
tion therapy or to proceed straight to chemora-
diation therapy. Chemoradiation therapy was 
as outlined in RTOG 88-02. The overall 5-year 
survivals with a functional bladder were 49% 
and 38% in the two groups, and no signifi cant 
differences were observed (Level I) (Shipley et 
al. 1998). A review of 190 patients treated at Mas-
sachusetts General who received cisplatin and ra-
diation therapy demonstrated 63% complete re-
sponse. Five-year survival was 64%, and 10-year 
survival was 36%. Only 35% underwent radical 
cystectomy (Level IV) (Shipley et al. 2002). The 
University of Erlangen treated 415 patients with 
T2–T3 bladder cancer: 126 with radiation alone, 
289 with radiation and cis- or carboplatin. Com-
plete regression of disease was achieved in 72% 
of patients. Local control after complete response 
was maintained in 64% of patients. Ten-year dis-
ease-free survival was 42% with more than 80% 
of survivors preserving their bladder (Level IV) 
(Rödel et al. 2002).
The National Cancer Institute of Canada random- �
ized 99 patients (treated with primary radiation 
therapy or preoperative radiation therapy) to cis-
platin 100 mg/m2 at 2-week intervals for three 
cycles or no chemotherapy. Of the cisplatinum-
treated patients, 29% had local failure in the pelvis 
versus 52% of control patients; however, survival, 
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was unchanged (Level II) (Coppin et al. 1996). The 
All India Institute randomized 30 patients to radi-
cal cystectomy with adjuvant CMV versus 13 pa-
tients to two cycles of neoadjuvant CMV chemo-
therapy followed by concurrent chemoradiation 
therapy. Equivalent 2-year survival, 56% in the 
surgery arm and 54% in the chemoradiation arm, 
was reported (Level III) (Haresh et al. 2007).

Hyperfractionated Radiation 
and Poly-chemotherapy

Altered fractionation radiation with multi-agent  �
chemotherapy may increase the initial response 
rate and may increase bladder preservation 
(Grade B). The effect of this dose fractionation in 
combination with concurrent chemotherapy has 
been evaluated in a number of phase II clinical 
trials, mostly from the Radiation Therapy Oncol-
ogy Group: 
The RTOG 95-06 treated 34 patients with cisplati-
num and 5-FU with 3 Gy per fraction BID to a 
dose of 24 Gy, followed by consolidation and the 
same chemotherapy 2.5 Gy BID to an additional 
dose of 20 Gy. Of these patients, 67% had com-
plete regression of their disease after the initial 
chemoradiation therapy. Three-year survival 
was 83%. Probability of survival with an intact 
bladder is 66% at 3 years (RTOG 95-06, Level III) 
( Kaufman et al. 2000). 
In RTOG 97-06, 43 patients completed 1.8 Gy per 
fraction in the morning to the pelvis and 1.6 Gy 
to the tumor in the afternoon for 13 days with 
cisplatinum 20 mg the fi rst 3 days of each week. 
Patients were then evaluated cystoscopically sev-
eral weeks later. The complete regression rate was 
74%. These patients received consolidation radia-
tion/chemotherapy. Patients then received adju-
vant CMV chemotherapy. Only an additional four 
patients developed an invasive recurrence. Three-
year survival is 61%. However, only 45% of these 
patients were able to complete the entire therapy 
(RTOG 97-06, Level III) (Hagan et al. 2003). 
RTOG 99-06, a prospective phase II trial, treated 
50 patients with twice-daily irradiation, cisplatin 
(20 mg/m2) on the fi rst 2 days of each week and 
paclitaxel (50 mg/m2) on the fi rst day of each 
week. Following induction treatment, 87% of pa-
tients had complete resolution of disease, com-
pleted consolidation chemoradiation, and then 
received four cycles of adjuvant cisplatin and 
gemcitabine chemotherapy. Two-year survival 

was 79% for the entire group of patients, and 69% 
of patients survived with their bladder intact at 
2 years (RTOG 99-06, Level III) (Kaufman et al. 
2005). 
The phase II trail completed at the Hôpital Necker 
at the University of Paris treated 54 patients, 
wherein patients received 5-FU and cisplatinum 
and hyperfractionated radiation; 74% of patients 
had complete regression and went on to receive 
additional chemo- and radiation therapy. At 3 
years, disease-free survival was 62% (Level III) 
(Housset et al. 1993).
Current on-going studies include RTOG 02-33, a  �
randomized phase II trial, in which all patients 
receive hyperfractionated radiation therapy of 
1.6 Gy in the morning to small pelvic fi elds and a 
1.5-Gy boost in the times afternoon for 13 days. 
Patients are randomized to weekly paclitaxel and 
cisplatin versus 5-FU and cisplatin every 2 weeks. 
Patients are evaluated for response with cystos-
copy and if their disease has resolved, they receive 
consolidation radiation with chemotherapy. Pa-
tients then go on to receive four cycles of adjuvant 
chemotherapy.

Brachytherapy

Brachytherapy has been promoted by the Uni- �
versity of Amsterdam for patients with solitary 
tumors less than 5 cm in diameter. Their expe-
rience has recently been updated: 122 patients 
received external-beam radiation therapy then 
underwent cystotomy with the implantation of 
catheters. Five-year local control is 76% with 73% 
survival (Level IV) (Blank et al. 2007).

Radiation Therapy Technique

Patients are simulated and treated with an empty  �
bladder. Patients are treated with at least a four-
fi eld technique (anteroposterior, posteroanterior, 
and opposed lateral fi elds), and the treatment 
fi elds are arranged as follows (Fig. 19.1):
The internal and external iliacs are treated, and  –
common iliacs are treated up to the level of the 
top of the sacrum.
The bottom of the fi eld is below the bladder to at  –
least the bottom of the obturator foramen.
For the anteroposterior and posteroanterior  –
fi elds, 2 cm of pelvic rim is included.
For the lateral fi elds, the bladder needs to be en- –
compassed with at least a 2-cm margin anteri-
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orly, and the small bowel should be appropriately 
blocked.

Alternatively, some institutions do not treat pel-
vic nodes and include only bladder with margin 
in their initial fi elds.

A total dose of 40 Gy–45 Gy at 1.8 Gy–2 Gy per daily  �
fraction is recommended to the pelvic fi elds.
After cystoscopy reveals no residual tumor, con- �
solidation radiation with an additional 24 Gy at 
1.8 Gy–2 Gy per fraction is delivered to the par-
tial bladder, if the tumor can be localized. If 
not, the whole bladder is treated. Fiducial mark-
ers can be implanted, and the dose verifi cation 
system (DVS) placed on the outside surface of 
the bladder; then image-guided (via ON Board 
Imaging) and dose-guided therapies (via DVS) 
are used to perform partial bladder radiation 
(Fig. 19.2).

19.2.4 Treatment of 
 Metastatic Transitional 
 Cell Carcinoma

Transitional cell carcinoma is a chemosensitive  �
disease, and chemotherapy is recommended for 
the treatment of patients with metastatic disease 

(Grade A). Response rates to multi-agent chemo-
therapy are as high as 60%–70% with as much as 
30% complete regression of disease: The results 
of a retrospective study from the Memorial Sloan 
Kettering Cancer Center demonstrated a 72% re-
sponse rate with MVAC-based chemotherapy with 
36% complete regression of disease (Level IV) 
(Sternberg et al. 1989). These fi ndings were 
confi rmed by the results from a Northern Cali-
fornia Oncology Group study, which showed a 
56% response rate with CMV and a 28% complete 
response rate (Level III) (Harker et al. 1985). 
Data from a phase II trial from the Dana-Farber 
Cancer Institute revealed a 41% response rate to 
combined chemotherapy with cisplatin and gem-
citabine and a 21% rate of complete regression of 
disease (Level III) (Kaufman et al. 2000). Results 
of a prospective phase II study from the Herlev 
University Hospital in Denmark reported a 60% 
response to docetaxel and cisplatin, and a 26% 
complete response rate was reported (Level III) 
(Sengeløv 1998).
Newer agents, such as combined cisplatin and  �
gemcitabine, should be considered as an initial 
treatment regimen (Grade A). The results of a 
prospective randomized trial have demonstrated 
that cisplatin and gemcitabine provide similar 
survival to MVAC, but a better safety profi le 
and tolerability (Level I) (Von der Maase et al. 
1998).

Fig. 19.1a,b. Treatment fi elds

a b
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19.2.5 Treatment of 
 Non-transitional Histologies

Squamous Cell Carcinoma

Cystectomy is the primary therapy for squamous  �
cell carcinoma of the urinary bladder (Grade B). 
The overall survival of patients with SCC treated 
with cystectomy ranged between 30% and 50%. 
The results from a retrospective study reported 
by Richie et al. (1976) revealed that in 25 patients 
with SCC of the bladder, the 5-year overall sur-
vival was 48% after surgery (Level IV). Another 
retrospective study reported a 31.5% survival at 
4 years in 19 patients with squamous cell car-
cinoma (Level IV) (Serretta et al. 2000). The 
experience of 35 patients treated at the Cleveland 
Clinic treated with radical or partial cystecto-
mies revealed a 37% disease-free survival rate 
(Level IV) (Lagwinski et al. 2007).
Radiation therapy achieves worse local control  �
and survival than cystectomy (Grade B). Results 
from a retrospective review of 97 patients treated 
at the University of Glasgow showed an overall 
5-year survival rate of 1.9%, and the 5-year sur-
vival rates for patients with T2, T3, and T4 disease 
were 16.7%, 4.8%, and 0%, respectively (Level IV) 
(Rundle et al. 1982). In another study, 49 patients 
with T3 squamous cancer had 33.7% 3-year lo-
cal control; survival was only 18.3% at 3 years 

(Level IV) (Quilty and Duncan 1982). Radia-
tion therapy for patients with clinically staged 
T3 disease yielded a 5-year survival rate of only 
17.7%, which was improved to 34% with radiation 
followed by cystectomy (Level IV) (Johnson et 
al. 1976).
Preoperative radiation therapy can be considered  �
in the treatment of locally advanced squamous 
cell carcinoma and may improve local control 
and survival (Grade B). A prospective random-
ized study from Egypt in 92 patients demon-
strated an insignifi cant improvement in survival. 
However, for patients with high-stage (P3 and P4) 
and high-grade tumors, there was a signifi cant 
improvement in survival following preoperative 
radiation (Level II) (Ghoneim et al. 1985). In ad-
dition, a retrospective series from M.D. Anderson 
of 25 patients treated with preoperative radiation 
demonstrated a 5-year survival rate of 50%. Ten 
patients (40%) were down-staged, and no patient 
whose tumor was down-staged had a recurrence 
or died of bladder cancer (Level IV) (Swanson 
et al. 1990).
The effi cacy of systemic chemotherapy on  �
squamous cell carcinoma of the bladder is un-
known, and limited data do not support its rou-
tine use (Grade D). A review article has sum-
marized the limited literature that reports poor 
response of squamous cell carcinoma to chemo-
therapy (Level IV) (Abol-Enein et al. 2007).

Fig. 19.2a,b. Partial bladder radiation using image- and dose-guided therapy

a b
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Adenocarcinoma

Cystectomy or partial cystectomy is the primary  �
treatment of adenocarcinoma of the urinary blad-
der (Grade C). One study reviewed 15 patients 
who had a 5-year survival rate of 54% (Level IV) 
(Anderström et al. 1983). At Tata Memorial 
Hospital, 48 patients had 5-year survival of 37% 
(Level IV) (Dandekar et al. 1997). At Massachu-
setts General Hospital, only 1/12 patients with 
invasive adenocarcinoma of the bladder was alive 
at more than 5 years. However, two of three pa-
tients with invasive urachal adenocarcinoma who 
had preoperative radiotherapy plus partial cys-
tectomy are free of disease at 38 and 60 months 
(Level V) (Nocks et al. 1983).
Adjuvant radiation can be recommended for  �
the treatment of adenocarcinoma of the bladder 
(Grade C). Radiation therapy after cystecomy 
may improve local control and survival: At the 
National Cancer Institute of Egypt, 69 patients 
were treated with radical cystectomy and pelvic 
lymphadenectomy with postoperative radiation 
versus 123 patients without postoperative radio-
therapy. Local control was signifi cantly improved 
from 53% to 96%. The 5-year disease-free survival 
rate was improved from 37% to 61% (Level IV) 
(Zaghloul et al. 2006).
The effi cacy of systemic chemotherapy on ad- �
enocarcinoma of the bladder is unknown, and 
the limited data do not support its routine use 
(Grade D). A review article has summarized the 
limited literature that reports poor response of 
adenocarcinoma to chemotherapy (Level IV) 
(Abol-Enein et al. 2007).

Small Cell Carcinoma

Small cell carcinoma of the urinary bladder is  �
considered a systemic disease and should be 
treated in a similar fashion to other extrapulmo-
nary small cell carcinomas (Grade B). Chemo-
therapy plays an important role and should be 
recommended as the initial treatment of small 
cell carcinoma of the bladder: A retrospective 
study from M.D. Anderson demonstrated im-
proved survival for patients treated initially with 
chemotherapy (Level IV) (Siefker-Radtke et 
al. 2004). Local treatment with involved-fi eld 
radiation therapy or cystectomy is indicated af-
ter systemic chemotherapy (Level IV) (Sved et 
al. 2004).

19.3 Quality of Life/Side Eff ects of 
 Therapy

Cystectomy

Postoperatively, patients can develop infection,  �
bleeding, deep vein thrombosis, pulmonary em-
bolism, or myocardial infarction.
A major issue for many patients is continence.  �
When a patient has a cystectomy, a segment of 
ileum, colon, or jejunum is fashioned into either a 
conduit (for non-continent diversions) or a larger 
reservoir (for continent diversions). The conduit 
empties through a stoma on the abdominal wall 
into a collection device. With a continent diver-
sion, a valve is attached to the abdominal wall, 
which is catheterized every 4 h. An orthotopic 
reservoir is attached to the urethra provided that 
the urethra can be spared. The reservoir is emp-
tied by Valsalva. However, patients also need to 
intermittently self-catheterize. The postoperative 
complication rate with the continent diversions 
is 15%–30% and 10% or less with non-continent 
diversion.
Complications after cystectomy include electro- �
lyte abnormalities, acidosis with hyperkalemia, 
hypercalcemia, or hypomagnesemia. These re-
quire treatment with bicarbonate and electrolyte 
replacement as needed. Patients can develop al-
tered drug metabolism. Drugs that are ordinarily 
excreted by the kidneys, such as dilantin, can be 
reabsorbed by the patient’s conduit or reservoir. 
Patients develop renal calculi at rates of 3%–4% 
with a conduit and 20% with a reservoir. Of the 
patients, 10%–15% develops bacteremia with 
urinary tract infection. Neuromechanical com-
plications include retention or hyperperistaltic 
contractions of the reservoir, which lead to low 
capacity or incontinence.
Cystectomy decreases quality of life. At the Uni- �
versity of Mainz, patients completed a quality-
of-life survey prior to surgery and 1 year post 
surgery. In areas of physical activity, sexual activ-
ity, and emotional well-being, quality of life was 
decreased (Level III) (Hardt et al. 2000).
Continent diversion may increase a patient’s qual- �
ity of life (Grade C). At the University Hospital, 
Lund, Sweden, surveys were completed by 20 pa-
tients with a continent cecal reservoir and 40 pa-
tients who had a conduit. Continent cecal reservoir 
was associated with fewer stoma-related problems 
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and allowed greater freedom in social life. Sex-
ual problems, disturbed relations, and emotional 
problems were common and did not differ between 
the two groups (Level III) (Månsson et al. 1988). 
Another study demonstrated that patients with 
ileal conduits reported a greater impact on their 
social activities, but fewer problems with the de-
vice. All the patients with neobladders had some 
incontinence, primarily at night, and all patients 
reported erectile dysfunction (Level III) (Raleigh 
et al. 1995). A survey performed by Hart et al. 
(1999) from Stanford University revealed that there 
was no difference among the urinary diversion 
subgroups in any quality-of-life area (Level III). 
At Herlev Hospital, Denmark, daytime leakage was 
18% with bladder substitution versus 10% with 
conduit diversion, and nighttime leakage was 21% 
versus 3%. However, 58% of the ileal conduit ver-
sus 21% of bladder substitution patients reported 
urinary leakage as their main concern. Also, ileal 
conduit patients did not retain their body image as 
well as those with bladder substitution (Level III) 
(Bjerre et al. 1995).

Radiation Therapy

Acute side effects include frequency, urgency, dy- �
suria, and occasional incontinence. Patients can 
develop nausea, vomiting, or diarrhea. These side 
effects usually resolve.
Late radiation complications include hematuria,  �
chronic frequency, and contracted bladder in ap-
proximately 5% of patients. These symptoms can 
also occur if the patient develops bladder recur-
rence. Therefore, these symptoms mandate cys-
toscopy.
The majority of patients who undergo bladder  �
preservation therapy and maintain their bladder 
has normal or near normal function and report 
quality of life that is superior to that reported 
by patients who have cystectomy. At the Massa-
chusetts General Hospital, 32 patients returned 
quality-of-life questionnaires and underwent 
urodynamic study. In total, 75% percent had nor-
mally functioning bladders. The majority of men 
retained sexual function (Level III) ( Zeitman et 
al. 2003). At St. Chiara Hospital, 29 question-
naires from patients treated with radiation and 
chemotherapy and 30 questionnaires from pa-
tients treated with cystectomy were returned. 

Quality-of-life scores in the bladder-preser-
vation group were consistently better than in 
the patients treated with cystectomy. Specifi -
cally, bladder preservation patients had higher 
levels of sexual activity and higher perception 
of physical well being than cystectomy patients 
(Level III) (Caffo et al. 1996). The Karolinska 
mailed questionnaires to patients treated with 
radiation therapy, cystectomy, and randomly 
selected from the population. In all, 58 irradi-
ated patients, 251 who had received cystectomy, 
and 310 of the population control returned the 
questionnaires. Of the irradiated patients, 75% 
reported little or no urinary symptoms, 38% 
had had intercourse within the previous month, 
and 57% of these men reported that they had 
ejaculated. Among cystectomy patients, 13% had 
had intercourse, and 0% of the men had ejac-
ulated. Of the patients treated with radiation, 
32% reported moderate or worse gastrointestinal 
symptoms versus 24% of the cystectomy patients 
versus 9% of population controls (Level III) 
( Henningsohn et al. 2002).

19.4 Follow-Up

Superfi cial bladder cancer should be followed  �
with cystoscopy every 3 months for 2 years along 
with cytology, then every 6 months for 2 years, 
and then annually.
Invasive bladder cancer should be followed with  �
blood work, including complete metabolic panel, 
liver function tests, electrolytes, and chest X-ray 
obtained every 6 months. Every 3–6 months, the 
collecting system needs to be imaged for the fi rst 
2 years.
If a patient has had bladder conservation, he or  �
she needs to have cystoscopy every 3 months for 
2 years with cytology, and then every 6 months 
for 2 years, and then annually. If the patient 
had cystectomy, he or she needs urine cytology 
every 6 months. If they had a continent ortho-
topic diversion, they need a vitamin B12 shot 
yearly (National Comprehensive Cancer 
Network 2008).
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Introduction and Objectives

Prostate cancer is the most prevalent cancer and is the second 
most common cause of cancer death in American men (JEMAL et 
al. 2007). In the era or PSA screening, the majority of patients 
are diagnosed prior to the onset of the symptoms. According to 
the pre-treatment PSA, tumor diff erentiation (Gleason score) 
and stage, prostate cancer can be categorized into diff erent risk 
groups, which can assist in determining treatment strategies.

Management of prostate cancer is largely determined by the 
characteristics of the patient and the disease. In general, active 
surveillance, hormones alone, radical prostatectomy, external-
beam radiotherapy and brachytherapy are possible options for 
prostate cancer. For higher risk disease, hormonal therapy and/
or brachytherapy may be combined with external-beam radio-
therapy to enhance effi  cacy. 

This chapter examines:

Recommendations for diagnosis and staging procedures �

The staging system, risk groups, and prognostic factors �

Treatment recommendations as well as the supporting scien- �
tifi c evidence for defi nitive and adjuvant treatment 

The use of surgery, radiation therapy, and hormonal therapy  �
for defi nitive treatment of limited prostate cancer

Follow-up care and surveillance of survivors �

The most common site for metastatic prostate cancer is the bone. 
Radiation plays a major role in the treatment of bone metastasis 
secondary to prostate cancer, and the utilization of both external 
beam radiotherapy and radioactive isotope for the treatment of 
bone metastases is detailed in Chapter 43.
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20.1 Diagnosis, Staging, and 
 Prognosis

20.1.1 Diagnosis

Initial Evaluation

In the era of PSA screening, most men are asymp- �
tomatic at the time of diagnosis. 
History and physical exam focus on local symp- �
toms, such as urinary frequency, urgency, noc-
turia, weak stream, hesitancy, or hematuria. For 
more advanced disease, patients may also pres-
ent with bloody stools or changes in bowel hab-
its. Distant spread is usually to bone and pelvic 
lymph nodes. Erectile function should also be 
documented.
All patients should have a digital rectal exam  �
(DRE), noting the size of the prostate, presence 
of prostatic nodules, extracapsular extension of 
nodules, involvement of the seminal vesicles, and 
the presence of blood on the gloved hand.

Laboratory Tests

At a minimum, the total prostatic-specifi c anti- �
gen (PSA) level should be measured. If available, 
this should be compared in the context of all prior 
PSA measurements to gauge the trend, i.e., PSA 
velocity. A sudden rise in PSA levels over time is 
more suggestive of prostate cancer than benign 
causes.
While associated with prostate cancer, an elevated  �
PSA is not specifi c. In general, the higher the PSA 
level is, the more likely for the cause to be due 
to prostate cancer. False-positives can arise from 
infl ammation, infection, benign prostatic hyper-
trophy, recent DRE, and recent ejaculation.
Strategies to help distinguish between a PSA rise  �
due to malignancy or benign disease include age-
adjusted PSA levels, free PSA, PSA density, and 
PSA velocity, though there is no general consen-
sus on their use.
A free to total PSA ratio, which is the percent- �
age of PSA that is not bound to proteins in the 
blood, less than 20% is associated with prostate 
cancer. The relationship between the probability 
of prostate cancer and the free to total PSA ratio is 
inversely proportional (Arcangeli et al. 1998).

A complete blood count, basic blood chemistry,  �
liver function tests, renal function tests, total tes-
tosterone, and alkaline phosphatase may also be 
considered.

Imaging Studies

Imaging studies, such as a bone scan and CT scan  �
of the abdomen and pelvis, are advised for pa-
tients with symptoms or signs (e.g., bone pain) 
suggestive of metastatic disease or for patients 
with high-risk prostate cancer (Grade D). The 
American Urology Association guidelines recom-
mend a bone scan if the PSA is >10 ng/ml and a CT 
scan if the PSA is >20 ng/ml (Level V) ( Carroll 
et al. 2001).
A transrectal ultrasound of the prostate can be  �
performed to exclude extracapsular disease and 
seminal vesicle involvement.
An MRI with an endorectal coil of the prostate  �
can be suggested for evaluation of local disease 
(Grade B). The procedure is gaining popularity as 
it provides superior soft tissue anatomy as com-
pared to CT scans in evaluating for extracapsu-
lar extension and/or seminal vesicle involvement 
(Level IV) (Zhang et al. 2007).
Magnetic resonance spectroscopy imaging  �
(MRSI) can be used in staging and post-treat-
ment measurement of effi cacy (Grade B). The 
study combines an MRI with spatial metabolic 
activity, and its effect has been demonstrated in 
numerous prospective radiology studies (Rajesh 
et al. 2007).

Pathology

A systematic transrectal ultrasound-guided pros- �
tate biopsy is used to obtain tissue. At least ten 
biopsy cores from the entire prostate are recom-
mended.
The tumor is graded by genitourinary patholo- �
gists according to the Gleason scoring system, 
which is based on 10 points. This consist of two 
numbers (e.g., 3 + 3 = 6), with the fi rst number 
representing the predominant Gleason pattern 
(scored out of 5) and the second number repre-
senting the second most common Gleason pat-
tern. The greater the Gleason score, the higher 
the grade of the prostate cancer, which is associ-
ated with lymph node involvement and distant 
metastases.
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Among all the biopsy cores, the highest Gleason  �
score is used in determining prognosis and man-
agement.
The limitation of the Gleason scoring system is  �
that it is somewhat subjective, leading to sig-
nifi cant inter- and intra-observer variation 
 (Allsbrook et al. 2001).
More than 95% of cancers of the prostate gland  �
are adenocarcinoma. Less common histologies 
are ductal adenocarcinoma, neuroendocrine tu-
mors, mucinous carcinoma, sarcomatoid carci-
noma, endometrioid tumors, adenoid cystic car-
cinoma, sarcomas, carcinosarcoma, and primary 
lymphoma.

20.1.2 Staging

Prostate cancer is clinically staged using the 2003  �
AJCC TNM system, which is based on DRE fi nd-
ings (Table 20.1).
Prediction models can be used to help guide  �
treatment (Grade A). A number of risk groups 
(e.g., D’Amico, MDACC, MSKCC, and Seattle) 
and nomograms (e.g., MSKCC and Partin table) 
have been published to predict pathologic stage, 
biochemical control, prostate cancer-specifi c 
mortality, and developing metastases based on 
retrospective review. Generally, most risk group-
ing systems classify patients on the basis of PSA, 
Gleason score, TNM stage, and the percent posi-
tive biopsy cores (Level IV) (D’Amico et al. 1998, 
1999, 2002; Partin et al. 2001; Kattan et al. 2000, 
2001, 2003; Sylvester et al. 2003; Roach et al. 
2000).
The most commonly used risk grouping system  �
is the one proposed by D’Amico et al. (1998). 
These have been adopted by the NCCN guide-
lines, which divides patients into low-, intermedi-
ate-, high-risk, locally advanced and metastatic 
groups (Table 20.2) (National Comprehensive 
Cancer Network, version 1.2008).
The Roach formula can be used to estimate the  �
risk of lymph node involvement (Grade B). The 
probability of pelvic lymph node involvement = 
(2/3) × PSA + [(Gleason score -6) × 10] (Level IV) 
(Roach 1993).

Table 20.1. American Joint Committee on Cancer (AJCC) 
TNM Classifi cation of Carcinoma Cancer of the Prostate. 
[From Greene et al. (2002) with permission]

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Clinically unapparent tumor neither palpable nor 
visible by imaging

T1a Tumor incidental histological fi nding in 5% or less 
of tissue resected

T1b Tumor incidental histological fi nding in more 
than 5% of tissue resected

T1c Tumor identifi ed by needle biopsy 
(e.g., because of elevated PSA)

T2 Tumor confi ned within prostate

T2a Tumor involves one-half of one lobe or less

T2b Tumor involves more than one-half of one lobe, 
but not both lobes

T2c Tumor involves both lobes

T3 Tumor extends through the prostate capsule

T3a Extracapsular extension (unilateral or bilateral)

T3b Tumor invades seminal vesicle(s)

T4 Tumor is fi xed or invades adjacent structures 
other than seminal vesicles: bladder neck, 
external sphincter, rectum, levator muscles, 
and/or pelvic wall

Regional lymph nodes (N)

NX Regional lymph nodes were not assessed

N0 No regional lymph node metastasis

N1 Metastasis in regional lymph nodes(s)

Distant metastasis (M)

MX Distant metastasis cannot be assessed 
(not evaluated by any modality)

M0 No distant metastasis

M1 Distant metastasis

M1a Non-regional lymph node(s)

M1b Bone(s)

M1c Other site(s) with or without bone disease

S TAG E G ROU PI NG

I: T1a N0 M0 G1

II: T1a N0 M0 G2,3–4,  T1b N0 M0 Any G, 
T1c N0 M0 Any G T1 N0 M0 Any G, 
T2 N0 M0 Any G

III: T3 N0 M0 Any G

IV: T4 N0 M0 Any G, Any T N1 M0 Any G, 
Any T Any N M1 Any G
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20.1.3 Prognostic Factors

The risk groupings suggested by  � D’Amico et al. 
(1998) classify patients into low-, intermediate- 
and high-risk disease. These are useful for prog-
nostication and treatment decisions (Level IV).
Among intermediate-risk patients, a percent bi- �
opsy cores involvement, calculated as the number 
of cores containing cancer divided by the total 
number of cores obtained, greater than 50% 
share similar outcomes as high-risk patients. 
Another surrogate is the presence of individual 
biopsy cores containing more than 50% cancer 
(D’Amico et al. 2002).
A PSA velocity, calculated before radical pros- �
tatectomy, of >2.0 ng/ml/year has been associated 
with shorter time to death from prostate cancer 
and death from any cause. This is in addition to 
Gleason score 8–10, clinical stage T2, and pre-
treatment PSA (Level IV) (D’Amico et al. 2004).

20.2 Treatment Options for 
 Localized Prostate Cancer

20.2.1 General Principles

To help patients decide on which treatment to  �
select, it is helpful to discuss the natural history 
of the disease, life expectancy of the patient, treat-
ment outcomes, and its effects on quality of life of 
all the modalities and early and late toxicities.
Active surveillance, meaning regular follow-ups  �
with PSA measurements, is indicated for asymp-
tomatic patients with <5-year life expectancy 

and is an option for asymptomatic, low-volume, 
low-grade disease in patients with >5-year life 
expectancy and compliant to regular follow-up 
(Grade A). No differences in overall survival were 
observed in multi-institutional randomized tri-
als between watchful waiting and prostatectomy 
(Level I) (Klotz 2004; Holmberg et al. 2002; 
Bill-Axelson et al. 2005).
Multi-institutional retrospective study suggests  �
that outcomes after any of the three defi nitive 
treatment modalities such as external-beam ra-
diotherapy >72 Gy, brachytherapy, radical pros-
tatectomy yield similar results, with the 5-year 
PSA progression-free survival of 81%–83% 
(Level IV) (Kupelian et al. 2004).
For low-risk disease, outcomes of the three treat- �
ment options appear to be similar. The differ-
ences among the treatment modalities are the lo-
gistics, invasiveness of the treatment, side effects, 
complications, and recovery (Fig. 20.1).

20.2.2 Low-Dose-Rate Brachytherapy

Treatment Technique

There are presently two strategies, preplanned  �
and intra-operative planning, in performing 
LDR brachytherapy. The American Brachyther-
apy Society has released recommendations on 
transperineal permanent brachytherapy. Rec-
ommended indications for brachytherapy as 
monotherapy include stage T1–2a, Gleason sum 
2–6, and PSA <10 ng/ml. Recommended indica-
tions for brachytherapy as a boost to external-
beam radiotherapy include stage T2b–c, Gleason 
8–10, or PSA >20 ng/ml. Contraindications for 
brachytherapy include life expectancy <5 years, 

Table 20.2. Risk grouping system adopted by the National Comprehensive Cancer Network 
(NCCN, version 1.2008). 

Disease characteristics

Stage Gleason score PSA

Risk 
groups

Low risk T1–T2a, and 2–6, and < 10 ng/mL

Intermediate risk T2b–T2c, or 7, or 10–20 ng/mL

High risk T3a, or 8–10, or > 20 ng/mL

Locally advanced T3b–T4 Any Any

Metastatic N1 and/or M1 Any Any
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Pathologic diagnosis of 
adenocarcinoma of the prostate

Risk Group Classifi cation

Clinical Stage

Laboratory Results(PSA)

Pathology (Gleason Score)

Low Risk
Stage T1–T2a, N0, M0

Gleason scorer 2–6, and

PSA <10 ng/mL

Intermediate Risk
(Favorable)

Stage T2b–T2c, N0, M0

Gleason scorer 7, or

PSA 10–20 ng/mL

Intermediate Risk
(Unfavorable*)

Stage T2b–T2c, N0, M0

Gleason scorer 7, or

PSA 10–20 ng/mL

High Risk
Stage T3a, N0, M0

Gleason scorer 8–10, or

PSA >20 ng/mL

Treatment Options
Active Surveillance

Brachytherapy

High Dose Ext. Beam Radiation

Radical Prostatectomy

Treatment Options
High Dose Ext. Beam Radiation

Radical Prostatectomy

Treatment Options
(1) High Dose Ext. Beam Radiation

(2) Ext. Beam Radiation with 

Brachytherapy Boost

(3) Radical Prostatectomy

Treatment Options
(1) High Dose Ext. Beam Radiation

(2) Ext. Beam Radiation with 

Brachytherapy Boost

Volume of Ext. Beam 
Radiation
Prostate Only

Volume of Ext. Beam 
Radiation

Prostate and Seminal Vesicle

Volume of Ext. Beam 
Radiation

Prostate and Seminal Vesicle 

Consider Whole Pelvic Radiotherapy

Volume of Ext. Beam 
Radiation

Whole Pelvic Radiotherapy

followed by Prostate Boost

Role of Androgen 
suppression therapy

No

Role of Androgen 
suppression therapy

Neoadjuvant Hormonal Therapy

(2 months)

Current Hormonal Therapy

(2 months)

Role of Androgen 
suppression therapy

Neoadjuvant Hormonal Therapy

(2 months)

Current Hormonal Therapy

(2 months)

+/-

Adjuvant Hormonal Therapy (2 years)

Role of Androgen 
suppression therapy

Neoadjuvant Hormonal Therapy

(2 months)

Current Hormonal Therapy

(2 months)

Adjuvant Hormonal Therapy

(2 years)

Follow-Up
* May be defi ned as >50% positive biopsy cores, 

>50% core length involvement, annual PSA 

velocity >2 ng/ml/year

Fig. 20.1. A proposed algorithm for the treatment of localized prostate cancer

large TURP defect, unacceptable operative risks, 
and distant metastases (Grade D). Relative con-
traindications for brachytherapy because of 
higher risk of toxicities include a large median 
lobe, previous pelvic irradiation, high IPSS score 
(IPSS >15), history of multiple pelvic surger-
ies, and severe diabetes with healing problems; 

relative contraindications because of inadequate 
dose coverage include previous TURP, gland size 
>60 cc at the time of implant (consider in context 
of pubic arch), prominent median lobe, and posi-
tive seminal vesicle invasion (Nag et al. 1999).
The preplanned technique, advocated by the  �
Seattle Prostate Institute, involves two separate 
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visits for the patient. In the fi rst visit, a volume 
study is performed. In the dorsal lithotomy po-
sition, a transrectal ultrasound, mounted onto 
a brachytherapy stepper, is used to capture se-
quential axial images of the prostate in 5-mm 
increments. Aerated jelly is inserted into the 
urethra during the procedure to visualize the 
urethra on the ultrasound images. These images 
are transferred to a laptop computer loaded with 
a brachytherapy planning software. Afterwards, 
planning is done offl ine to determine an opti-
mal seed implantation pattern. Once fi nalized, 
the seeds are ordered. Usually, the actual implant 
is performed approximately 1–2 weeks after the 
volume study.
The intraoperative planning approach consoli- �
dates the two visits into a single sitting, i.e., plan-
ning and implantation of seeds can be done at 
the same time as the volume study. Advantages 
include patient convenience, less use of hospital 
resources, and minimal change in patient posi-
tioning. However, doing it in one sitting adds an 
extra layer of complexity (Zelefsky et al. 2007).
Neoadjuvant hormones may be considered for  �
large prostate glands (>60 cc) in the hopes of 
downsizing the prostate.
Patients should be counseled on radiation protec- �
tion issues, such as how to retrieve and dispose of 
seeds that have passed in the urine, minimizing 
radiation exposure to small children and preg-
nant women, wearing condoms for the initial pe-
riod, cremation issues, and the issuance of a card 
that describes the amount of radiation and the 
procedure for security checkpoint purposes.

Isotope and Dose

The ABS recommends monotherapy prescrip- �
tion doses for I-125 and Pd-103 to be 145 Gy and 
125 Gy, respectively (Grade B). For external-beam 
radiotherapy with I-125 or Pd-103 prostate boost, 
the ABS recommended boost doses of 100–110 Gy 
and 90–100 Gy, respectively (Grade B) (Rivard 
et al. 2007). 
The dose response using post-implant dosimetry  �
with a CT scan taken 30 days after I-125 prostate 
brachytherapy was analyzed using retrospective 
data. Freedom from biochemical failure was asso-
ciated with the D90 (dose delivered to 90% of the 
prostate gland): at 5 years, 68% for D90 <140 Gy, 
97% for 140–<160 Gy, 98% for 160–<180 Gy, and 
95% for 180 Gy (p=0.0025). Post-treatment 

prostate biopsies taken at 2 years were positive 
in 22% for D90 <160 Gy and 9% for D90 160 Gy 
(Level IV) (Stock et al. 2002).

Post-Implant Dosimetry

The American Brachytherapy Society convened a  �
panel discussion in 2004 regarding critical organ 
dosimetry. Among the recommendations, they 
reiterated that postimplant dosimetry is criti-
cal for quality assurance, provides prognostic 
information, and may identify systematic tech-
nical errors. The urethra should be delineated 
as a volume, either with fusion with ultrasound 
images or with a catheter in place during the CT 
scan. The dosimetric endpoints that should be 
recorded include the V150%, D5%, and D30%. 
The inner and outer wall of the rectum should 
be contoured on all CT slices where seeds are 
identifi ed; the dosimetric parameters are V100% 
and V150% (Grade B) (Crook et al. 2005).
A CT scan performed after implant is used to  �
assess the quality of the implant. The interval 
between the implant and the CT scan may be 
variable, but this should be considered when 
comparing the quality of the implant as prostate 
edema may still be signifi cant if scanned early. 
In general, the CT scan can be performed on the 
same day up to 30 days post-implant.
Some centers have studied CT-MRI fusion, which  �
addresses the CT image artifact from the seeds 
and the diffi culty in identifying the prostate base 
and apex (Crook et al. 2002).

Outcomes

A multi-institutional study of long-term results  �
after LDR brachytherapy for 2,693 men with T1-2 
prostate cancer was recently published. Median 
follow-up was 63 months. Patients with a pros-
tate D90 130 Gy had an 8-year PSA relapse-free 
survival of 93% versus 76% for patients with a 
D90 <130 Gy (p< 0.001). PSA nadir was associ-
ated with PSA control; 8-year PSA relapse-free 
survival was 92%, 86%, 79%, and 67% for PSA 
nadirs of < 0.5, 0.5–0.99, 1.0–1.99, and >2.0 ng/ml, 
respectively (Level IV) (Zelefsky et al. 2007).
The long-term outcomes of a single-institution’s  �
experience in 1,266 cases of permanent seeds 
brachytherapy for stage T1-2 disease showed that 
5-year PSA disease-free survival and cause-spe-
cifi c survival was 76% and 98%, respectively, in 
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the entire cohort. Median follow-up was 4.1 years. 
Multivariate analyses found that the presence of 
Gleason score 7, PSA 10, or clinical T stage T2b 
signifi cantly increased the risk of PSA failures 
from 1.4 to 2.9 times. The hazard ratio for cause-
specifi c survival was also signifi cantly increased 
for Gleason score 7 and PSA 10, ranging from 
4.7 to 6.4 (Level IV) (Beyer et al. 2003).
In a retrospective study from the Seattle Prostate  �
Institute, 10-year PSA progression-free survival 
of I-125 brachtherapy as monotherapy for early 
stage disease was 87% (Level IV) (Grimm et al. 
2001).

20.2.3 External-Beam Radiotherapy

Treatment Technique

Simulation

CT simulation is performed in the supine posi- �
tion with arms on the chest. Scan slice thick-
ness should be 3 mm or less. The bladder should 
be comfortably full to displace the bowel away 
from the prostate. The rectum should be empty, 
which may be achieved with a bowel preparation 
or modifi cation of diet.
Immobilization using alpha cradles, knee sponge,  �
and ankle rests may be considered.
To assist in identifying the prostatic apex, an ure- �
throgram is suggested; other techniques include 
MRI fusion and intraprostatic fi ducial markers. 
Fiducial markers should be implanted by tran-
srectal ultrasound guidance at least 1–2 weeks 
before the CT simulation.

Beam Energy and Dose Calculation

A minimum of 10-MV photon beams should be  �
used.

Field Arrangement

For both 3DCRT and IMRT, a fi ve- to seven- �
beam iso-centric technique is used to minimize 
radiation to nearby critical organs, such as the 
rectum, bladder, penile bulb, and femoral heads 
(Fig. 20.2).
The CTV includes the entire prostate gland. The  �
PTV margin should account for inter- and intra-

fraction organ motion and setup variation, which 
will vary between centers depending on the use of 
any image-guidance technique. Examples of im-
age-guided radiotherapy (IGRT) include the im-
plantation of three to four intraprostatic fi ducial 
markers (Pouliot et al. 2003), B-mode acquisition 
and targeting (BAT) ultrasound (Lattanzi et al. 
1999), and cone-beam CT (Moseley et al. 2007).

Whole Pelvic Treatment

Traditionally, conventional fi eld placement using  �
bony landmarks has been used in placing a four-
fi eld box. The superior border is placed at the 
L5–S1 interspace. The inferior border is at the 
inferior aspect of the ischium. The posterior bor-
der is at the S2–3 interspace. The anterior border 
is at the anterior aspect of the pubic symphysis. 
The lateral borders are 2 cm lateral to the widest 
point of the pelvic brim.
IMRT can be considered for the treatment of pel- �
vic lymph nodes (Grade B). Many centers have 
migrated to IMRT for the pelvic nodes, though 
this requires signifi cant knowledge of pelvic 
anatomy. The CTV includes the distal common 
iliac, internal iliac, and external iliac nodal re-
gions. The corresponding vessels should be used 
as a guide in delineating these nodal regions.
In a comparison between 3DCRT and IMRT for 
the fi rst treatment phase (45 Gy in 25 fractions) of 
whole-pelvic radiotherapy in high-risk patients, 
IMRT signifi cantly improved the coverage of the 
nodes at risk (D95 46.0 vs. 27.4 Gy, p<0.01), while 
signifi cantly sparing the rectum (V45 Gy), small 
bowel (V45 Gy), and bladder (V45 Gy) (Level III) 
(Wang-Chesebro et al. 2006).
In a study of lymphotropic nanoparticles, drain- �
ing nodal patterns of the prostate were mapped 
and formed the recommendations for delineation 
of the pelvic nodes. The proposed guidelines sug-
gested that the pelvic nodal clinical target vol-
ume should include a 2-cm radial margin around 
the distal common iliac, proximal internal iliac, 
and proximal external iliac vessels. This volume 
would cover 94.5% of the pelvic nodes at risk 
in the study’s cohort of 18 patients with node-
positive disease (Level III) (Shih et al. 2005).
At ASCO 2008 GU Symposium,  � Lawton et al. 
presented the RTOG consensus guidelines on 
CTV nodal delineation for high-risk patients. 
The guideline will be published on the RTOG 
website.
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Fig. 20.2a–e. Isodose curves of an inverse IMRT plan using seven gantry angles delivered with conventional MLC for a patient 
with high-risk adenocarcinoma of the prostate. a Axial view of IMRT phase 1 isodose lines covering the PTV nodes  (yellow 
line); b sagittal view of IMRT phase 1 isodose lines covering the PTV nodes (purple line) and PTV prostate and seminal vesicles 
(magenta line); c axial view of IMRT composite plan of isodose lines covering the PTV prostate (green line); d sagittal view 
of IMRT composite plan of isodose lines covering the PTV prostate (magenta line); e DVH of composite plan
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Dose and Fractionation

Dose Escalation

The recommended minimum dose to the prostate  �
is at least 72 Gy to the PTV, which can be deliv-
ered in 1.8 to 2.0 Gy per fraction. The choice of 
total dose will vary from center to center and 
is based on the availability and type of target-
ing systems, IMRT, and physician comfort level. 
With image-guided radiotherapy, the minimum 
dose should be escalated further to at least 78 Gy 
(Grade A). Generally, there are two prescription 
methods used in the dose-escalation trials. Some 
studies prescribe to the isocenter (i.e., 100%), 
which means that the minimum dose to the PTV 
is lower (usually 95%). Other studies prescribe a 
minimum dose to the PTV, which means that the 
maximum dose within the PTV will be higher. It 
is imperative to highlight this difference when 
comparing trials.
Dose-escalation (>72 Gy) is considered standard  �
based on several phase III trials. When analyzed 
by risk groups, the benefi t of dose escalation is not 
consistently positive, which may be due to inad-
equate power, short follow-up, or the use of dif-
ferent defi nitions of PSA relapse. Unless specifi ed, 
the studies below excluded the use of hormones.
In a phase III study comparing 70 and 78 Gy in  �
T1–3 disease, 8-year PSA control was 59% and 
78%, respectively (p=0.004). The benefi t was seen 
in low-risk disease, but in intermediate- and high-
risk disease only patients with a PSA >10 ng/ml 
benefi ted (Level I) (Pollack et al. 2002; Kuban 
et al. 2008). 
In a phase III trial comparing 70.2 versus 79.2 Gy  �
in T1b–T2b disease and PSA <15 ng/ml, protons 
were used for the prostate boost phase in both 
arms. The 5-year PSA control rate was 61.4% and 
80.4%, respectively (p< 0.001). The benefi t was 
seen in both low- (60.1% and 80.5%, p<0.001) 
and intermediate-risk patients (62.7% vs. 81.0%, 
p=0.02) (Level I) (Zietman et al. 2005).
The phase III trial of 68 versus 78 Gy using  �
3DCRT found that 5-year freedom from failure 
was 54% and 64%, respectively (p=0.02). De-
pending on the estimated risk of seminal vesicle 
involvement, the seminal vesicles were included 
in the treatment fi elds. Twenty-one percent of pa-
tients received (neo)adjuvant hormones, of which 
55% received long-term (3 years) hormones. No 
difference was seen in the low-risk patients. In-
termediate-risk patients signifi cantly benefi ted 

from 78 Gy, whereas in high-risk patients there 
was a trend towards 78 Gy (Level I) (Peeters et 
al. 2006).
Initial results of the MRC RT01 randomized trial  �
comparing 64 and 74 Gy to the prostate were 
recently published. Eight hundred forty-three 
men with cT1b–3N0 prostate cancer received 
3–6 months of neoadjuvant androgen suppres-
sion until completion of radiation. Whole-pelvic 
radiotherapy was not given. The dose was pre-
scribed to isocenter. Accrued patients had the 
following characteristics: median pre-treatment 
PSA 12.8 ng/ml, 13% had Gleason score 8–10, 
and 18% had cT3 disease. Median follow-up was 
63 months. The 5-year PSA control (71% vs. 60%, 
p=0.0007) was signifi cantly higher with high-
dose radiotherapy. No differences in overall sur-
vival, cause-specifi c survival, and distant metas-
tases were noted. Escalated dose was associated 
with more late RTOG grade 2 (p=0.005) and 3 
(p=0.055) bowel toxicities, but not urinary toxici-
ties (Level I) (Dearnaley et al. 2007).
The earliest phase 1–2 study of dose escalation  �
from 64.8 to 86.4 Gy using 3DCRT and IMRT 
showed that higher doses were associated with 
improved PSA control. When comparing dose 
groups of 64.8–70.2 Gy and 75.6–86.4 Gy, the 
5-year PSA control rates were improved in favor-
able (77% vs. 90%, p=0.05), intermediate (50% 
vs. 70%, p=0.001), and unfavorable risk (21% 
vs. 47%, p=0.002). Lower doses were associated 
with a greater likelihood of positive postradiation 
prostate biopsies. In separate analyses of the sub-
group who received 81 Gy with IMRT, 8-year PSA 
control rates were 85%, 76%, and 72% for favor-
able, intermediate, and unfavorable risk groups 
(Level II) (Zelefsky et al. 2001, 2006).
Retrospective study of 839 patients treated with  �
3DCRT showed a signifi cant positive correlation 
between radiation dose and biochemical failure 
between the <72 Gy, 72–75.9 Gy, and 76 Gy dose 
groups for intermediate-, but not low- and high-
risk patients. In multivariate analyses, dose was 
a signifi cant predictor of biochemical failure 
(Level IV) (Pollack et al. 2004).
The results of a prospective dose-escalation study  �
with 3DCRT from 68 to 79 Gy showed that when 
stratifi ed by PSA and radiation dose, patients with 
a PSA >10 ng/ml or PSA >20 ng/ml did not benefi t 
from dose escalation. However, among patients 
with a PSA of 10–20 ng/ml, there was a clear 
dose-escalation advantage seen with 8-year PSA 
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control increasing from 19% to 84% (Level II) 
(Hanks et al. 2002).
In a large multi-institutional retrospective study  �
of 1,325 patients with T1–2 disease, the 5-year 
PSA control rate was higher in the cohort given at 
least 72 Gy than the cohort given less than 72 Gy 
(63% vs. 69%, p=0.046). Dose was also signifi cant 
in multivariate analyses (Level IV) (Kupelian et 
al. 2005).

Hypofractionation

Unlike most tumors, recent studies suggest  �
that the alpha-beta ratio of prostate cancers 
may be low, like late-responding normal tissues 
(Level IV) (Brenner et al. 1999, 2002; Fowler 
et al. 2001; King et al. 2001). Higher dose per 
fraction, or hypofractionation, may be more ef-
fective for prostate cancer (Grade B). This has the 
added advantage of patient convenience because 
of a shorter overall treatment time. However, the 
worry is that this may lead to more late rectal 
and bladder toxicities. Longer follow-up and a 
large-scale multi-institutional phase III trial will 
be needed before hypofractionation becomes 
standard.
Results are described from a retrospective, sin- �
gle-institution study of 70 Gy in 28 fractions over 
5.5 weeks (2.5 Gy/fraction) to the prostate ± semi-
nal vesicles with IMRT. Neoadjuvant or adjuvant 
hormones were given to 60% of patients, of whom 
18% received more than 6 months of treatment; 
34%, 28%, and 38% had low-, intermediate-, and 
high-risk disease. The 5-year PSA control was 
94%, 83%, and 72% for low-, intermediate-, and 
high-risk groups, respectively. Daily target local-
ization was performed using daily transabdomi-
nal ultrasound. Severe acute and late toxicities 
occurred in 1% and 1.5% of patients, respectively 
(Level IV) (Kupelian et al. 2007).
Preliminary results of a single-institution phase II  �
trial of 60 Gy in 20 fractions over 4 weeks (3.0 Gy/
fraction) with IMRT for T1c–2c disease found that 
the 14-month PSA control rate was 97%. Of the 92 
patients, 85 had low- or intermediate-risk disease. 
Eight of 92 patients received adjuvant hormones. 
Daily target localization was performed using in-
traprostatic markers. There was one case of severe 
acute toxicities and no cases of severe late toxici-
ties (Level III) (Martin et al. 2007).
Phase I/II study of 33.5 Gy in fi ve fractions (6.7 Gy/ �
fraction) delivered with non-coplanar, confor-

mal beams and daily target localization using 
intraprostatic fi ducial markers reported a 4-year 
rate of biochemical freedom from relapse of 70% 
(ASTRO defi nition) and 90% (RTOG-Phoenix 
defi nition). Acute grade 1–2 toxicities were 48.5% 
and 39% for GU and GI, respectively. Only one 
case of acute grade 3 toxicity (GU) was seen. No 
late grade 3–5 toxicities were seen, but late grade 2 
GU and GI toxicities were 20% and 7.5%, respec-
tively (Level III) (Madsen et al. 2007).
In a randomized trial of 76 Gy in 38 fractions  �
over 7.5 weeks versus 70.2 Gy in 26 fractions over 
using IMRT in intermediate- and high-risk pa-
tients, preliminary results show that one and four 
patients, respectively, experienced severe acute 
genitourinary toxicities during radiation. No pa-
tients experienced severe acute urinary toxicities 
at 3 months post-treatment (Level II) (Pollack 
et al. 2006).

External-Beam Radiotherapy and 

Brachytherapy Boost

Based on the results of multiple retrospective  �
studies, the American Brachytherapy Society rec-
ommendations for brachytherapy as a boost to 
external-beam radiotherapy include stage T2b–c, 
Gleason 8–10, or PSA >20 ng/ml (Grade B) (Nag 
et al. 1999). The combination of external-beam 
radiotherapy and brachytherapy prostate boost 
is usually reserved for higher risk patients, where 
the risks of extracapsular extension and/or sem-
inal vesicle invasion are deemed unacceptably 
high, and brachytherapy alone may not be able 
to encompass the disease. A second indication for 
adding external-beam radiotherapy is for subop-
timal brachytherapy dose distribution.
There is no consensus on the external-beam ra- �
diotherapy volume. It can range from treating 
only the peri-prostatic tissues to the entire true 
pelvis. The decision on how much to treat will 
depend on the estimated risk of disease exten-
sion beyond the capsule and to the lymph nodes. 
By virtue of a larger volume of irradiated tissue, 
GI and GU toxicities will be higher, though still 
acceptable. The recommended dose is 45 Gy in 
25 fractions.
The brachytherapy boost can be given with ei- �
ther LDR or HDR. HDR has been traditionally 
given for locally advanced disease, where LDR 
may have diffi culty in encompassing the at-risk 
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volume. Advantages of HDR are conformal dose 
distribution, accurate dosimetry, and no radia-
tion exposure to the patient’s family members 
and hospital staff as the Ir-192 seeds are placed 
in an afterloading technique. Also, if the pros-
tate cancer does indeed behave like late tissue, 
such that the alpha-beta ratio is closer to 3, the 
large dose fraction sizes of HDR may be benefi -
cial. For external-beam radiotherapy with I-125 
or Pd-103 prostate boost, the recommended LDR 
boost doses are 100–110 Gy and 90–100 Gy, re-
spectively. As there is no consensus in the HDR 
dose fractionation, it is suggested to review the 
current literature (Rivard et al. 2007).
Long-term results (median follow-up 7.25 years)  �
from a single institution (n=209) of external-
beam radiotherapy (36 Gy in 20 fractions to the 
peri-prostatic tissue) and HDR brachytherapy 
(total 22–24 Gy) are described. Two implants 
were performed 1 week apart, with two HDR frac-
tions given 6 h apart during each implant (four 
HDR fractions, 5.5–6.0 Gy each). No hormones 
were given before radiotherapy. The 10-year PSA 
progression-free survival for low-, intermediate-, 
and high-risk patients was 90%, 87%, and 69%, 
respectively. Among the high-risk patients, none 
had local failure. The median PSA nadir was 
0.1 ng/ml, and the median time to reach the na-
dir was 3.5 years. The PSA nadir was a signifi cant 
predictor of PSA progression-free survival. Of 
the patients, 6.7% developed a urinary stricture 
requiring surgical intervention, and 3.8% devel-
oped urinary incontinence (Level IV) (Demanes 
et al. 2005).
In a phase I/II study from William Beaumont  �
Hospital, the outcomes of 197 patients with in-
termediate- and high-risk disease who also re-
ceived external-beam radiotherapy to the pelvis 
and 2–3 HDR boost were analyzed. HDR dose 
fractionation was progressively increased over 
the study period and is grouped into a “low-
dose” group that received a mean prostate BED 
of 88.2 Gy and a “high-dose” group that received 
a mean prostate BED of 116.8 Gy (alpha-beta ra-
tio of 1.2). The HDR dose ranged from 5.5 Gy × 
3 fractions to 11.5 Gy × 2 fractions. At 5 years, 
the biochemical failure, cause-specifi c survival, 
and overall survival were 21.6%, 98.3%, and 
92.9%, respectively, for the entire cohort. When 
stratifi ed by dose group, the “high-dose” group 
had superior 5-year biochemical failure (32.7% 
vs. 14.0%, p=0.006), locoregional failure (8.6% 

vs. 3.5%, p=0.3), distant failure (9.1% vs. 2.7%, 
p=0.05), cause-specifi c survival (95.4% vs. 100%, 
p=0.02) and overall survival (86.2% vs. 97.8%, 
p=0.002). No difference was seen in the GU and 
GI toxicity profi le between the two dose groups. 
Overall, the incidence of grade 3–4 GI and GU 
toxicities was 2% for both, which included rectal 
ulceration requiring surgery and urinary diver-
sion. Grade 3 rectal bleeding occurred in <1% 
(Level III) ( Vargas et al. 2006).
The long-term outcomes in a cohort of 223 men  �
with T1–3 disease treated at the Seattle Pros-
tate Institute with external-beam radiotherapy 
(45 Gy “mini-pelvis” fi eld) and permanent LDR 
brachytherapy boost were reported. No hormones 
were given unless for failure. The brachytherapy 
doses were ~100 Gy with Pd-103 (NIST 99) and 
108 Gy with I-125 (TG–43), and implanted a me-
dian of 4 weeks after completing external-beam 
radiotherapy. Median follow-up was 9.4 years. 
The 15-year PSA relapse-free survival was 86%, 
80%, and 68% for low-, intermediate-, and high-
risk diseases, respectively (Level IV) (Sylvester 
et al. 2007).
A retrospective analysis of 64 intermediate- and  �
high-risk patients treated at University of Cali-
fornia San Francisco with an HDR boost was re-
cently published. Patients received 2 months of 
neoadjuvant hormones, concurrent hormones, 
and with or without 2 years of adjuvant for high-
grade disease (Gleason score >7). Whole-pelvic 
radiotherapy (45 Gy in 25 fractions) was indi-
cated for 40 patients with >15% risk estimated 
nodal involvement; otherwise, peri-prostate vol-
ume was irradiated. The HDR implant was per-
formed 1 week after completing external-beam 
radiotherapy, delivering a total of 18 Gy in three 
fractions separated by at least 6 h. The 4-year 
disease-free survival was 92%. Two patients had 
peri-operative hematuria, with one requiring a 
blood transfusion. There were no late grade 3 
GU toxicities. One patient had a late grade 4 
GI toxicity with subsequent bowel obstruction 
(Level IV) (Hsu et al. 2005).

Prophylactic Pelvic Nodal Radiotherapy

Prophylactic pelvic nodal radiation can be con- �
sidered in the treatment of high-risk patients 
(Grade C). However, after the initial then updated 
results of RTOG 9413, the concept of whole-pelvic 
radiotherapy for patients considered at high-risk 
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of harboring microscopic disease in the pelvic 
nodes is controversial. Critics cite the suboptimal 
dose (70.2 Gy) used in RTOG 9413, which is in-
adequate for prostate tumor eradication. Of note, 
all prior RTOG studies of high-risk patients gave 
WPRT. Surgical data from Johns Hopkins suggest 
that an extended as compared to a limited node 
dissection for high-risk patients may improve 
PSA outcomes (Level IV) (Allaf et al. 2004).
RTOG 9413 was a phase III, four-armed study  �
with a 2×2 randomization schema. A total of 1,292 
men with an estimated pelvic node involvement 
of >15% or cT2c-4 and Gleason score 6 were 
randomized to either 4 months of neoadjuvant 
and concurrent (NCHT) or 4 months of adjuvant 
(AHT) androgen suppression therapy, and whole-
pelvic radiotherapy (WPRT) or prostate-only ra-
diotherapy (PORT). At the time of study design, 
no interaction was assumed between hormone 
timing and radiotherapy volume; therefore, the 
study was not powered to compare the four arms 
individually. The total prostate dose in all four 
arms was 70.2 Gy in 1.8 Gy fractions. In the WPRT 
arms, 50.4 Gy was given to the entire pelvis, fol-
lowed by 19.8 Gy to the prostate. Concerning pa-
tient characteristics, the 4-year progression-free 
survival was 54% and 47% for the WPRT and 
PORT arms, respectively (p=0.02). No difference 
in 4-year progression-free survival was seen be-
tween the NCHT and AHT arms (p=0.56). When 
analyzed separately, the NCHT+WPRT arm had 
superior 4-year progression-free survival than the 
other three arms (60% vs. 44–50%, p=0.008). Se-
vere (RTOG grade 3), acute (2% vs. 1%, p=0.06), 
and late (1.7% vs. 0.6%, p=0.09) GI toxicities were 
borderline higher in the WPRT than PORT arms, 
but no difference was seen in acute or late GU 
toxicities (Level I) (Roach et al. 2003).
In a secondary analysis of RTOG 9413, two of the  �
four arms were re-analyzed by stratifying based 
on fi eld size. The NCHT+WPRT and NCHT+PORT 
arms were chosen to eliminate the treatment com-
pletion time bias with the two arms that received 
AHT. The NCHT+PORT arm was divided into the 
subgroup that received “mini-pelvis,” defi ned as 
a fi eld size of >10×11 cm, or “prostate-only,” de-
fi ned as a fi eld size of <10×11 cm. The fi eld size of 
10×11 cm was chosen because it was the median in 
the NCHT+PORT arm. A signifi cant association 
between larger fi eld sizes and 4-year progression-
free survival was detected (p=0.024). As expected, 
acute grade 2 or greater GI toxicities were more 

frequent with larger fi elds (WPRT, “mini-pelvis,” 
prostate-only: 46.6%, 36.7%, 20.2%, p<0.001). 
Late grade 3 or greater GI toxicities were also 
more frequent with larger fi elds (5-year WPRT, 
“mini-pelvis,” prostate-only: 4.3%, 1.2%, 0%, 
p=0.006) (Level I) (Roach et al. 2006).
In an update of RTOG 9413, the median follow-up  �
increased from 59.5 to 79 months. The signifi -
cant improvement in progression-free survival 
seen in the WPRT versus the PORT arms in the 
initial analysis was no longer signifi cant with 
increased follow-up (p=0.99). No difference was 
seen between the NCHT and AHT arms (p=0.59). 
When analyzed separately and adjusted for mul-
tiple pairwise comparisons (signifi cant p-value 
<0.008), there was no signifi cant difference be-
tween the four arms for progression-free sur-
vival. Late severe GU toxicities were similar in 
the four arms, though severe GI toxicities were 
more frequent in the NCHT+WPRT arm versus 
the other three arms (5% vs. 1%–2%, p=0.002) 
(Level I) (Lawton et al. 2007).
In the French GETUG-01 phase 3 trial, 444 pa- �
tients with T1b-3N0 with any PSA and any Glea-
son score were randomized to WPRT or PORT. 
“High-risk” patients (defi ned as the presence of 
any of the following: T3, Gleason score 7, or PSA 
>12) received 4–8 months of neoadjuvant and 
concurrent androgen suppression. The total pros-
tate dose was 66–70 Gy. In the trial, 54% had an 
estimated lymph node involvement of less than 
15%, median PSA was 11.5, and 50% had Glea-
son score <7. Preliminary results after a median 
follow-up of 42 months were presented. There was 
no signifi cant difference in 5-year progression-
free survival between the WPRT and PORT arm 
for the high-risk (59.8% vs. 63.4%, p=0.2) and 
low-risk (83.9% vs. 75.1%, p=0.21) patients, re-
spectively. Multi-variate analyses suggested that 
the addition of hormones and estimated nodal 
risk were signifi cant predictors, but fi eld size and 
radiation dose were not. No difference was seen 
in acute and late rectal toxicities. In comparing 
this study with RTOG 9413, this study did not 
treat the entire pelvis as the upper border was 
taken at S1–2, which may miss as much as 20% of 
draining lymph nodes based on the nanoparticles 
study. Second, 60% of patients received less than 
70 Gy, which is considered sub-optimal and may 
have led to inadequate tumor eradication in the 
prostate. Third, these results represent prelimi-
nary data (Level II) (Pommier et al. 2007).
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20.2.4 Androgen Suppression Therapy

Androgen suppression therapy consists of an  �
LHRH agonist (e.g., goserelin and leuprolide) 
and an anti-androgen (e.g., fl utamide and bicalu-
tamide).
The trials supporting the combination of hor- �
mones and external-beam radiotherapy all used 
prostate doses of 70 Gy or less. In contrast, most 
dose-escalation trials did not use hormones. 
Thus, it is unclear whether hormones are benefi -
cial in the setting of dose escalation.
Whole-pelvic radiotherapy was not given in the  �
two contemporary trials of intermediate-risk dis-
ease. In the studies of high-risk patients, all but 
one study treated the pelvis in both arms.
Hormonal therapy is not recommended as an  �
addition to defi nitive treatment for low-risk dis-
ease.

Intermediate-Risk Disease

For intermediate-risk disease, the recommended  �
hormone timing and duration are 2 months of 
neoadjuvant then concurrent hormones with ex-
ternal-beam radiotherapy (Grade A). A phase III 
trial randomized 206 patients with prostate can-
cer to radiotherapy alone or radiotherapy with 
6 months of androgen suppression therapy. Pa-
tient characteristics were: median PSA of 11 ng/
ml; clinical T1 (48%) and T2 (52%); Gleason score 
<7 (27%), 7 (58%), and 8–10 (15%). The radio-
therapy was directed to the prostate only with 
a dose of 70 Gy in 35 fractions using 3D con-
formal radiotherapy. At a median follow-up of 
4.52 years, 5-year overall survival (88% vs. 78%, 
p=0.04), cause-specifi c survival (100% vs. 94%, 
p=0.02), and PSA control (79% vs. 55%, p<0.001) 
were signifi cantly better in the radiotherapy with 
a hormone arm. Updated results after a median 
follow-up of 7.6 years showed that all-cause 
mortality was signifi cantly greater in the radio-
therapy alone arm (HR 1.8, p=0.01). Subgroup 
analyses suggest that the signifi cant difference 
was primarily in patients with no or minimal co-
morbidity (HR 4.2, p<0.001) (Level I) (D’Amico 
et al. 2004, 2008). 
A phase III trial from Australia randomized 818  �
patients with prostate cancer to one of three arms: 
radiotherapy alone, radiotherapy with 3 months of 
androgen suppression therapy (started 2 months 
before radiotherapy), or radiotherapy with 6 

months of androgen suppression therapy (started 
5 months before radiotherapy). Radiotherapy was 
to the prostate and seminal vesicles to a total dose 
of 66 Gy in 33 fractions. Patient characteristics 
included: clinical T2 (60%), T3–4 (40%); median 
PSA 15; Gleason score <7 (44%), 7 (38%), and 8–10 
(17%). Median follow-up was 5.9 years. Compared 
to the control arm of radiotherapy only, 3 months 
of hormones signifi cantly improved biochemical 
control (HR 0.70, p=0.002), and disease-free sur-
vival (HR 0.65, p=0.0001). Compared to the con-
trol arm, 6 months of hormones signifi cantly im-
proved biochemical control (HR 0.58, p<0.0001), 
disease-free survival (HR 0.56, p<0.0001), distant 
failure (HR 0.67, p=0.046), and prostate cancer-
specifi c survival (HR 0.56, p=0.04) (TROG 9601, 
Level I) (Denham et al. 2005).

High-Risk Disease

For high-risk disease, the recommended hormone  �
timing and duration is 2 months of neoadjuvant, 
concurrent, and 2–3 years of adjuvant hormones 
with external-beam radiotherapy (Grade A).
Long-term results of a phase III trial from Swe- �
den of 91 patients with locally advanced disease 
randomized to external-beam radiotherapy with 
or without orchiectomy were recently updated. 
The pelvis received a dose of 50 Gy and the pros-
tate a mean dose of 65 Gy. At 14–19 years after 
enrollment, deaths from any cause (87% vs. 76%, 
p=0.03) and prostate cancer mortality (57% vs. 
36%, p=0.02) were signifi cantly higher for the ra-
diotherapy only arm. The survival advantage ap-
peared to be limited to the 39 patients with node-
positive disease as detected by lymphadenectomy 
(Level I) (Granfors et al. 2006).
Long-term results (median follow-up 66 months)  �
of the landmark EORTC 22961 phase 3 trial of ex-
ternal-beam radiotherapy with or without imme-
diate androgen suppression therapy were recently 
reported. Hormones were started on the fi rst day 
of radiotherapy. Up to 50 Gy was given to the 
whole pelvis, followed by 20 Gy to the prostate and 
seminal vesicles. Accrued patients had T3 (82%), 
T4 (9%); Gleason score 7–10 (35%); PSA >20 (57%). 
The 5-year locoregional failure (16.4% vs. 1.7%, 
p<0.0001) and distant metastases (29.2% vs. 9.8%, 
p<0.0001) were signifi cantly reduced with imme-
diate hormones. The 5-year biochemical disease-
free survival (76% vs. 45%, p<0.0001), overall sur-
vival (76% vs. 62%, p=0.0002), and cause-specifi c 
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survival (94% vs. 79%, p=0.0001) continued to be 
signifi cantly better in the immediate hormones 
arm (Level I) (Bolla et al. 2002).
RTOG 8531 randomized 977 men with clinical  �
stage T3 and/or nodal involvement either by his-
tological or radiographic evidence, or pT3a–b 
disease after radical prostatectomy, to either ra-
diotherapy alone (with hormones at relapse) or 
radiotherapy with androgen suppression ther-
apy started in the last week of radiation and 
continued indefi nitely. Except in post-prostatec-
tomy patients, whole pelvic radiation (44–46 Gy) 
was followed by prostate boost of 20–25 Gy for 
all other patients. Gleason score 8–10 (central 
review) was present in 32%, positive nodes in 
28%, and post-prostatectomy in 15% of patients. 
Median follow-up was 5.6 years. The 8-year local 
failure (23% vs. 37%, p<0.0001), distant metas-
tases (27% vs. 37%, p<0.0001), and PSA control 
less than 1.5 ng/ml (32% vs. 8%, p<0.0001) were 
signifi cantly in favor of the radiotherapy with 
immediate hormones. Overall, there was no 
difference in overall survival or cause-specifi c 
survival. In subgroup analyses, a signifi cant 
improvement in overall survival (p=0.036) and 
cause-specifi c mortality (p=0.019) was observed 
in the cohort of patients who received immediate 
hormones and had Gleason score 8-10 and did 
not undergo prostatectomy (Level I) (Lawton 
et al. 2001).
RTOG 8610 randomized 456 men to either 2  �
months of neoadjuvant and concurrent androgen 
suppression therapy with radiotherapy or radio-
therapy alone. The study included bulky primary 
tumors, clinical stage T2–4, and involved pelvic 
nodes. Pelvic nodes received 44–46 Gy, followed 
by a prostate boost to a total of 65–70 Gy. Posi-
tive nodes were present in 8%, clinical stage T3–4 
70%, and Gleason score 8–10 in 28% of patients. 
Median follow-up was 6.7 years. The 8-year local 
failure (30% vs. 42%, p=0.016), distant metasta-
ses (34% vs. 45%, p=0.04), PSA control less than 
1.5 ng/ml (16% vs. 3%, p<0.0001), and cause-spe-
cifi c mortality (23% vs. 31%, p=0.05) were sig-
nifi cantly improved in the arm that received hor-
mones and radiotherapy. Subset analyses found 
that the benefi t of hormones was primarily in 
patients with centrally reviewed Gleason score 
2–6 for all endpoints including overall survival 
(70% vs. 52%, p=0.015), but not in patients with 
centrally reviewed Gleason score 8–10 (Level I) 
(Pilepich et al. 2001).

RTOG 9202 randomized 1,554 men with clinical  �
stage T2c–4 disease and treated with 2 months 
of neoadjuvant and concurrent hormones with 
radiotherapy to either no adjuvant hormones or 
24 months of adjuvant hormones. The whole-pel-
vis received 44–50 Gy, and the prostate received 
65–70 Gy. The median follow-up was 5.8 years. Pa-
tient characteristics were: clinical stage T2c (45%), 
T3 (51%), T4 (4%); median PSA 19.9–20.8 ng/ml; 
Gleason score 7 (34%), 8–10 (26%). The 5-year 
disease-free survival (28.1% vs. 46.4%, p<0.0001), 
distant metastases (17.0% vs. 11.5%, p=0.0035), 
local progression (12.3% vs. 6.4%, p=0.0001), and 
cause-specifi c survival (91.2% vs. 94.6%, p=0.006) 
were signifi cantly in favor of the arm that received 
adjuvant hormones. No difference in overall sur-
vival was found (p=0.7). In subset analyses, all 
endpoints, including overall survival, were sig-
nifi cantly improved in the adjuvant hormones 
arm for patients who had a Gleason score of 8–10 
(Level I) (Hanks et al. 2003).
The Canadian phase III trial randomized 378 men  �
with T1c–4, any PSA, and any Gleason score to ei-
ther 3 or 8 months of neoadjuvant androgen sup-
pression therapy prior to radiotherapy (66–67 Gy 
to the prostate). Patients with an estimated nodal 
involvement of >10–15% received whole-pelvic 
radiotherapy (45–46 Gy). Median follow-up was 
44 months. Patient characteristics included: clini-
cal stage T1c–2a (53%), T2b–2c (34%), and T3–4 
(13%); Gleason score 7 (38%) and 8–10 (11%); low- 
(25%), intermediate- (43%), and high-risk (31%); 
median PSA 8.9–10.1 ng/ml. There was no signifi -
cant difference between the two arms in terms of 
freedom from biochemical failure (p=0.36), local 
failure, or distant failure. Of patients who had 
a prostate biopsy done 2 years after treatment, 
there was no difference in the distribution of re-
sults (p=0.34) (Level I) (Crook et al. 2004).
In a randomized study from Quebec, 481 patients  �
with clinical stage T2–3 disease were enrolled in 
one of two successive studies. The fi rst study 
(L-101) randomized patients to external-beam 
radiotherapy alone, 3 months of neoadjuvant 
hormones and radiotherapy, or neoadjuvant, 
concomitant, and adjuvant hormones for a to-
tal of 10 months with radiotherapy. The second 
study (L-200) randomized patients to neoad-
juvant and concurrent hormones for a total of 
5 months with radiotherapy, and neoadjuvant, 
concomitant and adjuvant hormones for a total 
of 10 months with radiotherapy. The total pros-
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tate dose was 64 Gy, and the pelvic nodes were 
not treated. In L-101, ~30% had T3 disease, me-
dian PSA was 9.2–12, and 20–29% had Gleason 
score 7–10. The 7-year PSA relapse-free survival 
was 42%, 66% (p=0.009) and 69% (p=0.003), 
respectively. In L-200, 12–15% had T3 disease, 
26–30% had Gleason score 7–10, and the median 
PSA was 11.9–12.7. The 4-year PSA control was 
70% in both arms (Level I)  (Laverdiere et al. 
2004).
RTOG 9413 was a phase 3, four-armed study with  �
a 2×2 randomization schema. A total of 1,292 
men with an estimated pelvic node involvement 
of >15% or cT2c–4 and Gleason score 6 were 
randomized to either four months of neoadjuvant 
and concurrent (NCHT) or 4 months of adjuvant 
(AHT) androgen suppression therapy, and whole-
pelvic radiotherapy (WPRT) or prostate-only ra-
diotherapy (PORT). Please see the “Prophylac-
tic Pelvic Nodal Radiotherapy” section (Level I) 
(Roach et al. 2003).

20.2.5 Radical Prostatectomy

When technically feasible, nerve-sparing radical  �
prostatectomy should be done to improve potency 
preservation (Grade A). The nerves are located 
in the posterolateral aspect of the prostate gland 
and innervate the corpora cavernosa. Potency 
preservation can be as high as 70%. Two other 
techniques gaining acceptance is the laparoscopic 
approach and robotics microsurgery. Both reduce 
blood loss, postoperative pain, and a quicker re-
turn to regular activities. The extent of lymph 
node dissection is controversial. These can be 
broadly divided into three categories based on ex-
tent: minimal (obturator fossa), limited (external 
iliac and obturator fossa), and extended (internal 
and external iliac and obturator). The decision for 
which one to perform is based on estimation of 
lymph node involvement.
Updated long-term results of 3,478 consecutive  �
cases (1983–2003) of retropubic radical prostate-
ctomy from a single surgeon at Washington Uni-
versity showed that 10-year PSA progression-free 
survival, cancer-specifi c survival, and overall 
survival to be 68%, 97%, and 83%, respectively 
(Level IV) (Roehl et al. 2004).
In a large series of 2,404 retropubic radical pros- �
tatectomy cases (1982–1999) from Johns Hopkins, 

10-year recurrence-free survival, cancer-specifi c 
survival was 74% and 96%, respectively (Level IV) 
(Han et al. 2001).
From MSKCC, 10-year progression-free survival  �
and cancer-specifi c survival after retropubic rad-
ical prostatectomy (1,000 cases from 1983–1998) 
were 75% and 98%, respectively (Level IV) (Hull 
et al. 2002).

20.3 Adjuvant and Salvage Therapy

20.3.1 Adjuvant Radiation Therapy

Supported by three phase III trials detailed below,  �
postoperative radiotherapy to the prostate bed 
is indicated for extracapsular extension, positive 
surgical margins, or seminal vesicle invasion 
(Grade A). The benefi t of postoperative radio-
therapy is the relative reduction of PSA relapse 
by roughly 50%. Longer follow-up is needed to 
see whether a survival advantage is present. The 
risk of late toxicities is more with adjuvant radio-
therapy, but nonetheless is small. 
The SWOG study randomized 425 men with any  �
of positive surgical margins, extracapsular exten-
sion, or seminal vesicle invasion to immediate 
radiotherapy (60–64 Gy) or observation. Radio-
therapy was directed to the prostatic bed, and no 
adjuvant hormonal therapy was given. Immediate 
radiotherapy led to fewer metastases (35.1% vs. 
43.1%, HR =0.75, p=0.06) and PSA relapse-free 
survival (HR 0.43, p<0.001). This came at a cost 
of increased urethral strictures (17.8% vs. 9.5%), 
total urinary incontinence (6.5% vs. 2.8%), and 
rectal complications (3.3% vs. 0%). Adjuvant ra-
diotherapy reduced local failures from 22% to 8% 
and 16% to 7% (SWOG, Level I) (Thompson et al. 
2006; Swanson et al. 2007). 
In the largest phase III trial of adjuvant radiother- �
apy, 1,005 men with pT3a-b and/or positive sur-
gical margins were randomized to adjuvant ra-
diotherapy or expectant management. Adjuvant 
radiotherapy (60 Gy in 30 fractions) was given 
within 90 days after surgery. In the expectant man-
agement arm, locoregional failure was four times 
greater than distant failure (73 vs. 18), whereas in 
the adjuvant radiotherapy arm, locoregional and 
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distant failures were similar (23 vs. 19, respec-
tively). The 5-year PSA progression-free survival 
improved from 52.6% to 74.0% (p<0.0001) with 
adjuvant radiotherapy. The 5-year locoregional 
failure rates also decreased signifi cantly with ad-
juvant radiotherapy (15.4% vs. 5.4%, p<0.0001). 
At 5 years, severe late toxicities were more com-
mon with adjuvant radiotherapy (2.6% vs. 4.2%, 
p=0.07) (EORTC, Level I) (Bolla et al. 2005). 
Secondary analysis of the EORTC study showed  �
that margin status was the strongest predictor 
of biochemical disease-free survival with im-
mediate radiotherapy. With positive margins, 
the hazard ratio for immediate radiotherapy was 
0.38 (95% CI 0.26–0.54), whereas with negative 
margins, it was 0.88 (95% CI 0.53–1.46) (EORTC, 
Level I) (Van der Kwast et al. 2007). 
A third randomized study that has been pre- �
sented in abstract form only included 385 pa-
tients with pT3 or positive surgical margins to 
adjuvant radiotherapy (60 Gy in 30 fractions) 
or observation. When analyzed by treatment 
received, 4-year progression-free survival was 
81% and 61% in favor of adjuvant radiotherapy 
(p<0.0001). In patients who achieved an unde-
tectable post-surgery PSA, adjuvant radiother-
apy signifi cantly improved progression-free 
survival (p<0.0001). Adjuvant radiotherapy was 
well tolerated; the acute grade 3 bladder toxicity 
rate was 3%, and no acute grade rectal toxicities 
were observed. Late grade 3 bladder and rectal 
toxicities were 2% and 0%, respectively (Level I) 
(Wiegel et al. 2005). 
Outcomes from a multi-institutional cohort  �
of 1,540 patients who received salvage radio-
therapy were compiled to create a nomogram 
in predicting disease progression after salvage 
radiotherapy. Neoadjuvant and/or concurrent 
androgen suppression therapy was given to 14% 
of patients for a median of 4.1 months. Median 
follow-up after completing salvage radiotherapy 
was 53 months. The overall 6-year progression-
free survival was 32%. Pre-radiotherapy PSA 
was a signifi cant predictor of progression-free 
survival, with 48% at 6 years for PSA 0.5 ng/ml 
and 18–40% for PSA >0.5 ng/ml. In the nomo-
gram, statistically signifi cant variables included 
pre-radiotherapy PSA, prostatectomy Gleason 
grade, PSA doubling time, surgical margins, 
neoadjuvant/concurrent hormones, and lymph 
node metastases (Level III) (Stephenson et al. 
2007).

20.3.2 Salvage Radiation Therapy

While there are no phase III trials in guiding  �
eligibility, salvage radiotherapy is indicated if 
the estimated risk of persistent local disease is 
 suffi ciently high, and the risk of distant metas-
tases low (Grade B). The absence of adequate di-
agnostic tools to detect disease at such low PSA 
levels precludes any certainty in the site of failure. 
Predictors favoring local disease include: positive 
surgical margin, disease-free interval as mea-
sured by an undetectable PSA of >1 year, Glea-
son score <8, postoperative PSA doubling time 
>10 months, and pre-radiotherapy PSA <1 ng/ml 
(Hayes et al. 2005).
Work-up investigations may include a bone scan,  �
CT scan of the abdomen and pelvis, prostate 
bed biopsy, and/or a ProstaScint scan. These will 
largely depend on what the current PSA level 
is.

20.3.3 Treatment Technique

Simulation

CT simulation is performed in the supine posi- �
tion with arms on the chest. Scan slice thickness 
should be 3 mm or less. The bladder should be 
comfortably full to displace the bowel away from 
the prostate. The rectum should be empty, which 
can be achieved with a bowel preparation or a 
modifi cation of diet. To identify the pelvic fl oor 
and thus the prostatic fossa above, an urethro-
gram is suggested.
Immobilization using alpha cradles, knee sponge,  �
and ankle rests may be considered.
Implantation of fi ducial markers into the pros- �
tatic fossa may be considered to reduce setup er-
ror. The positional errors were measured in ten 
consecutive patients treated at the University of 
California, San Francisco, and the study found 
that the mean (± standard deviation) prostate 
bed motion was 0.3±0.9 mm, 0.4±2.4 mm, and 
-1.1±2.1 mm in the left-right (LR), superior-
inferior (SI), and anterior-posterior (AP) axes, 
respectively. Mean total positioning error was 
0.2±4.5 mm, 1.2±5.1 mm, and -0.3±4.5 mm in 
the LR, SI, and AP axes, respectively. Total posi-
tioning errors >5 mm occurred in 14.1%, 38.7%, 
and 28.2% of all fractions in the LR, SI, and AP 
axes, respectively (Level III) (Schiffner et al. 
2007).
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Beam Energy and Dose Calculation

A minimum of 10-MV photon beams should be  �
used. 

Field Arrangement

For both 3DCRT and IMRT, a fi ve to seven beam  �
iso-centric technique is used to minimize radia-
tion to nearby critical organs, such as the rectum, 
bladder, penile bulb, and femoral heads.
At the ASCO 2008 GU Symposium,  � Michalski 
et al. presented the RTOG consensus guidelines 
on prostatic fossa CTV for post-prostatectomy 
patients. Inferiorly, the CTV should extend 
8–12 mm below the vesicourethral anastomosis. 
Superiorly, the CTV should extend to the level of 
the caudal vas deferens remnant. Above the pubic 
symphysis, the anterior border should include the 
posterior 1–2 cm of the bladder wall, the posterior 
border at the mesorectal fascia, and the lateral 
border at the sacrorectogenitopubic fascia. Below 
the superior aspect of the pubic symphysis, the 
anterior border is placed at the posterior aspect 
of the pubis, the posterior border to the anterior 
aspect of the rectum, and lateral border at the 
levator ani. The seminal vesicle remnant may be 
included if involved. These will be published on 
the RTOG website.
The PTV margin should account for inter- and  �
intra-fraction organ motion and setup variation, 
which will vary between centers depending on the 
use of any image-guidance technique.

Whole-pelvic Treatment

The same treatment volume as used in defi ni- �
tive external-beam radiotherapy is recommended 
(see Sect. 20.2.3). 3DCRT or IMRT may be used.
In a retrospective study of a cohort of 114 patients  �
considered to have high risk of nodal involve-
ment (Gleason score 8–10, PSA >20 ng/ml, pT3a–
b disease, and pathologic nodal involvement) 
and receiving either adjuvant or salvage whole-
pelvic or prostate-only radiotherapy, 5-year PSA 
relapse-free survival was signifi cantly better in 
the subgroup that received whole-pelvic radio-
therapy (47% vs. 21%; p=0.008). The addition 
of total androgen suppression therapy was only 
benefi cial in the subgroup that received WPRT 
(Level IV) (Spiotto et al. 2007).
At the ASCO 2008 GU Symposium,  � Lawton et 
al. presented the RTOG consensus guidelines 

on CTV nodal delineation for high-risk patients 
(Grade D). Although these guidelines were devel-
oped for patients receiving defi nitive external-
beam radiotherapy, it is probably reasonable to 
apply them to the post-operation setting. These 
will be published on the RTOG website.

Dose and Fractionation

For adjuvant radiotherapy, the recommended  �
dose is 64–66 Gy to the prostate bed. Whole-pelvic 
radiotherapy (45–50 Gy) and androgen suppres-
sion therapy may be considered for patients with 
high-risk features, such as Gleason score 8–10, 
PSA >20 ng/ml, pT3a-b disease, and pathologic 
nodal involvement. For salvage radiotherapy, the 
recommended dose is 68–70 Gy to the prostate 
bed. Whole-pelvic radiotherapy (45–50 Gy) and 
androgen suppression therapy may be considered 
for patients with high-risk features, such as Glea-
son score 8–10, PSA >20 ng/ml, pT3a-b disease, 
and pathologic nodal involvement (Grade B).
A retrospective study of 122 pathologic node-neg- �
ative patients who received salvage radiotherapy 
was performed to see whether a dose-response 
exists. The median prostate bed dose was 67.8 Gy 
in the overall cohort; 31% and 69% of patients 
received a median of 60 Gy (range 60–64 Gy) 
and 70 Gy (range 67.8–70 Gy). Whole-pelvic ra-
diotherapy (50 Gy) was to 59% of patients, and 
4 months of neoadjuvant and concurrent andro-
gen suppression therapy was given to 56% of pa-
tients. Pre-radiotherapy PSA was 1.0 ng/ml in 
63% and >1.0 ng/ml in 37%. Median follow-up 
was >5 years. The median time to PSA failure af-
ter salvage radiotherapy was 1.2 years. The 5-year 
PSA relapse-free survival was 25% and 58% for 
the 60 Gy and 70 Gy groups (p<0.0001). Among 
patients who did not receive hormones, the 5-year 
PSA relapse-free survival was signifi cantly im-
proved in the 70 Gy group (17% vs. 55%, p=0.016). 
Multivariate analyses found that a prostate bed 
dose of 70 Gy, pre-radiotherapy PSA 1.0 ng/ml, 
and lack of seminal vesicle invasion were inde-
pendent predictors of PSA relapse-free survival 
(King et al. 2008).

Androgen Suppression Therapy

In the retrospective study of patients with high  �
risk of nodal involvement (Gleason score 8–10, 
PSA >20 ng/ml, pT3a–b disease, and pathologic 
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nodal involvement) and receiving either adjuvant 
or salvage whole-pelvic or prostate-only radio-
therapy, the addition of total androgen suppres-
sion therapy was only benefi cial in the subgroup 
that received WPRT (p=0.04) (Level IV) (Spiotto 
et al. 2007).
Limited to postoperative patients receiving ad- �
juvant radiotherapy, a secondary subset analysis 
of RTOG 8531 showed that adding hormones im-
proved 5-year PSA progression-free survival (65% 
vs. 42%, p=0.002) (Level I) (Corn et al. 1999).
RTOG 9601 is a phase III, randomized controlled  �
trial comparing radiotherapy to the prostate bed 
(64.8 Gy in 36 fractions) with 2 years of bicalut-
amide 150 mg daily or with placebo for patients 
with pT3N0 or positive margins after radical pros-
tatectomy. The results of this trial are pending.

20.4 Side Eff ects and Complications

For external-beam radiotherapy, the acute toxici- �
ties include hematuria, dysuria, irritative urinary 
symptoms, diarrhea, and proctitis. Potential late 
toxicities include increased frequency of bowel 
movements, change in stool caliber, urinary in-
continence, rectal ulceration and bleeding, erec-
tile dysfunction, and proctitis. Rectal toxicities 
may be reduced with IMRT.
In the acute phase, the toxicities of LDR  �
brachytherapy include perineal and rectal bleed-
ing, perineal pain, perineal edema, hematuria, 
dysuria, irritative and obstructive urinary symp-
toms, and passing of the implanted radioactive 
seeds. Potential late toxicities include seed migra-
tion (usually to the lungs), urinary retention, he-
maturia, urinary incontinence, rectal ulceration 
and bleeding, erectile dysfunction, and dysuria.

20.5 Follow-Up

After defi nitive treatment, the NCCN guidelines  �
recommend a PSA every 6–12 months for 5 years, 

then yearly thereafter. A DRE is recommended 
annually (Grade D) (NCCN v1.2008).
The recommendations of the RTOG-ASTRO  �
Phoenix Consensus Conference (the “Phoenix 
defi nition”) stated that after radiotherapy, a PSA 
rise of 2 ng/ml or more above the PSA nadir is 
considered a biochemical recurrence (Grade D) 
(Roach et al. 2006).
After a radical prostatectomy, the PSA should be  �
less than 0.2 ng/ml. Persistent elevations suggest 
residual disease, either local or distant. A recur-
rence is suggested if the PSA rises on two subse-
quent measurements.
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Introduction and Objectives

Radiotherapy plays an important role in the management of 
early-stage seminoma. Other options for adjuvant treatment af-
ter radical orchiectomy for stage I seminoma are surveillance and 
chemotherapy. The radiotherapy fi eld is also evolving from an 
infra-diaphragmatic (dogleg) approach encompassing paraaortic 
and ipsilateral pelvic lymphatics to a paraaortic lymphatics-alone 
approach. 

This chapter examines:

Recommendations for diagnosis and staging procedures �
Staging system and prognostic factors �
Treatment recommendations for stage I, II and III seminoma  �
as well as the supporting scientifi c evidence

Radiotherapy guidelines for stage I and II seminoma �
Follow-up recommendations �

As radiation therapy has a limited role in their treatment of non-
seminoma except for palliation, the management is not detailed 
in this chapter.

21.1 Diagnosis, Staging, and 
 Prognosis

21.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of testicular cancer  �
start with a complete patient history and physical 
examination. Attention should be paid to history 
of cryptorchidism, prior history of testicular ma-
lignancy, gonadal dysgenesis, and family history 
of testicular malignancy. 
The most common clinical presentation is a pain- �
less testicular mass. However, associated pain, 
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discomfort, and swelling suggesting orchitis or 
epididymitis can be seen in up to 45% of pa-
tients.
Other presentations include infertility, gyneco- �
mastia, signs and symptoms of metastatic lymph 
node disease, including a mass from supraclavicu-
lar lymphadenopathy, respiratory problems from 
mediastinal lymphadenopathy, gastrointestinal/
back pain from retroperitoneal lymphadenopa-
thy, and others.

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic blood chemistry, liver function 
tests, renal function tests, serum tumor markers, 
including -fetoprotein (AFP), -human chori-
onic gonadotropin (hCG), and lactate dehydro-
genase (LDH).
These serum markers are important to diagnose,  �
prognosticate, and evaluate treatment response 
and outcome. They should be assessed before, 
during, and after treatment. 
AFP (half-life of 5–7 days), produced by non- �
seminomatous cells, is not elevated in pure semi-
noma.

� -hCG (half-life of 1–3 days) and LDH may be 
elevated in both seminoma and nonseminoma. 

Imaging Studies

Testicular ultrasound, although optional, is per- �
formed in most cases for evaluation of both tes-
ticles.
Chest X-ray and CT scans of the abdomen and pel- �
vis are performed. CT scan of the chest is recom-
mended if CXR is abnormal or abdomino-pelvic 
CT shows retroperitoneal lymphadenopathy.

Pathology

In total, 95% of testicular malignancies are com- �
prised of germ cell tumors (GCT). GCT is the most 
common solid tumor in men aged 15–35.
GCT is further classifi ed as seminoma (40%) and  �
nonseminoma (60%).
The subtypes of seminoma are classic or typical,  �
anaplastic and spermatocytic.
Nonseminomas include embryonal cell carci- �
noma, teratoma, choriocarcinoma, yolk sac tu-
mor, and mixed GCT.
Non GCT includes stromal tumors (Sertoli’s cell, Ley- �
dig’s cell, etc.), lymphoma, sarcoma, and melanoma.

21.1.2 Staging

Pure seminomas tend to remain localized or in- �
volve only lymph nodes, while nonseminomas are 
more likely to have hematogenous spread.
A total of 85% of patients with pure seminoma  �
present with localized disease. The disease usu-
ally spreads in an orderly pattern to retroperito-
neal lymph nodes (Stage II), then proximally to 
mediastinal and supra-clavicular lymph nodes 
(Stage IIIA). Lung (Stage IIIA) and non-pulmonary 
(bone, liver and brain) (Stage IIIC) involvement is 
rare and usually late in the disease progression.
The AJCC (2002) TNM staging system (Table 21.2),  �
incorporating anatomic and non-anatomic (serum 
markers) prognostic factors, is the recommended 
staging system (Greene 2002). Nodal staging 
(N1-N3) is based on the size of regional lymph 
nodes, i.e., <2 cm, 2–5 cm, and >5 cm, classifi ed as 
N1, N2, and N3 or stage grouping IIA, IIB, and IIC, 
respectively.  S0 signifi es normal serum markers, 
and S1–S3 is classifi ed based on the levels of LDH, 
beta-hCG, and AFP. Metastatic disease is divided 
into M1a (involvement of non-regional nodes or 
lung) and M1b (non-pulmonary metastases).
The modifi ed Royal Marsden Hospital staging  �
system (Table 21.3) was another staging system 
adopted at a consensus conference on testicular 
cancer held in England in 1989.
The International Germ Cell Cancer Collaborative  �
Group Consensus Classifi cation has been incorpo-
rated into the AJCC system. Patients with semino-
mas and nonseminomas were divided into either 
two (good or intermediate) or three (good, inter-
mediate or poor) prognostic groups, respectively 
(International Germ Cell Consensus 1997).

Table 21.1. Imaging and laboratory workups for diagnosis 
and evaluation of seminoma

Imaging studies Laboratory tests

– CT of abdomen and 
   pelvis
– Testicular ultrasound 
– Chest X-ray or CT of the 
   thorax

– Complete blood count
– Serum chemistry
– Liver and renal function 
   tests
– Lactate dehydrogenase 
   (LDH)
– Tumor markers including 
   AFP and -hCG
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Table 21.2. American Joint Committee on Cancer (AJCC) 
TNM classifi cation of carcinoma cancer of testis. [From 
Greene et al. (2002) with permission]

Primary tumor (T)

pTX Primary tumor cannot be assessed

pT0 No evidence of primary tumor (e.g., histologic 
scar in testis)

pTis Intratubular germ cell neoplasia (carcinoma in 
situ)

pT1 Tumor limited to the testis and epididymis with-
out vascular/lymphatic invasion; tumor may 
invade into the tunica albuginea, but not the 
tunica vaginalis

pT2 Tumor limited to the testis and epididymis with 
vascular/lymphatic invasion, or tumor extending 
through the tunica albuginea with involvement 
of the tunica vaginalis

pT3 Tumor invades the spermatic cord with or with-
out vascular/lymphatic invasion

pT4 Tumor invades the scrotum with or without vas-
cular/lymphatic invasion

Regional lymph nodes (N)

Clinical

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Metastasis with a lymph node mass 2 cm or less 
in greatest dimension; or multiple lymph nodes, 
none more than 2 cm in greatest dimension

N2 Metastasis with a lymph node mass more than 
2 cm, but not more than 5 cm in greatest dimen-
sion; or multiple lymph nodes, any one mass 
greater than 2 cm but not more than 5 cm in 
greatest dimension

N3 Metastasis with a lymph node mass more than 
5 cm in greatest dimension

Pathological

pNX Regional lymph nodes cannot be assessed

pN0 No regional lymph node metastasis

pN1 Metastasis with a lymph node mass 2 cm or less 
in greatest dimension and less than or equal to 5 
nodes positive, none more than 2 cm in greatest 
dimension

pN2 Metastasis with a lymph node mass more than 
2 cm, but not more than 5 cm in greatest dimen-
sion; or more than 5 nodes positive, none more 
than 5 cm; or evidence of extranodal extension 
of tumor

pN3 Metastasis with a lymph node mass more than 
5 cm in greatest dimension

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis 

M1a Non-regional nodal or pulmonary metastasis

M1b Distant metastasis other than to non-regional 
lymph nodes and lungs

Serum tumor markers (S)

SX Marker studies not available or not performed

S0 Marker study levels within normal limits

S1 LDH < 1.5 × N a and hCG (mIu/ml) <5,000 and 
AFP (ng/ml) <1,000

S2 LDH 1.5-10 × N or hCG (mIu/ml) <5,000–50,000 
or AFP (ng/ml) 1,000–10,000

S3 LDH >10 × N or hCG (mIu/ml) >50,000 or AFP 
(ng/ml) >10,000

S TAG E G ROU PI NG

0: pTis N0 M0 S0

I: pT1-4 N0 M0 SX

IA: pT1 N0 M0 S0

IB: pT2 N0 M0 S0, pT3 N0 M0 S0, pT4 N0 M0 S0

IS: Any pT/Tx N0 M0 S1-3

IIA: Any pT/Tx N1 M0 S0, Any pT/Tx N1 M0 S1

IIB: Any pT/Tx N2 M0 S0, Any pT/Tx N2 M0 S1

IIC: Any pT/Tx N3 M0 S0, Any pT/Tx N3 M0 S1

III: Any pT/Tx Any N M1 SX

IIIA: Any pT/Tx Any N M1a S0, 
Any pT/Tx Any N M1a S1

IIIB: Any pT/Tx N1-3 M0 S2, Any pT/Tx Any N M1a S2

IIIC:  Any pT/Tx N1-3 M0 S3, Any pT/Tx Any N M1a S3, 
Any pT/Tx Any N M1b Any S

a N indicates the upper limit of normal for LDH assay.

Table 21.3. Modifi ed Royal Marsden Hospital staging system

Stage I No clinical evidence of metastases beyond 
the testicle

Stage II Infra-diaphragmatic lymph node metastases 
IIA Maximum diameter <2 cm
IIB Maximum diameter >2 but <5 cm
IIC Maximum diameter >5 but <10 cm
IID Maximum diameter >10 cm

Stage III Supra-diaphragmatic nodal involvement

Stage IV Parenchymal metastatic disease
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21.1.3 Prognosis

In general, patients with pure seminoma have a  �
better prognosis than those with nonseminoma. 
Specifi cally, the prognosis is associated with 
TNMS (tumor, nodal, metastasis, and serum tu-
mor markers) stage.
Tumor size and rete testes invasion have been  �
shown to be important for predicting relapse risk. 
Results from a retrospective series of 638 patients 
showed that tumor size of 4 cm or >4 cm is an 
important predictor for recurrence (hazard ratio 
[HR] 2.0, 95% [CI] 1.3–3.2], as was the invasion 
of the rete testis (hazard ratio [HR] 1.7, 95% [CI] 
1.1–2.6) (Level IV) (Warde et al. 2002). Vascular 
invasion may be an important prognostic factor 
for nonseminoma, but its signifi cance was not 
demonstrated on multivariate analysis. 
Retroperitoneal nodal size has been shown to be  �
associated with the risk of recurrence.

21.2 Treatment of Seminoma

21.2.1 General Principles and 
 Treatment Options

Radical orchiectomy with high ligation (or in- �
guinal orchiectomy) is the primary treatment of 
seminoma. Orchiectomy is both diagnostic and 
therapeutic. 
Sperm banking needs to be discussed prior to  �
treatment. 
Open inguinal biopsy of the contralateral testes  �
is considered if there is a suspicious fi nding of in-
tratesticular malignancies on ultrasound, marked 
testicular atrophy, and undescended testes
For stage I seminoma, the risk of nodal relapse in  �
the paraaortics and pelvics is 15%–20% and less 
than 5%, respectively. 
Adjuvant treatment for stage 1 seminoma after  �
orchiectomy includes radiotherapy, active sur-
veillance, and chemotherapy.
A proposed treatment algorithm for seminoma is  �
shown in Figure 21.3.

21.2.2 Radical Orchiectomy

Surgical approach is through an inguinal incision  �
to avoid interruption of testicular lymphatics.
The testicular vessels and vas deferens are mobi- �
lized and a non-crushing clamp is placed across 
the cord structure to decrease the risk of tumor 
spreading by manipulation.
Pathologic determination of seminoma or non- �
seminoma follows.

21.2.3 Active Surveillance

Active surveillance can be offered for patients  �
who cannot undergo radiotherapy in cases of 
prior radiotherapy, active infl ammatory bowel 
disease, and horseshoe kidney.
However, patients who choose an active surveil- �
lance approach need to understand that frequent 
and long-term follow-up with imaging and labora-
tory tests is required (Grade B). In a pooled analy-
sis including 638 patients with stage I seminoma 
followed up by surveillance, the 5- and 10-year 
recurrence-free survivals were 82.3% and 78.7%, 
respectively. Although close to 70% of recurrences 
occurred within the fi rst 2 years after surgery, 
7% of recurring cases occurred after 6 years of 
follow-up. Tumor markers, chest X-ray, and ab-
dominal/pelvic CT every 3–4 months for years 1–3, 
every 6 months for years 4–7, and then annually are 
required (Level IV) (Warde et al. 2002).

21.2.4 Radiation Therapy

Radiotherapy has a long track record as an ef- �
fective adjuvant therapy. An infradiaphragmatic 
fi eld encompassing paraaortic and ipsilateral 
pelvic lymph nodes (dogleg) has been used for 
many years
Adjuvant radiation therapy can be recommended  �
after radical orchiectomy with high ligation 
(Grade A). The cancer-specifi c survivals for stage 
I and II A–B seminoma after radical orchiectomy 
and radiotherapy of 99%–100% and 93%–100%, 
respectively, have been repeatedly demonstrated 
in prospective randomized trials and retrospec-
tive series. The relapse-free survivals are more 
than 95% and 85%, respectively.
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Simulation and Field Arrangement

The patient is simulated and treated in a supine  �
position. The kidneys are delineated and shielded. 
A clamshell is placed on the remaining testicle. 
Figure 21.1 shows the “dogleg” fi eld arrangement  �
from the top of T11 (superior border) to the top 
of the obturator foramen (inferior border). Fig-
ure 21.2 demonstrates the paraaortic-only fi eld 
arrangement from the top of T11 (superior bor-
der) to the bottom of L5 (inferior border). Lat-
erally, the fi eld edge is placed at the tips of the 
transverse processes, which may be expanded to 
include the left renal hilum for left-sided tumors.
For stage I seminoma, the paraaortic fi eld is rec-
ommended for adjuvant irradiation (Grade A). 
A MRC randomized trial showed that there is 
no difference in 3-year relapse-free survival/
overall survival for patients treated with dogleg 
(97%/96%) when compared to paraaortic-only 
radiotherapy (99%/100%). However, there is a 
slight decrease in 3-year pelvic relapse-free sur-
vival in the paraaortic (98%) when compared to 
the dogleg group (100%) (MRC, Level 1) (Fossa 
et al. 1999).
Approximately 15%–20% of patients are diag- �
nosed with stage II seminoma, and standard 
dogleg fi elds are recommended for stage IIA and 

IIB diseases to treat the paraaortic and ipsilateral 
pelvic lymph nodes. The fi eld width is expanded 
accordingly with a 2-cm margin to encompass the 
lymph node mass.

Dose and Fractionation

There is a range of acceptable doses and frac- �
tionation with 25–25.5 Gy in 15–20 fractions 
(Grade A). Stage IIA and IIB lymph nodes can be 
boosted to 30 Gy and 36 Gy, respectively. An MRC 
randomized trial showed no difference between 
patients receiving 30-Gy vs. 20-Gy radiotherapy 
doses in terms of 5-year RFS (MRC/EORTC, 
Level I) (Jones et al. 2005).

Side Eff ects and Complications

Radiation-induced side effects and complications  �
are generally very mild and infrequent with low-
dose irradiation. 
Acute side effects may include nausea, vomiting,  �
diarrhea, and transient decline in blood counts. 
Anti-emetics are recommended 1 hour prior to 
radiotherapy.
Late complications may include: �
Gastro-intestinal: peptic ulcer disease, small  –
bowel obstruction, and chronic diarrhea. 

Fig. 21.3. A proposed treatment algorithm for testicular seminoma

Pathologic Diagnosis of Seminoma

Clinical Staging Chest X-Ray
Chest/abdomen CT

Tumor markers

Surveillance
Radiotherapy

Chemotherapy

Radiotherapy
Chemotherapy

Systemic
Chemotherapy

Systemic
Chemotherapy

Stage I Stage IIA/B Stage IIC Stage III

LuBrady-BOOK.indb   325 13.08.2008   14:02:13



326 B. S. Teh, A. C. Paulino, and E. B. Butler

Gonadal: with the dogleg treatment and the use  –
of testicular shield, the contralateral remaining 
testicle will receive about 1%–2% of the pre-
scribed dose, which can lead to temporary re-
duction in spermatogenesis and fertility. About 
half of the patients have sub-fertile sperm counts 
on presentation or after surgery. Fertility usu-
ally restored within 2–3 years in those who were 
fertile before radiotherapy. The patients are also 
advised to avoid fatherhood for 6–12 months af-
ter radiotherapy. 
Second malignancy: a small risk in the 10–15 years  –
after radiotherapy, largely gastrointestinal cancers 
and sarcoma (Level IV) (Travis et al. 2005).

21.2.5 Chemotherapy

A single cycle of carboplatin can be used as an  �
alternative to adjuvant radiotherapy (Grade B). 
However, there is only one randomized trial with 
limited follow-up time, and longer term follow-up 
is required: The MRC randomized trial compared 
adjuvant radiotherapy (87% paraaortic-only fi eld, 

the remainder paraaortic and ipsilateral pelvic 
fi eld) and one cycle of single-agent carbopla-
tin. The 3-year relapse-free survival rates were 
similar at 95.9% and 94.8%, respectively (MRC, 
Level I) (Oliver et al. 2005).
Chemotherapy is usually recommended for stage  �
IIC and higher disease, usually comprised of 
etoposide/cisplatin (EP) or bleomycin/ etoposide/ 
cisplatin (BEP) (Grade A).

21.3 Treatment of Nonseminoma

Treatment of nonseminoma is beyond the scope  �
of this chapter as radiotherapy plays a limited 
role in this disease. After radical orchiectomy and 
staging work-up, the treatment options include 
observation, retroperitoneal lymph node dissec-
tion, or systemic chemotherapy, usually com-
prised of bleomycin/etoposide/cisplatin (BEP) or 
etoposide/cisplatin (EP) (Fig. 21.3). 

Fig. 21.1. Classic dogleg fi eld encompasses both paraaortic 
and ipsilateral pelvic nodes. The superior border is at the 
T10/11 interspace and the inferior border just above the ob-
turator foramen. The lateral borders of the paraaortic fi eld 
are at the tips of the lumbar transverse processes

Fig. 21.2. Paraaortic fi elds extend from the T10/11 interspace 
to the inferior border of L5. Laterally, the fi eld edge is placed 
at the tips of the transverse processes, but may be expanded 
at the left renal hilum for left-sided tumors
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21.4 Follow-Up

21.4.1 Surveillance

For patients undergoing active surveillance,  �
frequent follow-up with complete history and 
physical examinations, laboratory tests of tumor 
markers, imaging studies with chest X-ray, CT 
of the abdomen and pelvis every 3–4 months for 
year 1–3, every 6 months for year 4–7, and then 
annually are recommended (Grade B) (Level IV) 
(Warde et al. 2002).

21.4.2 Post-Treatment Follow-Up

After infradiaphragmatic (dogleg) radiotherapy,  �
the patient should undergo history and physi-
cal examination, chest X-ray, and tumor markers 
every 3–4 months for year 1, every 6 months for 
year 2, and then annually thereafter (Grade D).
After paraaortic-only radiotherapy, the patient  �
will need pelvic CT annually for 3 years in ad-
dition to the above (Grade B). The results from 
a number of retrospective series indicated that 
the paraaortic-only radiation therapy changed 
the pattern of recurrence. Pelvic recurrence was 
observed only in patients receiving paraaortic ir-
radiation (Level IV) (Power et al. 2005).
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Introduction and Objectives

Ovarian cancer and fallopian tube cancer typically fail in the 
abdomen, along with the pelvis, making them more systemic 
diseases. With this consideration, eff ective chemotherapy has 
slowly replaced the use of whole abdominal radiation.

Fallopian tumor cancer is the most rarely diagnosed gyneco-
logical malignancy. As such, no prospective trial is available, and 
recommendations on diagnosis and treatment are based on ret-
rospective trials (i.e., level IV evidence).

This chapter examines:

Recommendations for diagnosis and staging procedures �
The staging systems and prognostic factors �
Treatment recommendations, as well as the supporting  �
scientifi c evidence for adjuvant treatment for the diff erent 
stages of ovarian cancer and fallopian tube cancer

Follow-up care and surveillance of survivors �

22.1 Diagnosis, Staging, and 
 Prognoses

22.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of ovarian cancer starts  �
with a complete history and physical examination 
(H&P), with focus on bimanual pelvic exam. 
Early-stage disease usually presents as a palpable 
adnexal mass on pelvic exam. Advanced disease 
presents with abdominal pain and increasing ab-
dominal girth, and/or urinary frequency or rectal 
pressure from the abdominal mass.
There is no effective screening program for ovar- �
ian cancer. One prospective study attempted to 
use transvaginal ultrasound and CA-125 to screen 
for ovarian cancer. The study found the two 
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screening tests to be very non-sensitive (<50%) 
and to have a high false-negative rate (Level III) 
(Stirling et al. 2005).

Laboratory Tests

Initial laboratory tests should include a com- �
plete blood count, basic blood chemistry, renal 
function tests, liver function tests, and alkaline 
phosphatase.
CA-125 should be tested as the preoperative CA- �
125 level has been found to be an independent 
prognostic factor (Grade B). CA-125 is elevated 
in 50% of cases. The normal level of CA-125 is 
<35 U/ml. For patients >50, level >35 u/ml is 
98.5% specifi c and for patients <50, 94.5% specifi c 
(Level IV) (Einhorn et al. 1992), and level >65 U/
ml is 97% specifi c and 78% sensitive (Level IV) 
(Zurawski et al. 1987).
In a retrospective study, the preoperative value 
of CA-125 for epithelial ovarian cancer was com-
pared to outcome. An association of increasing 
CA-125 level was found between decreased dis-
ease-free survival, high grade, and higher stage, 
but not the ability to have cytoreductive surgery 
(Level IV) (Cooper et al. 2002).
Other tumor markers, including CEA, CA 19-9,  �

-HCG, and AFP, can be considered; however, 
their sensitivity and specifi city are usually lim-
ited: 
CEA is elevated in 60% of cases of ovarian cancer. –
CA 19-9 is useful for mucinous cystadenoma of  –
the ovary.

– -HCG and AFP are useful for patients <30 for 
germinoma.

Imaging Studies

Transvaginal or transabdominal ultrasound is  �
carried out by an operator with gynecologic imag-
ing experience (Grade B). Results of a prospective 
study demonstrated that transvaginal ultrasound 
(TVUS) is sensitive for tumor size (sensitivity of 
87%), ascites (97%), invasion of adjacent organs 
(>98%), and peritoneal carcinomatosis (96%), but 
not for detection of malignant lymph nodes (sen-
sitivity of 8%) (Level III) (Henrich et al. 2007).
A randomized control trial compared routine  �
ultrasound and an ultrasound by an expert in 
gynecologic imaging. The number of diagnostic 
surgeries and procedures was reduced with better 
imaging. The correct histological diagnosis was 

made after ultrasound in 99% of patients with 
expert ultrasonography and 52% with routine ul-
trasonography (Level II) (Yazbek et al. 2008).
CT of the abdomen and pelvis to evaluate the pri- �
mary mass, as well as to detect metastatic disease, 
is commonly recommended. MRI of the pelvis 
should be considered to evaluate the primary 
mass (Grade C). The Radiology Diagnostic On-
cology Group compared MRI, ultrasound, and CT 
scan in the evaluation of ovarian cancer. MRI has 
been shown to be superior to ultrasound and CT 
for diagnosis of adnexal masses. Ultrasound was 
found to be the most sensitive in diagnosing ab-
dominal spread (Level IV) (Kurtz et al. 1999).
A prospective study evaluated the ability of MRI 
to differentiate benign and malignant adnexal 
masses. The results were 87% accuracy, 86% sen-
sitivity, and 88% specifi city (Level III) (Chen et 
al. 2006).
FDG-PET or PET/CT can be used to evaluate a  �
suspicious ovarian mass for malignancy and to 
detect distant metastasis (Grade B). A prospective 
trial showed that PET/CT is very sensitive (100%) 
and specifi c (92.5%) in diagnosing ovarian malig-
nancies (Level III) (Risum et al. 2007). PET/CT 
has been shown to be more specifi c (100%–61%) 
than TVUS and more sensitive than CT for di-
agnosis and staging of ovarian cancer (Level III) 
(Castellucci et al. 2007).
Chest X-ray to evaluate for metastatic disease and  �
pleural effusion is recommended (Table 22.1).

Pathology

Tissue diagnosis is imperative prior to the initia- �
tion of any treatment for ovarian cancer. Treat-
ments for various pathologic types of ovarian 
malignancy differ substantially.
Epithelial tumors (90%) from the ovarian surface  �
include:

Table 22.1. Imaging and laboratory work-ups for ovarian 
cancer

Imaging studies Laboratory tests

– Transvaginal or trans-
   abdominal ultrasound
– CT of abdomen/pelvis
– Chest X-ray
– MRI of pelvis (optional)
– PET or PET/CT
   (optional)

– Complete blood count
– Serum chemistry
– Liver function tests
– Renal function tests
– Alkaline phosphatase
– Tumor markers: CA-125, 
   CEA, CA 19-9, -BCG, AFP
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Serous tumors, resembling fallopian tube. –
Mucinous tumors, resembling endocervix. –
Endometrioid tumors, resembling endome- –
trium.
Clear cell tumor, resembling endometrial  –
glands during pregnancy.
Undifferentiated carcinoma. –

Approximately 15% of ovarian tumors are of bor- �
derline malignant potential.
Germ cell tumors account for 5% of all ovarian  �
tumors and include dysgerminoma and nondys-
germinoma.
Other malignancies of the ovaries include sex  �
cord-stromal tumors (3%), extragonadal germ 
cell tumors, and metastatic cancer from endo-
metrial cancer, GI tumors, or breast cancer.

22.1.2 Staging

Ovarian cancer is staged by TNM and FIGO sur- �
gical staging. Staging depends on the extent and 
success of surgery.
The 2007 American Joint Committee on Cancer  �
Tumor Node Metastasis (TNM) staging system is 
presented in Table 22.2.

22.1.3 Prognostic Factors

Stage at diagnosis is the most important prog- �
nostic factor of ovarian cancer. Advanced stage is 
associated with decreased survival. The statistics 
published by the National Cancer Institute re-
port a 5-year overall survival for stage I of 90%, 
stage II 80%, stage III 20%, and stage IV < 5% 
(Level IV) (National Cancer Institute 1986).
The preoperative CA-125 level has been found to  �
be an independent prognostic factor. The results 
of a retrospective study reported by Cooper et al. 
(2002) detailed the above demonstrated association 
of increasing CA-125 level with decreased disease-
free survival, high grade, higher stage, but not the 
ability to have cytoreductive surgery (Level IV).
Tumor differentiation is a signifi cant prognostic  �
factor. Results from a retrospective review that 
combined two GOG studies revealed that tumor 
grade was an independent prognostic factor, with 
higher grade leading to higher recurrence and 
decreased survival for early-stage ovarian cancer 

Table 22.2. Staging for ovarian cancer (TNM and FIGO-
 surgical staging)

TNM FIGO

T0 No evidence of primary tumor

T1a IA Tumor limited to one ovary: capsule 
intact, no tumor on ovarian surface, 
negative ascites/peritoneal washings

T1b IB Tumor limited to both ovaries: capsules 
intact, no tumor on ovarian surface, neg-
ative ascites/peritoneal washings

T1c IC Tumor limited to one or both ovaries: 
capsule ruptured, tumor on ovarian 
surface, and/or positive ascites/peritoneal 
washings

T2a IIA Extension and/or implants on uterus 
and/or tubes, negative ascites/peritoneal 
washings

T2b IIB Extension to other pelvic tissues, 
negative ascites/peritoneal washings

T2c IIC Pelvic extension (2a or 2b), positive 
ascites/peritoneal washings

T3a IIIA Microscopic peritoneal metastasis beyond 
the pelvis

T3b IIIB Macroscopic peritoneal metastasis beyond 
the pelvis <2 cm in greatest dimension

T3c/
N1

IIIC Peritoneal metastasis beyond the pelvis 
>2 cm in greatest dimension and/or 
regional lymph node metastasis

M1 IV Distant metastasis excluding peritoneal 
metastasis

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis (external 
iliac, internal iliac, paraaortic, hypogas-
tric/obturator, inguinal, lateral sacral)

M0 No distant metastasis

M1 Distant metastasis 
(excludes peritoneal metastasis)

S TAG E G ROU PI NG

0: Tis N0 M0

IA: T1a N0 M0

IB: T1b N0 M0

IC: T1c N0 M0

IIA: T2a N0 M0

IIB: T2b N0 M0

IIC: T2c N0 M0

IIIA: N0 M0 

IIIB: T3b N0 M0

IIIC: T3c N0 M0,  Any T N1 M0

IV: Any T Any N M1
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(Level IV) (Chan et al. 2008). Another retrospec-
tive series did a multivariate analysis on stage I–
III with optimal debulking. Grade, independent 
of histology and residuum, carries weight as an 
independent prognostic factor (Level IV) (Carey 
et al. 1993).
Residual disease after surgical resection is also  �
associated with treatment outcome. A prospective 
randomized GOG trial compared the addition of 
chemotherapy to suboptimally debulked patients. 
On subset analysis, patients with residual disease 
<2 cm had a much higher overall survival than 
patients with residual disease >2 cm (40% ver-
sus 20%). There was no statistical difference in 
the amount of residual disease (2–4 vs. 4–6, etc.) 
(Level II) (Hoskins et al. 1994). A recent meta-
analysis of GOG data confi rmed these results 
showing that less residual disease after surgery has 
better survival (Level I) (Winter et al. 2008).
Histology does not have prognostic signifi cance  �
independent of stage and grade (Level IV) (Carey 
et al. 1993).

22.2 Treatment of Low-Risk 
 Early-stage Ovarian Cancer

22.2.1 General Principles

Low-risk early-stage ovarian cancer includes  �
borderline or low-malignant-potential ovarian 
tumor at stage IA–IB, grade 1–2.
For low-risk early-stage ovarian cancer, usually  �
TAH/BSO and full surgical staging are the main-
stay of treatment.

22.2.2 Surgical Staging

Optimal surgical staging is required ( � Grade A). 
Results from an EORTC randomized trial demon-
strated that for patients with early stage ovarian 
cancer treated with surgery only, optimal stag-
ing was associated with a statistically signifi cant 
improvement in overall survival (HR = 2.31) and 
recurrence-free survival (HR = 1.82) (EORTC, 
Level I) (Trimbos et al. 2003).

Surgical staging and resection of the low-risk  �
early-stage ovarian tumor should include the 
following procedures: midline incision; peri-
toneal washings from the abdomen, pelvis and 
gutters; extrafascial TAH/BSO; maximal tumor 
debulking; infracolic omentectomy; palpita-
tion of all intraperitoneal surfaces; biopsy of 
peritoneal surfaces; biopsy of undersurface of 
diaphragm; pelvic and paraaortic lymph node 
sampling.
The need for second-look laparotomy for wash- �
ings, lymph node sampling, multiple biopsies of 
the peritoneum, and resection of residual disease 
is questionable (Grade C). A recent GOG trial 
compared second-look laparotomy (SLL) and 
early salvage treatment versus no SLL and salvage 
treatment when disease had clinically failed. The 
results showed no improvement in survival for 
SLL (Level III) (Greer et al. 2005).

22.2.3 Adjuvant Chemotherapy

Adjuvant chemotherapy is not indicated for low- �
risk patients after full surgical staging (Grade A). 
The results of a phase III GOG trial for stage IA–IB 
grade 1–2 ovarian cancer after TAH/BSO and full 
staging were randomized to adjuvant melphalan 
versus observation. The chemotherapy arm did 
not show any benefi t in either 5-year DFS or OS 
(Level I) (Young et al. 1990).
For patients who have not been optimally staged,  �
chemotherapy is indicated (Grade A). Platinum-
based chemotherapy has been shown to have a 
benefi t for local control, disease-free and over-
all survival compared to observation (EORTC, 
Level I) (Trimbos et al. 2003)

22.3 Treatment of High-Risk 
 Early-stage Ovarian Cancer

22.3.1 General Principles

High-risk early-stage ovarian cancers include  �
stage IA–IB grade 3, stage IC, stage Ia–IC clear 
cell, and stage II any grade.
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For high-risk early-stage ovarian cancer, full sur- �
gical staging and adjuvant treatment are gener-
ally recommended (Grade A).

22.3.2 Adjuvant Chemotherapy

Carboplatin- and paclitaxel-based chemother- �
apy for three to six cycles is recommended for 
adjuvant treatment after surgery (Grade B).
The results of a prospective randomized trial for 
stage IA–IB grade 2–3 ovarian cancer after full 
surgical staging were randomized to observation 
versus cisplatin chemotherapy. The cisplatin arm 
had statistically improved DFS (83% versus 63%), 
but OS was similar (83% versus 82%) (Level II) 
(Bolis et al. 1995).
GOG-157 was a prospective randomized trial 
comparing surgery and either carboplatin/pacli-
taxel and six cycles versus three for stage IA–IB, 
grade 2–3, stage IC, and stage II. A trend toward 
improved local control benefi t was found for 
six cycles of carboplatin/paclitaxel compared to 
three cycles, but the difference was not statisti-
cally signifi cant (Level II) (Bell et al. 2006).
Chemotherapy is preferred over whole abdomi- �
nal radiation (WAR) as the adjuvant treatment 
of choice after surgery (Grade A). The effi cacies 
of WAR and chemotherapy have been compared 
in a number of prospective randomized trials, 
and most studies did not demonstrate any sig-
nifi cance between the two treatments in terms 
of overall survival. The use of whole abdominal 
radiation has been largely replaced by chemo-
therapy for epithelial ovarian cancers.
In a prospective randomized trial completed 
by the National Cancer Institute of Canada, 257 
patients with stage I, IIA “high-risk” ovarian 
carcinoma, IIB, and III (disease confi ned to the 
pelvis) were randomized to: (1) total abdomi-
nal radiotherapy (22.5 Gy in 20 daily fractions), 
(2) chemotherapy with melphalan (8 mg/m2/
day every 4 weeks for 18 courses), or (3) intra-
peritoneal chromic phosphate (10–20 mCi). All 
patients were initially treated with pelvic radio-
therapy to bring the pelvic dose to 45 Gy. The 
results showed a marginally signifi cant difference 
in disease-free survival with melphalan chemo-
therapy as compared to whole abdominal radia-
tion. The 5-year survival rates are 62%, 61%, and 
66% for the WAR-, chemotherapy-, and IP chro-

mic phosphate-treated groups, respectively. No 
signifi cant difference in survival was observed 
(NCIC, Level II) ( Klaassen et al. 1988).
A prospective randomized trial compared surgery 
plus cisplatin and cyclophosphamide chemother-
apy versus surgery followed by whole abdominal 
radiation. The chemotherapy arm tended toward 
higher overall survival and relapse-free survival; 
however, there was poor compliance to WAR 
(Level II) (Chiara et al. 1994).
Except for the results published by Dembo et al. 
(1979), which showed a signifi cantly improved 10-
year relapse-free survival with WAR as compared 
to pelvic radiotherapy with or without chloram-
bucil, results from three more randomized trials 
all revealed no signifi cant differences in overall 
survival (Level II) (Smith et al. 1975; Sell et al. 
1990).
A prospective randomized trial compared plati- �
num-based chemotherapy to intraperitoneal P32. 
Although not statistically signifi cant, the trend 
toward lower recurrence rate with chemotherapy 
and lower toxicity recommends the use of plat-
inum-based chemotherapy regimens (Level II) 
(Young et al. 2003).

22.3.3 Radiation Therapy

Whole Abdominal Radiation

Indications for radiation therapy as an alternative  �
to chemotherapy include stage I–II with high-risk 
features or completely debulked stage III ovarian 
cancer (as detailed below in Sect. 22.4.2).
When radiation therapy is utilized, whole ab- �
dominal radiation is the technique of choice. 
Pelvic irradiation is usually not recommended 
in the treatment of epithelial ovarian cancer. 
A prospective randomized trial compared pelvic 
radiation to WAR. WAR was found to be superior 
in overall survival (51%–78%, 5-year) and local 
control (Level II) (Dembo et al. 1979).
The total dose of WAR is 30 Gy delivered in  �
20 daily fractions (1.5 per daily fraction).

Field Arrangement

Anteroposterior and posteroanterior fi elds are  �
commonly used. The fi eld borders are set up as 
follows:
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Superior: 1 cm above diaphragm at maximal expi- –
ration (can watch breathing under fl uoroscopy)
Inferior: ischial tuberosities –
Lateral: 1.5 cm to peritoneal refl ection –
Kidneys (from CT) should be blocked in the PA  �
fi eld during the entire treatment or in both the 
AP and PA after 15 Gy of irradiation.
Liver block can be considered at 25.5 Gy during 
irradiation (not required by GOG trials).
Femoral heads should be blocked to limit the ra-
diation dose.

Side Eff ects and Complications

Acute toxicity induced by whole abdominal ra- �
diation includes GI toxicity (nausea, vomiting, 
and diarrhea), which occurs in 61% of cases. My-
elosuppression (especially thrombocytopenia) 
occurs in 11%. Overall, approximately 10% of 
patients are unable to complete treatment due to 
acute treatment-induced toxicities.
Commonly observed treatment-induced chronic  �
toxicities include small bowel obstruction (4.2%) 
and radiation hepatitis (44%). However, treat-
ment-caused death is rare and occurs in less than 
1% of cases.

22.4 Treatment of Advanced-stage 
 Ovarian Cancer

22.4.1 General Principles

Initial treatment of advanced-stage ovarian can- �
cer is full surgical staging, attempting to remove 
all gross disease. Advanced-stage ovarian cancer 
can be differentiated into stage III with optimally 
debulked (<2 cm residual) or stage III subopti-
mally debulked (>2 cm residual).
Chemotherapy is indicated as an adjuvant treat- �
ment (Grade A). The most frequently used che-
motherapy option for ovarian cancer is carbopla-
tin AUC 6 and paclitaxel 175 mg/m2.
A meta-analysis of 37 trials showed that platinum 
containing fi rst-line regimens have a 5% 2- and 
5-year overall survival advantage compared to 
non-platinum-containing fi rst-line regimens. 
The analysis also compared the use of cisplatin 

to carboplatin. The two chemotherapy drugs are 
considered equivalent in terms of tumor control 
(Level I) (Aabo et al. 1998).
The treatment for suboptimally debulked stage III  �
patients is identical to patients with stage IV dis-
eases.

22.4.2 Stage III, Optimally Debulked 
 (<2 cm Residual)

Adjuvant chemotherapy is indicated for patients  �
with optimally debulked stage III ovarian cancer 
(Grade A). Adjuvant intraperitoneal (IP) chemo-
therapy has been shown to be superior to intra-
venous chemotherapy.
The results of a prospective randomized trial re-
vealed that for optimally debulked (<2 cm resid-
ual) stage III and IV diseases, patients randomized 
to receive cyclophosphamide and IP cisplatin had 
superior outcome than those treated with IV cyclo-
phosphamide and cisplatin in terms of increased 
median survival (49–41 months) and decreased 
toxicity (tinnitus, hearing loss, and neuromuscu-
lar toxicity) (Level II) (Alberts et al. 1996).
Results from another prospective randomized 
trial compared IV carboplatin and IP paclitaxel 
+ cisplatin versus IV cisplatin and paclitaxel. The 
IP arm had statistically improved progression-
free survival and a trend towards overall survival 
(Level I) (Markman et al. 2001).
Results from a more recently published prospec-
tive randomized multi-institution trial also dem-
onstrated an improved survival for IP cisplatin 
and paclitaxel compared to IV cisplatin and pa-
clitaxel (Level I) (Armstrong et al. 2006).
The effect of IP chemotherapy over IV chemo-
therapy was further confi rmed by a meta-anal-
ysis. The analysis combined the seven random-
ized studies comparing IP chemotherapy versus 
IV chemotherapy. The results show an increase 
in overall survival [relative risk 0.88, 95% (CI) 
0.81–0.95]. However, severe adverse events and 
catheter-related complications with intraperito-
neal chemotherapy were signifi cantly more com-
mon (Level I) (Elit et al. 2007).
Chemotherapy plus WAR has been shown to be  �
superior to chemotherapy alone (Grade B) in a 
small prospective randomized trial. In that trial, 
stage III patients with no residual disease were 
treated with cisplatin and epirubicin, followed 
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by WAR or observation. The chemotherapy plus 
WAR arm had statistically signifi cantly improved 
disease-free survival (77% vs. 54% at 2 years and 
45% vs. 19% at 5 years) and overall survival (88% 
vs. 58% at 2 years and 59% vs. 26% at 5 years) 
(Level II) (Pickel et al. 1999).
In a prospective phase II trial, carboplatin has  �
been shown to be safe and effi cacious to admin-
ister intraperitoneally. However, the outcomes 
have not been directly compared to IP cisplatin 
(Level III) (Nagao et al. 2008)

22.4.3 Stage III, Suboptimally Debulked 
 (>2 cm Residual), or Stage IV

Adjuvant carboplatin and paclitaxel chemother- �
apy is indicated for patients with suboptimally 
debulked stage III or stage IV ovarian cancer 
(Grade A). Paclitaxel has been found to be more 
responsive than cyclophosphamide. A prospec-
tive randomized trial compared cisplatin and cy-
clophosphamide versus cisplatin and paclitaxel. 
The cisplatin and paclitaxel combination had an 
improved clinically complete rate (31% versus 
51%) as well as median survival (24 months ver-
sus 38 months) (GOG 111, Level II) (McGuire et 
al. 1996).
Carboplatin has been shown to be superior to  �
cisplatin in a prospective randomized trial. Pa-
tients with stage III suboptimally debulked and 
stage IV were randomized to cisplatin and cy-
clophosphamide versus carboplatin and cyclo-
phosphamide. Although no signifi cant tumor 
response was detected, carboplatin was found to 
be less toxic for neurotoxicity, nausea/vomiting, 
alopecia, and renal toxicity (Level II) (Hannigan 
et al. 1993).

22.5 Fallopian Tube Cancer

22.5.1 Presentation and Diagnosis

Diagnosis and evaluation of fallopian tube cancer  �
start with a complete history and physical exami-
nation (H&P).

Presenting symptoms can include all three of  �
the following (Latzko’s triad, present in 15% of 
patients):
Pelvic pain –
Pelvic mass –
Serosanguineous vaginal discharge –
Hydrops turbans profl uens presents in 5% of pa- �
tients. Colicky lower abdominal pain is alleviated 
with the release of a sporadic, yellowish vaginal 
discharge.
Criteria for diagnosis of primary fallopian tube  �
carcinoma has been defi ned by Sedlis et al. 
(1978)
Main tumor is in the tube and has papillary se- –
rous histology.
Tubal mucosa is involved with the primary. –
There should be a transition from benign, dys- –
plastic to malignant epithelium.
If endometrium and/or ovaries are involved, it  –
should be only minimal compared to the fallo-
pian tube.
Up to 25% of fallopian tube cancers present as  �
bilateral disease.

22.5.2 Laboratory Tests, 
 Imaging Studies, and Pathology

In addition to the routine laboratory tests in- �
cluding complete blood count and serum chem-
istry, CA-125 and CA 19-9 are usually indicated 
(Grade B). These tumor markers can be specifi c 
if elevated at the time of diagnosis: CA-125 is ele-
vated in 80%, and 87% of tumors have been found 
to stain pathologically with CA-125 (Level IV) 
(Puls et al. 1993).
Transvaginal ultrasound with Doppler can be  �
considered for diagnosis and evaluation, and is 
considered as the most sensitive and specifi c test 
(Grade D) (Level V) (Yamamoto et al. 1988).
CT has been described as able to show the mass,  �
however unable to differentiate it from an endo-
metrial or ovarian primary (Level V) (Kawakami 
et al. 1993). The use of MRI has been described 
in identifying primary fallopian tube carcinoma 
and helps to differentiate the adnexal mass from 
the ovarian primary (Level V) (Wang et al. 1998; 
Kurachi et al. 1999).
Pap smear and endometrial biopsy are usually  �
required, but are insensitive for diagnosis of fal-
lopian tube cancers. Hysteroscopy or hystero-
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salpingography can be utilized to visualize the 
tumor (Level V) (Hinton et al. 1988).
A relationship has been found with BRCA1 or  �
BRCA2. A total of 16% of cases reported in On-
tario were found to be BRCA1- or BRCA2-positive 
(Level IV) (Aziz et al. 2002).

22.5.3 Staging

Staging of fallopian tube tumors is presented in  �
Table 22.3.

22.5.4 Prognostic Factors

Stage at diagnosis is the most important prognos- �
tic factor. In a multivariate analysis, higher stage 
was the only prognostic indicator, compared to 
age and depth of invasion (Level IV) (Alvarado-
Cabrero et al. 1999). 
The 5-year survival by stage is: stage I, 95%,  �
stage II, 75%, stage III, 69%, and stage IV, 45% 
(Level IV) (Kosary and Trimble 2002).
Depth of wall invasion is of prognostic signifi - �
cance, as suggested in case studies (Level V) 
(Rose et al. 1990).
Tumor differentiation is associated with progno- �
sis. Results of a retrospective review revealed that 
higher grade is associated with inferior outcome 
(Level IV) (Cormio et al. 1996).
Residual tumor >2 cm is associated adversely  �
with the prognosis. Surgical series have shown 
that extent of disease and optimal surgery have 
improved survival (Level V) (Benedet et al. 1977; 
Peters et al. 1988; Rosen et al. 1993).
Lymph node involvement is associated with in- �
ferior survival. There are incidences of lymph 
node involvement at early-stage (Level V) (Di Re 
et al. 1996), with paraaortic nodes as frequent as 
pelvic nodes (Level V) (Takeshima and Hasumi 
2000).
CA-125 level has been found to be an independent  �
risk factor for disease-free survival and overall 
survival (Level IV) (Hefl er et al. 2000).
Angiolymphatic invasion was suggested to be  �
related to poor outcome after treatment, accord-
ing to the results from two retrospective series 
(Level IV) (Tamini and Figge 1981; Asmussen 
et al. 1988).

The patterns of failure for this disease are pre- �
dominantly within the region encompassed by 
whole abdominal radiation therapy, and distant 
failure occurs in no more than 15% of cases 
(Level IV) (Wolfson et al. 1998).

Table 22.3. Staging for fallopian tube cancer

TNM FIGO

Tis 0 Carcinoma in situ 
(limited to the tubal mucosa)

T1a IA Tumor limited to one tube without pene-
trating the serosal surface and no ascites

T1b IB Tumor limited to both tubes without pene-
trating the serosal surface and no ascites

T1c IC Tumor limited to one or both tubes with 
extension onto or through the tubal serosa, 
or with malignant cells in ascites or perito-
neal washings

T2a IIA Tumor extension and/or metastasis to the 
uterus and/or ovaries

T2b IIB Tumor extension to other pelvic structures

T2c IIC Tumor with pelvic extension and malignant 
cells in ascites or peritoneal washings

T3a IIIA Microscopic peritoneal metastasis outside 
the pelvis

T3b IIIB Macroscopic peritoneal metastasis outside 
the pelvis <2 cm in greatest dimension

T3c/
N1

IIIC Peritoneal metastasis >2 cm in diameter 
and/or positive regional lymph nodes

M1 IV Distant metastases (excludes peritoneal 
metastasis)

N1 Regional lymph node metastasis (paraaor-
tic, common iliac, internal iliac, external 
iliac, inguinal nodes)

M1 Distant metastasis (liver, lungs)

S TAG E G ROU PI NG

0: Tis N0 M0

IA: T1a N0 M0 

IB: T1b N0 M0 

IC: T1c N0 M0 

IIA: T2a N0 M0 

IIB: T2b N0 M0 

IIC: T2c N0 M0 

IIIA: T3a N0 M0 

IIIB: T3b N0 M0 

IIIC: T3c N0 M0, Any T N1 M0

IV: Any T Any N M1
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22.5.5 Treatment of 
 Fallopian Tube Cancer

Surgery is the mainstay treatment of fallopian  �
tube cancer, and surgical staging and treatment 
similar to that used for ovarian cancer are used. 
Procedures include TAH/BSO, omentectomy, and 
peritoneal washings; biopsies of the peritoneum, 
diaphragm, and bowel are required.
Lymph node dissection should also be considered 
(Grade D). Results from a small series showed 
that improved median survival was observed in 
patients with lymph node dissection (43 months 
versus 21 months) (Level V) (Klein et al. 1999).
For disease confi ned to the fallopian tube, adju- �
vant chemotherapy or radiation therapy is not 
routinely indicated after surgery (Grade B). One 
retrospective review found that for disease con-
fi ned to the tube, a single-agent chemotherapy 
or pelvis radiation did not improve survival 
(Level IV) (Peters et al. 1988). 
Cisplatin-based chemotherapy can be considered  �
for advanced disease (Grade B). Results from 
phase II trials showed safe use of cisplatin-based 
chemotherapy regimens (Level III) (Barakat et 
al. 1991; Pectasides et al. 1994; Wagenaar et al. 
2001; Morris et al. 1990).
As locoregional failure is common after surgery  �
for fallopian tube cancer, whole abdominal radia-
tion can be considered (Grade B). Intra-abdom-
inal failure is a common mode of recurrence in 
patients with stage II, III, and IV disease. In a ret-
rospective series of 21 patients reported from Yale 
University, adjuvant treatment is recommended 
as most patients who died of disease did so within 
the fi rst 2 years after diagnosis. In addition, nega-
tive second-look surgery did not provide assur-
ance of permanent remission (Level IV) (Brown 
et al. 1985).
These fi ndings were supported by the results 
of a multi-institutional retrospective series of 
72 patients demonstrating that 18%, 36%, and 
19% of treatment failures occurred in the pel-
vis, abdomen, or distant sites. Upper abdominal 
failures were more frequently found in stages II/
III/IV (29%) than in stage I (7%) (p=0.03). Re-
lapses solely outside of what would be included in 
standard whole abdominal radiotherapy portals 
occurred in only 15% of patients with failures 
(Level IV) (Wolfson et al. 1998). 
Both authors suggested the use of whole abdomi-
nal radiation for adjuvant therapy.

If used, the treatment techniques of whole ab- �
dominal radiation are similar to those used in 
advanced ovarian cancers. However, the effect of 
radiotherapy has not been compared to chemo-
therapy in any studies.

22.6 Follow-Ups

Follow-up is recommended in patients with ovar- �
ian cancer or fallopian tube cancer after treatment 
for early detection of disease recurrence and treat-
ment-induced side effects and complications.
No recommendation specifi c to fallopian tube  �
cancer can be concluded, but a follow-up scheme 
similar to those used for ovarian cancer is reason-
able (Table 22.4).
Post-treatment follow-ups could be scheduled ev- �
ery 2–4 months initially in the fi rst 2 years after 
treatment, then every 6 months thereafter through 
year 5. Annual follow-up is recommended for long-
term survivors after 5 years (Grade D) (National 
Comprehensive Cancer Network 2008).

Work-Ups

Each follow-up examination should include a  �
complete history and physical examination, a 
pelvic exam, and Pap smear at each visit.
CA-125 should be tested at each visit if the level  �
is initially elevated (Grade B). Close to 90% of 
recurrences were noted with an elevated CA-125 
prior to clinical or radiological confi rmation of 
disease (Level IV) (Hefl er et al. 2000).
Imaging studies (including annual chest X-ray, CT  �
of the abdomen and pelvis, and PET/CT scan) can be 
considered if clinically necessary. Laboratory tests, 
including complete blood count and serum chemis-
try, can be done if indicated (Grade D) (National 
Comprehensive Cancer Network 2008).

Table 22.4. Follow-up schedule

Interval Frequency

First 2 years Every 2–4 months

Years 3–5 Every 6 months

Over 5 years Annually
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Introduction and Objectives

Endometrial cancer is the most common gynecological cancer in 
the United States, and its incidence is expected to rise worldwide. 
Approximately 70%–80% of patients with endometrial cancer 
present with FIGO stage I disease confi ned to the uterus. Surgery 
is the mainstay of evaluation for risk of extra-uterine spread as 
well as defi nitive treatment. Multidisciplinary management, in-
cluding radiation therapy, plays an important role as adjuvant 
treatment for patients with high risk of recurrence determined 
by surgical-pathological staging. In addition, patients who are 
medically or surgically inoperable can also be treated with ra-
diotherapy with either radical or palliative intent. 

This chapter examines:

Recommendations for diagnosis and staging procedures �
The staging systems and prognostic factors  �
Treatment recommendations as well as the supporting scien- �
tifi c evidence, including the complementary role of surgical 
staging and pelvic lymph node dissection

The role of adjuvant external pelvic radiotherapy and vagi- �
nal-cuff  brachytherapy, as well as radiation techniques

The role of chemotherapy and hormonal therapy in ad- �
vanced disease

Palliative radiation for symptomatic control in advanced  �
diseases

Radiation-induced side eff ects and complications  �
Follow-up care and surveillance of survivors �

23.1 Diagnosis, Staging, and 
 Prognoses

23.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of endometrial cancer  �
start with a complete history and physical exami-
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nation (H&P). Attention should be paid to duration 
and severity of disease-related signs and symptoms, 
especially vaginal bleeding, the most commonly ob-
served presenting sign of endometrial cancer.
Known risk factors, including obesity, hyperten- �
sion, diabetes mellitus, history of unopposed es-
trogen use or endometrial atypical hyperplasia, 
and past history of breast cancer and treatment 
with tamoxifen, are pertinent to endometrial ad-
enocarcinoma and should be recorded.
Thorough physical examination should be per- �
formed with attention to the abdomen, pelvic 
examination of the cervix and vagina, and pal-
pation of lymph nodes in the inguinal and supra-
clavicular regions.

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic blood chemistry, renal func-
tion tests, liver function tests, and alkaline phos-
phatase (Table 23.1).

Imaging Studies

Transvaginal ultrasound for assessment of endo- �
metrial thickness is usually recommended for ini-
tial diagnosis and evaluation (Grade B). The results 
of a Nordic multicenter study showed that the risk 
of fi nding pathologic endometrium at curettage 
when the endometrium was 4 mm as measured 
by transvaginal ultrasonography was 5.5%. Using a 
threshold of 5 mm for women presenting with post-
menopausal bleeding, this procedure has a sensi-
tivity of 94% and specifi city of 78% for endometrial 
cancer (Level  III) (Karlsson et al. 1995).
CT of the abdomen and pelvis is recommended to  �
assess extra-uterine disease and regional lymph 
node involvement if locally advanced disease is 
suspected (Grade B). CT is not routinely recom-
mended for patients with clinical stage I disease 

when surgery is planned. However, CT scan has 
limited value in evaluating the extent of myome-
trial invasion of the tumor and detection of minor 
parametrial, lymph nodal, or local extrauterine 
invasion (Level IV) (Dore et al. 1987).
Like CT of the pelvis, MRI is not routinely recom- �
mended for patients with clinical stage I disease 
when surgery is planned. MRI of the pelvis is 
recommended for assessment of the extent of pri-
mary tumor if local invasion into adjacent pelvic 
organs is suspected (Grade B). MRI with IV con-
trast is more accurate for detecting myometrial 
invasion and cervical involvement (i.e., FIGO 
stage II diseases). The sensitivity, specifi city, and 
diagnostic accuracy for evaluation of myometrial 
invasion were 87%, 91%, and 89%, respectively; 
those for cervical infi ltration were 80%, 96%, 
and 92%, respectively. However, the sensitivity 
was 50% for lymph node assessment (Level III) 
(Manfredi et al. 2004).
Chest X-ray is recommended to exclude lung me- �
tastasis. CT scan of the thorax can be ordered if 
the result of the chest X-ray is equivocal.
Bone scan is not routinely indicated except in  �
patients with elevated alkaline phosphatase or if 
bone pain is reported.

Pathology

Tissue diagnosis is imperative prior to the initia- �
tion of any treatment for confi rmation of endo-
metrial cancer that comprises mainly endometri-
oid carcinoma (75%–80%), histological grading 
of tumor, and exclusion of the more aggressive 
sub-types, such as papillary serous carcinoma 
(<10%), clear cell carcinoma (<5%), and uterine 
sarcoma (<5%).
Tissue for pathology diagnosis can be obtained by  �
standard dilatation and curettage (D&C), Pipelle 
biopsy, or hysteroscopic biopsy of the endome-
trium.
Treatment decision and prognosis are often de- �
termined by pathological diagnosis, including 
differentiation in addition to tumor stage.

23.1.2 Staging

Complete surgical staging, including selective  �
pelvic and para-aortic lymph node dissection or 
sampling, is recommended by the 1988 Interna-

Table 23.1. Imaging and laboratory work-ups for esophageal 
cancer

Imaging studies Laboratory tests

– Transvaginal ultrasound 
– CT of pelvis and abdomen
– MRI of pelvis (if indicated)
– Chest X-ray and/or 
– CT of thorax 
– Bone scan (optional)

– Complete blood count
– Serum chemistry
– Renal function tests
– Liver function tests 
– Alkaline phosphatase

LuBrady-BOOK.indb   344 13.08.2008   14:02:19



  Endometrial Cancer 345

tional Federation of Gynecology and Obstetrics 
(FIGO) staging system for endometrial cancer. 
The FIGO staging is based on the surgical and 
pathological fi ndings. The value of lymphadenec-
tomy and the extent of lymphadenectomy are de-
batable; however, lymphadenectomy is of treat-
ment value for endometrial cancer.
The 1988 International Federation of Gynecology  �
and Obstetrics staging system is the most com-
monly used based on surgical-pathologic tumor 
assessment (Table 23.2).

23.1.3 Prognostic Factors

The prognosis of patients with endometrial can- �
cer is directly related to age, tumor stage, includ-
ing the extent of myometrial invasion, histologi-
cal grade, capillary space invasion, and cell type 
(GOG, Level III) (Morrow et al. 1991), (Level IV) 
(Greven et al. 1997).

Myometrial invasion and histological grade are  �
strongly correlated, but both have been shown 
to be independent prognostic factors for tumor 
recurrence and patient survival (GOG, Level III) 
(Morrow et al. 1991). Deep myometrial invasion, 
especially into the outer one third of the myo-
metrium, is particularly associated with higher 
recurrence rate. Furthermore, the pattern of myo-
metrial invasion is of prognostic signifi cance: dif-
fuse infi ltration into the deep myometrium car-
ries worse prognosis than tumor expansion into 
the myometrium (Level IV) (Suzuki et al. 2003). 
Results from most studies demonstrated that the 
histological grade is of greater signifi cance than 
the depth of myometrial invasion in predicting 
the treatment outcome.
The risk of regional lymph node metastases is a  �
direct function of tumor stage, as well as depth 
of myometrial invasion and tumor grade in 
stage I disease: The probability for pelvic lymph 
node metastases is 0%, 3%, and 18% for patients 
with grade 1 disease without myometrial inva-
sion, myometrial invasion of < 50% or grade 2/3 
disease, and deep invasion, respectively (GOG, 
Level III) (Creaseman et al. 1987).
Lymphovascular space invasion (LVSI) is of prog- �
nostic signifi cance and is associated with lymph 
node metastasis and distant recurrence. The 
5-year recurrence rates for stage I-III endometrial 
cancer patients with and without LVSI were ap-
proximately 40% and 20%, respectively, and those 
for stage I patients were approximately 30% and 
15%, respectively (Level IV) (Briët et al. 2005).

23.2 Treatment of 
 Early-Stage Endometrial Cancer

23.2.1 General Principles

Total abdominal hysterectomy and bilateral sal- �
pingooophorectomy (TAH-BSO) are the mainstay 
of clinical management for the complete extirpa-
tion of tumor, as well as pathological assessment 
of tumor extent and risk factors for recurrence 
(Grade A). Patients with FIGO stage I–II endome-
trial cancer have highly curable tumors with over-
all and disease-free survival rates at 5 years in the 
order of 75%–85% and 65%–80%, respectively.

Table 23.2. Federation of Gynecology and Obstetrics (FIGO) 
surgical staging system for endometrial carcinoma (1988)

Stage and 
Grade

Description

IA (G1,2,3) Tumor limited to endometrium

IB (G1,2,3) Invasion limited to <50% of the 
myometrium

IC (G1,2,3) Invasion of >50% of the myometrium

IIA (G1,2,3) Endocervical glandular involvement only

IIB (G1,2,3) Cervical stromal invasion

IIIA (G1,2,3) Tumor invades serosa and/or adnexa and/
or positive peritoneal cytology

IIIB (G1,2,3) Vaginal metastases

IIIC (G1,2,3) Metastases to pelvic and/or 
para-aortic lymph nodes

IVA (G1,2,3) Tumor invasion to bladder and/or 
bowel mucosa

IVB (G1,2,3) Distant metastases including intra-
 abdominal and/or inguinal lymph nodes

FIGO histologic grading

G1 <5% non-squamous or 
non-morular solid growth pattern

G2 5%–50% non-squamous or 
non-morular solid growth pattern

G3 >50% non-squamous or 
non-morular solid growth pattern
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Adjuvant radiation therapy can be considered  �
in patients deemed at risk of recurrence based 
on surgical-pathological factors (Grade B). The 
role of adjuvant radiotherapy with either exter-
nal-beam pelvic irradiation, brachytherapy, or 
a combination is to improve locoregional tumor 
control at the pelvis and vagina. It would be just 
as important to identify patients with low risk of 
recurrence so as to avoid irradiation and the at-
tending side effects with little gain.
Patients who are medically unfi t for surgery  �
should be considered for radical radiotherapy 
involving external-beam pelvic irradiation and 
brachytherapy (Grade B).
The role of chemotherapy in the management of  �
early-stage endometrial cancer is investigational 
and is not routinely recommended (Grade B). 
However, for histologically aggressive tumors 
(e.g., papillary serous and clear cell carcinomas), 
which carry a high risk of extra-uterine spread, 
chemotherapy should be considered.

23.2.2 Surgical Resection

Total abdominal hysterectomy and bilateral sal- �
pingooophorectomy (TAH-BSO) are the main 
treatment modality for stage I and II endometrial 
cancer.
For suspected or clinical FIGO stage II disease,  �
radical hysterectomy and bilateral salpingo-
ophorectomy (TAH-BSO) should be performed in 
view of tumor extension to the cervix and possi-
ble para-cervical spread.  A review of 203 patients 
with stage II endometrial cancer showed that 
survival rates by surgical procedure were 79% if 
simple hysterectomy was used and 94% if radical 
hysterectomy was used at 5 years and 74% and 
94%, respectively, at 10 years (Level IV) ( Sartori 
et al. 2001). In a more recently published retro-
spective series from Turkey, patients treated with 
simple hysterectomy followed by radiation ther-
apy achieved outcomes similar to those who re-
ceived radical hysterectomy: The 5-year disease-
free and overall survival rates for patients treated 
with simple hysterectomy plus radiation were 81% 
and 83%, respectively, as compared to 85% and 
90%, respectively, for those treated with radical 
hysterectomy without adjuvant therapy. Survival 
rates were not signifi cantly different from both 
groups (Level IV) (Ayhan et al. 2004).

Pelvic and para-aortic lymph node dissection and  �
inspection of pelvic and intra-abdominal struc-
tures, as well as peritoneal lavage, or cytology 
are needed for complete surgical staging. In ad-
dition to staging and prognostication, there are 
reports of therapeutic benefi ts of pelvic and para-
aortic lymphadenectomy (Level IV) ( Kilgore 
et al.1995; Podratz et al. 1998; Mariani et al. 
2000a). However, its value in stage I disease with 
grade 1 and 2 pathology has been questioned 
(Level IV) (Mariani et al. 2000b).
Currently, there is no strong evidence to recom- �
mend the extent of lymphadenectomy. The extent 
of lymphadenectomy often varies with institu-
tional practice and also takes into consideration 
the patient’s performance status to undergo more 
extensive surgery.

23.2.3 Adjuvant Radiotherapy

Adjuvant radiotherapy should be considered for  �
all patients with outer myometrial invasion and/
or grade 3 histology to improve locoregional con-
trol (Grade C). The effi cacy of adjuvant radiation 
therapy for local control has been demonstrated in 
three major prospective randomized trials; how-
ever, a survival benefi t has not been confi rmed. 
The Norwegian trial published by Aalders et 
al. (1980) randomized 540 patients with stage I 
endometrial cancer after hysterectomy and post-
operative vaginal brachytherapy to observation 
or adjuvant pelvis radiotherapy. The local recur-
rence rate was reduced with the addition of pelvic 
radiation (2% versus 5%); however, no difference 
in overall survival was observed (Level I). Sub-
group analysis with a limited number of patients 
with deep myometrial invasion with grade 3 pa-
thology revealed that these patients may benefi t 
from adjuvant pelvic irradiation for both local 
control and overall survival. In the Postoperative 
Radiation Therapy in Endometrial Carcinoma 
(PORTEC) trial, patients with stage 1 endome-
trial cancer (G1 with >50% myometrial invasion, 
G2 with any myometrial invasion and G3 with 
<50% myometrial invasion) were randomized 
to adjuvant pelvic radiotherapy or observation 
after TAH-BSO without lymphadenectomy. The 
results revealed that patients who received adju-
vant radiation achieved a signifi cantly reduced 
locoregional recurrence rate of 4% at 5 years after 
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treatment, as compared to 14% in the observation 
arm. However, the overall survival rates were not 
signifi cantly different (Level I) (Creutzberg et 
al. 2000). In a subsequent report of the PORTEC 
trial, the 8-year actuarial overall survival rates 
were reportedly 71% and 77%, respectively, for 
the radiation and control groups (p=0.18). The 
majority of the locoregional relapses were lo-
cated in the vagina, mainly in the vaginal vault, 
and survival after treatment for recurrence was 
signifi cantly better in the patient group without 
previous radiation. Treatment for vaginal relapse 
was effective, with 89% complete response and 
65% 5-year survival in the control group, while 
there was no difference in survival between pa-
tients with pelvic relapse and those with distant 
metastases. The author concluded that as pelvic 
radiation was shown to improve locoregional 
control signifi cantly, but without a survival ben-
efi t, its use should be limited to those patients 
who had 15% or more risk (i.e., high-risk category 
with two of the three major risk factors including 
grade 3, outer 50% myometrial invasion, and age 
60 or above) for recurrence in order to maximize 
local control and relapse-free survival (Level I) 
(Creutzberg et al. 2003). The results from a 
randomized trial from GOG demonstrated very 
similar fi ndings to those of the PORTEC study.  
Patients with stage IB, IC, or IIA were differenti-
ated according to the characteristics of the dis-
ease and patient (Table 23.3) and were treated 
with TAH-BAO with lymphadenectomy followed 
by observation or adjuvant radiation. The overall 
cumulative incidence recurrence rates at 2 years 
was 12% in the observation group and 3% in the 
radiotherapy group. The reduction on recurrence 
rate with adjuvant radiotherapy was more evident 
for the high-intermediate risk patients from 26% 
to 6%. However, the estimated overall survival at 
4 years was not signifi cantly different (GOG 99, 
Level I) (Keys et al. 2004).

Adjuvant radiotherapy should be offered to pa- �
tients with FIGO stage II disease, especially those 
with features of cervical stromal invasion, cap-
illary-lymphatic space invasion, and older age 
group of >65 years in view of the higher risk 
of relapse (Grade B). The disease-free and over-
all survival after surgery and adjuvant radiation 
therapy is approximately 70% and 80%, respec-
tively, according to the results from a number 
of retrospective trials using combined treatment 
(Level IV) (Lanciano et al. 1990; Feltmate et al. 
1999; Pitson et al. 2002).
A more recently published large retrospective  �
population-based study on more than 21,000 pa-
tients suggested a survival benefi t of 10%–20% at 
10 years with the use of adjuvant radiotherapy for 
stage IC, grade 1, and grade 3 or 4 endometrial 
cancer (SEER, Level IV) (Lee et al. 2006).

External-Beam Radiation Therapy

Postoperative irradiation is usually given using a  �
fractionated course of external-beam radiother-
apy (45 Gy to 50.4 Gy at 1.8 Gy per daily fraction 
over 25–28 fractions to the pelvis). External-beam 
pelvic radiotherapy with 8–10 MV photons is usu-
ally given using the standard four-fi eld technique 
encompassing the entire pelvis from the L5-S1 
junction superiorly to the lower borders of the ob-
turator forminae inferiorly targeting the previous 
site of the uterus and adnexae, parametria, upper 
two-thirds of the vagina, and regional lymphatics 
(Fig. 23.1a,b).

Intensity-Modulated Radiation Therapy

Intensity-modulated radiation therapy (IMRT)  �
can be considered for adjuvant treatment of 
endometrial cancer if available (Grade B). Re-
sults from treatment planning studies have 
demonstrated the advantage of IMRT over 
conventional radiotherapy: the dose to criti-
cal organs, including the small bowel, rectum, 
and bone marrow, can be significantly reduced 
(Level III) (Heron et al. 2003; Lujan et al. 2003; 
Mundt et al. 2002). Preliminary results from 
clinical trials have demonstrated that modest 
reduction of radiation-induced acute and late 
toxicities can be expected with the use of IMRT 
for pelvic irradiation for gynecologic malig-
nancies (Level III) (Brixey et al. 2002; Mundt 
et al. 2002, 2003).

Table 23.3. Risk groups defi ned by the GOG-99 trial

Risk factors High-intermediate risk group

– Age: <50 vs. <70 vs. >70
– Grade: grade 1 vs. 2–3
– Depth of invasion: 
   inner 2/3 or outer 1/3
– Lymphovascular space 
   invasion: absent vs. 
   present

– Age 70 and one other factor
– Age 50 and two other factors
– Any age and all other factors
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Figures 23.2 and 23.3 depict the comparison of  �
whole pelvic radiation therapy plans using IMRT 
and conventional radiation for a representative 
patient. Doses to the small bowel and bone mar-
row were signifi cantly reduced with the use of 
IMRT in the pelvis irradiation. 

Vaginal-Cuff  Brachytherapy

If the pelvic lymph node involvement has been  �
surgically excluded or the risk is low, radia-
tion therapy can be delivered by vaginal-cuff 
brachytherapy using a cylindrical applicator with 
low dose rate (LDR) or high dose rate (HDR) ir-
radiation (Grade B). The long-term results from 
a prospective trial revealed that for patients with 
stage I, grade 1–2, with < 50% myometrial inva-
sion treated with hysterectomy (without formal 
staging pelvic and periaortic lymph node sam-
pling or lymphadenectomy) and postoperative 
vaginal brachytherapy without external-beam 
radiation, an overall survival of close to 95% 
can be expected (Level III) ( Eltabbakh et al. 
1997). The fi ndings from a similarly arranged 
prospective study of patients with surgically 
staged IB, IC and II endometrial cancer using 
HDR brachytherapy also revealed that rela-
tively optimal outcome can be expected: the 
5-year overall and disease-free survivals both 
approached 90% (Level III) (Horowitz et al. 
2002). Similar fi ndings were reported by a large 
retrospective series of 382 patients with stage 
IB and IIB diseases that had undergone surgi-
cal staging and lymph node sampling (Level IV) 
(Alektiar et al. 2005).

With HDR brachytherapy alone, a wide range of  �
dose and fractions has been used (e.g., 21 Gy in 
three fractions or 25 Gy in fi ve fractions prescribed 
at 0.5 cm depth encompassing the upper two-
thirds of the vagina). A lower dose of 10–12 Gy in 
two to three fractions prescribed at 0.5 cm depth 
is recommended by the American Brachytherapy 
Society consensus on brachytherapy for endome-
trial cancer when HDR brachytherapy is combined 
with external-beam radiotherapy (Level IV).
A combination of both external-beam pelvic radio- �
therapy and of vaginal-cuff brachytherapy is often 
used depending on the extent of surgical staging 
performed and the practice favored by individual 
radiotherapy centers (Grade C). A retrospective 
study had showed that vaginal-cuff recurrence was 
signifi cantly higher when adjuvant external-beam 
radiotherapy was not combined with brachyther-
apy (Level IV). However, other series have raised 
questions on the benefi t of the brachytherapy boost 
(Level IV) (Greven et al. 1999).

23.2.4 Adjuvant Chemotherapy

Adjuvant chemotherapy is not recommended in  �
the treatment of early-stage endometrial cancer, 
with the exception of those with aggressive histol-
ogy subtypes (Grade B). The results of a random-
ized trial from GOG aimed at evaluating the effect 
of doxorubicin did not demonstrate any survival 
benefi ts of doxorubicin-based single-agent adju-
vant chemotherapy to high-risk stage I and II 
endometrial cancer (GOG, Level I) (Morrow et 
al. 1990).

Fig. 23.1a,b. Digitally reconstructed radiographs of anteroposterior (a) and lateral pelvic (b) fi elds

a b
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23.2.5 Treatment of 
 Medically Inoperable Disease

Defi nitive radical radiation therapy comprising  �
external-beam irradiation and intracavitary 
brachytherapy should be offered to patients 
who have clinically early-stage tumors, but are 
inoperable for medical reasons (Grade B). Re-
sults from a retrospective case-controlled study 
showed that cancer-specifi c survival rates of 

80%–85% at 5 years can be expected with radia-
tion as exclusive treatment (Level IV) (Fishman 
et al. 1996).
External-beam pelvic radiation techniques are  �
similar to those described for adjuvant treat-
ment.
Brachytherapy for defi nitive treatment requires  �
an intra-uterine source channel together with up-
per vaginal sources for a dose distribution that 
covers the entire uterus.

Fig. 23.2a,b. Isodose curves from an IM-WPRT plan superimposed on an axial CT slice through the upper pelvis (a) and 
lower pelvis (b). The small bowel and PTV are shaded in orange and green, respectively in (a). The bladder, rectum, and PTV 
are shaded in yellow, light blue, and green, respectively in (b). Highlighted are the 100% (red), 90% (green), 70% (light blue), 
and 50% (dark blue) isodose curves. [From Mundt AJ, Lujan AE, Rotmensch J et al. (2002) Intensity-modulated radiotherapy 
in women with bynecologic malignancies. By permission from publisher]

a b

Fig. 23.3a–c. Axial CT slice for representative patient show-
ing 100%, 70%, 50%, and 40% isodose lines for (a) BMS IM-
WPRT in which all isodose lines bend medially away from 
BM, (b) IM-WPRT without BM as a constraint, and (c) four-
field WPRT showing BM almost entirely enclosed by 40% 
isodose line. PTV shown in green and BM indicated in red. 
[From Lujan AE, Mundt AJ, Yamada SD et al. (2003) Inten-
sity-modulated radiotherapy as a means of reducing dose to 
bone marrow in gynecologic patients receiving whole pelvic 
radiotherapy. By permission from publisher]

a
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Radiotherapy-Induced Side Eff ects

Radiotherapy to the pelvic region can result in  �
clinically signifi cant side effects. This is often 
aggravated when radiotherapy is combined with 
other modalities of treatment, namely surgery 
and chemotherapy. For example, routine pelvic 
lymph-node dissections as part of surgical stag-
ing followed by pelvic radiotherapy for patients 
with high-risk endometrial cancer may result in 
an increase in risk of lower limb lymphoedema.
The increasing use of chemotherapy in combination  �
with radiotherapy has also resulted in higher rates of 
hematological and gastrointestinal toxicities while 
achieving better tumor control and survival.
Radiotherapy side effects can be classifi ed as  �
“acute/early,” which are common, symptomati-
cally treatable, and usually reversible, or “late,” 
which may be chronic and non-reversible (Ta-
ble 23.4). Risk of severe late side effects from ra-
diotherapy should not exceed 5% with careful 
planning and delivery of irradiation.

23.3 Treatment of Locoregionally 
 Advanced Endometrial Cancer

23.3.1 General Principles

Patients with locally advanced surgical-patho- �
logical FIGO stages (III–IVA) require postopera-
tive pelvic irradiation for locoregional control of 

disease in view of the higher risk of recurrence 
(Grade B).
Patients who have FIGO stage IIIA disease with  �
positive peritoneal cytology may not benefi t from 
adjuvant therapy in the absence of other adverse 
factors (such as myometrial invasion) (Grade B). 
Radiation therapy is usually recommended for 
patients with high-grade stage IIIA disease with 
serosal or adnexal involvement (Grade C).
Patients who have unresectable disease (e.g.,  �
stage IVA) should be considered for radical ra-
diotherapy with a combination of external-beam 
radiotherapy and intracavitary brachytherapy as 
described for those medically unfi t for surgery.
Para-aortic lymphadenopathy should be treated  �
with extended–fi eld radiotherapy to include the 
para-aortic lymphatics.
Adjuvant chemotherapy with cisplatin and adri- �
amycin should be considered for those with good 
performance status (Grade A).

23.3.2 Adjuvant Radiotherapy

Patients with locally advanced surgical-patho- �
logical FIGO stages (III–IVA) require postopera-
tive pelvic irradiation for locoregional control of 
disease in view of the higher risk of recurrence 
(Grade C). In a retrospective series of 57 patients 
with pathological stage III disease treated with 
surgery plus pre- or postoperative radiotherapy, 
the 5-year overall and disease-free survivals 
observed for all patients were 43.5 and 46.2%, 
respectively (Level IV) (Grigsby et al. 1987). In 

Table 23.4. Potential radiation-induced side effects or complications by site

Sites Side effects or complications

Skin Early: Erythema, dry and moist desquamation

Late: Subcutaneous edema and fi brosis

Bowel Early: Acute ileitis, colitis, proctitis (colic and diarrhea)

Late: Ulceration, stricture, and fi stula

Bladder Early: Acute cystitis, urinary tract infection (frequency, urgency, dysuria)

Late: Ureteric stricture, chronic cystitis, and bladder fi brosis

Vulva/vagina Early: Acute vaginitis, thrush

Late: Adhesions, fi brosis, stenosis

Ovary Early/late: Radiation-induced menopause
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a multicenter retrospective series, 105 patients 
with stage III endometrial cancer were reviewed. 
All patients received adjuvant radiotherapy to 
the pelvis or pelvis and paraaortic regions for 
pathologically positive paraaortic nodes. The 
5-year disease-free survival rate for all patients 
was 64%, and the overall 5-year pelvic recurrence 
rate was 21% (Level IV) (Greven et al. 1993). Re-
sults of a retrospective review from Harvard Uni-
versity demonstrated that pelvic external-beam 
radiotherapy did not provide any survival benefi t 
for patients with stage IIIA or IIIB diseases; how-
ever, stage IIIC patients had increased disease-
free survival and a trend for increased survival 
with pelvic radiation (Level IV) (Schorge et al. 
1996).
Patients who have FIGO stage IIIA disease be- �
cause of positive peritoneal cytology may not 
benefi t from adjuvant therapy in the absence of 
other adverse factors (such as adnexal involve-
ment) (Grade B). Results from a number of retro-
spective studies demonstrated that the outcome 
of patients with positive peritoneal cytology only 
(cytologic stage IIIA) assimilated patients with 
stage I disease (Level IV) (Kadar et al. 1992; 
Kasamatsu et al. 2003; Mariani et al. 2002; 
Tebeu et al. 2004).
Postoperative irradiation is usually given using  �
a fractionated course of external-beam radio-
therapy (45–50.4 Gy in 25–28 fractions to the 
pelvis).
External-beam pelvic radiotherapy with 8–10 MV  �
photons is usually given using the standard four-
fi eld technique encompassing the entire pelvis 
from the L5-S1 junction superiorly to the lower 
borders of the obturator forminae inferiorly, tar-
geting the previous site of the uterus and adnexae, 
parametria, upper two-thirds of the vagina, and  
regional lymphatics. The treatment technique is 
similar to that used for early-stage endometrial 
cancer.
A combination of both external-beam pelvic ra- �
diotherapy and two to three applications of vag-
inal-cuff brachytherapy is often used depending 
on the practice favored by individual radiother-
apy centers.

23.3.3 Adjuvant Chemotherapy and 
 Hormonal Therapy

Adjuvant doxorubicin-cisplatin-based chemo- �
therapy is recommended for patients with locally 
advanced endometrial cancer (Grade A). A GOG 
randomized trial studied the effect of whole ab-
dominopelvic irradiation versus doxorubicin-cis-
platin-based chemotherapy for locally advanced 
(stage III and IV non-metastatic) endometrial 
cancer. The results found that chemotherapy sig-
nifi cantly improved progression-free and overall 
survival rates, but at the costs of increased toxici-
ties and a higher rate of initial pelvic failure. At 
60 months after treatment, 55% of chemotherapy 
patients were predicted to be alive compared with 
42% of irradiated patients (GOG 122, Level I) 
(Randall et al. 2006). A more recent EORTC ran-
domized study for patients with high-risk stage 
I–III disease reported in abstract form has demon-
strated an improved 5-year progression-free sur-
vival of 82% with adjuvant chemoradiation over 
75% with adjuvant radiotherapy alone. Although 
doxorubicin-cisplatin-based chemotherapy is ef-
fective in improving overall survival of locally 
advanced endometrial cancer, the sequence of 
adjuvant radiotherapy, which is signifi cant for im-
proving local control, and adjuvant double-agent 
chemotherapy has not been addressed.
The effect of adjuvant chemotherapy versus ad- �
juvant combined chemoradiation therapy has not 
been addressed in any prospective randomized 
clinical trials. An RTOG study has been initiated 
to compare the outcome of adjuvant chemoradio-
therapy and radiation alone.
Adjuvant hormonal treatment is not routinely rec- �
ommended for endometrial cancer (Grade A). Al-
though grades 1 and 2 endometrial cancer are usu-
ally positive for progesterone receptors, and more 
than 20% of metastatic cases of endometrial ad-
enocarcinoma show response to progesterone treat-
ment, the value of adjuvant hormonal treatment on 
survival has not been demonstrated: The results 
of a meta-analysis of six randomized trials with 
more than 3500 patients with endometrial cancer 
failed to demonstrate a benefi t in overall survival 
for those received progesterone treatment (Level I) 
(Martin-Hirsch et al. 1996). In addition, a more 
recently published Cochrane Database Systemic 
Review also confi rmed that post-surgical proges-
terone treatment has no signifi cant effect on overall 
survival (Level I) (Martin-Hirsch et al. 2000).
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23.4 Treatment of Uterine Sarcoma

23.4.1 General Principles

Uterine sarcoma is a group of rare uterine tumors  �
comprising malignant mixed mullerian tumor or 
carcinosarcoma, leiomyosarcoma, and endome-
trial stromal sarcoma.
Uterine sarcoma is generally considered to be ag- �
gressive with a high risk of relapse and metastatic 
potential favoring the need for adjuvant treat-
ment with pelvic radiation and adriamycin- or 
ifosfamide-based chemotherapy.
Radiotherapy is recommended in the treatment  �
of uterine sarcoma as adjuvant treatment for 
locoregional control (Grade B). Results from 
a number of retrospective trials have demon-
strated that radiotherapy can reduce pelvic re-
currence, especially in locoregionally advanced 
disease with reported improvement of locore-
gional control: A prospective randomized trial 
aimed at determining the effi cacy of doxorubicin 
on uterine sarcoma was conducted between 1973 
and 1982. It studied 225 women with stage I or II 
uterine sarcoma, and patients were randomized 
to either 60 mg/m2 of doxorubicin every 3 weeks 
for eight courses or no further therapy. Adjuvant 
radiation therapy was optional in the study. The 
results showed that chemotherapy provided no 
advantage to the progression-free survival and 
overall survival. However, those who received 
radiation therapy had signifi cantly lower locore-
gional recurrence (Level III) (Hornback et al. 
1986). Results from a non-randomized series 
of 60 patients with carcinosarcoma revealed 
that the addition of radiotherapy signifi cantly 
reduced the local recurrence rate from 55% to 
3%. Adjuvant radiotherapy reduced the risk of 
distant failure and death in patients with disease 
confi ned to the uterus, but did not impact dis-
tant recurrence or survival in stage III patients 
(Level IV) (Gerszten et al. 1998). A small ret-
rospective series from Sweden reported an im-
proved outcome in overall survival with the use 
of adjuvant radiotherapy following surgery for 
endometrial stromal sarcoma. Adjuvant radio-
therapy seems to be of benefi t in high-grade tu-
mors, and the 5-year survival rate after surgery 
and radiation therapy was 73%, which exceeds 
most reported results (Level IV) (Larson et al. 

1990a). Similar fi ndings were reported in 147 
patients with stage I uterine mixed mullerian 
tumors treated with adjuvant radiation. A lower 
local failure rate and improved overall survival 
were demonstrated with surgery followed by 
combined radiotherapy (intracavitary + exter-
nal irradiation) as compared to surgery in com-
bination with either intracavitary or external 
irradiation (Level IV) (Larson 1990b). How-
ever, the effect of adjuvant radiotherapy was not 
demonstrated in another retrospective review of 
208 patients with leiomyosarcoma of the uterus 
(Level IV) (Giuntoli et al. 2003). Although lim-
ited evidence has supported the use of adjuvant 
radiation therapy for locally advanced uterine 
sarcomas, stage III uterine sarcomas are usu-
ally referred for postoperative radiotherapy as 
well as chemotherapy in view of the high risk of 
locoregional and systemic relapse. 

23.4.2 Adjuvant Radiotherapy

Radiotherapy and brachytherapy techniques for  �
uterine sarcoma are similar to those described for 
endometrial cancer

23.5 Treatment of 
 Recurrent/Metastatic 
 Endometrial Cancer

23.5.1 General Principles

Patients with isolated pelvic or vaginal recur- �
rence after previous surgery can be treated with 
salvaging radical radiation therapy (Grade B). 
Long-term overall survival rates of isolated 
lower 1/3 vaginal, vaginal vault, and pelvic re-
currences of 50%, 45%, and 24%, respectively, 
have been reported (Level IV) (Poulson and 
Roberts 1988).
Patients with stage IV disease who are symptom- �
atic from distant metastases should be treated 
systemically with palliative chemotherapy (for 
aggressive tumors) or hormones (for well-differ-
entiated tumors), e.g., progestins or tamoxifen 
(Grade A) (Kauppila 1989). Chemotherapy regi-

LuBrady-BOOK.indb   352 13.08.2008   14:02:27



  Endometrial Cancer 353

mens usually comprise cisplatin and adriamycin. 
The addition of paclitaxel to the cisplatin and 
adriamycin combination has not been shown to 
be more superior (GOG, Level I) (Fleming et al. 
2004).
Symptoms due to locoregional disease, e.g., vagi- �
nal bleeding and discharge, can be palliated with 
local radiotherapy 

23.5.2 Radiotherapy Technique

Salvage radical radiotherapy for isolated pelvic  �
or vaginal recurrence should be initially targeted 
at the whole pelvis with a dose of 45–50.4 Gy in 
25–28 fractions, as described above, followed by 
a boost to a total dose of 60–66 Gy to the re-
current tumor using CT-planning 3D conformal 
technique to limit the dose to adjacent normal 
organs, such as the bladder, rectum, and small 
bowels.
Patients with advanced disease requiring pallia- �
tive radiotherapy for control of local symptoms, 
e.g., bleeding and pain, require a short course 
of tumor-directed external-beam pelvic radio-
therapy to a dose of 30 Gy in ten fractions or 
equivalent.
Vaginal brachytherapy as described above can  �
also be used for palliation with superfi cial vaginal 
recurrences.

23.6 Follow-Ups

23.6.1 Post-Treatment Follow-Ups

Life-long follow-up after defi nitive treatment of  �
endometrial cancer is usually indicated for de-
tection of local or distant failures. Follow-up is 
also necessary for the assessment of long-term 
treatment-related side effects, such as ileitis, 
proctitis, bladder fi brosis, lymphoedema, vaginal 
adhesions, and stenosis.
Ideally, patients should have access to a feminine  �
care clinic with trained staff to advise and man-
age problems related to vaginal care, sexual func-
tion, menopausal and fertility issues. 

Follow-Up Schedule

Follow-ups can be scheduled every 3–6 months  �
for 2 years, then every 6–12 months thereafter 
(Grade D) (NCCN 2008).

Work-Ups

Each follow-up should include a complete his- �
tory and physical examination, including a pelvic 
examination. CA-125 can be considered at each 
follow-up. 
Vaginal cytology should be checked every  �
6 months for 2 years, and annually thereafter 
(Grade D) (NCCN 2008).
CT scan of the abdomen and pelvis and chest X- �
ray can be considered annually during follow-up 
or ordered based on relevant symptoms and clini-
cal fi ndings.

Table 23.5. Follow-up schedule after treatment for esopha-
geal cancer

Interval Frequency

First 2 years Every 3–6 months

Over 2 years Every 6 months or annually

References

Aalders J, Abeler V, Kolstad P et al (1980) Postoperative ex-
ternal irradiation and prognostic parameters in stage 
I endometrial carcinoma: clinical and histopathologic 
study of 540 patients. Obstet Gynecol 56:419–427

Alektiar KM, Venkatraman E, Chi DS et al. (2005) Intravagi-
nal brachytherapy alone for intermediate-risk endome-
trial cancer. Int J Radiat Oncol Biol Phys 62:111–117

Ayhan A, Taskiran C, Celik C et al (2004) The long-term sur-
vival of women with surgical stage II endometrioid type 
endometrial cancer. Gynecol Oncol 93:9–13

Brixey CJ, Roeske JC, Lujan AE et al (2002) Impact of inten-
sity-modulated radiotherapy on acute hematologic toxic-
ity in women with gynecologic malignancies. Int J Radiat 
Oncol Biol Phys 54:1388–1396

Briët JM, Hollema H, Reesink N et al (2005) Lymphvascular 
space involvement: an independent prognostic factor in 
endometrial cancer. Gynecol Oncol 96:799–804

Creasman WT, Morrow CP, Bundy BN et al (1987) Surgi-
cal pathologic spread patterns of endometrial cancer. 
A Gynecologic Oncology Group Study. Cancer 60[8 
Suppl]:2035–2041

Creutzberg CL, van Putten WL, Koper PC et al (2000) Surgery 
and postoperative radiotherapy versus surgery alone for 
patients with stage-1 endometrial carcinoma: multicentre 
randomised trial. PORTEC Study Group. Post Operative 

LuBrady-BOOK.indb   353 13.08.2008   14:02:27



354 K. Mun Lee

Radiation Therapy in Endometrial Carcinoma. Lancet 
355:1404–1411

Creutzberg CL, van Putten WL, Koper PC et al (2003) Survival 
after relapse in patients with endometrial cancer: results 
from a randomized trial. Gynecol Oncol 89:201–209

Dore R, Moro G, D’Andrea F et al (1987) CT evaluation of 
myometrium invasion in endometrial carcinoma. J Com-
put Assist Tomogr 11:282–289

Eltabbakh GH, Piver MS, Hempling RE et al (1997) Excel-
lent long-term survival and absence of vaginal recur-
rences in 332 patients with low-risk stage I endometrial 
adenocarcinoma treated with hysterectomy and vaginal 
brachytherapy without formal staging lymph node sam-
pling: report of a prospective trial. Int J Radiat Oncol Biol 
Phys 38:373–380

Feltmate CM, Duska LR, Chang Y et al (1999) Predictors of 
recurrence in surgical stage II endometrial adenocarci-
noma. Gynecol Oncol 73:407–411

Fishman DA, Roberts KB, Chambers JT et al (1996) Radiation 
therapy as exclusive treatment for medically inoperable 
patients with stage I and II endometrioid carcinoma with 
endometrium. Gynecol Oncol 61:189–196

Fleming GF, Filiaci VL, Bentley RC et al (2004) Phase III ran-
domized trial of doxorubicin + cisplatin versus doxoru-
bicin + 24-h paclitaxel + fi lgrastim in endometrial carci-
noma: a Gynecologic Oncology Group study. Ann Oncol 
15:1173–1178

Gerszten K, Faul C, Kounelis S et al (1998) The impact of 
adjuvant radiotherapy on carcinosarcoma of the uterus. 
Gynecol Oncol 68:8–13

Giuntoli RL 2nd, Metzinger DS, DiMarco CS et al (2003) Ret-
rospective review of 208 patients with leiomyosarcoma of 
the uterus: prognostic indicators, surgical management, 
and adjuvant therapy. Gynecol Oncol 89:460–469

Greven KM, Lanciano RM, Corn B et al (1993) Pathologic 
stage III endometrial carcinoma. Prognostic factors and 
patterns of recurrence. Cancer 71:3697–3702

Greven KM, Corn BW, Case D et al (1997) Which prognostic 
factors infl uence the outcome of patients with surgically 
staged endometrial cancer treated with adjuvant radia-
tion? Int J Radiat Oncol Biol Phys 39:413–418

Grigsby PW, Perez CA, Kuske RR et al (1987) Results of 
therapy, analysis of failures, and prognostic factors for 
clinical and pathologic stage III adenocarcinoma of the 
endometrium. Gynecol Oncol 27:44–57

Heron DE, Gerszten K, Selvaraj RN et al (2003) Conventional 
3D conformal versus intensity-modulated radiotherapy 
for the adjuvant treatment of gynecologic malignancies: 
a comparative dosimetric study of dose-volume histo-
grams. Gynecol Oncol 91:39–45

Hornback NB, Omura G, Major FJ (1986) Observations on the 
use of adjuvant radiation therapy in patients with stage 
I and II uterine sarcoma. Int J Radiat Oncol Biol Phys 
12:2127–2130

Horowitz NS, Peters WA 3rd, Smith MR et al (2002) Adju-
vant high dose rate vaginal brachytherapy as treatment 
of stage I and II endometrial carcinoma. Obstet Gynecol 
99:235–240

Kadar N, Homesley HD, Malfetano JH (1992) Positive peri-
toneal cytology is an adverse factor in endometrial car-
cinoma only if there is other evidence of extrauterine 
disease. Gynecol Oncol 46:145–149

Kauppila A (1989) Oestrogen and progestin receptors as 

prognostic indicators in endometrial cancer. A review of 
the literature. Acta Oncol 28:561–566

Kasamatsu T, Onda T, Katsumata N et al (2003) Prognos-
tic signifi cance of positive peritoneal cytology in endo-
metrial carcinoma confi ned to the uterus. Br J Cancer 
88:245–250

Karlsson B, Granberg S, Wikland M et al (1995) Transvagi-
nal ultrasonography of the endometrium in women with 
postmenopausal bleeding–a Nordic multicenter study. 
Am J Obstet Gynecol 172:1488–1494

Keys HM, Roberts JA, Brunetto VL et al. (2004) A phase III 
trial of surgery with or without adjunctive external pel-
vic radiation therapy in intermediate risk endometrial 
adenocarcinoma: a Gynecologic Oncology Group study. 
Gynecol Oncol 92:744–751

Kilgore LC, Partridge EE, Alvarez RD et al (1995) Adeno-
carcinoma of the endometrium: survival comparisons of 
patients with and without pelvic node sampling. Gynecol 
Oncol 56:29–33

Lanciano RM, Curran WJ Jr, Greven KM et al (1990) Infl uence 
of grade, histologic subtype, and timing of radiotherapy 
on outcome among patients with stage II carcinoma of the 
endometrium. Gynecol Oncol 39:368–373

Larson B, Silfverswärd C, Nilsson B et al (1990a) Endometrial 
stromal sarcoma of the uterus. A clinical and histopatho-
logical study. The Radiumhemmet series 1936–1981. Eur 
J Obstet Gynecol Reprod Biol 35:239–249

Larson B, Silfverswärd C, Nilsson B et al (1990b) Mixed mul-
lerian tumours of the uterus–prognostic factors: a clini-
cal and histopathologic study of 147 cases. Radiother On-
col 17:123–132

Lee CM, Szabo A, Shrieve DC et al. (2006) Frequency and 
effect of adjuvant radiation therapy among women with 
stage I endometrial adenocarcinoma. JAMA 295:389–397

Lujan AE, Mundt AJ, Yamada SD et al (2003) Intensity-mod-
ulated radiotherapy as a means of reducing dose to bone 
marrow in gynecologic patients receiving whole pelvic 
radiotherapy. Int J Radiat Oncol Biol Phys 57:516–521

Manfredi R, Mirk P, Maresca G et al (2004) Local-regional 
staging of endometrial carcinoma: role of MR imaging in 
surgical planning. Radiology 231:372–378

Mariani A, Webb MJ, Galli L et al (2000a) Potential therapeu-
tic role of para-aortic lymphadenectomy in node-positive 
endometrial cancer. Gynecol Oncol 76:348–356

Mariani A, Webb MJ, Keeney GL et al (2000b) Low-risk cor-
pus cancer: is lymphadenectomy or radiotherapy neces-
sary? Am J Obstet Gynecol 182:1506–1519

Mariani A, Webb MJ, Keeney GL et al (2002) Assessment of 
prognostic factors in stage IIIA endometrial cancer. Gy-
necol Oncol 86:38–44

Martin-Hirsch PL, Lilford RJ, Jarvis GJ (1996) Adjuvant pro-
gestagen therapy for the treatment of endometrial cancer: 
review and meta-analyses of published randomised con-
trolled trials. Eur J Obstet Gynecol Reprod Biol 65:201–
207

Martin-Hirsch PL, Jarvis G, Kitchener H et al (2000) Proge-
stagens for endometrial cancer. Cochrane Database Syst 
Rev 2000(2):CD001040

Morrow CP, Bundy BN, Homesley HD et al (1990) Doxorubi-
cin as an adjuvant following surgery and radiation ther-
apy in patients with high-risk endometrial carcinoma, 
stage I and occult stage II: a Gynecologic Oncology Group 
Study. Gynecol Oncol 36:166–171

LuBrady-BOOK.indb   354 13.08.2008   14:02:28



  Endometrial Cancer 355

Morrow CP, Bundy BN, Kurman RJ et al (1991) Relationship 
between surgical-pathological risk factors and outcome in 
clinical stage I and II carcinoma of the endometrium: a Gy-
necologic Oncology Group study. Gynecol Oncol 40:55–65

Mundt AJ, Lujan AE, Rotmensch J et al (2002) Intensity-modu-
lated whole pelvic radiotherapy in women with gynecologic 
malignancies. Int J Radiat Oncol Biol Phys 52:1330–1337

Mundt AJ, Mell LK, Roeske JC (2003) Preliminary analysis of 
chronic gastrointestinal toxicity in gynecology patients 
treated with intensity-modulated whole pelvic radiation 
therapy. Int J Radiat Oncol Biol Phys 56:1354–1360

Pitson G, Colgan T, Levin W et al (2002) Stage II endometrial 
carcinoma: prognostic factors and risk classifi cation in 
170 patients. Int J Radiat Oncol Biol Phys 53:862–867

Podratz KC, Mariani A, Webb MJ (1998) Staging and thera-
peutic value of lymphadenectomy in endometrial cancer. 
Gynecol Oncol 70:163–164

Poulsen MG, Roberts SJ (1988) The salvage of recurrent en-
dometrial carcinoma in the vagina and pelvis. Int J Radiat 
Oncol Biol Phys 15:809–813

Randall ME, Filiaci VL, Muss H et al (2006) Randomized 
phase III trial of whole-abdominal irradiation versus 
doxorubicin and cisplatin chemotherapy in advanced 
endometrial carcinoma: a Gynecologic Oncology Group 
Study. J Clin Oncol 24:36–44

Sartori E, Gadducci A, Landoni F et al (2001) Clinical behav-
ior of 203 stage II endometrial cancer cases: the impact 
of primary surgical approach and of adjuvant radiation 
therapy. Int J Gynecol Cancer 11:430–437

Schorge JO, Molpus KL, Goodman A et al (1996) The effect of 
postsurgical therapy on stage III endometrial carcinoma. 
Gynecol Oncol 63:34–39

Suzuki C, Matsumoto T, Sonoue H et al (2003) Prognostic 
signifi cance of the infi ltrative pattern invasion in endo-
metrioid adenocarcinoma of the endometrium. Pathol Int 
53:495–500

Tebeu PM, Popowski Y, Verkooijen HM et al (2004) Posi-
tive peritoneal cytology in early-stage endometrial 
cancer does not inf luence prognosis. Br J Cancer 
91:720–724

LuBrady-BOOK.indb   355 13.08.2008   14:02:28



  Cervical Cancer 357

Cervical Cancer 24
Subhakar Mutyala and Aaron H. Wolfson

S. Mutyala, MD
Department of Radiation Oncology, Montefi ore Medical 
Center, Albert Einstein College of  Medicine, 1625 Poplar St., 
Bronx, NY 10461, USA
A. H. Wolfson, MD
Department of Radiation Oncology, University of Miami 
Miller School of Medicine, 1475 NW 12 Avenue, D-31,  Miami, 
FL 33136, USA

C O N T E N T S

24.1 Diagnosis, Staging, and Prognoses 358
24.1.1 Diagnosis 358
 Initial Evaluation 358
 Laboratory Tests 358
 Imaging Studies 358
 Pathology 358
24.1.2 Staging 359
24.1.3 Prognostic Factors 360

24.2 Treatment of Early-Stage Cervical 
 Cancer 360
24.2.1 General Principles 360
24.2.2 Surgery 361
24.2.3 Radiation Therapy 361
 Adjuvant Radiation 361
 Adjuvant Combined Chemoradiation 
 Therapy 361
 Defi nitive Radiation 361
 Radiation Technique 362
24.2.4 Adjuvant Chemotherapy 362

24.3 Treatment of Locally Advanced Cervical 
 Cancer 362
24.3.1 General Principles 362
24.3.2 Concurrent Chemotherapy and 
 Radiation Therapy 362
24.3.3 Chemotherapy Regimens 363

24.4 Radiation Therapy Techniques 363
24.4.1 External-Beam Radiation Therapy 363
 Simulation 363
 Beam Energy and Dose Calculation 363
 Field Arrangement 363
 Dose and Fractionation 365

24.5 Brachytherapy 365
 Dosing of Brachytherapy 366

24.6 Side Effects and Complications 367
24.6.1 Surgical Complications 367
24.6.2 Radiation-Induced Side Effects and 
 Complications 367
 Acute Complications 367

24.7 Follow-Ups 367
24.7.1 Post-Treatment Follow-Ups 367
 Schedule 367
 Work-Ups 368

 References 368

Introduction and Objectives

Cervical cancer is a malignancy occurring worldwide. In develop-
ing countries, cervical cancer can be epidemic and is higher in 
incidence and prevalence than in this country due to Pap smear 
screening. If the disease process is found early, many patients 
can be diagnosed with CIN and be treated without ever develop-
ing invasive cancer. As the disease progresses to invasive cancer, 
even advanced stages can be treated and cured.

Cervical cancer is a disease process that requires multidisci-
plinary management, especially in the locally advanced stages. 
Chemotherapy, radiation therapy, and surgery are important 
treatment modalities in the curative treatment for cervical 
cancer. 

This chapter examines:

Recommendations for diagnosis and staging procedures �
The staging systems and prognostic factors �
Treatment recommendations as well as the supporting  �
scientifi c evidence for defi nitive and adjuvant treatment for 
early stage cervical cancer

The use of combined chemotherapy and radiotherapy for  �
defi nitive treatment of locally advanced disease

Side eff ects and complications of treatment �
Follow-up care and surveillance of survivors �
Radiation therapy techniques for the treatment of pituitary  �
tumors

Follow-up care and surveillance after treatment �
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24.1 Diagnosis, Staging, 
 and Prognoses

24.1.1 Diagnosis

Initial Evaluation

Cervical cancer can be detected in its early stage  �
by annual Pap smear screening. Annual Pap tests 
are recommended for sexually active women and/
or those 21–70 years of age by the American Col-
lege of Obstetrics and Gynecology.
Diagnosis and evaluation of cervical cancer start  �
with a complete history and physical examination 
(H&P). The most common presenting symptom is 
vaginal bleeding, such as postcoital spotting, in-
ter-menstrual bleeding, menorrhagia, or anemia. 
Advanced disease can present with pain from 
sidewall disease or bladder or rectal symptoms.
Abnormal Pap results should be followed with  �
colposcopy with directed and/or random biop-
sies. Conization should be performed if the tran-
sition zone is not visualized, disagreement exists 
between the Pap smear and biopsies, or for CIN 
3 or CIS.
Full pelvic exam using a speculum and bimanual  �
exam to assess for pelvic sidewall disease and 
vaginal extension is required, as is examination 
under anesthesia with biopsies and cystoscopy 
and proctoscopy. 

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic blood chemistry, alkaline 
phosphatase, and liver and renal function tests 
(Table 24.1).

Imaging Studies

CT of the abdomen and pelvis or IVP is necessary  �
to evaluate for hydronephrosis. Lymphangiogram 
can be utilized to evaluate for nodal disease.
MRI of the pelvis is recommended for evaluation of  �
the extent of local disease (Grade B). MRI has been 
shown to provide better defi nition of the extent of 
local disease and to be a better tool for prognostic 
indicators than clinical staging using the staging 
system of the Federation of Gynecology and Oncol-
ogy (FIGO) (Level III) (Sethi et al. 2005).
Although MRI scanning is not yet accepted by 
FIGO for staging purposes, one retrospective 
study demonstrated that MRI-derived size as-
sessments correlated with pelvic nodal involve-
ment and progression-free survival (Level IV) 
(Wagenaar et al. 2001).
Chest X-ray is recommended to rule out meta- �
static pulmonary disease. Bone scan is not rou-
tinely performed for staging unless indicated by 
elevated alkaline phosphatase or bone pain.
Positron emission tomography (PET) scan is not  �
required or included for staging (Grade B). Current 
use of PET combined with CT has increased detec-
tion of nodal disease for locally advanced disease 
>IB. Sensitivity is 75% and specifi city 96% for PET 
detection of pelvic adenopathy, and sensitivity is 
100% and specifi city 99% for PET detection of para-
aortic adenopathy (Level III) (Loft et al. 2007).
For early stage disease, the sensitivity and speci-
fi city of PET CT were about 73% and 97%, respec-
tively (Level III) (Sironi et al. 2006).

Pathology

Histological diagnosis is mandatory for the diag- �
nosis of cervical cancer prior to any treatment. 
Tissue for pathology diagnosis can be obtained 
via biopsy of the primary tumor.
The most common type of malignancy of the uter- �
ine cervix is squamous cell carcinoma, which ac-
counts for more than 80% of all cases of cervical 
cancer. Adenocarcinoma of the cervix accounts 
for 15% of all cervical cancer cases. 
Clear cell carcinoma, a rare variant of cervical ad- �
enocarcinoma, is linked with prenatal exposure 
to diethylstilbestrol (DES), a medication used in 
the 1940s to prevent miscarriages (Herbst et al. 
1979).
Staging laparotomy for histological conformation  �
of metastatic lymph nodes is not necessary.

Table 24.1. Imaging and laboratory work-ups for cervical 
cancer

Imaging studies Laboratory tests

– CT and MRI of abdomen/
pelvis

– Chest X-ray
– Lymphangiogram (optional)
– FDG-PET scan or PET/CT 

(optional)
– Bone scan (optional)

– Complete blood count
– Serum chemistry
– Liver function tests 
– Renal function tests
– Alkaline phosphatase
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24.1.2 Staging

Cervical cancer is usually staged clinically by  �
the by FIGO staging system. Table 24.2 illus-
trates the FIGO and Tumor-Node-Metastases 
(TNM) surgical staging systems for cervical 
cancer.

The FIGO staging system allows physical exam,  �
exam under anesthesia, IVP, cytoscopy, proctos-
copy, and barium enema for the staging of cervi-
cal cancer. Information from CT of the abdomen 
and pelvis (except for hydronephrosis), MRI, 
lymphangiogram, or FDG-PET (or PET/CT) is not 
to be utilized in the FIGO clinical staging.

Table 24.2. International Federation of Gynecology and Obstetrics (FIGO) and Tumor Node Metastases (TNM) surgical 
staging systems for carcinoma of the uterine cervix. [Reprinted from Benedet et al. (2000) with permission]

FIGO 
stages

Clinical and/or surgical-pathologic fi ndings TNM categories

Primary tumor cannot be assessed TX

No evidence of primary tumor T0

0 Carcinoma in situ (preinvasive carcinoma) Tis

I Cervical carcinoma confi ned to uterus (extension to the corpus should be disregarded) T1

IA Invasive carcinoma diagnosed only by microscopy
All macroscopically visible lesions, even with superfi cial invasion, are stage IB/T1b

T1a

IA1 Stromal invasion 3.0 mm or less in depth and 7.0 mm or less in horizontal spread T1a1

IA2 Stromal invasion more than 3.0 mm and not more than 5.0 mm with a horizontal spread of 
7.0 mm or lessa

T1a2

IB Clinically visible lesion confi ned to the cervix or microscopic lesion greater than IA2/T1a2 T1b

IB1 Clinically visible lesion 4.0 cm or less in greatest dimension T1b1

IB2 Clinically visible lesion more than 4.0 cm in greatest dimension T1b2

II Tumor invades beyond the uterus, but not to pelvic wall or lower third of the vagina T2

IIA Without parametrial invasion T2a

IIB With parametrial invasion T2b

III Tumor extends to pelvic wall and/or involves lower third of vagina and/or causes hydro-
nephrosis or nonfunctioning kidney

T3

IIIA Tumor involves lower third of vagina, no extension to pelvic wall T3a

IIIB Tumor extends to pelvic wall and/or causes hydronephrosis or nonfunctioning kidney T3b

IVA Tumor invades mucosa of bladder or rectum, and/or extends beyond true pelvis. 
The presence of bullous edema is not suffi cient to classify a tumor as T4

T4

IVB Distant metastasis

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

a The depth of invasion should not be more than 5 mm taken from the base of the epithelium, either surface or glandular, 
from which it originates. The depth of invasion is defi ned as the measurement of the tumor from the epithelial–stromal 
junction of the adjacent most superfi cial epithelial papilla to the deepest point of invasion. Vascular space involvement, 
venous or lymphatic, does not affect classifi cation.
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24.1.3 Prognostic Factors

Extent of disease at diagnosis (stage) is the most  �
important prognostic factor of cervical cancer. 
Decrease of survival with advanced stage has 
been repeatedly demonstrated: The overall 5-year 
survivals are as follows (Level IV) (Perez et al. 
1986):

Carcinoma in situ (CIS) – 100% –
Stage IA1 – 100% –
Stage IA2 –  95% –
Stage IB1 –  85% –
Stage IB2 –  75% –
Stage IIA –  70% –
Stage IIB –  65% –
Stage III –  45% –
Stage IVA –  20% –
Stage IVB –   5% –

Large tumor diameter (>4 cm according to the  �
Gynecologic Oncology Group defi nition), depth 
of invasion, presence of capillary-lymphatic 
space involvement or parametrial extension, and 
advanced age are associated with pelvic lymph 
node involvement (GOG, Level III) (Delgado et 
al. 1989).
Para-aortic lymph node metastasis is the most  �
important prognostic factor for both tumor re-
currence and overall survival of patients treated 
with radiation therapy. The signifi cance of tu-
mor size and pelvis lymph node involvement is 
signifi cant only in patients without para-aortic 
adenopathy, according to a retrospective review 
of three prospective trials from GOG (Level IV) 
(Stehman et al. 1991).
The impact of the histological type of cervical  �
cancer on prognosis is debatable. The prognosis 
of patients with adenocarcinoma was reportedly 
worse in some series, especially in early stage 
diseases after hysterectomy (Level IV) (Eifel et 
al. 1995; Look et al. 1996). However, other series 
found that prognoses of patients with squamous 
cell carcinoma or adenocarcinoma have no signif-
icant differences (Level IV) (Takeda et al. 2002; 
Shingleton et al. 1995).
Total treatment time of radiation therapy has a  �
signifi cant prognostic impact: Prolonging the 
course of radiation therapy for defi nitive treat-
ment beyond 8 weeks is adversely associated 
with regional control. Accelerated repopula-
tion of cervical cancer has been demonstrated 
(Level IV) (Withers et al. 1988). The estimated 

increment of pelvic recurrence was approxi-
mately 0.5%–1% for every additional day after 
7 weeks (Level III, IV) (Fyles et al. 1992; Lan-
ciano et al. 1993;  Petereit et al. 1995; Perez 
et al. 1995).
Average level of hemoglobin (Hgb) during ra- �
diation therapy is associated with the treatment 
outcome. Results from early retrospective stud-
ies suggested that the presence of anemia in pa-
tients was associated with adverse outcome after 
radiation (Level IV) (Bush 1986; Girinski et 
al. 1989). Two studies further demonstrated the 
importance of Hgb levels during radiation ther-
apy of cervical cancer and revealed that an Hgb 
level of 11–12 g/dl should be maintained during 
 irradiation (Level IV) (Grogan et al. 1999; Kapp 
et al. 2002).

24.2 Treatment of 
 Early-Stage Cervical Cancer

24.2.1 General Principles

Treatment of cervical malignancy depends on  �
the extent of the presenting disease and patient 
preference. 
Pre-invasive diseases are usually managed by  �
local excision (loop excision or cervical coniza-
tion) or ablation (laser ablation or cryotherapy). 
Hysterectomy can be considered in the treatment 
of pre-invasive cervical lesions for patients who 
have high-grade dysplasia and no plan for child-
bearing. 
Surgery is the treatment of choice for patients  �
with microinvasive disease (i.e., FIGO Stage IA) 
and limited localized disease (i.e., FIGO Stages IB 
and IIA). The extent of surgery (simple or radical 
hysterectomy) depends on the stage at presenta-
tion (Grade A).
Radiation therapy is the mainstay treatment for  �
patients with more advanced diseases (Grade A). 
Radiation is also recommended in the treatment 
of stage IA–IIA cervical cancer patients who are 
medically inoperable. 
Combined chemoradiation therapy is the stan- �
dard treatment for locally advanced cervical can-
cer (Grade A).
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24.2.2 Surgery

Surgery alone is a curative treatment modality for  �
early stage (FIGO Stages IA1–II) cervical cancer.
For stage IA1, a simple extrafascial hysterectomy  �
can be performed (Grade B). A conization with 
close follow-up can be considered for main-
tenance of fertility. An overall survival rate of 
close to 100% can be expected after defi nitive 
treatment of stage IA cervical cancer (Level IV) 
(Kolstad 1989).
For stage IA2–IB1 diseases, a radical hysterectomy  �
(or modifi ed radical) with pelvic lymph node dis-
section is the surgery of choice (Grade B). Limited 
surgery for stage IA2 cervical cancer is not rec-
ommended, as the probability of regional lymph 
nodal involvement is approximately 5%–10% 
(Level IV) (Burghardt and Pickel1978).
Adjuvant radiation therapy is often indicated af- �
ter surgery (as described below). Outcome after 
surgery (followed by adjuvant radiation therapy 
if indicated) is comparable to that from defi nitive 
radiation therapy, in the range of 90% at 5 years 
after treatment, according to a prospective ran-
domized trial from Italy. However, more toxicity 
is expected in patients treated with surgery and 
adjuvant radiation as compared to those treated 
with radiation alone (Level I) (Landoni et al. 
1997).

24.2.3 Radiation Therapy

Adjuvant Radiation

Postoperative adjuvant radiation therapy is indi- �
cated when the negative prognostic factors listed 
below are found on pathology (Grade A). Adjuvant 
radiation therapy has been shown to improve lo-
cal control, disease-free survival (DFS), and over-
all survival (OS) for pathologically proven deep 
stromal invasion, bulky disease, or positive lym-
phovascular invasion.
The results of a prospective randomized trial 
show that for “intermediate risk” patients with at 
least two risk factors, i.e., tumor diameter >4 cm, 
deep stromal involvement (> 1/3), or capillary 
lymphatic space involvement, adjuvant radiation 
therapy provided a statistically signifi cant reduc-
tion in local recurrence (from 28%–15%). The 
recurrence-free rates at 2 years were 88% versus 

79% for patients with or without adjuvant radia-
tion, respectively. The addition of adjuvant radia-
tion increases the chance of grade 3 and 4 compli-
cation by 6%, as compared to those who received 
surgery only (Level I) (Sedlis et al. 1999).
Radiation therapy alone is not recommended,  �
and combined chemoradiation therapy should 
be considered for stage IA2, IB, and IIA cervical 
cancer patients with the risk factors described 
below.

Adjuvant Combined Chemoradiation Therapy

Postoperative radiation therapy with concur- �
rent cisplatin-containing chemotherapy is rec-
ommended for early stages (IA2, IB, and IIA) 
with more than one positive pelvis lymph node, 
positive margins, and parametrium involvement 
on pathology (Grade A). The results of an inter-
group, prospectively randomized phase III trial 
has demonstrated that for IA(2), IB, and IIA cervi-
cal cancer patients with the above-mentioned fac-
tors on pathology, adjuvant chemoradiotherapy 
signifi cantly improved the treatment outcome. 
The 4-year progression-free survivals and overall 
survival rates were 63% versus 80% and 71% ver-
sus 81%, respectively, for patients who received 
radiation therapy only or combined chemoradia-
tion as adjuvant treatment (Intergroup, Level I) 
(Peters et al. 2000).
A retrospective analysis of the 268 patients in-
volved in the above-mentioned Intergroup study 
further revealed that the effect of additional che-
motherapy to radiation is not signifi cant in pa-
tients when only one lymph node is positive or 
when the tumor size is < 2 cm (Level IV) (Monk 
et al. 2005).

Defi nitive Radiation

Radiation therapy is the treatment of choice for  �
patients with early stage, but medically inoper-
able cervical cancer and for patients who decline 
surgery. 
For stage IA1 diseases, intercavitary brachyther-
apy alone can be used. For stage IA2 or IB1 dis-
ease, whole pelvic RT followed by intercavitary 
brachytherapy should be considered.
Radiation therapy compared to surgery (with ra- �
diation for higher risk patients) has been shown 
to be equally effective (Grade A). The above-
mentioned randomized trial from Italy compared 
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radical hysterectomy and pelvic lymph node 
dissection to radical radiation for stage IB–IIA. 
The 5-year DFS was 76% and 78% and OS 84% 
and 88% for surgery and radiation, respectively. 
Neither was found to be statistically signifi cant 
(Level I) (Landoni et al. 1997).
Monitoring of hemoglobin level during radiation  �
therapy is recommended (Grade B). An Hgb level 
of 10 g/dl (by transfusion if needed) should be 
maintained during treatment.

Radiation Technique

Whole pelvic radiation therapy (using 10 MV  �
photons) is the fi eld arrangement of choice for 
adjuvant treatment after radical hysterectomy. 
Simulation, beam energy, and dose calculation 
are similar to the whole pelvis, with those utilized 
in defi nitive radiation for locally advanced cervi-
cal cancer described below.
When intercavitary brachytherapy alone is used  �
for stage IA1 disease, a tandem and ovoid should 
be used as described below to an LDR equivalent 
dose of 65–75 Gy to point A.
For stage IA2 and IB diseases, combined external- �
beam radiation (whole pelvic irradiation) with a 
tandem and ovoid should be used as described 
below to a cumulative total dose of 75–80 Gy to 
point A.

24.2.4 Adjuvant Chemotherapy

There is no evidence to support the use of chemo- �
therapy alone after surgery or defi nitive chemo-
radiation therapy. 

24.3 Treatment of
 Locally Advanced Cervical Cancer

24.3.1 General Principles

A combination of cisplatin-containing chemo- �
therapy and radiation therapy is the treatment of 
choice for patients with locally advanced cervical 
cancer (Grade A). Radiation therapy and chemo-
therapy should be delivered concurrently.

The role of induction chemotherapy before and  �
consolidation chemotherapy after concurrent 
chemoradiation are not yet proven and should 
not be routinely utilized.
Surgery after defi nitive chemoradiation therapy  �
is not routinely recommended (Grade C).
There is no evidence to support the use of chemo- �
therapy alone after surgery or defi nitive chemo-
radiation therapy.

24.3.2 Concurrent Chemotherapy 
 and Radiation Therapy

Concurrent chemotherapy and radiation therapy  �
are considered as the standard treatment com-
bination for locally advanced cervical cancer 
(Grade A). The effi cacy of concurrent chemora-
diation over radiotherapy only in the defi nitive 
treatment of locally advanced cervical cancer 
has been repeatedly demonstrated by prospec-
tive randomized trials:
In a GOG/SWOG trial, 368 patients with stage 
IIB, III, and IV squamous cell carcinoma, adeno-
carcinoma, or adenosquamous cell carcinoma 
were randomized and received either radiation 
therapy with concurrent hydroxyurea or con-
current radiation and chemotherapy (5-FU and 
cisplatin). The results showed that progression-
free survival (PFS) and overall survival were 
both statistically signifi cantly improved in the 
group that received chemoradiation therapy 
(p = 0.033) (GOG/SWOG, Level I) (Whitney et 
al. 1999).
A similar GOG trial randomized 526 patients with 
stage IIB, III, or IVA cervical cancer without in-
volvement of the para-aortic lymph nodes to: (1) 
cisplatin 40 mg/m2 weekly for 6 weeks; (2) cispla-
tin 50 mg/m2 on days 1 and 29, followed by 5-FU 
4 g/m2 given as a 96-h infusion on days 1 and 29, 
and hydroxyurea 2 g/m2 twice weekly for 6 weeks; 
or (3) oral hydroxyurea 3 g/m2 twice weekly for 
6 weeks. After a median follow-up of 3 years, the 
overall survival rate and relative risks of disease 
progression or death were signifi cantly improved 
in the two groups receiving cisplatin-based che-
motherapy. However, there was no difference in 
the 2-year progression-free survival, overall sur-
vival, local control, and lung metastasis rates be-
tween the two chemotherapy arms (Level I) (Rose 
et al. 1999).
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A larger randomized multi-institution trial, RTOG 
90-01, compared the effect of radiation therapy to 
the para-aortic lymph nodes and pelvis (45 Gy to 
both areas in 25 daily fractions) and concurrent 
chemotherapy and pelvic irradiation (45 Gy in 25 
daily fractions). The results revealed that the addi-
tion of chemotherapy to pelvic radiation produced 
a signifi cant improvement in 5-year disease-free 
survival (67% versus 40%), overall survival (73% 
versus 58%), and distant relapse (14% versus 
33%) rates, as compared to patients treated with 
extended fi eld radiation therapy only (Level I) 
 (Morris et al. 1999). Mature analysis with a me-
dian follow-up of more than 6 years confi rmed 
that the addition of fl uorouracil and cisplatin to 
radiotherapy signifi cantly improved the survival 
rate of women with locally advanced cervical can-
cer without increasing the rate of late treatment-
related side effects (Level I) (Eifel 2004).
The effect of preoperative chemoradiation therapy  �
has also been shown to be superior to radiation 
alone. In a GOG study, women with bulky stage 
IB cervical cancers (tumor 4 cm in diameter) 
were randomly assigned to receive radiotherapy 
alone or in combination with cisplatin (40 mg/
m2 weekly for up to six doses; maximal weekly 
dose 70 mg), followed in all patients by adjuvant 
hysterectomy. The results showed that the rates 
of both progression-free survival (p < 0.001) and 
overall survival (p = 0.008) were signifi cantly 
higher in the combined-therapy group at 4 years 
(Level I) (Keys et al. 1999). However, although 
the long-term follow-up further confi rmed the 
benefi t of combined chemoradiation therapy to 
hysterectomy, this practice (tri-modality that in-
cludes surgery) has been discontinued due to the 
results of other studies (Stehman et al. 2007).

24.3.3 Chemotherapy Regimens

Current chemotherapy recommendations are  �
for weekly cisplatin 40 mg/m2 (Grade A). In the 
above-mentioned randomized trial from GOG, 
the outcome in terms of 2-year progression-free 
survival, overall survival, local control, and lung 
metastasis rates between the two chemotherapy 
arms was not signifi cantly different for the two 
cisplatin-based chemotherapy regimens with or 
without 5-FU and hydroxyurea (Level I) (Rose 
et al. 1999).

24.4 Radiation Therapy Techniques

24.4.1 External-Beam 
 Radiation Therapy

Simulation

CT-based planning is recommended, and the CT  �
scan should be taken in the treatment position 
with 3-mm-thick slices in the treatment position 
(Grade B). A prospective study showed that fi elds 
based solely on bony landmarks had at least one 
inadequate margin in 95.4% or an excess mar-
gin in 55.8% of patients (Level III) (Finlay et 
al. 2006).
Intravenous contrast can be used for planning CT,  �
or a fusion of CT with contrast may be needed if 
IV contrast is necessary for vessel delineation.
Intensity-modulated radiation therapy (IMRT)  �
should be considered experimental at this point 
and should not be routinely recommended with-
out further data (Grade D). IMRT for defi nitive 
cervical cancer has been studied only in small se-
ries from single institutions (Level IV) (Mundt et 
al. 2002). Currently, IMRT for post hysterectomy 
is being studied under the RTOG 04-18 phase II 
protocol.

Beam Energy and Dose Calculation

A megavoltage accelerator with a minimum  �
source to an isocenter distance of 100 cm is rec-
ommended.
Higher energy photons beams, 10–18 MV, should  �
be used if possible to reduce the dose to normal 
tissue.
Doses are to be calculated without heterogeneity  �
correction, i.e., no correction is to be made for 
density differences between air in the bowel and 
fl uid in the bladder.
Four fi elds should be used for maximal sparing of  �
normal tissue (especially small bowel and sciatic 
nerve).

Field Arrangement

Whole Pelvis Fields

Whole pelvic radiation therapy (using 10 MV  �
photons) using a four-fi eld arrangement can 
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be considered for defi nitive treatment or adju-
vant treatment after surgery. This fi eld arrange-
ment aims to encompass the internal iliac, ex-
ternal iliac, and common iliac nodal stations 
along with the tumor bed to a dose of 45–50 Gy 
at 1.8 Gy per fraction. A midline block should 
be added if delivering a dose above 45 Gy.
In case bulky tumor is present and utilization of 
the lateral fi elds may block the posterior tumor 
region, anterior and posterior opposed fi elds with 
high energy ( 15 MV) can be considered to treat 
the whole pelvis. Total dose to the whole pelvis 
using the AP/PA technique should not exceed 
40–45 Gy.
Field arrangement is described as follows  �
(Fig. 24.1):
The superior border is set at the L4–5 interspace  –
to encompass common iliac lymph nodes. 
The inferior border is set below the obturator fo- –
ramen or 3 cm inferior to distal disease, which-
ever is lower.
The lateral border of the anteroposterior or pos- –
teroanterior fi eld is set at 1.5–2 cm lateral to the 
pelvic brim with sparing of the medial aspect of 
the femoral heads. 
The anterior border of the lateral fi eld is set an- –
terior to the pubic symphysis with small bowel 
block.
The posterior border of the lateral fi eld is set pos- –
terior to the sacrum (see Fig. 24.1, anteroposterior 
and lateral simulation fi elds of the pelvic fi eld). 

Parametrial Boost Fields

Parametrial boost is indicated in patients with  �
bulky primary disease. An additional dose of 
5.4–9.0 Gy can be considered for parametrial 
boost after 45–50.4 Gy to the whole pelvis.
Parametrial boost is usually delivered using AP/ �
PA arrangements. The fi elds for the parametrial 
boost are set as follows:
The superior border is set at 1 cm superior to the  –
bottom of the SI joint.
The lateral and inferior borders are identical to  –
the AP/PA fi eld of the whole pelvic setting. 
A midline block of 4–5 cm in diameter blocks blad- –
der and rectum hotspots from brachytherapy. A cus-
tomized midline shielding can be contoured using 
a point A isodose line and is associated with fewer 
complications (Level III) (Wolfson et al. 1997).
The small bowel should be visualized by CT to  �
ensure that the dose does not exceed 45 Gy.

Para-aortic Fields

Irradiation to the para-aortic nodal region is in- �
dicated in patients with stage III B cervical cancer 
with pelvic and para-aortic nodal involvement 
(Fig. 24.2). Para-aortic irradiation is not recom-
mended routinely if para-aortic adenopathy is 
absent. 
Para-aortic irradiation can be delivered using AP/ �
PA and opposed lateral (four-fi eld) arrangements. 
The fi elds for the parametrial boost are set as 
follows:

Fig. 24.1. Anteroposterior and lateral simulation fi elds of the pelvic fi eld
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For the AP/PA fi elds, the superior border of the  –
AP/PA fi elds is set at the T11 and T12 interspace; 
the inferior border of the AP/PA fi elds is set at the 
L4–5 interspace (if separating from pelvic fi elds) 
or continues with the AP/PA fi elds of the pelvic 
portal; the lateral border is set at lateral aspects 
of transverse processes.
For the lateral fi elds, the anterior border is set at  –
2 cm anterior to vertebral bodies; the posterior 
border should split the vertebral bodies.
Kidneys should be visualized by CT to ensure 2/3  �
of each kidney is blocked.

Dose and Fractionation

The whole pelvic fi eld should be treated to  �
45–50.4 Gy with conventional fractionation 
(1.8 Gy or 2.0 Gy per fraction). 
If the para-aortic fi eld is added, the para-aortic  �
fi eld should be treated with up to 45 Gy at 1.5–
1.8 Gy per fraction.
Parametrial boost should be treated with  �
5.4–9.0 Gy at 1.8 Gy per fraction. 
The approximate average total dose to point A  �
with the LDR brachytherapy implant should de-
liver 35–45 Gy as described below. 

24.5 Brachytherapy
 

Brachytherapy is an important component of  �
the treatment of cervical cancer, with or without 
EBRT, for defi nitive or adjuvant radiotherapy.
For stage IA1 or selected cases of IA2 cervical  �
cancer, intracavitary tandem and ovoid/ring 
brachytherapy alone can be suffi cient treatment.
For more advanced stages, external-beam ra- �
diotherapy up to 45–50 Gy plus intracavitary 
brachytherapy is indicated. Treatment is usually 
delivered using with tandem and ovoid/ring; for 
patients with persistent vaginal disease, tandem 
and cylinder can be considered.
Brachytherapy can be initiated prior to the com- �
pletion of external-beam radiation to the pelvis. 
For more advanced disease, an interstitial im- �
plant might be indicated: Patients should com-
plete external-beam radiation therapy and be 
re-assessed with examination under anesthesia. 
Interstitial implant is indicated if persistent dis-
ease is observed, including: sidewall disease, cer-
vical os that is not palpable, or vaginal disease 
thicker than 5 mm.

Fig. 24.2. Simulation 
fi lm of extended fi eld 
for external irradiation 
of pelvic and para-aor-
tic lymph nodes
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Dosing of Brachytherapy

High dose rate (HDR) and low dose rate (LDR)  �
have been found to be effective in the treatment 
of cervical cancer, and both can be considered 
(Grade A). The effects from HDR and LDR are 
reportedly equivalent in prospective randomized 
trials: A randomized prospective trial comparing 
HDR and LDR brachytherapy revealed no differ-
ence in 5-year local control or OS for stage I–III 
cervical cancer: 73% versus 78% for stage I, 62% 
versus 64% for stage II, and 50% versus 43% for 
stage III (Level I) (Patel et al. 1994). These fi ndings 
were supported in a single institutional random-
ized trial, which indicated that the 10-year cause-
specifi c survival and failure pattern was not differ-
ent between HDR and LDR for stage I–III cervical 
cancer (Level II) (Teshima et al. 1993).
The International Commission on Radiation Units  �
and Measurements (ICRU 1985) Report No. 38 de-
fi ned the dose and volume specifi cations for report-
ing of brachytherapy for gynecologic cancers.
The dose of brachytherapy is prescribed to point  �
A at 2 cm superior to the cervical os and 2 cm 
lateral to tandem according to the GOG defi nition 
(Fig. 24.3). Dose recommendations (to point A) 
for both LDR and HDR brachytherapy for differ-

ent stages are as follows. The dose used in HDR 
was one of the recommended dose arrangements 
recommended by the American Brachytherapy 
Society Consensus on HDR brachytherapy for 
cervical cancer (Level V) (Nag et al. 2000):
IA1–2, small IB1 (brachytherapy only): 60–70 Gy  –
for LDR; 7 Gy for seven fractions for HDR.
IB1–IIIB: 35–45 Gy LDR (total 80–90 Gy); 6 Gy for  –
fi ve fractions HDR.
Parametrial boost if persistent parametrial dis- –
ease is present for additional 5.4–9.0 Gy.
Dose to point B, at 2 cm superior to the cervical os  �
and 5 cm lateral to the patient midline, should be 
recorded for locally advanced disease (i.e., stage 
IB2 or higher).
The bladder point is set using a Foley balloon  �
with 7 cc of contrast and water, and the center of 
the balloon on AP fi lm and posterior of the sur-
face of the Foley balloon along the AP line drawn 
through the center. The bladder point dose should 
be kept to <90% of point A or a total of <75 Gy 
(±5%) (ICRU 1985).
The rectum point is set at the lower end of tandem  �
or midpoint of ovoids on AP fi lm and 0.5 cm be-
hind the posterior vaginal wall, defi ned by pack-
ing. Rectum dose should be kept up to <80% of 
point A or total <70 Gy (±5%) (ICRU 1985).

Intrauterine 
sources

Vaginal ovoids

2 cm

2 cm

Fig. 24.3. Location of point A using the method recommended in ICRU 38
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24.6 Side Eff ects and Complications
 

24.6.1 Surgical Complications

Acute surgical complications secondary to hyster- �
ectomy are not common, postoperative mortality 
is less than 1%, and wound infection is expected 
in less than 5% of cases. 
Late surgical complications include urinary dys- �
function, which is the most common complica-
tion (including partial denervation of the detru-
sor muscle that causes urinary retention and loss 
of bladder sensation) and is seen in approximately 
20% of cases. 
Other late surgical complications include ureteral  �
stricture, lymphocele (20% by imaging, 2% clini-
cally), and menopausal symptoms. 

24.6.2 Radiation-Induced Side Eff ects 
 and Complications

Acute Complications

Commonly observed acute radiation-induced  �
complications include enteritis (diarrhea and/or 
abdominal cramping), proctitis (anorectal discom-
fort, tenesmus, or rectal bleeding), and cystoure-
thritis (frequency, dysuria, and/or nocturia). Most 
of these symptoms can be medically treated. 
Late complications from radiation therapy and  �
treatment are described as follows. 

Table 24.3. Dose limiting structures

Organ Class Injury TD5/5 TD50/5 Whole or part

Intestine I Ulcer, perforation
Hemorrhage

45 Gy
50 Gy

55 Gy
65 Gy

400 cm2

100 cm2

Rectum II Ulcer, stricture 60 Gy 75 Gy 75 cm2

Bladder II Contracture 60 Gy 80 Gy Whole

Ureters II Stricture 75 Gy 100 Gy 5–10 cm

Ovary II Sterilization 2–3 Gy 6–12 Gy Whole

Uterus III Necrosis, perforation >100 Gy >200 Gy Whole

Vagina III Ulcer, fi stula 90 Gy >100 Gy Whole

Vaginal stenosis can be prevented and treated  �
with a vaginal dilator. 
Vaginal ulceration or necrosis occurs in approxi- �
mately 7% of patients typically at 6–12 months 
after treatment. Supportive measures are recom-
mended, and the symptoms usually subside in 
1–6 months.
Late gastrointestinal complications can occur for  �
up to 19 months, and late genitourinary complica-
tions can occur for up to 2 years.
Ureteral stricture can be observed especially in  �
patients treated with a standard 4-cm midline 
block for parametrial boost. Customized mid-
line shielding should be considered to prevent 
the occurrence of ureteral stricture (Level III) 
( Wolfson et al. 1997) (Table 24.3).

24.7 Follow-Ups
 

24.7.1 Post-Treatment Follow-Ups

Life-long follow-up is required for all patients  �
with cervical cancer treated with curative intent. 
However, there is no defi nitive study or uniform 
agreement to support the optimal follow-up prac-
tice for cervical cancer.

Schedule

Follow-up could be scheduled every 3 months ini- �
tially in the 1st year after treatment, then every 
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4 months in the 2nd year, and every 6 months 
for 3 additional years. Annual follow-up is rec-
ommended for long-term survivors after 5 years 
(Grade D) (Table 24.4).
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Table 24.4. Follow-up schedule

Interval Frequency

First year Every 3 months

Second year Every 4 months

Year 3–5 Every 6 months

Over 5 years Annually

Work-Ups

Each follow-up examination should include a  �
complete history and physical examination, pel-
vic exam, and Pap smear at each visit (Grade D) 
(NCCN 2008).
Chest X-ray can be performed annually ( � Grade D) 
(NCCN 2008). Other imaging studies and labo-
ratory workups are optional, and routine use 
is not recommended. However, recent evidence 
supports the use of FDG-PET scanning begin-
ning at 3–4 months for follow-up after treatment 
(Grade B) (Level IV) (Grigsby 2003, 2004).
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Introduction and Objectives

Carcinoma of the vulva is a relatively uncommon malignancy 
and accounts for 3%–5% of all gynecologic malignancies in the 
United States. Preservation of function, as well as anatomy, can 
be paramount in the decision-making process for the treatment 
of vulvar cancer. Except for diseases with very limited volume 
and extent that can be treated with surgical excision only, the 
majority of cases require multidisciplinary management. Radia-
tion therapy plays a major role in the treatment of vulva cancer. 
Adjuvant radiotherapy is indicated in patients with certain risk 
factors of locoregional recurrence after surgery. For locally ad-
vanced disease or lesions with extension to the midline struc-
tures, concurrent chemotherapy +/– surgery is usually the pre-
ferred treatment choice.

This chapter examines:

Recommendations for diagnosis and staging procedures for  �
carcinoma of the vulva

The FIGO/AJCC staging systems and prognostic factors �
The management of vulvar cancer using unimodal and mul- �
timodal regimens based on surgery, radiation therapy, and 
chemotherapy

Treatment recommendations as well as the supporting  �
scientifi c evidence

Techniques of radiation therapy �
Follow-up care and surveillance of survivors �

25.1 Diagnosis, Staging, and 
 Prognoses

25.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of vulva carcinoma  �
start with a complete history and physical ex-
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amination (H&P). Attention should be paid to 
vulvar cancer-specifi c history, signs, and symp-
toms, such as pruritus, pain, spotting or bleeding, 
and discharge.
Thorough physical examination should be per- �
formed to evaluate the extent of the primary dis-
ease and regional lymph node metastasis. Most 
lesions involve the labia majora; less commonly, le-
sions originate on the labia minora and the clitoris. 
Direct extension can involve the vagina, perineum, 
clitoris, and anus. The frequency of inguinofemo-
ral nodal involvement is dependent on the size 
of the primary tumor and depth of stromal inva-
sion (Hacker et al. 1984; Hoffman et al. 1983). 
For lesions <1 cm, the incidence is 5%. For lesions 
>4 cm, the incidence is 30%–50% (Wharton et al. 
1974; Boyce et al. 1985). Lateralized lesions drain 
to the ipsilateral groin. Midline lesions can drain 
to either groin. Pelvic lymph node involvement is 
rare unless more than three inguinofemoral nodes 
are involved (Andrews et al. 1994). Inguinal and 
femoral lymph nodes are commonly involved in 
locally advanced lesions of the vulva.
A thorough gynecologic examination with Pap  �
smear of the cervix is indicated to evaluate the ex-
tent of the disease and screen for cervical cancer.
EUA, cystoscopy, and sigmoidoscopy should be  �
used as needed depending on the extent of the 
primary tumor.

Pathology

Histological confi rmation of vulvar cancer is es- �
sential. Approximately 85% of vulvar cancers are 
squamous cell type. The remaining, less common 
histologies are melanoma, basaloid, adenocarci-
noma (usually arising in the Bartholin’s glands), 
neuroendocrine carcinoma (Merkel cell), and 
sarcoma.
Diagnosis of vulva cancer requires biopsy of the  �
primary tumor. This is performed under local 
anesthesia.
Fine-needle aspirate of enlarged groin lymph  �
nodes should be done to determine nodal involve-
ment (Grade A). Approximately 22% of patients 
with clinically positive groin nodes have nega-
tive nodes pathologically (Level IV) (Crosby et 
al. 1989; Way 1960; Morley 1976; Iversen et al. 
1980; Rutledge et al. 1970; Morris 1977). Like-
wise, approximately 20% of clinically negative 
groin nodes harbor subclinical metastasis (Koh 
et al. 1993).

Imaging Studies

MRI or CT of the pelvis and abdomen are impor- �
tant imaging studies for evaluating the extent of 
local disease and detecting nodal involvement.
FDG-PET can be considered for evaluating the  �
extent of regional disease and staging of vulvar 
cancer (Grade B). It has been shown to be more 
sensitive for detecting abnormal inguinal lymph 
nodes than conventional CT. FDG-PET has been 
shown to have sensitivity of 67%–80% and speci-
fi city of 90%–95% in detecting lymph node me-
tastasis (Level III) (Cohn et al. 2002).
Chest X-ray is usually adequate to rule out lung  �
metastasis, and liver metastasis can be evaluated 
by CT or MRI of the abdomen.
Bone scan is not routinely recommended except  �
in cases with elevated alkaline phosphatase or 
symptoms indicating bone metastasis. 
Cystoscopy and proctoscopy may be helpful de- �
pending on the location and extent of the primary 
lesion.

Laboratory Tests

Initial laboratory tests should include a com- �
plete blood count, basic blood chemistry, alka-
line phosphatase, liver and renal function tests. 
Table 25.1 lists the recommended imaging studies 
and laboratory test for the diagnosis and evalua-
tion of vulvar cancer.

25.1.2 Staging

Clinical staging utilizes information from physi- �
cal examination and imaging studies. As de-
scribed above, palpation of inguinal lymph nodes 
is associated with 20% false-positive and false-
negative rates.

Table 25.1. Imaging and laboratory work-ups for vulva 
cancer

Imaging studies Laboratory tests

– MRI or CT of pelvis and 
   abdomen
– Chest X-ray
– FDG-PET scan (optional)

– Complete blood count
– Serum chemistry
– Liver function tests 
– Renal function tests
– Alkaline phosphatase
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The International Federation of Gynecology and  �
Obstetrics (FIGO) and the American Joint Com-
mittee on Cancer (AJCC) have adopted a standard 
surgical staging for vulvar cancer. The TNM stag-
ing system is based on tumor size, invasion of ad-
jacent structures, status of regional lymph nodes, 
and status of distant metastases (Table 25.2). Ac-
cording to the AJCC, inguinofemoral nodes are 
considered regional spread, whereas pelvic nodes 
are considered distant metastasis.

25.1.3 Prognosis

The presenting stage of the disease (including the  �
size and extent of the primary tumor, extent of 
nodal involvement, and status of distant metasta-
sis), depth of invasion, and lymphovascular space 
invasion are the most important prognostic factor 
for vulva cancer (Andreasson and Nyboe 1985; 
Binder et al. 1990; Boyce et al. 1984; Donaldson 
et al. 1980; Homesley et al. 1993; Iversen et al. 
1980; Podratz et al. 1983).
Local relapse is associated with positive or close  �
surgical margins (<8 mm), lymphovascular space 
invasion, deep stromal invasion (>5 mm), and 
large primary tumor size (Level III) (Homesley 
et al. 1991); (Level IV) (Rutledge et al. 1991; 
Rouzier et al. 2002; Heaps et al. 1991).
Patients with one groin node involvement have  �
lower risk of recurrence than patients with two 
or more nodes involved (Homesley et al. 1991). 
Patients with unilateral groin nodal involvement 
have better survival than those with bilateral 
nodal involvement (Curry et al. 1980).

25.2 Treatment of Vulvar Cancer

25.2.1 Surgery

Historically, en bloc radical vulvectomy and re- �
gional lymphadenectomy were uniformly applied 
to all patients regardless of the stage of their dis-
ease (Way 1948).
Wide local excision (also referred to as radical lo- �
cal excision, radical wide excision, and modifi ed 
radical vulvectomy) is now used to treat T1 and 

early T2 vulvar cancer not located near critical 
midline structures. Obtaining a minimum histo-
pathological margin of 8 mm (equivalent to 1-cm 
clinical margin) around the tumor is essential to 
minimize the risk of local recurrence (Level IV) 
(Burke et al. 1990). The incision should be car-
ried down to the inferior fascia of the urogenital 
diaphragm.
Radical vulvectomy and bilateral groin dissec- �
tion are recommended to treat large T2 and T3 
lesions (Grade B) (Burke et al. 1995; Burrell et 
al. 1988). Triple separate incisions for the vulva 
and groin instead of en bloc resection are used to 
reduce the risks of wound breakdown (Hacker 
et al. 1981). Recurrence within the skin bridge 
is rare.
Inguinal lymph node dissection is an important  �
treatment to reduce the mortality of early vulvar 
cancer and is usually recommended for all cases 
with invasive disease of more than 1 mm depth 
(Grade B). The risk of groin node metastasis is 
related to the size of the primary tumor, depth 
of invasion, and the presence of lymphovascular 
space invasion (Level IV) (Wilkinson et al. 1982; 
Kneale et al. 1982; Krupp et al. 1975). Disease 
spread to contralateral groin nodes without ip-
silateral nodal involvement occurs in <15% of 
patients with metastases to groin nodes, accord-
ing to a retrospective series of 195 patients who 
had extended vulvectomy and bilateral inguinal 
and pelvic lymphadenectomy (Level IV) (Krupp 
and Bohm 1978).
In GOG 88, patients with IB–III disease treated 
with radical vulvectomy were randomized to bi-
lateral inguinal femoral lymph node dissection 
or external radiation to the groin. If pelvic lymph 
nodes were involved, then patients received radia-
tion to bilateral inguinal and pelvic nodes. This 
study was closed after interim analysis of only 
58 patients revealed that fi ve patients in the sur-
gery group had positive nodes without any groin 
failures, and fi ve of 27 patients (18.5%) in the 
radiation group suffered groin failure. The 2-year 
overall survival rate favored the surgery group 
(90% vs. 70%) (GOG 88, Level II) (Stehman et 
al. 1992). Criticisms include poor radiation tech-
niques of radiation dose prescription to a depth of 
3 cm, resulting in all inguinal nodes that recurred 
receiving less than the prescribed dose. Koh et al. 
(1993) studied a series of patients’ CT scans and 
concluded that the average depth of the femoral 
vessels was 6 cm below the skin (Level III).
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Preoperative radiation or combined chemora- �
diation therapy should be considered for tumors 
close to the clitoris, vagina, urethra, or rectum 
(<5 mm) when preservation of these struc-
tures may not be possible with upfront surgery 
(Grade B). Response to preoperative chemoradia-
tion therapy can be observed in approximately 
90% of cases (Level III) (Lupi et al. 1996). The 
effect of preoperative chemoradiation therapy 
has been supported by results of a phase-II GOG 
study, as detailed below (Level III) (Moore et al. 
1998).
Extended radical vulvectomy and bilateral groin  �
dissection or pelvic exenteration may be required 
for tumors involving the rectum, vagina, or ure-
thra (Cavanagh and Shepherd 1982; Phillips 
et al. 1981). Preoperative radiation or combined 
chemoradiation therapy, or defi nitive chemora-
diation, should be considered for organ preser-
vation.
Sentinel lymph node evaluation is a promising  �
staging technique in the absence of suspicious 
inguinal lymph nodes, but the false-negative rate 
is not well defi ned (Level III) (Sliutz et al. 2002; 
DeCicco et al. 2000; de Hullu et al. 2000; Moore 
et al. 2003; Puig-Tintore et al. 2003). Further 
clinical studies are needed before it can be rou-
tinely applied.

25.2.2 Radiation Therapy

Preoperative Radiation Therapy

Preoperative radiation or preoperative chemo- �
radiation followed by inguinal lymph node dis-
section and resection of residual primary tumor 
should be considered for locally advanced lesions 
and/or clinically matted/fi xed/ulcerated lymph 
nodes (Grade B). 5-FU, cisplatin and mitomy-
cin-C are the most common chemotherapy agents 
used with radiation.
A phase-II GOG study of patients with stage III– �
IV squamous cell vulvar carcinoma examined the 
feasibility and outcomes of preoperative chemo-
radiation (47.6 Gy with concurrent cisplatin and 
5-FU) in reducing the need for more radical sur-
gery; 46.5% of patients completing treatment had 
no visible vulvar cancer at the time of planned 
surgery, and only 2.8% had residual unresectable 
disease. In only three patients was it not possible 

Table 25.2. American Joint Committee on Cancer (AJCC) 
TNM classifi cation of carcinoma cancer of the Vulva. [From 
Greene et al. (2002) with permission]

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis 0 Carcinoma in situ

T1 I Tumor confi ned to the vulva or vulva and 
perineum, 2 cm or less in greatest dimension

T1a IA Tumor confi ned to the vulva, or vulva and 
perineum, 2 cm or less in greatest dimen-
sion, and with stromal invasion no greater 
than 1 mm

T1b IB Tumor confi ned to the vulva, or vulva and 
perineum, 2 cm or less in greatest dimen-
sion, and with stromal invasion greater than 
1 mm

T2 II Tumor confi ned to the vulva, or vulva 
and perineum, more than 2 cm in greatest 
dimension

T3 III Tumor of any size with contiguous spread to 
the lower urethra and/or vagina or anus

T4 IVA Tumor invades any of the following: upper 
urethra, bladder mucosa, rectal mucosa, or 
is fi xed to the pubic bone

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 III Unilateral regional lymph node metastasis

N2 IVA Bilateral regional lymph node metastasis

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 IVB Distant metastasis (including pelvic lymph 
node metastasis)

F IG O/AJC C S TAG E G ROU PI NG

0: Tis N0 M0

I: T1 N0 M0

IA: T1a N0 M0

IB: T1b N0 M0

II: T2 N0 M0

III: T1 N1 M0, T2 N1 M0, T3 N0 M0, T3 N1 M0

IVA: T1 N2 M0, T2 N2 M0, T3 N2 M0, 
T4 Any N M0

IVB: Any T Any N M1
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to preserve urinary and/or gastrointestinal conti-
nence (GOG, Level III) (Moore et al. 1998).

Postoperative Radiation Therapy

Postoperative radiation is used when limited  �
surgery has been performed for organ preserva-
tion or when adverse pathologic features, such as 
large tumor (>4 cm), positive, or close (<8 mm) 
surgical margin, lymphovascular space inva-
sion, and depth of stromal invasion >5 mm, are 
present (Grade B). Surgical margin is the most 
powerful predictor of local vulvar recurrence, 
and a margin less than 8 mm is associated with 
a 50% chance of recurrence (Level IV) (Heaps 
et al. 1990).
Results of a retrospective study of 50 patients with  �
primary or recurrent vulvar cancer treated with 
combined surgery and radiation showed that wide 
local tumor excision and radiation therapy or ir-
radiation alone in T1-2 tumors is an alternative 
treatment to radical vulvectomy in controlling 
vulvar carcinoma, with signifi cantly less morbid-
ity (Level IV) (Perez et al. 1993).
Postoperative radiation is also indicated in pa- �
tients with two or more involved inguinal nodes 
(Grade A), extracapsular extension, or gross re-
sidual nodal disease (Grade B).
In GOG 37, patients with involved inguinal nodes 
after radical vulvectomy and bilateral inguinal 
node dissection were randomized to pelvic node 
dissection versus postoperative radiotherapy. Ra-
diation was delivered bilaterally to the pelvic and 
inguinal nodes while shielding the central vulva 
area; 45–50 Gy was prescribed to the midplane 
using anterior and posterior opposing fi elds. The 
trial was closed after 114 patients were accrued 
after interim analysis revealing a signifi cant 
survival advantage for patients receiving radio-
therapy (2-year survival 68% vs. 54%, p=0.03) due 
to lower rate of relapse in the radiotherapy arm 
(5% vs. 24%, p=0.02). Subset analysis suggested 
this survival advantage was particularly noted in 
patients presenting with clinically suspicious or 
fi xed ulcerated groin nodes or two or more posi-
tive groin nodes. There was no difference in pelvic 
recurrence (Level I) (Homesley et al. 1986). As 
a result of this study, pelvic lymph node dissec-
tion is not indicated, and adjuvant radiation has 
become the standard of care for patients with the 
above two major poor prognostic factors present 
(Grade A).

The radiation volume should encompass the  �
primary tumor bed and surgical bed (Grade C). 
Radical vulvectomy has been considered suf-
fi cient for treatment for vulvar carcinoma, and 
postoperative radiation can be directed only to 
the lymph nodes. However, results from a retro-
spective study suggested that the application of a 
midline block to protect the radiosensitive vulva 
resulted in a 48% central recurrence rate (versus 
less than 10% reported historically). Postopera-
tive radiation volumes should be tailored to the 
individual patient (Level IV) (Dusenbery et al. 
1994).
The additional benefi t of concurrent chemother- �
apy with postoperative radiation in patients with 
high-risk features for relapse is unclear.

Defi nitive Chemoradiation Therapy

Defi nitive chemoradiation is indicated for unre- �
sectable or medically inoperable vulvar cancers. 
It is also indicated in locally advanced vulvar 
cancer for organ preservation (Grade B). High 
response rates have been reported, and the ma-
jority of patients achieving complete response 
have durable local control. In a small series of 
14 patient treated with defi nitive chemotherapy 
(cisplatin and 5-FU) and radiation therapy, a total 
response rate of 92% was reported, and 64% of 
patients achieved complete response (Level III) 
(Cunningham et al. 1997). Similar results have 
been demonstrated in other non-randomized 
prospective trials (Level III, IV) (Akl et al. 2000; 
Han et al. 2000; Montana et al. 2000; Gerszten 
et al. 2005).
Although the effi cacy of combined chemoradio- �
therapy as compared to radiotherapy has not 
been studied in prospective randomized tri-
als, retrospective data suggest the superiority 
of chemoradiation compared to radiation alone 
(Level III).

External-Beam Radiation Therapy Techniques

Patients must be treated with equipment with  �
photon energy of 6 MV or greater for pelvic ir-
radiation.
CT-based planning is essential to obtain the depth  �
of inguinal nodes (Grade B). The average depth of 
femoral lymph nodes is 6 cm, but can range from 
2.0 cm to 18.5 cm (Level III) (Koh et al. 1993). 
Delineation of the femoral lymph nodes is critical 
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Fig. 25.1. Topographic distribution of inguinal 
lymph node metastases in patients with carci-
noma of the anus and low rectum (circles, n=50), 
vulva vagina-cervix (triangles, n=17), and urethra 
(squares, n=17). The fi eld arrangement described 
provided adequate coverage of 86% of all inguinal 
lymph nodes (Level III) (Reprinted from Wang et 
al. (1996) with permission

Fig. 25.2. Treatment borders demonstrating the wide an-
terior fi eld (outer border) and the narrow posterior fi eld 
(shaded region). The pelvis, vulva, perineum and inguinal 
lymph nodes will be treated with AP-PA technique to include 
lateral inguinal nodes within AP fi elds but not PA fi elds. Pa-
tient lies supine with a full bladder

for adequate coverage of the inguinal nodes. The 
location of the inguinofemoral nodes is depicted 
in Figure 25.1 (Level III) (Wang et al. 1996).
Various treatment techniques of conventional  �
radiation therapy are available for vulvar cancer 
treatment:
A wide AP fi eld that includes the pelvic and in- �
guinal regions, with a narrow PA fi eld covering 
only the pelvis and sparing the femoral heads; 
the dose to inguinal regions is supplemented by 
separate anterior electron fi elds matched to the 
pelvic fi eld (Fig. 25.2). This technique is described 
in detail below.
A wide AP fi eld and narrow PA fi eld with a partial  –
transmission block placed in the central portion 
of the AP fi eld. The desired dose at a specifi c depth 
is delivered to the inguinal nodes through the AP 
fi eld (Kalend et al. 1990).
Matched AP/PA fields to include the primary  –
and the pelvic nodes and treating the groins 
through separate anterior electron fields 
(Fig. 25.3).

The use of a midline block to shield the radio- �
sensitive vulva is controversial and should be 
avoided to reduce the probability of local recur-
rence (Grade C). In the study by Dusenbery et 
al. (1994), 27 patients with stage III/IV vulvar 
cancer with involved inguinal lymph nodes were 
treated with postoperative radiation with a mid-
line block after surgical resection. The use of a 
midline block was associated with 48% central 
recurrence rate (Level IV).
Intensity-modulated radiation therapy (IMRT)  �
can be considered in the treatment of vulvar 
cancer (Grade B). Early results from a compara-
tive dosimetric study revealed an optimal clini-
cal response and a reduction of doses to normal 
structures, including the rectum, bladder, small 
bowel, and femoral heads in retrospective stud-
ies (Level III) (Ahmad et al. 2004; Beriwal et al. 
2006). However, long-term results after IMRT for 
preoperative, defi nitive, or postoperative treat-
ment of vulva cancer are lacking.

Simulation and Field Arrangements

Patients are simulated in supine, frog-leg position  �
(to minimize the bolus effect from skin folds) 
with the bladder full (to minimize the volume of 
small bowel in the radiation fi eld) with custom 
immobilization.
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Fig. 25.3. Treatment borders demonstrating the matched 
AP/PA fi elds to include the primary and the pelvic nodes 
only. The inguinal lymph nodes will be treated throught 
separate anterior electron fi rles (shaded areas)

Enlarged inguinal lymph nodes, vulva tumor,  �
scars, and anal verge should be outlined with wire 
for identifi cation on planning CT.
The borders of the pelvic fi eld are as follows  �
(Fig. 25.2):
Superiorly: mid SI joint to include external and  –
internal iliac lymph nodes; if there is suspected 
or proven internal or external iliac node involve-
ment, the superior border at L4/5 should include 
the common iliac nodes.
Inferiorly: fl ash the entire vulva or inferior mar- –
gin of the tumor (whichever is lower).
Laterally: 2 cm beyond the widest point of the  –
pelvic inlet on the PA fi eld and greater tro-
chanter to include inguinal lymph nodes in the 
AP fi eld.

Supplemental radiation using anterior electron  �
fi elds to the lateral inguinal region matched with 
the exit PA fi eld is required to bring the dose to 
the inguinal nodal region to 45 Gy.
It is a common practice to include the inguinal  �
node dissection scars in the radiation fi eld.
Bolus material should be used to ensure adequate  �
dose to the superfi cial portions of the groin.
Cone down fi elds encompassing the primary tu- �
mor (and involved inguinal lymph nodes) plus a 
2- to 3-cm margin after 45 Gy to the pelvis.

Dose and Fractionation

Preoperative radiation dose for the area of the  �
primary and the lymph nodes should be 45–50 Gy 
(Grade B). Response to radiation alone in this 
dose range can be expected in close to 90% of 
patients (Acosta et al. 1978; Hacker et al. 1984). 
External-beam radiation should be delivered as 
a continuous course at 1.7–2.0 Gy per daily frac-
tion.
Postoperative radiation dose for possible residual  �
microscopic disease is 50 Gy. If there is extraca-
psular extension of tumor in the lymph nodes, 
the dose to the groins should be 50–60 Gy. If 
there is gross residual disease, the dose should 
be 65–70 Gy.
For defi nitive chemoradiation with appropriate  �
fi eld reduction, the dose should be brought up to 
60–65 Gy as tolerated by the patient.

Side Effects, Complications, and 
Dose Limiting Structures

The most signifi cant acute toxicity of radiation  �
alone or in combination with chemotherapy is 
the skin reaction in the vulva-perineal region 
and inguinal folds. Moist desquamation by 
the 3rd to 5th weeks of treatment is common. 
A treatment break is almost always necessary. 
Diarrhea and cystitis are other common acute 
side effects.
Acute hematologic toxicity is common and de- �
pends on the type and intensity of the chemo-
therapy used.
Common late toxicities include telangiectasia, at- �
rophy of skin, fi brosis, dryness, and shortening 
and narrowing of the vagina. Avascular necrosis 
of the femoral head has been reported  (Anderson 
et al. 1988). Femoral neck fracture is associated 
with osteoporosis and smoking.
Dose limiting structures in vulvar radiation in- �
clude the bladder, rectum, femoral heads, small 
bowel, and lower vagina. Attention should be 
paid to limit the amount of small bowel in the 
treatment fi eld. The radiation dose to the bladder 
should be limited to 60 Gy, to the femoral head 
and neck to 45 Gy, to the small bowel to 45-50 Gy, 
and to the lower vagina to 75-80 Gy.
Treatment of vulvar cancer is also associated with  �
signifi cant psychosexual consequences, relating 
to sexual function and body image (Level IV) 
(Andersen and Hacker 1983).
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Intensity-Modulated Radiation Therapy 
(IMRT)

Intensity-modulated radiation therapy (IMRT) has  �
been shown to offer an advantage over 3D CRT for 
vulvar cancer by reducing the dose to normal struc-
tures, such as the bladder, rectum, small bowel, 
and femoral heads, and eliminating dose modu-
lation across the overlapping region (Level III) 
( Ahmad et al. 2004; Beriwal et al. 2006).
If used, the clinical tumor volume (CTV) should  �
include a 1- to 2-cm margin around the entire 
vulvar region and a 1- to 2-cm margin around 
the bilateral external iliac, internal iliac, and 
inguinofemoral nodes. The planning tumor 
volume (PTV) is defi ned as a 1-cm margin be-
yond CTV. Normal tissue constraints include the 
small bowel, bladder, rectum, and femoral heads 
( Beriwal et al. 2006).

25.2.3 Chemotherapy

Preoperative

Single-agent chemotherapy is mostly ineffective  �
as a preoperative treatment for advanced vulvar 
cancer. Combination chemotherapy is recom-
mended for preoperative treatment (Grade B). 
Multidrug chemotherapy has been shown to 
provide better a response rate, but is associated 
with signifi cant toxicity. The response rate to 
neoadjuvant bleomycin (B), methotrexate (M), 
and CCNU (C) was 56% according to a phase II 
study from EORTC (Level III) (Durrant et al. 
1990; Wagenaar et al. 2001). The results of a 
recently reported retrospective study combining 
chemotherapy with 5-FU and cisplatin provided 
a response rate of 100% in a small group of pa-
tient treated in neoadjuvant fashion (Level IV) 
(Geisler et al. 2006). Most trials studying com-
bined chemoradiation have been performed us-
ing 5-FU alone or in combination with cisplatin 
or mitomycin-C (Akl et al. 2000; Cunningham 
et al. 1997; Eifel et al. 1995; Han et al. 2000; Lupi 
et al. 1996; Moore et al. 1998).
Chemotherapy combined with radiation to po- �
tentiate the effectiveness of radiation is rapidly 
becoming the standard of care for tumors close to 
the clitoris, vagina, urethra, or rectum (<5 mm) 
when preservation of these structures may not be 

possible with upfront surgery (Grade B). A total 
response of 90% can be expected after neoad-
juvant chemoradiation therapy, and its effi cacy 
has been demonstrated in a prospective phase II 
trial detailed above (Level III) (Lupi et al. 1996; 
Moore et al. 1998).
Bleomycin alone is not recommended in the pre- �
operative setting with combined radiation ther-
apy (Grade B). Results of two prospective trials 
using radiation with concurrent bleomycin have 
been disappointing (Level III) (Iversen 1982; 
Scheiströen and Tropé 1993).

Postoperative

Concurrent chemoradiation can be recommended  �
for patients with high-risk pathological features, 
such as close/involved surgical margins, lym-
phovascular space invasion, and involved lymph 
nodes (Grade C). However, the effect of combined 
chemoradiation therapy versus radiation therapy 
alone given after surgery has not yet been dem-
onstrated in any prospective trials. Results from 
small retrospective series have not demonstrated 
the additive effect of chemotherapy to radiation in 
the adjuvant setting (Level IV) (Han et al. 2000).

Chemotherapy for Recurrent or 
Metastatic Disease

Chemotherapy for recurrent or metastatic vulvar  �
cancer is recommended; however, its use has not 
been extensively studied or proven to be of great 
benefi t. Responses have been low in phase II trials 
(Level III) (Deppe et al. 1979).

25.3 Follow-Ups

25.3.1 Post-Treatment Follow-Ups

Life-long follow-up is required for all patients  �
with vulvar cancer treated with curative intent for 
early detection of tumor recurrence and second 
primary gynecological malignancies (Grade B). 
The risk of second primary cancer other than 
vulvar, such as cervical, is also noted to be a rea-
son for routine long-term follow-up (Level IV) 
(Choo 1982).
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Schedule

Follow-up should be every 3 months initially in  �
the fi rst 2 years, every 6 months thereafter through 
year 5, then annually thereafter (Table 25.3) 
(Grade D). Most recurrences occur within 3 years 
after the completion of treatment. Distant spread 
occurs late in the course of the disease. Sites of 
hematogenous spread include bone and lung.

Work-Ups

Each follow-up examination should include a  �
complete history and physical examination, in-
cluding a pelvic examination. Chest X-ray should 
be obtained annually for 5 years.
Imaging studies (CT scan of abdomen and pelvis  �
or FDG-PET) are indicated for suspected recur-
rent disease discovered on physical examination 
or laboratory studies.
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Introduction and Objectives

Carcinomas of the vagina are uncommon tumors comprising 2% 
of gynecologic malignancies. Malignancy of epithelial origin is 
the most commonly diagnosed entity, and the clinical charac-
teristics of vaginal intraepithelial neoplasia (VaIN) or invasive 
squamous cell carcinoma of vagina diff er signifi cantly from 
those of adenocarcinoma and malignant melanoma. Radiother-
apy plays a central role in the management of invasive vaginal 
carcinoma.

This chapter focuses on the management of vaginal carcinoma, 
particularly VaIN, invasive squamous cell carcinoma, invasive 
adenocarcinoma, and melanoma, and examines:

Recommendations for diagnostic and staging procedures �

The staging systems and prognostic factors �

Treatment recommendations for VaIN, invasive squamous  �
cell carcinoma, invasive adenocarcinoma, and melanoma, as 
well as the supporting peer-reviewed scientifi c evidence

Follow-up care and surveillance of survivors �

The management of vaginal sarcomas, lymphomas, and other 
rare vaginal tumors are not the focus of this chapter. 
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26.1 Diagnosis, Staging, 
 and Prognoses

26.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of vaginal cancer starts  �
with a complete history and physical examina-
tion. Careful bimanual and rectovaginal clinical 
examination should be performed in all cases, 
preferably by an experienced examiner and under 
anesthesia.
Most lesions of vaginal cancer occur in the upper  �
vagina. Anterior and posterior lesions, especially 
in the lower two-thirds of the vagina, can be eas-
ily missed since the blades of the speculum ob-
scure this area. Therefore, the speculum should 
be slowly withdrawn so that the entire vaginal 
mucosa is visualized. A light source adaptable 
transparent plastic speculum may facilitate visu-
alization of the entire vaginal mucosa.
Defi nitive diagnosis is accomplished by biopsy of  �
the suspected lesion. Cervical and vulvar cancer 
primaries should be excluded, and may require 
multiple biopsies of these areas. Examination of 
the perianal area to rule out a synchronous anal 
cancer should be performed.
If a lesion is not visualized in the presence of ab- �
normal cytologic results, colposcopy of the cervix 
and vagina must be performed with acetic acid 
followed by Lugol’s iodine stain (Schiller’s test).

HIV testing should be performed if clinically sus- �
pected or if patient is at high risk due to intrave-
nous drug use since 1985 or sexual risk behaviors 
(e.g., having ever had more than 5 sexual part-
ners, traded sex for drugs or money, or engaged 
in sex with a male injecting drug user or a man 
known or suspected to be HIV-infected).

Imaging Studies

An abdominal and pelvic MRI using a pelvic  �
phased array is recommended for staging of lo-
coregional disease (Grade C) (see Table 26.1). T2-
weighted images acquired using a pelvic phased 
array coil provided the best detail for staging. 
Most tumors are of iso-intense signal to muscle on 
T1-weighted images and hyper-intense to muscle 
on T2-weighted images. In a retrospective study 
of 25 patients with primary vaginal carcinoma 
stage I–IV, MRI identifi ed over 95% of the tumors. 
Bladder, ureter, urethra, rectal, muscle, cervix, 
and pelvic sidewall involvement were visualized 
in various patients. The authors proposed an MRI 
staging system based on the FIGO staging; how-
ever, there was no pathologic confi rmation of the 
fi ndings (Level IV) (Taylor et al. 2007).
FDG-PET is recommended for evaluation of lymph  �
node metastases (Grade C). In a prospective regis-
try study of 23 consecutive patients stage II–IVA 
with carcinoma of the vagina, FDG-PET identi-
fi ed abnormal uptake in 21 intact primary tumors 
(100%), compared to nine (43%) visualized on CT. 
Abnormal uptake was found in the groin lymph 
nodes in four patients, pelvic lymph nodes in two, 
and both groin and pelvic lymph nodes in two 
patients (eight of 23, 35%). The sensitivity and 
specifi city of FDG-PET for the detection of lymph 
node metastases could not be determined since 
there was no pathologic confi rmation of groin 
or pelvic lymph nodes with abnormal uptake on 
FDG-PET (Level III) (Lamoreaux et al. 2005).

Pathology

Secondary malignancy of the vagina is far more  �
frequent than primary vaginal malignancy.
Most vaginal cancers occur in post-menopausal  �
or elderly women.
In the United States, primary vaginal cancer  �
falls predominantly in the invasive carcinoma 
(66%) and in situ carcinoma (25%) categories. 
The majority of invasive cancers are squamous 

Table 26.1. Imaging and laboratory work-ups for vaginal 
cancer

Imaging studies Laboratory tests

– Chest X-ray
– CT or MRI scan of abdomen 
   and pelvis a

– FDG-PET scan (for detection 
   of metastatic disease, 
   particularly in locoregionally 
   advanced disease)

– Complete blood count
– Liver function tests 
– Renal function tests
– HIV (if clinically 
   suspected or if patient 
   is at high risk)

a MRI yields the most useful information for guiding loco-
regional treatment.

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, and liver and renal function tests. 
(see Table 26.1).
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(79%), followed by adenocarcinoma (14%), mela-
noma, sarcoma, and others in order of frequency 
(Level IV) (Creasman et al. 1998).
The percentage of invasive squamous cell carci- �
nomas increases with age, from 14% in ages 0–19, 
to 86% in patients older than 80. On the other 
hand, the percentage of in situ carcinomas and 
adenocarcinomas decreases with age (Level IV) 
(Creasman et al. 1998).
The histologic distinction between squamous cell  �
carcinoma and adenocarcinoma is important be-
cause the two types represent distinct diseases 
with different clinical behaviors.

Table 26.3. American Joint Committee on Cancer (AJCC) stage 
grouping for carcinoma of the vagina. [Used with the permis-
sion of the American Joint Committee on Cancer (AJCC), 
Chicago, Illinois. The original source for this material is the 
AJCC Cancer Staging Manual, Sixth Edition (2002) published 
by Springer Science and Business Media LLC, HYPERLINK 
“http://www.springerlink.com” www.springerlink.com]

Regional lymph nodes (N)

NX Regional nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Pelvic or inguinal lymph node metastasis

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

S TAG E G ROU PI NG

0: Tisa N0 M0

I: T1 N0 M0

II: T2 N0 M0

III: T3 N0 M0,  T1–T3 N1

IVA: T4 Any N M0

IVB: Any T Any N M1
a See Table 26.2 for the (T) defi nitions

26.1.2 Staging

Vaginal cancer is usually staged clinically and  �
both FIGO (Table 26.2) and AJCC (Table 26.3)  
staging for vaginal cancer are clinical. The follow-
ing examinations are allowed for clinical staging: 
palpation, inspection, colposcopy, endocervical 
curettage, hysteroscopy, cystoscopy, proctoscopy, 
intravenous urography, and X-ray examination of 
the lungs and skeleton. Findings from laparos-
copy and other imaging modalities are of value 
for planning therapy, but should not be the basis 
of clinical staging (Greene et al. 2002).
Since secondary malignancy of the vagina is more  �
frequent than primary vaginal malignancy, a 
careful metastatic work-up is necessary. A growth 
that involves the cervix, including the external 
os, should always be assigned to carcinoma of the 
cervix. Tumors present in the vagina as second-
ary growths, from either genital or extra-genital 
sites should not be included (Greene et al. 2002). 
The vagina can be a common site of metastatic 
disease through direct extension of cervical and 
vulvar tumors, or lymphatic or vascular spread 
from other cancers.

Table 26.2. FIGO staging system for carcinoma of the vagina. 
[Adapted with permission from the International Federation 
of Gynecology and Obstetrics (FIGO); the original source 
of the FIGO information is from: Beller U,  Benedet JL, 
Creasman WT, Ngan HYS, Quinn MA,  Maisonneuve PA et 
al. (2006) Carcinoma of the vagina. Int J Gynecol Obstet 
95(Suppl 1):S29-S42]

FIGOFIGO AJCCAJCC FIGO descriptionFIGO description

TX Primary tumor cannot be 
assessed

T0 No evidence of primary tumor

Stage 0 Tis Carcinoma in situ; intraepithe-
lial neoplasia grade 3 a 

Stage I T1 The carcinoma is limited to the 
vaginal wall 

Stage II T2 The carcinoma has involved the 
subvaginal b tissue but has not 
extended to the pelvic wall

Stage III T3 The carcinoma has extended to 
the pelvic wall c

Stage IV T4 The carcinoma has extended 
beyond the true pelvis or has 
involved the mucosa of the 
bladder or rectum; bullous 
edema as such does not permit 
a case to be allotted to stage IV

  IVA Tumor invades bladder and/
or rectal mucosa and/or direct 
extension beyond the true 
pelvis

  IVB Spread to distant organ

a Only FIGO makes the distinction “intraepithelial neoplasia 
Grade 3.”

b The AJCC Cancer Staging Manual, 6th Edition, uses the 
word “paravaginal” instead of subvaginal.

c The AJCC Cancer Staging Manual, 6th Edition, defi nes 
pelvic wall as muscle, fascia, neurovascular structures, or 
skeletal portions of the bony pelvis
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26.1.3 Prognostic Factors

Stage at presentation is the most important prog- �
nostic factor of vaginal cancer. Advanced stages 
are associated with worse disease-specifi c survival 
(DSS) (Frank et al. 2005) and cause-specifi c sur-
vival (CSS) (Level IV) (Kirkbride et al. 1995).
The size of the primary tumor is of prognostic  �
signifi cance: Tumors > 4 cm in largest dimension 
have worse DSS (Frank et al. 2005) and CSS as 
compared to those  4 cm (Level IV) (Kirkbride 
et al. 1995).
Non-diethylstilbestrol (DES)-associated adeno- �
carcinoma of the vagina (NDAV) has worse over-
all survival, pelvic disease control rate, and higher 
likelihood of developing distant metastases when 
compared to patients with squamous cell carci-
noma (Level IV) (Frank et al. 2007).
Histology, tumor grade, age, lymph node status,  �
overall treatment time, length of vaginal involve-
ment, tumor site, parametrial dose, prior hyster-
ectomy, and hemoglobin level have been statisti-
cally signifi cant prognostic factors in some series. 
However, fi ndings from various reports were in-
consistent (Level IV) (Tran et al. 2007).

26.2 Treatment of Vaginal 
 Intraepithelial Neoplasia

26.2.1 General Principles

Since the natural history of VaIN has not been  �
fully characterized, treatment of vaginal intraepi-
thelial neoplasia (VaIN) is recommended given 
the potential of some lesions to progress to inva-
sive carcinoma (Grade B). A large proportion of 
VaIN lesions are multifocal, and approximately 
one half of the lesions are associated with con-
comitant cervical or vulvar intraepithelial neo-
plasia (VIN). These lesions can progress to in-
vasive carcinoma, persist, or regress (Level IV) 
(Aho et al. 1991). The upper third of the vagina 
is the most frequently involved site. 
The choice of therapy for VaIN depends on the  �
presence or absence of: multifocal disease, medical 
comorbidities, desire to preserve sexual function, 
previous treatment failures, and the certainty with 
which invasive disease has been excluded.

Patients with HIV have more vulvar, vaginal, and  �
perianal intraepithelial lesions compared with 
HIV-uninfected women (Level III) (Jamieson 
et al. 2006). HIV testing should be performed if 
clinically indicated.
Prophylactic vaccine for HPV 16 and 18 might be ef- �
fective in reducing the incidence of VaIN2/3. Hampl 
et al. (2006) reported that seven of eleven VaIN2/3 
samples were positive for HPV 16 (Level IV).

26.2.2 Treatment Options

Non-radiotherapy Treatment Options

A variety of non-radiotherapy treatment options  �
are available for therapy of VaIN including: exci-
sion (Grade B), CO2 ablation (Grade B), and topi-
cal 5-fl uorouracil (5-FU) chemotherapy (Grade B) 
with recurrence rates after the fi rst treatment rang-
ing from approximately 0% to 60% depending on 
the series. An evidence-based comparison of these 
modalities is beyond the scope of this book.
No treatment modality, including radiotherapy,  �
provides complete protection against recurrence, 
persistence, or progression to invasion.

Brachytherapy

High dose rate (HDR, > 1200 cGy/h) and medium  �
dose rate (MDR, 200–1200 cGy/h) brachytherapy 
has been primarily used in the treatment of VaIN 3. 
Low dose rate (LDR, 40–200 cGy/h) brachyther-
apy has been used to treat stage 0 (VaIN but the 
grade was not specifi ed) vaginal cancer. There is 
insuffi cient evidence to recommend an optimal 
HDR or MDR fractionation scheme or technique 
for VaIN 3.
Some factors to be considered when choosing a  �
prescription depth, length, and technique are: the 
degree of certainty that there is no invasive cancer, 
tumor location, prior therapy, and multifocality.

LDR Brachytherapy in the Treatment of 
Stage 0 Vaginal Cancer

A retrospective series of 301 patients with vaginal  �
carcinoma included 37 stage 0 patients. Most pa-
tients (n = 33) were treated with intracavitary radio-
therapy with a vaginal surface dose between 70 and 
80 Gy (mean 78.8 Gy). Intracavitary radiotherapy 
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consisted of either a vaginal cylinder, ovoids, or a 
uterine tandem as appropriate. Six patients experi-
enced local failure (Level IV) (Chyle et al. 1996).

MDR Brachytherapy in the Treatment of VaIN 3

In one MDR brachytherapy retrospective series of  �
22 patients with VaIN 3, 21 patients were treated 
with one or two ovoids. Since the typical dose 
rate was 150–160 cGy/h, LDR might be more ap-
propriate for describing the study although some 
patients fi t the MDR defi nition. Doses were pre-
scribed to a point lateral to the center of one ovoid 
at a distance of 0.5 cm from the surface of the 
ovoid. Seven patients received one fraction rang-
ing from 22.2 to 26.4 Gy. With a follow-up ranging 
from 32 to 220 months, one of the seven patients 
progressed to vaginal cancer. Two patients devel-
oped RTOG grade 3 vaginal stenosis. In all, 15 
patients received two fractions with a total dose 
ranging from 41.3 to 49.9 Gy. With a follow-up 
ranging from 14 to 203 months, one patient de-
veloped residual/recurrent VaIN 3, one recurrent 
VaIN 3 with a subsequent focus of invasive carci-
noma, and one invasive vaginal carcinoma. Two 
patients developed RTOG grade 3 vaginal stenosis, 
one grade 3 urethral stricture requiring intermit-
tent self-catheterization, and one grade 4 vaginal 
ulceration (Level IV)  (Graham et al. 2007).

HDR Brachytherapy in the Treatment of VaIN 3

It is suggested that the dose should be prescribed  �
to the vaginal surface for lesions of the wall and at 
a depth of 0.5–1 cm for lesions of the vault to take 
into account the vaginal epithelium sequestered 
above the hysterectomy suture line (Grade D). The 
largest retrospective series of HDR brachytherapy 
for VaIN 3 treated 14 patients with doses rang-
ing from 34 to 45 Gy in 4.5 to 8.5 Gy fractions to 
the vaginal mucosa with 2.5–4 cm diameter cyl-
inders. The whole residual length of the vagina 
was treated. At a median follow-up of 46 months, 
one patient progressed to invasive carcinoma of 
the vagina; in another patient, VaIN 3 persisted; 
both patients had received 45 Gy in 4.5 Gy frac-
tions. None of the nine patients receiving 42.5 Gy 
in 8.5 Gy fractions failed. Two patients had RTOG 
grade 3 toxicity with prominent vaginal atrophy 
and stenosis (Level III) (MacLeod et al. 1997).
Another retrospective series included six patients 
who received 15–30 Gy in 5 Gy fractions. One pa-

tient received 20 Gy of brachytherapy plus 20 Gy 
of external-beam radiotherapy (EBRT). Lesions of 
the vaginal stump were treated with ovoids, and 
the dose was calculated at a point 1 cm superior to 
the vaginal apex. For lesions distal to the vaginal 
apex, doses were calculated 1 cm beyond the plane 
of the vaginal cylinder. With a follow-up ranging 
from 51 to 125 months, there were no recurrences. 
Rectal bleeding occurred in the only patient re-
ceiving 30 Gy (Level III) (Ogino et al. 1998).

26.3 Treatment of Invasive Squamous 
 Cell Carcinoma, Stage I–IVA

26.3.1 General Principles

Radiation therapy is the treatment of choice for  �
most patients with invasive squamous cell carci-
noma (Grade B) (Fig. 26.1).
Surgery has a limited role in part because of the  �
close proximity of the bladder and rectum.

26.3.2 Surgery

In young patients who require radiotherapy, pre- �
treatment laparotomy may allow ovarian transpo-
sition, surgical staging, and resection of any bulky 
positive lymph nodes (Grade C) (FIGO 2006).
Surgery is mainly limited to disease for stage I  �
patients involving the upper posterior vagina. 
In patients with an intact uterus, upper vaginec-
tomy to achieve at least 1-cm margins, and pelvic 
lymphadenectomy may be performed (Grade C) 
(FIGO 2006).
In patients with a prior hysterectomy, radical up- �
per vaginectomy and pelvic lymphadenectomy 
may be an option (Grade C) (FIGO 2006).
In patients with Stage IVA disease, especially if a  �
recto-vaginal or vesico-vaginal fi stula is present, 
primary pelvic exenteration with pelvic lymph-
adenectomy or pre-operative radiation is an op-
tion. If the lower third of the vagina is involved, 
bilateral groin dissection should be considered 
(Grade C) (FIGO 2006).
In patients with a central recurrence after radia- �
tion therapy, pelvic exenteration may be neces-
sary (Grade C) (FIGO 2006).
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Clinical Staging

Laboratory tests

(CBC, liver/renal function tests, consider HIV testing)

Imaging studies

Locoregional disease evaluation. Abdominal/pelvic MRI with pelvic phased array coil

Metastatic disease evaluation:
Chest X-ray, consider PET/CT for stage II > 4cm, III and IV

Large treatment volume EBRT +

consider concurrent cisplatin

chemotherapy

Follow-Up

Every 3 months for 2 years, then every 6 months for 

3 more years, then annually there after

Pathologic Diagnosis of Invasive Squamous Cell Carcinoma

Yes

No

Stage I Stage II Stage III–IVa

Large treatment volume EBRT if parametrial 

involvement, 

otherwise small volume EBRT

+

consider concurrent cisplatin

chemotherapy especially if >4 cm or 

limited to 3D-CRT boost

Posterior vagina

or

brachytherapy not feasible

Interstitial boost

or intracavitary boost
(only if tumor < 5 mm from vaginal surface)

3D-CRT boost

Small treatment volume EBRT

Fig. 26.1. Proposed treatment algorithm for invasive vaginal squamous cell carcinoma
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26.3.3 Chemotherapy

Concurrent cis-platinum chemotherapy should be  �
considered for stage II–IVA vaginal cancer (Grade C). 
A retrospective review of six stage II, four stage III, 
and two stage IVA vaginal cancer patients treated 
with concurrent weekly cis-platinum (5 weeks at 
a dose of 40 mg/m2) and radiotherapy had 5-year 
overall survival, progression-free survival, and lo-
coregional progression-free survival rates of 66%, 
75%, and 92%, respectively. Patients received pelvic 
EBRT (median dose 45 Gy; range 40–55 Gy) and a 
LDR interstitial or HDR intracavitary brachytherapy 
boost (median dose 30 Gy; range 15–42 Gy). Two out 
of 10 patients undergoing interstitial brachytherapy 
developed fi stulae requiring surgery, one of which 
subsequently had ongoing gastrointestinal compli-
cations and died of a bowel obstruction. The authors 
concluded that it is feasible to deliver concurrent 
weekly cis-platinum chemotherapy with high-dose 
radiation (Level IV) (Samant et al. 2007). The ex-
tremely high local control despite six patients hav-
ing stage III or IVA disease and two patients with 
adenocarcinoma, which is associated with a worse 
prognosis, was very encouraging.

26.3.4 Radiation Therapy

EBRT is recommended for the treatment of  �
posterior vaginal wall lesions (Grade C). The 
largest single institution retrospective study in 
squamous cell carcinoma of the vagina is from 
M. D. Anderson Cancer Center. Between 1970 and 
2000, a total of 193 patients were treated with 
defi nitive radiation. At 5 years, disease-specifi c 
survival (DSS) rates were 85% for the 50 patients 
with stage I, 78% for the 97 patients with stage II, 
and 58% for the 46 patients with stage III–IVA 
disease. Of the 193 patients, 181 received EBRT: 
58 EBRT and intracavitary, 61 EBRT and inter-
stitial, and 62 EBRT only. The 5-year and 10-
year cumulative rates of major (i.e., grade 3 or 4) 
complications were 10% and 17%, respectively. In 
all, 20 patients had a total of 25 major complica-
tions. Eight of 11 patients (73%) with major rectal 
complications had had tumors that involved the 
posterior vaginal wall (Level IV) (Frank et al. 
2005).
Figure 26.2 demonstrates The University of Texas 
M. D. Anderson Cancer Center treatment guide-
lines. 

Confi ned Massive< 0.5 cm > 0.5 cm

Anterior

or

Lateral

Posterior

or

Massive

ICRT

50 Gy VSD

EBRT or

Interstitial Template

Interstitial (freehand)

25–30 Gy

EBRT boost

Interstitial

(freehand)

25–30 Gy

EBRT boost

EBRT

40–50 Gy / 20–25 fx

Apex Distal

Mid Vagina

Fig. 26.2. M. D. Anderson Cancer Center guidelines for tailoring defi nitive radiation therapy on the basis of tumor loca-
tion, tumor size, and the tumor response to treatment. EBRT = external-beam radiation therapy; fx = fractions; ICRT = 
intracavitary radiation therapy; VSD = vaginal surface dose. [Reprinted from Frank SJ, Jhingran A, Levenback C, Eifel PJ 
(2005) Defi nitive radiation therapy for squamous cell carcinoma of the vagina. Int J Radiat Oncol Biol Phys 62(1):138–147, 
with permission from Elsevier.]
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Treatment Technique

Field Coverage and Arrangement

For stages I–IIA (IIA = FIGO II), a “small treat- �
ment volume” four-fi eld technique with the supe-
rior edge at the bottom of the SI joints is recom-
mended (Figs. 26.3 and 26.4). For stages IIB–IVA 
(IIB = FIGO II with parametrial involvement) a 
“large treatment volume” four-fi eld technique is 
recommended (Figs. 26.5 and 26.6) (Grade C). A 
retrospective review of 65 patients with squamous 
cell carcinoma of the vagina who received defi ni-
tive radiotherapy observed that the primary fail-
ure sites were the vagina (n = 6), the paracolpal 
tissues (n = 4), and the inguinal nodes (n = 2). 
A “small treatment volume” or “large treatment 
volume” technique was used based on physician 
preference. Based on the patterns of failure, the 
authors made suggestions regarding the optimal 
treatment volume for each stage. Since the in-
guinal failures were within 10 cm of midline, the 
authors advised only elective treatment of the me-
dial inguinal nodes (Level IV) (Yeh et al. 2001).
In the case of locoregionally advanced disease or  �
lack of CT planning, a two-fi eld anteroposterior-

Fig. 26.6. Large treatment volume right lateral pelvic fi eld. 
Avoid shielding presacral, perirectal, or anterior external 
iliac nodes

Fig. 26.5. Large treatment volume anterior pelvic fi eld. The 
upper border is at L5/S1

Fig. 26.4. Small treatment volume left lateral pelvic fi eld. 
The arterial 2-cm volume expansion (light purple) helps 
ensure adequate coverage of the external iliac nodes when 
designing the blocks

Fig. 26.3. Small treatment volume anterior pelvic fi eld out-
lined in red. Blocked areas in the treatment fi eld are green. 
The upper border of the fi eld is at the bottom of the sacroiliac 
joints. The common iliac, external iliac, and internal iliac 
arteries are outlined in light blue, while the femoral arteries 
are purple. A 2-cm volume expansion on the arteries (light 
purple) helps defi ne the lateral margin of the treatment fi eld 
at the level of the external and internal iliac arteries. At the 
level of the femoral arteries, the lateral margins are tighter 
because the goal is elective coverage of the medial inguinal 
nodes which are medial to the femoral artery. A vaginal cyl-
inder (dark blue) helps identify the vagina and location of 
the vaginal cuff
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posteroanterior technique is advisable to avoid 
missing the external iliac lymph nodes. However, 
a four-fi eld box technique should be used to mini-
mize treating the small bowel.
Shrinking fi eld techniques, and three-dimen- �
sional conformal radiotherapy (3D-CRT) can 
be used to dose escalate if brachytherapy is not 
feasible. With careful attention to treatment vol-
umes and motion, intensity-modulated radiation 
therapy and image-guided radiation therapy 
(IMRT/IGRT) could emerge as a feasible treat-
ment alternative.
For posterior vaginal tumors, an EBRT boost  �
is recommended to minimize the risk of rectal 
complications from an interstitial or intracavi-
tary brachytherapy boost (Grade C).
Careful evaluation at the top border of the fi eld  �
is needed if the lesion arises in the vaginal apex 
in order to avoid a marginal miss.

Simulation

Margins of 15–20 mm from vessel to fi eld edge are  �
reasonable when designing pelvic fi elds. CT simu-
lation with vessel contouring as a surrogate for 
lymph node localization provides more precise 
and individualized fi eld delineation (Grade D) 
(Level IV) (Finlay et al. 2006).
The open or “frog leg” position is useful when  �
treating the inguinal area to minimize skin reac-
tions from skin folds.
A small radio-opaque marker seed inserted in  �
the distal portion of the tumor may help when 
designing the treatment fi elds.
Several maneuvers could be used to minimize  �
marginal misses including:
Instilling a fi xed volume of saline in the bladder  –
for simulation and daily treatment using a Foley 
catheter (Frank et al. 2005).
Creating a vaginal/tumor internal target volume  –
(ITV) by fusing the vaginal contour when the 
bladder is empty and full.
Elective irradiation of the inguinal nodes is rec- �
ommended for tumors involving the lower third 
of the vagina (Grade B), and the rates of ingui-
nal failure are less than 1% with this practice 
(Level IV) (Frank et al. 2005).
Unexpected nodal drainage is possible and should  �
at least be considered when designing treatment 
fi elds and evaluating diagnostic scans. A study of 
14 women with newly diagnosed vaginal cancer 
who underwent pretreatment lymphatic mapping 
and sentinel lymph node identifi cation showed 

that, of the four women with lesions located in the 
upper third of the vagina, two had a sentinel node 
in the inguinal triangle (Level IV)  (Frumovitz 
et al. 2008).
If the inguinal lymph nodes are involved, the mod- �
ifi ed segmental boost technique (Figs. 26.7–26.10) 
can minimize dose inhomogeneity compared to 
traditional techniques (Grade D)  (Moran et al. 
2004).

Fig. 26.7. Segmental boost technique anterior fi eld out of 
four fi elds (Moran et al. 2004). The inguinal fi eld takes into 
consideration the potential location of ingunal nodes based 
on a topographic study of inguinal metastases (Wang et al. 
1996). In an actual patient, the legs should be in the open-
leg position to minimize skin reactions. The open-leg posi-
tion could necessitate altering the treatment fi elds to ensure 
adequate inguinal node coverage

Fig. 26.8. Segmental boost technique posterior fi eld
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Dose and Fractionation

A dose–response effect in squamous cell carci- �
noma of the vagina has been reported (Level IV) 
(Perez et al. 1999). In a series reported by Chyle et 
al. (1996), patients treated to doses below 55 Gy had 
a 5-year local recurrence rate of 53% (Level IV).
Pelvic EBRT is usually delivered fi rst to doses  �
of 40–50 Gy in 1.8- to 2-Gy fractions (Grade C). 
Table 26.4 provides an overview of potential doses 
for different clinical situations (Frank et al. 2005; 
Yeh et al. 2001; Perez et al. 1999).
Following EBRT, a boost is administered with in- �
terstitial brachytherapy, intracavitary brachyther-
apy, or 3D-CRT. Although higher doses can usually 
be achieved with brachytherapy, there is no evi-
dence that boost with EBRT is a substandard mo-
dality when compared to a brachytherapy boost 
(Level IV) (Chyle et al. 1996; Otton et al. 2004).

Careful attention should be paid to doses deliv- �
ered to the introitus in order to avoid skin necro-
sis, in particular with brachytherapy.

Radiation-Induced Late Side Eff ects and 
Complications

Observed late gastrointestinal treatment com- �
plications include: rectal ulceration, stricture, 
proctitis, or proctitis requiring transfusion; small 
bowel obstruction or necrosis; large bowel ob-
struction; chronic diarrhea and chronic diarrhea 
resulting in death; recto-vaginal fi stula. Observed 
late genitourinary complications include: vagi-
nal ulceration, necrosis, narrowing, or complete 
vaginal stenosis; incontinence or hemorrhagic 
cystitis; urethral stricture; vesico-peritoneal 
fi stula; vesico-vaginal fi stula; vesico-cutaneus 
fi stula; uretero-vaginal fi stula; osteonecrosis of 
the pubis; ureteric stenosis with hydronephrosis 
(Level IV) (Frank et al. 2005; Chyle et al. 1996; 
de Crevoisier et al. 2007; Stock et al. 1995).
At the M. D. Anderson Cancer Center, the 5- and  �
10-year cumulative rates of major (i.e., grade 3 or 
4) complications was 10% and 17%, respectively 
(Frank et al. 2005), which is similar to rates ex-
perienced in other institutions in the treatment 
of vaginal cancer.
Ideally, vaginal cancers should be treated in expe- �
rienced centers given the potentially serious late 
complications from treatment.

Fig. 26.9. Segmental boost technique left anterior oblique 
fi eld. The right anterior oblique fi eld is not illustrated

Fig. 26.10. Segmental boost technique coronal dose dis-
tribution. Note how the femoral heads and normal tissues 
receive less dose than in a conventional anteroposterior-
posteroanterior two-fi eld technique

Table 26.4. Doses for stage I–IVA invasive squamous cell 
carcinoma

Target Modality Dose

Pelvis Pelvic EBRT 40–50 Gy

Primary Boost to primary:

    Intracavitary LDR VSD
    (  5 mm deep)
    (40–60 cGy/h)

50 Gy for 
apical lesion

    Interstitial LDR
    (40–60 cGy/h)

25–30 Gy

    3D CRT 60–70 Gy
(total dose)

Additional 
dose con-
siderations

Parametrial involvement 65 Gy

Pelvic side wall involvement 60 Gy

Medial inguinal nodes 
(elective)

45–50 Gy

Involved inguinal nodes 60 Gy

EBRT, external-beam radiotherapy; LDR, low dose rate; 
VSD, vaginal surface dose; CRT, conformal radiotherapy.
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26.4 Treatment of Adenocarcinoma 
 of Vagina

26.4.1 General Principles

Diethylstilbestrol (DES) clear cell adenocarci- �
noma (CCA) and non-diethylstilbestrol associ-
ated adenocarcinoma of the vagina (NDAV) are 
two different entities with different prognosis and 
clinical behavior:
The 5-year survival for NDAV is 34% ( � Level IV) 
(Frank et al. 2007), versus 84% for CCA (Level IV) 
(Waggoner et al. 1994).
NDAV is more likely than CCA to present with,  �
or later develop, lung metastases or metastases to 
supraclavicular nodes (Waggoner et al. 1994). 
NDAV can also metastasize to the liver and bone 
(Frank et al. 2007).
The mean age at diagnosis is approximately  �
20 years for both NDAV and CCA (Waggoner et 
al. 1994). However, the median age in one NDAV 
series was 54 (Frank et al. 2007).
There is insuffi cient evidence to make recom- �
mendations regarding the optimal management 
of CCA or NDAV. However, the role of radiother-
apy will be briefl y discussed.

26.4.2 Radiotherapy Considerations

Non-diethylstilbestrol-Associated Adenocar-
cinoma of the Vagina

One retrospective series of 26 patients with NDAV  �
confi rmed by central pathologic review treated 
with EBRT followed by brachytherapy or EBRT 
alone reported a 5-year overall survival of 34%, 
with a pelvic disease control of 31%. The authors 
concluded that more aggressive treatments, pos-
sibly including chemotherapy or novel systemic 
biologic agents, may be needed to improve cure 
rates. The authors also recommended pelvic 
EBRT even for superfi cial stage I adenocarcino-
mas (Level IV) (Frank et al. 2007).

Clear Cell Adenocarcinoma

One retrospective series supports the role of ad- �
juvant radiotherapy after local therapy for stage 
I CCA (Level IV) (Senekjian et al. 1987) and 
another primary radiotherapy for stage II CCA 
(Level IV) (Senekjian et al. 1988).

26.5 Treatment of Melanoma 
 of Vagina

26.5.1 General Principles

Vaginal melanomas account for 3%–4% of all  �
vaginal malignancies. About 78% of melanomas 
are diagnosed in patients older than 60. The over-
all 5-year relative survival rate is 14% and de-
creases with increasing Clark’s level of invasion 
(Level IV) (Creasman et al. 1998).
The management of melanoma is beyond the  �
scope of this chapter, but the role of radiotherapy 
will be briefl y discussed.

26.5.2 Radiotherapy Considerations

In a retrospective study of 14 patients with vagi- �
nal melanoma, three of seven patients (43%) 
with tumors < 3 cm survived longer than 5 years 
compared to none of seven patients with tumor 
size > 3 cm. The three long-term survivors with 
tumors < 3 cm also received primary radiother-
apy, or surgery and adjuvant radiotherapy. The 
authors concluded that radiotherapy may be of 
value as an alternative to surgery or as an adjunct 
modality in patients with lesions < 3 cm in diam-
eter (Level IV) (Petru et al. 1998).
Some authors recommend fractions > 400 cGy for  �
vaginal melanoma to improve local control based 
on limited experience (Level V) (Irvin et al. 1998). 
The long-term toxicity and effi cacy, as well as the 
optimal hypofractionated scheme remain to be 
evaluated in a larger number of patients.
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26.6 Follow-Ups

26.6.1 Post-Treatment Follow-Ups

Life-long follow-up after defi nitive treatment of  �
vaginal carcinoma is recommended for detect-
ing recurrence, secondary tumors, or other long-
term complications of treatment.
Long-term surveillance is necessary since vaginal  �
cancer patients may develop metachronous gyne-
cologic cancers during their lifetime.
A retrospective, non-randomized study of 70  �
women who were treated with intracavitary irra-
diation with or without EBRT for cervical or en-
dometrial cancer showed that, of the 35 patients 
using a vaginal stent (dilator) daily for 1 year, 11% 
had evidence of vaginal stenosis. In contrast, 57% 
of the 35 patients who did not use a dilator and 
were advised to have sexual intercourse devel-
oped stenosis. The four patients who developed 
stenosis in the stent group were non-compliant 
from confusion, perceived lack of information on 
the use of the dilator, and fear of vaginal injury 
(Level IV) (Decruze et al. 1999).
A survey among nurse specialists and radio- �
therapy centers in the UK on vaginal dilation 
with pelvic radiotherapy showed some areas of 
consensus (Level IV) (White and Faithfull 
2006):
Acceptability of use established prior to instruc- –
tion
Continue intercourse during radiation therapy –
Resume intercourse post radiation therapy –
Dilator insertion depth as comfort permits –
Inform patient on the management of discomfort  –
associated with insertion and the signifi cance of 
minimal vaginal bleeding
5–10 min duration for individual insertions –
Use lubricant with dilators –

Schedule

Follow-ups could be scheduled every 3 months  �
for 2 years, then every 6 months for 3 additional 
years, then annually thereafter (Grade D).

Work-Ups

Each follow-up should include a complete history  �
and physical examination.

Chest X-ray annually for 5 years can be performed  �
to rule out metastatic recurrence in lungs.
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Introduction and Objectives

Non-Hodgkin’s lymphoma (NHL) is generally considered a systemic 
disease process in 80%–85% of patients. The majority are of B-cell 
origin, with a wide variety of clinical phenotypes. A multi-disci-
plinary approach for management is appropriate for most cases. 
Chemotherapy is the mainstay of treatment in the majority of 
symptomatic presentations. External-beam radiation therapy is an 
important treatment modality for limited, localized indolent NHL, 
as well as in stage I and II aggressive diseases. Immunotherapy 
(rituximab) is often added to chemotherapy either concurrently or 
sequentially for CD20-positive disease. This chapter focuses on the 
management of indolent and aggressive non-Hodgkin’s lymphoma, 
particularly follicular lymphoma, marginal zone lymphoma, gastric 
MALT, and diff use large-cell lymphoma, and examines:

Recommendations for diagnoses and staging procedures �
The staging systems and prognostic factors �
Treatment recommendations for indolent NHL and the sup- �
porting peer-reviewed scientifi c evidence

Treatment recommendations for gastric MALT and the sup- �
porting peer-reviewed scientifi c evidence

The use of systemic chemotherapy and immunotherapy in  �
combination with localized radiation therapy for defi nitive 
treatment of stage I and II aggressive NHL

Follow-up care and surveillance of survivors �

The management of ocular and orbital lymphoma, CNS lym-
phoma, cutaneous lymphoma, and NK/T cell lymphoma is not the 
focus of this documentation and is detailed in other chapters.
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27.1 Diagnosis, Staging, and 
 Prognoses

27.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of non-Hodgkin’s lym- �
phoma (NHL) usually start with a complete his-
tory and physical examination. Attention should 
be paid to NHL-associated signs and symptoms: 
unexplained weight loss of more than 10% over 
6 months prior to diagnosis, unexplained fever 
>38 C, and/or drenching night sweats that re-
quire change of bedclothes (“B” symptoms), 
shortness of breath, hemoptysis, pruritus, recent 
onset of alcohol beverage intolerance, and un-
usual fatigue.
History that reveals exposure to toxic chemicals  �
– solvents, benzene compounds, and tobacco use/
exposure is relevant and should be recorded.
A thorough physical examination special atten- �
tion should be focused on externally palpable 
nodal sites, the liver, spleen, skin, oral cavity, 
and oral pharynx. NHL commonly presents as an 
enlarged, non-tender, rubbery, moveable lymph 
node within a typical node-bearing area, an en-
larged nodular liver, enlarged non-tender spleen, 
or enlarged non-ulcerated tonsil.
The examination should include epitrochlear, ax- �
illary, supraclavicular node areas, and Waldeyer’s 
ring as they are the commonly involved areas.

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic blood chemistry, liver and re-
nal function tests, alkaline phosphatase, lactate 
dehydrogenase (LDH), and erythrocyte sedimen-
tation rate (ESR) (Greene et al. 2002).

Imaging Studies

CT scans of the chest, abdomen, and pelvis are re- �
quired to appropriately evaluate and stage NHL.
FDG-PET scan is recommended for diagnosis and  �
staging of NHL (Grade A). Results from a number 
of retrospective trials have shown that FDG-PET 
has signifi cantly higher site and patient sensi-
tivity for NHL of all histological types (except 

for small lymphocytic lymphoma and marginal 
zone lymphoma) than gallium-27 scintigraphy 
(Level III) (Tsukamoto et al. 2007; Wirth et al. 
2002; Elstrom et al. 2003).
Fluorine-18 fl uorodeoxyglucose positron emis- �
sion tomography (FDG-PET) in combination with 
a concurrent CT scan has become an approved 
study for baseline systemic staging as well as for 
restaging when failure is suspected (Wirth et 
al. 2002).
Gallium-67 scanning is important for initial  �
staging for NHL. Tumor response on subse-
quent gallium-67 scanning is also prognosti-
cally important: 70% of patients who achieved 
complete response on gallium-67 scan at mid-
course of chemotherapy were alive and disease-
free at 3-year follow-up, as compared to 41% 
for those who had partial response (Kaplan 
et al. 1990). Gallium-67 scan is recommended 
if FDG-PET is not available, but it has been 
gradually replaced by FDG-PET scan for diag-
nosis and staging.
In the absence of neurological symptoms, a CT or  �
MRI of the brain is not routinely recommended. 
Bone scan is indicated (if FDG-PET is not avail-
able) for patients with bone pain or elevated al-
kaline phosphatase.

Pathology

Histological confi rmation is critical to determine  �
the type, histopathology, and immunophenotyp-
ing for diagnosis and treatment determination of 
non-Hodgkin’s lymphoma (Table 27.1).
Typically, fi ne-needle aspiration of a suspected  �
lymph node, soft tissue nodule/organ mass, cy-
tological spin of an effusion, or a bone marrow 
biopsy (bilateral) will yield suffi cient cells to ana-
lyze (Jeffers et al. 1998; Saddik et al. 1997).

Table 27.1. Imaging and laboratory work-ups for 
 non-Hodgkin’s lymphoma

Imaging studies Laboratory tests

– CT scan of chest, abdomen, 
   and pelvis
– FDG-PET scan or PET/CT
– Gallium-67 scan (if PET 
   unavailable)
– MRI or CT of the brain
   (if symptomatically indicated)
– Bone scan 
   (if symptomatically indicated)

– Complete blood 
   count
– Serum chemistry
– Lactate dehydro   
   genase (LDH)
– Liver function tests 
– Renal function tests
– Erythrocyte sedi-
   mentation rate (ESR)
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Immunophenotyping is an important diagnos- �
tic modality and is crucial for the classifi cation 
of non-Hodgkin’s lymphoma. Certain markers, 
such as the CD-20 receptor, have become cru-
cial for treatment as newer biologic agents have 
utilized this receptor therapeutically (Fisher et 
al. 2005).
Bone marrow biopsy (bilateral) is recommended  �
for all cases of NHL because of the high prob-
ability of bone marrow involvement for the com-
monly diagnosed NHL in North America: 70% in 
small lymphocytic lymphoma, 50% in follicular 
lymphoma, and >10% in diffuse large-cell lym-
phoma or marginal zone lymphoma.
Cytological examination of cranial spinal fl uid  �
(CSF) is indicated for stage IV disease with bone 
marrow, testis, and parameningeal involvement 
(Greene et al. 2002).
The Working Formulation for Clinical Usage  �
has been the most widely utilized classifi cation 
of lymphoma in North America. It differenti-
ates various histological subtypes of lymphoma 
into clinically relevant grades (low, intermedi-
ate, and high), which directs treatment strategy 
selection (Table 27.2) (The NHL Pathologic 
 Classifi cation Project 1982).
The WHO classifi cation, which is derived from  �
the Revised European-American Classifi cation 
of Lymphoid Neoplasms (REAL), now recognizes 
three major sub-types of lymphomas: B-cell, 
 T-cell, and Hodgkin’s disease. The WHO clas-

sifi cation describes cytological, morphologic, im-
munophenotypic, and genetic features of differ-
ent types of lymphoma (Jaffe et al. 2001).

27.1.2 Staging

Non-Hodgkin’s lymphoma is usually staged clini- �
cally based on results of physical examination, 
laboratory tests, imaging studies, and bone mar-
row biopsy.
Departing from past experience, laparotomy and  �
pathologic staging is no longer considered a stan-
dard of care and is rarely benefi cial. If needed, a 
laparoscopy can be performed for biopsy to assess 
the presence of abdominal disease or to defi ne 
histological microscopic disease extent in the ab-
domen, or when no peripheral site is available.
The Ann Arbor Staging System is used for both  �
Hodgkin’s disease and non-Hodgkin’s lympho-
mas (Table 27.3) (Greene et al. 2002).

Table 27.2. Working formulation of commonly diagnosed 
non-Hodgkin’s lymphoma

Low-grade (indolent)

Follicular small cleaved
Follicular mixed, small cleaved, and large cell 
    (grade I and II follicular lymphoma)
Small lymphocytic

Intermediate-grade (aggressive)

Diffuse large cell
Diffuse mixed small and large cell
Follicular large cell (grade III follicular lymphoma)
Diffuse small cleaved cell differentiated lymphocytic

High-grade (highly aggressive)

Small noncleaved: Burkitt’s, non Burkitt’s
Lymphoblastic
Large cell immunoblastic

Table 27.3. The Ann Arbor Staging Classifi cation for Hodg-
kin’s Disease and Non-Hodgkin’s Lymphoma. [From Greene 
et al. (2002) with permission]

Stage I: Involvement of a single lymph node regions (I) 
or single extralymphatic organ or site in the 
absence of any lymph node involvement (IE)

Stage II: Involvement of two or more lymph node 
regions on the same side of the diaphragm (II) 
or localized involvement of an extralymphatic 
organ or site in association with regional 
lymph node involvement with or without 
involvement of other lymph node regions on 
the same side of the diaphragm (IIE)

Stage IV: Involvement of lymph node regions on both 
sides of the diaphragm (III), which also may be 
accompanied by extralymphatic extension in 
association with adjacent lymph node involve-
ment (IIIE) or by involvement of the spleen 
(IIIS) or both (IIIS,E)

Stage IV: Diffuse or disseminated involvement of one 
or more extra lymphatic organs with or with-
out associated lymph node involvement, or 
isolated lymph node involvement, but in con-
junction with disease in distant site(s). Any 
involvement of the liver or bone marrow, or 
nodular involvement of the lung(s)

Waldeyer’s ring, thymus, spleen, appendix, and Peyer’s 
patches of the small intestine are considered lymphatic 
tissue and not stage ‘E’ involvement
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Prognostic Factors

Histology subtype of lymphoma is the most im- �
portant determinant of prognosis of non-Hodg-
kin’s lymphoma.
NHL of certain origins, such as primary CNS  �
lymphoma and testicular NHL, have particularly 
poor outcome after treatment.
The presenting stage is an important prognostic  �
factor. For example, the 10-year cause-specifi c 
survival for patients with stage I, II, III, and IV 
follicular cell type are 68%, 56%, 42%, and 18%, 
respectively (Gospodarowicz et al. 1984).
“B” symptoms, including unexplained weight  �
loss >10% over 6 months prior to diagnosis, un-
explained fever >38 C, and/or drenching night 
sweats are associated with poor outcome (Greene 
et al. 2002).
Other signifi cant prognostic factors include pa- �
tient age (younger or older than 60 years), gen-
der (female gender has a better prognosis in low 
grade lymphoma), tumor size (less or more than 
10 cm in diameter), performance status, level of 
serum lactate dehydrogenase (LDH), extent of ex-
tranodal involvement, beta-2 microglobulin, and 
S-phase fraction.
The International Prognostic Index (IPI) for ag- �
gressive NHL includes fi ve of the above-men-
tioned signifi cant risk factors to predict overall 
survival (Table 27.4): stage (I or II vs. III or IV), 
serum LDH (normal vs. abnormal), extranodal 
site involvement (0 or 1 vs. >1), age of the patient 
(younger than 60 vs. older than 60), and perfor-
mance status (ECOG 0 or 1 vs. 2–4). The IPI risk 
groups are determined by the numerical summa-
tion of the number of adverse risk factors (0 to 
5), and a higher number of adverse risk factors 
are associated with poor prognosis (Table 27.4) 
(International Non-Hodgkin’s Lymphoma 
Prognostic Factors Project 1993).
Diffuse large-cell lymphomas that transformed  �
from follicular lymphomas do not respond to 

conventional chemotherapy as in diffuse large-
cell disease.

27.2 Treatment of Low-Grade (Indolent) 
 Non-Hodgkin’s Lymphoma

27.2.1 General Principles

Radiation therapy is the standard treatment of  �
stage I and II follicular lymphoma (Grade I and II 
disease), marginal zone lymphoma, and small lym-
phocytic lymphoma (Grade A). Chemotherapy is 
not indicated in the treatment of localized (stage I 
and II) follicular follicle center cell lymphoma or 
small lymphocytic lymphoma (Grade A).
For stage III indolent NHL, comprehensive lym- �
phatic irradiation is indicated in patients with 
good performance status, no “B” symptoms, and 
a limited number (less than fi ve) of involved re-
gions or sites (Grade C).
More advanced stage III and stage IV low-grade  �
diseases are generally incurable, and treatment 
(chemotherapy or chemotherapy plus immuno-
therapy) can be deferred until symptomatic. Che-
motherapy usually does not affect the natural his-
tory of advanced-stage (stage III and IV) indolent 
lymphomas and is usually not recommended for 
asymptomatic patients (Grade B).
The effect of rituximab (anti-CD20 monoclonal  �
antibody) in combination with chemotherapy on 
stage III and IV indolent NHL has been reported 
and is recommended as the fi rst-line treatment 
for patients with indication (Grade A).
Radiation therapy is an effective treatment mo- �
dality for symptomatic palliation in advanced or 
recurrent disease.
The radiolabeled anti-CD20 antibodies, Y � 90 ibri-
tumamab-Zevalin and I131 tositumomab-Bexxar, 
have become an important treatment option for 
consolidation treatment after initial chemo-im-
munotherapy or for recurrent/persistent disease 
after chemotherapy and/or non-radiolabeled im-
munotherapy (Grade A) (Cheson 2003; Witzig 
et al. 2002).
Surgery has no role in the defi nitive treatment of  �
indolent non-Hodgkin’s lymphoma. The utiliza-
tion of surgery is limited to obtaining tissue for 
diagnosis or orthopedic stabilization.

Table 27.4. International prognostic index for aggressive 
non-Hodgkin’s lymphoma

Risk group IPI score 5-Year survival (%)

Low-risk
Low-intermediate
High-intermediate
High-risk

0–1
2
3
4–5

73%
51%
43%
26%
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27.2.2 Treatment of Stage I and II 
 Indolent NHL

Radiation Therapy

Radiation therapy is the mainstay treatment of  �
stage I and II grade I and II follicular lymphoma, 
marginal zone lymphoma (non-gastric), and 
small lymphocytic lymphoma (Grade A). Follicle 
lymphoma is the most common type of indolent 
NHL, and approximately 20%–30% of patients 
present with stage I or II disease; however, less 
than 10% of patients with small lymphocytic lym-
phomas have truly localized disease without bone 
marrow involvement. Patients treated with defi n-
itive radiation therapy can usually achieve long-
term disease control: The overall survival rate at 
5 years is 80%–100% after IFRT ( Armitage and 
Weissenburger 1998).
Long-term results of a large retrospective study  �
reported by the British National Lymphoma In-
vestigation (BNLI) revealed that the complete re-
sponse after radiation therapy was achieved in 
98% of the 208 patients with early-stage low-grade 
NHL, and 10-year disease-free and cause-specifi c 
survival rates were 47% and 71%, respectively, for 
this group of patients (Level III) (Vaughan et al. 
1994). These results were in accordance with those 
observed in a retrospective review from Stanford 
University: For patients with follicular cell histol-
ogy who were treated with defi nitive radiation 
therapy [IFRT or extended-fi eld radiation therapy 
(EFRT)], the actuarial survival rates at 5, 10, 15, 
and 20 years were 82%, 64%, 44%, and 35%, re-
spectively, and the recurrence-free survival rates 
at 5, 10, 15, and 20 years were 55%, 44%, 40%, 
and 37%, respectively (Level III) (MacManus 
and Hoppe 1996).
Signifi cant difference in recurrence-free survival  �
rates between stage I and II indolent lymphoma 
has not been observed in the above-mentioned 
studies (Level III) (MacManus and Hoppe 1996; 
Vaughan et al. 1994).

Field Arrangement

IFRT is the standard technique for the treatment  �
of indolent NHL (Grade A). There is no clear evi-
dence that extended fi eld treatment offers any 
survival advantage:
The results of an early retrospective study re- �
ported by Chen et al. (1979) revealed that success-
ful radiotherapy for all stages of non-Hodgkin’s 

lymphoma of all histologies was not correlated 
with extended versus involved fi elds. Distant me-
tastasis was the cause of treatment failure in close 
to 90% of cases (Level III). In addition, in the 
above-mentioned retrospective study from Stan-
ford University, although relapse-free survival 
was improved with the utilization of large fi eld (to 
both sides of the diaphragm) irradiation, no sig-
nifi cant survival benefi t was observed (Level III) 
(MacManus and Hoppe 1996).
IFRT delivers treatment to the clinically involved  �
region, with or without irradiation of the fi rst 
echelon uninvolved lymph node region. Atten-
tion should be paid to minimize dose to critical 
structures in the treatment fi eld (Fig. 27.1).
Complete response or partial response can be  �
achieved after chemotherapy; initially, involved 
lymph nodes are often resolved or normally 
sized. In these cases, a CTV (clinical target vol-
ume) that encompasses the initial volume of the 
lymph node(s) before chemotherapy should be 
contoured (Grade D). However, normal structures 
that have been displaced (not infi ltrated) by the 
enlarged lymph node(s) or disease(s) are not in-
cluded in the irradiated volume (e.g., muscle dis-
placed by cervical lymph nodes or lung displaced 
by mediastinal lymph nodes).

Dose

A radiation dose between 36 Gy and 40 Gy de- �
livered in conventional fractionation is recom-
mended for the treatment of low-grade NHL with 
curative intent, and a dose higher than 40 Gy may 
be required for bulky disease (Grade B). Low-
grade lymphomas are generally radio-responsive 
diseases. It has been demonstrated that doses 
ranged from 30–35 Gy delivered in conventional 
fractions have produced control rates of close to 
80% in follicular lymphoma (Level III) (Fuks and 
Kaplan 1973).

Chemotherapy

Chemotherapy is usually not indicated in the  �
treatment of early-stage indolent non-Hodgkin’s 
lymphoma (Grade A). Prospective randomized 
trials have failed to demonstrate the effi cacy of 
adjuvant chemotherapy on overall survival when 
used in combination with radiation therapy:
A number of prospective randomized trials, in- �
cluding an EORTC trial, compared the effi cacy of 
combined CVP (cyclophosphamide, vincristine, 
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and prednisone)-based chemotherapy and radio-
therapy versus radiotherapy alone for stage I and 
II non-Hodgkin’s lymphoma. The results repeat-
edly demonstrated that recurrence-free survival 
may be prolonged by the addition of chemother-
apy to radiation; however, no improvement in 
overall survival was observed in the subgroup of 
patients with indolent lymphoma in any of these 
trials (Level I or II) (Carde et al. 1984; Nissen et 
al. 1983; Monfardini et al. 1980).
Additionally, the therapeutic effect of the more com- �
monly used chemotherapy regimen in intermediate-
grade NHL CHOP [cyclophosphamide, doxorubicin 
(hydroxydaunomycin), vincristine (Oncovin), and 
prednisone] used after radiation therapy was not 

demonstrated in a single institutional randomized 
study (Level II) (Yahalom et al. 1993).

27.2.3 Treatment of 
 Stage III Indolent Lymphoma

Radiation Therapy

Total lymphatic irradiation (TLI) can be recom- �
mended for a selected group of patients with 
stage III indolent NHL (Grade B). Patients with 
fewer than fi ve sites of disease involvement (non-
bulky) and no signs of “B” symptoms may benefi t 

Fig. 27.1a–d. Comparison between radiation fi eld sizes and the volume of heart irradiation using either IFRT with (a and 
b) or without (c and d) irradiating the fi rst echelon lymph nodes for Hodgkin’s disease or NHL in the mediastinum (From: 
Girinsky T, van der Maazen R, Specht L et al. (2006) Involved-node radiotherapy in patients with early Hodgkin lymphoma: 
Concepts and guidelines. By permission of the publisher)

a b

c d
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from total lymphatic irradiation. However, the 
difference of outcome between patients treated 
with radiation therapy (with or without chemo-
therapy) or watchful waiting has not been system-
atically addressed:
Results from the long-term follow-up of a group  �
of patients with stage III follicular lymphoma 
from Stanford University revealed that defi nitive 
radiation therapy produced 88% freedom from 
relapse (FFR) and 100% cause-specifi c survival 
rates in patients with limited stage III (lack of “B” 
symptoms, < 5 sites of involvement, and < 10 cm 
in longest dimension of disease) follicular lym-
phoma. Adjuvant chemotherapy did not signifi -
cantly alter the treatment outcome (Level III) 
(Murtha et al. 2001).
In a retrospective study including 34 patients with  �
stage III low-grade NHL, the actuarial overall, 
disease-free, and cause-specifi c survival rates at 
15 years are 28%, 40%, and 46%, respectively, after 
central lymphatic irradiation (CLI). Disease-free 
survival was signifi cantly improved in patients 
with fi ve or fewer sites of involvement (Level III) 
(Jacobs et al. 1993). The effi cacy of CLI was also 
demonstrated in a single-arm prospective trial that 
reported the results of 47 patients with follicular 
lymphoma (including fi ve patients with follicular 
large cell lymphoma and 28 patients with stage III 
disease) prospectively treated with CLI (mantle, 
whole abdomen, and pelvic radiation fi elds with 
a 1-month break after each fi eld). The total doses 
ranged between 30 Gy to 30.6 Gy at 1.5–1.8 Gy/
fraction followed by a boost of 9 Gy to the areas 
with gross disease. All patients with grade I and 
II diseases achieved complete response after radia-
tion, and CLI was well tolerated. The 5-year overall 
survival and FFP were 94% and 53%, respectively 
(Level III) (Ha et al. 2003).
Additionally, the results of a prospective random- �
ized trial compared CVP-based chemotherapy 
plus radiation (IFRT or total lymphoid irradia-
tion) versus CVP chemotherapy alone revealed 
that the overall survival (OS) and event-free 
survival (EFS) of patients with stage III and IV 
follicular lymphoma who received adjuvant ra-
diation therapy were signifi cantly improved with 
minimal toxicity. The overall survival rates at 20-
years were 71% versus 89% for patients received 
chemotherapy or combined chemoradiotherapy, 
respectively (Level II) (Avilés et al. 2002).
In another series from M.D. Anderson Cancer  �
Center, the actuarial 5- and 10-year overall sur-

vival rates were 65% and 42%, and the 5- and 
10-year freedom-from progression (FFP) rates 
were 42% and 26%, respectively, for patients with 
stage III follicular lymphoma after chemotherapy 
or chemoradiation therapy. Although no differ-
ences were observed for the group of patients who 
received chemotherapy or combined chemoradi-
ation in terms of overall survival, a trend of im-
proved 5-year overall FFP with the addition of ad-
juvant radiation therapy (43% vs. 56%, p = 0.06) 
was found. Less than 75% of the patients received 
subtotal or central lymphatic irradiation in this 
study (Level III) (Ha et al. 2003).
The role of chemotherapy used in combination with  �
radiation therapy has not been determined, and rou-
tine use of chemotherapy in the treatment of stage III 
low-grade NHL is controversial. In the above-men-
tioned study from Stanford University, adjuvant che-
motherapy did not signifi cantly alter the treatment 
outcome (Level III) (Murtha et al. 2001).

Field Coverage

The radiation portal of total lymphatic irradiation  �
encompassing cervical, supraclavicular, axillary, 
mediastinal, paraaortic, mesenteric, pelvic, and 
femoral lymphatics can be considered for patients 
with stage III indolent NHL (Fig. 27.2) (Grade D).

Fig. 27.2. Lymph nodal coverage in comprehensive lym-
phatic irradiation (Adopted from the SEER’s Training Web-
site http://training.seer.cancer.gov) 
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Dose

Radiation dose of approximately 30 Gy with or  �
without a boost to the gross tumor delivered in 
1.5–1.8 Gy per fraction as used in various studies 
can be considered if total lymphatic irradiation is 
offered (Grade D). A treatment break after irradia-
tion to each fi eld (i.e., mental fi eld, abdominal fi eld, 
or pelvic/femoral fi eld) can reduce potential side 
effects and complications induced by radiation.

27.2.4 Treatment of 
 Stage IV Indolent Lymphoma

Asymptomatic patients with more advanced  �
stage III or stage IV low-grade NHL can be closely 
monitored (watchful waiting) (Grade A). Intense, 
multiagent chemotherapy is associated with a 
high response rate, but also with a continuous 
risk of relapse and long-term bone marrow sup-
pression. Treatment can be deferred until symp-
toms develop (Winter et al. 2004).
Horning �  and Rosenberg (1984) studied the out-
come of 83 low-grade lymphoma patients who 
were initially managed without active treatment 
and reported that the actuarial risk of transfor-
mation among the initially untreated patients was 
similar to those who were treated immediately 
after diagnosis. The incidence and time to histo-
logical transformation were not affected by the 
time of treatment initiation (Level III).
Rituximab is a “humanized” anti-CD20 mono- �
clonal antibody that can be recommended for the 
treatment of indolent non-Hodgkin’s lymphoma 
(CD20 positive), and its effi cacy in the treatment 
of relapsed or refractory indolent NHL has been 
repeatedly demonstrated (Plosker and Figgitt 
2003).
Combined rituximab and chemotherapy should  �
be recommended for indolent NHL patients who 
have indication for treatment (Grade A). Indi-
cations for treatment include active symptoms, 
cytopenias, progression of disease, or potential 
organ compromises. Results from phase III tri-
als comparing R-CHOP to CHOP and R-CVP to 
CVP revealed that overall chemoimmunotherapy 
appears to be superior to chemotherapy alone, for 
both chemotherapy-naive patients and those who 
have been previously treated for indolent follicu-
lar lymphoma (Level I) (Hiddemann et al. 2003; 
Marcus et al. 2003) (Fig. 27.3).

Single-agent fl udarabine, alkylators, or upfront  �
radioimmunotherapy can be considered as an al-
ternate to external-beam radiation when symp-
toms are not imminently threatening or for pa-
tients with contraindications for a more intensive 
treatment (Grade B) (Kaminski et al. 2005).
Radiation therapy can be used for palliation for  �
symptomatic patients with stage IV indolent lym-
phoma.

27.3 Treatment of 
 Gastric Mucosa-Associated 
 Lymphoid Tumors (MALT)

27.3.1 General Principles

For  � H. Pylori-positive stage IE gastric MALT, an-
tibiotic treatment of H. Pylori should be used as 
the initial treatment (Grade A). Radiation therapy 
is an effective modality for defi nitive treatment of 
localized (stage IE or II) gastric MALT and is rec-
ommended for H. Pylori-negative cases, as well as 
for patients with deep invasion, active symptoms, 
or disease progression after antibiotic treatment 
(Grade A).
For stage III or IV gastric MALT, chemotherapy  �
and/or rituximab should be considered (Grade A). 
Radiation therapy is indicated for local symptom-
atic control.
Treatment strategy of the more commonly di- �
agnosed large B-cell lymphoma of the stomach 
(comprises approximately 60% of all gastric lym-
phoma cases) is identical to that of the interme-
diate-grade NHL.

27.3.2 Treatment of 
 Stage IE/II Gastric MALT

Eradication of  � H. Pylori with antibiotics should 
be recommended as the sole initial treatment of 
MALT confi ned to the stomach (Grade A). Any 
of the effective anti-Helicobacter antibiotic regi-
mens can be selected. Treatment of H. Pylori-
positive stage IE gastric MALT with antibiotics 
is successful in approximately 70% of cases. 
In addition, the 3-year local recurrence rate is 
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Follow-Up

Every 3 months for 2 years, then every 6 months for 

3 more years, then annually there after

(H&P, lab tests, imaging studies)

Recurrence
or Failure

Pathologic Diagnosis of
Grade I and II Follicular

Lymphoma

Clinical Staging

Laboratory tests
(CBC, liver/renal function tests, consider HIV testing)

Imaging studies
Locoregional disease evaluation.

Abdominal/pelvic MRI with pelvic phased array coil

Metastatic disease evaluation:
Chest X-ray, consider PET/CT for stage II > 4cm, III and IV

Stage I and II

Limited Stage III

(No ”B“ symptoms,

<5 involved sites or regions, non-bulky diseases

Stage III and IV

Watchful Waiting
(No indication to treat)

Ritucimab + Chemotherapy
(indication to treat)

Total Lymphoid Irradiation
(TLI)

Involved Field Radiation Therapy
(IFRT)

Radio-immunotherapy
(Y90 ibritumamab or

I131 tositumomab)

TransplantationFig. 27.3. A proposed treatment algorithm for newly-
diagnosed follicular lymphoma

approximately 15% in patients achieving com-
plete response (MALT Lymphoma Study Group, 
Level II) (Sackmann et al. 1997).
Surgery has a limited role in the treatment of  �
gastric MALT, and surgery alone does not alter 
overall relapse-free survival rates (Grade A). The 
overall survival after conservative treatment, 
chemotherapy, or radiation therapy with or with-
out surgery is approximately 85% (Level II, III) 
(d’Amore et al. 1994; Koch et al. 2001; Koch 

et al. 2005). In addition, no difference in overall 
survival was observed after surgery, radiation 
therapy, or chemotherapy according to the re-
sults of a prospective randomized trial (Level II) 
(Avilés et al. 2005).

Radiation Therapy

IFRT is the mainstay treatment of stage IE/II  �
gastric MALT in H. Pylori-negative cases or for 
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patients who fail antibiotic treatment (Grade A). 
The complete response rate after IFRT was 95%, 
and the cause-specifi c survival and overall rates 
approached 100% and 90%, respectively (Level II, 
III) (Avilés et al. 2005; Koch et al. 2001; Koch 
et al. 2005).
Radiation portal of IFRT should encompass  �
the entire stomach and perigastric nodes, as 
gastric MALT is usually a multifocal disease 
( Wotherspoon et al. 1992).
Doses ranging from 30 Gy to 40 Gy in conven- �
tional fractionation, as reported in the above-
mentioned studies, can be considered.

27.3.2 Treatment of Stage III and IV 
 Gastric MALT

Chemotherapy and immunotherapy (with ritux- �
imab) are indicated for patients with advanced 
disease (Grade B). The effi cacy of alkylating 
agents (such as cyclophosphamide 100 mg/day or 
chlorambucil 6 mg/day) has been reported, and 
a long-term survival rate of approximately 75% 
at 5 years can be expected (Level III) ( Hammel 
et al. 1995).
The effect of rituximab has been demonstrated in  �
a phase II trial for untreated and recurrent MALT 
(including 15 gastric cases): the overall response 
rate of patients treated with rituximab was ap-
proximately 73%. However, the effect of ritux-
imab on long-term survival and disease control 
remains unknown (IESLG, Level II) (Conconi 
et al. 2003).
Radiation therapy can be offered for consolidation  �
or symptomatic control in cases of poor response 
to chemotherapy and/or immunotherapy.

27.4 Treatment of 
 Intermediate-Grade (Aggressive) 
 Non-Hodgkin’s Lymphoma

27.4.1 General Principles

Treatment strategies of the more commonly di- �
agnosed aggressive NHL, including diffuse large 
B-cell lymphoma, grade III follicular lymphoma, 

peripheral T-cell lymphoma, and mantle-cell 
lymphoma, follow similar recommendations.
For stage I and II aggressive NHL, CHOP-based  �
chemotherapy followed by adjuvant IFRT is the 
standard treatment. Rituximab is indicated for 
CD20-positive large-cell non-Hodgkin’s lym-
phoma (Grade A).
For stage III and IV aggressive NHL, CHOP-based  �
chemotherapy is the mainstay treatment. Ritux-
imab is indicated for CD20 positive large-cell 
non-Hodgkin’s lymphoma. The role of adjuvant 
radiation therapy is not clear. However, radiation 
therapy may improve treatment outcome in bulky 
diseases (> 10 cm in diameter) (Grade A).
The radiolabeled anti-CD20 antibodies, Y � 90 ibri-
tumamab and I131 tositumomab, have become 
an important treatment option for consolidative 
treatment after initial chemo-immunotherapy or 
for recurrent/persistent disease after chemother-
apy and/or non-radiolabeled immunotherapy 
(Grade A) (Cheson 2003).

27.4.2 Treatment of Stage I and II 
 Aggressive NHL

Combined Chemoradiation Therapy

Multiagent chemotherapy is the mainstay treat- �
ment of early-stage intermediate-grade non-
Hodgkin’s lymphoma (Grade A). Six to eight 
cycles of CHOP-based chemotherapy are recom-
mended for early-stage NHL.
Radiation therapy alone is curative in approxi- �
mately 40%–50% of patients (Level III) (Jones 
et al. 1973; Chen et al. 1979). The effi cacy of che-
motherapy followed by radiation therapy (IFRT 
or extended-fi eld radiation therapy) over defi ni-
tive radiotherapy alone on recurrence-free and/
or overall survival rates has been repeatedly dem-
onstrated in prospective randomized studies, al-
though the sample sizes of most of these trials 
were limited (Level II) (Monfardini et al. 1980; 
Nissen et al. 1983; Yahalom et al. 1993).
Rituximab, an immunotherapy agent (anti- �
CD20) used in combination with CHOP chemo-
therapy (the R-CHOP regimen), is recommended 
to patients with stage I or II diffuse large B-cell 
lymphoma (Grade B): In a European cooperative 
trial reported by the MabThera International 
Trial Group, patients with stage I (bulky disease) 
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to IV diffuse large B-cell lymphoma were treated 
with six cycles of CHOP-like or R-CHOP-like regi-
mens. Patients with bulky and extranodal sites 
also received additional radiotherapy. The 3-year 
event-free survival and overall survival rates were 
79% versus 59% and 93% versus 84%, respec-
tively, signifi cantly improved with the use of 
rituximab (MlnT study, Level I) ( Pfreundschuh 
et al. 2006).

Radiation Therapy

Adjuvant IFRT is part of the standard regimen  �
for the treatment of stage I and II aggressive NHL 
(Grade A). The effects of radiation therapy on 
overall survival and long-term failure-free sur-
vival have been suggested by numerous retro-
spective and single-arm prospective trials, and 
have been confi rmed by two prospective random-
ized trials completed by the Southwest Oncology 
Group (SWOG) and the Eastern Cooperative On-
cology Group (ECOG):
In the SWOG trial, 401 patients were randomized  �
and treated with either eight cycles of CHOP che-
motherapy or three cycles of CHOP chemother-
apy followed by IFRT using the prechemotherapy 
tumor volume (most patients received 45–50 Gy 
in conventional fractionation, but doses ranging 
from 40–55 Gy were allowed). The results showed 
that combined treatment signifi cantly improved 
the progression-free survival rate (64%–77%) and 
the overall survival rate (72% vs. 82%) (SWOG, 
Level I) (Miller et al. 1998).
In the ECOG trial, 352 patients were randomized  �
and treated with eight cycles of CHOP chemo-
therapy with or without IFRT. Patients in the 
combined treatment arm who achieved complete 
response after chemotherapy received 30 Gy of 
IFRT, and those who had partial response were 
irradiated to 40 Gy. The 6-year disease-free sur-
vival rates were 73% and 56%, respectively, in 
favor of the combined chemoradiotherapy arm 
(p = 0.05). However, there is no signifi cant differ-
ence in the overall survival rates (ECOG E1484, 
Level I) (Horning et al. 2004).
The effect of adjuvant radiation therapy on treat- �
ment outcome when used in combination with 
R-CHOP-based chemotherapy or more aggressive 
chemotherapy regimen is not clear. In a random-
ized trial from France, 647 patients with local-
ized aggressive lymphoma were randomized and 
treated with CHOP followed by IFRT- or ACVBP-

based chemotherapy (without radiation). The re-
sults revealed that treatment outcome was signifi -
cantly superior in patients treated with ACVBP 
chemotherapy (Level I) (Reyes et al. 2005).
However, no randomized investigation has been  �
reported on the effects of radiation when used in 
combination with the aggressive chemotherapy or 
chemoimmunotherapy regimens. Further investi-
gation is required before any change of the standard 
chemoradiation combination can be revised.

Field Arrangement

IFRT is the standard technique for the treat- �
ment of stage I and II intermediate-grade NHL 
(Grade A). Although no randomized trial com-
paring IFRT versus extended-fi eld radiation 
therapy (EFRT) has been performed, the effi cacy 
of IFRT delivered after chemotherapy has been 
repeatedly demonstrated in retrospective or pro-
spective trials. The long-term overall survival 
of patients treated with chemotherapy followed 
by IFRT ranges between 70% and 100% (Level I) 
(Horning et al. 2004; Miller et al. 1998).
The fi eld arrangement is detailed above in the  �
Section 27.2.2.

Dose

The optimal dose of consolidation radiation ther- �
apy has not been determined, and dose ranges 
used in the above-mentioned SWOG and ECOG 
trials can be referenced: For patients with com-
plete response (CR) after three to eight cycles of 
chemotherapy (as confi rmed by FDG-PET, PET 
CT, or gallium-67 scanning), consolidation ra-
diation therapy with a dose of 30–40 Gy can be 
recommended; however, higher doses ranging 
from 40–55 Gy are recommended for patients who 
achieved less than a CR after chemotherapy.

27.4.3 Treatment of Stage III and IV 
 Aggressive NHL

Chemotherapy

CHOP-based chemotherapy is the mainstay  �
treatment of stage III and IV aggressive NHL 
(Grade A). The complete response and long-term 
cure rates after defi nitive chemotherapy using the 
CHOP regimen are approximately 65% and 33%, 
respectively (Kimby et al. 2001).
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Although more intensive chemotherapy regimens  �
were tried for the treatment of advanced stage 
aggressive NHL, their effi cacy over the conven-
tional CHOP regimen has not been demonstrated. 
In a prospective randomized trial completed by 
SWOG, more than 900 patients were randomized 
and received CHOP chemotherapy, or other che-
motherapy combinations (m-BACOD, ProMACE/
cytaBOM, or MACOP-B). The 3-year disease-free 
survival and over all survival rates were 44% and 
52%, respectively, for the entire group, and no 
signifi cant differences were detected (SWOG, 
Level I) (Fisher et al. 1993).
Rituximab, used in combination with CHOP  �
chemotherapy (R-CHOP regimen), should be 
recommended to patients with advanced stage 
aggressive NHL (CD20 positive) (Grade A). In 
the above-mentioned MInT cooperative trial, 
patients with stage II to IV diffuse large B-cell 
lymphoma were treated with CHOP-like or R-
CHOP-like regimens. The 3-year FFS and overall 
survival rates were 79% versus 59% and 93% ver-
sus 84%, respectively, in favor of R-CHOP treat-
ment (MlnT study, Level I) (Pfreundschuh et 
al. 2006).
The value of rituximab used with CHOP chemo- �
therapy in the treatment of elderly patients with 
advanced large B-cell lymphoma was further 
demonstrated in a French cooperative (Groupe 
d’Etudes des Lymphomes de l’Adulte) trial. A to-
tal of 399 elderly patients (>60 years) with ad-
vanced disease was randomized and received 
CHOP chemotherapy alone or a R-CHOP regi-
men. The 5-year overall survival and FFS rates 
were 58% versus 45% and 54% versus 30%, re-
spectively, both in favor of R-CHOP treatment 
(GELA, Level I) (Feugier et al. 2005).

Radiation Therapy

Consolidation radiation therapy is commonly   �
used in North America and can be recommended 
in advanced-stage aggressive NHL with bulky 
disease or an incomplete response after chemo-
therapy (Grade A). Radiation is frequently used 
for incomplete responders. Also, radiation is still 
considered an effective induction regimen for pa-
tients presenting with severe symptoms such as 
superior vena cava syndrome, spinal cord/epi-
dural masses, brain lesions, bulky nodal masses 
with obstruction, painful or risky bone lesions, 
etc (Grade A). The effect of adjuvant radiation 

therapy in stage III or IV intermediate-grade 
NHL has been demonstrated in both retrospec-
tive and randomized trials from Europe and 
South America:
In a phase III trial from Mexico, 218 patients with  �
stage IV diffuse large cell lymphoma were treated 
with chemotherapy [CEOP-bleo regimen (cyclo-
phosphamide, epirubicin, vincristine, predni-
sone, bleomycin) alternating with DAC (dexam-
ethasone, Ara C, and cisplatin) regimens]. Among 
all patients who achieved complete response, 88 
patients who presented with bulky tumor (>10 cm 
in largest dimension) were randomized to IFRT 
(40–50 Gy in conventional fractionation) or ob-
servation. The 5-year disease-free and overall 
survival rates were 72% versus 35% and 81% ver-
sus 55%, respectively, for patients treated with 
chemotherapy or combined chemoradiation, in 
favor of the irradiated group (p<0.01) (Level II) 
(Avilés 1994). The same research group reported 
a follow-up study with larger sample size: 341 
patients with stage IV aggressive diffuse large 
cell lymphoma with bulky nodal disease but 
who achieved pathologic complete response af-
ter chemotherapy were randomized and treated 
with IFRT (40 Gy) or observation. The results 
confi rmed the effi cacy of IFRT on both event-
free survival (EFS) and overall survival (OS). The 
5-year EFS and OS rates were 82% versus 55% and 
87% versus 66%, and signifi cantly improved with 
the addition of consolidation radiation (Level I) 
(Avilés et al. 2004).
In a retrospective review from Italy, 94 patients  �
with stage III or IV diffuse large-cell lymphoma 
and bulky ( 10 cm) or semibulky (6–9 cm) 
disease who achieved complete response af-
ter chemotherapy were treated with radiation 
therapy (30–46 Gy) or observed. Consolidation 
radiation therapy signifi cantly prolonged the 
time to recurrence (TTR) time (41+ months vs. 
18 months) and improved the 5-year overall sur-
vival (73% vs. 57%) (Level III) (Ferreri et al. 
2000) (Fig. 27.4).
The effect of radiation therapy after high-dose  �
chemotherapy with stem-cell transplantation 
was suggested in a retrospective trial from 
France. Patients who received consolidation ra-
diotherapy following chemotherapy had supe-
rior outcome in terms of event-free survival, as 
compared to those received radiation therapy at 
the time of recurrence (Level III) (Fouillard 
et al. 1998).
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27.5 Follow-Ups

27.5.1 Post-Treatment Follow-Ups

Life-long follow-up after defi nitive treatment of  �
NHL is recommended for detecting recurrence, 
secondary tumors, or other long-term compli-
cations of radiation therapy or chemotherapy 
(Table 27.5).

Schedule

Follow-up could be scheduled every 3 months for  �
2 years, then every 6 months for 3 additional years, 
then annually thereafter (Grade D) (ESMO 2007).

Work-Ups

Each follow-up should include a complete history  �
and physical examination. 
Complete blood count and LDH at 3, 6, 12 and  �
24 months then ordered when clinically indicated 
are recommended; CT of the chest and/or abdo-
men at 6, 12, and 24 months after the completion 
of treatment are usually recommended (Grade D) 
(ESMO 2007).
Evaluation of thyroid function with thyroid- �
stimulating hormone (TSH) in patients receiving 
radiation therapy to the neck and/or upper chest 
should be performed at years 1, 2, and 5.
For gastric MALT after treatment, a strict en- �
doscopic follow-up with multiple biopsies taken 
2–3 months after treatment to document H. Py-

Fig. 27.4. A proposed treatment algorithm for diffuse large B-cell non-Hodgkin’s lymphoma

Follow-Up

Every 3 months for 2 years, then every 6 months for 

3 more years, then annually there after

(H&P, laboratory tests, imaging studies)

Pathologic Diagnosis of
Diff use Large B-Cell Lymphoma

Clinical Staging

Laboratory tests

(CBC, serum chemistry, LDH, Liver/renal function tests)

Imaging studies

(CT of chest/abdomen and FDG-PET)

Bone marrow biopsy

Stage I and II

Six cycles of R-CHOP

Chemotherapy

Involved Field Radiation Therapy
(30 Gy to 40 Gy if CR, 50 Gy if PR

after chemotherapy)

Stage III and IV

Six cycles of R-CHOP

Chemotherapy

Involved Field Radiation Therapy for 

Bulky
(> 10 cm) Diseases (40 Gy to 50 Gy)
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lori eradications and subsequently at least twice 
annually for 2 years to monitor the histologic 
regression of the disease is indicated (Grade D) 
(ESMO 2007).
For female patients who received radiation ther- �
apy prior to menopause, especially at an age 
younger than 25 years, screening for secondary 
breast cancers should be considered.
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Introduction and Objectives

Approximately 8,000 cases of Hodgkin’s lymphoma occur an-
nually in the United States. It is a chemo- and radio-sensitive 
disease. Early-stage Hodgkin’s lymphoma can be cured with ra-
diotherapy or chemotherapy. Advances in radiation technique, 
radiological imaging, understanding of prognostic factors, and 
development of less toxic chemotherapy regimens have allowed 
for better tailoring of treatment and aim to improve the compli-
cation-free survival for Hodgkin’s lymphoma.

This chapter examines:

Recommendations for initial evaluation, laboratory studies,  �
and imaging studies

Staging system, pathology, and prognostic factors �

Treatment recommendations for early stage favorable and  �
unfavorable and advanced Hodgkin’s lymphoma in adult 
patients accompanied by supporting literature

Radiation therapy technique including fi eld arrangement  �
and dose for the treatment of adult Hodgkin’s lymphoma

Discussion of treatment-related toxicities and follow-up care �

The etiology and management of Hodgkin’s lymphoma in chil-
dren diff er signifi cantly from those in adults. The management 
of pediatric Hodgkin’s lymphoma is detailed in Chapter 39.
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28.1 Diagnosis, Staging, and 
 Prognosis

28.1.1 Diagnosis

Initial Evaluation

Evaluation of Hodgkin’s lymphoma/disease (HL)  �
begins with a complete history and physical 
examination with special attention to disease-
 related signs and symptoms. Fever of 38 C or 
higher for 3 consecutive days, drenching night 
sweats, and unexplained weight loss >10% over 
6 months prior to diagnosis (the “B” symptoms) 
should be documented. Patients presenting with 
fever and weight loss have a worse prognosis 
(Crnkovich et al. 1987). Pel-Ebstein fever is the 
classical descriptor for the waxing and waning 
fever of HL (Good and DiNubile 1995). Other 
commonly observed symptoms of HL include 
pruritus, painless lymphadenopathy, respiratory 
diffi culty, alcohol-induced pain, and fatigue. 
Thorough examination of all lymphoid regions  �
including the spleen and the liver is required. In 
total 80% of patients present with cervical lymph-
adenopathy, while 50% present with mediastinal 
lymphadenopathy. Involvement of Waldeyer’s 
ring or mesenteric lymph nodes is rare (<5%). 
HL spreads in an orderly, contiguous pattern 
through lymph nodes (Level IV) (Rosenberg 
and  Kaplan 1966). As the disease advances, he-
matogenous metastasis may occur to liver and 
bone.

Laboratory Tests

Laboratory studies should include CBC with dif- �
ferential, lactate dehydrogenase (LDH), albumin, 
renal and liver function tests, erythrocyte sedi-
mentation rate (ESR), and alkaline phosphatase. 

2-microglobulin may also be helpful.
For reproductive females, a pregnancy test is es- �
sential as well as consideration for reproductive 
counseling and oophoropexy, especially if pelvic 
RT is planned. MRI may be helpful in the stag-
ing of pregnant patients. Male patients may be 
offered semen cryopreservation if chemotherapy 
or pelvic RT is a possibility.
An HIV test is recommended for patients with  �
risk factors. Patients with HIV/AIDS usually have 

advanced presentation, atypical clinical presen-
tation, and an aggressive clinical course (Rubio 
1994).

Imaging Studies

Diagnostic imaging studies, including chest  X-ray  �
[posteroanterior (PA) and lateral views] and CT 
scan of the thorax, abdomen, and pelvis are re-
quired for staging and evaluation of the bulk of 
disease, as well as determining the extent of the 
radiation treatment fi eld. CT scan of the neck area 
is indicated for cervical and upper mediastinal 
diseases.
Bulky mediastinal disease denotes poor progno- �
sis and has been defi ned in three different ways 
on imaging studies: 
Maximum mass width (MMW) divided by maxi- –
mum intrathoracic diameter (MTD) equal to or 
greater than 1/3 on PA chest X-ray by the German 
Hodgkin Lymphoma Study Group (GHSG) 
Mediastinal mass (MM) greater than 10 cm on  –
imaging by the Stanford University regimen 
(Hughes-Davies et al. 1997)
Mediastinal mass (MM) divided by the thoracic  –
diameter (TD) at T5–6 equal to or greater than 1/3 
on PA chest X-ray by the European Organization 
of Research and Treatment of Cancer (EORTC)
Compared to staging laparotomy, CT of the abdo- �
men and pelvis is less likely to detect small lesions 
in the liver, spleen, or mesenteric LN (Level III) 
(Castellino et al. 1984).
PET/CT should be considered if CT is equivocal  �
for stage I or II patients (Grade B). PET/CT has 
increased accuracy as compared to CT and also 
changes the stage and treatment in approximately 
20% of patients (Level III) (Naumann et al. 2004; 
Partridge et al. 2000; Lang et al. 2001).
Bone scan is not routinely recommended, but  �
should be performed in patients with an elevated 
alkaline phosphatase or presenting with bone 
pain.
Staging laparotomy is no longer considered the  �
standard diagnostic procedure because most pa-
tients receive systemic chemotherapy, and diag-
nostic testing and understanding of prognostic 
factors have improved. For patients prepared 
for radiation therapy alone, staging laparotomy 
may be informative, as shown in the EORTC 6F 
trial (Level III) (Carde et al. 1993; Diehl et al. 
2004).
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Pathology

Tissue diagnosis is required prior to the determi- �
nation of any treatment. Tissue can be obtained 
by surgical nodal or extranodal biopsy. Any ef-
fusion can be considered for cytological exami-
nation.
Bone marrow biopsy should be considered in pa- �
tients with advanced stage or “B” symptoms.
HL is classifi ed into two main categories and fi ve  �
total subtypes by the World Health Organization 
(Harris et al. 1999) (Table 28.1):
Classical HL (CHL)  –
Nodular sclerosis (NSHL) is the most common  –
HL and commonly presents with mediastinal LN. 
One-third present with “B” symptoms. Prognosis 
is less favorable than NLPHL.
Mixed cellularity (MCHL) may present in older  –
patients. Retroperitoneal LN involvement and 
more advanced stage are common. Prognosis is 
less favorable than NSHL.
Lymphocyte depleted (LDHL) is the rarest HL  –
presenting with “B” symptoms, advanced stage, 
and in older patients. LDHLs have the least favor-
able prognosis of all the HL subtypes.
Lymphocyte-rich classical HL (LRCHL) can present  –
in older patients with localized peripheral lymph 
nodes and is the most favorable group in CHL.
Nodular lymphocyte predominant HL (NLPHL)  –
is seen in younger patients, presenting in early 
stage with a solitary lymph node. “B” symptoms 
are uncommon. NLPHL is the most favorable HL 
with an indolent course.

28.1.3 Prognosis

Prognostic Factors for Early-Stage 
Hodgkin’s Lymphoma Treated with 
Radiation Therapy Alone

In patients treated with radiation alone, risk fac- �
tors for increased relapse include the following: 
men, advanced age, mixed cellularity, lympho-
cyte-depleted, “B” symptoms, bulky mediasti-
nal disease, large number of involved LN, and 
elevated ESR (Wirth et al. 1999; Tubiana et al. 
1989). Patients with risk factors could be consid-
ered for combined treatment with chemotherapy 
and radiation therapy.
Early-stage HL can be divided into favorable and  �
unfavorable groups based on various prognostic 
factors. Patients with fewer of these poor prog-
nostic factors can be considered for less inten-
sive therapy. Different criteria have been used to 
defi ne the criteria for the unfavorable group (see 
Table 28.3).

Unfavorable Prognostic Factors for 
Advanced Hodgkin’s Lymphoma

The International Prognostic Factors Project eval- �
uated 5141 patients with advanced disease treated 
with chemotherapy ± radiotherapy at 25 centers. 

Table 28.1. Classical Hodgkin’s lymphoma and NLPHL group 
characteristics (Herbst et al. 1991; Haluska et al. 1994)

Classical HL NLPHL

Characteristic 
cell

Reed-Sternberg cell Lymphocytic and 
histiocytic cell
“popcorn cells”

Surface 
antigens

CD15+,CD30+, 
CD20+/–, CD45–, 
EMA–

CD15–, CD30–, 
CD20+, CD45+, 
EMA+

EBV +EBV in 50% EBV–

Table 28.2. Ann Arbor staging system for Hodgkin’s lymphoma. 
[Modifi ed from Carbone et al. (1971) with permission]

Ann Arbor staging system

Stage I Involvement of single lymph node (I) or 
extralymphatic site (IE)

Stage II Involvement of two or more involved lymph 
node sites on the same side of the diaphragm 
(II) or localized involvement of one extra-
lymphatic organ or site plus one or more 
lymph node regions on the same side of dia-
phragm (IIE)

Stage III Involvement of lymph node regions on both 
sides of diaphragm (III), which can also 
include involvement of the spleen (IIIS) or 
localized extralymphatic site or organ exten-
sion (IIIE) or both (IIISE)

Stage IV Diffuse (multifocal) involvement of one or 
more extralymphatic organs or sites

Descriptors A=No “B” symptoms
B=Unexplained fever >38 C, weight loss 
>10% in previous 6 months, drenching 
night sweats
X=Bulky disease

28.1.2 Staging

Patients with HL are clinically staged. Treatment  �
recommendations are based on staging as well as 
prognostic factors (Table 28.2).
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Several prognostic factors were identifi ed on mul-
tivariate analyses (Table 28.4) ( Hasenclever 
and Diehl 1998).
Each factor reduces the 5-year freedom from pro- �
gression of disease by approximately 8% (Hasen-
clever and Diehl 1998) (Table 28.5).

28.2 Treatment of 
 Hodgkin’s Lymphoma

28.2.1 General Principles

ABVD containing multidrug regimen(s) is the  �
treatment of choice for HL (Grade A). Multidrug 
chemotherapy is superior to single drug regi-
mens, and ABVD-containing regimens produce 
improved disease-free survival as compared to 
MOPP alone (Level I) (Canellos et al. 1992; 
 Somers et al. 1990) (Table 28.6). Furthermore, 
ABVD has less sterility and hematological toxic-
ity, but more pulmonary and cardiac toxicity.
Brief and dose-intense chemotherapy regimens 
(Stanford V regimen) plus radiation therapy to 
bulky disease sites for locally extensive and ad-
vanced-stage Hodgkin’s disease have produced 
acceptable outcomes, according to the long-term 
follow-up of a non-randomized prospective trial 
(Level III) (Horning et al. 2002). BEACOPP is 
an option for unfavorable or advanced presenta-
tions (EORTC/IPFP, Level I) (Hasenclever and 
Diehl 1998; Noordijk et al. 2005).
Radiation is the single most effective therapeutic  �
agent in controlling locoregional HL. Radiation 
fi elds should be based on anatomical structures 
and the extent of the tumor.

Table 28.4. Unfavorable prognostic factors for advanced 
Hodgkin’s lymphoma

Age 45

Male

Albumin <4 g/dl

Hemoglobin <10.5 g/dl

Stage IV disease

WBC 15×103/mm3

Lymphocyte <600/mm3 or lymphocyte <8% of WBC

Table 28.3. Comparison of prognostic factors in four major research groups

Factor EORTC GHSG NCIC a Stanford

Mediastinum MM >35% of TD at T5/6 on 
PA CXR

MMW/MTD  1/3 on PA 
CXR

MMW/MTD >1/3 
on PA CXR

MM >10 cm OR
MMW/MTD >1/3 on 
PA CXR

ESR/
“B” symptoms

ESR 30 w/“B” symptoms
ESR 50 w/o “B” symptoms

ESR 30 w/“B” symptoms 
ESR 50 w/o “B” symptoms

ESR 50 or
“B” symptoms “B” symptoms

Nodal sites 4 Sites 3 Sites 4 Sites

Others Age 50 Extranodal site Age 40 or
MCHL/LDHL

a National Cancer Institute of Canada.

Table 28.5. Prognostic score for advanced Hodgkin’s dis-
ease (Hasenclever and Diehl 1998)

Factors 5-year freedom from 
progression

5-year overall survival

0 84% 89%

1 77% 90%

2 67% 81%

3 60% 78%

4 51% 61%

5 42% 56%

Table 28.6. Chemotherapy regimens for the treatment of 
Hodgkin’s lymphoma

Regimens Chemotherapy agents 

MOPP Nitrogen mustard, Oncovin (vincristine), 
procarbazine, prednisone. Every 3 weeks

ABVD Adriamycin, bleomycin, vinblastine, 
dacarbazine. Every 4 weeks

MOPP/ABVD MOPP/ABVD. Every 8 weeks

Stanford V Mechlorethamine, doxorubicin,  etoposide, 
vincristine, vinblastine, bleomycin, 
prednisone. Every 4 weeks

BEACOPP Bleomycin, etoposide, adriamycin, 
cyclophosphamide, vincristine, 
procarbazine, prednisone. Every 3 weeks. 
Increased dose BEACOPP is given every 
22 days
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The current direction is to use the smallest effec- �
tive radiation dose with the smallest effective fi eld 
size to minimize toxicities.
Chemoradiation therapy should be given in a  �
sequential fashion. Systemic chemotherapy is 
usually given fi rst to reduce the bulk of disease, 
thus the irradiation fi eld size. In addition, che-
motherapy is important to treat any disseminated 
disease earlier and in decreasing the signifi cance 
of radiation-induced bone marrow suppression.

28.2.2 Treatment of Stage I–IIA 
 Favorable Hodgkin’s Lymphoma

Four cycles of ABVD-based chemotherapy fol- �
lowed by involved-fi eld radiation (20–30 Gy) or 
two cycles of Stanford V (8 weeks) followed by 
involved-fi eld radiation (30 Gy) to start within 
3 weeks after chemotherapy can be recommended 
(Grade A). The effi cacy of various chemotherapy 
combinations has been demonstrated in random-
ized phase III trials. 
Alternatively, six cycles of ABVD-based chemo-
therapy can be suggested, only if complete re-
sponse (CR) or unconfi rmed complete response 
(CRu) at restaging after four cycles of ABVD 
(Grade B).
Chemotherapy followed by involved-fi eld radia- �
tion therapy is currently the standard treatment 
recommendation (Grade A). Results from mul-
tiple randomized trials have confi rmed the su-
periority of sequential chemotherapy followed by 
radiation therapy over radiation therapy alone 
or chemotherapy alone. Freedom from treatment 
failure and overall survival rates are 90%–95%. 
The GHSG HD7 evaluated favorable stage I–II 
patients with extended-fi eld radiation therapy 
(EFRT) of 30 Gy plus 10 Gy boost versus ABVD 
for two cycles and the same EFRT 30 Gy plus 10 Gy 
boost. Results showed improvement in freedom 
from treatment failure (FFTF) at 7 years of 67% 
vs. 88% for the combined modality with simi-
lar overall survival (OS) 92 vs. 94% (GHSG HD7, 
Level I) (Engert et al. 2007). 
SWOG 9133/Intergroup study confi rmed the supe-
riority of sequential chemotherapy (adriamycin + 
vinblastine × 3) followed by STLI (36–40 Gy) to 
STLI alone (FFTF 94% vs. 81%). There was no 
difference in OS at 3 years (98% vs. 96%) (Level I) 
(Press et al. 2000). 

EORTC H7F randomized patients to STLI alone 
versus EBVP (epirubicin, bleomycin, vinblas-
tine, and prednisone) + IFRT. Results at 5 years 
showed improvement in recurrence-free sur-
vival (92% vs. 81%) with similar OS (98% vs. 
95%) (Level I) (Carde et al. 1997). Combined 
regimens were superior to radiation alone in the 
EORTC H8F trial comparing STLI (36–40 Gy) vs. 
MOPP/ABV × 3 followed by IFRT (36–40 Gy). 
The combined group was superior over RT alone 
in event-free survival (EFS) (93% vs. 68%) and 
OS (97% vs. 92%) at 10 years (Level I) (Ferme 
et al. 2007).
Combined chemoradiation therapy should be  �
considered, and chemotherapy alone should 
not be routinely recommended (Grade A). The 
EORTC H9F randomized stage I–II CR patients 
after EBVP × 6 to no RT, IFRT 20 Gy, or IFRT 
36 Gy. At 4 years the EFS was statistically sig-
nifi cant with no RT vs. RT (70%, 84%, and 87%). 
When using EBVP chemotherapy, IFRT should be 
strongly considered following complete response 
(Level I) (Noordijk et al. 2005). 
In a NCIC trial, early-stage patients were ran-
domized to subtotal nodal irradiation (STNI) of 
35 Gy plus two cycles of ABVD for the unfavorable 
group vs. ABVD × 4–6. The 5-year FFP and over-
all survival rates were improved in the radiation-
containing groups. In the favorable group, subset 
analyses comparing STNI of 35 Gy vs. ABVD × 
4–6 showed similar results for FFP and OS at 
5 years (Meyer et al. 2005).
Reduced dose chemotherapy and reduced dose  �
irradiation should be considered (Grade A). The 
effi cacy of reduced intensity chemotherapy and 
radiation were found to be equally effective in 
randomized trials and a meta-analysis. GHSG HD 
10 is a four-arm study comparing four versus two 
cycles of ABVD with 30 Gy and 20 Gy of IFRT. 
Results at 2 years show no difference in FFTF 
(96.6%) or OS (98.5%). However, longer follow-up 
is needed for the data to mature (Level II) (Diehl 
et al. 2005). 
GHSG HD 7, 10, and 13 were designed to evalu-
ate the effect of less intensive chemotherapy 
with involved-fi eld radiation therapy. A total of 
42 patients were identifi ed with treatment fail-
ure among the 1129 patients enrolled. Analysis 
of patients involved in these trials revealed that 
failure after ABVD × 2, ABV × 2, VD × 2, or AV 
× 2 followed by IFRT 30 Gy is rare (Level IV) 
(Sieniawski et al. 2007).
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IFRT should be considered the treatment fi eld of  �
choice for stage I and II patients (Grade A). The 
Milan trial enrolled stage I–II favorable and unfa-
vorable patients to four cycles of ABVD followed 
by either STLI (36–40 Gy) or IFRT (36–40 Gy). The 
results revealed no differences at 12 years in free-
dom from progression rate (93% versus 94%) and 
overall survival rate (96% versus 94%) (Level I) 
(Bonadonna et al. 2004). 
Results of patients with stage I–IIA favorable 
group treated with two cycles of Stanford V regi-
men followed by IFRT to a total dose of 30 Gy 
produced 95% freedom from progression rate at 
3 years (Level IV) (Diehl et al. 2004).
If a patient is unable to tolerate chemotherapy,  �
radiation therapy alone can be used for defi nitive 
treatment: 
For supradiaphragmatic disease STNI is pre-
ferred, including a mantle fi eld followed by a 2- to 
3-week break and then a paraortic-splenic fi eld. 
For subdiaphragmatic disease, staging laparo-
tomy is preferred prior to RT, and the treatment 
volume depends on the fi ndings. The dose for 
gross disease is 39.6 Gy/22 fractions (or 40 Gy/20), 
and for microscopic disease, 30.6 Gy/17 fractions 
(or 30 Gy/15 fractions).

28.2.3 Treatment of Stage IA–IIB 
 Unfavorable Hodgkin’s Lymphoma

Chemotherapy followed by IFRT should be rec- �
ommended for patients with non-bulky stage IA–
IIB HL with unfavorable features (Grade B). Sev-
eral regimens can be considered: (1) a total of four 
cycles of ABVD followed by IFRT of 30 Gy, (2) two 
cycles of Stanford V (8 weeks) followed by IFRT 
30 Gy, or (3) four cycles of BEACOPP followed 
by IFRT 30 Gy (Grade B). FFP and OS for these 
patients is 80%–90% at 10 years. 
Alternatively, six cycles of ABVD-based chemo-
therapy can be suggested only if there is com-
plete response (CR) or unconfi rmed complete 
response (CRu) at restaging after four cycles of 
ABVD (Grade C).
Chemotherapy followed by IFRT should be rec- �
ommended for patients with bulky stage IA–IIB 
HL with unfavorable features (Grade B). Several 
regimens can be considered: (1) a total of six cy-
cles of ABVD followed by IFRT of 30–36 Gy, (2) 
three cycles of Stanford V (12 weeks) followed 

by IFRT 36 Gy to initial bulky disease (>5 cm), 
or (3) four cycles of BEACOPP followed-by IFRT 
30 Gy (Grade B). FFP and OS for these patients is 
80%–90% at 10 years.
IFRT should be considered as the standard  �
fi eld arrangement for patients with unfavorable 
stage IA–IIB HL (Grade A). IFRT is equally ef-
fective with less toxicity as compared to subtotal 
lymphoid irradiation: EORTC H8U randomized 
early stage unfavorable patients to MOPP/ABV × 
6 + IFRT (36–40 Gy) or MOPP/ABV × 4 + IFRT or 
MOPP/ABV × 4 + STLI (36–40 Gy). There was no 
difference in 10-year EFS (82% vs. 80% vs. 80%) 
and 10-year OS (88% vs. 85% vs. 84%) (Level I) 
(Ferme et al. 2007). 
A Milan trial compared stage I–II favorable and 
unfavorable patients with four cycles of ABVD 
followed by either STLI (36 Gy–40 Gy) or IFRT 
(36–40 Gy), revealing no differences at 12 years 
in freedom from progression rate (93% vs. 94%) 
and OS (96% vs. 94%) (Level I) (Bonadonna et 
al. 2004). 
GHSG HD8 randomly compared COPP/ABVD × 2 
+ EFRT vs. COPP/ABVD × 2 + IFRT (same dose). 
The 5-year FFTF (86% vs. 84%) and OS (91% vs. 
92%) showed no difference between the groups. 
Toxicity was less in the IFRT group (Engert et 
al. 2003).
Lower dose irradiation to a total dose of 20 Gy  �
could be considered for adjuvant therapy; how-
ever, longer follow-up is needed before it can be 
considered standard (Grade B). The GHSG HD11 
randomized early-stage unfavorable patients in a 
four-arm fashion to four cycles of ABVD followed 
by IFRT 30 Gy, four cycles of ABVD followed by 
IFRT 20 Gy, or four cycles of BEACOPP followed 
by IFRT 30 Gy or 4 cycles of BEACOPP followed 
by IFRT 20 Gy. The early 2-year results show no 
differences in the FFTF (90%) and OS rates (97%) 
(Level II) (Klimm et al. 2005).
ABVD-based chemotherapy is considered the stan- �
dard regimen for the treatment of stage I and II HL 
with unfavorable features; however, certain newer 
chemotherapy regimens, such as Stanford V, can 
also be considered (Grade B). Early-stage I and II 
patients with extensive mediastinal involvement 
were treated with Stanford V for 12 weeks followed 
by 36 Gy IFRT to the initial sites >5 cm. The 5-year 
FFP (89%) and OS (96%) show the effectiveness of 
this regimen (Horning et al. 2002). 
The EORTC H9U evaluated early-stage unfavorable  �
patients comparing six cycles of ABVD, four cycles 
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of ABVD, or four cycles of BEACOPP followed by 
IFRT to 30 Gy. Results showed similar 4-year EFS 
rates (94% vs. 89% vs. 91%) and 4-year OS rates 
(96% vs. 95% vs. 93%). However, there was greater 
toxicity with BEACOPP without any further bene-
fi ts in EFS or OS (Level I) (Noordijk et al. 2005).
Two ongoing trials comparing different chemo- �
therapy regimens need to be noted: The ECOG 
2496 is currently ongoing to further evaluate the 
Stanford V regimen. This trial compares ABVD × 
6 + IFRT 36 Gy (initial bulky sites >5 cm) versus 
Stanford V × 3 + IFRT 36 Gy to bulky sites (Diehl 
et al. 2004). 
GHSG HD 14 is currently ongoing and aims to 
compare four cycles of ABVD chemotherapy fol-
lowed by IFRT (30 Gy) to two cycles of BEACOPP 
escalated plus two cycles of ABVD chemotherapy 
followed by IFRT to the same dose (Diehl et al. 
2004).

28.2.4 Treatment of Stage III–IV 
 Hodgkin’s Lymphoma

Systemic chemotherapy is currently the stan- �
dard treatment of choice for stage III and IV HL 
(Grade B). Six to eight cycles of ABVD or eight 
cycles of BEACOOP can be considered for de-
fi nitive treatment. Restaging is performed after 
four cycles. Typically, two more cycles are given 
after CR/CRu is achieved. For the ABVD group, 
30–36 Gy of IFRT is given for bulky sites or partial 
response (PR) and for the BEACOPP group, con-
solidative IFRT 30–40 Gy is given to initial sites 
>5 cm or after partial response (Grade A). The 
5-year FFTF ranges from 65%–85%, while 5-year 
OS is between 70% and 90%.
ABVD-containing regimens show superiority  �
over MOPP chemotherapy and are considered the 
mainstay treatment regimen (Grade A). A trial 
reported by CALGB compared advanced-stage 
patients to six to eight cycles of MOPP, 12 cycles 
of MOPP/ABVD, or six to eight cycles of ABVD. 
The ABVD and MOPP/ABVD had improved 10-
year FFS (55%, 50%) versus MOPP (38%). ABVD 
alone was found equally effective as compared to 
the MOPP/ABV hybrid. The overall survival rates 
were similar among the three groups (Level I) 
(Canellos et al. 1992).
IFRT for consolidative treatment should be con- �
sidered for bulky disease or partial response after 

initial chemotherapy (Grade B). In a prospective 
randomized trial, patients with stage III–IV HL 
were treated with six to eight cycles of MOPP/
ABVD chemotherapy. Patients in complete re-
mission after chemotherapy were randomized 
between no further treatment and IFRT. Those 
in partial response after six cycles received IFRT 
(30 Gy to originally involved nodal areas and 
18 Gy to 24 Gy to extranodal sites with or with-
out a boost). Non-random comparison showed 
that the addition of IFRT 30 Gy to MOPP/ABV 
× 6–8 in patients with PR improved the EFS to 
the level of the CR with or without RT (Level III) 
(Aleman et al. 2007).
Consolidative radiation is not routinely recom- �
mended in patients who achieved complete re-
sponse after initial chemotherapy (Grade C). In 
the above-mentioned study, patients who achieved 
CR to MOPP/ABVD chemotherapy demonstrated 
similar EFS and OS rates without radiation, as 
randomly compared to those who received IFRT 
(Level II) (Aleman et al. 2007). A prospective 
randomized trial reported by EORTC evaluated 
MOPP/ABV × 6–8 followed by IFRT 24 Gy versus 
no further treatment for complete responders and 
showed that the addition of RT did not improve 
the 5-year EFS or OS. However, patients who 
achieved partial response may benefi t from the 
addition of adjuvant radiation therapy (EORTC 
20884, Level I) (Aleman et al. 2003).
Increased dose intensity for chemotherapy is rec- �
ommended for advanced HL and is associated with 
improved survival (Grade A). GHSG HD9 com-
pared COPP-ABVD × 8 versus BEACOPP standard 
× 8 versus BEACOPP increased dose × 8. Radiation 
therapy was recommended for bulky or residual 
disease (30 Gy and 40 Gy, respectively). Results 
showed improvement in 10-year FFTF (64% versus 
70% versus 82%) and overall survival (75% versus 
80% versus 85%) rates for the BEACOPP increased 
dose group (Level I) (Diehl et al. 2007). 
BEACOPP given in 14-day intervals (BEACOPP-14) 
was analyzed in a phase II clinical trial. BEA-
COPP-14 for eight cycles with or without adjuvant 
radiation therapy provided a FFTF and overall 
survival rates of 90% and 97%, respectively, at 
34 months after treatment (Level III) (Sieber et al. 
2003). The GHSG HD 12 trial randomly compared 
four groups of patients with advanced HL: (1) BEA-
COPP escalated for eight cycles with adjuvant ra-
diotherapy of 30 Gy for bulky/residual disease, (2) 
BEACOPP escalated for eight cycles without radia-
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tion, (3) BEACOPP escalated for four cycles plus + 
BEACOPP for four cycles with RT 30 Gy for bulky/
residual disease, and (4) BEACOPP escalated for 
four cycles plus BEACOPP for four cycles with-
out RT. The radiation arm versus the no radiation 
arm showed no difference in FFTF (95% vs. 88%). 
However, 10% of patients in the no-RT group had 
RT due to minor response or residual disease after 
chemotherapy (Level I) (Eicht et al. 2007).
Newer chemotherapy regimens include ChIVPP/ �
EVA, VAPEC-B, and Stanford V. The Stanford V 
regimen has been evaluated in a phase II trial. 
Stanford V × 3 + IFRT to initial sites of bulky 
disease >5 cm showed a 5-year FFP of 89% and OS 
of 96% (Level III) (Horning et al. 2002). ChIVPP/
EVA was found to be superior to VAPEC-B in 
the 5-year freedom-from progression rate (82% 
versus 62%) and overall survival rate (89% versus 
79%) (Level I) (Radford et al. 2002).
Two ongoing trials for advanced HL need to be  �
noted: The ECOG 2496 mentioned above is cur-
rently ongoing to further evaluate the Stanford V 
regimen. This trial compares six to eight cycles 
of ABVD followed by IFRT of 36 Gy for initial 
bulky sites >5 cm versus three cycles of Stanford 
V chemotherapy followed by IFRT of 36 Gy to 
bulky sites (Diehl et al. 2004). 
GHSG HD 15 is another ongoing trial aimed at 
comparing BEACOPP escalated for eight cycles, 
BEACOPP escalated for six cycles, and BEA-
COPP-14 for eight cycles. Radiation therapy is 
used only in patients with positive FDG-PET after 
chemotherapy (Diehl and Fuchs 2007).

28.3 Treatment of Nodular 
 Lymphocyte-Predominant 
 Hodgkin’s Lymphoma (NLPHL)

NLPHL is a relatively rare entity, and there are  �
limited data to guide management.
Stage IA NLPHL can be treated with IFRT to a  �
total dose of 30–36 Gy (Grade B). EFRT or com-
bined chemotherapy and radiation therapy pro-
vide no further benefi t (Level IV) (Nogova et 
al. 2005). A German Hodgkin’s Lymphoma Study 
Group (GHSG) phase II study is ongoing using 
rituximab (anti-CD20 monoclonal antibody) in 
stage IA  NLPHL patients (Nogova et al. 2008).

Stage IIA NLPHL can be treated with defi nitive  �
radiation therapy alone or chemotherapy fol-
lowed by IFRT (Grade D).
Stage IB or IIB diseases should be treated with com- �
bined chemotherapy followed by IFRT (Grade D).
Patients with stage IIIA or IVA diseases can be  �
observed or treated with chemotherapy with or 
without radiation (Grade D). Rituximab is rec-
ommended for patients who cannot tolerate che-
motherapy.
Patients with stage IIIB or IVB diseases are usu- �
ally treated with chemotherapy with or without 
radiation therapy (Grade D). Rituximab is rec-
ommended for patients who cannot tolerate che-
motherapy.
For relapsed and refractory disease, rituximab  �
can be considered (Grade B). Results of a phase II 
trial have demonstrated excellent response rates 
of 94% (Level III) (Schulz et al. 2008).

28.4 Radiation Therapy Fields and 
 Dose

Radiation is commonly utilized in combination  �
with defi nitive chemotherapy. In such a regi-
men, IFRT is usually performed. Defi nitions of 
various radiation treatment fi elds are as follows 
( Yahalom et al. 2007) (Fig. 28.1):
IFRT: includes clinically involved lymph node site. –
Regional fi eld (RF): IFRT + additional adjacent  –
uninvolved lymph node.
Extended fi eld (EF): Includes IFRT + several ad- –
ditional lymph node groups. Examples include 
mantle fi eld and “inverted Y.”
Total nodal irradiation (TNI): Mantle + inverted  –
Y fi eld.
Subtotal lymphoid irradiation (STLI): TNI –  –
 pelvic fi eld.
Involved lymph node fi eld can be elected for the  �
treatment of localized HL. Involved nodal fi eld 
encompasses involved node and a margin of 
1–2 cm (Yahalom 2007).
When treating a subdiaphragmatic fi eld, careful  �
consideration is necessary for oophoropexy in 
women and use of a testes shield for men.
Mantle fi eld irradiation is indicated in patients  �
with early-stage HL who cannot tolerate or who 
decline chemotherapy.
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28.4.1 Arrangement and Simulation for 
 Involved Field Radiation

CT simulation for three-dimensional conformal  �
radiation therapy is highly recommended to de-
termine doses to normal structure and further 
delineate tumor volume, especially in the abdo-
men, axilla, and mediastinum (Yahalom et al. 
2007; Hoppe 2008). Intensity-modulated radia-
tion therapy (IMRT) may be considered for high 
cervical fi elds to reduce the parotid dose.
Unilateral Cervical Field � . The unilateral cervical 
fi eld encompasses cervical and supraclavicular 
(SCV) lymph nodes:
Superior border: 1–2 cm above the tip of the mas- –
toid and mid-point through the mandible.
Inferior border: 1–2 cm below the clavicle. –
Medial border: (1) At the ipsilateral transverse  –
process if there is no SCV or medial cervical LN. 
(2) At the contralateral vertebral body if there is 
no SCV LN, but a positive medial cervical LN. (3) 
At the contralateral transverse process if there is 
positive SCV LN.

Lateral border: Includes the medial two thirds of  –
the clavicle.
Modifi ers – : Block oral cavity. Consider a laryn-
geal block at 20 Gy, if it will not block disease. 
Consider a spinal cord block especially if cord 
dose is >40 Gy. Consider blocking the larynx and 
vertebral bodies above the larynx if stage I and 
no medial nodes.
Pelvic Field � . In oophoropexy the ovaries are 
moved by laparoscopy to either behind the uterus 
or to the iliac wings. 
Superior border: L4/5 or 2-cm margin on LN,  –
whichever is larger.
Inferior border: Lesser trochanter or 2 cm below  –
LN, whichever is more inferior.
Lateral border: 1.5–2.0 cm lateral of the pelvis.  –
Midline blocks: Use a gonadal shield. A 10 half- –
value layer is added to block the ovaries identifi ed 
by a radiopaque clip. The block needs to cover 
the ovaries by 2 cm to reduce the dose to 8% (Le 
Floch et al. 1976). A testes shield reduces the 
dose to 0.75%–3%.
Axilla Field � . 
Position: Supine position, arms akimbo, or arms  –
up.
Superior border: C5/6  –
Inferior border: Tip of the scapula or 2 cm below  –
the tumor volume, whichever is lower.
Medial border: Ipsilateral cervical transverse  –
process. If the SCV is involved, then include the 
entire vertebral body.
Lateral border: At the lateral border of the hu- –
meral head.
Blocks: Block humeral head and lung. –
Paraaortic Field � . 
Superior border: Top of T11 or 2 cm above the pre- –
chemotherapy volume, whichever is superior.
Inferior border: L4/L5 or 2 cm below the pre- –
chemotherapy volume, whichever is lower.
Lateral borders: Include the transverse processes  –
or 2 cm on the post-chemotherapy volume, which-
ever is larger.
If the spleen is to be treated, use a margin of  �
1.5–2 cm of the post-chemotherapy volume taking 
into account the respiratory movement of the spleen 
by either fl uoroscopy or CT inspiration/expiration 
images. Kidneys should be shielded bilaterally.
Inguinal Field � .
Superior border: Mid-sacroiliac joint. If common  –
iliac is involved the superior border should be 
increased to L4/5 or 2 cm above the pre-chemo-
therapy tumor volume.

I

II

III

Mantle fieldI

Spade fieldII

Subtotal
nodal
irradiation

I+II

Inverted YIII

Total nodal
irradiation

I+III

Fig. 28.1. Various irradiation fi elds for lymph nodal cover-
age in the treatment of Hodgkin’s lymphoma or non-Hodg-
kin’s lymphoma (Adopted from the SEER’s Training Website 
http://training.seer.cancer.gov) 
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Inferior border: 5 cm below the lesser trochanter. –
Medial border: Medial edge of obturator foramen  –
or 2 cm margin on LN, whichever is larger.
Lateral border: Greater trochanter or 2 cm margin  –
on LN, whichever is larger.
Inverted Y Field � . Includes paraaortic, bilateral 
pelvic, and inguinofemoral with or without treat-
ing the spleen. Inverted Y fi eld is rarely used.
Mediastinal Field � .
Position: Arms may be down if not treating the  –
axilla. Includes bilateral hilar and mediastinal 
LN. The axilla is only included if involved. The 
medial SCV is included if no SCV involved. The 
entire SCV is included if involved and part of the 
cervical region.
Superior border: At C5/6 including the medial  –
part of the SCV. 
Inferior border: 5 cm below the carina or 2 cm  –
below the pre-chemotherapy volume, whichever 
is inferior.
Hilar border: If hilum initially involved, add a  –
margin of 1.5 cm and 1 cm if not involved.
Mediastinal border: Post-chemotherapy volume  –
+ 1.5-cm margin.
If supraclavicular lymph nodes are involved, then  –
the superior border is at the top of the larynx 
with the lateral border at the medial two-thirds 
of the clavicle.

28.4.2 Arrangement and Simulation for 
 Mantle Field Radiation

Mantle Field � . The Mantle fi eld encompasses 
submandibular, cervical, supraclavicular, infra-
clavicular, axillary, mediastinal, subcarinal, and 
hilar lymph nodes (Fig. 28.2) (Yahalom et al. 
2007; Hoppe et al. 2008):
Position: Simulate supine, neck fully extended.  �
Simulating with arms up allows the axillary 
lymph nodes to be pulled from the chest and 
therefore more lung blocking. If arms are down 
or akimbo, this allows the humeral head to be 
blocked and fewer skin folds.
Superior border: Bisect the mandible and mas- �
toid.
Inferior border: Inferior border of the axilla is  �
the tip of the scapula or follows the posterior 
6th rib. Inferior border of the mediastinal fi eld 
is usually T10–11, but should be 5 cm below the 
extent of disease.

Lateral border: At the lateral border of the hu- �
meral head.
Blocks: Block the larynx anteriorly, spinal cord  �
posteriorly, and humeral heads. The radiation 
dose and the extent of disease determine whether 
a block would be benefi cial as it may not be nec-
essary if the dose is low and should not be used 
if it blocks disease. Lung block should allow a 
1-cm margin around mediastinal disease and 
inclusion of the hilum bilaterally. Superior lung 
block should allow a 1-cm margin of the clavicle 
and follows along the posterior rib tapered later-
ally. The heart should be blocked 5 cm below the 
carina after 30 Gy in order to reduce the heart 
dose if there is no residual disease. Block the apex 
of the heart at 15 Gy if you are treating the entire 
heart for pericardial or mediastinal disease.
The mini-mantle fi eld �  encompasses the mantle 
fi eld without encompassing mediastinum, sub-
carinal, and hilar regions.
Modifi ed mantle fi eld �  encompasses the mantle 
fi eld without axilla.

28.4.3 Radiation Dose

For defi nitive radiation therapy for HL, a total  �
dose of 35–44 Gy is recommended to the involved 
region of disease. The uninvolved region should 
be treated to 30–36 Gy.
For adjuvant radiation therapy following defi ni- �
tive multi-drug chemotherapy, 30–36 Gy is rec-

Fig. 28.2. Typical mantle radiation fi eld with shielding of 
the lungs, humeral heads, larynx, and oral cavity (see text. 
for detailed description]
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ommended for bulky disease (stage I–IV), and 
20–30 Gy is recommended for non-bulky diseases 
(stage I–IV). A total of 30 Gy can be recommended 
for excised NLPHL.
Fraction size of 1.5–2.0 Gy per daily fraction is  �
usually used.

28.5 Chemotherapy- or 
 Radiotherapy-Induced 
 Side Eff ects and Toxicities

Information regarding long-term toxicity of ra- �
diation is from older data when doses of radiation 
were approximately 40 Gy and fi eld sizes were 
larger. These data are not necessarily applicable 
to modern day IFRT with smaller doses.
With smaller radiation fi elds, lower radiation doses  �
and less toxic chemotherapy regimens, long-term 
complications may be reduced (Level V) (Mauch 
et al. 2005).

28.5.1 Acute and 
 Subacute Complications

Acute side effects from irradiation depend on the  �
area treated, but usually include mild dermati-
tis, myelosuppression, hair loss, nausea, diarrhea, 
dry mouth, changes in taste, sore throat, fatigue, 
cough, and shortness of breath.
Subacute adverse effects induced by radiotherapy  �
may include radiation pneumonitis, which may 
occur 6–12 weeks after the completion of radio-
therapy in 5% of mantle-treated patients. The 
risk of radiation pneumonitis is increased with 
bleomycin. L’Hermitte’s syndrome presents with 
paraesthesia caused by neck fl exion 12 months 
after mantle radiation therapy. L’Hermitte’s syn-
drome resolves spontaneously.

28.5.2 Late Complications

Subclinical hypothyroidism, evident by normal  �
T4 and elevated TSH, is found in 30% of long-term 
survivors treated with standard mantle RT.

Xerostomia can occur if Waldeyer’s ring is irradi- �
ated, and scheduled dental care is required.
Infertility is a concern for patients treated with  �
subdiaphragmatic radiation. Sperm, oocyte, and 
embryo cryopreservation should be discussed 
with patients concerned with infertility. If a testes 
shield is used, azoospermia is usually transient. 
MOPP and BEACOPP have alkylating agents and 
procarbazine, which can cause sterility in men. 
Even with oophoropexy in women, the small scat-
ter dose can still cause infertility. Early meno-
pause can occur with pelvic radiation, as well as 
with alkylating agents.
Secondary malignancies after HL are divided into  �
three groups: leukemia, lymphomas, and solid tu-
mors. Alkylating agents or procarbazine increase 
the risk of leukemia. Non-Hodgkin’s lymphoma 
may develop in 1.2%–2.1% of patients at 15 years 
due to immunosuppression. The two most com-
mon secondary solid tumors are lung and breast 
cancer. Smoking, chest radiation dose, and al-
kylating chemotherapy dose increase the risk of 
lung cancer. A case controlled study showed che-
motherapy alone resulted in twice the risk of de-
veloping lung cancer in comparison to radiation 
therapy alone. Age of chest irradiation younger 
than 30 and increased radiation dose increase the 
breast cancer risk.
Cardiovascular risk is increased with chest radia- �
tion, especially when combined with doxorubicin. 
Decreasing the cardiac radiation dose decreases 
the mortality from cardiac disease.

28.6 Treatment of Residual Disease

Patients with an unconfi rmed complete response  �
(CRu) with a positive FDG-PET scan or less than 
a CRu after defi nitive chemotherapy should be 
individualized for their treatment. Treatment op-
tions include chemotherapy, radiation therapy, 
and high-dose chemotherapy.
In progressive or stable disease with no obvi- �
ous response to chemotherapy, a biopsy may 
be performed to confi rm the lack of response. 
High-dose chemotherapy with or without IFRT 
followed by autologous hematopoietic stem cell 
transplant (AHSCT) can be considered for refrac-
tory disease, as detailed below.
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28.7 Treatment of Refractory and 
 Recurrent Hodgkin’s Lymphoma

Restaging including bone marrow biopsy should  �
be performed in all patients after a biopsy-proven 
recurrence.
Treatment recommendation for recurrent HL is  �
based on prior therapy. Patients with recurrence 
after radiation therapy alone may be salvaged 
with standard chemotherapy. Additional IFRT of 
15–25 Gy can be considered depending on the 
tolerance of surrounding structures (Grade D).
In patients with stage IA–IIA HL treated with  �
chemotherapy alone, failure at the initial site of 
presentation needs individualized salvage treat-
ment strategy.
In patients with prior combination chemoradia- �
tion therapy, AHSCT is recommended, especially 
if there has been a long disease-free interval 
(Grade A). Results of a number of prospective 
randomized trials have confi rmed that high-dose 
chemotherapy followed by transplantation of au-
tologous hematopoietic stem cells (BEAM-HSCT) 
improves FFTF in patients with recurrent Hodg-
kin’s disease irrespective of the length of initial 
remission (Level I) (Schmitz et al. 2002; Sureda 
et al. 2008). Approximately 50% of these can be 
salvaged (Armitage et al. 2007). 
A recently published prospective non-random-
ized series demonstrated that the 5-year EFS and 
OS rates were both 83% after total lymphoid irra-
diation and high-dose chemotherapy with autolo-
gous stem-cell transplantation (Level II) (Evens 
et al. 2007).
Radiation to previously unirradiated areas may  �
be considered since relapse rates are high with 
salvage high-dose chemotherapy alone.

28.8 Follow-Up

28.8.1 Post-Treatment Follow-Ups

Life-long follow-up after defi nitive treatment of  �
HL is recommended for detecting recurrence, 
secondary tumors, or other long-term complica-
tions of radiation therapy or chemotherapy.

Schedule

Follow-ups could be scheduled every 3–4 months for  �
2 years, then every 6 months for 3 additional years, 
then annually thereafter (Grade D) (Table 28.7).

Work-Up

Each follow-up should include a complete history  �
and physical examination. Counseling should 
take place regarding cardiovascular and skin 
cancer risk as well as psychosocial issues.
Complete blood count, ESR, and alkaline phos- �
phatase can be ordered every 3–4 months for 
2 years, every 6 months for an addition 3 years, then 
annually thereafter (Grade D). Evaluation of thy-
roid function with thyroid-stimulating hormone 
(TSH) in patients receiving radiation therapy to the 
neck and/or upper chest should be performed an-
nually (Grade D) (Level IV) (Mauch et al. 2005).
Chest X-ray or CT of the thorax every 3–6 months  �
for the fi rst 2–3 years, then annually up to 5 years 
can be recommended. Afterwards chest imaging 
annually should be performed only for patients 
with high risk factors such as chest radiation and 
bleomycin. Abdominal/pelvic CT every 6 months 
for the fi rst 2–3 years, then annually up to 5 years 
can be considered (Grade D).
Counseling regarding self-breast examination  �
should be offered to all female patients. Mam-
mography should be done annually for RT above 
the diaphragm 5–8 years after treatment or at age 
40, whichever comes fi rst (Grade D) (Level IV) 
(Mauch et al. 2005). In addition to mammogra-
phy, breast MRI is recommended by the Ameri-
can Cancer Society. 
Annual infl uenza vaccine is necessary, particularly  �
if the patient is high risk or received chest RT or 
bleomycin. If the patient had splenic RT or splenec-
tomy, pneumococcal, H. infl uenza, and meningo-
coccal vaccines are recommended every 5–7 years. 
Due to increased risk of cardiac toxicity, resting  �
and stress echocardiography is recommended an-
nually 10 years after treatment.

Table 28.7. Follow-up schedule after treatment for non-
Hodgkin’s lymphoma

Interval Frequency

First 2 years Every 3–4 months

Year 3–5 Every 6 months

Over 5 years Annually
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Introduction and Objectives

Multiple myeloma is a malignancy of post-germinal center B-
cells characterized by accumulation of abnormal clonal plasma 
cell secreting monoclonal proteins in the bone marrow. In many 
instances, it is preceded by monoclonal gammopathy of unde-
termined signifi cance (MGUS), a pre-malignant stage that is 
present in approximately 3% of individuals above 50, or a more 
advanced stage of clonal expansion where the patient is still 
asymptomatic, called smoldering myeloma.

Solitary plasmacytoma is the localized disease that can arise 
from the bone (solitary plasmacytoma of the bone) or in the 
soft tissue (extramedullary plasmacytoma). All plasma cell tu-
mors are highly radiosensitive. However, while radiation is the 
primary and potentially curative treatment in solitary plasmacy-
toma, it has only a palliative role in the management of multiple 
myeloma.

This chapter examines:

Recommendations for diagnosis and staging procedures �

The staging systems and prognostic factors �

Treatment recommendations for multiple myeloma, osseous  �
plasmacytoma, and extramedullary plasmacytoma, as well 
as the supporting scientifi c evidence,

Maintenance therapy and supportive therapy for multiple  �
myeloma

Follow-up care and surveillance of survivors �
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29.1 Diagnosis, Staging, and 
 Prognoses

29.1.1 Diagnosis

Initial Evaluation

The aim of initial evaluation is to establish the  �
diagnosis and stage the patients for prognosis. 
Diagnosis should be made according to the diag-
nostic criteria established by the International 
Myeloma Working Group (2003) (Table 29.1). It 
is important to exclude other potential causes of 

M-proteins, such as AL amyloidosis, B-cell non-
Hodgkin lymphoma (including Waldenstrom 
macroglobulinemia), and chronic lymphocytic 
leukemia.

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic serum electrolytes and urea, 
creatinine, and calcium, albumin, and -2 micro-
globulin, liver and renal function tests, alkaline 
phosphatase, and lactate dehydrogenase (LDH) 
(Tables 29.2, 29.3). 
Quantifi cation of serum M-protein by densitom- �
etry on the monoclonal peak on serum or urine 
protein electrophoresis should be performed. Im-
munochemical measurement of the total immu-
noglobulin isotype level can also be used and is 
particularly useful for IgA and IgD M-proteins. 
The type of M-protein should be confi rmed by 
immunofi xation.

Table 29.1. Diagnostic criteria for MGUS, SMM, MM, and 
solitary plasmacytoma

Monoclonal gammopathy of unknown signifi cance

– Serum M-protein <30 g/l
– Bone marrow clonal plasma cells <10%
– Absence of myeloma-related organ or tissue impairment 
   (Table 29.2)
– No clinical or laboratory features of amyloidosis or 
   light-chain deposition disease

Smoldering multiple myeloma

– Serum M-protein >30 g/l and/or bone marrow clonal 
   plasma cells >10%
– Absence of myeloma-related organ or tissue impairment

Multiple myeloma

– M-protein in serum and/or urine (no specifi c level 
   required form diagnosis)
– Bone marrow clonal plasma cells or biopsy proven 
   plasmacytoma
– Any myeloma-related organ or tissue impairment

Solitary plasmacytoma

– Biopsy-proven monoclonal plasmacytoma of bone in a 
   single site only. X-rays and MRI must be negative out-
   side the primary site
– Primary lesion may be associated with small serum and/
   or urine M-component (serum IgG <3.5 g/dl; serum IgA 
   <2.0 g/dl; urine monoclonal kappa or lambda <1.0 g/24 h)
– Bone marrow clonal plasma cells <10%
– No myeloma-related organ or tissue impairment

Extramedullary plasmacytoma

– Biopsy-proven extramedullary tumor of clonal plasma 
   cells. 
– Normal skeletal survey
– May be associated with small serum and/or urine 
   M-component (serum IgG <3.5 g/dl; serum IgA <2.0 g/dl; 
   urine monoclonal kappa or lambda <1.0 g/24 h)
– Bone marrow clonal plasma cells <10%
– No myeloma-related organ or tissue impairment

Table 29.2. Myeloma-related organ or tissue impairment

Increase calcium levels Corrected serum calcium 
>0.25 mmol/l above the upper 
limit of normal or >2.75 mmol/l

Renal insuffi ciency Attributable to myeloma

Anemia Hemoglobin 2 g/dl below the 
lower limit of normal or 
hemoglobin <10 g/dl

Bone lesions Lytic lesions or osteoporosis with 
compression fractures

Other Symptomatic hyperviscosity, 
amyloidosis, recurrent bacterial 
infections (more than two 
episodes in 12 months)

Table 29.3. Imaging and laboratory work-ups for multiple 
myeloma

Imaging studies Laboratory tests

– Skeletal survey
– CT scan 
   (to clarify ambiguous 
   lesions)
– MRI (for spine 
   lesions and if cord 
   compression 
   suspected)

– Complete blood count
– Serum electrolytes, urea, 
   creatinine, calcium, albumin, 
   and -2 microglobulin
– Serum and urine protein 
   electrophoresis and
   immunofi xation
– Quantifi cation of immuno-
   globulins
– Bone marrow aspirate and 
   trephine with cytogenetic and 
   FISH (if available)
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Quantifi cation of serum-free immunoglobulin  �
light chain levels and the /  ratio is useful in 
the monitoring and diagnosis of light chain only 
myeloma and non-secretory myeloma in which 
the serum and urine are negative on immunofi x-
ation (Grade B) (Level III) (Bradwell et al. 2003; 
Drayson et al. 2001).
Bone marrow aspirate and biopsy are required.  �
Serum  � -2 microglobulin and albumin, which 
constitute the international staging system 
 (Table 29.4), should be measured.
Cytogenetics and FISH for t(4;14) and 17p13 dele- �
tion should be performed on the aspirate where 
facilities are available.

Imaging Studies

Skeletal survey should be performed in newly  �
diagnosed myeloma patients and should include 
a postero-anterior (PA) view of the chest, antero-
posterior (AP) and lateral views of the cervical 
spine, thoracic spine, lumbar spine, humeri, and 
femora, AP and lateral view of the skull, and AP 
view of the pelvis. Any symptomatic areas should 
be specifi cally visualized. 
CT scan should be used to clarify the signifi cance  �
of ambiguous plain radiographic fi ndings, espe-
cially in parts of the skeleton that are diffi cult 
to visualize on plain radiographs, such as ribs, 
sternum, and scapulae, or symptomatic areas of 
the skeleton where no pathological lesion is found 
on skeletal survey. However, CT scan should not 
be used for routine screening for lytic lesions.
MRI of the spine is recommended for suspected  �
solitary plasmacytoma of the vertebral body 
(Grade A). More than one third of cases of soli-
tary plasmacytoma of the vertebral body diag-
nosed using standard diagnostic procedures have 
multiple osteolytic lesions on MRI of the spine 
(Level III) (Ghanem et al. 2006; Moulopoulos 
et al. 1993; Wilder et al. 2002).
Urgent MRI is the diagnostic procedure of choice  �
to assess suspected cord compression in myeloma 
patients even in the absence of vertebral collapse.

29.1.2 Staging

The International Staging System (Table 29.4) is  �
currently the preferred system (Grade B). The 
Durie-Salmon staging system, which is a surro-
gate for tumor load, was commonly used in the 

past. However, the distribution of patients into 
the different stages is not even, and it is based on 
a large number of criteria, making its use more 
cumbersome.
In a large international study including American, 
European and Asian centers, in patients treated 
with standard chemotherapy and stem cell trans-
plantation, a staging system comprising two rou-
tinely measured laboratory parameters, albumin 
and -2 microglobulin, was found to segregate 
patients into three groups with distinctly differ-
ent survival rates. Importantly, the index was de-
rived using statistically rigorous methods in a test 
cohort and validated in an independent cohort, 
and is equally applicable to patients from dif-
ferent geographical regions and patients treated 
with both chemotherapy and stem cell transplan-
tation. (Level III) (Greipp et al. 2005).

29.1.3 Prognostic Factors

The presenting stage defi ned by the International  �
Staging System is the most important prognostic 
factor for multiple myeloma.
Karyotypically defi ned hypodiploidy and chro- �
mosome 13 deletion are associated with poor 
prognosis. These fi ndings are consistently re-
ported across a large number of studies includ-
ing patients entered into clinical trials (Fonseca 
et al. 2004; Wu et al. 2007). These are also among 
the genetic abnormalities proposed by the Mayo 
Clinic to defi ne high-risk myeloma (Stewart et 
al. 2007).
t(4;14) and 17p13 deletions detected by fl uores- �
cent in-situ hybridization (FISH) are associated 
with poor survival independent of the ISS stag-
ing (Avet-Loisseau et al. 2007). Progression-free 
survival of patients with t(4;14) and 17p13 deletion 
is less than 1 year after stem cell transplantation 
(Gertz et al. 2005). 

Table 29.4. The international staging system for multiple 
myeloma

Stage Criteria Median survival

I Serum -2 microglobulin 
<3.5 mg/l and serum albumin 
>35 g/l

62 months

II Neither I nor III 45 months

III Serum -2 microglobulin 
>5.5 mg/l

29 months
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Many other prognostic factors have been proposed  �
in myeloma, including serum LDH (Jacobson et 
al. 2003), the number of bone lesions on MRI 
(Walker et al. 2007), plasmablastic morphology 
(Greipp et al. 1998), centrosome amplifi cation 
(Chng et al. 2007), plasma cell labeling index 
(Greipp et al. 1993), and p53 mutation (Chng et 
al. 2007), but these were either shown in limited 
studies or cumbersome assays, and hence are not 
recommended in routine clinical practice. 

29.2 Treatment of Multiple Myeloma

29.2.1 General Principles

Therapeutic intervention is only warranted in  �
patients with symptomatic myeloma (Grade A). 
Early intervention in asymptomatic myeloma has 
shown no benefi t in two randomized controlled 
trials (Level I) (Hjorth et al. 1993; Riccardi et 
al. 2000). 
The main aim of treatment is to achieve a com- �
plete response at the end of the treatment as this 
has been consistently shown to be associated 
with longer survival. For patients who require 
treatment, their eligibility for high-dose therapy 
(HDT) followed by autologous stem cell trans-
plantation (ASCT) should be determined. 
Acute and subacute complications, such as spinal  �
cord compression, acute renal failure, hypercalce-
mia, anemia, bone pain, and impending fracture, 
should be vigorously treated. Radiation therapy 
plays an important role in symptomatic palliation.

29.2.2 Upfront Chemotherapy and 
 Targeted Therapy

For patients who are not candidates for high-dose  �
therapy and transplant, the treatment of choice 
at diagnosis is the melphalan-prednisolone-tha-
lidomide (MPT) regimen (Grade A), which has 
been shown in two randomized trials to produce 
superior response, progression-free survival, and 
overall survival rates compared to the former stan-
dard melphalan and prednisolone (MP) regimen 
(Level I) (Palumbo et al. 2006; Facon et al. 2007).

Prednisolone is preferred over dexamethasone as  �
the steroid of choice in these patients (Grade A). 
Three randomized studies showed that the use of 
dexamethasone instead of prednisolone resulted 
in greater toxicity without improving effi cacy 
(Level I) (Shustik et al. 2007; Facon et al. 2006; 
Hernandez et al. 2004).
For candidates of HDT and ASCT, thalidomide  �
with dexamethasone is the initial treatment of 
choice (Grade A). This combination has been 
shown to produce a signifi cantly higher response 
rate compared to high-dose dexamethasone 
(Level I) (Rajkumar et al. 2006). Case-control 
comparison from Italy has shown that thalido-
mide and dexamethasone had signifi cantly better 
response compared to vincristine-doxorubicin-
dexamethasone (VAD) and comprise a well-toler-
ated oral regimen (Level II) (Cavo et al. 2005).
As the aim of the initial therapy is to achieve rapid 
cytoreduction without affecting stem cell mobili-
zation, alkylating agents such as melphalan should 
be avoided as this will affect stem cell collection.
If thalidomide is not available or contraindicated,  �
VAD or pulsed dexamethasone alone is an ac-
ceptable and well-studied frontline option prior 
to ASCT (Grade B). VAD produces a response 
rate of 60%–70%, although complete remission 
is relatively rare. Pulse high-dose dexametha-
sone, which produces response rates of about 
40%–50%, is a reasonable alternative to VAD. 
A historical comparison from the Mayo Clinic 
compared outcomes in 35 patients who received 
pulsed high-dose dexamethasone with 72 pa-
tients who received VAD as initial therapy. The 
response rate was 63% with pulsed high-dose 
dexamethasone and 74% with VAD (p=0.25), but 
no signifi cant differences were observed in the 
progression-free and OS at 1-year post-transplant 
(Level II) (Kumar et al. 2004)
Duration of treatment prior to HDT and ASCT is  �
generally 4–6 months, which achieves maximal re-
sponse in the majority of patients. There is no evi-
dence that achievement of complete response prior 
to transplant is important for overall survival. 

29.2.3 Stem Cell Transplantation

Autologous stem cell transplantation (ASCT) af- �
ter high-dose therapy (HDT) is the treatment of 
choice in eligible patients (Grade A). Although not 
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unanimous, the majority of the fi ve prospective 
randomized trials comparing standard therapy 
with HDT for newly diagnosed MM patients up 
to age 65 years favors HDT: 
The IFM90 study reported by the InterGroupe  �
Francophone du Myélome (IFM) randomized 
200 patients to standard therapy or HDT with 
ASCT. Response, progression-free survival (PFS), 
and overall survival (OS) were all signifi cantly 
better in the HDT arm (IFM 90, Level I)  (Attal 
et al. 1996). The MRC trial compared the ABCM 
regimen (adriamycin, bleomycin, cyclophos-
phomide, and mitomycin-C) with C-VAMP fol-
lowed by HDT and showed signifi cantly longer 
event-free survival (EFS) and OS in the HDT arm 
(Level I) (Child et al. 2003). The French MAG91 
study showed a signifi cant prolongation of EFS, 
but not OS, possibly due to the use of HDT as sal-
vage for patients in the chemotherapy arm. These 
results held when updated at a median follow-up 
of 10 years (Level I) (Fermand et al. 2005). 
Results from two randomized trials did not 
demonstrate the superiority of HDT with ASCT. 
The US intergroup trials comparing melphalan 
140 mg/m2 plus total body irradiation with com-
bination chemotherapy did not detect any dif-
ference in response, PFS, and OS (Barlogie et 
al. 2006). Similarly, the Spanish PATHEMA trial 
did not show any benefi t in EFS or OS in favor 
of HDT. However, in this trial, only patients re-
sponding to the fi rst four cycles of chemotherapy 
were randomized (Blade et al. 2005).
High-dose therapy is usually performed upfront  �
rather than at relapse (Grade C). The results of a 
French randomized trial did not observe any dif-
ference in overall survival in patients treated with 
upfront HDT or at relapse (Level I) (Fermand 
et al. 1998). If transplant is not performed as a 
planned primary strategy, additional therapy, in-
cluding maintenance therapy, is usually required 
with associated toxicity. Furthermore, the major 
impact of the transplant is deferred. 
Melphalan 200 mg/m � 2 should be used as the con-
ditioning regimen (Grade A). A randomized study 
from IFM comparing melphalan 200 mg/m2 with 
total body irradiation (TBI) 8 Gy plus melphalan 
140 mg/m2 showed that TBI was associated with 
increased toxicity, and although EFS was compa-
rable in the two arms, OS was shorter in the TBI 
arm (Level I) (Moreau et al. 2002).
Purging is not recommended ( � Grade A). While 
it is effective in reducing tumor contamination 

of the stem cell graft, purging does not prolong 
time to progression or relapse and should not be 
used (Level I) (Stewart et al. 2001; Bourhis et 
al. 2007). 
A second melphalan 200 mg/m � 2 with ASCT should 
be given within 3 months of the fi rst HDT, espe-
cially in patients who did not attain at least 90% re-
duction in M-protein after the fi rst HDT (Grade A) 
(Level I) (Attal et al. 2006a; Cavo et al. 2007)

HDT in Elderly

HDT can be safely performed up to the age of 70,  �
although the upper age limit of all the randomized 
studies was 60 or 65 years (Grade B). A number 
of single-center series suggest that the results of 
HDT in selected patients >65 years old are similar 
to those in younger patients (Level II) (Siegel et 
al. 1999; Sirohi et al. 2000; Terpos et al. 2003; 
Reece et al. 2003; Jantunen et al. 2006).

HDT in Renal Failure

HDT and ASCT may be considered for patients  �
with severe renal impairment (creatinine clear-
ance/GFR < 30 ml/min), including those on dialy-
sis, but the dose of melphalan should be reduced 
to 140 mg/m2 (Grade B), and the procedure should 
be carried out in a center with special expertise. 
Several studies have shown that non-hematologic 
toxicity and treatment-related mortality are higher 
in this group of patients than in patients with nor-
mal renal function (Level II) (San Miguel et al. 
2000; Knudsen et al. 2005; Sirohi et al. 2001). 
The largest series was published by the University  �
of Arkansas. Signifi cant non-hematologic toxici-
ties were observed in patients with renal failure 
on dialysis (GFR <30 ml/min) when treated with 
melphalan 200 mg/m2, leading researchers to re-
duce the dose in subsequent patients to 140 mg/
m2. These data were extended in a subsequent 
report, showing a treatment-related mortality 
(TRM) of 19%. However, reversibility of renal 
failure was observed in 24% of patients who be-
came dialysis-independent (Level II) (Badros et 
al. 2001; Lee et al. 2004). 

Allogeneic Stem Cell Transplant (Allo-SCT)

Allo-SCT using conventional conditioning and  �
human leukocyte antigen (HLA)-matched sib-
ling donors can be considered in patients up to 
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the age of 50 years who have achieved at least a 
partial response after initial therapy. The proce-
dure should preferably be performed as part of a 
clinical trial (Grade B). Allo-SCT is a potentially 
curative therapy with about a third of patients 
attaining molecular remission with a low risk of 
relapse (Corradini et al. 2003). 
Allo-SCT following reduced-intensity condition  �
(RIC) should be considered in patients up to 
65 years who have HLA-matched siblings. The 
procedure would usually follow an initial ASCT, 
should be done early in the disease phase, and 
should be done as part of a clinical trial (Grade C). 
The aim of RIC Allo-SCT is to induce a GvM ef-
fect while reducing the toxicity of conditioning. 
However, two randomized trials have produced 
confl icting results: 
In a randomized study from Italy, patients with a 
HLA donor (who were randomized to HDT with 
ASCT followed by RIC allo-SCT) have signifi cantly 
longer survival than those without (who were ran-
domized to tandem ASCT) regardless of risk cat-
egories, and the TRM is similar in both arms. How-
ever, the study is hampered by the relatively small 
study size, the unusually high percentage of patients 
having HLA-matched siblings, and the low percent-
age of patients completing the assigned treatment 
(Bruno et al. 2007). In contrast, the study from IFM 
showed that RIC allo-SCT after an initial HDT with 
ASCT is not better than a tandem HDT procedure 
in high-risk patients (Garban et al. 2006). 

29.2.4 Maintenance Therapy

Maintenance therapy with thalidomide should be  �
given in patients who do not achieve very good par-
tial response (VGPR) or complete response after 
HDT (Grade A). An IFM randomized study com-
paring thalidomide to placebo and pamidronate 
showed that thalidomide leads to prolonged re-
lapse-free survival (Level I) (Attal et al. 2006b).
Interferon is not recommended for maintenance  �
therapy in the treatment of multiple myeloma 
(Grade A). A meta-analysis has evaluated indi-
vidual patient data on 1,543 patients in 12 tri-
als where patients were randomized to receive 
interferon after induction therapy and a further 
2,469 patients in 12 trials where patients were 
randomized to receive interferon in the induc-
tion phase, and showed improvement in PFS and 

OS by less than 6 months, but at the cost of sig-
nifi cant toxicity (Level I) (Myeloma Trialists’ 
 Collaborative Group 2001).

29.2.5 Therapy of Refractory or 
 Relapse Disease

For refractory disease, an alternative regimen  �
known to be active in multiple myeloma and com-
prising largely different drugs should be utilized.
For relapsed disease, if good response (very  �
good partial response or complete response) was 
achieved to initial therapy, the same regimen, in-
cluding salvage HDT with ASCT, can be utilized at 
recurrence. Alternatively, an alternate regimen or 
novel therapeutic agents, including bortezomib, 
lenalidomide, liposomal doxorubicin, and thali-
domide either as single-agent or part of a multi-
agent regimen, can be used (Grade A). A number 
of novel agents with signifi cant activity have been 
demonstrated in multiple myeloma: 
In a large randomized study comprising 669 patients 
with relapse myeloma, single-agent bortezomib, a 
proteasome inhibitor, was shown to produce sig-
nifi cantly better response rate (38% versus 18%, 
p<0.001) compared to high-dose dexamethasone. 
Median time to progression (6.2 versus 3.5 months, 
p<0.001) and 1-year survival rate (80% versus 66%, 
p=0.03) were also superior in patients treated with 
bortezomib (Level I) ( Richardson et al. 2005). 
Updated results show that the median survival is 
29.8 months versus 23.7 months in favor of bort-
ezomib (Level I) (Richardson et al. 2007). 
In two large randomized studies of similar design 
from North America and Europe, lenalidomide 
plus dexamethasone was shown to be signifi -
cantly better than placebo plus dexamethasone 
in terms of response rate, time to progression, 
and OS in relapse patients (Level I) (Weber et al. 
2007; Dimopoulos et al. 2007). 
A trial comparing bortezomib plus pegylated 
liposomal doxorubicin with bortezomib mono-
therapy in 646 relapse or refractory multiple my-
eloma patients showed that the addition of pegy-
lated liposomal doxorubicin results in signifi cant 
prolongation of time to progression and overall 
survival (Level I) (Orlowski et al. 2007). 
Thalidomide has never been studied in a phase III  �
setting in recurrent myeloma. A systematic review 
of 42 phase II trials comprised of 1,629 relapse 
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or refractory multiple myeloma patients showed 
that 29% of patients achieve either complete or 
partial response with single-agent thalidomide. 
The dose used ranges from 50 mg to 800 mg, but 
the median tolerated dose is 400 mg. There is no 
convincing evidence of a dose-response relation-
ship (Level II) (Glasmacher et al. 2006).

29.2.6 Management of 
 Acute Complications and 
 Supportive Measures

Spinal Cord Compression

A total of 8–16 mg/day of dexamethasone should  �
be given immediately in suspected cases of spinal 
cord compression, and radiation therapy is the 
treatment of choice and should be commenced 
within 24 h of diagnosis, as detailed below. 
Surgery is indicated when there is spinal instability.  �

Renal Impairment or Failure

Adequate hydration should be ensured, and  �
nephrotoxic agents, including intravenous radio-
logical contrast, must be avoided. 
Hypercalcemia should be corrected with rehy- �
dration, if present. If hypercalcemia does not re-
spond to rehydration, intravenous bisphospho-
nates should be administered.
A nephrologist should be consulted if there is no  �
improvement in renal function by 48 h.
There is no conclusive evidence regarding the use  �
of plasma exchange in MM patients presenting with 
acute renal failure; thus, it should be performed 
in a trial setting. Current available evidence has 
been obtained from small randomized studies that 
have produced confl icting results (Zucchelli et 
al. 1998; Johnson et al. 1990; Clark et al. 2005).

Bone Disease and Use of Bisphosphonates

Intravenous bisphosphonates (pamidronate or  �
zoledronic acid) should be given to myeloma pa-
tients with lytic bone lesions, compression frac-
ture, or osteopenia (Grade A). A Cochrane Review 
of bisphosphonates use in myeloma included data 
from ten placebo-controlled trials and concluded 
that the addition of bisphosphonates to the treat-
ment of myeloma reduces vertebral fractures and 

pain, but not mortality (Level I) (Djulbegovic 
et al. 2002). Pamidronate may be preferred to 
zoledronic acid as the latter is associated with a 
9.5-fold greater risk of developing osteonecrosis 
of the jaw (Zervas et al. 2006).
It is recommended that therapy continues for  �
2 years, after which time it can be stopped and 
recommenced if a new skeletal event devel-
ops (Grade C) (Kyle et al. 2007). An IFM study 
showed that there was no difference in the propor-
tion of skeletal events in the pamidronate main-
tenance arm (21% vs. 18%) compared with no 
maintenance (24%) after 29 months of  follow-up 
(Level II)  (Attal et al. 2006).
The dose of zoledronic acid should be reduced in  �
patients with mild to moderate renal impairment 
(creatinine clearance 30–60 ml/min, checked before 
each dose), and zoledronic acid should not be used in 
patients with severe renal impairment. Pamidronate 
90 mg administered over 4 to 6 h is recommended 
for patients with severe renal impairment.
Albuminuria should be screened at 3- to 6-monthly  �
intervals. In patients experiencing unexplained al-
buminuria (defi ned as >500 mg/24 h of urinary al-
bumin), discontinuation of the drug is advised until 
the renal problems are resolved. When the renal 
function returns to baseline, pamidronate therapy 
should be reinstituted at a slower infusion rate.
Osteonecrosis of the jaw is a rare but serious com- �
plication of bisphosphonate therapy. All patients 
should have a comprehensive dental examination 
before commencing treatment. Active oral infec-
tions should be treated, and the patient should 
maintain excellent oral hygiene and avoid inva-
sive dental procedures if possible.
Bisphosphonate therapy is not indicated for  �
solitary plasmacytoma, smoldering multiple my-
eloma, or MGUS.

Management of Anemia with Erythropoietin 
(EPO)

A therapeutic trial of EPO should be considered in  �
multiple myeloma patients with symptomatic ane-
mia receiving chemotherapy; however, it is usually 
not recommended before response to therapy has 
been assessed in newly diagnosed patients.
EPO should be used with caution in patients  �
treated with thalidomide or lenalidomide and 
doxorubicin or corticosteroids, as EPO further 
increases the risk of thromboembolic complica-
tions (Level II) (Bennett et al. 2006).
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29.2.7 Palliative Radiation Therapy

Palliative radiotherapy is indicated for bone pain  �
or neurological compression in multiple myeloma 
(Grade A). Approximately 40% of patients with 
multiple myeloma require palliative radiotherapy 
during their course of disease (Featherstone 
et al. 2005).
Treatment for recurrence of bone pain after ini- �
tial radiation therapy is required in about 5% of 
patients. 
Radiation therapy can be utilized for pathologic  �
fracture or impending pathologic fracture after 
orthopedic stabilization and symptomatic soft-
tissue mass.
Palliative radiotherapy and chemotherapy can be  �
given sequentially, and concurrent chemoradio-
therapy is not routinely recommended (Grade C). 
In a retrospective series reported by Leigh et 
al. (1993) detailed below, no signifi cant differ-
ence in pain relief was found when radiation was 
given with or without concurrent chemotherapy 
(Level III). However, results from an earlier retro-
spective report showed that radiation given dur-
ing melphalan and prednisone treatment is more 
effective in pain palliation (80% versus 31.8% re-
sponse rate) (Level III) (Adamietz et al. 1991).

Simulation and Treatment Volume

Conventional planning is usually adequate for  �
simulation for palliative treatment to long bone 

or spine. CT-based planning may help to defi ne 
accurately the treatment volume if a soft-tissue 
mass is present. 
For lesion(s) of the long bone, involved-fi eld exter- �
nal beam radiation to the radiographic lesion(s) 
with 2-cm margins is the standard fi eld arrange-
ment (Grade B). Irradiation of the entire bone is 
usually not needed for the lesions in the long bone. 
A retrospective series of 163 patients with multiple 
myeloma compared the effects of irradiation to ei-
ther the entire long bone or involved fi eld of symp-
tomatic portion of the bone. The results revealed 
that limited-fi eld irradiation did not compromise 
outcome. Symptomatic recurrence out of the ir-
radiated fi eld is uncommon and can be effectively 
treated (Level III) (Catell et al. 1998).
For lesion(s) of the vertebra, margins should include  �
the entire vertebra (including transverse processes) 
and one or two vertebral bodies above and below. 
Hemibody radiation used for consolidation treat- �
ment after chemotherapy is not recommended 
(Grade A). The durations of relapse-free survival 
and overall survival were both signifi cantly re-
duced with the addition of consolidation hemi-
body radiation, as compared to chemotherapy for 
consolidation, according to a phase III prospec-
tive randomized trial completed by Southwest 
Oncology Group (SWOG). Consolidation radia-
tion reduced the durations of overall survival 
from 43 months to 29 months and relapse-free 
survival from 26 months to 20 months (SWOG, 
Level I) (Salmon et al. 1990).

Fig. 29.1. Dose distribution of irradia-
tion for a solitary osseous plasmacytoma 
of the mandible. The lesion extended to 
the surrounding tissue. The 95% isodose 
line (47.5 Gy, yellow line) covers the gross 
tumor volume (thin red line) with a mar-
gin of 2 cm, without elective irradiation 
to draining lymph nodes
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Dose of Radiation

Lower dose radiation therapy (e.g., 25 Gy in  �
10 fractions at 2.5 Gy/fraction or 30 Gy in 15 frac-
tions at 2 Gy/fraction) is recommended for most 
cases of multiple myeloma for bone pain pallia-
tion (Grade B). Multiple myeloma is highly ra-
dioresponsive. Low-dose irradiation is effective in 
bone pain palliation, has limited toxicities to bone 
marrow, and allows for potential re-irradiation 
for local recurrence of symptoms. Retreatment of 
symptomatic recurrence is required in approxi-
mately 6% of patients after low-dose radiation. 
Multiple retrospective studies have confi rmed the 
effi cacy of low-dose radiation therapy in bone 
pain palliation. In a retrospective trial reported 
by Mill and Griffi th (1980), more than 80% of 
patients achieved complete or partial pain relief 
after radiotherapy. Subjective pain alleviation 
could be noticed after as low as 5 Gy of radiation, 
and the median dose for subjective pain relief was 
between 10 to 15 Gy. Re-irradiation is required 
for 6% of patients after radiation therapy, and 
no association between the radiation doses and 
symptomatic recurrence was found (Level III). 
The retrospective series reported by Leigh et al. 
(1993) involved 101 patients and 306 symptomatic 
sites. Approximately 97% of the patients present-
ing with bone pain achieved complete (26%) or 
partial response (71%) after palliative radiation 
to a mean dose of 25 Gy. No difference in symp-
tomatic relief was noticed among patients treated 
to lower than 10 Gy or above 10 Gy. In addition, 
concurrent chemotherapy did not increase the 
rate of complete response, and only 6% of pa-
tients developed local symptomatic recurrence 
(Level III).
Total dose of 20 Gy or more may be required for  �
both pain palliation and healing of lytic lesion(s) 
caused by multiple myeloma (Grade C). Results 
from several retrospective studies revealed that 
low dose radiation may palliate bone pain caused 
by multiple myeloma, but no objective radio-
graphic improvement of lytic lesions is associated 
to lower dose (in the range of 10 Gy) treatment 
(Level III) (Bosch et al. 1988; Mill and Griffi th 
1980 ). However, such a fi nding was not supported 
in the above-mentioned study from Leigh, which 
found that radiation doses of less than or more 
than 10 Gy were equally effective (Level III).
A higher dose of irradiation in the range of 30 Gy  �
or above delivered in an extensive-course is re-

quired for spinal cord compression caused by 
multiple myeloma (Grade B). The results of a mul-
ticenter retrospective study from Germany con-
cluded that the improvement of motor function 
within 1 year after treatment was signifi cantly 
better in patients receiving long-course radiation 
(37.5 Gy in 15 fractions, 30 Gy in 10 fractions, 
or 20 Gy in 10 fractions), as compared to those 
receiving shorter courses (20 Gy in 5 fractions or 
8 Gy in 1 fraction). In addition, subgroup analysis 
revealed no difference in functional outcome for 
patients receiving different doses and fraction-
ations of long-course radiation (Level III) (Rades 
et al. 2006). 

Side Eff ects and Complications

Severe acute or late toxicity secondary to radiation  �
therapy (unless in re-irradiation for symptomatic 
recurrences) is not common due to the limited ir-
radiation dose and size of the treatment fi eld.
Anemia and leukopenia (secondary to radiation- �
induced bone marrow toxicity) and fatigue are 
probable side effects for large-fi eld radiation.
Attention should be paid to the amount of bone  �
marrow included in radiation fi eld(s) if a large 
fi eld or multiple sites are irradiated, especially 
when bone marrow transplant is planned.

29.3 Treatment of 
 Solitary Plasmacytoma of Bone 
 (Osseous Plasmacytoma)

29.3.1 General Principles

Radiation therapy is the standard treatment for  �
solitary plasmacytoma of the bone (Grade A). 
Surgery should be reserved only for treatment of  �
pathological fracture or stabilization of bone with 
impending fracture. 
For patients who received gross tumor excision  �
for diagnosis, defi nitive dose irradiation is in-
dicated after surgery (Grade B). In a large mul-
ticenter retrospective series of 206 cases, fi ve 
patients underwent gross tumor excision alone 
without radiation, and four patients developed 
local recurrence (Rare Cancer Network Study, 
Level IV) (Knobel et al. 2006). 
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Adjuvant chemotherapy should not be routinely  �
recommended for the treatment of solitary plas-
macytoma of the bone after defi nitive radiation 
(Grade C). However, some evidence has shown 
that adjuvant chemotherapy may postpone the 
transformation of solitary plasmacytoma of bone 
to multiple myeloma.

29.3.2 Radiation Therapy

Dose and Fractionation

External-beam radiation up to 40–50 Gy in con- �
ventional fractionation over 4–5 weeks is recom-
mended for the treatment of solitary plasmacytoma 
of bone (Grade C). Local control (defi ned as absence 
of disease progression on imaging studies in the 
treated fi eld) can be achieved in 90% to 100% of pa-
tients after radiation therapy. However, the optimal 
dose for treatment has not yet been defi ned. 
The results of a multicenter retrospective study of 
206 patients with solitary plasmacytoma of bone 
showed that the 5-year overall survival and local 
control rates were 70% and 88%, respectively. The 
10-year local control rate was 79%. A radiation 
dose of 30 Gy or higher is associated with im-
proved local control; however, no further dose-
response relationship was observed for doses at 
30 Gy or higher (Rare Cancer Network Study, 
Level III) (Knobel et al. 2006). Experience from 
the Princess Margaret Hospital from 46 patients 
with solitary plasmacytoma revealed that a dose of 
less than 35 Gy was not associated with higher risk 
of local recurrence. However, tumor size larger 
than 5 cm had a worse local control (Level III). 
Conversely, in a retrospective study of 81 patients 
with solitary plasmacytoma reported by Mend-
enhall et al. (1980), local control was achieved 
in 94% of patients irradiated to 40 Gy or higher 
dose, as compared to 64% of patients treated to 
doses less than 40 Gy (Level III). Similar results 
were concluded in a retrospective analysis of 43 
patients reported by Mill and  Griffi th (1980) in 
which all patients treated to 40 Gy or higher dose 
achieved local control (Level III). 

Simulation and Treatment Volume

Involved-fi eld external beam radiation to the ra- �
diographic lesion(s) defi ned by MRI and/or FDG-

PET scan with a generous margin (2–3 cm from 
gross tumor) can be recommended for defi nitive 
treatment (Grade D) (Fig. 29.2).
For lesion(s) located in the vertebral body, mar- �
gins should include the entire vertebra and one or 
two vertebral bodies above and below.
Elective nodal irradiation is not recommended  �
for solitary plasmacytoma of bone (Grade A). Re-
sults from numerous clinical trials indicated that 
the probability of regional nodal failure is less 
than 5% after involved-fi eld radiation therapy 
(Level III) (Knobel et al. 2006). 

29.3.3 Adjuvant Chemotherapy

Adjuvant chemotherapy should not be routinely  �
recommended for the treatment of solitary plas-
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tions

Fig. 29.2. A proposed treatment algorithm for multiple 
 myeloma
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macytoma of bone after defi nitive radiation 
(Grade C). However, the results of a randomized 
study reported by Aviles et al. (1996) showed 
that in 53 patients with solitary plasmacytoma 
of the bone, 54% of those in the radiotherapy 
arm had progressed compared to only 12% of 
those given adjuvant melphalan and predniso-
lone for 3 years after radiotherapy. Consistent 
with this, the overall survival of patients given 
adjuvant chemotherapy was signifi cantly longer 
(Level III). However, results from this small trial 
need to be confi rmed before chemotherapy can 
be routinely recommended. 

29.4 Treatment of 
 Extramedullary Plasmacytoma

29.4.1 General Principles

Radiation therapy is the standard treatment for  �
extramedullary plasmacytoma (Grade A). Radia-
tion therapy alone is equivalent to surgery alone 
in terms of local control.
Surgery is curative for small lesions; however,  �
post-surgical radiation therapy is indicated for 
most patients with larger tumors. 

29.4.2 Radiation Therapy

Dose and Fractionation

External-beam radiation up to 40–50 Gy in con- �
ventional fractionation over 4–5 weeks is recom-
mended for the treatment of extramedullary plas-
macytoma (Grade B). Higher dose in the range of 
50 Gy or above may be needed for bulky disease. 
In the above-mentioned retrospective study of 
81 patients with solitary plasmacytoma reported 
by Mendenhall et al. (1980), local control was 
achieved in 94% of patients irradiated to 40 Gy 
or higher dose. However, all cases of local failure 
in this dose range were extramedullary plasma-
cytoma (Level III). In addition, the results of the 
study reported by Mill and Griffi th (1980) sug-
gested the optimal radiation dose for extramed-
ullary plasmacytoma is above 50 Gy (Level III). 

Simulation and Treatment Volume

Involved-fi eld external beam radiation to the ra- �
diographic lesion(s) defi ned by MRI and/or FDG-
PET scan with a generous margin (2–3 cm from 
gross tumor) can be recommended for defi nitive 
radiotherapy (Grade D) (Fig. 29.1).
Elective nodal irradiation is not recommended for  �
extramedullary plasmacytoma, including those lo-
cated in the aerodigestive system (Grade B). Results 
from a review of published literature that included 
800 cases of extramedullary plasmacytoma re-
vealed that collectively the incidence of lymph node 
metastases was less than 10% for diseases located in 
the aerodigestive tract and less for diseases origi-
nating in non-aerodigestive locations (Level IV) 
(Alexiou et al. 2000) However, clinical trials aimed 
to determine the effi cacy of prophylactic irradia-
tion to the regional nodal areas is lacking. 

29.4.3 Adjuvant Chemotherapy

Adjuvant chemotherapy should not be routinely  �
recommended for the treatment of extramed-
ullary plasmacytoma after defi nitive radiation 
(Grade B). The incidence of progression to multi-
ple myeloma from extramedullary plasmacytoma 
was approximately 15%, and the local recurrence 
rate was 22% after defi nitive radiation therapy, 
surgery, or their combination, according to the 
extensive review of 800 cases reported by  Alexiou 
et al. (2000) (Level IV). Signifi cant improvement 
in local and distant control is not likely with the 
addition of adjuvant chemotherapy. 

29.5 Follow-Ups

29.5.1 Post-Treatment Follow-Ups

Long-term follow-up is required for all patients  �
treated for multiple myeloma as none of the cur-
rent treatments (except allo-SCT) is curative, and 
most patients will invariably relapse. 
Long-term follow-up is required for all patients  �
treated for solitary plasmacytoma of bone and 
extramedullary plasmacytoma (Grade B). More 
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than 50% of cases with solitary plasmacytoma 
of bone progress to multiple myeloma at 5 years 
(Knobel et al. 2006), and approximately 15% 
of patients with extramedullary plasmacytoma 
progress to multiple myeloma at 10 years after 
treatment (Alexiou et al. 2000)
Recently, uniform criteria for treatment response  �
and relapse have been published, and should be 
used during follow-up of patients to determine 
disease status (Table 29.5) (Durie et al. 2006).

Schedule

A suggested follow-up schedule for patients with  �
multiple myeloma and plasmacytoma is pre-
sented in Table 29.6.

Work-Ups

Each follow-up examination should include a  �
complete history and physical examination, test-
ing quantitative immunoglobulin and quantifi ca-
tion of M-protein, complete blood count, and se-
rum urea, creatinine and calcium. Skeletal survey 
should be performed annually or when patients 
have developed new areas of bone pain. 
For extramedullary plasmacytoma, MRI should be  �
performed 8 weeks after the completion of radiation 
or surgery (Grade D). Repeated MRI can be done 
every 4–6 months to assess the response to treat-
ment. Surveillance imaging is not recommended 
after the complete resolution of the tumor or for 
stable residual tumor on consecutive studies. 

Table 29.5. Uniform response criteria for multiple myeloma after treatment

Response subcategory Response criteria

Strict complete response 
(sCR)

CR as defi ned below plus normal FLC ratio and absence of clonal cells in bone marrow by 
immunohistochemistry or immunofl uorescence.

Complete response (CR) Negative immunofi xation on the serum and urine and disappearance of any soft tissue plas-
macytomas and 5% plasma cell in bone marrow.

Very good partial 
response (VGPR)

Serum and urine M-protein detectable by immunofi xation, but not on electrophoresis, or 90% 
or greater reduction in serum M-protein plus urine M-protein level <100 mg/24 h.

Partial response (PR) 50% Reduction of serum M-protein and reduction in 24-h urinary M-protein by 90% or 
to <200 mg/24 h.
If the serum and urine M-protein are unmeasurable, a 50% decrease in the difference 
between involved and uninvolved FLC levels is required in place of the M-protein criteria.
If the serum and urine M-protein are unmeasurable, and serum FLC assay is also unmeasur-
able, 50% reduction in plasma cells is required in place of M-protein, provided baseline bone 
marrow plasma cell percentage was 30%.
In addition to the above-listed criteria, if present at baseline, a 50% reduction in the size of 
soft tissue plasmacytomas is also required .

Stable disease (SD) Not meeting criteria for CR, VGPR, PR, or progressive disease.

Progressive disease (PD) PD requires any one of the following:
Increase of 25% from baseline in serum M-protein and/or the absolute increase must be 

0.5 g/dl.
Urine M-protein and/or the absolute increase must be 200 mg/24 h.
Only in patients without measurable serum and urine M-protein levels: the difference between 
involved and uninvolved FLC levels. The absolute increase must be >10 mg/dl.
Bone marrow plasma cell percentage: the absolute % must be 10%.
Defi nite development of new bone lesions or soft tissue plasmacytomas or defi nite increase 
in the size of existing bone lesions or soft tissue plasmacytomas.
Development of hypercalcemia (corrected serum calcium >11.5 mg/dl or 2.65 mmol/l) that 
can be attributed solely to the plasma cell neoplasm.

Relapse from CR Any one or more of the following:
Reappearance of serum or urine M-protein by immunofi xation or electrophoresis.
Development of 5% plasma cells in the bone marrow.
Appearance of any other sign of progression (i.e., new plasmacytoma, lytic lesion, or hyper-
calcaemia).
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For multiple myeloma and solitary plasmacy- �
toma of bone, imaging studies after the comple-
tion of radiation are not suggested to assess the 
extent of response, as persistent abnormality in 
affected bone is expected in follow-up imaging 
studies (Grade D). 
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Introduction and Objectives

Skin is the most common site of extranodal non-Hodgkin’s 
lymphoma (NHL). Mycosis fungoides, or its variants, account 
for approximately 50% of cutaneous lymphoma, and are highly 
sensitive to radiation therapy. Radiation plays an important role 
in the defi nitive treatment of localized disease, as well as in pal-
liating disseminated cutaneous, nodal, or visceral lesions.

Extranodal NK/T-cell lymphoma of nasal type is a rare disease 
entity in North America, but is relatively common in Asian coun-
tries. The nasal cavity is the most common site for this malig-
nancy, and nasal NK/T-cell lymphoma is the prototype of the 
disease. Radiation therapy plays a major role in the treatment 
of localized nasal NK/T-cell lymphoma.

This chapter focuses on the management of cutaneous lym-
phoma, particularly mycosis fungoides, and nasal and nasal-
type NK/T-cell lymphoma and examines:

Recommendations for diagnoses and staging procedures of  �
mycosis fungoides and nasal NK/T-cell lymphoma

The staging systems and prognostic factors �
Treatment recommendations for mycosis fungoides and the  �
supporting peer-reviewed scientifi c evidence

Treatment technique of total skin electron-beam therapy  �
(TSEBT) for nonlocalized or disseminated cutaneous disease 
of mycosis fungoides

Treatment recommendations for nasal and nasal-type NK/T- �
cell lymphoma and the supporting peer-reviewed scientifi c 
evidence

Follow-up care and surveillance of survivors �
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30.1 Diagnosis, Staging, and 
 Prognoses of Mycosis Fungoides

30.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of mycosis fungoides  �
start with a complete history and physical ex-
amination. A thorough physical examination 
with special attention to skin and lymph nodes, 
as well as an evaluation of liver and spleen for 
hepatosplenomegaly are required. 
The characteristics of the cutaneous lesion(s),  �
including size, number of lesions, distribution, 
and extension, as well as the presence of adenopa-
thy should be recorded. The percentage of skin 
involvement is important for staging of mycosis 
fungoides, and is of prognostic value. 

Laboratory Tests

Initial blood tests should include a complete  �
blood count with differential, basic blood chem-
istry, liver function tests, renal function tests, and 
lactate dehydrogenase (LDH).
Flow cytometry of peripheral blood for CD2,  �
CD3, CD4, CD5, CD7, CD8, CD20, and CD45RO 
is required. An expanded population of CD4+, 
CD7–, or CD45RO+ lymphocytes, or an elevated 
CD4:CD8 ratio indicates probable blood involve-
ment. 

Imaging Studies

For patients with stage I mycosis fungoides, chest  �
X-ray can be used to rule out lung involvement. 
As the probability of pulmonary metastasis is ex-
ceedingly low in patients with early stage mycosis 
fungoides, CT scan of the chest is usually not 
recommended in most cases (Grade B) (Level IV) 
(Bass et al. 1993).
CT scan of the chest, abdomen, and pelvis is indi- �
cated to evaluate the status of node and visceral 
involvement for patients with more advanced dis-
ease (Grade B). CT fi ndings in cutaneous T-cell 
lymphoma were found to be important to predict 
pathophysiological features of the disease, and is 
important for the staging of mycosis fungoides 
(Level IV) (Bass et al. 1993; Miketic et al. 1993).

The value of FDG-PET in the initial diagnosis and  �
staging of cutaneous T-cell lymphoma including 
mycosis has not been confi rmed and should not 
be routinely recommended (Grade B). In a retro-
spective study aimed at comparing the sensitivity 
of FDG-PET and CT scan for initial staging of 
mycosis fungoides, the sensitivity of FDG-PET 
was 80% for distant disease, as compared to 100% 
with CT scan (Level IV) (Kumar et al. 2006).
The required imaging and laboratory work-ups  �
for mycosis fungoides are listed in Table 30.1.

Table 30.1. Imaging and laboratory work-ups for mycosis 
fungoides

Imaging studies Laboratory tests

– Chest X-ray for 
   localized (stage I) 
   disease
– CT scan of the 
   chest, abdomen, 
   and pelvis for more 
   advanced disease

– Complete blood count and 
   differential count
– Serum chemistry
– Liver/renal function tests
– Lactate dehydrogenase (LDH)
– Flow cytometry of peripheral 
   blood
– PCR for T-cell receptor gene 
   rearrangement

Pathology

Pathological evaluation of tissue biopsy including  �
skin and large lymph nodes is required. Immuno-
phenotyping and T-cell receptor gene rearrange-
ment should be performed. Mycosis fungoides 
is typically positive for the pan T-cell mark-
ers (CD2+, CD3+, CD5+), helper T-cell marker 
(CD4+), memory T-cell marker (CD45RO+), and 
cutaneous lymphoid antigen (CLA+), and nega-
tive for the cytotoxic T-cell marker (CD8–) and 
activated T-cell marker (CD30–).
Bone marrow aspirate and biopsy is usually not  �
indicated, unless patients present with unex-
plained cytopenias. 
Sézary syndrome is a distinct disease entity  �
within the realm of cutaneous T-cell lymphoma 
according to the EORTC-WHO classifi cation for 
cutaneous lymphomas (Willemze et al. 2005). 
Sézary syndrome is defi ned as generalized eryth-
roderma with evidence of malignant circulating 
T cells. Its pathological association with mycosis 
fungoides has not been confi rmed, although the 
two disease entities were often discussed together 
historically.
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30.1.2 Staging

Mycosis fungoides is staged clinically based on  �
the extent and characteristics of skin lesions, 
status of lymph node involvement, presence of 
visceral disease, as well as presence of circulating 
atypical cells (Sézary cells) (Greene et al. 2002).
The Tumor Node Metastasis (TNM) staging sys- �
tem of the American Joint Committee on Can-
cer (AJCC) for mycosis fungoides is outlined in 
Table 30.2.

30.1.3 Prognostic Factors

Stage at diagnosis is the most important prog- �
nostic factor in mycosis fungoides: The long-term 
(30-year) survival of patients with stage IA dis-
ease is similar to the expected survival of a race-, 
age-, and gender-matched control population, ac-
cording to a series reported from Stanford Uni-
versity (Level IV) (Kim et al. 1996). The median 
survival time of patients with T2 disease is more 
than 10 years, versus less than 5 years for patients 
with T3 or T4 diseases. Presence of extracuta-
neous disease (i.e., N+ and/or M+) is associated 
with poor prognosis and a median survival of 
approximately 1 year (Level IV) (de Coninck et 
al. 2001; Ysebaert et al. 2004).
The survival rate is adversely associated with B1  �
classifi cation (> 1000 Sézary cells in circulation) 
(Level IV) (Kim 1995; Scarisbrick et al. 2001).
Like other types of NHL, advanced age (65 years  �
or older) and elevated serum LDH are associated 
with poor outcome after treatment (Level IV) (Kim 
et al. 1995; Diamandidou et al. 1999).  Elevated 
soluble interleukin-2 receptor levels, identical 
 T-cell clone in the skin and peripheral blood, 
 T-cell clonality in dermatopathic lymph nodes 
and within the cutaneous infi ltrate detected by 
PCR have also been reported to adversely affect 
the prognosis of mycosis fungoides.

30.2 Treatment of Mycosis Fungoides

30.2.1 General Principles

For stage IA (T1 N0 M0) mycosis fungoides, lo- �
calized and superfi cial electron-beam radia-
tion therapy is a reasonable fi rst-line treatment 
(Grade B). 
For more extensive disease (T2–T4 diseases), to- �
tal skin electron-beam therapy (TSEBT) can be 
recommended as a primary treatment (Grade B). 
The effi cacy of TSEBT as compared to that of 
other treatment modalities has not been studied 
prospectively.
Topical therapies including steroids, mechlore- �
thamine, carmustine, psoralen plus ultraviolet A 
(PUVA), and ultraviolet B are effective for cu-
taneous mycosis fungoides as initial treatment. 
Their effi cacy as compared to superfi cial skin ir-

Table 30.2. American Joint Committee on Cancer (AJCC) 
TNM classifi cation of cutaneous lymphoma. [From Greene 
et al. (2002) with permission]

Primary tumor (T)

T1    Patches and/or plaques involving < 10% body 
        surface area 

T2    Patches and/or plaques involving  10% body 
        surface area

T3    One or more cutaneous tumors

T4    Generalized erythroderma 

Regional lymph nodes (N)

N0    Lymph nodes clinically uninvolved

N1    Lymph nodes clinically enlarged but histologically 
        uninvolved

N2    Lymph nodes clinically nonpalpable but 
        histologically involved

N3    Lymph nodes clinically enlarged and histologically 
        involved

Distant metastasis (M)

M0    No visceral disease present

M1    Visceral disease present

B0     No circulating atypical cells (< 1,000 Sézary cells 
         [CD4 CD7-]/ μL)

B1     Circulating atypical cells present (> 1,000 Sézary 
         cells [CD4 CD7-]/μL)
         (The B descriptor is not considered in stage 
         classifi cation.)

S TAG E G ROU PI NG

IA:      T1 N0 M0

IB:      T2 N0 M0

IIA:     T1-2 N1 M0

IIB:     T3 N0-1 M0

IIIA:   T4 N0 M0

IIIB:    T4 N1 M0

IVA:    T1-4 N2-3 M0

IVB:    T1-4 N0-3 M1
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radiation has not been studied in any prospective 
trials. 
Systemic chemotherapy or immunotherapy is not  �
indicated in the treatment of early-stage mycosis 
fungoides, and is usually reserved for refractory 
cutaneous disease or disease with visceral metas-
tasis (Grade A).

30.2.2 Radiation Therapy

Stage IA Mycosis Fungoides

Local and superfi cial radiation therapy is a rea- �
sonable fi rst-line treatment of limited and iso-
lated patches and/or plaques (stage IA) (Grade B). 
The prognosis of patients with stage IA mycosis 
fungoides after defi nitive radiation therapy is fa-
vorable, and long-term disease-free survival ap-
proaching 90% can be expected.
The effi cacy of radiation therapy has not been  �
prospectively compared with other forms of 
treatment, such as topical steroids, mechlore-
thamine, or PUVA. Results from a retrospective 
series from Stanford University showed that pa-
tients treated with radiation (TSEBT) achieved 
a more favorable freedom-from-relapse outcome 
than those treated with topical mechlorethamine 
hydrochloride (nitrogen mustard). However, no 
signifi cant difference in survival was observed 
between the two treatment groups (Level IV) 
(Kim et al. 1996).
Involved-fi eld radiation therapy using electron- �
beam or superfi cial X-ray to the disease area with 
a margin of 2–3 cm, with suffi cient coverage to a 
depth of 4 mm is usually suffi cient. A single ra-
diation fi eld should be used whenever possible for 
small lesions. For lesions of the convex or concave 
skin surface (such as scalp, axilla, hand, or foot), 
a single radiation fi eld may not be feasible and 
matched abutting fi elds can be applied. Feather-
ing of the junction of the fi elds should be consid-
ered on a weekly basis for dose homogeneity.
Radiation dose of 30 Gy or more delivered at  �
1.2–2 Gy per daily fraction is recommended for 
defi nitive treatment of stage IA mycosis fungoi-
des (Grade B). Mycosis fungoides is highly sensi-
tive to radiotherapy with little ability for radia-
tion-induced sublethal damage repair. Results of 
retrospective studies have indicated that a dose–
response relationship exists for localized super-

fi cial treatment of mycosis fungoides, and doses 
higher than 30 Gy were associated with improved 
disease control:
In a group of 20 patients with 191 lesions of my-
cosis fungoides treated with various doses of ra-
diation for palliation, a signifi cant dose response 
to radiotherapy (superfi cial X-ray, Cobalt-60, or 
electron-beam) was observed. In-fi eld recurrence 
occurred in approximately 40% of the lesions 
treated to 10 Gy or less, ~ 30% for those treated to 
10–20 Gy, ~ 20% for those irradiated to 20–30 Gy, 
and none in lesions treated to 30 Gy or higher 
(Level IV) (Cotter et al. 1983). Additionally, 
experience from Yale University revealed that 
the disease-free survival and local control rates 
reached 91% after superfi cial radiotherapy for pa-
tients with stage IA mycosis fungoides irradiated 
to > 20 Gy; however, 20% of patients treated with 
20 Gy or less experienced local treatment failure 
(Level IV) (Wilson et al. 1998).
In a retrospective review of 18 patients with uni-
lesional mycosis fungoides reported by Micaily 
et al. (1998), all patients except one were treated 
to 30.6 Gy or more with superfi cial radiation 
therapy. Complete response was observed in all 
patients within 4–8 weeks, and no in-fi eld recur-
rence was observed. The actuarial relapse-free 
and overall survival rates at 10 years were 86.2% 
and 100%, respectively (Level IV).

Stage IB, II, and III Mycosis Fungoides

TSEBT can be recommended for defi nitive treat- �
ment of stage IB–III mycosis fungoides (Grade B). 
The effi cacy of TSEBT (with or without boost 
treatment for cutaneous tumors) in the treatment 
of mycosis fungoides has been repeatedly demon-
strated. A complete response rate of > 70% can 
be expected for stage IB, II, or III disease after 
TSEBT (Level IV) (Chinn et al. 1999; Jones et al. 
2002; Quirós et al. 1996, 1997).
Despite its effi cacy, the palliative effect of TSEBT 
has not been prospectively compared to other 
treatment modalities. 
Before delivering TSEBT, a “boost” treatment to  �
symptomatic areas using electron-beam radia-
tion therapy can be considered at 1–2 weeks prior 
to the administration of TSEBT (Grade D). A sin-
gle dose of 4–6 Gy using electron-beam therapy 
of appropriate energy can produce substantial 
improvement in symptoms (EORTC, Level IV) 
(Jones et al. 2002).
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The target volume of stage IB and II diseases  �
should include the epidermis and dermis, whereas 
the target volume of stage III (cutaneous tumors) 
disease may also include the full depth of the 
tumors. A total dose of at least 26 Gy should be 
prescribed to a depth of 4 mm in truncal skin 
as recommended by the EORTC guidelines for 
TSEBT (Table 30.3) (Jones et al. 2002). The sur-
face dose is 31–36 Gy using 4- to 6-MeV electron 
beams (Grade B).
Results from two retrospective studies demon-
strated a dose–response relationship of mycosis 
fungoides to TSEBT: a retrospective review of 176 
patients treated at Stanford University showed 
that the complete response rate approached 95% 
with a total dose of 30–36 Gy, as compared to 75% 
or less with doses lower than 30 Gy (Level IV) 
(Hoppe et al. 1977). Similar fi ndings were ob-
served in a more recently published study. The 
complete response rate reached 85% for patients 
irradiated to 36 Gy, as compared to 64% for those 
who received 30 Gy or less for TSEBT (Level IV) 
(Jones et al. 1994).
For T3 lesions (cutaneous tumors) that extend  �
deeper than 4 mm from the skin surface, boost 
irradiation using higher voltage electron-beam 
therapy to an additional 10–20 Gy over fi ve to 
ten fractions can be given with minimal mar-
gins (Grade D) (EORTC, Level IV) (Jones et al. 
2002).
TSEBT can be delivered for a second time for  �
symptomatic palliation in recurrent mycosis fun-
goides (Grade B). Complete and partial response 
rates ranging from 50% to 85% have been re-
ported after ~ 23 Gy prescribed to the skin sur-
face (Level IV) (Becker et al. 1995; Wilson et 
al. 1996).

Treatment Schedule and Technique

TSEBT should be delivered on 36 treatment days  �
(1 Gy per day, 4 days per week) over 9 weeks. 
Six treatment positions are used: anteroposterior 
(AP), right anterior oblique (RAO), left anterior 
oblique (LAO), posteroanterior (PA), right pos-
terior oblique (RPO), and left posterior oblique 
(LPO) (Fig. 30.1).
Treatment fi elds include AP/RPO/LPO on day 1 and 
PA/RAO/LAO on day 2. This 2-day treatment cycle 
is repeated twice weekly over 4 days (Fig. 30.2). 
The geometric arrangement of the symmetrical 
dual-fi eld treatment technique is illustrated in 

Table 30.3. EORTC guidelines for total skin electron-beam 
therapy

Dose inhomogeneity in air at treatment distance  –
should be < 10% within vertical and lateral dimen-
sions
80% Isodose line should be > 4 mm deep to the skin  –
surface to ensure that the epidermis and dermis fall 
within the high dose region
80% Isodose line should receive a minimum total  –
dose of 26 Gy
20% Isodose line should be < 20 mm from the skin  –
surface to minimize dose to underlying structures
30–36 Fractions should be used to minimize acute  –
side effects
Total dose to bone marrow from photon contamina- –
tion should be less than 0.7 Gy
Patch treatments should be utilized to underdosed  –
areas such as the perineum, scalp, and soles of feet
Internal and external eye shields should be used to  –
ensure that the dose to the globe is not more than 
15% of the prescribed skin surface dose

Figure 30.3. Each of the six treatment positions 
is treated with both an upper and a lower fi eld to 
maximize dose homogeneity. 
Patch treatment is recommended to the under- �
dosed area (Grade B). TSEBT using the six-posi-
tion technique can maximize the skin unfolding 
and ensure the homogeneity of dose distribution. 
However, the soles of feet are usually not treated, 
as well as other parts that may be underdosed 
with TSEBT, including scalp, inframammary, 
pannicular, perianal, buttocks/thighs, inner 
thighs, and perineal skin regions. Analysis of the 
in vivo dosimetric data of patients treated with 
TSEBT demonstrated that the dose inhomogene-
ity throughout the skin surface is approximately 
15% (Level IV) (Anacak et al. 2003).

TSEBT-Induced Side Eff ects 
and Complications

Commonly observed toxicities are usually limited  �
to skin reaction secondary to TSEBT and include 
erythema, dry desquamation, hypohidrosis, pru-
ritus, xerosis, bullae of the feet, alopecia, and loss 
of fi ngernails and toenails.
Radiation-induced toxicities to bone marrow is 
minimal from TSEBT, and cytopenias are usually 
not expected.
Patients at reproductive age should be informed 
about toxicities to the testis or ovaries. Severe 
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long-term toxicity or complication rarely occur, 
but may include radiation-induced second pri-
mary cancer.

30.2.3 Other Treatments for Mycosis 
 Fungoides

Other treatment modalities effective for the  �
initial treatment of mycosis fungoides include 
interferon- -2a, psoralen plus ultraviolet A 
(PUVA) and ultraviolet B, photopheresis, topical 
steroids, mechlorethamine, rexinoids, and car-
mustine.
Adjuvant treatment can be considered after  �
TSEBT and may improve disease-free survival 
for advanced mycosis fungoides (Grade B). In 
a retrospective study reported by Quirós et al. 
(1997), PUVA was used as an adjuvant therapy 
for a group of patients with T1 or T2 cutane-
ous T-cell lymphoma after TSEBT. The results 

of the study revealed that adjuvant PUVA sig-
nifi cantly extended the median disease-free 
survival; however, overall survival was not af-
fected (Level IV). The effi cacy of topical nitrogen 
mustard as adjuvant treatment after TSEBT for 
disease control was also demonstrated in a ret-
rospective study in patients with T2 or T3 my-
cosis fungoides (Level IV) (Chinn et al. 1999).
Other adjuvant therapy modalities after TSEBT 
such as photopheresis, interferon- , or bexaro-
tene were also reported to be effective. 
Systemic chemotherapy is not recommended  �
for initial treatment of mycosis fungoides, and 
is reserved for the treatment of refractory dis-
ease or visceral disease (Grade A). Although the 
addition of systemic chemotherapy to radiation 
could improve the complete response rate, the 
overall treatment outcome was not altered. The 
long-term follow-up results of a randomized trial 
aimed at comparing the outcome after sequential 
topical therapy and combined TSEBT plus che-
motherapy did not demonstrate any signifi cant 

Fig. 30.1. Treatment positions used in total-
skin electron-beam therapy. Top row (from 
left to right): right anterior oblique, antero-
posterior, and left anterior oblique treatment 
positions. Bottom row (from left to right): right 
posterior oblique, posteroanterior, and left 
posterior oblique treatment positions (From 
Smith BD, Wilson LD (2003) Management of 
Mycosis Fungiodes: Part 2, Treatment. Oncol-
ogy 17(10):1419–1433, with permission)

Weekly Field Arrangement of TSEBT

Day 1

AP/RPO/LPO

Day 3

AP/RPO/LPO

Day 2

PA/RAO/LAO

Day 24

PA/RAO/LAO

Fig. 30.2. Sequential 
2-day treatment cycles 
of the six dual-fi eld 
treatment. Cycles to be 
repeated for 9 weeks
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difference between disease-free or overall sur-
vival (Level I) (Kaye et al. 1989).
Systemic chemotherapy and immunotherapy play  �
an important role in the treatment of refractory 
mycosis fungoides.

30.3 Follow-Ups

30.3.1 Post-Treatment Follow-Ups

Long-term follow-up after treatment of myco- �
sis fungoides is recommended for early detec-
tion of recurrence and treatment complications 
(Grade D).

Schedule and Work-Ups

Patients should be followed-up every 3 months  �
by their radiation oncologists or dermatologists 
(Grade D). 
Each follow-up should include a complete his- –
tory and physical examination with attention to 
the lesion(s) treated and new cutaneous lesion(s). 

Biopsy of any suspicious lesion(s) should be per-
formed. 
Complete blood count and other laboratory tests  –
can be ordered if clinically indicated. Serum LDH, 
IL-2 receptor levels and CD4:CD8 ratio should be 
monitored in patients with abnormal values at 
diagnosis. 
Imaging studies are usually not needed in fol- –
low-up unless indicated by clinical symptoms 
(Grade D).

30.4 Diagnosis, Staging, and 
 Prognoses of 
 Nasal NK/T-Cell Lymphoma

30.4.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of nasal NK/T-cell lym- �
phoma start with a complete history and physical 
examination. A thorough physical examination 

Fig. 30.3. Geometrical arrangement of the symmetrical dual-fi eld treatment technique. Equal exposures are given with each 
beam. The calibration point dose is at (x=0, y=0) in the treatment plane
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with special attention to the disease area and neck 
lymph nodes is important.
A careful examination of the facial skin is war- �
ranted as this disease shows a propensity to skin 
involvement at presentation and during progres-
sion and recurrence.
All patients should be examined with special fo- �
cus on the upper aerodigestive tract including 
nasopharynx, oropharynx, palate, base of the 
tongue, tonsil, hypopharynx, and larynx for ex-
clusion of multifocal disease.
Patients’ performance status and “B” symptoms  �
are of prognostic signifi cance and should be eval-
uated and recorded.

Laboratory Tests

Initial blood tests should include a complete  �
blood count with differential, basic blood chem-
istry, liver and renal function tests, and lactate 
dehydrogenase (LDH).
EBV serology may be useful for predicting the  �
prognosis for patients with EBV+ nasal-type NK/
T-cell lymphoma.

Imaging Studies

MRI and CT scan of the head and neck area  �
are recommended in all cases of nasal NK/T-
cell lymphoma, as paranasal extension into the 
adjacent organs or tissues and metastasis to the 
neck nodes is common (Grade B). The disease 
usually presents as a soft tissue mass of the 
nasal cavity with bone erosion or destruction 
on imaging studies; however, the fi ndings on 
MRI and/or CT scan are usually nonspecifi c, as 
confi rmed in three small retrospective studies 
(Level IV) (Ooi et al. 2000; King et al. 2000; Ou 
et al. 2007).
CT scan of the chest, abdomen, and pelvis is rec- �
ommended to evaluate the status of organ in-
volvement.
FDG-PET/CT has not been extensively studied and  �
its value for local disease evaluation has not been 
confi rmed. In a small study of 41 patients with 
extranodal T-cell and NK-cell lymphomas, eight 
patients with nasal-type NK/T-cell lymphoma 
showed 100% positive rate (Level IV) (Kako et al. 
2007). In another study of seven patients with 30 
involved sites, 18F-FDG-PET identifi ed all disease 
sites (100%) (Level IV) (Tsukamoto et al. 2007).
The value of FDG-PET for evaluating distant me-

tastasis from nasal NK/T-cell lymphoma has not 
been documented either. 
The required imaging and laboratory work-ups  �
for diagnosis and staging of nasal NK/T-cell lym-
phoma are listed in Table 30.4.

Table 30.4. Imaging and laboratory work-ups for nasal 
NK/T-cell lymphoma

Imaging studies Laboratory tests

– Chest X-ray
– MRI or CT scan of the 
   head and neck, 
   preferably MRI
– CT scan of the chest, 
   abdomen, and pelvis 

– Complete blood count and 
   differential count
– Serum chemistry
– Liver and renal function tests
– Lactate dehydrogenase (LDH)
– Peripheral EBV serology

Pathology

Pathologic diagnosis of extranodal NK/T-cell  �
lymphoma of nasal and nasal type is required 
before determining the treatment strategy. The 
primary treatment of nasal NK/T-cell lymphoma 
differs signifi cantly from other types of NHL oc-
curring in the same region. 
Repeated biopsy is usually required to obtain  �
suffi cient tissue for pathologic diagnosis, due to 
extensive necrosis of the affected area and small 
sample sizes.
According to the WHO classifi cation, extranodal  �
NK/T-cell lymphoma consists of at least two major 
subtypes: nasal NK/T-cell lymphoma and nasal-
type NK/T-cell lymphoma. The nasal cavity is the 
most common and prototypic site of involvement. 
The term “nasal NK/T-cell lymphoma” is used 
only for those cases presenting in the nasal cavity. 
Tumors with an identical morphology and pheno-
type occur in the extra-nasal sites, mostly in the 
Waldeyer’s ring, skin, gastrointestinals, and soft 
tissue, and should be referred to as nasal-type.
The typical phenotype of nasal and nasal-type  �
NK/T-cell lymphoma is CD2+CD56+, surface 
CD3– and cytoplasmic CD3+, CD20–/CD79 , 
cytotoxic molecule (TIA, Granzyme B, Perfo-
rin)+, and EBV+. Other NK and T-cell markers 
are usually negative: CD4, CD8, CD16, and TCR. 
CD43, CD45RO, Fas (CD95) and Fas ligand are 
commonly expressed (Harris et al. 2000; Jaffe 
et al. 1996; Chan et al. 2001).
EBV infection is observed in more than 90% of  �
nasal NK/T-cell lymphoma cases. In contrast, 
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EBV expression is relatively low (40%–76%) for 
nasal-type NK/T-cell lymphoma outside the nasal 
cavity (Level IV) (Ko et al. 2004; Kanavaros et 
al. 1993; van Gorp et al. 1994; Arber et al. 1993; 
Chan et al. 1994; Hahn et al. 2002).

30.4.2 Staging

Extranodal NK/T-cell lymphoma of nasal type is  �
usually clinically staged using information from 
physical examination, laboratory tests, and bone 
marrow biopsy.
The Ann Arbor Staging System for both NHL and  �
Hodgkin’s disease is commonly used for the stag-
ing of extranodal NK/T-cell lymphoma of nasal 
type (Table 27.3). 
To assess the prognostic value of paranasal ex- �
tension, Ann Arbor Stage IE can be subclassifi ed 
into limited- and extensive-stage IE (Grade B). 
Limited-stage IE tumors were confi ned to the 
nasal cavity, whereas extensive-stage IE tumors 
extended beyond the nasal cavity and into the 
neighboring structures without any dissemina-
tion (Level IV) (Li et al. 1998, 2006).

30.4.3 Prognostic Factors

Prognosis of nasal NK/T-cell lymphoma varied  �
from series to series. Variations in patient popu-
lation and selection of initial treatment modality 
(i.e., chemotherapy vs. radiation therapy) signifi -
cantly affected the reported outcome. 
Stage at diagnosis is one of the most important  �
prognostic factors for nasal NK/T-cell lymphoma. 
The 5-year overall survival rate was 40%–86% 
for stage IE and IIE diseases, whereas long-term 
survival in stage III or IV diseases is rarely ob-
served. Patients with stage IE had a much better 
prognosis as compared to those with stage IIE, 
with 5-year overall survival rates of about 70% 
for stage IE and less than 50% for stage II, respec-
tively (Level IV) (Aviles et al. 2000; Cheung et 
al. 2002; Chim et al. 2004; Huang et al. 2008; Kim 
et al. 2001; Ko et al. 2004; Koom et al. 2004; Li et 
al. 2004; Li et al. 2006; You et al. 2004).
The survival rate is adversely associated with  �
paranasal extension, “B” symptoms, poor perfor-
mance, elevated LDH, and regional lymph nodes 

(Level IV) (Kim et al. 2005; Lee et al. 2006; Li et 
al. 2006).
The prognostic value of the international prognos- �
tic index (IPI) for aggressive lymphoma or modifi ed 
IPI (stage II as adverse factor) was largely confi rmed 
in many recent studies (Li et al. 2006; Chim et al. 
2004; Li et al. 2004; Na et al. 2007; Kim TM et al. 
2005; Pagano et al. 2006), but not in other studies 
(Kim et al. 2007; Aviles et al. 2000; Cheung et al. 
2002). A prognostic model for nasal and nasal-type 
NK/T-cell lymphoma was suggested. The adverse 
prognostic factors include B symptoms, LDH, and 
regional lymph nodes (Level IV) (Lee et al. 2006).
Nasal-type NK/T-cell lymphoma of the extra- �
upper aerodigestive tract has a highly aggres-
sive clinical course with a worse prognosis as 
compared to those occur in the nasal cavity. 
The median survival for these patients was only 
3.5–19 months (Level IV) (Bekkenk et al. 2004; 
Mraz-Gernhard et al. 2001; Lee et al. 2005a,b; 
Lee et al. 2006).
The expression of EBV, Ki-67 and COX-2, and  �
p53 mutation were associated with poor outcome 
(Level IV) (Hahn et al. 2002; Ko et al. 2004; Kim 
et al. 2007; Shim et al. 2007).

30.5 Treatment of Nasal NK/T-Cell 
 Lymphoma

30.5.1 General Principles

For localized extranodal NK/T-cell lymphoma  �
originating from the nasal area (nasal NK/T-cell 
lymphoma) (stage IE and IIE), radiation therapy 
is the primary treatment of choice (Grade A).
Chemotherapy has a limited role in the defi ni- �
tive treatment of stage IE and IIE NK/T-cell lym-
phoma and does not prolong overall survival in 
early-stage disease. Chemotherapy should not be 
utilized as an initial treatment prior to the com-
pletion of defi nitive radiation therapy (Grade A).
The optimal treatment for stage III and IV nasal  �
NK/T-cell lymphoma is largely unknown. Patients 
with advanced nasal NK/T-cell lymphoma should 
be encouraged to participate in prospective clini-
cal trials. These patients usually carry a very poor 
prognosis, even after aggressive chemotherapy.
The treatment strategy of extranodal nasal-type  �
NK/T-cell lymphoma located in other sites has 

LuBrady-BOOK.indb   453 13.08.2008   14:03:17



454 Y. Li and J. J. Lu

not been suffi ciently evaluated and may warrant 
different clinical behavior.

30.5.2 Radiation Therapy of 
 Early-Stage Disease

Radiation Therapy

Radiation therapy is the mainstay treatment of  �
stage I and II disease (Grade A). Five large retro-
spective studies have demonstrated that the out-
come with primary radiotherapy was superior to 
initial chemotherapy or chemotherapy alone. A 
defi nite advantage of primary radiotherapy has 
been ascertained and confi rmed in two large 
studies: In a series of 105 patients with stage I and 
II nasal NK/T-cell lymphoma receiving primary 
radiotherapy, the 5-year OS and PFS were 71% and 
59% for stage I and II disease combined (78% and 
63% for stage IE disease, and 46% and 40% for 
stage IIE disease, respectively) (Level IV) (Li et 
al. 2006).These fi nding confi rmed the previously 
reported data from Mexico, which showed that 
in 108 patients with early-stage nasal NK/T-cell 
lymphoma treated with radiotherapy followed by 
four cycles of CHOP-bleo, the 8-year OS and DFS 
was 86% (Level IV) (Aviles et al. 2000).
In addition, in a study of 82 patients with localized 
NK/T-cell lymphoma of the upper aerodigestive 
tract (77% of nasal NK/T-cell lymphoma), stage 
IE disease, 18 patients receiving up-front radio-
therapy (radiotherapy alone or radiotherapy fol-
lowed by chemotherapy) had signifi cantly better 
overall survival and disease-free survival com-
pared to that of 28 patients receiving initial che-
motherapy (5-year OS 90% vs. 48.9%, p = 0.012; 
5-year DFS 78.7% vs. 39.9%, p = 0.021) (Level IV) 
(Huang et al. 2008).
Results from a number of other retrospective 
trials also confi rmed that the overall survival 
of patients with stage I and II nasal NK/T-cell 
lymphoma treated with radiotherapy were in the 
range of 80%, whereas those treated with che-
motherapy as primary treatment were less than 
30% (Level IV) (Chim et al. 2004; Li et al. 2004; 
You et al. 2004).

Radiation Technique 

An “extended” involved field is recommended  �
to irradiate the early-stage nasal NK/T-cell 

lymphoma. The clinical target and radiation 
fields have been investigated previously in sev-
eral studies (Level IV) (Li et al. 1998, 2006; 
Isobe et al. 2006; Koom et al. 2004). In general, 
the clinical target is suggested to cover all gross 
tumor and adjacent organs and structures. For 
patients with primary tumor confined to the 
nasal cavity (limited-stage IE), clinical target 
encompassed the bilateral nasal cavity, hard 
plate, ipsilateral maxillary sinus, and bilateral 
anterior ethmoid sinuses. It also included the 
nasopharynx when the primary tumor was 
close to the posterior nasal aperture. For those 
patients with extensive-stage IE and stage IIE, 
the clinical target volume was extended to the 
involved paranasal organs/tissues or cervical 
lymph nodes. A higher local failure with small 
radiation target volume was observed in a ret-
rospective study. In a study of 35 patients with 
stage I and II nasal and nasal-type NK/T-cell 
lymphoma who were treated with radiotherapy, 
27 patients received radiotherapy that included 
all macroscopic lesions and sites of potential 
contiguous spread, such as all paranasal si-
nuses, palate, and the nasopharynx with ad-
equate margins, whereas the remaining eight 
patients encompassed all lesions with generous 
margins (small field). The 5-year local control 
probability was 71.9% versus 41.7%, respec-
tively (p = 0.007) (Level IV) (Isobe et al. 2006). 
Similarly, Li et al. (2004) reported that in 56 
patients with stage I and II nasal NK/T-cell 
lymphoma, the radiation fields included the 
involved primary with adequate margins and 
radiation dose was 40–50 Gy. Of these patients, 
24 (43%) developed local failure (Level IV).
For stage IE disease confi ned to the nasal cavity  �
(limited-stage IE), a single anterior port includ-
ing the nasal cavity and the ipsilateral maxillary/
ethmoid sinuses was used, whereas for patients 
with extensive disease or limited-stage IE disease 
close to the choanae, two lateral opposing fi elds 
and an anteroposterior port were used, which ex-
tended to encompass involved paranasal tissues, 
nasopharynx, and other adjacent structures or 
organs. For those with stage IIE disease, the fi elds 
were extended to encompass also the involved 
cervical lymph nodes (Fig. 30.4). Three-dimen-
sional conformal radiotherapy (3D-CRT) can be 
used for better dose distribution; the effects of 
intensity-modulated radiotherapy (IMRT) are be-
ing studied.
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a b

c

Prophylactic cervical node irradiation was not  �
necessary for patients with stage IE nasal NK/T-
cell lymphoma (Grade A). The most common sites 
of failure are extranodal metastases, especially in 
the skin, whereas relapse in the cervical lymph 
nodes (< 5%) is uncommon: Li et al. (1998) re-
ported that in 175 patients with nasal lymphoma 
(majority of which were NK/T-cell-type), prophy-
lactic neck irradiation was not used in 106 of 133 

stage IE patients, two of whom (2%) developed 
progression in the cervical lymph nodes, whereas 
none of the remaining 27 stage IE patients treated 
with prophylactic neck irradiation developed 
cervical progression or recurrence (Level IV) (Li 
et al. 1998). Similarly, only one of 46 (2%) stage 
IE patients with nasal and nasal-type NK/T-cell 
lymphoma who did not receive elective neck ra-
diotherapy developed regional lymph node recur-

Fig. 30.4a–c. Proposed radiation fi eld arrangement for the treatment of nasal NK/T-cell lymphoma. a Radiation fi eld in 
patients with tumor involving the right nasal cavity; b radiation fi eld in patients with tumor involving bilateral nasal cavity; 
c radiation fi eld in patients with tumor close to the posterior nasal aperture or extended into the nasopharynx
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rence as reported in another retrospective trial 
(Level IV) (Koom et al. 2004).
Radical radiation dose in a range between 50 Gy  �
and 55 Gy at 1.8–2 Gy per fraction, with a boost of 
5–10 Gy to the residual tumor is recommended for 
defi nitive treatment (Grade A). Nasal NK/T-cell 
lymphoma is a radiosensitive disease and com-
plete response can be achieved at lower doses; 
however, lower total dose of irradiation (< 50 Gy) 
and small fi eld size (i.e., tumor bed plus a mar-
gin without surrounding tissues as described) has 
resulted in higher local failure in several studies. 
With the large radiation fi elds and high doses 
(median dose of 50 Gy) to the nasal cavity and 
neighboring organs or structures, a local failure 
of 7.8% was observed in 102 patients with na-
sal NK/T-cell lymphoma receiving radiotherapy. 
Due to the small numbers of patients receiving 
low doses of 40–45 Gy or high doses of > 55 Gy, a 
dose–response relationship between local failure 
and optimal radiation dose was not defi ned in 
this series (Level IV) (Li et al. 2006). In another 
large study of 102 patients with stage I–II na-
sal and nasal-type NK/T-cell lymphoma of the 
head and neck areas, a median dose of 45 Gy was 
given. The complete response (CR) rate was 72% 
after radiotherapy, whereas the local failure was 
47% for all patients. The local failure was 64% for 
< 45 Gy as compared to 38% for  45 Gy (p = 0.02) 
(Level IV) (Koom et al. 2004). Although this study 
demonstrated a dose–response relation within the 
range of 20–54 Gy with a plateau at doses in ex-
cess of approximately 54 Gy, it should be pointed 
out that radiation dose of 45 Gy is not optimal 
for radical radiotherapy and may contribute to 
extremely high local failure in this series. You 
et al. (2004) administered higher radiotherapy 
doses of 54–60 Gy and achieved a 5-year failure-
free survival rate of 83.3% (Level IV). In another 
study of 74 stage I and II patients receiving ra-
diotherapy, the 5-year OS and DFS were 75.5% 
and 46.1% for  54 Gy, as compared to 60.3% and 
33.4% for < 54 Gy (p < 0.05) (Level IV) (Huang et 
al. 2008). Shikama et al. (2001) reported that the 
5-year local control was signifi cantly higher with 
a total dose of  50 Gy as compared to < 50 Gy 
(100% vs. 67%, p = 0.013) for patients with nasal 
lymphomas (Level IV). In agreement with this 
data, Isobe et al. (2006) reported a local failure 
rate of 67% for < 50 Gy and 27% for  50 Gy in 
35 patients with nasal and nasal-type NK/T-cell 
lymphoma (p = 0.038) (Level IV).

Chemotherapy

Chemotherapy is not recommended for primary  �
treatment in stage IE and IIE nasal NK/T-cell 
lymphoma (Grade B). Results of a number of ret-
rospective trials have demonstrated that chemo-
therapy has no effect on both disease-free and 
overall survival rates. In addition, nasal NK/T-
cell lymphoma is refractory to conventional che-
motherapy. The reported complete response rate 
ranged from 8% to 59% after chemotherapy, the 
majority being below 40% (Ribrag et al. 2001; 
Kim et al. 2001; Kim et al. 2001; Kim et al. 2005; 
Yong et al. 2006; Guo et al. 2008; Huang et al. 
2008). The low response rate and poor prognosis 
after chemotherapy alone refl ect the resistance 
to conventional combination chemotherapy 
and is associated with P53 mutation and MDR 
expression (Level IV) (Yamaguchi et al. 1995; 
 Quintanilla-Martinez et al. 2001;  Takahara 
et al. 2004; Li et al. 2000).
Adjuvant chemotherapy is not recommended for  �
early-stage nasal NK/T-cell lymphoma (Grade A). 
The addition of chemotherapy to radiotherapy 
does not improve the survival: In the above-
mentioned study of 105 patients with stage I 
and II nasal NK/T-cell lymphoma, 31 patients 
were treated with radiotherapy alone, 34 with 
radiotherapy followed by chemotherapy, and 
37 patients with a short course of combination 
chemotherapy (one to four cycles) followed by 
radiotherapy, and only three patients with che-
motherapy alone. The 5-year OS and PFS were 
76% and 61% for combined modality therapy as 
compared to 66% and 61% for radiotherapy alone 
(p = 0.6433 for OS, p = 0.8391 for PFS) (Level IV) 
(Li et al. 2006). There was no statistically signifi -
cant difference in OS and PFS between the two 
groups. For stage IE patients, the 5-year OS and 
PFS with combined modality therapy were 80% 
and 64%, while those with radiotherapy alone 
were 73% and 63%, respectively (p = 0.9274 for 
OS and p = 0.8533 for PFS).
Several recent large series have also reported no 
convincing clinical benefi t by adding conven-
tional chemotherapy to radiotherapy: Kim et al. 
(2001) reported that in a series of 143 Korean pa-
tients with stage I and II angiocentric lymphoma 
of the head and neck area, 104 patients were 
treated with radiotherapy alone and 39 with che-
motherapy followed by radiotherapy. The CR rate 
was much higher with radiotherapy than those 
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with chemotherapy (69% versus 8%); for patients 
receiving initial chemotherapy, an overall CR rate 
of 67% could be achieved after salvage radiother-
apy. However, no statistically signifi cant differ-
ence in survival was observed between RT alone 
and CMT (5-year OS, 35% versus 38%). Cheung 
et al. (2002) reported that in a series of 79 Chi-
nese patients with stage I and II nasal NK/T-cell 
lymphoma, the majority of patients were treated 
with chemotherapy followed by radiotherapy (ac-
tually radiotherapy as salvage therapy in the lat-
ter group). The 5-year OS and DFS for all patients 
were 37.9% and 35.5%, respectively. The 5-year 
OS and DFS were 40.3% and 35.8% for CMT as 
compared to 29.8% and 30.5% for radiotherapy 
alone (p = 0.693 for OS and p = 0.795 for DFS). 
Of 61 patients receiving initial chemotherapy, 31 
(51%) had disease progression and 17 of them 
progressed locoregionally. Nine of the latter pa-
tients were successfully salvaged with further 
radiotherapy. However, of 18 patients receiving 
radiotherapy, 14 patients (78%) achieved a CR, 
whereas none of the remaining four patients, who 
had disease progression, were salvaged with che-
motherapy. Another Korean study reported on 53 
patients with stage I and II nasal and nasal-type 
NK/T-cell lymphoma, 33 patients were treated 
with radiotherapy and 20 patients with chemo-
therapy and radiotherapy. The 5-year OS was 76% 
for radiotherapy alone and 59% for CMT, respec-
tively (p = 0.27) (Kim et al. 2005). 
The high local progression or relapse after che- �
motherapy alone or initial chemotherapy was ob-
served in several studies of patients with early-
stage disease, and some of those patients can be 
successfully salvaged with radiotherapy (Kim et 
al. 2003; Lee KW et al. 2006; Kim et al. 2006; 
Cheung et al. 2002). Again, the low rate of com-
plete response and high local failure with chemo-
therapy and successful salvage with radiotherapy 
indicate the important role of radiotherapy as pri-
mary therapy for early stage patients.
Conventional CHOP-based chemotherapy com- �
bined with L-asparaginase or oral nitrosourea 
was evaluated in a few studies. Its value was not 
confi rmed as all these patients received salvage 
radiotherapy following initial chemotherapy 
(Yong 2006; Guo et al. 2008).
A new chemotherapeutic regimen, IMEP (ifos-
famide, methotrexate, etoposide and predniso-
lone), was evaluated in a study of 26 patients with 
nasal or upper aerodigestive tract localization 

(Lee et al. 2006). The CR rate after IMEP was 
observed in 12 of 22 (55%) evaluable patients. Of 
the 14 patients with stage I and II diseases, 11 
(79%) achieved CR with chemotherapy alone, and 
seven developed local recurrence. 

30.5.3 Treatment of 
 Stage III and IV Disease

Conventional chemotherapy is the primary treat- �
ment for patients with stage III and IV disease. 
However, patients with extensive diseases have 
an extremely poor prognosis and survival of more 
than 5 years is rare. The poor prognosis and ex-
tranodal progression observed in patients with 
stage III–IV disease clearly illustrates the need 
for innovative systemic treatments.
Palliative radiotherapy can be used for these pa- �
tients.
The data on autologous stem cell transplantation  �
for nasal NK/T-cell lymphoma is limited and 
further investigation is needed. Successful treat-
ment with autologous stem cell transplantation 
has been reported in several studies with small 
numbers of patients (Level IV) (Au et al. 2003; 
Takenaka et al. 2001; Liang et al. 1997; Sasaki 
et al. 2000).

30.6 Follow-Ups
 

30.6.1 Post-Treatment Follow-Ups

Long-term follow-up after defi nitive treatment of  �
nasal NK/T-cell lymphoma is recommended for 
early detection of recurrence (Grade D).

Schedule and Work-Ups

Follow-ups could be scheduled every 3 months  �
for 2 years, then every 6 months for 3 additional 
years, then annually thereafter (Grade D). The 
incidence of late relapse is uncommon, but has 
been reported in the literature.
Each follow-up should include a complete history  �
and physical examination, complete blood count, 
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and LDH. CT scanning of the head and neck, 
abdomen and pelvis can be performed at each 
follow-up session for symptomatic patients; how-
ever, the effect of routine use of imaging studies 
during follow-on survival is not confi rmed.

References

Anacak Y, Arican Z, Bar-Deroma R et al. (2003) Total skin 
electron irradiation: evaluation of dose uniformity 
throughout the skin surface. Med Dosim 28:31–34

Arber DA, Weiss LM, Albujar PF et al. (1993) Nasal lympho-
mas in Peru. High incidence of T-cell immunopheno-
type and Epstein-Barr virus infection. Am J Surg Pathol 
17:392–399

Au WY, Lie AKW, Liang R et al. (2003) Autologous stem cell 
transplantation for nasal NK/T-cell lymphoma: a prog-
ress report on its value. Ann Oncol 14:1673–1676

Aviles A, Diaz NR, Neri N et al. (2000) Angiocentric nasal 
T/natural killer cell lymphoma: a single center study of 
prognostic factors in 108 patients. Clin Lab Haematol 
22:215–220

Bass JC, Korobkin MT, Cooper KD et al. (1993) Cutaneous 
T-cell lymphoma: CT in evaluation and staging. Radiol-
ogy 186(1):273–278

Becker M, Hoppe RT, Knox SJ. (1995) Multiple courses of 
high-dose total skin electron beam therapy in the man-
agement of mycosis fungoides. Int J Radiat Oncol Biol 
Phys 32:1445–1449

Bekkenk MW, Jansen PM, Meijer CJLM et al. (2004) CD56+ 
hematological neoplasms presenting in the skin: a retro-
spective analysis of 23 new cases and 130 cases from the 
literature. Ann Oncol 15:1097–1108

Chan JK, Yip TT, Tsang WY et al. (1994) Detection of Epstein-
Barr viral RNA in malignant lymphomas of the upper 
aerodigestive tract. Am J Surg Pathol 18:938–946

Chan JKC, Jaffe ES, Ralfkiaer E (2001) Extranodal NK/T-cell 
lymphoma, nasal type. In: Jaffe ES, Harris NL, Stein H, 
Vardiman JW (eds) World Health Organization classifi -
cation of tumours: pathology and genetics of tumours of 
haematopoietic and lymphoid tissues. IARC Press, Lyon, 
pp 204–207

Chim CS, Ma SY, Au WY et al. (2004) Primary nasal natu-
ral killer cell lymphoma: long-term treatment outcome 
and relationship with the international prognostic index. 
Blood 103:216–221

Chinn DM, Chow S, Kim YH et al. (1999) Total skin electron 
beam therapy with or without adjuvant topical nitrogen 
mustard or nitrogen mustard alone as initial treatment 
of T2 and T3 mycosis fungoides. Int J Radiat Oncol Biol 
Phys 43:951–958

Cheung MM, Chan JK, Lau WH et al. (2002) Early stage nasal 
NK/T-cell lymphoma: clinical outcome, prognostic fac-
tors, and the effect of treatment modality. Int J Radiat 
Oncol Biol Phys 54:182–190

Cotter GW, Baglan RJ, Wasserman TH et al. (1983) Pal-
liative radiation treatment of cutaneous mycosis fun-

goides – a dose response. Int J Radiat Oncol Biol Phys 
9:1477–1480

de Coninck EC, Kim YH, Varghese A et al. (2001) Clinical 
characteristics and outcome of patients with extracuta-
neous mycosis fungoides. J Clin Oncol 19:779–784

Diamandidou E, Colome M, Fayad L et al. (1999) Prognostic 
factor analysis in mycosis fungoides/Sézary syndrome. 
J Am Acad Dermato 40(6 Pt 1):914–924

Greene F, Page D, Fleming I et al. (2002) AJCC Cancer Stag-
ing Manual, 6th edn. Springer, Berlin Heidelberg New 
York

Guo Y, Lu JJ, Ma X et al. (2008) Combined chemoradiation 
for the management of nasal natural killer (NK)/T-cell 
lymphoma: elucidating the signifi cance of systemic che-
motherapy. Oral Oncol 44:23–30

Hahn JS, Lee ST, Min YH et al. (2002) Therapeutic outcome 
of Epstein-Barr Virus positive T/NK cell lymphoma in the 
upper aerodigestive tract. Yonsei Med J 43:175–182

Harris NL, Jaffe ES, Diebold J et al. (2000) The World Health 
Organization classifi cation of neoplastic diseases of the 
haematopoietic and lymphoid tissues: report of the clini-
cal advisory committee meeting, Airlie House, Virginia, 
November 1997. Histopathology 36:69–86

Hoppe RT, Fuks Z, Bagshaw MA. (1977) The rationale for 
curative radiotherapy in mycosis fungoides. Int J Radiat 
Oncol Biol Phys 2:843–851

Huang MJ, Jiang Y, Liu WP et al. (2008) Early or up-front 
radiotherapy improved survival of localized extranodal 
NK/T-cell lymphoma, nasal-type in the upper aerodiges-
tive tract. Int J Radiat Oncol Biol Phys 70:166–174

Isobe K, Uno T, Tamaru JI et al. (2006) Extranodal natural 
killer/T-cell lymphoma, nasal type. Cancer 106:609–615

Jaffe ES, Chan JK, Su IJ et al. (1996) Report of the workshop 
on nasal and related extranodal angiocentric T/natural 
killer cell lymphomas: defi nitions, differential diagnosis 
and epidemiology. Am J Surg Pathol 20:103–111

Jones GW, Tadros A, Hodson DI et al. (1994) Prognosis with 
newly diagnosed mycosis fungoides after total skin elec-
tron radiation of 30 or 35 GY. Int J Radiat Oncol Biol Phys 
28:839–845

Jones GW, Kacinski BM, Wilson LD et al. (2002) Total skin 
electron radiation in the management of mycosis fun-
goides: Consensus of the European Organization for 
Research and Treatment of Cancer (EORTC) Cutaneous 
Lymphoma Project Group. J Am Acad Dermatol 47:364–
370

Kako S, Izutsu K, Ota Y et al. (2007) FDG-PET in T-cell and 
NK-cell neoplasms. Ann Oncol 18:1685–1690

Kanavaros P, Lescs MC, Briere J et al. (1993) Nasal T-cell 
lymphoma: a clinicopathologic entity associated with 
peculiar phenotype and with Epstein-Barr virus. Blood 
81:2688–2695

Kaye FJ, Bunn PA Jr, Steinberg SM et al. (1989) A random-
ized trial comparing combination electron-beam radia-
tion and chemotherapy with topical therapy in the initial 
treatment of mycosis fungoides. N Engl J Med 321:1784–
1790

Kim BS, Kim TY, Kim CW et al. (2003) Therapeutic outcome 
of extranodal NK/T-cell lymphoma initially treated with 
chemotherapy – result of chemotherapy in NK/T-cell 
lymphoma. Acta Oncol. 42:779–783

Kim GE, Lee SW, Chang SK et al. (2001) Combined chemo-
therapy and radiation versus radiation alone in the man-

LuBrady-BOOK.indb   458 13.08.2008   14:03:20



  Cutaneous T-Cell and Extranodal NK/T-Cell Lymphoma 459

agement of localized angiocentric lymphoma of the head 
and neck. Radiother Oncol 61:261-269

Kim K, Chie EK, Kim CW et al. (2005) Treatment outcome 
of angiocentric T-cell and NK/T-cell lymphoma, nasal 
type: radiotherapy versus chemoradiotherapy. Jpn J Clin 
Oncol 35:1–5

Kim SJ, Kim BS, Choi CW et al. (2006) Treatment outcome 
of front-line systemic chemotherapy for localized extran-
odal NK/T cell lymphoma in nasal and upper aerodiges-
tive tract. Leuk Lymphoma 47:1265–73

Kim SJ, Kim BS, Choi CW et al. (2007) Ki-67 expression is 
predictive of prognosis in patients with stage I/II ex-
tranodal NK/T-cell lymphoma, nasal type. Ann Oncol 
18:1382–1387

Kim TM, Park YH, Lee SY et al. (2005) Local tumor inva-
siveness is more predictive of survival than International 
Prognostic Index in stage IE/IIE extranodal NK/T cell 
lymphoma, nasal type. Blood 106:3785-3790

Kim YH, Bishop K, Varghese A et al. (1995) Prognostic fac-
tors in erythrodermic mycosis fungoides and the Sézary 
syndrome. Arch Dermatol 131:1003–1008

Kim YH, Jensen RA, Watanabe GL et al. (1996) Clinical stage 
IA (limited patch and plaque) mycosis fungoides. A long-
term outcome analysis. Arch Dermatol 132:1309–1313

King AD, Lei KIK, Ahuja AT et al. (2000) MR imaging of na-
sal T-cell/natural killer cell lymphoma. AJR Am J Roent-
genol 174:209–211

Ko YH, Cho EY, Kim JE et al. (2004) NK and NK-like T-cell 
lymphoma in extranasal sites: a comparative clinico-
pathological study according to site and EBV status. His-
topathol 44:480–489

Koom WS, Chung EJ, Yang WI et al. (2004) Angiocentric 
T-cell and NK/T-cell lymphomas: radiotherapeutic view-
points. Int J Radiat Oncol Biol Phys 59:1127–1137

Kumar R, Xiu Y, Zhuang HM et al. (2006) 18F-fl uorodeox-
yglucose-positron emission tomography in evaluation of 
primary cutaneous lymphoma. Br J Dermatol 155:357–
363

Lee J, Kim WS, Park YH et al. (2005a) Nasal-type NK/T cell 
lymphoma: clinical features and treatment outcome. Brit 
J Caner 92:1226–1230

Lee J, Park YH, Kim WS et al. (2005b) Extranodal nasal type 
NK/T-cell Lymphoma: Elucidating clinical prognostic 
factors for risk-based stratifi cation of therapy. Eur J Can-
cer 41:1402–1408

Lee J, Suh C, Park YH et al. (2006) Extranodal natural killer 
T-cell lymphoma, nasal-type: a prognostic model from a 
retrospective multicenter study. J Clin Oncol 24:612–618

Lee KW, Yun T, Kim DW et al. (2006) First-line ifosfamide, 
methotrexate, etoposide and prednisolone chemotherapy 
± radiotherapy is active in stage I/II extranodal NK/T-
cell lymphoma. Leuk Lymphoma 47:1274–1282

Li CC, Tien HF, Tang JL et al. (2004) Treatment outcome and 
pattern of failure in 77 patients with sinonasal natural 
killer/T-cell or T-cell lymphoma. Cancer 100:366–375, 
2004

Li T, Hongyo T, Syaifudin M et al. (2000) Mutations of 
the p53 gene in nasal T/NK-cell lymphoma. Lab Invest 
80:493–499

Li YX, Coucke PA, Li JY et al. (1998) Primary non-Hodgkin’s 
lymphoma of the nasal cavity: prognostic signifi cance of 
paranasal extension and the role of radiotherapy and che-
motherapy. Cancer 83:449–456

Li YX, Yao B, Jin J et al. (2006) Radiotherapy as primary 
treatment for stage IE and IIE nasal natural killer/T cell 
lymphoma. J Clin Oncol 24:181–189. In reply, 24:2684–
2686

Liang R, Chen F, Lee CY et al. (1997) Autologous bone mar-
row transplantation for primary nasal T/NK cell lym-
phoma. Bone Marrow Transplant 19:91–93

Micaily B, Miyamoto C, Kantor G et al. (1998) Radiotherapy 
for unilesional mycosis fungoides. Int J Radiat Oncol Biol 
Phys 42:361–364

Miketic LM, Chambers TP, Lembersky BC (1993) Cutaneous 
T-cell lymphoma: value of CT in staging and determining 
prognosis. AJR Am J Roentgenol 160:1129–1132

Mraz-Gernhard S, Natkunam Y, Hoppe RT et al. (2001) Nat-
ural killer/natural killer-like T-cell lymphoma, CD56+, 
presenting in the skin: an increasingly recognized entity 
with an aggressive course. J Clin Oncol 19:2179–2188

Na II, Kang HJ, Park YH et al. (2007) Prognostic factors for 
classifying extranodal NK/T cell lymphoma, nasal type, 
as lymphoid neoplasia. Eur J Haematol 79:1–7

Ooi GC, Chim CS, Liang R et al. (2000) Nasal T-cell/natu-
ral killer cell lymphoma: CT and MR imaging features 
of a new clinicopathologic entity. AJR Am J Roentgenol 
174:1141–1145

Ou CH, Chen CC, Ling JC et al. (2007) Nasal NK/T-cell lym-
phoma: computed tomography and magnetic resonance 
imaging fi ndings. J Chin Med Assoc 70:207–712

Pagano L, Gallamini A, Trape G et al. (2006) NK/T-cell lym-
phomas ‘nasal type’: an Italian multicentric retrospective 
survey. Ann Oncol 17:794–800

Quintanilla-Martinez L, Kremer M, Keller G et al. (2001) p53 
mutations in nasal natural killer/T-cell lymphoma from 
Mexico: association with large cell morphology and ad-
vanced disease. Am J Pathol 159:2095–2105

Quirós PA, Kacinski BM, Wilson LD (1996) Extent of skin 
involvement as a prognostic indicator of disease free and 
overall survival of patients with T3 cutaneous T-cell lym-
phoma treated with total skin electron beam radiation 
therapy. Cancer 77:1912–1917

Quirós PA, Jones GW, Kacinski BM et al. (1997) Total skin 
electron beam therapy followed by adjuvant psoralen/
ultraviolet-A light in the management of patients with T1 
and T2 cutaneous T-cell lymphoma (mycosis fungoides). 
Int J Radiat Oncol Biol Phys 38:1027–1035

Ribrag V, Ell Hajj M, Janot F et al. (2001) Early locoregional 
high-dose radiotherapy is associated with long-term 
disease control in localized primary angiocentric lym-
phoma of the nose and nasopharynx. Leukemia 15:1123-
1126

Sasaki M, Matsue K, Takeuchi M et al. (2000) Successful 
treatment of disseminated nasal NK/T cell lymphoma 
using double autologous peripheral blood stem cell trans-
plantation. Int J Hematol 71:75–78

Scarisbrick JJ, Whittaker S, Evans AV et al. (2001) Prognostic 
signifi cance of tumor burden in the blood of patients with 
erythrodermic primary cutaneous T-cell lymphoma. 
Blood 97:624–630

Shikama N, Ikeda H, Nakamura S et al. (2001) Localized 
aggressive non-Hodgkin’s lymphoma of the nasal cav-
ity: a survey by the Japan Lymphoma Radiation Therapy 
Group. Int J Radiat Oncol Biol Phys 51:1228–1233

Shim SJ, Yang WI, Shin E et al. (2007) Clinical signifi cance of 
cyclooxygenase-2 expression in extranodal natural killer 

LuBrady-BOOK.indb   459 13.08.2008   14:03:20



460 Y. Li and J. J. Lu

Wilson LD, Quiros PA, Kolenik SA et al. (1996) Additional 
courses of total skin electron beam therapy in the treat-
ment of patients with recurrent cutaneous T-cell lym-
phoma. J Am Acad Dermatol 35:69–73

Wilson LD, Kacinski BM, Jones GW (1998) Local superfi cial 
radiotherapy in the management of minimal stage IA 
cutaneous T-cell lymphoma (Mycosis Fungoides). Int J 
Radiat Oncol Biol Phys 40:109–115

Yamaguchi M, Kita K, Miwa H et al. (1995) Frequent expres-
sion of P-glycoprotein/MDR1 by nasal T-cell lymphoma 
cells. Cancer 76:2351–2356

Yong W, Zheng W, Zhu J et al. (2006) Midline NK/T-cell 
lymphoma nasal-type: treatment outcome, the effect of 
L-asparaginase based regimen, and prognostic factors. 
Hematol Oncol 24:28–32

You JY, Chi KH, Yang MH et al. (2004) Radiation therapy ver-
sus chemotherapy as initial treatment for localized nasal 
natural killer (NK)/T-cell lymphoma: a single institute 
survey in Taiwan. Ann Oncol 15:618–625

Ysebaert L, Truc G, Dalac S et al. (2004) Ultimate results of 
radiation therapy for T1-T2 mycosis fungoides (including 
reirradiation). Int J Radiat Oncol Biol Phys 58:1128–1134

(NK)/T-cell lymphoma, nasal type. Int J Radiat Oncol Biol 
Phys 67:31–38

Takahara M, Kishibe K, Bandoh N et al. (2004) P53, N- and 
K-Ras, and -Catenin gene mutations and prognostic fac-
tors in nasal NK/T-cell lymphoma from Hokkaido, Japan. 
Hum Pathol 35:86–95

Takenaka K, Shinagawa K, Maeda Y et al. (2001) High-dose 
chemotherapy with hematopoietic stem cell transplanta-
tion is effective for nasal and nasal-type CD56+ natural 
killer cell lymphomas. Leuk Lymphoma 42:1297–1303

Tsukamoto N, Kojima M, Hasegawa M et al. (2007) The 
usefulness of 18F-fl uorodeoxyglucose positron emission 
tomography (18F-FDG-PET) and a comparison of 18F-
FDG-pet with 67gallium scintigraphy in the evaluation 
of lymphoma. Cancer 110:652–659

van Gorp J, Doornewaard H, Verdonck LF et al. (1994) Ep-
stein-Barr virus in nasal T-cell lymphomas (polymorphic 
reticulosis/midline malignant reticulosis) in western 
China. J Pathol 173:81–87

Willemze R, Jaffe ES, Burg G et al. (2005) WHO-EORTC 
classifi cation for cutaneous lymphomas. Blood 105:3768–
3785

LuBrady-BOOK.indb   460 13.08.2008   14:03:21



  Primary Central Nervous System Lymphoma 461

Primary Central Nervous System Lymphoma 31
Evan M. Landau and Marnee M. Spierer

E. M. Landau, MD
M. M. Spierer, MD
Department of Radiation Oncology, Montefi ore Medical 
Center, 111 East 210th Street, Bronx, NY 10467, USA

C O N T E N T S

31.1 Diagnosis, Staging, and Prognoses 461
31.1.1 Diagnosis 461
 Initial Evaluation 461
 Laboratory Tests 462
 Imaging Studies 462
 Pathology 462
 CSF and Bone Marrow Biopsy 463
31.1.2 Staging 463
31.1.3 Prognostic Factors 463

31.2 Treatment of PCNSL 463
31.2.1 General Principles 463
31.2.2 Chemotherapy 464
 Imaging After Chemotherapy 465
31.2.3 Radiation Therapy 465
 Immediate vs. Salvage Radiation 465
 Immediate Radiation 466
 Salvage Radiation 466
 Concurrent Dexamethasone 466

31.3 Treatment Technique of 
 Radiation Therapy 466
31.3.1 Simulation 466
31.3.2 Physics and Treatment Planning 466
31.3.3 Dose and Fractionation 467
31.3.4 Dose Constraints 467

31.4 Treatment-Induced Side Effects and 
 Complications 467

31.5 Follow-Up, Schedule, and Work-Up 468
 Schedule 468
 Work-Up 468

 References 469

Introduction and Objectives

Primary central nervous system lymphoma (PCNSL) is a rare type 
of non-Hodgkin’s lymphoma. Chemotherapy is the mainstay cu-
rative treatment for PCNSL. Radiation therapy plays an impor-
tant role as both an adjuvant treatment and as palliation for 
patients who are not candidates for curative chemotherapy. The 
neurotoxicities of combined modality treatment can be severe. 
The data for treatment of this disease consist of phase II trials 
and retrospective analyses. The patient populations among 
these trials are heterogeneous, and comparison between stud-
ies is limited. As such, defi nitive clinical evidence is limited.

This chapter examines:

Recommendation for diagnosis and evaluation �
Staging and prognostic scoring system �
Treatment recommendations and the available supporting  �
scientifi c evidence

Techniques of radiation therapy �
Follow-up and surveillance for survivors �

31.1 Diagnosis, Staging, and 
 Prognoses

31.1.1 Diagnosis

Initial Evaluation

Diagnosis of primary central nervous system lym- �
phoma (PCNSL) begins with a detailed history 
and physical. Of particular importance are the 
neurological, ophthalmologic, including a slit-
lamp eye exam, and lymph node examination. 
A testicular examination should be performed 
on males of advanced age.
The most common presenting symptoms of  �
PCNSL include focal neurological defi cits, neu-
ropsychiatric symptoms, or symptoms related to 

LuBrady-BOOK.indb   461 13.08.2008   14:03:21



462 E. M. Landau and M. M. Spierer

increased intracranial pressure. This is in con-
trast to systemic lymphoma, which can present 
with B symptoms of fever, weight loss, and night 
sweats (Level IV) (Bataille et al. 2000). Uveitis 
is present in 10%–20% of patients at diagnosis 
(Level IV) (Bessel et al. 2007).
Age and performance status should be recorded  �
in each patient as they are widely quoted prognos-
tic factors and may affect therapeutic decisions. 
This recommendation is based on the consensus 
of the standardized guidelines for the baseline 
evaluation and response assessment of PCNSL 
(Grade D) (Abrey et al. 2005).
The consensus also recommends a mini-mental  �
status exam (MMSE) to be assessed prior to treat-
ment (Grade D). The MMSE is used to establish a 
baseline for response to therapy and a framework 
to understand future neurocognitive toxicities 
(Abrey et al. 2005).
Steroids should be withheld, if possible, prior to  �
the diagnostic procedure, as responses to steroid 
are usually fast in onset and can mask the signs 
on imaging studies (Grade D) (Batchelor et al. 
2006).

Laboratory Tests

Laboratory tests should include a complete  �
blood count, basic metabolic panel, and HIV test 
(Table 31.1). A 24-h urine creatinine clearance 
and liver function test should be drawn prior to 
initiation of methotrexate-based chemotherapy. 
Serum lactate dehydrogenase (LDH) should be 
performed, as it is a known prognostic factor 
(Abrey et al. 2005).

Imaging Studies

Imaging of the central nervous system is essen- �
tial and preferably performed with an MRI plus 
gadolinium. However, CT with contrast is accept-
able when an MRI is contraindicated (Abrey et 
al. 2005).
The location of the lesion should be noted, as  �
deep lesions are a known adverse prognostic fac-
tor (Level IV) (Ferreri et al. 2003).
Chest X-ray should be performed to rule out pri- �
mary pulmonary disease.
An extent of disease work-up includes a full body  �
CT scan. Testicular ultrasound is recommended 
for elderly men to rule out testicular lymphoma 
(Abrey et al. 2005).

FDG-PET or PET/CT scan can be considered and  �
may be used in place of CT, bone marrow biopsy, 
and testicular ultrasound for non-Hodgkin’s lym-
phoma; however, their utilization in PCNSL is still 
experimental.

Pathology

Tissue diagnosis is required as multiple intrac- �
ranial processes can mimic PCNSL on MRI, and 
therefore histological confi rmation of the diag-
nosis is essential.
The diagnostic procedure of choice is a stereotac- �
tic needle biopsy (Grade D) (Abrey et al. 2005). 
Surgical resection of the intracranial tumor is not 
recommended (Grade B). Results from a critical 
review of available publications revealed that no 
survival benefi t is derived from a surgical resec-
tion (Level III) (Reni et al. 1997).
If PCNSL is suspected, no corticosteroids should  �
be administered prior to biopsy because its 
lymphocytic properties may make histological 
diagnosis diffi cult (Grade D) (Batchelor and 
 Loeffl er 2006; Batchelor et al. 2003).
If the CSF fl uid or a vitreous biopsy is positive,  �
then a brain biopsy is not required, based on the 
consensus from the workshop on primary central 
nervous system lymphoma at the European Can-
cer Conference (Grade D) (Bessel et al. 2007).
Most cases of CNS lymphoma are B-cell, diffuse,  �
high-grade lymphomas (Level IV)  (Jellinger et 

Table 31.1. Imaging and laboratory work-ups for primary 
CNS non-Hodgkin’s lymphoma

Imaging studies Laboratory tests Pathology

MRI + gadolinium CBC Stereotactic 
brain biopsy

CT with contrast 
(if MRI 
contraindicated)

Chemistries CSF

CT of chest/
abdomen/pelvis

LDH Vitreous biopsy 
if slit-lamp 
positive

Testicular 
ultrasound

LFTs Bone marrow 
biopsy

CXR Renal function 
tests

PET (experimental)
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al. 1995). Lymphoma of T-cell type is very rare and 
is usually supratentorial. Infratentorial primary 
T-cell lymphoma is exceedingly rare. In addition, 
there remains some debate on the prevalence 
of primary central nervous system lymphoma. 
Some studies have shown an increased in fre-
quency in both immunocompromised and non-
immunocompromised patients. A SEER analysis 
from 1973–1998, showed that the frequency was 
decreasing in all groups except for the highest 
risk group, those greater then 60 years (Level IV) 
(Miller et al. 1994; Kadan-Lottick et al 2001).

CSF and Bone Marrow Biopsy

CSF sampling should be performed, if not medi- �
cally contraindicated (Grade B). The CSF fl uid 
should be tested for cell count, protein levels, 
cytology, fl ow cytometry, and immunoglobu-
lin heavy chain gene rearrangement studies 
( Batchelor and Loeffl er 2006). 
Positive leptomeningeal involvement may change 
management, and an elevated CSF protein is a 
poor prognostic factor (Level III) (Abrey et al. 
2005).
A bone marrow biopsy with aspirate is part of  �
the recommended staging procedure (Grade D) 
(Level V) (O’Neil et al. 1995).

31.1.2 Staging

PCNSL is staged as IE according to the Ann Arbor  �
staging system, I denotes localized lymphoma, 
and E denotes extranodal disease (Batchelor 
and Loeffl er 2006).
The Ann Arbor staging system for non-Hodg- �
kin’s lymphoma is detailed in Table 27.3 (see 
Chap. 27).

31.1.3 Prognostic Factors

PCNSL is viewed as multifocal disease that rarely  �
has systemic involvement. Its main route of spread 
is along the craniospinal axis, which includes the 
eyes. When it recurs, it does so locally (RTOG 83-
15, Level III) (Nelson et al. 1992).
PCNSL prognosis is heavily dependent on a few  �
factors, and survival can range from 1 month with 

poor prognostic features and without treatment 
to a cure rate of over 30% with good prognostic 
features and with treatment (Level III) (Bessel 
et al. 2004).
The International Extranodal Lymphoma Study  �
Group (IELSG) developed a prognostic scoring 
system based on the following factors (Table 31.2): 
(1) age more than 60, (2) ECOG PS greater than 
1, (3) elevated LDH, (4) elevated CSF protein, and 
(5) involvement of deep structures of the brain. 
The survival for these patients can be graded 
based on this system with one point for each fac-
tor (Level IV) (Ferreri et al. 2003).
BCL-6 positives have been linked to an im- �
proved overall survival (Level IV) (Braaten et 
al. 2003).
HIV status has been associated with a lower over- �
all median survival (Level IV) (Jacomet et al. 
1997).

31.2 Treatment of PCNSL

31.2.1 General Principles

The data for treatment of this disease consist of  �
phase II trials and retrospective analyses. The 
patient populations among these trials are het-
erogeneous, and comparison between studies 
is limited. As such, defi nitive evidence-based 
guidelines are limited (Fine 2001; Bessel et al. 
2007).
Primary treatment is a high-dose methotrexate  �
(HD-MTX)-based chemotherapy regimen with or 
without radiation therapy (Grade B) (Level IV)
(Reni et al. 2001).
Radiation alone can be offered as treatment in  �
patients with moderate or severe renal dysfunc-
tion (creatinine clearance <50 ml/min) and/or 
KPS less than 40.

Table 31.2. The International Extranodal Lymphoma Study 
Group (IELSG) prognostic scoring system

Low 
(0–1)

Moderate 
(2–3)

High 
(4–5)

2-Year overall survival 85% 57% 8%
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The role for surgical resection is reserved for re- �
lief of medically unresponsive increased intrac-
ranial pressure (Grade B). Results from a critical 
review of available publications revealed that no 
survival benefi t is derived from a surgical resec-
tion (Level III) (Reni et al. 1997). Results of a ret-
rospective series of 33 patients with PCNSL dem-
onstrated that radiotherapy and chemotherapy 
improved survival, but no benefi t could be dem-
onstrated for the role of surgery. The author con-
cluded that the role of surgery might be limited to 
a selected subset of patients presenting with large 
single space-occupying lesions and deteriorating 
neurological status (Level IV) ( Bellinzona et al. 
2005).

31.2.2 Chemotherapy

HD-MTX-based chemotherapy alone (>1.5 g/m � 2) 
or in combination with other agents is recom-
mended for defi nitive treatment of PCNSL 
(Grade B). Methotrexate crosses the blood-brain 
barrier and achieves therapeutic doses in the 
CNS. This treatment strategy has demonstrated 
good effi cacy in a number of multicenter prospec-
tive trials achieving overall survival in excess of 
30 months (Level III–IV) (Abrey et al. 1998; Blay 
et al. 1998; DeAngelis et al. 2002; Deangelis 
2003; Bessel et al. 2001; Batchelor et al. 2003; 
Poortmans et al. 2003; Pels et al. 2003; Ferreri 
et al. 2006).
In a prospective phase II trial completed by the 
RTOG, 98 patients were treated with fi ve cycles of 
multi-drug induction chemotherapy [methotrex-
ate 2.5 g/m2, vincristine, procarbazine, and intra-
ventricular methotrexate (12 mg)]. Whole-brain 
radiotherapy was given to all patients. Initial ra-
diation dose was 45 Gy delivered in 25 daily frac-
tions, and then the study was amended to reduce 
the dose of irradiation for complete responders to 
induction chemotherapy to 36 Gy in 30 fractions 
in 3 weeks. All patients received high-dose cytar-
abine after RT. The results showed a complete re-
sponse rate of 58%. The median progression-free 
survival and overall survival for the entire cohort 
were 24 months and 37 months, respectively. The 
study also demonstrated that the median survival 
for patients younger than 60 was 50.4 months, as 
compared to 21.8 months for those with more ad-
vanced age (RTOG 93-10, Level III) (DeAngelis 

et al. 2002). A follow-up analysis revealed that 
for patients who received reduced doses of brain 
irradiation (to 36 Gy), the outcome in regard to 
progression-free survival and overall survival 
was not signifi cantly affected. The lower dose ir-
radiation delayed, but did not eliminate severe 
neurotoxicity from chemoradiation (RTOG 93-10, 
Level III) (Fisher et al. 2005).
In a more recently published retrospective se-
ries, 36 patients with PCNSL were treated using 
a multi-step schedule combining chemotherapy 
and deferred radiotherapy. The chemotherapy 
regimen was two modifi ed M-BACOD cycles fol-
lowed by further chemotherapy with a combina-
tion of HMTX, VCZ, PCB, and HD-Ara-C up to a 
total of nine cycles for patients achieving complete 
response, or in patients with partial response, sta-
ble and disease progression, chemotherapy was 
interrupted and radiotherapy initiated immedi-
ately (45 Gy whole-brain irradiation). The overall 
survival of the entire group was 42.1 months. In 
patients with a complete response, time to pro-
gression was 28.3 months. Salvage radiation was 
delivered at the time of recurrence, and 43.4% 
disease-free patients was observed at 2 years 
(Level IV) ( Silvani et al. 2007).
Newer chemotherapeutic regimens including im- �
munotherapy using rituximab in combination 
with methotrexate have been studied. 
A prospective phase II trial studied the effi -
cacy of two cycles of intrathecal (12 mg) and IV 
( 1 g/m2) methotrexate, thiotepa (30 mg/m2), and 
procarbazine (75 mg/m2) prior to whole-brain 
radiotherapy and found that complete response 
was achieved in approximately 40% of patients 
after chemotherapy, and 76% of patients achieved 
complete response after adjuvant radiation. The 
median disease-free survival and overall survival 
were 18 and 32 months, respectively. This regi-
men resulted in an effi cacy and toxicity profi le 
comparable to other combined modality treat-
ments, despite the relatively low dose of metho-
trexate (Level III) (Omuro et al. 2005). 
A more recently published prospective trial eval-
uated the safety and effi cacy of adding rituximab 
to methotrexate-based chemotherapy (between 
fi ve and seven cycles of R-MPV (rituximab, 
MTX, procarbazine, and vincristine). Patients 
who achieved complete response after induction 
chemotherapy were treated with whole-brain ra-
diation up to 23.4 Gy, and those who had less 
than a CR received 45 Gy to the whole brain (two 
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cycles of high-dose cytarabine were given with 
brain irradiation). The results revealed 44% of 
patients achieved a CR after fi ve or fewer cycles, 
and 78% after seven cycles of R-MPV. Thus, ad-
ditional cycles of R-MPV nearly doubled the CR 
rate. The 2-year overall and progression-free sur-
vival was 67% and 57%, respectively. Further-
more, reduced-dose radiation of 23.4 Gy was not 
associated with neurocognitive decline, and dis-
ease control at the time of analysis was optimal 
(Level III) (Shah et al. 2007).
Methotrexate should be withheld for patients with  �
moderate to severe renal dysfunction (creatinine 
clearance <50 ml/min) and KPS lower than 40.
Non-methotrexate-based chemotherapy is not  �
recommended at this time outside of a clini-
cal trial (Grade B). Results from a prospective 
phase II trial indicated that pre-radiation che-
motherapy using a cyclophosphamide, doxoru-
bicin, vincristine, and dexamethasone (CHOD) 
regimen did not signifi cantly improve survival 
over RT alone for patients with PCNSL (RTOG 
88-06, Level II) (Schultz et al. 1996). 
In addition, results from a phase III randomized 
trial (closed prematurely due to failure to accrue) 
revealed that when radiation therapy is used as 
the primary treatment, CHOP-based adjuvant 
chemotherapy has no clear role in the treatment 
of patients with PCNSL (MRC, Level II) (Mead 
et al. 2000).

Imaging After Chemotherapy

An MRI and slit-lamp exam should be performed  �
after completion of chemotherapy in order to 
assess response (Grade B). Tumor response af-
ter chemotherapy is prognostically signifi cant 
and may direct consolidative treatment in pa-
tients younger than 60 (RTOG 93-10, Level II) 
 (DeAngelis et al. 2002).
The lesion should be graded based on response  �
to treatment (Grade D) (Abrey et al. 2005) (CR, 
complete response; CRu, complete response un-
confi rmed; PR, partial response; POD, progres-
sion of disease)  (Table 31.3).

31.2.3 Radiation Therapy

The use of radiation therapy in the defi nitive  �
treatment of PCNSL is controversial.
For patients with poor performances status (KPS  �
< 40) and/or who are not chemotherapy candi-
dates, radiation alone to the whole brain is the 
treatment of choice (Grade B). When used, the 
whole brain should be treated, as a high rate of 
out-fi eld recurrence can be observed if localized 
treatment is delivered without a generous margin 
(Level IV) (Shibamoto et al. 2003). 
PCNSL is a radiosensitive disease, and radia-
tion alone can achieve a response rate of greater 
than 80% (RTOG 83-15, Level III) (Nelson et 
al. 1992). However, radiation alone has a short 
median survival of less than 12 months (RTOG 
83-15, Level III) (Nelson et al. 1992) (Level IV) 
(Shibamoto et al. 2004).
For patients with good performance status (KPS  �

 40) and who are chemotherapy candidates, 
radiation alone is not routinely recommended 
as primary treatment (Grade B). Results from a 
number of prospective trials mentioned above 
have indicated methotrexate-based chemother-
apy should be considered for defi nitive treatment 
and can provide a survival advantage over radio-
therapy alone.
Radiation should begin after completion of che- �
motherapy (Grade B). Radiation may have the ca-
pacity to repair damage to the blood-brain barrier 
caused by bulky disease. As such, chemotherapy 
should be initiated prior to radiation in order 
to maximize this window of blood-brain barrier 
distribution (Level III) (Reni et al. 1997).
Concurrent chemoradiation should be used with  �
caution as it has a high rate of neurocognitive 
toxicity in the elderly (Level III) (Abrey et al. 
1998).

Immediate vs. Salvage Radiation

For chemotherapy candidates, some studies ad- �
vocate immediate radiation treatment, and others 
have shown success with deferred radiation.

Table 31.3. Radiological response to treatment of PCNSL

CR CRu PR POD

Imaging No contrast 
enhancement

Minimal abnormality 50% Decrease in 
enhancing tumor

25% Increase in lesion or any 
new disease
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Results from a retrospective study have demon- �
strated that complete response has been associ-
ated with improved survival (Level IV) (Corn et 
al. 2000). A literature review of 19 prospective 
trials demonstrated no difference in survival 
between immediate and deferred radiation for 
patients who achieved a complete response after 
HD-MTX-based chemotherapy (Level III) (Reni 
et al. 2001). However, chemotherapy alone only 
provided a complete response rate of 50%, and 
radiation can elevate the response rate to greater 
than 80% (RTOG 93-10, Level III) (DeAngelis 
et al. 2002).
Salvage treatment causes radiation to be targeted  �
against bulk disease, rather than at microscopic 
disease where it is more effective. A signifi cant 
percentage of patients who defer radiation may 
die prior to receiving salvage radiation (Level III) 
(Pels et al. 2003).

Immediate Radiation

Patient’s younger than 60 years of age who achieve  �
a complete response with chemotherapy should 
receive <36 Gy of adjuvant radiation (Grade B). 
Radiation plus chemotherapy has shown im-
proved disease control over chemotherapy alone 
(Level IV) (Gavrilovic et al. 2006). However, 
doses higher than 40 Gy showed no improvement 
in outcome for complete responders (Level IV) 
(Reni et al. 2001).
Decreased incidences of neurotoxicities are noted  �
in patients who receive less than 36 Gy (Level IV) 
(Nguyen et al. 2005; Bessel et al. 2002).
Patients younger than 60 years of age who achieve  �
a PR or who have stable disease after chemother-
apy should receive 45 Gy.

Salvage Radiation

Radiation should be initially deferred for pa- �
tients greater than 60 years of age and reserved 
for salvage (Grade B). Radiation showed no im-
provement in survival in patients 60 years or 
older (Level IV) (Gavrilovic et al. 2006). In 
addition, brain irradiation is associated with a 
high incidence of cognitive neurotoxicity and 
leukoencephalopathy (Level III) (Abrey et al. 
1998).
Most relapses occur in the brain and intraocu- �
lar region; therefore, local therapy is well suited 
after failure (Level IV) (Loeffl er et al. 1985). 

Radiation is an effective agent for local control 
of the recurrent disease. Studies have shown that 
recurrent disease maintains the same radiosen-
sitivity (Level IV) (Nguyen et al. 2005). Further-
more, there may be decreased CNS toxicity from 
waiting more than 6 months between metho-
trexate and radiation (Level IV) (Hottinger et 
al. 2007).

Concurrent Dexamethasone

Concurrent dexamethasone should be started at  �
6 mg daily with radiation therapy, and the com-
pletion of the taper should coincide with the end 
of the course of treatment (Grade B). No corti-
costeroids are needed if minimal or no disease 
is noted prior to adjuvant radiotherapy (RTOG 
93-10, Level III) (DeAngelis et al. 2002).

31.3 Treatment Technique of 
 Radiation Therapy

31.3.1 Simulation

A head immobilization device should be used  �
to ensure proper position during setup and 
 treatment.
CT-based planning is usually not routinely re- �
quired, and a clinical setup technique can be uti-
lized according to the technique described in the 
RTOG 93-10 protocol (DeAngelis et al. 2002).

31.3.2 Physics and Treatment Planning

Treatment should be delivered with a megavoltage  �
machine of energy ranging from 6 Mv to 10 Mv 
photons, with a source to skin distance that must 
be at least 80 cm.
The whole-brain treatment should be delivered  �
by opposed lateral fi elds. The dose should be 
calculated at the mid-point of the two beams. 
The anterior, superior, and posterior borders 
of the treatment portal should include a 1-cm 
margin.
The caudal border should be the inferior aspect  �
of C2 (Fig. 31.1). Custom-made blocks should 
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Fig. 31.1. A typical fi eld arrangement (using opposed lateral 
fi elds) for whole brain irradiation of PCNSL. The inferior 
margin was set to the inferior border of the C2 vertebra. 
A minimum of 1 cm margins were given to the superior, an-
terior, and posterior borders. Caution was paid to include the 
frontal lobe in the treatment fi eld

shield the lens with care to include the poste-
rior one-third of the eyes and the frontal lobe. 
The block should also cover the nasopharynx-
pharynx.
If ocular lymphoma is evident on initial slit-lamp  �
examination prior to radiation, then both eyes 
should be included in the treatment fi eld.
Spinal radiation is questionable for leptomenin- �
geal involvement.

31.3.3 Dose and Fractionation

For patients less than 60 years of age who achieve  �
a complete response after chemotherapy, a total 
dose of  36 Gy in 1.8 Gy fractions (Grade B) is 
required. As detailed above, a dose higher than 
40 Gy delivered in conventional fractionation 
provided no survival advantage, and decreased 
incidences of neurotoxicities are noted in patients 
who receive  36 Gy.
For patients less than 60 years who have a partial  �
response, stable disease, or progressive disease 
after chemotherapy, a total dose of 45 Gy in 1.8 Gy 
fractions is recommended.

31.3.4 Dose Constraints

The total dose to the cervical spinal cord should  �
be limited to 45 Gy; the total dose to the brain stem 
should be limited to 50 Gy (Level IV) (Emami et 
al. 1991).

31.4 Treatment-Induced Side Eff ects 
 and Complications

The most widely documented side effect of treat- �
ment for CNS lymphoma is the potential devastat-
ing neurotoxicity. With improvement in long-term 
survival, it is becoming of greater concern (Perez 
et al. 2004). Treatment-induced neurotoxicities 
can present in many ways, including cognitive 
impairment, ataxia, incontinence, and decline in 
quality of life (Batchelor and  Loeffl er 2006). 
There is no known treatment for this debilitating 
complication.
The most severe toxicity is seen in patients re- �
ceiving combination therapy with radiation and 
chemotherapy, followed by radiation alone, and 
then chemotherapy alone (Level III) (Correa et 
al. 2004).
Combined chemoradiotherapy is associated with  �
cognitive impairment in patients of all age groups. 
In an evaluation of the cognitive status and qual-
ity of life in a cohort of 19 consecutive patients 
treated in a prospective European Organization 
for Research and Treatment of Cancer (EORTC) 
for PCNSL, cognitive impairment was found in 
more than 60% of patients despite a complete 
response. Close to 20% of patients experienced 
severe cognitive defi cits. The study also dem-
onstrated that impairment correlated with age 
(EORTC 20962, Level III) (Harder et al. 2004). 
Other studies have also demonstrated that toxic-
ity is signifi cantly higher in patients older than 
60 years of age, with some reports showing near 
100% incidence (Level III) (Abrey et al. 1998).
Changes in white matter on MRI normally cor- �
respond to the neurocognitive changes (Level III) 
(Bessel et al. 2001).
Retinopathy has been documented in 18.5% of  �
5-year survivors who received whole-brain irra-
diation (total dose 41–45 Gy) (Level IV) (Grimm 
et al. 2006).

LuBrady-BOOK.indb   467 13.08.2008   14:03:22



468 E. M. Landau and M. M. Spierer

31.5 Follow-Up, Schedule, and 
 Work-Up

Long-term follow-up after treatment of PCNSL is  �
indicated in all patients. 
Disease recurrence and neurotoxicities should be  �
the two main points of concern in follow-up. It 
is important to note recurrence early in order to 
consider salvage treatment (with chemotherapy 
and/or radiation).

Schedule

Patients should be evaluated every 3 months for  �
the 1st year, every 4 months for the 2nd year, and 
every 6 months thereafter until they reach 5 years. 
After 5 years, patients should be evaluated annu-
ally (Grade D) (Abrey et al. 2005) (Table 31.4).

Work-Up

Each follow-up visit should include a history,  �
physical, including MMSE, and an MRI scan with 
gadolinium.
Patients with initial involvement of the CSF and  �
eyes should undergo repeat lumbar puncture 
and ophthalmologic exam as needed (Grade D) 
(Abrey et al. 2005).

Table 31.4. Follow-up schedule after treatment for PCNSL

Interval Frequency

First follow-up 2–4 weeks post-treatment

Year 1 Every 3 months

Year 2 Every 4 months

Year 3–5 Every 6 months

Over 5 years Annually

Fig. 31.2. A Proposed treatment algorithm for PCNSL

Diagnosis of PCNSL:
CT/MRI suggestive of lymphoma

CSF + eye exam with biopsy + brain biopsy

Clinical Staging:
Slit lamp eye exam; LP; MRI; HIV; CXR; CT chest, abdomen, and 

pelvis; BM biopsy; testicular US for elderly men

Consider:
Chemotherapy

Intrathecal chemotherapy

Spinal RT

Best supportive care

Consider:
WBRT

Chemotherapy

Involved fi eld RT

Best supportive care

KPS >40 and creatinine clearance >50 ml/min KPS <40 and creatinine clearance <50 ml/min

HD-MTX-based chemotherapy

± WBRT (24–45 Gy) (consider modifying if age >60 years)

Intrathecal chemotherapy if spinal disease

Intraocular chemotherpay or CT to globes if eye disese

Progressive disease

Prior WBRT No prior WBRT

WBRT alone

RT to globes if eye disease 

Intrathecal chemotherapy or focal RT if spinal disease
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Introduction and Objectives

Meningiomas are extra-axial central nervous system tumors that 
arise from the meninges which surround and protect the outer 
surface of the brain and the spinal cord (Fig. 32.1). Meningiomas 
account for 1%–30% of all primary intracranial tumors (LONGSTRETH 
et al. 1993). Approximately 90% of all meningiomas occur in the 
supratentorial compartment (BONDY and LIGON 1996). Intracranial 
meningiomas are most common in adults in their fourth through 
sixth decades of life and are rare in children (2% of all menin-
giomas present in childhood). Meningiomas are more common in 
African-Americans and in females. There is a 2:1 female to male 
ratio in intracranial meningiomas.

The treatment of meningioma requires a multidisciplinary man-
agement, usually involving surgery and/or radiation therapy. 
This chapter examines:

Diagnosis �
Treatment recommendations for meningiomas �
Systemic therapy �
Follow-up care and surveillance �

32.1 Diagnosis, Staging, and 
 Prognoses

32.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of intracranial menin- �
gioma start with a complete history and physical 
examination (H&P).
The clinical presentation of meningioma is de- �
pendent on tumor location, and symptoms are of-
ten insidious in nature. The commonly observed 
symptoms from intracranial meningiomas include 
headache, seizure, stroke, visual defi cit, personal-
ity changes, frontal lobe syndrome, and contralat-
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eral hemiparesis. For diseases located in cavernous 
sinus, ocular motor defi cits, visual fi eld defi cits, 
trigeminal nerve dysfunction, ischemic defi cits, 
and pituitary dysfunction are possible.
History of ionizing radiation exposure is perti- �
nent and should be recorded.

Imaging Studies

MRI and CT scan of the brain with and without  �
contrast are the imaging modalities of choice. 
Meningiomas have typical radiological fi ndings 
and therefore a biopsy is generally not needed 
for the diagnosis.

MRI is a preferred imaging study for the diagno- �
sis of meningioma, although neither MRI nor CT 
of the brain demonstrated a universal superiority 
for the diagnosis of intracranial meningiomas. 
MRI commonly reveals a dural-based tumor, 
isointense with the gray matter with homogenous 
enhancement (in more than 95% of cases). MRI 
was better suited for identifying the extraaxial 
location of the tumor, the broad contact of the 
tumor to the meninges, the tumor capsule, and 
the meningeal contrast enhancement adjacent to 
the tumor (Level III) (Schubeus et al. 1990).
CT scan proved to be superior in demonstrating 
calcifi cations and a typical tumor density, and 

Fig. 32.1a–c. Intensity-modulated radiation therapy (IMRT)
in a patient with optic meningioma and cavernous sinus ex-
tension (prescription: 1.8 Gy per fraction to a total dose of 
50.4 Gy to 90% isodose line)

a b

c
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may demonstrate bone remodeling, intratumoral 
calcifi cation (seen in 25%), and hyperostosis of 
the surrounding skull in base of skull tumors or 
peripherally located diseases. 
Other fi ndings on imaging studies include dilated 
middle meningeal artery groove, posterior cli-
noid erosion, and a secondary osteolytic lesion 
can occur. There is often an enhancing dural tail 
(60%). Between 10% and 15% of meningiomas 
are atypical in appearance showing a signifi cant 
peritumoral edema.
Positron emission tomography (PET) is not rou- �
tinely indicated in the diagnosis and evaluation of 
meningioma, but may be used for meningiomas 
occuring in the base of skull meningiomas 
(Grade C) (Level IV) (Rutten et al. 2007).
Frequent fi ndings on plain X-ray are intratumoral  �
calcifi cations and bone hyperostosis “sunray ef-
fect,” although plain X-ray is not recommended 
routinely in the diagnosis and evaluation of men-
ingioma.
Octreotide brain scintigraphy is useful in dif- �
ferentiating post-surgical residual tumor from 
scarring in sub-totally resected or recurrent men-
ingiomas, as meningiomas usually have a high so-
matostatin receptor density (Grade C) (Level IV) 
(Reubi et al. 1986).
Cerebral angiography is important for patients re- �
quiring surgical resection. It may show sunburst 
effect and a prolonged vascular stain or so-called 
blushing as a result of intratumoral venous stasis.
MRI spectroscopy is an important complemen- �
tary study to MRI as it helps differentiate other 
tumors masquerading as meningiomas, and can 
differentiate typical from atypical meningiomas. 
Classically, there is an increase in the choline, 
creatine, and alanine peaks. A low inositol peak 
may distinguish a meningioma from a schwan-
noma. A lactate peak is seen in more than 60% 
of atypical meningiomas.

Pathology

Meningioma can usually be diagnosed radiologi- �
cally, and pathologic conformation is not required 
in most cases.
Pathologic classifi cation of meningioma (in re- �
sected specimen) is important in predicting the 
clinical behavior of the disease. The World Health 
Organization (WHO) classifi cation is the most 
commonly used system for meningioma, classify-
ing meningiomas into three categories: 

Grade I or benign meningiomas: slow-growing 
tumors with well-defi ned borders, not invading 
the adjacent normal brain, and with low mitotic 
index (90% of all meningiomas). 
Grade II or atypical meningiomas: higher mitotic 
index (>4 mitosis per 10 HPF) (5%–7% of all men-
ingiomas). Variant of chordoid and clear cell are 
included. 
Grade III or malignant meningiomas: highest mi-
totic index (>20 per 10 HPF) (1%–3% of all men-
ingiomas). Variant types such as papillary and 
rhabdoid are considered malignant (Table 32.1).

Table 32.1. World Health Organization classifi cation of tu-
mors of meningothelial cell origin

Grade Tumor types

I Meningothelial (Syncytial), transitional, fi brous, 
psammomatous, angiomatous, microcystic, 
secretory, lymphoplasmocyte-rich, metaplastic 
variants (xanthomatous, myxoid, osseous, 
cartilaginous)

II Atypical, chordoid, and clear cell

III Anaplastic (malignant), papillary, and rhabdoid 

32.1.2 Prognosis

Differentiation of meningioma is of prognostic  �
importance. More than 90% of meningiomas are 
WHO Grade I disease and are slow-growing in 
nature. The mean doubling time for WHO grade 
I, II, and III meningioma is 415, 178, and 205 days 
(Level IV) (Jääskeläinen et al. 1985). 
The 5-year recurrence rates in benign, atypi-
cal, and anaplastic meningiomas were 3%, 38%, 
and 78%, respectively, after complete resection 
(Level IV) (Jääskeläinen et al. 1986). Grade I 
meningioma does not metastasize. Although 
rare, grade II and III meningioma may metasta-
size outside of the central nervous system, espe-
cially in advanced or recurrent diseases. 
In patients requiring active treatment, complete- �
ness of surgery is associated with the probability 
of recurrence. Mirimanoff et al. (1985) reported 
a 10-year and a 15-year recurrence-free survival 
(RFS) of 80% and 68% after total resection. 
However, after partial resection, the 10-year and 
the 15-year RFS were 45% and 9%, respectively 
(Level IV).
Other reported adverse factors associated with  �
tumor growth include high mitotic index, 

LuBrady-BOOK.indb   475 13.08.2008   14:03:28



476 G. F. Hatoum and B-C. Wen

younger age (age <40 is associated with higher 
incidence of recurrence), male gender, absence 
of calcifi cation on CT scan, and infratentorial 
and petroclival location of the disease (Level IV) 
( Jääskeläinen et al. 1985; Nakamura et al. 
2003; Van  Havenbergh et al. 2003).

32.2 Treatment of Meningioma

32.2.1 General Principles

The primary management of intracranial men- �
ingiomas depends upon the presenting signs or 
symptoms, the location and size of the tumor, 
as well as patients’ health condition and prefer-
ence. Depending on characteristics of the disease 
and patient, long-term management may involve 
a combination of several modalities including 

watchful waiting, surgery, and radiation therapy 
(Fig. 32.2).
Observation (watchful waiting) is only a valid op- �
tion for patients with small and asymptomatic 
meningioma, especially in patients of advanced 
age (>65 years) or signifi cant comorbidities 
(Grade A).
Surgical resection is the mainstay treatment for  �
patients when treatment is indicated (Grade A).
Radiation therapy is usually recommended as ad- �
juvant treatment for patients with WHO Grade II 
and III disease, or incompletely resected tumors 
(Grade A).

32.2.2 Watchful Waiting

The majority of asymptomatic meningiomas may  �
be followed safely with serial brain imaging until 
either the tumor enlarges signifi cantly or becomes 
symptomatic (Grade A). Watchful waiting is an 
option for patients with small and asymptomatic 

Fig. 32.2. A proposed treatment 
algorithm for intracranial 
meningiomas

Meningiomas

Small, asymptomatic, incidentally found in 
Elderly with comorbities

Optic meningiomas with useful vision
Optic meningiomas with poor vision

confi ned to orbit

Symptomatic or 
in critical location

Watchful waiting

Serial MRI every 6 months RadiationSurgical resection

WHO II / III
GTR / STR
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intracranial meningiomas diagnosed incidentally, 
or optic sheath meningiomas with normal vision 
(asymptomatic). In patients with optic sheath 
meningiomas confi ned to the orbit without intact 
vision, active treatment can also be postponed. 
The results from a number of retrospective stud-
ies have confi rmed that watchful-waiting is a valid 
option for selected patients with meningioma: In 
an early retrospective review of 60 patients with 
asymptomatic meningioma,  Olivero et al. (1995) 
reported that 35 patients had no evidence of tu-
mor growth, and no patients in the entire group 
became symptomatic from an enlarging tumor 
during their follow-up period of 29 months (range 
3–72 months) (Level IV). 
In another retrospective study including 47 
patients from Germany, 41 patients were man-
aged conservatively with observation. The mean 
growth rate of tumors was 0.796 cm3 per year, 
and approximately 66% of the tumors showed a 
growth rate of less than 1 cm3 per year. The mean 
tumor doubling time was 22 years. Progression is 
less likely if the tumor had calcifi cation; however, 
young age is associated with higher growth rates 
(Level IV) (Nakamura et al. 2003). 
The retrospective study from the Mayo Clinic 
included 35 asymptomatic patients who were 
diagnosed with meningioma incidentally. Pa-
tients were followed-up for a median period of 
6.2 years. The results showed that close to 90% of 
patients had stable disease without active treat-
ment. In addition, progression is not likely if the 
tumor showed calcifi cation on imaging studies 
(Level IV) (Go 1998). 
The results of a smaller study of 12 incidentally 
diagnosed and asymptomatic patients who were 
followed-up for a median of 8.8 years revealed that 
disease progression is uncommon, in only one of 
the 12 cases (Level IV) (Braunstein 1997).

32.2.3 Surgery

Surgical resection is the mainstay treatment for  �
symptomatic meningioma. The goal of surgery 
for intracranial meningiomas is total resection 
whenever possible. Completeness of resection can 
be determined by early (<72 h) postoperative, 
contrast-enhanced CT scan or MRI of the brain. 
The possibility of complete surgical resection de- �
pends on the location of meningiomas: Convexity 

and olfactory groove meningiomas have a high 
likelihood of complete resection; falx, parasag-
ittal, sphenoid wing, suprasellar, and intraven-
tricular meningiomas are usually subtotally 
resected; and clival, petroclival and cavernous 
sinus meningiomas are usually unresectable.
The probability of recurrence can be predicted  �
by the Simpson grading system, which was de-
veloped based on the completeness of resection 
(Table 32.2) (Grade B). The 10-year recurrence 
rate is 9% for patients with a Simpson Grade of 
1, compared to a 10-year recurrence rate of 29% 
for patients with a Simpson grade of 3 (Level IV) 
(Simpson 1957).
For symptomatic patients whose tumor is not  �
completely resectable due to tumor location, de-
compression surgery followed by adjuvant radio-
therapy is indicated in patients presenting with 
neurologic defi cit caused by tumor compression 
(Grade B). Patients who underwent partial re-
section of their tumor followed by adjuvant ra-
diotherapy had similar outcome as compared to 
those who received total resection, as described 
in the next section.

Table 32.2. Simpson grading system for meningiomas

Grade Defi nition

1 Macroscopic GTR w/ excision of dura, sinus, 
and bone

2 Macroscopic GTR w/ coagulation of dural 
attachment

3 Macroscopic resection w/o resection or 
coagulation of dural attachment

4 STR

5 Biopsy

GTR, gross-total resection; STR, subtotal resection.

32.2.4 Radiation Therapy

Adjuvant radiation therapy is usually not rec- �
ommended after complete resection for WHO 
Grade I meningioma (Grade B). The probability 
of recurrence after complete resection is less than 
5% at 5 years after surgery for benign menin-
gioma (Level IV) (Jääskeläinen et al. 1986).
Adjuvant radiation therapy is indicated for  �
WHO grade I meningioma after partial resection 
(Grade A). Patients underwent partial resection 
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of their tumor followed by adjuvant radiotherapy 
had similar outcome as compared to those re-
ceived total resection: 
Results from a retrospective study reported by 
Taylor et al. (1988) revealed that the 10-year lo-
cal control rates for 132 patients with WHO grade 
I meningioma were 77% and 82%, respectively, for 
those achieved gross total resection or received 
partial resection plus radiation therapy. However, 
the rate of patients who underwent partial resec-
tion only was 18% (Level IV). These fi ndings were 
supported by the more recently published results 
of 92 patients with WHO grade I meningioma. The 
5-year progression-free survival (PFS) rates for 
patients treated with partial resection followed by 
radiotherapy or partial resection alone were 91% 
versus 38%, respectively (p=0.0005). The PFS of 
patients achieved complete gross resection was 
77% (Level IV) (Soyuer et al. 2004). 
In a larger series including 262 patients with 
WHO Grade I, II, or III meningiomas, the cause-
specifi c survival of patients receiving total resec-
tion or partial resection followed by adjuvant ra-
diation approached 90% at 15 years, as compared 
to 50% in those who had partial resection only 
(p=0.0003) (Level IV) (Condra et al. 1997).
Adjuvant therapy is indicated for patients with  �
WHO Grade II or Grade III meningioma after 
surgery (Grade B). The 5-year recurrence rate of 
patients with atypical or anaplastic meningiomas 
were 38% and 78%, respectively, after complete 
resection (Level IV) (Jääskeläinen et al. 1986; 
Goyal et al. 2000). Adjuvant radiation therapy 
was found to be effective in reducing local re-
currence for patients with atypical or malignant 
meningiomas after complete or partial resec-
tion in a number of retrospective studies with 
small sample sizes (Level IV) (Coke et al. 1998; 
Milosevic et al. 1996).
Defi nitive radiation therapy using external  �
beam radiation therapy or stereotactic radio-
surgery is the treatment of choice when surgery 
is contraindicated (e.g., meningioma of optic 
nerve sheath or cavernous sinus, or medically 
inoperable patients due to comorbidities). The 
purpose of radiation therapy is to retard the 
growth of the tumor and preserve the exist-
ing function. As most cases of meningioma are 
slow-growing, signifi cant regression of the tu-
mor after radiation therapy usually does not oc-
cur with a limited period of follow-up (Level IV) 
(Debus 2001).

Treatment Technique

Radiation therapy can be delivered with conven- �
tional external beam radiation therapy or intensi-
ty-modulated radiation therapy. Newer radiation 
therapy modalities have also been explored. 

3D Conformal Radiation Therapy or IMRT

CT-based planning is highly recommended for  �
radiation treatment of meningioma (Grade B). 
CT based simulation signifi cantly improved the 
treatment outcome (overall survival) according to 
the results of a retrospective series of 140 patients 
treated between 1967 and 1990 for meningioma 
at the University of California, San Francisco 
(Level IV) (Goldsmith et al. 1994).
The gross tumor volume (GTV) should be de- �
termined by fusion of the T1-weighted contrast-
enhanced MRI with the planning CT (Grade B). 
The tumor volume is best determined by compar-
ing preoperative and postoperative fi ndings of a 
contrast-enhanced MRI of the brain. MRI defi ned 
meningioma volumes could be larger but not in-
clusive of CT-defi ned volumes, thus CT scan and 
MRI are complementary for the purpose of tumor 
delineation (Level III) (Khoo et al. 2000).
The GTV for adjuvant radiation of WHO Grade �  I 
meningioma can include the postoperative re-
sidual tumor only. For atypical and malignant 
meningioma (i.e., WHO grade II and III), GTV 
should include the entire tumor bed on the pre-
operative MRI (Grade D).
Radiation dose for the adjuvant treatment of WHO  �
grade I meningioma ranges from 50 Gy to 54 Gy 
at 1.8–2.0 Gy per daily fraction (Grade B). Dose re-
sponse of meningioma to radiation therapy has not 
been evaluated. Radiation dose of less than 50 Gy 
is associated with increased recurrence (Level IV) 
(Milosevic et al. 1996). In a retrospective review 
reported by Goldsmith et al. (1994) the recurrence 
rate for patients treated with 54 Gy or lower was 
signifi cantly higher (Level IV). However, doses of 
54 Gy or higher using conventional radiotherapy is 
associated with increased long-term complications. 
For WHO Grade II or III diseases, higher dose 
(e.g., 59.4 Gy in 33 daily fractions at 1.8 Gy/frac-
tions) is recommended.
IMRT can be recommended for meningioma, and  �
may produce improved outcome as compared to 
conventional radiotherapy, particularly for lesions 
located close to critical normal tissues (Grade B) 
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(Fig. 32.1). Results from dosimetric studies have 
demonstrated the benefi t of IMRT on small in-
tracranial tumors (Level IV)  (Cardinale et al. 
1998). The clinical value of IMRT for meningioma 
was preliminarily demonstrated in a small ret-
rospective series of 20 patients with recurrent, 
residual, or skull-base meningioma. Patients 
treated with IMRT experienced evident clinical 
and radiological regression of symptoms com-
pared to those treated with 3D conformal radio-
therapy, as the doses to the gross tumor volume 
were signifi cantly higher in tumors treated with 
IMRT (Level IV) (Pirzkall et al. 2003).

Stereotactic Radiosurgery or Radiotherapy 

Stereotactic radiosurgery may benefi t menin- �
gioma patients with small residual tumors when 
the maximum tumor dimension does not exceed 
3.5 cm and the separation between the tumor and 
critical structures, such as chiasm and brain-
stem, is suffi ciently large (>3 mm) (Level III) 
 (Kondziolka et al. 2003).
Single doses ranging from 10 Gy to 50 Gy have  �
been utilized. For example, 10–50 Gy (mean dose 
of 29 Gy) has been applied at the German Cancer 
Research Center, and 10–25 Gy (mean dose of 
17 Gy) has been utilized at the University of Pitts-
burgh. Dose to optic chiasm is limited to 8 Gy/
single fraction (Level IV) (Kondziolka et al. 
2003). And dose to brainstem is limited to 12 Gy/
single fraction (Level IV) (Perks et al. 2003).
With fractionated stereotactic conformal radio- �
therapy (50–55 Gy in 30–33 daily fractions), tu-
mor control rates of more than 90% at 5 years have 
been reported (Level IV) (Jalali et al. 2002).

Intensity-Modulated Stereotactic Radiation Therapy 

Intensity-modulated stereotactic radiation ther- �
apy (IMSRT) using a micro multileaf collimator 
(μMLC) could be safely implemented for highly 
focused treatment of small skull-base menin-
giomas (Level IV) (Baumert et al. 2003). It re-
mains to be observed whether the dosimetric 
improvements achievable with IMSRT will lead 
to signifi cant clinical outcome improvements

Proton Therapy

Proton therapy can be used in the treatment of  �
meningioma as primary or adjuvant treatment; 

however, facility of proton therapy is currently 
limited. Optimal control, PFS, and overall sur-
vival rates have been demonstrated with a median 
prescribed dose of 56–59 CGE (Level IV) (Weber 
et al. 2004; Wenkel et al. 2000).

Radiation-Induced Side Eff ects and 
Dose Limiting Structures

Side Effects and Complications 

Acute toxicities include fatigue, skin erythema,  �
alopecia, external otitis, and serous otitis media 
if the external and medial ear are in the fi eld. 
Exacerbation of preradiation therapy defi cits can 
occur, including sudden visual loss (Level IV) 
(Capo and Kupersmith 1991). In patients pre-
senting with visual disturbance, Decadron is 
strongly recommended. 
Late toxicities include retinopathy and optic  �
neuropathy, memory defi cit, cerebral necrosis, 
hearing defi cit, and hypopituitarism depending 
on the area irradiated (Level IV) (Goldsmith et 
al. 1992; Miralbell et al. 1992; Glaholm et al. 
1990).

Dose Limiting Structures

Dose limiting structures of brain irradiation in- �
clude brain, optic nerve and chiasm, pituitary 
gland, soft-tissue, and other tissues or organs in 
the radiation fi elds.
Radiation dose to 1/3 of the brain should be lim- �
ited to 60 Gy or less (Grade B) (Level IV) (Emami 
et al. 1991). The brain necrosis incidence was 18% 
with doses >64.8 Gy, compared to 0% with doses 
<57 Gy (Level IV) (Marks and Wong 1985). 
Clinical/overt hypopituitarism was observed 
in 14% of patients who received a median dose 
of 62 Gy or more. The hypopituitarism was de-
pendent on total dose more than fraction size 
(Level IV) (Bhandare et al. 2007).
Radiation dose to the optic pathway should be  �
strictly limited to less than 60 Gy (Grade B). There 
was no optic neuropathy if the dose is <59 Gy. If 
the dose is more or equal to 60 Gy, the 15-year risk 
of optic neuropathy was 11% if the fraction size 
is less than 1.9 Gy and 47% if the fraction size is 
more or equal than 1.9 Gy (Level IV) (Parsons 
et al. 1994).
The estimated TD 5/5 and TD 50/5 for developing  �
chronic otitis media is about 55 Gy and 65 Gy, 
respectively (Level IV) (Emami et al. 1991).
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32.3 Systemic Therapy of Meningioma

32.3.1 Hormonal Therapy

Although the growth of meningioma may be  �
hormone dependent, systemic hormonal therapy 
should not be routinely used for the treatment, 
and should not be considered an alternative to 
adjuvant radiotherapy (Grade B). Meningiomas 
are more common in females and may increase 
in size during pregnancy. Approximately 70% of 
meningiomas are progesterone receptor positive 
and 30% are estrogen receptor positive (Sanson 
2000). Several clinical fi ndings support a link be-
tween female sex hormones and the risk of men-
ingioma. In addition, there is also a well-known 
relationship between breast cancer and menin-
gioma which could be explained by a hormonal 
effect or a shared chromosome 22 abnormality 
(Iida 1998). 
However, no evidence supports the use of hor- �
monal therapy agents such as megestrol acetate, 
mifepristone and tamoxifen for the treatment 
of meningioma: Results from a small retrospec-
tive study showed that oral progesterone agonist 
megestrol acetate has no effect on tumor response 
in patients with unresectable meningioma. 
 (Level IV) (Grunberg and Weiss 1990). The ef-
fect of tamoxifen in unresectable or refractory 
meningiomas was studied in a phase II trial of 
the Southwest Oncology Group, and the results 
showed that no objective improve was observed in 
patients treated with tamoxifen (SWOG, Level III) 
(Goodwin et al. 1993). 

32.3.2 Biotherapy and Chemotherapy

Systemic chemotherapy or biotherapy has a very  �
limited role in the treatment of meningioma. Al-
though recombinant interferon- , oral temozolo-
mide, and CPT-11 were studied, no clear benefi t 
was demonstrated. Hydroxyurea has been shown 
with effi cacy in three small trials (Level IV) 
(Shrell et al. 1997; Newton et al. 2000; Mason 
et al. 2002).
Long-acting somatostatin showed a good effi cacy  �
in a small prospective trial. Somatostatin ana-
logs may offer a novel relatively non-toxic alter-

native treatment for patients with surgical and 
radiotherapy refractory meningiomas (Level III) 
 (Chamberlain et al. 2007). However, further in-
vestigation is needed before any conclusion can 
be made for the use of somatostatin in menin-
gioma. 

32.4 Follow-Ups

32.4.1 Post-Treatment Follow-Ups

Long-term follow-up is indicated for patients  �
with meningioma after defi nitive treatment or 
if observation is preferred. Tumors may require 
follow-up for more than 10 years regardless of 
tumor grade and completeness of resection.

Schedule

The optimal imaging schedule is unknown and  �
has not been addressed in any clinical trials. Ini-
tially, patients can be evaluated at 3 months after 
the completion of their treatment or diagnosis 
(if observation is chosen), then at 9 month, and 
annually thereafter for stable WHO grade I men-
ingiomas (Table 32.3) (Grade D).
For atypical and anaplastic meningiomas, fol- �
low-up every 6 months is indicated (Grade D).

Table 32.3. Follow-up schedule for WHO Grade I meningioma 

Interval Frequency

First follow-up 3 Months after treatment 

Second follow-up 9 Months after treatment

Year 2 and after Annually

Work-Ups

Each follow-up should include neurological eval- �
uations and appropriate history and physicals 
examinations.
MRI of the brain with and without contrast can  �
be performed initially within 72 h after surgery 
to access the residual disease. MRI can then be 
ordered at each follow-up session.
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Introduction and Objectives

Malignant or high-grade gliomas account for approximately half 
of all primary brain tumors in adults. Malignant gliomas include 
anaplastic gliomas which are classifi ed as WHO Grade III, and glio-
blastoma multiforme (GBM) which is classifi ed as WHO Grade IV. 
GBM accounts for about 75% of high-grade gliomas in adults, 
and anaplastic gliomas account for the remaining 25% of high-
grade gliomas. Surgery, radiation therapy, and chemotherapy 
are important therapeutic modalities in the curative treatment 
of high-grade gliomas.

Low-grade gliomas account for approximately 10% of all primary 
intracranial tumors in adults and are generally categorized as 
pilocytic astrocytoma (WHO Grade I) or diff usely infi ltrating low-
grade gliomas (WHO Grade II). Low-grade gliomas in adults are 
usually treated with surgery and/or radiation therapy, although 
the subtype of oligodendroglioma may be considered for treat-
ment with chemotherapy.

This chapter includes:

Recommendations for diagnosis and staging procedures �

The staging systems and prognostic factors �

Treatment recommendations as well as the supporting  �
scientifi c evidence for surgery, radiation therapy, and che-
motherapy for adult GBM

Treatment recommendations as well as the supporting  �
scientifi c evidence for surgery, radiation therapy, and che-
motherapy for adult anaplastic gliomas (astrocytomas and 
oligodendrogliomas)

Treatment recommendations as well as the supporting  �
scientifi c evidence for surgery and/or radiation therapy for 
adult low-grade gliomas, as well as considerations for che-
motherapy

Follow-up care and surveillance of survivors �
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33.1 Diagnosis, Staging, and 
 Prognoses

33.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of any intracranial neo- �
plasm starts with a complete history and physical 
examination, with particular attention to neuro-
logical signs and symptoms.
Family history, screening for heritable disorders  �
associated with CNS tumors (neurofi bromatosis, 
Li-Fraumeni, von Hippel-Lindau, Turcot’s, etc.), 
should be obtained.
Thorough neurological examination should be  �
performed including a baseline mini-mental sta-
tus examination.
Particular attention may need to be paid to oph- �
thalmological fi ndings and endocrine fi ndings, 
depending on the location of the tumor. 
Additionally, patients with malignant gliomas  �
have a high incidence of deep venous thrombo-
sis and subsequent risk of pulmonary embolism, 
and thus attention should be paid to symptoms or 
physical fi ndings associated with these.

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, comprehensive metabolic panel, and 
coagulation profi le (the latter in anticipation of 
neurosurgical intervention).

Imaging Studies

Magnetic resonance imaging (MRI) is the im- �
aging modality of choice. Images should be ob-
tained both with and without gadolinium. T1-
weighted images are useful for defi ning anatomy 
and should be obtained pre- and post-contrast. 
FLAIR (fl uid attenuation inversion recovery) 
and T2-weighted images aid in detecting edema 
or infi ltration of brain parenchyma, includ-
ing infi ltration across the corpus callosum, a 
not infrequent fi nding in malignant gliomas. 
The pattern of enhancement is useful in the 
differential diagnosis of the lesion. In GBMs, 
MRI typically shows peripheral enhancement 
and a central necrotic region with surround-

ing FLAIR/T2 signal change indicative of va-
sogenic edema or tumor infi ltration. Anaplastic 
gliomas, like GBMs, may have enhancement and 
necrosis; however, they frequently do not en-
hance. Pilocytic astrocytomas are usually well-
circumscribed, vividly enhancing lesions, often 
with a cystic component. Low-grade infi ltrating 
gliomas are hypointense and non-enhancing on 
T1-weighted images, and hyperintense on T2-
weighted images. 
Computed tomography (CT) is utilized when  �
patients cannot undergo MRI (implanted pace-
maker/defi brillator or other non-MRI compatible 
implanted devices, surgical clips, or metals, etc.) 
or are unable to tolerate MRI. CT is useful for 
identifying calcifi cations, such as those seen in 
oligodendrogliomas.
More advanced imaging such as MR spectros- �
copy, perfusion MRI, and PET can help provide 
further information regarding functional brain 
tissue or tumor (Jenkinson et al. 2007).

Pathology

Tissue for pathologic diagnosis can be obtained  �
during defi nitive surgical resection or biopsy.
Pathologic confi rmation of glioma is impera- �
tive prior to the initiation of any treatment (with 
the exception of “typical” infi ltrating brainstem 
gliomas). Treatment and prognosis will vary de-
pending upon the grade and subtype of glioma 
identifi ed.
The histopathologic features of GBM include nu- �
clear atypia, mitotic activity, vascular prolifera-
tion, and necrosis. Anaplastic gliomas have nu-
clear atypia and mitotic activity, without necrosis 
or neovascularization. Oligodendrogliomas are 
frequently described as having cells with “fried 
egg” appearance. Pilocytic astrocytomas consist 
of astrocytes forming a glioma matrix with in-
termixed Rosenthal fi bers. Infi ltrating low-grade 
fi brillary gliomas are well differentiated and lack 
mitoses, nuclear pleomorphism, anaplasia, vas-
cular proliferation, and necrosis.

33.1.2 Staging

The American Joint Committee on Cancer Tu- �
mor Node Metastasis (TNM) staging system 
is not widely used in the staging of malignant 
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gliomas. Tumor histology, location, and biology 
have proven to be more important in predict-
ing outcome than a TNM system, and thus, in 
1997 the CNS Tumor Task Force of the Ameri-
can Joint Committee on Cancer recommended 
that a formal classifi cation and staging system 
not be included in the fi fth edition of the stag-
ing manual (American Joint Committee on 
Cancer 1997).
The RTOG recursive partitioning analysis (RPA)  �
divides patients with GBM and anaplastic as-
trocytoma into classes, i.e., groups with similar 
outcomes (Table 33.1) (Level II) (Curran et al. 
1993). There is not a widely recognized staging 
system for low-grade gliomas; however, in practi-
cal terms they can be thought of as disseminated 
or non-disseminated.
High-grade gliomas rarely metastasize to the  �
spine, but neuroaxis imaging should be consid-
ered in symptomatic patients or in the presence 
of ventricular dissemination of tumor. MRI of the 
spine with and without gadolinium is the imaging 
of choice. Low-grade gliomas can disseminate to 
the neuroaxis and imaging should be obtained 
if clinically indicated (Level III) (Mamelak et 
al. 1994; Pollack et al. 1994; Gajjar et al. 1995; 
Hukin et al. 2003).

33.1.3 Prognostic Factors

The prognosis of patients with GBM is poor with  �
survival of only approximately 1 year. The sur-
vival of patients with anaplastic astrocytoma is 
longer, in the order of 3 years. The presence of an 
oligodendroglial component confers an improved 
survival with median survival of approximately 
5 years (Level I and Level III) (Donahue et al. 
1997; Cairncross et al. 2006). Prognostic fac-
tors for both GBM and anaplastic astrocytomas 
include age at diagnosis, Karnofsky performance 
status (KPS), histology, extent of resection, du-
ration of symptoms, and neurologic functional/
mental status (Level II) (Curran et al. 1993).
Prognostic factors for low-grade gliomas also have  �
been identifi ed. Factors infl uencing survival in 
adults with supratentorial low-grade glioma include 
histologic subtype, age, size of the tumor, presence 
of tumor across midline, and extent of surgical re-
section (Level II and III) (Eyre et al. 1993; Pignatti 
et al. 2002; Kreth et al. 1997). Age 40 is the most 
consistently used age cut-off for poor prognosis.
Molecular markers have also been identifi ed as  �
prognostic factors in GBM. MGMT gene promoter 
methylation status appears to have an impact on 
survival when patients are treated with temozol-
amide. In a landmark EORTC/NCIC study evalu-
ating the impact of the addition of temozolamide 
to RT in the treatment of GBM, patients with 
methylated MGMT had improved median over-
all survival of 18.2 months as compared to those 
with unmethylated MGMT promoter regions 
whose median overall survival was 12.2 months 
(p<.001) (Level I) (Hegi et al. 2005).
Molecular markers have also been identifi ed as prog- �
nostic factors in oligodendrogliomas. Allelic loss of 
1 p and 19 q has been identifi ed as a good prognos-
tic factor in oligodendrogliomas. Both RTOG 94-02 
and EORTC 26951 assessed 1 p and 19 q status in 
patients with anaplastic oligodendroglioma/oligoas-
trocytoma. Both of these trials evaluated RT alone 
versus RT and PCV chemotherapy. In the EORTC 
study, the presence of 1 p/19 q loss was found to 
be the most important factor to predict survival 
(HR = 0.27) (Level I) (Van den Bent et al. 2006). 
In the RTOG study loss of both 1p and 19q resulted 
in a longer median survival time of >7 years versus 
2.8 years (p<.001) (Level I) (Cairncross et al. 2006). 
1 p/19 q status may also be predictive of outcome in 
low-grade oligodendrogliomas (Level III) (Smith et 
al. 2000; Fallon et al. 2004; Jeon et al. 2007).

Table 33.1. Radiation Therapy Oncology Group recursive 
partitioning of malignant gliomas

Class Patient characteristics Median 
survival 

I and II Anaplastic astrocytomas 
with age 50 years and 
normal mental status or 
age >50 years and KPS >70 
and symptom duration 
>3 months

40–60 months

III and IV Anaplastic astrocytomas 
with age 50 years and 
abnormal mental status or 
age >50 years and symptom 
duration <3 months

GBM with age <50 years or 
age >50 years and KPS 70

11–18 months

V and VI GBM with age >50 years, 
KPS <70 or abnormal 
mental status

5–9 months
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33.2 Treatment of 
 Glioblastoma Multiforme

33.2.1 General Principles

For many years, the standard treatment of GBM  �
was surgical resection followed by radiation ther-
apy.
Historically, nitrosoureas were added to surgery  �
and RT.
The RTOG conducted several Phase II trials during  �
the past decade attempting to identify alternative 
agents which would be active with RT in the setting 
of high-grade glioma (Level III) (DelRowe et al. 
2000; Yung et al. 2001; Langer et al. 2001; Fisher 
et al. 2002; Colman et al. 2006; Robins et al. 2006). 
Other treatments which have been explored in-
clude altered fractionation and dose escalation 
(Murray et al. 1995; Werner-Wasik et al. 1996; 
Curran et al. 1996; Scott et al. 1998; Werner-
Wasik et al. 2004), SRS (Souhami et al. 2004), 
FSRT (Cardinale et al. 2006), brachytherapy 
(Selker et al. 2002; Welsh et al. 2007), particle 
therapy (Laramore et al. 1988; Pickles et al. 1997; 
Castro et al. 1985; Barth and Joensuu 2007), 
radiosensitizers (Nelson et al. 1986;  Miralbell 
et al. 1999; Ford et al. 2007), and radioimmuno-
therapy (Levels I–IV) (Quang and Brady 2004). 
However, to date, none of these have shown a clini-
cally meaningful improvement in survival and are 
not considered standard therapy.
Recent experience has led to the widespread use  �
of temozolamide in conjunction with RT as the 
standard of care.
Currently, targeted agents are being explored in  �
the treatment of GBM (Level III) (Chakravarti et 
al. 2006; Krishnan et al. 2006;  Sathornsumetee 
et al. 2006; Narayana et al. 2007b).

33.2.2 Surgery

Surgery is considered as the initial treatment for  �
GBM (Grade A). The intent of surgery may be 
biopsy for diagnosis, resection with defi nitive 
intent, palliative debulking for management of 
mass effect related symptoms, or shunting to re-
lieve symptoms caused by increased intracranial 
pressure or hydrocephalus.

When feasible, maximal surgical resection should  �
be performed as resection appears related to out-
come. The Glioma Outcomes Project was orga-
nized to generate a prospective database to track 
patients with malignant glioma (Level III) (Laws 
et al. 2003). A total of 52 clinical sites across North 
America participated and enrolled patients from 
1997 to 2001. This observational database was 
used to evaluate the infl uence of resection, as op-
posed to biopsy, on patient outcome with the pri-
mary outcome measure being length of survival. 
The median length of survival was 40.9 weeks 
for the 413 patients with GBM. In multivariate 
analysis, resection rather than biopsy was associ-
ated with a prolonged survival time for patients 
with GBM (p<0.0001). The prognostic value of 
resection compared with biopsy was maintained 
(p<0.0001), even after eliminating “poor risk” pa-
tients (those with age >60 years, KPS score <70, 
or presence of multifocal tumors).
The current NCCN guidelines leave open the op- �
tion to place a BCNU-impregnated biodegradable 
polymer (Gliadel wafer) intraoperatively if frozen 
section reveals high-grade glioma (Grade B). A 
Phase III randomized trial of the wafer compared 
to placebo showed an improvement in median sur-
vival from 11.6 months to 13.9 months (p = .03) 
(Level II) (Westphal et al. 2003. It is important to 
note that for patients with GBM, the placebo arm of 
the trial did not allow systemic BCNU and thus the 
wafer was not measured against systemic chemo-
therapy, but rather radiation therapy alone. One 
potential problem with this approach is that con-
ventional MRI may be diffi cult to interpret after 
wafer placement and MRSI may be a better tool for 
evaluating the presence of tumor (Level IV) (Dyke 
et al. 2007). Additionally, it should be remembered 
that the enthusiasm for wafers preceded the temo-
zolamide experience, and thus their use in newly-
diagnosed patients who will also get temozolamide 
is not clearly defi ned.

33.2.3 Chemoradiation

Radiation therapy is indicated in the defi nitive  �
treatment of GBM (Grade A) and most coopera-
tive group trials have required that RT be started 
within 5 weeks of defi nitive resection.
Randomized trials consistently have demonstrated  �
a survival benefi t to the use of radiotherapy after 
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surgery (Level I) (Walker et al. 1978, 1980). It is 
clear that postoperative RT improves median sur-
vival from 14–22 weeks to 36–47 weeks; however, 
most patients still die within 2 years with local re-
currence (although the pattern of failure remains to 
be defi ned in the era of temozolamide and targeted 
therapy). BTCG 6901 included 200 eligible patients 
(90% of patients had GBM) who had undergone 
surgery followed by randomization to supportive 
care, whole brain RT, BCNU, or whole brain RT and 
BCNU (Level II) (Walker et al. 1978). The addi-
tion of WBRT improved median survival time from 
14 weeks with supportive care alone (19 weeks with 
BCNU) to 36 weeks. In this study and a subsequent 
one evaluating methyl-CCNU (Level II) (Walker 
et al. 1980), chemotherapy produced a modest ben-
efi t in survival, and the standard treatment for GBM 
in the United States became RT administered along 
with a nitrosourea, most commonly BCNU.
Standard treatment of GBM now includes post- �
operative chemoradiation with temozolamide 
followed by six cycles of adjuvant temozolamide 
(Grade A). 
The results of the control arm of RTOG 9006,  �
which employed the then-accepted standard of 
conventional RT and BCNU, serve as an excel-
lent basis with which to compare more recent 
trials (Level I) (Curran et al. 1996). In that study, 
which was open from 1990–1994, 712 patients with 
high-grade glioma were randomized to partial 
brain RT at conventional fractionation of 2.0 Gy/
fx daily to 60 Gy versus 1.2 Gy/fraction bid to 
a total of 72 Gy; patients in both arms received 
BCNU. The median survival time in the control 
arm was 13.2 months (it was 11.2 months in the 
hyperfractionated arm and there was no survival 
advantage for HFRT in any subgroup; in fact, the 
median survival time was statistically better for 
all patients under the age of 50 with conventional 
fractionation). However, despite multiple cooper-
ative-group attempts, no randomized Phase III 
trial of nitrosourea-based adjuvant chemother-
apy demonstrated a signifi cant survival benefi t 
as compared with radiotherapy alone (Stewart 
2002) (although there were more long-term survi-
vors in the chemotherapy groups in some studies) 
(Level I), and thus in many places, including Eu-
rope, RT alone remained the standard of care.
The role of chemotherapy in GBM has been re- �
defi ned on the basis of a Phase III cooperative 
group trial conducted by the EORTC Brain and 
Radiotherapy Groups and National Cancer Insti-

tute of Canada (Level I) (Stupp et al. 2005). In this 
trial, 573 patients with GBM were randomized to 
receive either standard radiotherapy alone (total 
dose of 60 Gy given as 2 Gy fractions 5 days per 
week over 6 weeks) or concomitant daily temozo-
lomide (75 mg/m2 daily), an oral alkylating agent 
that is able to cross the BBB, with standard ra-
diotherapy followed by six cycles of maintenance 
temozolomide (150–200 mg/m2 daily on days 1–5 
every 28 days). This trial showed a signifi cant 
survival benefi t in the temozolomide arm. In 
the original publication the median survival was 
14.6 months with radiotherapy plus temozolomide 
and 12.1 months with radiotherapy alone. The 
2-year survival rate was 26.5% with radiotherapy 
plus temozolomide and 10.4% with radiotherapy 
alone (p<.0001). A recent update reported the 
4-year survival rate to be 12.1% in the combined 
arm and 3% in the RT alone arm (Mirimanoff 
et al. 2007). Toxicity with chemoradiotherapy 
was acceptable with 7% Grade 3 or 4 hematologic 
toxicity. Importantly, in the 45% of patients with 
MGMT methylation, the 2-year survival was 22.1% 
in the combined modality arm and 5.2% in the RT 
alone arm (p=.04). In the patients without methy-
lation of the MGMT promoter, these numbers were 
11.1% and 0% respectively (p=.035).

33.2.4 Radiation Therapy

Dose and Fractionation

External beam radiation therapy to a total dose  �
of 60 Gy at 2 Gy/fraction (or 59.40 Gy at 1.8 Gy/
fraction), in combination with concurrent temo-
zolamide (75 mg/m2 daily for 42 continuous days) 
is the standard regimen for defi nitive treatment 
(Grade A). A conedown is performed after 46 Gy 
(or 45 Gy).
Data from the original Brain Tumor Cooperative  �
Group protocols showed a signifi cant improve-
ment in median survival from 28 to 42 weeks in the 
groups treated with doses of 50 to 60 Gy (Level III) 
(Walker et al. 1979). A Medical Research Council 
study also showed a signifi cant survival advan-
tage in patients who received 60 Gy compared to 
those who received 45 Gy (12 vs. 9 months; p=.007) 
(Level II) (Bleehen and Stenning 1991). A ben-
efi t for doses >60 Gy using conventional treat-
ment has not been demonstrated. The RTOG and 
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Eastern Cooperative Oncology Group (ECOG) 
randomized 253 patients to either whole brain 
irradiation conventionally fractionated to 60 Gy 
or 60 Gy plus a 10 Gy boost to a limited volume 
(Level II) (Nelson et al. 1988). Median survival 
was 9.3 months for patients receiving 60 Gy and 
8.2 months for those receiving 70 Gy.
Radiation therapy is delivered in a conven- �
tional fractionation schedule as outlined above 
(Grade A).
Several groups have used hyperfractionated or ac- �
celerated regimens as a means to escalate dose. In 
a prospective, randomized Phase I/II trial, RTOG 
83-02 examined dose escalation using twice daily 
fractionation and BCNU in patients with malignant 
gliomas (Level II) (Werner-Wasik et al. 1996). Hy-
perfractionated regimens studied were 64.8, 72.0, 
76.8, and 81.6 Gy given in 1.2-Gy fractions twice 
daily, and accelerated hyperfractionated regimens 
were 48 and 54.4 Gy given in 1.6-Gy twice-daily 
fractions. Patients also received chemotherapy 
with BCNU. Early results appeared to favor the 72-
Gy arm which led to a Phase III trial comparing 
conventional radiotherapy of 60 Gy in 30 daily frac-
tions to hyperfractionated radiotherapy to 72 Gy 
in fractions of 1.2 Gy given twice daily (BCNU was 
included in both arms) (Level I) (Curran et al. 
1996). No difference in survival was found.

Volume

Partial brain RT is indicated in the treatment of  �
GBM (Grade A). Historically, the entire cranial 
contents were irradiated, i.e., whole brain RT 
was the treatment of choice. However, a classic 
study by Hochberg and Pruitt (1980) (Level IV) 
showed that in 35 patients who had a CT scan 
within 2 months prior to autopsy, 78% of recur-
rences of GBM were within 2 cm of the margin of 
the initial tumor bed and 56% were within 1 cm or 
less of the volume visualized on the CT scan. As 
this type of information became available, and as 
the ability to image CNS tumors developed, par-
tial brain RT was adopted. Subsequently, it was 
shown that the use of partial brain fi elds did not 
compromise outcome as the pattern of recurrence 
was predominantly still local (Level IV) (Hess et 
al. 1994), thus validating this approach. Even in 
patients treated with treated with 3D conformal 
radiotherapy with small margins to 90 Gy, Chan 
et al. (2002) showed that 23/34 patients (68%) re-
curred in the high-dose region (Level IV).

Simulation and Planning

CT-based treatment planning with the utilization  �
of MR fusion is highly recommended for defi ning 
GTV and PTV (Fig. 33.1). 
Individualized immobilization device (e.g., head- �
rest, aquaplast, tiltboards) should be used during 
planning and treatment.
Treatment planning CT should be obtained in  �
treatment position. The head position depends 
upon the location of the tumor and the patient’s 
ability to tolerate positioning. Slices, no more 
than 1.25 mm thick, should be obtained from the 
level of above the head (i.e., into air) through the 
shoulders. Thicker slices may not allow adequate 
visualization of structures such as optic nerves, 
chiasm, cochlea, etc.
The tumor volume should be defi ned using  �
MRI fusion when possible (Fig. 33.2). In the 
future, there may be a role for incorporating 
more advanced imaging such as perfusion im-
aging, spectroscopy, or PET into RT planning 
(Level IV) (Pirzkall et al. 2000; Tsien et al. 
2005; Narayana et al. 2007a), but to date these re-
main in the experimental stage. Additionally, the 
emerging knowledge that the neural stem cells 
reside in the subventricular zone adjacent to the 
lateral ventricles and the subgranular zone of the 
dentate gyrus (Level IV) (Barani et al. 2007a,b) 
may affect RT planning in the future.
The gross target volume (GTV) for both the ini- �
tial volume (GTV1) and the conedown volume 
(GTV2) is obtained from the MRI. GTV1 includes 
the contrast enhancing lesion, the surgical re-

Fig. 33.1. Example of CT/MR fusion for treatment planning
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section cavity and surrounding edema; a 2.0-cm 
margin is added to form PTV1. GTV2 for the 
conedown treatment should include the contrast-
enhancing lesion (without edema) plus a 2.5-cm 
margin to form PTV2. In anatomic regions in 
the brain where natural barriers would likely 
preclude microscopic tumor extension, such as 
the cerebellum, the contralateral hemisphere, the 
tentorium cerebri, and the ventricles, the margins 
may be modifi ed. PTV1 is treated to 46 Gy in 23 
fractions and after that there is a conedown to 
PTV2 which is treated for an additional 14 Gy in 
seven fractions.
Most cooperative group protocols originally  �
specifi ed volumes based on the preoperative im-
aging. However, recently there has been a trend 
to plan off postoperative images and to account 
for anatomic shifts which have occurred after 
surgery. The rationale for including surround-
ing T2 change with a margin is based on the 
knowledge that glioma cells migrate and infi l-
trate throughout brain parenchyma. Utilizing 
stereotactic guidance and serial biopsy tech-
nique, Kelly et al. (1987) showed that the region 
of contrast enhancement corresponds to tumor 
tissue without intervening parenchyma, and 
the regions of hypodensity and T2 changes cor-
respond to parenchyma infi ltrated by isolated 
tumor cells, to tumor in low-grade gliomas, or 
to edema (Level IV).

Critical structures such as the eyes, optic nerves,  �
chiasm, hypothalamus, brainstem, cochlea, spi-
nal cord, etc., should be outlined. Clinical judg-
ment should be used to limit sensitive structures 
to within tolerance.
Isodose distributions for the PTV1 and PTV2  �
should be generated and evaluated for homoge-
neity and normal tissue tolerance. It may also 
be helpful to look at composite isodose lines in 
absolute dose when evaluating a plan. The inho-
mogeneity within the target volume should be 
kept to 10% and the minimum dose to the target 
volume should be kept within 10% of the dose at 
the center of the volume (Fig. 33.3).

Treatment Delivery

Treatment should be delivered with multiple fi elds  �
in an attempt to achieve homogeneity throughout 
the volume and spare dose to uninvolved brain. 
This can be accomplished using 3D conformal 
techniques or intensity-modulated radiation 
therapy (IMRT). In general, parallel opposed por-
tals are not used; however, in cases where tumor is 
infi ltrating across midline through corpus callo-
sum, this may be a very reasonable fi eld arrange-
ment for the initial PTV. Comparative dosimetric 
analyses suggest that IMRT may decrease dose to 
critical structures (Level IV) (Narayana et al. 
2006; MacDonald et al. 2007).

Fig. 33.2. FLAIR abnor-
mality outlined on MR 
and seen as color wash 
on treatment planning 
CT
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Portal imaging should be obtained for fi eld and/ �
or isocentric verifi cation. On-board imaging al-
lows for daily inspection of accuracy of setup 
and if performed with kilovoltage probably con-
tributes little to the overall dose; however, if fre-
quent megavoltage imaging is done, care should 
be taken to evaluate what this will contribute to 
the total isodose plan, particularly in terms of 
critical structures.

Radiation Side Eff ects

Radiation-induced side effects and complications  �
depend on the location of the primary tumor and 
volume of normal tissue treated.
Commonly observed acute effects associated with  �
radiation include hair loss, fatigue, anorexia, and 
erythema or soreness of the scalp. Irritation of the 
external auditory canal and serous otitis may oc-
cur. Potential acute toxicities include nausea and 
vomiting as well as headaches, seizures, and ex-
acerbation of focal neurologic defi cits. Dry mouth 
or altered taste may be reported by patients.
Patients are usually maintained on decadron  �
throughout treatment (a common dose is 2 mg 

po bid) along with appropriate proton-pump in-
hibitors or H2 agonists. However, there are some 
patients, particularly those with gross total resec-
tion and no residual edema, who complete RT 
without requiring steroids. Topical creams such 
as aquaphor may be required and otitis should be 
treated if observed. Nutritional counseling may 
be necessary for supportive care.
The radiation oncologist should be familiar with  �
the dosing and side effects of temozolamide. In 
addition to anticipated side effects such as myelo-
supression, an increased incidence of PCP pneu-
monia has been noted in patients who are receiv-
ing temodar, and PCP prophylaxis is recommend 
by the manufacturer during the 42-day course of 
temozolamide.
Possible early delayed radiation effects include  �
lethargy and transient worsening of existing 
neurological defi cits occurring 1–3 months after 
radiotherapy treatment. Patients may experience 
somnolence syndrome and require a re-introduc-
tion of steroids. Possible late delayed effects of ra-
diotherapy include radiation necrosis, endocrine 
dysfunction, and radiation-induced neoplasms. 
In addition, neurocognitive defi cits, which could 

Fig. 33.3. Isodose color wash in axial, coronal and transverse planes
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lead to mental slowing and behavioral change, 
are possible. Permanent hearing impairment and 
visual damage are rare. Cataracts may develop 
either associated with steroids or scattered dose 
to the lens.

33.2.5 Palliation

Many patients with GBM present with a KPS that  �
is poor and they are unable to tolerate a prolonged 
course of RT. Other patients, particularly the very 
elderly, may present with co-morbidities which 
preclude defi nitive chemoradiation. For these pa-
tients, short-course RT is considered. There may 
be a role for temozolamide alone in this setting.
Although patients over age 60 were excluded from  �
the EORTC study which established RT and temo-
zolamide as the standard of care, there has not 
an been upper age limit in most North American 
glioma trials, and there is evidence that standard 
chemoradiation with RT and temozolamide is fea-
sible in the “healthy” elderly (Level III) (Minniti 
et al. 2008). Thus, age itself should not be the sole 
factor in determining the course of therapy.
RT should be delivered to a partial brain fi eld with  �
a palliative regimen such as 30 Gy delivered in 
ten daily 3.0 Gy fractions delivered over 2 weeks 
(Grade B).
No randomized controlled trials have compared  �
6 weeks of daily conventionally fractionated ra-
diotherapy with short course hypofractionated 
radiotherapy in patients who are being treated 
with palliative intent. However, there is limited 
data for short-course RT comparing the outcome 
with well-matched cohorts or with historical con-
trols (Level III) (Bauman et al. 1994; Ford et al. 
1997). It appears that survival and palliative ef-
fect are similar as compared with conventional 
fractionation.
Temozolamide alone may be a considered, al- �
though experience using this drug specifi cally 
for palliation is limited.
There is data for the effi cacy of temozolamide in  �
the setting of recurrence (Level III) (Chang et 
al. 2004). Additionally, temozolamide has been 
evaluated as a single agent in the de novo setting. 
Chino et. al. (2004) conducted a Phase II study 
to evaluate the effi cacy and safety of temozolo-
mide without RT in elderly patients with newly 
diagnosed GBM (Level III). A total of 32 patients 

with a median age of 75 years and a median KPS 
of 70 experienced a median overall survival of 
6.4 months and a median progression-free sur-
vival of 5.0 months. Toxicity was comparable to 
other trials employing temozolamide. 

33.2.6 Recurrence

In patients with poor performance status or mul- �
tiple medical co-morbidities precluding treat-
ment, a palliative approach is warranted. This 
may include palliative debulking, but there is no 
data to show that this improves survival. Steroids 
and anticonvulsants may be employed as indi-
cated, and referral to hospice is appropriate.
Systemic chemotherapeutic agents have been  �
tested mostly in the context of clinical trials 
and have not had a major impact on outcome 
(Level III) (Hess et al. 1999).
Targeted therapies have been evaluated in the  �
setting of recurrence as well. EGFR is amplifi ed 
in approximately one half of malignant gliomas, 
and EGFR tyrosine kinase inhibitors have been 
evaluated in patients with recurrent GBM. Al-
though retrospective analyses have highlighted 
co-expression of EGFRvIII and wild-type PTEN 
(phosphatase and tensin homologue deleted in 
chromosome 10) as a signifi cant predictor of 
EGFR-tyrosine kinase inhibitor response in pa-
tients with GBM, to date, neither erlotinib or 
gefi nitib has had a major impact on survival 
(Voelzke et al. 2008) (review article). Neovascu-
larization is a major feature of GBM, as is VEGF 
secretion, and hence strategies to inhibit angio-
genesis are under active investigation. The agent 
that currently is receiving intense scrutiny is bev-
acizumab, an antibody to VEGF. Multiple reports 
have described marked radiographic responses 
with striking reductions in peritumoral edema, 
implying that bevacizumab has considerable ef-
fect on restoring the BBB (Reardon et al. 2008) 
(review article). Currently, bevacizumab is being 
evaluated by the RTOG in a randomized Phase II 
trial (with irinotecan versus temozolamide) for 
recurrent GBM.
Repeat radiotherapy using one of several different  �
methods (including radiosurgery, brachytherapy, 
GliaSite balloon brachytherapy, and even repeat 
external beam radiotherapy) may be considered 
for carefully selected patients (Grade C).
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33.3 Treatment of 
 Anaplastic Astrocytoma

33.3.1 General Principles

Anaplastic gliomas generally occur during young  �
to middle adulthood.
Anaplastic gliomas include pure anaplastic as- �
trocytomas, anaplastic oligodendrogliomas, and 
anaplastic mixed oligoastrocytomas.
Anaplastic astrocytomas display clinical and  �
biologic heterogeneity. As previously mentioned, 
patients with anaplastic oligodendroglioma have 
a better prognosis, particularly those with tumor 
containing the chromosome changes character-
ized by loss of heterozygosity of 1 p and 19 q 
for whom median survival is approximately 
5–7 years (Level I and Level III) (Van den Bent 
et al. 2006; Cairncross et al. 2006; Smith et al. 
2000; Fallon et al. 2004; Jeon et al. 2007).
The current standard of care for patients with  �
anaplastic gliomas is maximal surgical resec-
tion followed by postoperative radiotherapy 
(Grade A). The radiotherapy target volume and 
dose are the same as for GBM.
Unlike GBM, the survival benefi t with chemo- �
therapy is less dramatic, and given potential 
toxicity, its role in the treatment of anaplastic 
astrocytoma is more controversial.

33.3.2 RT and Chemotherapy for 
 Pure Anaplastic Astrocytoma

The current standard of care is maximal surgical  �
resection when feasible followed by postoperative 
RT (Grade A). This recommendation stems from 
the trials discussed in the section on GBMs, most 
of which included anaplastic astrocytomas.
The current NCCN guidelines currently leave che- �
motherapy as an option (Grade C). Many people 
have extrapolated the experience of temozolamide 
in GBM to the setting of anaplastic astrocytoma; 
however, this is somewhat controversial.
BCNU or PCV (procarbazine, CCNU, vincristine)  �
used to be the most common drugs used in the 
treatment of anaplastic astrocytomas. In a Phase 
III randomized trial performed by the NCOG, 
the use of PCV was found to be associated with 

an improved outcome in patients with anaplastic 
glioma as compared with BCNU (Level II) (Levin 
et al. 1990). In contrast, a retrospective review 
of patients from the RTOG database with newly 
diagnosed anaplastic astrocytoma, showed no 
improvement in survival with PCV as compared 
with BCNU (Level III) (Prados et al. 1999).
Temozolomide has shown activity in patients with  �
recurrent anaplastic astrocytoma with an objec-
tive response rate of 35% and an acceptable safety 
profi le (Level III) (Yung et al. 1999). The Phase III 
portion of RTOG 98-13 evaluated RT and temozo-
lamide versus RT and a nitrosourea for anaplastic 
astrocytomas (mixed anaplastic oligoastrocytoma 
was included if pathology showed a dominant as-
trocytic component). This study closed recently 
and results are pending. A new international study 
may help clarify the role of temozolamide in the 
setting of anaplastic astrocytoma. The EORTC is 
leading in a trial in which patients will be randomly 
assigned to concomitant RT and temozolamide 
versus RT alone, with a second random assign-
ment for the administration of adjuvant temozol-
amide or observation. The trial end point is overall 
survival; enrollment of more than 800 patients is 
planned (Stupp et al. 2007) (review article).

33.3.3 RT and Chemotherapy for 
 Anaplastic Oligodendrogliomas 
 and Anaplastic Oligoastrocytomas

The current standard of care is maximal surgical  �
resection when feasible followed by postoperative 
RT (Grade A).
The current NCCN guidelines leave chemother- �
apy as an option (Grade C).
Anaplastic oligodendroglioma and oligoastrocy- �
toma are generally thought of as chemosensitive 
tumors based on their response to PCV (Level III) 
(Cairncross et al. 1992). Two randomized trials 
have now evaluated the effi cacy of PCV and RT 
for these tumors. RTOG 94-02 randomized 289 
patients with newly diagnosed anaplastic oligo-
dendroglioma and oligoastrocytoma to either ra-
diotherapy alone or neoadjuvant PCV (four cycles) 
followed by radiotherapy (Level I) (Cairncross 
et al. 2006). The median survival was 4.9 years in 
the combined arm, and 4.7 years in the RT alone 
arm radiotherapy alone (p = 26). Progression-free 

LuBrady-BOOK.indb   492 13.08.2008   14:03:41



  Adult Gliomas 493

survival was better in the combined arm, 2.6 years 
versus 1.7 years with RT alone (p = 008). However, 
Grade 3 or 4 toxicity was observed much more 
frequently with PCV. It is important to note that 
57% of patients treated with RT alone received sal-
vage chemotherapy with PCV or temozolomide at 
the time of recurrence. The second study, EORTC 
26951, assessed radiotherapy followed by adjuvant 
PCV chemotherapy (Level I) (Van den Bent et 
al. 2006). In this trial 368 patients were random-
ized to receive either radiotherapy alone or radio-
therapy followed by six cycles of adjuvant PCV. 
The difference in median survival, 40.3 months 
in the combined arm and 30.6 months in the RT 
alone arm was not statistically signifi cant (p = 23); 
however, the median progression-free survival was 
23 months in the group receiving RT plus PCV 
compared to 13.2 months in the group receiving 
radiotherapy alone (p = 0018). In this study, PCV 
was given at recurrence to 65% of patients in the 
RT alone arm. Thus, two large randomized tri-
als investigating the use of sequential chemora-
diotherapy in patients with anaplastic oligoden-
droglioma and oligoastrocytoma failed to show 
any overall survival advantage over radiotherapy 
alone. It is important to note the high number of 
patients who received chemotherapy at the time of 
progression: the lack of benefi t observed in these 
trials may refl ect the effect of salvage therapy in 
patients treated initially with RT alone. 
On the EORTC study, 25% of patient were identi- �
fi ed as having both 1 p and 19 q loss; in the RTOG 
study, 1 p/19 q LOH was identifi ed in 46% of the 
patients. In both studies, patients with loss of 1 p 
and 19 q survived signifi cantly longer than pa-
tients without the chromosomal changes, despite 
which treatment they received.
Temozolomide has produced high response rates  �
in patients with anaplastic oligodendroglioma. 
Studies both in the setting of recurrence following 
PCV or in newly-diagnosed patients have showed 
objective responses in the range of 30%–40% 
(Level III) (Chinot et al. 2001; Vogelbaum et 
al. 2005). Most neuro-oncologists would now use 
temozolamide when choosing to use chemother-
apy. In a survey of the Society of Neuro-oncology 
members, the majority of whom practiced at aca-
demic medical centers, the most common rec-
ommendation for the treatment of anaplastic oli-
godendroglioma, regardless of molecular status, 
was temozolamide with RT followed by adjuvant 
temozolamide (Level IV) (Abrey et al. 2007).

33.4 Treatment of Low-Grade Gliomas

33.4.1 General Principles

Low-grade gliomas are relatively uncommon in  �
adults accounting for approximately 10% of adult 
primary CNS tumors (www.cbtrus.org/2005-2006/
tables/2006.table12.pdf)
Pilocytic astrocytomas are generally considered  �
a surgical disease and are not addressed in the 
NCCN guidelines.
Low-grade gliomas comprise a heterogenous  �
group of tumors including infi ltrating fi brillary 
astrocytomas, pleomorphic xanthoastrocytoma, 
subependymal giant cell astrocytoma, and sub-
ependymoma. Comments will be limited to pilo-
cytic astrocytoma and infi ltrating fi brillary astro-
cytoma; optic tract gliomas will not be discussed. 
The timing of intervention for patients with low- �
grade tumors remains controversial. The clinical 
course is variable with some patients having long 
survival even without treatment and others suffer-
ing from progressive deterioration despite treat-
ment. In RTOG 98-02 median time to progression 
in good risk patients (defi ned as <40 and gross total 
tumor resection) was 5 years (Level II) (Shaw et al. 
2006). In general, early intervention is indicated for 
patients with increasing symptoms, radiographic 
progression, and high-risk features suggestive of 
transformation to a higher-grade tumor. 

33.4.2 Pilocytic Astrocytoma

Surgery

Pilocytic astrocytoma is a rare tumor in adults,  �
and when it does occur it had been thought to 
have a relatively benign course. The median age at 
presentation is in the early 30s (Level III) (Brown 
et al. 2004), and the most common symptom is 
headache (Level III) (Bell et al. 2004). Gross total 
resection should be performed when feasible, as 
this is the defi nitive treatment (Grade A).

Radiation Therapy

Radiation therapy can be used in the setting of  �
residual symptomatic or progressive, particularly 
when re-resection is not feasible (Grade B).
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The use of RT for pilocytic astrocytoma in adults  �
is not well-defi ned. Brown et al. (2004) reported 
the results of a prospective NCCTG/RTOG trial 
in 20 adults with supratentorial PA treated be-
tween 1986 and 1994 (Level III). Patients who had 
subtotal or gross total resection were observed; 
patients with biopsy only were treated with post-
operative RT with a dose of 50.4 Gy in 28 fractions 
delivered to the tumor volume and edema. Eleven 
patients underwent complete resection, six had 
incomplete resections, and three had biopsy only. 
At a median follow-up of 10 years, the 5-year pro-
gression-free and overall survival rates were 95%. 
One of the 17 patients who was observed experi-
enced disease progression, but on retrospective 
review it appeared that only a “minimal” subtotal 
resection had been performed; this patient was 
salvaged with RT. One patient who had biopsy and 
postoperative RT died of unknown causes. Neu-
rologic function remained high in the patients 
on this study.
In general, adults with pilocytic astrocytoma ap- �
pear to have a favorable prognosis with regard to 
survival and neurologic function. A series from 
Germany described 45 patients over the age of 
16 years who underwent surgery for primary or 
recurrent PA (Level III) (Stuer et al. 2007). In 
this series, 18% of patients died from disease at a 
mean follow-up of greater than 6 years; however, 
slightly more than a quarter of the patients in 
this series had pathologic features of increased 
proliferation or anaplasia. 
If RT is to be utilized, the dose and volumes  �
treated are those described for pilocytic astrocy-
toma in children.

31.4.3 Infi ltrating Fibrillary 
 Astrocytoma

Surgery

Maximal safe surgical resection is the treatment  �
of choice when possible (Grade A).
It is controversial as to when to proceed to surgery  �
in a patient with a suspected low-grade glioma. 
Most patients undergo some type of surgery at 
presentation in order to establish the diagnosis 
and to determine histology, grade, and molecu-
lar characteristics that affect treatment. However, 

these tumors are often diffusely infi ltrative and 
involve of eloquent regions making complete sur-
gical resection diffi cult.
Many studies have found total or subtotal ( � >90%) 
resection to be associated with improved outcome 
(Level III) (Berger et al. 1994; Claus et al. 2005; 
Leighton et al. 1997) and aggressive resection 
may result in more accurate histopathologic diag-
nosis (Level IV) (Jackson et al. 2001).

Radiation Therapy and Chemotherapy

The recommendation for a maximally resected  �
tumor is observation for patients under the age 
of 45, and observation or RT for patients over 
the age of 45 (Grade B). Interestingly, the current 
NCCN guidelines use age 45 as a cut-off, whereas 
many of the cooperative group trials have identi-
fi ed 40 years of age as a cutoff.
Chemotherapy may be considered in oligoden- �
drogliomas, particularly those with 1p or com-
bined 1 p 19 q deletion (Grade C).
The recommendation for patients with subtotally  �
resected or biopsy-only tumors with stable or con-
trolled symptoms is observation or RT (Grade B). 
Again, chemotherapy may be considered in oli-
godendrogliomas, particularly those with 1p or 
combined 1 p 19 q deletion (Grade C).
Patients who have had less than gross total resec- �
tion and who have uncontrolled or progressive 
symptoms should be treated with RT (Grade B), 
although for patients with oligodendrogliomas, 
particularly those with 1 p or combined 1 p 19 q 
deletion, chemotherapy may be considered 
(Grade C).
The most controversial issue in the management  �
of the adult patient with a low-grade glioma is 
whether or not to administer immediate RT or 
at the time of progression. Many years ago, the 
Brain Tumor Study Group tried to randomize 
adults with low-grade glioma to immediate ver-
sus delayed postoperative radiation; however, the 
study was terminated because of poor accrual 
(likely based on physician bias). The RTOG com-
pleted a Phase II study of observation in favor-
able low-grade glioma (defi ned as <40 and gross 
total tumor resection) and a Phase III study of RT 
with or without PCV in unfavorable low-grade 
glioma (age >40 or subtotal resection/biopsy) 
(RTOG 9802) (Level II) (Shaw et al. 2006). Pre-
liminary results were reported in 2006. For the 
111 favorable patients who were observed, the 
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5-year progression-free survival was 50% and 
the 5-year overall survival was 94%. For the 251 
unfavorable patients, there was no difference in 
overall survival at 5 years: 61% with RT alone 
and 70% with RT + PCV (p = 0.72), and the 5-year 
progression-free survival was only 39% and 61%, 
respectively. Analysis of outcome by 1 p 19 q sta-
tus is pending.
EORTC 22845 is the only randomized trial in low- �
grade glioma to compare immediate RT with de-
ferred treatment (including radiotherapy) at the 
time of progression (Level I) (Van den Bent et 
al. 2005). In that trial, 314 patients with low-grade 
gliomas were randomized to receive postoperative 
radiotherapy to 54 Gy in fractions of 1.8 Gy (n =157) 
or radiotherapy at progression (n = 157). The me-
dian progression free survival was signifi cantly 
better with immediate RT, 5.3 versus 3.4 years 
(p < 0001), but there was no difference in median 
survival, 7.4 versus 7.2 years (p = .872). Seizure con-
trol was reported as being better in the immediate 
RT group, but there was no in-depth quality of life 
adjusted analysis. Thus, it appears that immediate 
RT results in improved progression free survival, 
but withholding radiotherapy until tumor pro-
gression does not jeopardize overall survival.
The RT dose that should be delivered is on the  �
order of 50.4 Gy at 1.8 Gy/fraction daily (Grade A). 
Involved fi elds are treated and volumes should 
be outlined on MRI FLAIR images. Margins of 
1–1.5 cm are added to create a PTV.
This dose for the treatment of low-grade gliomas  �
has been established in two Phase III trials. In 
EORTC 22844 379 patients were randomized to 
receive 45 Gy in 5 weeks or 59.4 Gy in 6.6 weeks 
(Level I) (Karim et al. 1996). There was no differ-
ence in progression free survival or overall sur-
vival in either arm (50% and 60%, respectively). 
In a joint NCCTG/RTOG/ECOG study, 203 pa-
tients were randomized to 50.4 Gy in 28 frac-
tions or 64.8 Gy in 36 fractions (Level I) (Shaw 
et al. 2002). This trial also showed no difference 
in progression-free survival or overall survival, 
and Grade 3–5 neurotoxicity occurred in 5% of 
patients in the high-dose arm as compared with 
2.5% of patients in the low-dose arm.
There is no clearly established role for chemother- �
apy in adult patients with low-grade gliomas.
In the Phase �  III portion of RTOG 98-02, in which 
251 patients age >40 or with subtotal resection or 
biopsy were randomized to receive radiotherapy 
alone to 54 Gy in 30 fractions or radiotherapy fol-

lowed by six cycles of PCV, the overall survival at 
5 years was 61% in those treated with radiotherapy 
alone and 70 in those treated with radiotherapy 
plus PCV (Level II) (Shaw et al. 2006). Progres-
sion-free survival was not different between the 
two arms. There was more acute toxicity in the 
arm that included PCV. Currently, the EORTC 
is conducting a Phase III trial (EORTC 22033) 
comparing radiotherapy (50.4 Gy in 28 fractions) 
versus temozolomide in patients with supratento-
rial WHO Grade II gliomas who are  40 years of 
age or who have radiographic progression or new 
or worsening neurological symptoms (other than 
seizures only) or intractable seizures. Patients are 
stratifi ed by 1 p and 19 q allele status. The RTOG 
is now testing concurrent temozolamide with RT 
(54 Gy) for high risk patients with supratentorial 
WHO Grade II astrocytoma, oligodendroglioma 
or oligoastrocytoma (RTOG 0424). Patients must 
have at least three of the following risk factors: 
age 40, largest preoperative diameter of tumor 

6 cm, tumor crossing midline, tumor subtype of 
astrocytoma (astrocytoma dominant) or preop-
erative Neurological Function Status >1.

33.5 Follow-Ups

33.5.1 General Principles

Follow-up after defi nitive treatment of brain tu- �
mors is imperative to monitor both for recurrence 
as well as treatment effects.
The imaging schedule is dependent on the tumor  �
type. Follow-up, however, must also include neu-
rological evaluations and appropriate history and 
physicals with attention to late effects. Endocrine 
and neuropsychological screenings should be in-
cluded based upon the volume and area treated. 
Screening for second malignancy may be appro-
priate in long-term survivors. 

MRI Schedule

MRI with and without gadolinium is the imaging  �
of choice for follow-up examination.
For high-grade gliomas, follow-up MRI should  �
be scheduled 2–6 weeks after RT, then every 
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2–3 months for 2–3 years (Grade D) (NCCN 2007). 
In patients who survive longer than this, many 
clinicians would continue to follow with yearly or 
every other year MRI 5–10 years after treatment.
For low-grade gliomas, follow-up MRI should be  �
scheduled every 3–6 months for 5 years and then 
at least annually (Grade D) (NCCN 2007).
Integration of metabolic scans into post-treat- �
ment follow-up may help distinguish between 
tumor recurrence and treatment-related changes 
(Grade C). Additional imaging may be warranted 
to help clarify changes on MRI. Spectroscopy, 
perfusion, or PET may help aid in the differential 
of tumor versus necrosis (Herholz et al. 2007) 
(review article).
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Introduction and Objectives

Pituitary adenoma is a relatively common disease entity of the CNS, 
and accounts for 10%–15% of all diagnosed primary intracranial 
tumors. Results of autopsy series demonstrated that pituitary ade-
nomas are detected in 3%–25% of pituitary glands. Approximately 
70% of all pituitary cases are endocrinologically functional. Local-
ized tumors may have both local and systemic signs and symptoms, 
and a multidisciplinary approach to evaluation and management 
is necessary. Randomized studies of diff erent treatment modalities 
in the management of pituitary adenomas do not exist.

This chapter examines:

Recommendations for diagnosis and work-up �
Treatment recommendations for various tumor types as well  �
as the supporting scientifi c evidence

The use of medical, surgical, and radiotherapeutic interven- �
tion for management of pituitary tumors 

Radiation therapy techniques for the treatment of pituitary  �
tumors

Follow-up care and surveillance after treatment �

34.1 Diagnosis, Staging, and 
 Prognoses

34.1.1 Diagnosis

Initial Evaluation

Diagnosis and initial evaluation of pituitary tu- �
mor should include a detailed history and physical 
examination, with particular emphasis on neuro-
logic and cranial nerve examination, especially the 
optic nerves and cranial nerves III, IV, V1, V2 and 
VI, which travel through the cavernous sinus.
Approximately 70% of pituitary adenomas are  �
functional. Among functional tumors, prolactin-
secreting adenomas are the most common, fol-
lowed by GH- and ACTH-secreting tumors.
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Ophthalmologic evaluation and visual fi eld test- �
ing should be performed. The most common 
visual fi eld defi cit is a bitemporal hemianopsia, 
although other defi cits, including superior tem-
poral defi cits, homonymous hemianopsias may 
occur.
In patients with known diagnosis of malignan- �
cies, metastasis should be considered in the dif-
ferential diagnosis.

Laboratory Tests

Laboratory tests including a complete blood count  �
and serum chemistries should be performed, as 
well as baseline measurements of endocrine hor-
mones. The majority of pituitary tumors arise 
from the anterior pituitary, which is derived from 
Rathke’s pouch (ectodermal origin) and produces 
ACTH, FSH, LH, GH, TSH and prolactin. The pos-
terior pituitary and infundibulum arise from an 
outgrowth of the diencephalon, and stores and 
releases ADH and oxytocin, which are produced 
by the hypothalamus.
Patients with prolactinomas will demonstrate an  �
elevated serum prolactin level. Although mod-
erately elevated levels can have several causes, a 
level >200 ng/ml is usually diagnostic. Prolacti-
nomas are more common in women. Premeno-
pausal women may present with galactorrhea, 
and oligomenorrhea or amenorrhea. Men may 
present with impotence and decreased libido sec-
ondary to low testosterone levels. Alterations in 
mood may also be present. 
ACTH-secreting tumors can cause Cushing’s dis- �
ease, with symptoms secondary to adrenal hy-
perplasia and elevated cortisol levels. Symptoms 
include thin, brittle skin, hypertension, glucose 
intolerance, osteoporosis, easy bruisability, cen-
tral obesity, buffalo hump, moon facies, abdomi-
nal striations, proximal muscle weakness, acne, 
hirsutism, and psychological disturbances.
Laboratory tests should include a 24-h urine free  �
cortisol level and a dexamethasone suppression 
test. Patients are given 1 mg of dexamethasone in 
the evening; normally, ACTH is suppressed and 
cortisol levels decrease by 50%. Elevated levels 
suggest Cushing’s syndrome. Petrosal sinus ve-
nous sampling can also be performed when the 
diagnosis is diffi cult.
Growth hormone secreting adenomas can cause  �
gigantism in children and acromegaly in adults. 
Laboratory tests should include a fasting growth 

hormone level, which is usually greater than 10 ng/
mL, and a glucose suppression test, where after 100 g 
bolus of oral glucose, GH levels are measured. Nor-
mally, GH levels will be suppressed to <5 ng/mL.

Imaging Studies

Contrast enhanced MRI is the imaging study of  �
choice for evaluating pituitary tumors (Fig. 34.1) 
(Grade B). When contraindicated, a high-resolu-
tion CT scan is recommended. Results from a 
prospective comparison between MRI and CT for 
the diagnosis and evaluation of pituitary tumor 
revealed that MRI is more sensitive for certain 
types of pituitary adenoma, such as ACTH secret-
ing tumors (Level III) (Escourolle et al. 1993).
Patients with acromegaly should also undergo  �
skeletal surveys.

34.1.2 Staging

Pituitary tumors can be classifi ed by size into mi- �
croadenomas ( 1 cm) and macroadenomas (>1 cm). 
Other considerations include tumor invasion and 
vision defects requiring decompression. 
Hardy’s classifi cation for pituitary adenomas  �
and grading for suprasellar extension is listed in 
 Table 34.1. The classifi cation utilized information 
from radiographic studies as well as intraopera-
tive fi ndings of sellar destruction and extrasellar 
invasion.
Functionally, they are separated into functioning  �
(secretory) and nonfunctioning (nonsecretory) 
tumors.

Fig. 34.1. Coronal T1 post-contrast MR image of a pituitary 
macroadenoma. Note the displacement of the optic nerve 
(arrows)
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34.2 Treatment of Pituitary Tumors

34.2.1 General Principles

The management of pituitary tumors is by nature  �
multimodal. Surgery, medical management and 
radiation therapy are all therapeutic options, each 
with advantages and disadvantages (Fig. 34.2).
The goal of management is the normalization and  �
alleviation of symptoms from excessive pituitary 
secretion, shrinkage of tumors and decompres-
sion of contiguous structures, maintaining nor-
mal pituitary function, as well as preventing re-
currence.
Secretory tumors must further be classifi ed by the  �
hormones they secrete. The primary approach is 
dependent on the classifi cation of a given diag-
nosed adenoma. What follows is an integrated 
approaches based on tumor classifi cation.

Table 34.1. Hardy’s radiographic classifi cation for pituitary 
adenomas and grading schema for suprasellar extensions

Hardy’s radiographic classifi cation for pituitary 
adenomas

0: Normal pituitary appearance

I: Enclosed within the sella, microadenoma, <10 mm

II: Enclosed within the sella, macroadenoma, 10 mm

III: Invasive, locally, into the sella

IV: Invasive, diffusely, into the sella

Hardy’s grading schema for suprasellar extensions

A: 0–10 mm suprasellar extension occupying the supra-
sellar cistern

B: l0–20 mm extension, elevation of the third ventricle

C: 20–30 mm extension, occupying the anterior third 
ventricle

D: Greater than 30 mm extension, beyond the foramen 
of Monro, or Grade C with lateral extensions.

Fig. 34.2. Treatment algo-
rithm for pituitary gland 
tumors

Diagnosis of Pituitary Adenoma
Visual fi eld testing. Endocrine evaluation, MRI

Microadenoma Macroadenoma

Nonsecreting Secreting Nonsecreting

Surgical 

Candidate?

RT/SRS Surgery

Complete

Resection?

ObserveRecurrent

Observe
Prolactinoma GH/ACTH/TSH

Medical Tx

Residual/

Recurrent

Surgical 

Candidate?

RT/SRS Surgery

Complete

Resection?

ObserveRecurrent

Surgical 
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Surgery

Complete
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Recurrent
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Yes
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Nonfunctioning Tumors

Nonfunctioning tumors comprise one third of pi- �
tuitary adenomas. Because they are non-secret-
ing, they usually present as macroadenomas with 
neurological symptoms associated with compres-
sion.
Nonfunctioning microadenomas that are inci- �
dentally detected (i.e., asymptomatic) can be ob-
served with serial MRIs.
Surgical resection from a transsphenoidal ap- �
proach with a sellar fat graft is the preferred pri-
mary treatment (Grade B). However, due to fre-
quent supra- and parasellar extension, surgery 
is infrequently curative, leaving tumor remnant 
to regrow with long-term follow-up (Level IV) 
(Turner et al. 1999). Close to 20% of patients 
with macroadenomas who achieved radiographic 
complete resection will recur as opposed to 58% of 
those with residual disease (Level IV)  (Ferrante 
et al. 2006).
Patients with adenoma remnant after surgery  �
can be radiographically followed or undergo re-
resection or radiotherapy (Grade B). In a group 
of 122 patients with clinically nonfunctioning pi-
tuitary adenomas followed using a prospective 
protocol, no patient received immediate adjuvant 
radiation. Periodical MRI scans were performed. 
The researchers found that disease progression 
that necessitated radiotherapy occurred in 14 pa-
tients (Level III)  (Greenman et al. 2003). Most 
retrospective series using either fractionated ir-
radiation (Brada et al. 1993; Breen et al. 1998; 
Park et al. 2004) or stereotactic radiosurgery 
(SRS) (Feigl et al. 2002; Petrovich et al. 2003; 
Liscak et al. 2007) report a tumor control rate of 
>90% (Level IV).

Prolactinomas

Prolactinomas are the most common type of  �
hyper-secreting pituitary adenomas accounting 
for 60% (Melmed 1995). They generally present 
in women as microadenomas with lower prolac-
tin levels and symptoms of amenorrhea, galac-
torrhea, and infertility as compared with men 
who predominately present with macroadenomas 
with higher prolactin levels and symptoms of im-
potence, loss of libido, and infertility.
Medical management is the preferred approach  �
for prolactinomas (Grade B). Primary surgi-
cal approaches alone only cure about 70% of 

microadenomas and 30% of macroadenomas 
(Melmed 1995).
Bromocriptine in the management of prolac- �
tinomas was fi rst introduced in the 1970s. Its 
mechanism of action inhibits prolactin secretion 
by binding D2 dopamine receptors in the ante-
rior pituitary. It is indicated as initial therapy 
for both microadenomas and macroadenomas in 
both men and women. Bromocriptine is success-
ful in 80%–90% of patients with microadenomas, 
normalizing prolactin levels, decreasing tumor 
size, and normalizing sexual function (Vance et 
al. 1984). In patients with macroadenomas nor-
malized prolactin levels and decreasing tumors 
size by > 50% occurred in 75% of patients treated 
with bromocriptine (Level III) (Liuzzi et al. 
1985; Molitch et al. 1985; Berezin et al. 1995). 
Though resistance to bromocriptine is rare, the 
drug is not curative, and discontinuation usually 
results in recurrence (Level III) (Johnston et al. 
1984; van’t Verlaat and Croughs 1991). Main-
tenance therapy is usually indicated with the ex-
ception of rare small microadenoma in which the 
drug can be withdrawn (Level III) (Johnston et 
al. 1984).
Cabergoline is a long-acting D2 receptor agonist  �
which can be used to suppress prolactin levels for 
14 days with single oral administration (Grade A). 
A double-blind comparison of bromocriptine 
with cabergoline involving 459 women with 
amenorrheic prolactinomas demonstrated that 
cabergoline better normalized prolactin levels 
(83% vs. 59%), resumed normal gonadal function 
(72% vs. 52%), and resolved galactorrhea (90% vs. 
78%) than bromocriptine (Level I) (Webster et 
al. 1994). Cabergoline has also been reported to 
shrink 75% of macroadenomas and may be effec-
tive in bromocriptine resistant patients (Level III) 
(Biller et al. 1996; Colao et al. 1997).
Surgery is indicated in hyperprolactinemic pa- �
tients intolerant or resistant to dopamine agonists 
and in patients with invasive macroadenomas and 
compromised vision with no immediate response 
to medical treatment (Grade B). Surgical debulk-
ing alone is rarely curative and dopamine agonist 
therapy is usually required after surgery. Primary 
surgical approaches alone only cure about 70% 
of microadenomas and 30% of macroadenomas 
(Melmed 1995).
Radiation therapy is typically reserved for pa- �
tients in whom medical and surgical treatments 
have failed, or if patients are not surgical candi-
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dates (Grade B). Biochemical cure rates are typi-
cally slow to achieve, with variable long-term hor-
monal control rates reported in single-institution 
series, ranging from approximately 20% to 50%. 
These levels can be achieved with either fraction-
ated radiation therapy (Level IV) (Grigsby et al. 
1989; Tsagarakis et al. 1991) or SRS (Level IV) 
(Pan et al. 2000). Continued medical treatment 
after radiation therapy is required. As with other 
secreting adenomas, tumor control is more suc-
cessful than hormonal control.

ACTH Secreting Tumors

Adrenocorticotropin hormone (ACTH)-pro- �
ducing tumors make up 15% of functioning 
pituitary adenomas of which 90% are microad-
enomas.
The primary management of Cushing’s disease is  �
transsphenoidal surgery (Grade B) (Melby 1988). 
The cure rate of this procedure is about 80%–90% 
for microadenomas but only up to 50% for mac-
roadenomas (Level IV) (Mampalam et al. 1988). 
Hypopituitarism associated with permanent hy-
pocortisolism may occur. In most cured patients, 

a postoperative period of adrenal insuffi ciency 
lasts as long as 6 months. Hypocortisolism recurs 
in approximately 5% of patients who have had 
successful surgery.
Mitotane or ketoconazole therapy in combina- �
tion with irradiation is the preferred treatment 
after surgical failure. It is usually used for several 
months until the delayed biochemical effects of 
the irradiation occur. Combined treatment re-
sults in biochemical remission in 80%–100% of 
patients after 8–16 months.
Other less frequently used drugs include etomi- �
date, metyrapone, and aminoglutethimide. Bro-
mocriptine and octreotide have no role in the 
treatment of Cushing’s disease.
In rare circumstances bilateral adrenalectomy is  �
indicated to treat Cushing’s disease that has failed 
other treatments.
Radiation is offered in patients in whom surgery  �
is contraindicated, or for patients in whom ACTH 
secretion persists or recurs (Grade B). Compared 
with other functional adenomas, ACTH-secreting 
tumors seem to have an overall better hormonal 
control rate after irradiation, with results ranging 
around 50% for either fractionated RT (Howlett 
et al. 1989; Littley et al. 1990) or SRS (Sheehan 
et al. 2000; Devin et al. 2004) (Level IV).

GH Secreting Tumors

Somatotroph adenomas account for 20% of func- �
tional pituitary adenomas, with 75% being mac-
roadenomas. Diagnosis may be delayed by up to 
10 years because the symptoms of acromegaly are 
slow to develop.
The primary management of GH-secreting micro-  �
and macroadenomas is transsphenoidal surgery 
(Grade B). The cure rates are approximately 70% 
and 50%, respectively ( Fahlbusch et al. 1992; 
Melmed et al. 1995).
Growth hormone levels usually return to normal �  

within 1 h, and IGF-I levels become normal af-
ter 1 week. Residual pituitary function is usually 
preserved after resection of well-encapsulated 
tumors, and signs of preoperative tumor com-
pression are often restored by surgery. However, 
acromegaly may recur several years after surgery 
in 5%–10% of patients who have had the opera-
tion, and pituitary failure is found in up to 15% 
of patients.
Somatostatin analogues may be used as adjuvant  �
therapy or as primary treatment in selected cases. 
Octreotide is the most commonly used analogue 
and its indication includes presurgical therapy 

in patients with large invasive macroadenomas, 
immediate relief of symptoms, and reduction 
of growth hormone hypersecretion in patients 
awaiting surgery or those with recurrent disease, 

morbidity in elderly patients, and a patient’s de-
cision not  to undergo surgery. Treatment with 
somatostatin analogues or bromocriptine should 
also be initiated when previous surgical therapy 
has not achieved biochemical remission. Pegviso-
mant, a new GH-receptor antagonist, is indicated 
in case of resistance to somatostatin analogs. Pa-
tients who are resistant to medical management 
should be referred for sellar irradiation or ad-
ditional surgery.
As in other functional adenomas, radiation is  �
reserved for patients with residual or recurrent 
disease (Grade B). Either fractionated radiation 
therapy or SRS can be offered, with slow improve-
ment in growth hormone levels over several years. 
Hormonal cure rates vary in reported series, and 
may depend on length of follow-up, but generally 
are in the range of 20%–40% after RT (Ludecke 
et al. 1989;  Macleod et al. 1989) or stereotac-
tic radiosurgery (Level IV) (Zhang et al. 2000; 
Castinetti et al. 2005).
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Thyroid-Stimulating Hormone-Secreting 
Adenomas

Thyroid-stimulating hormone (TSH)-secreting  �
adenomas are very rare, accounting for <1% of 
adenomas, of which 70% are macroadenomas.
Transsphenoidal adenoma resection is the pri- �
mary treatment of choice. Patients with contin-
ued TSH hypersecretion after surgery or who are 
inoperable should be treated with octreotide with 
or without radiotherapy (Grade B). Preoperative 
treatment with octreotide has been shown to pro-
duce euthyroid (Beck-Peccoz and Persani 2002). 
However, there is currently only limited data to 
suggest that it may improve the success of or obvi-
ate total resection (Level IV) (Socin et al. 2003).
As in other functional tumors, radiation is re- �
served for patients who have incomplete resec-
tions or recurrence of disease (Grade B). Radio-
therapy is successful in controlling hormone 
secretion in approximately two thirds of patients 
(Level IV) (Beck-Peccoz et al. 1996).

34.3  Surgical Intervention

A transsphenoidal approach is the preferred  �
management and can be performed microscopi-
cally or endoscopically. The endoscopic approach 
offers advantages of a wider close-up view of the 
surgical fi eld and the possibility of “looking 
around the corners” by using differently angled 
lenses. These gains can be clinically expressed 
by minimization of surgical trauma, obviation of 
the nose speculum and nasal packing, as well as 
easier treatment of recurrences. In select invasive 
cases an intracranial approach is necessitated.
After surgical decompression, 79% of patients  �
with preoperative diminished visual acuity have 
improvement in their symptoms (Black et al. 
1988).
Surgical complications occur in 6.5%–29% of  �
patients. Commonly observed surgical compli-
cations include CSF leaks, paranasal sinusitis, 
septal perforation, meningitis, empty sella syn-
drome, and intracranial bleeding. Operative 
mortality rates are between 1%–3% (Level IV) 
(Ciric et al. 1983; Mohr et al. 1990; Comtois et 
al. 1991; Oruckaptan et al. 2000).

34.4  Radiation Therapy

There are no randomized studies comparing the  �
various techniques of irradiation for pituitary 
adenomas. Selection of modality is often infl u-
enced by the clinical presentation, availability of 
resources, and physician and patient preference.

External-Beam Radiation Therapy

External-beam radiation therapy is the most  �
common radiation technique in the treatment of 
pituitary tumors.
Positioning and immobilization of patients is  �
critical to minimize morbidity of normal struc-
tures. An Aquaplast mask is used to reproduce the 
patient’s head position during daily setup.
With two-dimensional planning techniques, pa- �
tients were typically treated with a three-fi eld 
approach, using two lateral opposed fi elds and 
an anterior/superior fi eld. Patients are typically 
positioned with maximal head fl exion; this allows 
the orbital structures to be avoided in the ante-
rior/superior fi eld. Treatment with two opposed 
lateral fi elds alone should be avoided, in order to 
decrease the temporal lobe dose.
3D planning techniques are recommended for  �
patients undergoing radiation therapy. Patients 
should undergo contrast-enhanced CT-based 
simulation and treatment planning. MRI aids in 
delineating the GTV for pituitary adenomas, and 
should be coregistered with the simulation CT.
Additional margin expansion from GTV to CTV  �
is unnecessary in pituitary adenomas. With con-
ventional external RT planning techniques, an 
expansion of approximately 1 cm is required for 
the PTV.
Doses of 45–54 Gy are recommended with a daily  �
dose of 1.8 Gy, with nonsecreting tumors typically 
receiving 45–50.4 Gy and secreting tumors re-
ceiving 50.4–54 Gy (Grade B). Doses of <45 Gy are 
associated with higher relapse rates (Level III) 
(Grigsby et al. 1989; McCollough et al. 1991; 
Zierhut et al. 1995).

Stereotactic Radiosurgery (SRS)

Stereotactic radiosurgery is an alternative to ex- �
ternal-beam radiation therapy for pituitary ad-
enomas (Grade B). Prescribed doses range widely, 
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from 10–30 Gy, but mean doses of approximately 
16 Gy to the margin have been demonstrated to 
be effective, with higher doses often delivered 
for functional tumors (Level III) (Sheehan et 
al. 2002). Although some reports have suggested 
a more rapid decline of hormone levels with SRS 
compared with fractionated RT, this has not 
consistently proven to be the case (Brada et al. 
2004).
The dose to the optic chiasm should be kept below  �
8 Gy in order to minimize the risk of radiation-
induced optic neuropathy (Level III) (Tishler et 
al. 1993; Girkin et al. 1997). If the optic chiasm 
is prohibitively close to the tumor, fractionated 
radiation should be recommended.

Fractionated Stereotactic Radiation Therapy 
(FSRT)

Fractionated stereotactic radiation therapy (FSRT)  �
utilizes stereotactic guidance to maximize preci-
sion of radiation delivery and minimize the PTV 
expansion required for setup variability, thereby 
minimizing the risk of damage to normal struc-
tures (Fig. 34.3).
FSRT can be offered in patients with larger tu- �
mors and those that are close to the optic ap-
paratus.
Various immobilization techniques are available,  �
including noninvasive headframes, masks with 
bite-blocks/radiocamera systems, and standard 
thermoplastic masks. Image-guidance techniques 
are often utilized as well, in order to maximize 
treatment accuracy.

34.5 Follow-Up

34.5.1 Post-Treatment Follow-Ups

Long-term follow-up is indicated for patients with  �
pituitary adenoma after defi nitive treatment or if 
observation is usually required.

Schedule and Work-Ups

Each follow-up should include neurological eval- �
uations and appropriate history and physical ex-
aminations. 

The optimal imaging schedule is unknown and  �
has not been addressed in any clinical trials. MRI 
of the brain with contrast should be performed 
annually. 
Hormone levels should also be performed. In  �
patients undergoing surgery or radiation, pan-
hypopituitarism may be a sequela of treatment, 
and close follow-up with an endocrinologist is 
necessary.
In patients undergoing radiation, regular visual  �
fi eld testing is also recommended.
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Introduction and Objectives

Cutaneous melanoma is a significant oncological condition in 
countries with large Caucasian populations. Not only is there 
a rising incidence rate, but mortality rates have also increased 
in many countries (JEMAL et al. 2008). As demonstrated from 
Cancer Registry Data in NSW Australia, the age standardized 
incidence has risen by 16% in males and 24% in females over 
the 10 years from 1996 to 2005. It accounts for almost 10% of 
malignancies, with an incidence of 59.8 new cases per 100,000 
in males. One in 24 males and one in 33 females will develop 
a melanoma by age 75. Melanoma ranks as the 7th most com-
mon cause for cancer related mortality in males (TRACEY et al. 
2006).

Cutaneous malignant melanoma is a cancer that has a poor 
prognosis despite the early presentation of relatively small bulk 
primary tumors. Initial surgical therapy involves a structured 
management for achieving adequacy of resection and patho-
logical staging. Multidisciplinary management is benefi cial for 
decision-making regarding the optimal adjuvant therapies, 
including clinical trial involvement. Radiation oncology has an 
evolving role for selected patients with high risk locoregional 
disease and palliation.

This chapter examines:

Approaches to clinical and pathological diagnosis, prognostic  �
factors, and staging

Initial surgical management of primary and nodal sites �
Selection of patients for adjuvant radiation therapy at pri- �
mary and nodal sites

Radiobiological issues and dose/fractionation for adjuvant  �
radiation therapy

Techniques for adjuvant regional radiation therapy post  �
nodal dissection

Issues regarding adjuvant systemic therapy and interferon- �
-2b therapy

Approaches to palliative interventions in advanced disease �
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35.1 Diagnosis, Staging, and 
 Prognosis

35.1.1 Diagnosis

Initial Diagnosis

Diagnosis and evaluation of malignant mela- �
noma starts with a complete history and physical 
examination. Given its relatively high incidence, 
awareness of melanoma is an important aspect 
of initial evaluation of skin lesions. Risk factors 
for melanoma predominantly relate to individu-
als at high risk with history of sun exposure. In-
dividuals with fair skin complexion or hair, blue 
eyes, poor ability to tan, or with a prior history 
of pigmented skin lesions have a greater risk of 
developing melanoma (Bliss et al. 1995).
A thorough skin examination is usually re- �
quired.
Melanoma may be differentiated from benign  �
pigmented lesions by demonstrating features that 
are changing, display variation in pigmentation, 
border, or shape, or are symptomatic such as with 
ulceration.
Clinico-pathological subtypes of melanoma and  �
related clinical importance to radiation oncolo-
gists are listed in Table 35.1.
Lesion sites are generally in sun exposed regions  �
of the trunk and limbs. Acral lentiginous mela-
noma is less frequent and may occur in subungal 
sites, mucosal surface, or soles of feet.

Amelanotic melanoma demonstrating minimal  �
or absent pigmentation are unusual but may oc-
cur with nodular melanoma or naevoid mela-
noma.
Lentigo maligna refers to the in situ variant of  �
melanoma and generally presents as a large mac-
ular pigmented lesion, often located in the face of 
elderly patients. Transformation to invasive mel-
anoma (lentigo maligna melanoma) occurs over 
a long natural history and the rate of concurrent 
clinically occult invasive melanoma at time of 
excision is 5%–15% (Hazan et al. 2008).
Metastatic spread is generally to regional lymph  �
nodes and then to distant sites. Most common sys-
temic sites of spread are skin, lung, and brain.

Imaging Studies

There is a minimal role for imaging modalities in  �
asymptomatic patients with localized lesions or 
nodal metastases detected on sentinel lymph node 
biopsy (SLNB) (Grade B). A recent retrospective 
study on 183 patients with SLNB-positive mela-
noma undertaking thorough CT demonstrated 
only one patient with detectable metastatic dis-
ease (Level IV) (Miranda 2006).
Similarly, patients with palpable nodal disease  �
or clinically advanced melanoma can undertake 
baseline staging investigations with CT of chest, 
abdomen, and brain, although there is no evi-
dence to confi rm cost-effectiveness of these pro-
cedures (Grade D). The rate of positive detection 
is reported at 5%–20% (Level IV) (Buzaid et al. 
1995).

Table 35.1. Clinico-pathological subtypes of malignant melanoma

Pathological subtype Proportion Relevant clinical features

Superfi cial spreading 60% Radial growth and may have single cell or pagetoid spread throughout 
epidermis, thus risk for satellite metastases

Nodular 15%–30% Early deep invasion. Well defi ned as no lateral growth phase. 
May be amelanotic

Acral lentiginous 5% Palmar, plantar, subungual, and mucosal surfaces

Lentigo maligna melanoma 5% Invasive lesion of lentigo maligna (LM). Long history of radial growth as 
LM before vertical growth phase 

Desmoplastic 2%–3% May resemble scar tissue and prone for neurotropic spread. 
Risk for local recurrence

Nevoid <2% Misdiagnosed as benign nevus
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Positron emission tomography (FDG-PET) scan  �
has utility in the detection of metastatic mela-
noma and as a marker of response in advanced 
disease (Level III). In one retrospective study of 
250 patients at various stages of management, ac-
curacy of PET/CT was signifi cantly higher than 
either PET alone or CT in the detection of meta-
static disease (0.98 vs. 0.93 and 0.84) (Level IV) 
( Reinhardt et al. 2006). However, it has low spec-
ifi city or sensitivity as an initial staging investiga-
tion (Level IV) (Constantinidou et al. 2008).

Biopsy and Pathology

Lesions with any of the above clinical features in  �
individuals at risk should be managed promptly 
with an incisional biopsy or, if cosmetically fea-
sible, excisional biopsy with narrow (2-mm) mar-
gins (Tsao et al. 2004).
All excised pigmented or atypical lesions in an at- �
risk population should undergo pathological review. 
Surveillance photography and clinical mapping of 
atypical lesions or dysplastic naevi can be utilized 
to detect early malignant change (Grade D).
Malignant melanoma is confi rmed on micro- �
scopic appearance of mitoses, invasion, and 
immunohistochemical staining to S100 protein 
and HMB-45 antibody. The pathological report 
should include description of size, presence of ul-
ceration, maximum thickness, and level of inva-
sion and microscopic margins of resection. Other 
immunohistochemical markers include MART-1 
and MAGE-1 (Blessing et al. 1998).
Maximum thickness to be reported as per  �
Breslow thickness (mm); level of invasion should 
be reported as per the Clark’s level (Levels I–V) 
(Table 35.2). It is important to note that Level I 
in the Clark’s level is technically non-existent (in 
situ melanoma has other names), and if there is 
involvement of lymph nodes or distant metasta-
ses, another staging system must be used.

Table 35.2. Clark’s level of invasion

Level I: Confi ned to epidermis (in situ); 
never metastasizes; 100% cure rate 

Level II: Invasion into papillary dermis; 
invasion past basement membrane (localized) 

Level III: Tumor fi lling papillary dermis (localized), 
and compressing the reticular dermis 

Level IV: Invasion of reticular dermis (localized) 
Level V: Invasion of subcutaneous tissue 

(regionalized by direct extension) 

A potential genetic link is suggested as family his- �
tory and history of prior melanoma are associated 
with risk of melanoma. A hereditary melanoma 
condition is proposed with mutations in CDK4, 
CDKN2a genes (Goldstein et al. 2007).

35.1.2 Staging

The American Joint Committee on Cancer (AJCC)  �
Tumor Node Metastasis (TNM) staging system in-
corporates lesion thickness, ulceration, and nodal 
involvement for non-metastatic melanoma. Level 
of invasion is utilized only for lesions <1.0 mm 
thick (Table 35.3) (Greene et al. 2002).

35.1.3 Prognostic Factors

Stage at presentation is the most important prog- �
nostic factor for malignant melanoma. Prognosis 
is related to stage of melanoma as demonstrated 
in Figure 35.1.
Tumor thickness, ulceration, and level of invasion  �
are the major factors associated with survival 
in localized melanoma. Long-term results from 
a prospective surgical trial aimed to compare 
various surgical margins for resection showed 
that depth of invasion is a signifi cant factor for 
outcome in lesions measuring 1–4 mm in depth 
(Intergroup Melanoma Surgical Trial, Level III) 
(Balch 2001a). Mitotic rate and presence of vessel 
invasion are also associated with poor survival.
Desmoplastic and neurotropic melanoma are as- �
sociated with increased local relapse (Level IV) 
(Quinn et al. 1998).

Fig. 35.1. 15-Year survival curves for AJCC stage [From 
Greene et al. (2002) with permission]
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35.2 Treatment for 
 Localized Melanoma

35.2.1 General Principles

Management of malignant melanoma is recom- �
mended to be undertaken in specialist units with 
access to surgical staging and multidisciplinary 
care (Grade D). Although no study has demon-
strated improved outcome, there is evidence for 
cost-effectiveness (Level IV) (Fader et al. 1998).
Defi nitive surgery with wide surgical excision  �
and appropriate nodal management is the prin-
cipal modality of care in localized melanoma 
(Grade A).
Adjuvant locoregional and systemic therapies  �
could be considered (Grade C). However, adju-
vant treatment remains controversial with mini-
mal or confl icting evidence as the improvement 
in outcome.
The high risk of occult metastatic disease in the  �
presence of a generally young, good performance 
status patient promotes the participation of pa-
tients with high risk lesions into clinical trial 
protocols.

35.2.2 Defi nitive Surgery

Primary Surgery Margin Width

Wide local excision (minimum 1 cm to maximum  �
3 cm) is the defi nitive treatment for melanoma 
with the macroscopic margin width determined 
on thickness of the lesion from prior biopsy 
(Grade A). Recommendations for margin width 
interpreted from randomized clinical trials are 
listed in Table 35.4. 
Margin width for lesions 2–4 mm remains con-
troversial with the UK Melanoma Study Group 
Trial of 1 cm versus 3 cm for lesions greater than 
2 mm thickness demonstrating a greater risk of 
locoregional recurrence for the 1 cm margin, 
but no impact on overall survival (Thomas and 
Clark 2004). Interpreting all studies, there is no 
evidence to support a margin greater than 2 cm 
for this subgroup (Tsao et al. 2004).

Table 35.3. American Joint Committee on Cancer (AJCC) 
TNM classifi cation of carcinoma cancer of melanoma of the 
skin. [From Greene et al. (2002) with permission]

Primary tumor (T)

TX Primary tumor cannot be assessed (e.g., shave 
biopsy or regressed melanoma)

T0 No evidence of primary tumor
Tis Melanoma in situ
T1 Melanoma  1.0 mm in thickness with or without 

ulceration
T1a Melanoma  1.0 mm in thickness and level II or III, 

no ulceration
T1b Melanoma  1.0 mm in thickness and level IV or V 

or with ulceration
T2 Melanoma 1.01–2 mm in thickness with or without 

ulceration
T2a Melanoma 1.01–2 mm in thickness, no ulceration
T2b Melanoma 1.01–2 mm in thickness, with ulceration
T3 Melanoma 2.01-4 mm in thickness with or without 

ulceration
T3a Melanoma 2.01-4 mm in thickness, no ulceration
T3b Melanoma 2.01–4 mm in thickness, with ulceration
T4 Melanoma greater than 4.0 mm in thickness with 

or without ulceration
T4a Melanoma 4.0 mm in thickness, no ulceration
T4b Melanoma 4.0 mm in thickness, with ulceration

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in one lymph node
N1a Clinically occult (microscopic) metastasis
N1b Clinically apparent (macroscopic) metastasis
N2c Satellite or in-transit metastasis without nodal 

metastasis
N3 Metastasis in four or more regional nodes, or 

matted metastatic nodes, or in-transit metastasis 
or satellite(s) with metastasis in regional node(s)

Distant metastasis (M)

MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis 
M1a Metastasis to skin, subcutaneous tissues or distant 

lymph nodes
M1b Metastasis to lung
M1c Metastasis to all other visceral sites or distant 

metastasis at any site associated with an elevated 
serum lactic dehydrogenase (LDH)

S TAG E G ROU PI NG

0: Tis N0 M0
IA: T1a N0 M0
IB: T1b N0 M0, T2a N0 M0
IIA: T2b N0 M0, T3a N0 M0
IIB: T3b N0 M0, T4a N0 M0
IIC: T4b N0 M0
III: Any T N1 M0, Any T N2 M0, Any T N3 M0
IV: Any T Any N M1
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Nodal Management

Pathological staging of regional lymph nodes is  �
recommended with the use of sentinel-lymph-
node biopsy for patients with melanoma greater 
than 1.0 mm (Grade A). 
The Multicenter Selective Lymphadenectomy 
Trial (MSLT) Group confi rmed the role of SLNB 
in a large randomized controlled trial published 
in 2006. Patients with melanoma of intermediate 
thickness of 1.2–3.5 mm were randomized to SLNB 
or observation. The incidence of sentinel-node mi-
crometastases was 16.0% (122 of 764 patients), and 
the rate of nodal relapse in the observation group 
was 15.6% (78 of 500 patients). Patients with posi-
tive SLNB proceeded to formal axillary dissection. 
There was an improvement in overall survival in 
patients with nodal disease managed with SLNB 
(MSLT, Level I) (Morton et al. 2006).
Both blue dye and radiocolloid should be used  �
to detect the sentinel lymph node during sur-
gery (Grade B). The chance of detecting sentinel 
lymph node reached 96% using lymphoscintigra-
phy, intraoperative gamma probe, and isosulfan 
blue dye in a prospective clinical trial (Level III) 
(Schmalbach et al. 2003). The MSLT Group 
used both blue dye and radiocolloid to detect the 
sentinel lymph node, and examined nodes with 
both H+E and immunohistochemical analysis 
( Morton et al. 2006).
Patients with melanoma <1.0 mm have a low rate of  �
nodal metastases and in the absence of other adverse 
pathological features there is no role for SLNB. 

35.2.3 Adjuvant Radiation Therapy

The natural history in melanoma suggests that  �
after defi nitive surgical therapy for localized dis-

ease, the most signifi cant risk for the patient is 
systemic rather than locoregional relapse. Even 
patients with advanced melanoma who are at 
higher risk for locoregional failure, have a com-
peting higher risk for distant metastatic disease. 
The low rate of locoregional relapse in patients 
with localized melanoma demonstrates that the 
indications for adjuvant radiation therapy are po-
tentially limited to a poorly defi ned subgroup of 
patients, principally with lesions at sites where 
surgical resection is limited, or demonstrate less 
common pathological subtypes (Grade B). 
The outcome from randomized clinical trials 
investigating margin width in localized mela-
noma demonstrates a local relapse rate of <3% 
at 10 years after defi nitive surgical therapy 
with optimal margin (Tsao et al. 2004). Simi-
larly, in patients managed with SLNB, the MSLT 
Group demonstrated only a 4.2% risk of regional 
lymph nodes being site of initial relapse (Level I) 
( Morton et al. 2006).
The most signifi cant impact for adjuvant radia- �
tion therapy is with patients who have high risk 
regional disease, where data is evolving as to 
the role of RT after positive lymph node dissec-
tion or in lieu of nodal dissection after a posi-
tive SLNB in patients with clinically negative 
regional nodes.

Radiobiologic Issues

Melanoma has been presumed to be a relatively  �
radioresistant tumour based on cell survival mod-
els showing an enhanced capacity for sublethal 
damage repair. To overcome the repair capacity 
hypofractionated regimens were recommended, 
though total dose was limited by the paralleled re-
duced capacity for normal tissue repair  (Stevens 
and McKay 2006).

Table 35.4. Interpretations for margin width extrapolated from randomised clinical trials

Melanoma tumor 
stage/thickness

Optimal surgical 
margin

Local 
recurrence

Reference

T1: <1.0 mm 10 mm 1.6%
at 12 years

WHO Study; Cascinelli et al. (1998)

T2: 1.01–2.0 mm 20 mm <1%
at 16 years

French Cooperative Trial; Khayat et al. (2003)

T3: 2.01–4.0 mm 20 mm 3% 
at 10 years

US Intergroup; Balch et al. (2001b)

T4: >4.0 mm 30 mm Not specifi ed UK Melanoma Study Group; Thomas and Clark (2004)
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It is postulated that there is a wide range of radia- �
tion sensitivities for melanoma and that a high 
biological total dose for both conventional and 
hypofractionated regimens is important to de-
liver for effective tumour response. 
Clinical data on optimal radiation therapy dose/
fractionation is confl icting and generally limited 
to assessing response in metastatic skin nod-
ules. Retrospective data showed an improved 
response rate for large fraction size (Level IV) 
(Overgaard et al. 1986). However, the only 
small randomized trial (RTOG 83–05) showed 
no difference in response rate in 137 patients 
for a hypofractionated (32 Gy in four fractions 
delivered weekly) versus conventional schedule 
(50 Gy in 25 fractions over 5 weeks) (Level II) 
(Sause et al. 1991).

Indications of Local Primary Site Radiation

Melanoma with Limited Surgical Margins

For most sites re-excision with wide margins is  �
the recommended procedure if initial margins 
are suboptimal (Grade B). The local control for 
melanoma excised with 2-cm margins is gener-
ally >95%–97%, then adjuvant radiation therapy 
to the primary site is not appropriate, as detailed 
above. 
In some local sites, especially in the head and  �
neck region, wide surgical margins may be dif-
fi cult to achieve without major cosmetic defi cit. 
Radiation therapy can be recommended in these 
cases (Grade B). Clinical data utilizing adjuvant 
radiation therapy to high risk local sites are sug-
gestive of an equivalent or acceptable rate of 
local control. Local control rate of 88% after 
combined surgery and hypofractionated radia-
tion therapy (30 Gy in fi ve fractions) was re-
ported in a non-randomized series (Level III) 
(Ang 1994).

Lentigo Maligna Melanoma

Lentigo maligna melanoma (LMM) and lentigo  �
maligna (LM) refer to the melanoma-in-situ le-
sions with or without invasive melanoma, respec-
tively. Often situated in the head and neck region 
the lesions occur in an elderly population, can be 
more extensive or poorly defi ned. Thus the ability 
to remove with wide margins may be limited due 
to tumour or patient related factors.
The surgical margins required for LMM and LM  �
are not well defi ned. Review of the literature uti-

lizing staged excision or Moh’s serial mapping 
procedures confi rmed local control rates at 5-year 
follow-up of >95% (Bub et al. 2004). However, 
margins of >5 mm for LM and >10 mm for LMM 
may be required (Level III) (Huilgol et al. 2004). 
This may limit patient selection for resection. A 
benefi t of surgical excision may also upstage pa-
tients with LM to LMM in 5%–15% of patients 
(Level IV) (Hazan et al. 2008).
Radiation therapy is recommended in the treat- �
ment of LM where surgery is not feasible or resec-
tion margins will be limited (Grade B). Results 
from retrospective trials have demonstrated that 
radiotherapy provided durable local control in 
patients with LM in retrospective series (Level IV) 
(Farshad et al. 2002).
The invasive (often nodular) component of LMM  �
is recommended to be excised prior to radiation 
therapy.

Desmoplastic-Neurotropic Melanoma

Desmoplastic-neurotropic melanoma is a rare,  �
atypical form of melanoma with a reported in-
cidence of 2%–4%. Characteristically there are 
dominant spindle cell features with dense fi bro-
sis, and association with neural involvement.
Radiation has a potential role in the treatment  �
of desmoplastic melanoma (Grade B). Initial re-
ports described high rates of local relapse after 
complete resection and thus potential benefi t 
from RT (Level IV) (Posther et al. 2006).
In the presence of adequately wide surgical  �
margins (>2 cm) more recent data suggests lo-
cal relapse rates equivalent to similar thickness 
melanoma; however, with a greater requirement 
for re-excision to achieve the margin width 
(Level IV) (Quinn et al. 1998). 
RT may be considered in patients with inadequate 
margin width of <2 cm (Grade D) (Stevens et 
al. 2000).

Presence of Satellite Lesions

The presence of satellite lesions or adjacent in- �
transit metastases is a potential indication for 
adjuvant RT. This may imply more extensive oc-
cult disease locally with skip lesions or result in 
an inability to achieve wide surgical margins.
The benefi cial impact of improved local control  �
by radiation therapy in this clinical scenario is 
likely to be outweighed by the competing risks of 
distant metastatic disease in this poor prognostic 
local factor.
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Thick Ulcerated Lesions

T4b lesions (>4 mm and ulcerated) have a local  �
relapse rate after surgery alone of 10%–15%. Mar-
gins of >3 cm are recommended.
Radiation therapy may potentially improve local  �
control; however, as with the presence of satellite 
nodules, the competing risks of distant metastatic 
disease minimizes the benefi t of improved local 
control.

Regional Nodal Irradiation for High Risk 
Pathological Features After Nodal Dissection

Regional relapse after nodal dissection has been  �
described to occur at rates of 10%–80% and be as-
sociated with potential reduced survival, as well 
as signifi cant morbidity (Calabro et al. 1989). 
Risk factors for subsequent regional relapse post 
nodal dissection include:
Residual disease or positive margin –
Extracapsular extension –
Multiple nodal involvement –
Nodal size >3 cm –
The number of nodes to defi ne multiple nodal  �
involvement has been poorly described in clinical 
series, and it is likely to vary between regional 
sites.
In the current Australasian Trans-Tasman Radia- �
tion Oncology Group (TROG) Phase III study the 
eligibility criteria defi nes the high-risk number of 
nodes as one or more parotid node, two or more 
cervical or axillary nodes, and three or more 
inguino-femoral nodes (Level III) (Burmeister 
et al. 2002).
The use of adjuvant radiation therapy in patients  �
with high risk features post dissection has been 
demonstrated to reduce subsequent regional 
relapse to less <15% and thus less than histori-
cal controls (Grade B). However, aggressive ad-
juvant regional therapy may be associated with 
increased treatment related morbidity with lym-
phedema, without the improved regional control 
impacting on survival. 
Adjuvant radiation therapy delivered after nodal 
excision without formal lymph node dissection 
produced an actuarial 5-year regional control and 
distant metastasis-free survival rates of 93% and 
59%, respectively (Level IV) (Ballo et al. 2003). 
A recent Australasian Phase II multicentre study 
in 234 high risk patients described a 9.3% regional 
relapse at 5 years after adjuvant high dose regional 
RT with acceptable morbidity (Burmeister et al. 

2006). This is now being assessed in the TROG 
phase III study to determine the magnitude of 
improved regional control and the impact of sub-
sequent regional control on overall survival.

Prophylactic Nodal Irradiation

The acceptance of pathological staging of re- �
gional lymph nodes with SLNB has reduced the 
requirement for prophylactic nodal management. 
However, in the absence of SLNB or a decision 
to avoid nodal dissection after positive SLNB, 
there is a role for elective RT as nodal manage-
ment (Grade B). A literature review showed that 
the likelihood of a positive SLNB exceeds 20% 
for melanomas >2 mm thick and approximately 

20% of those patients with positive SLNB will 
be found to have residual positive lymph nodes 
on completion of lymph node dissection. Fur-
thermore, patients with positive regional lymph 
nodes have an approximately 20% risk of re-
gional recurrence after surgery alone, particu-
larly if multiple lymph nodes are involved and/or 
extracapsular extension is present. Postoperative 
adjuvant radiation therapy results in locoregional 
control rates of more than 85% in high-risk pa-
tients (Mendenhall et al. 2008). 
In the head and neck region the single centre 
experience from Houston demonstrates the effec-
tiveness of elective nodal RT. A hypofractionated 
regimen of 30 Gy in fi ve fractions using electrons 
was delivered in 157 patients with clinically node 
negative disease and 35 patients with positive 
nodal disease post simple nodal excision. The 
10-year actuarial regional control rate was 89%. 
Treatment related morbidity was acceptable with 
6% of patients experiencing a symptomatic treat-
ment related complication, including one patient 
with temporal lobe necrosis (Level IV) (Bonnen 
et al. 2004).

35.2.4 Radiation Therapy Regimens

Irradiation of Local Primary Site

Depending on the site of lesion, conventional or  �
hypofractionated RT regimens may be considered 
because of the low volume of tissue within portals 
at primary sites. Cosmetic appearance may be 
inferior with large dose per fraction.
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The RT fi eld arrangement will depend on the site,  �
surgical scar, and patient contour. Generally, it 
would involve either an electron fi eld with bolus 
or kilovoltage superfi cial RT. The clinical tumor 
volume (CTV) encompasses the primary tumor 
surgical bed and a margin of 3 cm. The planned 
tumor volume (PTV) covers the CTV plus 0.5 cm 
margin (Grade D). 
45–50 Gy in 20–25 fractions over 5 weeks or  �
30 Gy in fi ve fractions over 3 weeks can be rec-
ommended for adjuvant treatment after complete 
resection.
The acute and delayed side effects and complica- �
tions induced by radiotherapy is generally depen-
dent on the site and volume irradiated. Acute side 
effects are usually limited to radiation dermatitis. 
Late subcutaneous tissue fi brosis or epidermal 
atrophy and telangiectasia, especially with hypof-
ractionated regimens, may lead to a late cosmetic 
defi cit.

Irradiation of Regional Lymph Nodes

Although the larger tissue volume to treat the  �
entire nodal surgical bed and proximity to major 
neural structures potentially increases the risk of 
late morbidity with hypofractionation regimens, 
the most recent prospective data has utilized these 
regimens (Level III) (Burmeister et al. 2006).
Toxicity from nodal irradiation is usually ac- �
ceptable; however it is important to consider the 
dosimetry policies utilized in these studies to 
achieve consistent results.

Target Volume 

Three major nodal sites are treated after regional  �
nodal dissection. For head and neck region, ip-
silateral parotid bed, posterior auricular region, 
levels I–V nodal regions, and the surgical scar 
should be included. For axilla region, ipsilateral 
levels I–III axillary nodal regions, adjacent su-
praclavicular fossa, and the surgical scar should 
be encompassed. For inguino-femoral regions, 
ipsilateral femoral, inguinal and external ingui-
nal nodal regions, and the surgical scar should 
be included.

Dose and Fractionation

Brief hypofractionation used in the M. D. Ander- �
son Cancer Center (30 Gy in fi ve fractions over 
2.5 weeks) can be considered (Grade B). The major 
experience with this regimen has been in the head 

and neck region with the use of direct 9- to 12-
MeV electron fi elds, though inguinal and axillary 
sites have also been studied (Level III) (Ballo 
et al. 2003). Radiation therapy is delivered twice 
weekly with 2–3 days’ break. The dose is specifi ed 
at the dose maximum. For matched electron fi elds 
junctions are moved after the second and fourth 
fractions to avoid dose inhomogeneity.  In the 
head and neck fi elds, individualized bolus is used 
to minimize the dose to underlying temporal lobe 
to less than 24 Gy.
Prolonged hypofractionation, as used in the TROG  �
protocols (48 Gy in 20 fractions over 4 weeks), 
can also be utilized (Burmeister et al. 2006). 
Radiotherapy is delivered daily over a period of 
4 weeks, dosed at 100%. For matched electron 
fi elds the junction should be moved 10 mm for 
half of the treatment course. As the radiation dose 
per fraction is higher (2.4 Gy), the brain and spi-
nal cord should be limited to 40 Gy; larynx and 
brachial plexus less than 45 Gy; and neck of femur 
less than 35 Gy.

Radiation Techniques

Irradiation to the head and neck region can gen- �
erally utilize a direct electron fi eld or 3D con-
formal photon fi elds. In the direct electron fi eld 
technique, the patient is immobilized supine in 
an individualized vacuum bag or equivalent sta-
bilization device. The head is rotated to the op-
posite side to expose and fl atten the contour over 
the ipsilateral parotid and cervical nodes. The 
fi elds are marked with clinically non-anatomical 
boundaries and then confi rmed on CT simula-

Fig. 35.2. The fi eld borders for direct electron treatment of 
surgical bed post right cervical lymph nodal dissection
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tion. Wire is used to mark the surgical scar and 
subsequent bolus. The fi eld borders are demon-
strated in Figure 35.2. Wax is placed in the exter-
nal ear canal, and an intraoral shield should be 
placed on the ipsilateral buccal mucosa. Electron 
energy is determined by patient anatomy, but gen-
erally 9–12 MeV is used. Individualized bolus is 
used to optimize the dose to surgical bed target 
volume, and reduce the dose at depth over sites 
such as the temporal lobe, spinal cord, and larynx 
(Fig. 35.3). 
In the 3D conformal technique for the head and  �
neck region, the patient is immobilized in a rigid 
cast system with the neck extended. CT simula-
tion is performed with wire over surgical scars 
to guide bolus placement. Between 4 and 6 MV 
photons with wedged pairs for a superior aspect 
of the fi eld and AP/PA for the lower neck are used. 
Surgical bed and residual nodal sites are con-
toured for CTV with a fi eld uncertainty margin 
added for PTV.
Irradiation to the axilla region can generally uti- �
lize an AP/PA fi eld to cover the supraclavicular 
fossa to the lower axilla. Immobilization in an 
individualized stabilization device with the arm 
abducted at 30 –45 . CT simulation with wire 
over surgical scars to guide bolus placement. 
4–18 MV photons often with combination energies 
to reduce the dose to the posterior compartment. 
Surgical bed and residual nodal sites contoured 
for CTV with fi eld uncertainty margin added for 
PTV.
Irradiation to the inguino-femoral region can  �
utilize a 3D conformal photon approach to cover 
the surgical bed and residual nodal sites, as well 

as to limit dose to the underlying femoral neck 
and surrounding small bowel. Immobilization in 
an individualized stabilization device with hips 
abducted. CT simulation with wire over surgical 
scars to guide bolus placement. CTV contoured 
and uncertainty margin (approximately 10 mm) 
added for PTV depending upon individual cen-
ter’s immobilization. The PTV generally would 
correspond to the lower sacroiliac joint level su-
periorly and extend to the proximal third of the 
femur inferiorly. 3D conformal fi elds cover PTV 
but minimize dose to small bowel and neck of 
femur.

Radiation-Induced Mobility

Acute and late toxicity will be infl uenced by  �
treatment site, post surgical complications, pa-
tient performance status, and volume irradiated. 
Hypofractionation schedules reported have ac-
ceptable morbidity, but have to be administered 
with care so as to avoid potential effects of the 
increased dose per fraction (Stevens and McKay 
2006).
Concurrent interferon- �  therapy should be 
avoided given anecdotal reports of enhanced ra-
diosensitization on normal tissues, resulting in 
increased acute and late radiation-induced toxic-
ity (Level IV) (Hazard et al. 2002).
Lymphedema: This is the major concern of deliv- �
ery of adjuvant RT following nodal dissection in 
the axillary and inguinal regions. The Austral-
asian TROG study has produced prospective tox-
icity data on lymphedema to aid decision-making 
(Burmeister et al. 2006). Grade 3 lymphedema 
was recorded in 9% of 109 patients who received 

Fig. 35.3a,b. Individualized bolus is used to optimize the dose to surgical bed target volume and reduce the dose at depth 
at the temporal lobe

a b
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RT to the axilla and 19% of 48 patients received 
RT to the inguinal region 
Neural injury: The high dose per fraction of the  �
MDAH regimen (30 Gy in fi ve fractions) may 
predispose to late neural injury. However, the 
reported toxicity data from accumulated series 
describes acceptable neural toxicity with rates 
<5% (Mendenhall et al. 2008).
Bone/joint injury: Bone and joint injuries are un- �
usual with Grade 3 or 4 effects such as severe 
limitation of movement occurring in less than 
2% in the TROG study patients (Burmeister et 
al. 2006).

35.2.5 Adjuvant Systemic Therapies

The high rate of subsequent distant metastatic  �
failure in patients with high risk locoregionally 
confi ned melanoma indicates a potential role for 
adjuvant systemic therapy.
The response rate to systemic cytotoxic chemo- �
therapy in advanced melanoma is only 10%–25% 
(Tsao et al. 2004), thus limiting its effectiveness 
in an adjuvant therapy role.
Historically it has been known that host immuno- �
logical responses infl uence melanoma response 
(Morton et al. 1970); thus systemic therapies 
have been utilized to augment host defenses or 
induce immune responses against melanoma 
antigens. Single agent or combination immu-
notherapy using interferon-  and interleukin-2 
have demonstrated potential effectiveness in ad-
vanced disease with response rates of 15%–30% 
including complete responses (Tsao et al. 2004). 
However, acute toxicity is signifi cant and pro-
vides a challenge to their use in newly diagnosed 
patients as an adjuvant therapy.
Clinical trials are an important aspect of manage- �
ment to defi ne a patient population and systemic 
agents that may improve survival with acceptable 
toxicity. Novel immune therapies are being investi-
gated including melanoma specifi c cell and antigen 
defi ned vaccines. Biochemotherapy or combined 
cytotoxic chemotherapy and immunotherapy are 
being investigated to enhance potential response.

Interferon-α 2b

Only interferon- �  2b has consistently demon-
strated a clinical benefi t as an adjuvant ther-

apy with improvement in relapse free survival 
(Grade A); however, uncertainty regarding overall 
survival benefi t and issues of toxicity remain.
Patients with melanoma >4 mm thick or with  �
nodal disease were the patient subgroup enrolled 
in the interferon-  randomized clinical trials. 
This correlates with AJCC 2002 Stages IIB–III 
and predicts for a greater than 40% risk of dis-
tant metastatic disease (Level I) (Kirkwood et 
al. 1996).
High dose interferon- �  has been extensively 
studied in multicenter randomized clinical tri-
als and all studies demonstrated improvement in 
relapse free survival compared to observation or 
vaccine therapy (Level I) (Wheatley et al. 2003). 
The 5-year overall survival was improved in two 
major trials, but pooled analysis of long-term 
data suggested no benefi t at 10 years.
The recommended regimen is a 12-month  �
course with initial induction therapy at a dose of 
20×106 IU/m2 daily for 5 days a week intravenously 
over a 4-week period. This is followed by mainte-
nance treatment at a dose of 10×106  IU/m2 subcu-
taneously 3 days a week for 48 weeks (Grade A). 
The ECOG 1690 study comparing high to low dose 
interferon-  and observation demonstrated a sig-
nifi cant benefi t in relapse free survival with high 
dose that was not achieved with low dose (Level I) 
(Kirkwood et al. 2000).
Interferon- �  toxicity is signifi cant with constitu-
tional symptoms of fatigue, fever, myalgia, and 
nausea, as well as myelosuppression and auto-
immune responses. Treatment delay is seen in 
35%–50% of patients due to toxicity (Level IV) 
(Kirkwood et al. 2002).

Other Adjuvant Systemic Regimens

Single or multiagent chemotherapy is currently  �
not recommended routinely in the adjuvant treat-
ment of malignant melanoma (Grade B). There 
is no evidence to support the use of systemic cy-
totoxic chemotherapy as adjuvant therapy. The 
agent most studied has been dacarbazine, either 
as a single agent or in combination with cisplatin, 
tamoxifen, or with high dose stem cell transplant 
(Meisenberg et al. 1993). 
Current study protocols are investigating cyto-
toxic chemotherapy as biochemotherapy in com-
bination with immunotherapies.
Vaccines may be cellular (whole melanoma cells)  �
or antigen based (gangliosides or peptide anti-
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gen presenting cells). Although phase II studies 
are promising, there is no evidence to support 
vaccine therapy as adjuvant therapy (Grade B) 
(Chapman 2007).

35.3 Treatment of 
 Advanced Melanoma

35.3.1 General Principles

Palliative interventions for metastatic melanoma  �
should follow rules of palliation for other tumour 
pathologies, with treatment designed to improve 
quality of life by reducing symptoms or limiting 
progression of disease (Grade B).
There is a poorly defi ned subgroup of patients  �
with oligometastases which have a potentially 
long natural history disease and would be suit-
able for more aggressive treatment that includes 
surgical resection. This may include patients with 
lung or limited cutaneous metastatic disease who 
have an improved 12-month survival compared 
with patients with visceral metastases.
Most patients with stage IV metastatic disease will  �
have a median survival of 9–12 months. Patients 
with lung or limited cutaneous metastatic disease 
have an improved 12-month survival compared 
with patients with visceral metastases.

35.3.2 Palliative Surgical Therapy

Resection of Oligometastases

There is a poorly defi ned subgroup of patients  �
with oligometastases which have a potential long 
natural history disease and would be suitable for 
more aggressive treatment that includes surgi-
cal resection (Grade C). However, results from 
a limited number of publications have not been 
conclusive. This may include resection of limited 
cutaneous, lung, cerebral, and liver metastases 
(Mosca et al. 2008). 
Decision making should be individualized and 
based on the number of metastases and number 
of sites involved. Survival after resection was also 
infl uenced by earlier primary tumor stage and 

a long (>36 months) disease-free interval before 
metastatic disease (Essner et al. 2004).

Isolated Limb Perfusion (ILP) and 
Limb Infusion (ILI)

Regionally infused drug therapy is an appro- �
priate option for patients with multiple, rapidly 
progressive satellite in-transit lesions on limbs. 
ILP using melphalan in combination with hyper-
thermia may achieve response rates of 60%–90% 
(Level II) (Cornett et al. 2006).
The procedure requires a specialized unit with  �
experience in regional drug delivery.

35.3.3 Palliative Radiation Therapy

The radiobiological principles in adjuvant radia- �
tion therapy of melanoma should also be consid-
ered in palliation. The improved response to high 
total dose or high dose per fraction will need to be 
balanced against potential morbidity and incon-
venience of treatment in the palliative setting.

Major Sites for Palliation

Cerebral Metastases

The median survival of patients is 3–6 months,  �
though dependent upon disease natural history, 
number of cerebral metastases, and presence of 
extracranial disease (Fife et al. 2004).
The standard of care for the majority of patients  �
with multiple brain metastases is whole brain ra-
diation therapy (WBRT). However, the optimal 
dose regimen has not been established for mela-
noma.
Patients with oligometastases and good perfor- �
mance status (between one and three cerebral le-
sions) should be assessed for more aggressive in-
tervention which would include surgical resection 
or stereotactic radiosurgery (SRS) (Grade B). 
RTOG 95-08 demonstrated a benefi t of SRS and 
WBRT over WBRT alone for patients with oli-
gometastases and excellent performance status. 
However, only 4% of patients had melanoma 
 (Andrews 2004). 
The role of WBRT after local cerebral therapy 
such as surgery or SRS is controversial because 
of concerns over neurotoxicity from radiation. 
However, ECOG E6397 Phase II study in relatively 
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radioresistant pathologies provides evidence for 
the use of WBRT. In this study patients were 
managed with SRS alone for oligometastases and 
demonstrated a 48.3% intracranial relapse rate 
at 6 months. A total of 45% of patients had mela-
noma pathology. A total of 38% of patients died 
from neurological causes (Level III) (Manon et 
al. 2005). Retrospective studies have provided 
more evidence to confi rm a role for more aggres-
sive interventions in selected patients (Level IV) 
 (Buchsbaum et al. 2002).

Cutaneous and Nodal Metastases

Palliative radiation is indicated for symptomatic  �
cutaneous and nodal metastases (Grade B). Ra-
diation therapy can provide effective local pal-
liation with response rates of >75% (Level IV) 
(Seegenschmiedt et al. 1999).
Higher dose of radiation therapy (doses >30 Gy  �
and a BED >39.0 Gy) should be considered for pal-
liation (Grade C). A higher total dose is associated 
with improved response rate and more durable 
palliation was demonstrated in a retrospective 
study (Level IV) (Olivier et al. 2007). However, 
dose was not a signifi cant factor predicting treat-
ment outcome in the above-mentioned study re-
ported by Seegenschmiedt et al. (1999).

Skeletal Metastases

Extrapolated from bone metastases in other pa- �
thologies external beam radiation can provide 
clinical response and palliation in 70%–75% 
(Grade A) (Wu et al. 2003).
Single fraction radiotherapy is as effective as  �
multi-fraction radiotherapy in relieving meta-
static bone pain. However, the re-treatment rate 
and pathological fracture rates were higher after 
single fraction radiotherapy (Grade A) (Sze et al. 
2004).
Palliative radiation therapy for bone metastases  �
is detailed in Chapter 43.

35.3.4 Palliative Systemic Therapy

Single agent dacarbazine is the agent of choice for  �
patients with stage IV melanoma when consider-
ing response rate (10%–25%) and an acceptable 
toxicity profi le (nausea) (Grade B). The median 
duration of response is only 4 months (Tsao et 
al. 2004).

Other systemic cytotoxic agents such as fotemus- �
tine, temozolomide, and platinum compounds 
can be suggested (Grade C). These agents have 
demonstrated activities, but no improvement in 
median survival over dacarbazine in clinical tri-
als (Level II) (Middleton et al. 2000). There is 
less morbidity with temozolomide compared to 
dacarbazine (Level II) (Kiebert et al. 2003).
Multi-agent chemotherapy is not recommended  �
currently for palliation of metastatic melanoma 
(Grade A). According to the results of a systemic 
review of 41 randomized clinical trials, there is 
no benefi t of combination over single agent ther-
apy in palliation of metastatic disease (Level I) 
(Eigentler et al. 2003).
Interferon- �  and interleukin-2 are active with 
response rates of 10%–30%, and can be recom-
mended in a selective group of patients (Grade A). 
Results of a meta-analysis indicated that high-
dose interleukin-2 is a reasonable treatment op-
tion for patients with good performance status 
(ECOG 0-1), a normal lactate dehydrogenase level, 
fewer than three organs involved, or have cutane-
ous and/or subcutaneous metastases only, and no 
evidence of central nervous system metastases. 
However, there is associated toxicity that limits 
effi cacy in palliation, especially with interleu-
kin-2 (Level I) (Petrella et al. 2007).
Combination cytotoxic chemotherapy and immu- �
notherapy cannot be routinely recommended in 
the palliative treatment of melanoma (Grade A). 
The combination treatment may potentially en-
hance response rates. However, the results of a 
meta-analysis failed to demonstrate an improved 
survival even in the presence of improved re-
sponse rate (Level I) (Sasse et al. 2007).

35.4 Follow-Up

35.4.1 Post-Treatment Follow-Up

Long-term follow-up for melanoma patients after  �
treatment for detection of disease recurrence and 
new skin cancer is recommended (Grade B). Re-
sults of the Surveillance, Epidemiology and End 
Results (SEER) database analysis indicates the 
risk of developing a subsequent melanoma to be 
ten times the rate of a fi rst melanoma among the 
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general SEER population. The lifetime risk of a 
second melanoma is approximately 5% (Tsao et 
al. 2004).
There is no clinical evidence to guide clinicians  �
on a follow-up regimen for patients managed with 
localized or metastatic melanoma. Guidelines 
based on expert opinion have been developed 
(Grade D) (Francken et al. 2005, 2007).
A follow-up regimen should be based on tumor  �
thickness with local examination, surveillance 
for new lesions, and education as to self-detection 

of melanoma and non-melanomatous skin cancer 
(Grade C) (McCarthy et al. 1988).
For patients with high risk localized melanoma,  �
a potential follow-up schedule would be history, 
physical examination including regional lymph 
nodes, skin inspection, and palpation of primary 
tumor location every 3 months for 2 years and ev-
ery 6–12 months thereafter for 10 years (Grade D) 
(Jost et al. 2005).
There is no role for laboratory and imaging inves- �
tigations for asymptomatic surveillance.
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Introduction and Objectives

Basal and squamous cell carcinomas of the skin are the most com-
mon histologic types of skin cancer and the most common malig-
nancies. They are signifi cantly associated with ultraviolet light 
exposure, exposure to ionizing radiation, exposure to chemical 
carcinogens such as arsenic, chronic irritation, and gene muta-
tions. Squamous cell carcinoma is also related to alterations in 
immune system. The incidence of non-melanoma skin cancer in 
the United States in 2007 was more than 1 million cases with an 
annual mortality of less than 2000. Approximately 20% of the 
American population will develop basal cell carcinoma and/or 
squamous cell carcinoma during their lifetime.

This chapter examines:

Recommendations for diagnosis and staging procedures for  �
both basal and squamous cell carcinomas 

Prognostic factors �
Defi nitive and adjuvant treatment recommendations for  �
both diseases 

Radiation therapy techniques for defi nitive and adjuvant  �
treatment 

Follow-up care and surveillance after treatment  �

36.1 Diagnosis, Staging, and 
 Prognoses

36.1.1 Diagnosis

Defi nitive diagnosis can only be made by biopsy. �
Types of skin biopsies include: �
Shave: adequate for raised lesions. –
Punch: adequate for fl at lesions. –
Excisional: used to sample deep dermal and sub- –
cutaneous tissue with post-operative margin as-
sessment.
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Patients with poor prognostic factors or clinically  �
evident metastasis should undergo work-up for 
systemic disease.

Laboratory Tests and Imaging Studies

Laboratory tests are usually not required for diag- �
nosis and evaluation of basal and squamous cell 
carcinomas, except for those required for screen-
ing prior to surgery and anesthesia.
Imaging studies are usually not required for di- �
agnosis and evaluation of basal and squamous 
cell carcinomas. However, for locally advanced 
diseases, CT scan or MRI for evaluating the 
depth of invasion and regional lymph node is 
indicated.

Pathology

Basal Cell Carcinoma

Basal cell carcinoma of the skin is the most com- �
mon histological type of skin cancer. It is a non-
keratinizing neoplasm arising from the basal 
layer of the epidermis.
Basal cell carcinoma has a low metastatic poten- �
tial with predilection for local invasion (Berti 
and Sharata 1999).
Perineural invasion from basal cell carcinoma is  �
uncommon but occurs in recurrent and aggres-
sive lesions (McCord et al. 1999).
Histological sub-types of basal cell carcinoma  �
include:
Nodular: raised nodule with telangiectasia in  –
sun-exposed areas
Superfi cial: erythematous or eroded macule,  –
which mimic eczema or psoriasis
Morpheaform: fl at, fi rm lesion without well- –
 defi ned margins

Squamous Cell Carcinoma

Squamous cell carcinoma of the skin is the second  �
most common histological type of skin cancer.
Squamous cell carcinoma is a neoplasm of kera- �
tinizing malignant cells, and arises from kerati-
nocytes of the epidermis, and actinic keratosis is 
a precancerous condition of squamous cell carci-
noma of the skin.
Pathologic grading of squamous sell carcinoma of  �
the skin depends on the magnitude of polymor-
phism, mitosis, and keratinization, and classifi es 
the disease to poorly, moderately, or well differ-
entiated categories.

Staging

Carcinoma of the skin is staged clinically, and  �
the American Joint Committee on Cancer (AJCC) 
TNM Staging System is the most commonly 
utilized classifi cation for both basal cell carci-
noma and squamous cell carcinoma (Table 36.1) 
(Greene et al. 2002).
For patients with multiple skin lesions, the tumor  �
with highest T-classifi cation should be staged and 
used as the primary reporting lesion, and the 
number of lesions should be presented in paren-
theses (Greene et al. 2002).

Table 36.1. American Joint Committee on Cancer staging 
system for carcinoma of the skin (excluding eyelid, vulva, 
and penis). [From Greene et al. (2002) with permission]

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

Tis Carcinoma in situ

T1 Tumor 2 cm or less in greater dimension

T2 Tumor more than 2 cm, but not more than 5 cm, 
in greatest dimension

T3 Tumor more than 5 cm in greatest dimension

T4 Tumor invades deep extradermal structures 
(i.e., cartilage, skeletal muscle, or bone)

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

S TAG E G ROU PI NG

0: Tis N0 M0

1: T1 N0 M0

II: T2-T3 N0 M0

III: T4 N0 M0 or Any T N1 M0

IV: Any T Any N M0

LuBrady-BOOK.indb   530 13.08.2008   14:03:56



  Squamous and Basal Cell Carcinoma of the Skin 531

36.1.2 Prognostic Factors

Overall basal and squamous cell carcinoma of the  �
skin has good prognosis. The presenting staging of 
the disease, including regional nodal involvement 
status, is the most important prognostic factor. 
The size of the primary tumor (i.e., T-classifi ca- �
tion) is a major determinant for local recurrence 
after defi nitive radiation. The local control rates 
were more than 95%, 80%, and 53% for lesions 
of T1, T2, and T3 classifi cations, respectively, ac-
cording to a number of large retrospective series 
(Level IV) (Fitzpatrick et al. 1984; Mazeron 
et al. 1988).

Basal Cell Carcinoma

Recurrences are seen most commonly with mor- �
pheaform and nodular (when micronodules are 
present) histological sub-types when margins of 
resection are small (Rowe et al. 1989).
Location and size is a known factor for basal cell  �
carcinoma recurrence. Tumors in the head and 
neck area are more likely to recur and carry a 
worse prognosis (Level IV) (Boeta-Angelis and 
Bennett 1998; Mendenhall et al. 1989).

Squamous Cell Carcinoma

Squamous cell carcinoma is usually more aggres- �
sive than the basal cell carcinoma of the skin.  The 
probability of regional lymph node involvement 
and distant metastasis is higher than that of basal 
cell carcinoma and occurs in approximately 10% 
of all cases.
The presenting staging of the disease, including  �
overall invasiveness and depth of the primary dis-
ease, as well as regional nodal involvement status, is 
the most important prognostic factor for squamous 
cell carcinoma of the skin (Immerman et al. 1983; 
Friedman 1985). Tumors of at least 4 mm deep or 
invading the reticular dermis and subcutis have a 
high recurrence rate or nodal involvement. Tumor 
size of larger than 2 cm in diameter carries an in-
creased risk or local recurrence (Rowe et al. 1992).
Degree of cellular differentiation is of prognos- �
tic signifi cance. Poorly differentiated tumors are 
more likely to metastasize (Rowe et al. 1992).
Location is a known factor for squamous cell car- �
cinoma recurrence. Tumors in the head and neck 
area, genitalia, mucosal surfaces, and ear are at 
higher risk of metastasizing (Haas 1998).

Perineural invasion is an indicator for local and/ �
or regional recurrence or distant metastasis 
(Terashi et al. 1997).
Locally recurrent squamous cell carcinoma of the  �
skin has an overall metastatic rate of 30% (Rowe 
et al. 1992).
Immunosuppression as seen in organ transplan- �
tation is a risk for development of squamous cell 
carcinoma of the skin (Gupta et al. 1986).

36.2 Treatment of Basal and 
 Squamous Cell Carcinomas of
 the Skin 

36.2.1 General Principles

Treatment of basal and squamous cell carcino- �
mas is similar. Both diseases are most commonly 
treated with surgery (Mohs or post-operative 
margin assessment), radiation therapy, or a com-
bination of both. 
Selection of therapy is based on preservation of  �
function and cosmesis, location of the lesion(s), 
patient preference and general health status. 
Surgery is preferred over radiation therapy for 
small sized (<4 cm) and resectable basal cell 
carcinoma of the face (Grade C). Results from a 
randomized trial from France showed that the 
4-year actuarial failure rate was 0.7% after sur-
gery and 7.5% after radiation (p=0.003) How-
ever, more than 50% of the patients in this study 
received interstitial radiation therapy and only 
12% received conventional radiation. (Level II) 
(Avril et al. 1997).
In patients with no poor prognostic factors (such  �
as morpheaform histology), negative histo-path-
ological margins can be followed-up after sur-
gery; Patients with no poor prognostic factors and 
positive margins should be re-excised in order 
to achieve negative margins or receive adjuvant 
radiation therapy.
Patients with poor prognostic factors, negative  �
histo-pathological margins, and no evidence of 
perineural invasion can be followed-up. Patients 
with poor prognostic factors and positive histo-
pathological margins should be re-excised in or-
der to achieve negative margins or receive adju-
vant radiation therapy.
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Adjuvant radiotherapy is recommended for dis- �
eases with perineural invasion (including large 
named nerves), regional lymph node involve-
ment, and large primary disease for prevention 
of local recurrences. 
For squamous cell carcinoma patients with re- �
gional disease (clinically or radiographically ab-
normal adenopathy) and after diagnosis is estab-
lish via biopsy of primary and regional disease, a 
regional lymph node dissection followed by adju-
vant radiation therapy is recommended.

36.2.2 Radiation Therapy

Radiation therapy can be used in patients who  �
are not surgical candidates in both diseases, 
and is commonly used in treating lesions on the 
face for better cosmetic and functional results 
(Grade A). The local control rate after defi ni-
tive radiation therapy was approximately 90% 
for all sizes of basal cell carcinoma, comparable 
to that after surgical excision (Level IV) (Kopf 
1979;  Freeman et al. 1964). Similar results after 
radiation for both basal and squamous cell car-
cinoma were reported in a retrospective study, 
in which patients were treated with radiation for 
initial treatment or after failing initial surgical 
excision. The local control rates were 97% versus 
91%, respectively, for basal or squamous cell car-
cinoma smaller than 1 cm, and 87% versus 76% for 
those measuring between 1 and 5 cm (Level IV) 
(Lovett et al. 1990). The local control rates were 
more than 95%, 80%, and 53% for lesions of T1, 
T2, and T3 classifi cations, respectively, according 
to a number of large retrospective series which 
studied the prognostic effect of tumor size af-
ter radiation (Level IV) (Fitzpatrick et al. 1984; 
Mazeron et al. 1988).
The radiation therapy volumes and defi nitive  �
doses depend on the size and extent of disease, 
the need to irradiate any high risk areas, and 
the expected cosmetic result. Typically, the treat-
ment fi eld should encompass the gross tumor and 
1–2 cm margin. A smaller margin of 1 cm or less is 
recommended for lesions close to critical organs 
or tissues such as eye, or for tumors less than 1 cm 
in largest diameter.
For lesions in the eyelid, protection of the ocular  �
structures can be achieved with a led eye shield 
placed into the conjunctival sac daily.

Orthovoltage X-rays (75–150 kVp depending on  �
the depth of tumor) or more commonly electron-
beams (6–12 MeV depending on the depth of tu-
mor) can be used for the treatment of cutaneous 
tumors. The 90% isodose line of the electron-beam 
should cover the entire depth of the tumor (includ-
ing bolus) with a few millimeters deeper than the 
base of the tumor. The size of the electron beams 
should be at least 4 × 4 cm for reliable dosimetry.
Elective radiation to the lymph node is not recom- �
mended for both basal and squamous cell carci-
noma of the skin, except in patients with large 
infi ltrative squamous cell carcinoma (Grade A). 
Recurrences in the regional lymph nodes after 
defi nitive surgery or radiation is exceedingly rare 
in the above-mentioned studies (Levels II and IV) 
(Avril et al. 1997; Kopf 1979; Lovett et al. 1990; 
Fitzpatrick et al. 1984; Mazeron et al. 1988).
The use of standard fractionation (1.8–2 Gy per  �
fraction) is expected to show an improved cos-
metic result as a higher dose per fraction is as-
sociated with increased late effects of normal tis-
sue (Grade B) (Level III) (Turesson and Notter 
1984a,b, 1986).
When cosmetic result is not important or other  �
patient related issues (transportation, perfor-
mance status, etc.) preclude a protracted course 
of treatment, shorter courses may be used (i.e. 
50 Gy in 15 fractions over 3 weeks).
Defi nitive radiation therapy doses for basal and  �
squamous cell carcinoma can be recommended 
as follows according to the size and pathology of 
the primary disease (Grade B), based on a large 
retrospective analysis of 531 lesions at the Wash-
ington University (Level IV) (Locke et al. 2001).
For basal cell carcinoma lesions <1 cm, 40 Gy –
For basal cell carcinoma lesions  – 3 cm or 
squamous cell carcinoma <1 cm, 45–50 Gy
For basal cell carcinoma >3 cm and squamous  –
cell carcinoma >1 cm, 60 Gy
All treatment is given in 2.5-Gy fractions per day,  –
4 days per week.
Alternatively, when a conventional fraction (i.e.,  �
2.0 Gy) is used, a total dose of 60–64 Gy in 30–32 
fractions and 66 Gy in 33 fractions can be recom-
mended to tumors 2 cm or >2 cm in diameter, 
respectively.
A local control rate of approximately 90% was  �
reported, in line with those rates reported by the 
retrospective studies mentioned above. 
In the postoperative adjuvant setting for basal  �
and squamous cell carcinomas with adverse 
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prognostic factors, the recommended radiation 
therapy dose is 60 Gy at 2 Gy per fraction. Higher 
doses are required for positive histo-pathological 
margins (66–70 Gy per fraction at 2 Gy per frac-
tion). The course of radiation may be modifi ed for 
small volumes or when cosmesis is not an issue 
(i.e., 50 Gy in 15 fractions over 3 weeks).
Radiation therapy can be used as a salvage ther- �
apy for patients in whom initial radiation failed 
for their disease (Grade C). Retrospective expe-
rience of 17 patients with recurrent skin cancer 
from Washington University demonstrated that 
a local control rate of more than 50% can be ex-
pected in patients who received a second course 
of radiation after local recurrence. Squamous cell 
carcinoma was more resistant to reirradiation as 
compared to basal cell carcinoma, and six of seven 
patients with resistant disease had squamous cell 
carcinoma (Level IV) (Chao et al. 1995).

36.3 Post-Treatment Follow-Ups

Follow-up after defi nitive treatment of basal or  �
squamous cell carcinomas of the skin is recom-
mended (Grade A) (National  Comprehensive 
Cancer Network 2008). Approximately 30%–
50% of patients develop another non- melanoma 
skin cancer (Level III) (Robinson 1998). Most 
recurrences of squamous cell carcinoma of the 
skin occur within the initial 2 years after the 
completion of treatment (Level III) (Shin et al. 
1998). Mendenhall et al. (1987) reported that 
close to 85% of recurrences were noted within 
2 years of radiation therapy, and almost all cases 
within 5 years of treatment (Level IV).

Schedule

In general, patients can be followed-up ev- �
ery 3–6 months for the fi rst 2 years and every 
6–12 months thereafter with their surgeon, radia-
tion oncologist, or dermatologist (Grade D).

Work-Ups

Each follow-up should include complete physi- �
cal examination. Imaging studies and laboratory 
tests are usually not indicated for follow-up on 

basal or squamous cell carcinomas of the skin 
after treatment.
Patients should be educated about self-skin ex- �
amination and sun protection.
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Introduction and Objectives

Soft tissue sarcomas are uncommon tumors that can arise from 
any of a number of mesenchymal cell types. A little over half of 
these tumors arise from extremities, a little over a third arise 
from within the abdomen/pelvis (retroperitoneal and visceral), 
and 10% or so arise from the head and neck.

Radiation therapy plays a critical role in the local management of 
sarcomas, and is an intrinsic component of limb-preserving com-
bined modality therapy for extremity lesions. Radiation therapy can 
be delivered preoperatively or postoperatively. Both external beam 
radiation therapy and brachytherapy can play roles in the adjuvant 
setting. The benefi t of chemotherapy has been diffi  cult to demon-
strate, but may be indicated in certain high-risk patient cohorts.

This chapter focuses on the management of extremity/girdle and 
retroperitoneal soft tissue sarcomas.

Recommendations for diagnoses and staging procedures �
The staging systems and prognostic factors �
Treatment recommendations for extremity and girdle sarco- �
mas and the supporting peer-reviewed scientifi c evidence

Treatment recommendations for retroperitoneal sarcoma  �
and the supporting peer-reviewed scientifi c evidence

Follow-up care and surveillance of survivors �

The management of bone malignancies are not discussed. The 
management of rhabdomyosarcoma and extraskeletal Ewing’s 
are discussed elsewhere.

37.1 Diagnosis, Staging, and 
 Prognoses

37.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of soft tissue sarcomas  �
(STS) usually starts with a complete history and 
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physical examination. An antecedent history of 
trauma may bring a previously unnoticed le-
sion to attention, although a causal relationship 
between trauma and STS is unlikely. A painless 
mass is the usual presentation, although addi-
tional associated signs and symptoms can be at-
tributable to the location of the lesion: obstructive 
GI or head/neck symptoms, neuropathies, pain, 
or uterine bleeding.
A history of radiation exposure should be re- �
corded.
A thorough physical examination with special  �
attention directed towards externally palpable 
lesions should be performed. The exam should fo-
cus on assessing fi xation to overlying skin or un-
derlying bone. Although uncommonly involved, 
regional lymph nodes should be examined.
The examination of the abdomen in patients with  �
retroperitoneal lesions should attempt to palpate 
the primary lesion and assess for metastatic he-
patomegaly.

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, basic blood chemistry, liver and re-
nal function tests. Renal function tests are rel-
evant for retroperitoneal lesions that may be in 
the vicinity of a kidney or ureter.

Imaging Studies

CT scans of the chest, abdomen, and pelvis are re- �
quired to appropriately evaluate and stage STS.
CT scan and MRI scans are necessary to ade- �
quately evaluate the primary lesion. CT will typi-
cally provide better bony detail while MRI is the 
defi nitive imaging modality for STS. MRI pro-
vides excellent contrast resolution within soft tis-
sues, allows discernment of peritumoral edema, 
and acquires images in multiple viewing planes.
CT scan of the chest should always be performed.  �
Abdomen and pelvis scans are indicated in ret-
roperitoneal lesions and myxoid liposarcomas of 
the extremity which can involve the abdomen.
Renal perfusion scans should be ordered for retro- �
peritoneal lesions that will require irradiation.
PET scans should not be used routinely for the  �
primary lesion (Grade D). The National Compre-
hensive Cancer Network (NCCN) modifi ed its 
recommendation for PET scan to “it may be use-
ful in prognostication, grading and determining 

response to chemotherapy” (Level V) (National 
Comprehensive Cancer Network 2007).
In the absence of neurologic symptoms, a CT or  �
MRI of the brain is not routinely recommended.

Pathology

Core needle biopsy is preferred over fi ne-needle  �
aspiration (FNA) as the diagnostic tool of choice 
because the tissue specimen retrieved by core 
needle is usually adequate for characterization.
Occasional situations will require an open bi- �
opsy, in which case an incisional biopsy should 
be performed. Diagnostic excisional biopsies are 
non-oncological and can lead to tumor contami-
nation and spillage into the relevant body com-
partment.
Pathological subtypes of soft tissues sarcomas  �
can behave differently.
Malignant fi brous histiocytoma is the most com- –
mon subtype although this is largely attributable 
to its status as a diagnosis of exclusion for undif-
ferentiated spindle cell neoplasms. More recent 
evidence indicates that as many as 80% of these 
can exhibit features suggestive of differentiation 
along other subtypes using immunohistochem-
istry and ultrastructural features (Fletcher et 
al. 2001).
Liposarcomas display an unusual pattern of mul- –
tifocal, soft tissue recurrences with a predilection 
for the abdomen/retroperitoneum. Myxoid lipos-
arcomas show radiosensitivity.
Synovial sarcomas have biphasic, epithelial, and  –
spindle-cell components and tend to arise in the 
tendons and articular areas around the distal ex-
tremities.

Table 37.1. Imaging and laboratory work-ups for soft tissue 
sarcoma

Imaging studies Laboratory tests

– CT of primary lesion

– MRI of primary lesion

– CT of thorax

– CT/MRI abdomen/pelvis 
   (in certain situations)

– FDG-PET (Optional)

– CT/MRI of the brain
   (if symptomatically indicated)

– Renal perfusion scan
   (if indicated)

– Complete blood 
   count

– Serum chemistry

– Liver function tests

– Renal function tests
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Gastrointestinal stromal tumors (GISTs) are rare  –
tumors that arise in the abdominal viscera or in 
the retroperitoneum and can have activating mu-
tations in the c-kit or platelet derived growth fac-
tor receptor A gene, making these tumors poten-
tially responsive to molecular targeted therapy.
Clear cell sarcomas (malignant melanoma of soft  –
parts) has intracellular melanin and stains for 
S100; recent genomic analysis indicates this tu-
mor may be a subtype of melanoma.
Regional nodal disease is uncommon in STS with  �
the important exceptions of epithelioid, clear cell, 
angiosarcoma, and rhabdomyosarcoma, which 
can show nodal involvement in approximately 
10%–30% of cases.
Translocations (selected) �
t(12;16) Liposarcoma, myxoid type –
t(12;22) Clear cell sarcoma –
t(17;22) Dermatofi brosarcoma protuberans –
t(x;17) Alveolar sarcoma of soft parts –
t(x;18) Synovial sarcoma –

Tumor differentiation �
Grade is an important prognostic feature and can  –
be based on mitoses, necrosis, differentiation, 
cellularity, and nuclear pleomorphism.
In TNM classifi cation, grade is assigned as either  –
high or low in a two-tiered system.
A four grade system (Grades 1–4) is used by the  –
AJCC and the UICC. This system can be col-
lapsed such that grades 1–2 are “low grade” and 
grades 3–4 are “high grade”.
The three-tier system used by the French Federa- –
tion may provide better correlation with overall 
survival (OS) (Guillou et al. 1997); grade 1 is 
considered low grade while grades 2 and 3 are 
high grade.

37.1.2 Staging

Soft tissue sarcomas are staged clinically based  �
on results of physical examination, laboratory 
tests, imaging studies, and relevant biopsies.

37.1.3 Prognostic Factors

The most important prognostic factors for dis- �
ease-free survival (DFS) and distant metastases 

are tumor size, tumor grade, and location deep 
to the superfi cial investing fascia (Pisters et al. 
1996b; Coindre et al. 2001).
Prognostic factors for local control include prior  �
recurrence, microscopically positive margins, 
age >50, and certain histologies (fi brosarcoma, 
peripheral nerve sheath tumors) (Pisters et al. 
1996b). Other potential factors for local control 
may include non-extremity location and non-
use of radiation. Tumor size, grade, and location 
(deep versus superfi cial) do not seem to impact 
local control.

Table 37.2. American Joint Committee on Cancer (AJCC) 
TNM Classifi cation of soft tissue sarcomas. [From Greene 
et al. (2002) with permission]

Primary tumor (T)

TX Primary tumor cannot be assessed

T0 No evidence of primary tumor

T1 Tumor 5 cm in greatest dimension

T1a Superfi cial tumor *

T1b Deep tumor *

T2 Tumor >5 cm in greatest dimension

T2a Superfi cial tumor *

T2b Deep tumor *

Regional lymph nodes (N)

NX Regional lymph nodes cannot be assessed

N0 No regional lymph node metastasis

N1 Regional lymph node metastasis

Distant metastasis (M)

MX Distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

S TAG E G ROU PI NG

I: G1–2  T1a/T1b/T2a/T2b  N0  M0

II: G3–4  T1a/T1b/T2a  N0  M0

III: G3–4  T2b N0 M0

IV: G1–4  T1–2  N1 or M1

* Superfi cial tumor is located exclusively above the superfi cial 
fascia without invasion of the fascia; deep tumor is located 
either exclusively beneath the superfi cial fascia, superfi cial 
to the fascia with invasion of or through the fascia, or both 
superfi cial yet beneath the fascia
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37.2 Treatment of 
 Extremity Soft Tissue Sarcomas

37.2.1 General Principles

Surgery is the mainstay therapy for sarcoma  �
of the extremities, and limb-preservation 
therapy has largely replaced amputation for 
the majority of extremity soft tissue sarcomas 
(Grade A).
Radiation therapy is usually indicated after local  �
resection (Grade A).
Local control rates with current local thera- �
pies is favorable – typically greater than 80% 
at 5 years, and OS of 50%–60% at 5 years can 
be expected.

37.2.2 Surgery

Surgery is the mainstay of local therapy for sar- �
coma (Grade A). The extent of surgery can vary 
widely from marginal excisions on the least ag-
gressive end and continuing through to radi-
cal amputations. Amputations have historically 
been associated with high local control rates – 
75%–85% at 5 years.
Local control rates have not been shown to impact  �
OS due to micrometastatic disease and inactive 
systemic agents.
Conservative, limb-preserving resections cou- �
pled with adjuvant radiation therapy can produce 
equivalent OS and DFS as amputation (Level II) 
(Rosenberg et al. 1982), and also result in high 
local control rates. The NCI trial reported by 
Rosenberg randomized 43 adult patients (2:1) 
with high-grade soft tissue sarcoma to either 
amputation (n=16) or limb-sparing resection and 
external beam radiation therapy (EBRT) (n=27) 
to a dose of 60–70 Gy. Both arms received che-
motherapy. There were four local recurrences on 
the limb-preservation arm and 0 on the amputa-
tion arm (p=0.06), while actuarial 5-year rates of 
DFSand OS were equal (71% vs. 78% and 83% vs. 
88%, respectively).
Conservative, limb-preserving resections with- �
out adjuvant radiation therapy result in subop-
timal local control rates (Level II) (Pisters et al. 
1996b); (Level I) (Yang et al. 1998).

37.2.3 Radiation Therapy

Radiation Modality

EBRT delivered adjuvantly after limb-preserving  �
surgery is indicated (Grade A). Adjuvant therapy 
improves local control over surgery alone for both 
high-grade and low-grade sarcomas: Yang et al. 
(1998) randomized 141 patients with extremity 
sarcomas after limb-preserving resection to EBRT 
63 Gy (45 Gy to compartment then 18 Gy cone-
down) or observation. Statistically signifi cant ben-
efi ts in local control were shown for both high-
grade and low-grade (n=50) lesions. No differences 
in OS were seen (Level I) (Yang et al. 1998).
Post-operative brachytherapy after limb-preserving  �
resection is indicated. The American Brachyther-
apy Society also recommends brachytherapy as 
monotherapy be used only in patients with high-
grade tumors and negative margins (Grade B). Ad-
juvant radiotherapy improves local control com-
pared to surgery alone. However, this benefi t may 
be restricted to high-grade lesions.
Pisters �  et al. (1996a) randomized 164 patients to 
a prospective institutional trial of limb-preserv-
ing surgery alone or with adjuvant brachytherapy. 
Brachytherapy catheters were placed to include 
the tumor bed with 2 cm sup-inf margin and 
1.5–2 cm lateral margin, in a single plane, with 
dose of 42–45 Gy delivered over 4–6 days. With a 
median follow-up of 76 months, there were 13/78 
recurrences on the radiation arm and 25/86 re-
currences on the observation arm (p=0.04). There 
was no difference in DFS or OS. There was no 
signifi cant benefi t in local control for patients 
with low-grade lesions (n=45). Patients with 
positive margins did not seem to benefi t from 
the brachytherapy, although numbers were small 
(Level II).
Brachytherapy with additional comprehensive  �
EBRT may be considered in the treatment of soft 
tissue sarcoma (Grade C). Combined external 
beam radiation and brachytherapy may improve 
local control for patients with positive margins 
(Level IV) (Alekhteyar et al. 1996).

Sequence/Timing

Radiation therapy can be delivered in the ad- �
juvant setting or preoperatively. The decision 
for preoperative versus postoperative radiation 
needs to be made on a case-by-case basis: Adju-
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vant radiation therapy allows for full pathologi-
cal review prior to irradiation and allows earlier 
defi nitive surgical therapy.
Preoperative radiation therapy allows smaller  �
treatment volumes and lower treatment doses 
(by virtue of treating an oxygenated treatment 
volume), and may increase resectability by down-
staging disease. Hypothetically, preoperative ra-
diation therapy may limit dissemination of viable 
tumor cells at the time of surgery.
The Canadian SR.2 study was a direct, randomized  �
comparison (n=190) of preoperative (50 Gy) versus 
postoperative (66–70 Gy) external beam radiation 
and revealed no differences in local control. Higher 
wound complications occurred in the preoperative 
arm (35% vs. 17%, p=0.01). This difference was 
attributable mostly to wound complications result-
ing in treatment of the proximal lower extrem-
ity (thigh). Higher late complications occurred in 
the postoperative arm. Surprisingly, patients who 
had preoperative radiotherapy had better OS than 
those who had postoperative treatment (p=0.0481), 
although this fi nding was likely due to statistical 
chance (Level I) (O’Sullivan et al. 2002).
In a subsequent report on the late effects of pre-  �
versus postoperative radiotherapy on the SR.2 
trial (Davis et al. 2005), non-signifi cant increases 
in late toxicity were shown for postoperative RT, 
translating into statistically signifi cant impair-
ment of limb function. Field size was predictive 
of fi brosis and joint stiffness.

Patient Selection

Taken together, results from the randomized  �
trials of Pisters et al. (1996b) and Yang et al. 
(1998) would seem to indicate that all patients un-
dergoing limb-preserving surgery should receive 
adjuvant radiation therapy. Investigators have at-
tempted to defi ne subgroups in whom radiation 
may be safely omitted.
Certain patients with small, high-grade lesions may  �
not require adjuvant radiation therapy (Grade B). 
At present, radiation can probably be omitted for 
small (<5 cm) low grade lesions. Large low-grade 
lesions and small superfi cial high-grade lesions 
can potentially omit radiation if surgical margins 
are widely negative, the patient is a good candi-
date for follow-up, and a potential local recurrence 
would not be limb-threatening. Large and/or deep 
high-grade lesions should continue to be offered 
adjuvant radiation routinely (Grade B).

– In a single institution report of 204 patients with 
stage IIB sarcomas of the extremity,  Alektiar et 
al. (2002) reported high 5-year local control rates 
in patients who did (n=88) and did not receive RT 
(n=116) in addition to surgery (84% vs. 80%). The 
only independent correlates of local failure were 
age >50 and central tumor location. All patients 
in this report had microscopically negative mar-
gins (Level IV).
The group at Dana Farber/Brigham and Women’s  –
reported on 74 patients with sarcoma of the ex-
tremity or trunk who were treated with function-
sparing surgery alone without radiation. Of these, 
40 were low grade while 34 were grade 2–3. The 
10-year actuarial local control rate was 93%. Mul-
tivariate analysis was not performed due to the 
small number of events. Margin status <1 cm 
predicted for worse local control on univariate 
analysis (crude rates 4/38 vs. 0/36, 10-year ac-
tuarial 87% local control vs 100%, p=0.04). No 
other associations for local control were found 
(Level IV) (Baldini et al. 1999).
The MD Anderson group conducted a prospec- –
tive trial of observation alone for sarcomas less 
than 5 cm resected with microscopically nega-
tive margins. A total of 74 patients were en-
rolled, cumulative rates of local recurrence at 
5 and 10 years were 8% and 11%, respectively. 
Approximately 60% of lesions were high-grade 
and two thirds were superfi cial. In total, 11/12 re-
currences were high-grade and 8/12 recurrences 
were deep tumors (T1b) (Level II) (Pisters et 
al. 2007).

The issue of accurate patient selection for radia- �
tion versus observation after conservative surgi-
cal resection is the subject of ongoing study.

Dose

Radiation dose of 50 Gy delivered preoperatively  �
is suffi cient if subsequent R0 resections are 
achieved (Grade B). Postoperative boosts (exter-
nal beam, IORT or brachytherapy) for close or 
positive margins (R1 resections) should bring 
the total dose to 60–66 Gy (10–16 Gy boosts). An 
additional 20–24 Gy should be delivered for R2 
resections (total dose 70–76 Gy). In the adjuvant 
setting, 60–76 Gy should be delivered with EBRT 
with or without brachytherapy for R0–R2 disease 
(Grade A) (National Comprehensive Cancer 
Network 2007).
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When brachytherapy is used as monotherapy  �
after resection for high-grade, margin-negative 
cases, a dose of 45 Gy prescribed at a depth 
of 1 cm from the plane of the implant is used 
(Grade A).

Simulation and Field Arrangement

The relevant extremity or girdle should be im- �
mobilized using thermoplastic or other molds. 
The relevant extremity should be positioned to 
maximize access of potential beam arrange-
ments while minimizing incidental dose to nor-
mal tissues. Between 5- and 7-cm cranio-caudad 
expansions on the resection bed (postoperative) 
or gross tumor (preoperative) coupled with a 1.5- 
to 2-cm radial expansion, all confi ned within 
the relevant fascial compartment and limited 
by natural barriers (bone), but inclusive of the 
scar and drains sites, is the volume treated to 
50 Gy with EBRT. Areas of peritumoral edema 
on T2 MRI should be considered CTV (White 
et al. 2005). Subsequent conedowns to the fi nal 
dose are limited to 2- to 3-cm cranio-caudad 
expansions.
In contrast, the brachytherapy target volume for  �
adjuvant monotherapy is limited to 2-cm expan-
sion beyond the resection cavity without any at-
tempt to include the entire scar or drain sites, and 
results in excellent local control rates (Grade A) 
(Pisters et al. 1996a).

37.2.4 Chemotherapy

The benefi t of adjuvant cytotoxic chemotherapy  �
remains uncertain and should not be offered 
routinely. Certain chemosensitive subtypes 
(synovial sarcoma), and high-risk stage III 
disease can be considered for chemotherapy 
(Grade C). The Sarcoma Meta-analysis Collabo-
ration pooled data on over 1500 patients treated 
on 14 randomized trials with or without adri-
amycin-based chemotherapy. In all, 5% of cases 
were low-grade and 18% were less than 5 cm. 
Adjuvant chemotherapy produced statistically 
signifi cant improvements in distant metastases, 
local control, relapse-free survival, but not OS 
(non-signifi cant 4% benefi t). In the subgroup 
of patients with extremity lesions, an OS ad-
vantage was reported (HR 0.80, p=0.029, 7% 

overall  benefi t). However, the analysis has been 
criticized for lack of central pathology review 
and inclusion of visceral soft tissue sarcomas 
(17% were uterine) (Level I) ( Sarcoma Meta-
analysis Collaboration 1997).

 The Italian Sarcoma group randomized 104 
patients with high-grade and large (>5 cm) tu-
mors to observation or epirubicin/ifosfamide 
after defi nitive local therapy. At the most re-
cently reported follow-up (90 months median 
for alive patients), the improvement in OS and 
DFS previously reported was no longer statisti-
cally signifi cant (Level I) (Frustaci et al. 2003). 
However, this small and underpowered trial did 
show a clear improvement in interval to disease 
 progression.
Neoadjuvant chemotherapy remains less stud- �
ied and should be considered investigational at 
 present.

37.3 Treatment of 
 Abdominal/Retroperitoneal 
 Sarcomas

37.3.1 General Principles

Retroperitoneal tumors are rare tumors; approxi- �
mately 80% of retroperitoneal tumors are STS. 
Retroperitoneal tumors can grow insidiously and 
are often of substantial size before they cause 
symptoms that lead to detection.
Pain or compressive symptoms attributable to the  �
location of these tumors are the usual clinical 
presentation.
CT-guided biopsies are the initial diagnostic pro- �
cedure of choice in most cases.
Surgical resection is required for treatment that  �
is curative in intent; however, resectability may 
be limited by invasion of major vasculature or 
vertebral column structures. Macroscopically 
positive margins decrease the likelihood of lo-
cal control and limit OS. Even with R0 or R1 
resections, local control and OS at 5 years is 
typically 40%–60%.
Radiation therapy is indicated as adjuvant or neo- �
adjuvant therapy (Grade B).
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37.3.2 Radiation Therapy

Adjuvant radiation therapy is indicated as ad- �
juvant or neoadjuvant therapy (Grade B). Ret-
rospective data have demonstrated lower local 
failure rates with adjuvant radiation therapy 
(Level IV) (Catton et al. 1994; Stoeckle et al. 
2001).

Timing/Sequence

Radiation therapy can be delivered adjuvantly or  �
preoperatively. As with extremity lesions, postop-
erative therapy requires irradiation of the entire 
operative fi eld.
Preoperative radiation should be considered un- �
less the patient requires palliation that can only be 
achieved by initial surgical resection (Grade C). 
Preoperative irradiation is particularly advanta-
geous for retroperitoneal lesions due to the more 
limited treatment volume (tumor vs. entire opera-
tive fi eld) and displacement of the small bowel 
and other organs by the mass.

Dose

Radiation dose is 45–50 Gy delivered in conven- �
tional fractionation in both the preoperative and 
adjuvant setting. 
In the postoperative setting, an external beam  �
boost of 5.4–9 Gy can be considered if organs 
at risk can be spared (Level III) (Fein et al. 
1995).
An intraoperative boost may increase local con- �
trol over EBRT alone (Grade B). Intraoperative 
boosts of 10–15 Gy can be delivered using elec-
tron-beam therapy (Level III) (Geischen et al. 
2001; Petersen et al. 2002) or brachytherapy 
techniques (Level III) (Alektiar et al. 2000; 
Jones et al. 2002).

Simulation and Field Arrangement

3D-conformal therapy or other highly conformal  �
technologies (IMRT, helical tomotherapy, and 
proton therapy) should be used.
The gross tumor volume (GTV) equals the im- �
aging defi ned tumor, the clinical tumor volume 
(CTV) is a 1- to 2-cm margin on GTV, and the 
planned tumor volume (PTV) expansions are 
specifi c to institutional and patient set-up pa-
rameters.

37.3.3 Chemotherapy

The role of cytotoxic chemotherapy in retroperi- �
toneal sarcomas is currently undefi ned.
Imatinib can be considered for the treatment of  �
GISTs (Grade A). It has proven effi cacy in GISTs 
in the adjuvant setting (DeMatteo et al. 2007), as 
well as in advanced or metastatic settings (Level I) 
(Demetri et al. 2002; Verweij et al. 2004).

37.4 Follow-Ups

37.4.1 Post-Treatment Follow-Ups

Life-long follow-up after defi nitive treatment of  �
extremity and abdominal soft tissue sarcomas is 
recommended for detecting recurrence, second-
ary tumors, or other long-term complications of 
radiation therapy or chemotherapy.

Schedule

Follow-ups could be scheduled every 3 months  �
for 3 years, then every 6 months for two addi-
tional years, then annually thereafter (Grade D) 
(National Comprehensive Cancer Network 
2007) (Table 37.3).

Work-Ups

Each follow-up should include a complete history  �
and physical examination.
Follow-up imaging of the primary site (MRI and/ �
or CT) should be based on the locoregional recur-
rence risk and should not be excessive in low-risk 
subsets (National Comprehensive Cancer 
Network 2007). Every 3–6 months for the fi rst 

Table 37.3. Follow-up schedule after treatment of soft tissue 
sarcoma

Interval Frequency

First 3 years Every 3 months

Year 4–5 Every 6 months

Over 5 years Annually
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5 years and then annually is reasonable for high-
risk lesions.
For stage IIB–III disease, chest imaging (either  �
CT or chest X-ray) should be performed every 
3–6 months for 5 years, then annually thereafter. 
Chest imaging every 6–12 months should be con-
sidered for stage I–IIA disease.
Patients with low-grade abdominal lesions should  �
have follow-up history and physicals every 
3–6 months for 2–3 years and then annually there-
after. In contrast, patients with high-grade lesions 
should have scans every 6 months for years 4–5, 
then annually. Chest imaging should also be con-
sidered (Grade D) (National  Comprehensive 
Cancer Network 2007).
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Introduction and Objectives

Pediatric CNS malignancies represent 20% of all pediatric ma-
lignancies, and approximately 3,000 cases occur in the United 
States annually. CNS malignancies are the most frequent tumors 
in childhood after hematological malignancies and require a 
multidisciplinary management. Surgery, chemotherapy, and 
radiation therapy play a prominent role in the management of 
nearly all pediatric CNS malignancies; however, the selection of 
treatment is based on the pathology as well as the extent of 
the disease.

This chapter examines:

Recommendations for diagnosis and work-up of most com- �
mon pediatric CNS malignancies

The prognostic factors of various types of pediatric CNS  �
malignancies

Treatment recommendations as well as supporting scientifi c  �
evidence

Radiation treatment techniques �

Follow-up care of survivors �
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38.1 Diagnosis, Staging, 
 and Prognoses

38.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of pediatric CNS tu- �
mors start with a complete history and physical 
examination (H&P).
Presenting signs and symptoms depend on the lo- �
cation and extent of the tumor. Attention should 
be paid to specifi c neurological symptoms and 
signs such as:
Increased intracranial pressure leading to vom- –
iting, morning headache, ataxia, nausea, and 
papilledema.
Parinaud’s syndrome associated with pineal tu- –
mors (diminished upward gaze, diminished con-
vergence, and diminished pupillary constriction 
to light).
Precocious or delayed puberty, diabetes insipi- –
dus, and visual fi eld defects in suprasellar tumors 
(pineal tumors, craniopharyngioma).
Cranial nerve palsies mainly seen in brainstem  –
gliomas.
Thorough neurological and visual exam includ- �
ing a funduscopic examination should be per-
formed.

Laboratory Tests

Initial laboratory tests should include a com- �
plete blood count, basic blood chemistry, serum 

 markers ( -HCG and AFP elevated in germi-
nomas).
CSF cytology for all embryonal tumors, including  �
CSF serum markers in case of pineal tumors, and 
ependymomas.

Imaging Studies

MRI of the CNS (brain) with and without contrast  �
is the gold standard imaging study for pediatric 
CNS tumors.
CT scan of the brain can be useful for calcifi ed  �
tumors such as craniopharyngiomas and germ 
cell tumors.
Spinal axis MRI is mandatory for PNET and  �
ependymomas.

Table 38.1. Imaging and laboratory work-ups for pediatric 
CNS tumors

Imaging studies Laboratory tests

– MRI of the brain
– CT of the brain (optional)
– Spinal axis MRI for PNET, 
   ependymomas

– Complete blood count
– Serum chemistry
– APF, -HCG, LDH
– CSF cytology
– CSF serum markers

Table 38.2. Chang-Harisiadis tumor classifi cation system

Tumor 
stage

Size/extension Metastasis 
stage

Invasiveness 

T1 Tumor < 3 cm in diameter M0 No evidence of subarachnoid or 
hematogenous metastasis

T2 Tumor  3 cm M1 Tumor cells found in cerebrospinal fl uid

T3a Tumor > 3 cm with extension M2 Intracranial tumor beyond primary site

T3b Tumor > 3 cm with unequivocal extension into the 
brain stem

M3 Gross nodular seeding in spinal 
subarachnoid space

T4 Tumor > 3 cm with extension beyond the Sylvian 
aqueduct and/or beyond the foramen magnum

M4 Metastasis outside the cerebrospinal axis

38.1.2 Staging

Clinical or pathological staging is generally not  �
applicable to pediatric CNS tumors. 
The Chang staging system for medulloblastoma  �
is presented in Table 38.2. 
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38.1.3 Prognostic Factors

The prognosis of patients with pediatric CNS tu- �
mors depends on the type of the tumor.
Metastases stage, adjuvant treatment, and re- �
sidual tumor are important adverse prognostic 
factors in medulloblastoma (CCG 921, Level II) 
(Zeltzer et al. 1999).
Histology is the most important prognostic  �
factor for pineal tumors. Non-germinomatous 
tumors are aggressive, relatively less radiosen-
sitive, and have a poor outcome compared to 
germinoma.
Diffuse infi ltrating pattern, WHO high grade  �
histology, lack of enhancement on MRI, and du-
ration of symptoms to diagnosis of less than 6 
months are adverse prognostic factors for brain-
stem gliomas (Level IV) (Mauffrey 2006).
Extent of resection and amount of residual tumor  �
on postoperative imaging are important prognos-
tic factors for ependymomas, according to a ret-
rospective cohort study reported by Children’s 
Cancer Group (CCG) (Level IV) (Robertson et 
al. 1998).

38.2 Treatment of Medulloblastoma
 

38.2.1 Surgery

Complete surgical resection remains the pri- �
mary treatment modality of medulloblastoma 
(Grade B). Gross total resection and near total re-
section (> 90% resection estimated by the surgeon 
and < 1.5 cm2 residual on postoperative imaging) 
are associated with superior outcome compared to 
subtotal resection (defi ned as 51%–90% of tumor 
removal), partial resection (11%–50%), or biopsy 
(  10%) (Level IV) (Albright et al. 1996).
Invasion of the brainstem or cerebellopontine pe- �
duncle is often the limiting factor for complete 
resection.
A ventriculoperitoneal (VP) shunt may be per- �
formed in cases of increased intracranial pres-
sure before or after resection (Grade B). Seed-
ing of malignant cells into the peritoneal cavity 
through the shunt is rare (Level IV) (Berger et 
al. 1991).

38.2.2 Adjuvant Chemotherapy

Chemotherapy is indicated in the treatment of  �
high risk (T3/T4, residual tumor, M+) medullo-
blastoma, and low risk (T1/T2, complete resec-
tion, M0) medulloblastoma in the hope of de-
creasing the dose of CSI (craniospinal irradiation) 
(Grade B). All current trials use chemotherapy for 
low and high risk patients.

 The most common regimen used is Vincristine 
(VCR) weekly with radiation followed by mainte-
nance therapy with CCNU/VCR/CDDP (Grade B). 
The effi cacy of the VCR based chemotherapy fol-
lowed by radiation has been demonstrated in a 
prospective trial from CCG. A total of 65 patients 
with nondisseminated medulloblastoma were 
treated with postoperative, reduced-dose cran-
iospinal radiation therapy (23.4 Gy) and 55.8 Gy 
of local radiation therapy. Adjuvant vincristine 
based chemotherapy was concurrently given with 
radiation, and lomustine, vincristine, and cispla-
tin chemotherapy was administered during and 
after radiation. Progression-free survival was ap-
proaching 80% at 5 years (Level III) (Packer et 
al. 1999).
Adjuvant chemotherapy delivered prior to irradi- �
ation (i.e., sequential chemotherapy followed by 
radiation) is not recommended in the treatment 
of non-metastatic medulloblastoma (Grade A). 
Preradiation chemotherapy was compared with 
radiation therapy alone in a prospective random-
ized trial from the United Kingdom. Although 
event-free survival was signifi cantly improved 
for sequential chemotherapy and radiotherapy, 
there was no statistically signifi cant difference 
in 3- and 5-year overall survival between pa-
tients treated with combined treatment or radia-
tion only (SIOP/UKCCSG, Level I) (Taylor et al. 
2003).
As concurrent chemoradiation therapy provides  �
improved treatment outcome and can reduce 
the required irradiation dose, surgery followed 
by concurrent chemoradiotherapy is the current 
standard of treatment of non-metastatic medullo-
blastoma.

38.2.3 Adjuvant Radiation Therapy

Adjuvant radiation therapy is indicated in the  �
treatment of medulloblastoma (Grade B). The vol-
ume to be treated in medulloblastoma is the entire 
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neuraxis (craniospinal irradiation) in all patients 
 3 years of age. It consists of the cranial fi eld, spi-

nal fi eld, and the posterior fossa boost fi eld.
Recommended total dose to the craniospinal axis  �
is 36 Gy for high risk patients and 23.4 Gy along 
with chemotherapy for low risk patients (Grade B). 
In a prospective randomized trial reported by 
POG/CCG, reduced dose neuraxis irradiation 
was associated with reduced rate of event-free 
survival, although the difference did not reach 
statistical signifi cance at 8 years after treatment 
(Level II) (Thomas et al. 2000). As detailed above, 
the results of a prospective trial conduced by CCG 
demonstrated that combined reduced-dose ra-
diation and multi-drug chemotherapy provided 
similar outcome as the standard dose irradiation 
(Level III) (Packer et al. 1999).

 Lower dose irradiation dose is associated with 
less severe neuropsychological toxicity (Level IV) 
(Mulhern et al. 1998). Current trials are evaluat-
ing 18 Gy to spinal fi eld for low risk patients along 
with chemotherapy.
An overt meningeal seeding should receive a total  �
dose of 39.6 Gy. Nodular leptomeningeal disease 
should receive a dose of 45–50 Gy.
The posterior fossa needs to be boosted to a to- �
tal dose of 54–55.8 Gy (Grade B). A dose below 
50 Gy to the posterior fossa was associated with 
increased risk of local failure (Level IV) (Berry 
et al. 1981).

Treatment Technique

The patient is simulated in a prone position with  �
an aquaplast for the cranial fi eld and the spinal 
fi elds. The posterior fossa fi eld can be treated 
prone or supine.
The cranial fi eld (whole brain) is treated with bi- �
lateral parallel opposed fi elds, whereas the spinal 
volume is treated with a direct posterior fi eld.
At the discretion of the treating physician, an  �
asymmetric collimation technique (single isoce-
ntric technique) or symmetric collimation tech-
nique can be used.
If a symmetric collimation technique is used, there  �
might be a skin gap of no more than 0.5 cm be-
tween the whole brain fi eld and the spinal fi eld. 
The collimator angle of the lateral cranial fi eld 
should be adjusted so that the inferior border of 
the cranial fi eld is parallel to the superior border 
of the divergent spinal fi eld in the sagittal plane. A 
couch rotation may also be used to align the infe-

rior edge of the cranial fi eld with the superior edge 
of the spinal fi eld. The junction may be “feathered” 
(moved by 1–2 cm) every fi ve to six fractions or at 
least twice during the treatment course.
The cranial fi eld should extend anteriorly to cover  �
the entire frontal sinus and the cribriform plate 
region.
The spinal fi eld should cover the recesses of the  �
entire vertebral bodies with at least a 1-cm margin 
on either side. The inferior border should be placed 
after review of the termination of the subdural 
space on MRI. The inferior border should be 2 cm 
below the termination of the subdural space (at 
least bottom of S2), but may be as low as bottom 
of S4. If there is a need for two spinal fi elds, then 
a skin gap between the two fi elds is calculated so 
that the 50% decrement lines of each fi eld meet at 
the posterior margin of the vertebral body.
In the case of spinal metastases, a portal fi eld to  �
include all visible disease with a margin of one 
vertebral body on each side of the lesions is to 
be used.
The posterior fossa boost fi eld has an inferior bor- �
der at C1–C2 interspace, a superior border at least 
1 cm superior to the midpoint distance between 
the foramen magnum and the vertex, an anterior 
border encompassing the posterior clinoids, and 
a margin fall off posteriorly. Posterior oblique 
fi elds to reduce the dose to the inner ear are used, 
which is an important consideration in children 
who also will receive chemotherapy with cispla-
tin. The optimal clinical target volume (CTV) 
remains to be defi ned; reduction of the target 
volume combined with 3D conformal planning 
is currently being evaluated, as this offers a po-
tentially signifi cant benefi t in greater sparing not 
only of the cochlea but also the pituitary gland, 
the hypothalamus, and the temporal lobes.

38.3 Brainstem Gliomas
 

38.3.1 Surgery

Surgery can be recommended for the treatment  �
of brainstem gliomas; however, its role is deter-
mined by the location of the lesion. Surgery is the 
treatment of choice for dorsal exophytic tumors, 
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focal non-tectal lesions surgically accessible, and 
for cervicomedullary tumors. However, surgery 
has no role in the management of patients with 
diffuse intrinsic lesions and biopsies are no lon-
ger considered necessary.

38.3.2 Radiation Therapy

Radiotherapy is the mainstay treatment for pedi- �
atric brainstem glioma, as surgical resection often 
has limited usage in the treatment of diffuse dis-
ease (Grade A). Neurological improvement can be 
expected in close to 80% of patients after radiation; 
however, overall survival is usually disappointing 
and ranges below 10% at 2 years after treatment.
Total dose of 54–55.8 Gy in standard fractionation  �
is recommended when radiation therapy is used 
(Grade A). Results from prospective randomized 
trials reported by POG have confi rmed that hyper-
fractionation has no benefi t on treatment outcome 
(POG 9293, Level I) (Mandell et al. 1999). In ad-
dition, higher dose of irradiation to a total dose 
of 75.6 Gy (at 1.26 Gy twice a day in 60 fractions) 
provided no survival or local control benefi ts (POG 
8495, Level III) (Freeman et al. 1993,  1996).
The target volume consists of gross tumor volume  �
(GTV) (determined best by T2 weighted/FLAIR 
MRI). The clinical tumor volume consists of GTV 
and a margin of 1.5–2 cm.

38.3.3 Chemotherapy

High dose cyclophosphamide, cisplatinum/cyclo- �
phosphamide, and oral VP-16 have been tested 
without a durable response. At the present time, 
there is no evidence that intervening chemother-
apy will enable the delay of radiation.

38.4 Germinomas
 

38.4.1 Surgery

Surgery plays an important role in the diagnosis  �
of germinomas. However, radical resection of ger-
minoma has shown no benefi t.

38.4.2 Radiation Therapy

Radiotherapy is the mainstay treatment of ger- �
minomas (Grade B). If radiation is used alone, 
a craniospinal irradiation dose of 24–36 Gy, fol-
lowed by a boost to the primary site to a total 
dose of 45–50 Gy, can be recommended. The re-
sults from a multi-institutional prospective non-
randomized trial from Germany demonstrated 
that complete response can be expected in all 
patients treated in such regimens, and the 5-year 
relapse-free survival rate was over 90% (Level III) 
(Bamberg et al. 1999).
The treatment volume is controversial (craniospi- �
nal irradiation versus involved fi eld). Craniospi-
nal irradiation is recommended if no chemother-
apy is used. Most recent trials use chemotherapy 
followed by involved fi eld radiation.

38.4.3 Chemotherapy

Chemotherapy is recommended in the treat- �
ment of pediatric CNS germinomas (Grade B). 
CNS germinomas are highly sensitive to chemo-
therapy. Medications such as cyclophosphamide, 
ifosfamide, etoposide, cisplatin, and carboplatin 
are highly active and have been studied in pro-
spective trials. The current COG trial is using 
neoadjuvant chemotherapy followed by localized 
radiation. The dose and volume of the radiation 
treatment fi elds depend on the response to che-
motherapy.

38.5 Treatment of 
 Low-Grade Astrocytomas

38.5.1 Surgery

For some asymptomatic children with neurofi - �
bromatosis type 1 (NF-1) diagnosed with low-
grade astrocytoma (LGA), close follow-up is an 
appropriate initial management. Treatment is 
reserved for progression of disease.
Surgery is the mainstay treatment of low-grade  �
astrocytoma (Grade B). Complete resection can 
be achieved in approximately 80% of cerebral and 
cerebellar tumors and 40% of the diencephalic 

LuBrady-BOOK.indb   551 13.08.2008   14:03:59



552 C. Takita and G. F. Hatoum

tumors. Complete surgical resection for children 
with cerebellar and hemispheric tumors results 
in disease-free and overall survival rates of 
80%–100% (Level IV) (Gajjar et al. 1997).
After subtotal resection in neurologically stable  �
patients, the recommendation is to follow-up pa-
tients closely. At the time of progression, a sec-
ond surgical resection should be considered if 
possible.

38.5.2 Radiation Therapy

Radiotherapy is not indicated after complete re- �
section, but is recommended after incomplete 
resection for patients who may develop loss of 
vision or impaired neurological function, if dis-
ease progresses.
Radiotherapy is recommended for patients  �
> 3 years of age with unresectable tumors that 
have progressed or cause symptoms.

Radiation Therapy Techniques

In pilocytic tumors, the CTV is GTV (tumor bed  �
and residual gross tumor, best seen in T1 MRI) 
with a 0.5-cm margin. Planning target volume 
(PTV) is CTV plus 0.3–0.5 cm margin. Studies are 
currently evaluating the treatment of the residual 
postoperative tumor only with margins.
In infi ltrative diffuse fi brillary tumors, margins  �
of 1.5–2 cm around the tumor using T2-weighted 
or FLAIR MRI are more appropriate.
In children  � > 3 years of age, doses of 54–55 Gy, 
in 150–180 cGy/fraction, are used. For children 
< 3 years of age, if radiation can not be delayed, 
doses of about 45–50 Gy to small volumes are 
appropriate.
3D treatment planning using MRI/CT image fu- �
sion increases target volume conformality and 
better assessment of normal tissue doses with 
evaluation of dose-volume histograms (DVH).
For small tumors (< 3.5 cm), stereotactic fraction- �
ated radiotherapy or stereotactic radiosurgery 
techniques are promising. In a prospective trial 
reported by Marcus et al. (2005), 50 patients with 
low-grade astrocytoma were treated with stereot-
actic fractionated radiation therapy when pro-
gression occurred during or after chemotherapy 
or after surgery. The progression-free survival 
rate was 82.5% at 5 years and 65% at 8 years, and 
the overall survival was 97.8% at 5 years and 82% 

at 8 years after treatment. No marginal failure 
was observed, and only one patient developed a 
presumed radiation-induced primitive neuroec-
todermal tumor 6 years after initial treatment 
(Level III).

38.5.3 Chemotherapy

Chemotherapy can be used, particularly for in- �
fants and young children (< 3 years of age), to delay 
radiotherapy (Grade B). Complete responses are 
low with chemotherapy, but partial responses or 
stable disease can be up to 70%–100% (Level III) 
(Walker et al. 1999).

38.6 Treatment of 
 High-Grade Astrocytomas

38.6.1 Surgery

Surgery is the most important treatment for high- �
grade astrocytomas (HGA) (Grade B). Results 
from the analysis of patients treated in a random-
ized study demonstrated a clear survival benefi t 
for patients undergoing complete resection (CCG 
945, Level IV) (Wisoff et al. 1998).
A second surgical procedure should be consid- �
ered if there is signifi cant residual disease after 
the initial surgery.

38.6.2 Radiation Therapy

Postoperative radiotherapy is always recom- �
mended in the treatment of high-grade astrocy-
toma (Grade B). The most common site of failure 
is local, despite the incidence of leptomeningeal 
seeding of about 10%–30%.
Target treatment volume is CTV-1 which includes  �
GTV (tumor bed, residual macroscopic disease 
best seen on gadolinium enhanced T1 MRI), peri-
tumoral edema (T2 MRI) with a 2-cm margin. 
PTV-1 is CTV-1 with 0.3–0.5 cm margin. After 
45–50 Gy, a fi eld reduction is done to include the 
tumor bed and residual macroscopic disease with 
1-cm margin (CTV-2), adding a 0.3- to 0.5-cm 
margin for the PTV-2.
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Dose to the CTV-1 should be around 45–50 Gy  �
with fi nal boost to the tumor bed/residual disease 
to about 60 Gy.
There is no data to support that higher doses of  �
radiation, use of radiosurgery, stereotatic boost, 
or hyperfractionated radiotherapy improve out-
come of these patients.

38.6.3 Chemotherapy

Chemotherapy is currently not recommended for  �
the treatment of high-grade astrocytoma in chil-
dren (Grade A). Results from two randomized 
phase III trials have been disappointing. Both 
studies failed to show a defi nite benefi t for high-
grade astrocytoma patients (Children’s  Cancer 
Study Group 943 and 945, Level I) (Sposto et al. 
1989; Finlay et al. 1995). Chemotherapy agents 
most commonly used in clinical trials are vincris-
tine, lomustine (CCNU), and prednisone.
Chemotherapy should be considered in infants to  �
delay radiation after 3 years of age (Grade B). Par-
tial response to chemotherapy was demonstrated 
according to the Pediatric Oncology Group expe-
rience (Level III) (Duffner et al. 1996).

38.7 Craniopharyngiomas
 

38.7.1 Surgery

For small, localized tumors, treatment of choice is  �
an attempt at complete resection with preservation 
of visual, hypothalamic, and pituitary function 
(Grade B). Disease-free survival of about 75%–80% 
at 10 years can be expected after complete resection 
(Level IV) (De Vile et al. 1996; Sanford 1994).
In larger tumors, a planned limited resection  �
(biopsy/partial/subtotal resection) followed by 
radiation is associated with less morbidity than 
attempting radical surgery alone. After subtotal 
resection, residual tumor progression is seen in 
about 71%–90% of the patients collectively accord-
ing to one literature review (Hoffman 1990).

38.7.2 Radiation Therapy

Radiotherapy is not indicated after gross to- �
tal resection of craniopharyngiomas. How-
ever, adjuvant radiation therapy is indicated 
after incomplete surgical resection (Grade B). 
A subtotal resection (biopsy/partial/subtotal 
resection) followed by postoperative radiation 
gives local control in approximately 80%–95% 
(Level IV) (Hetelekidis et al. 1993; Wen et 
al. 1989).
Immediate postoperative radiation provides  �
better outcome than radiation therapy delivered 
at the time of recurrence. The 20-year overall 
survival for patients irradiated for primary dis-
ease was 78% versus 25% for those irradiated 
for recurrence (Level IV) (Regine et al. 1992, 
1993).
3D conformal RT with multiple fi elds and IMRT  �
can be used to decrease normal tissue irradiation 
and late sequelae.

 The PTV includes GTV (solid and cystic com-
ponents of the tumor) plus a 1-cm margin. If 
cyst aspiration or partial resection is performed, 
attention should be made to cover the cystic 
wall.
The recommended doses are 54–55.8 Gy at  �
1.8-Gy daily fraction (Level IV) (Bloom et al. 
1990; Rajan et al. 1993; Regine et al. 1992). 
Doses above 60 Gy were associated with late 
complications such as brain necrosis and optic 
neuropathy.
In primary or recurrent large cystic tumors, im- �
plantation of intracystic catheter allows decom-
pression of the cyst and instillation of radioactive 
material into the cystic area (90Y or 32P) (Julow 
et al. 2007; Pollock et al. 1995).
Stereotatic radiosurgery can be considered  �
for residual or recurrent tumors after surgery 
(Grade B). A retrospective study of 98 consecu-
tive cases of craniopharyngioma treated with 
stereotactic radiosurgery (maximal dose was 
21.8 Gy and tumor margin dose was 11.5 Gy) 
for residual or recurrent disease demonstrated 
complete and partial response rates of 19.4% and 
67.4%, respectively. The actuarial 5- and 10-year 
progression-free survival rates were 60.8 and 
53.8%, respectively (Level IV) (Kobayashi et 
al. 2005).
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38.8 Ependymoma

38.8.1 Surgery

Complete resection of ependymoma is the initial  �
treatment of choice (Grade A). Extent of surgical 
resection is the most important prognostic factor 
for ependymomas (Level IV) (Robertson et al. 
1998). The rate of gross total resection has been 
increased to 85% of ependymomas in the newer 
series.
The rate of complete resection is lower for in- �
fratentorial ependymomas, especially for tumors 
extending through the Foramen of Magendie and 
Luschka, or large tumors at presentation. Sec-
ond-look surgery should be considered in these 
patients.

38.8.2 Radiation Therapy

Postoperative radiotherapy is considered the  �
standard of care for children older than 3 years 
of age with ependymomas (Grade A). The most 
effective treatment for localized ependymoma 
(no evidence of neuraxis dissemination) is 
gross total resection followed by postoperative 
radiation, with progression-free survival of 
50%–60% at 5 years, for children above 3 years 
of age (Level IV) (Merchant and  Fouladi 
2005).
Standard volume for patients with localized  �
ependymoma is local radiation fi eld (Grade B). 
Based on results of a number of retrospective 
studies, craniospinal irradiation (CSI) does not 
improve outcome in adequately staged patients 
(Level IV) (Merchant et al. 1997; Paulino et 
al. 2002).

 Frequency of neuraxis dissemination at diagno-
sis is less than 7% with the use of MR spinal 
imaging and CSF cytologic evaluation (Level IV) 
( Perilongo et al. 1997).
The target volume for infratentorial ependymoma  �
should include the tumor bed, based on the pre-
operative images, considering changes from sur-
gery, including residual macroscopic disease, 
plus a margin for the CTV of 1–1.5 cm around 
the GTV. For PTV, add a margin of 0.3–0.5 cm 
around the CTV.

 For anaplastic ependymomas, the target volume 
consists of tumor bed and macroscopic residual 
disease with a 1.5- to  2-cm margin.
CSI is recommended only for patients with  �
leptomeningeal seeding at presentation and 
ependymoblastomas.
The current standard doses for brain lesions are  �
54–55 Gy. If there is gross residual disease, boost 
doses might be given to about 60 Gy to GTV 
(Grade B). Results of a retrospective review of 51 
cases of pediatric ependymoma demonstrated a 
dose-response relationship showing better local 
control with doses > 45 Gy (32%) as compared 
to those received lower dose (0%) (Level IV) 
( Goldwein 1990).

 CSI doses are 36 Gy in 1.8-Gy fractions; patients 
with overt meningeal seeding at diagnosis typi-
cally receive CSI higher dose of about 38–40 Gy, 
and a boost to areas of focal spinal involvement 
of about 45–50 Gy.
Use of 3D conformal radiotherapy is encouraged  �
to decrease late side effects.
Intensity-modulated radiation therapy (IMRT)  �
might be an option to decrease long-term side ef-
fects in childhood ependymoma (Grade C). All 
failures were within the high-dose region accord-
ing to a clinical study from the University of New 
Mexico, suggesting that IMRT does not diminish 
local control (Level III) (Schroeder et al. 2008).
The use of stereotactic radiosurgery (SRS) in the  �
treatment of ependymoma awaits further inves-
tigation. SRS has been used in small intracranial 
tumors or spinal target, as boost treatment or at 
time of recurrence, with limited success (Level V) 
(Mansur et al. 2004).

38.8.3 Chemotherapy

Chemotherapy is usually not recommended in  �
the treatment of ependymoma (Grade B). Combi-
nation chemotherapy in older patients has failed 
to improve results after surgery and radiation, 
despite sensitivity for chemotherapy agents such 
as platinum compounds and alkylating agents 
(Evans et al. 1996).
Chemotherapy can be used in patients  � < 3 years 
of age after surgical resection (Grade B). The ef-
fi cacy of chemotherapy in this group of patients 
aimed to delay radiotherapy was demonstrated 
in a prospective trial (SIOP/ UKCCSG, Level III) 
(Grundy et al. 2007).
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38.9 Radiation-Induced Side Eff ects 
 and Complications

38.9.1 Cranial Radiotherapy

Acute side effects associated with cranial irradia- �
tion include hair loss, skin reactions, headache, 
nausea, and vomiting. A potential subacute toxic-
ity associated with cranial irradiation is the som-
nolence syndrome.
Late side effects are mainly neuropsychological  �
and endocrine.

 Neuropsychological sequelae are mainly lower 
levels of IQ with defi cits in verbal coding and 
memory. Lower levels of IQ after radiation ther-
apy are associated with younger age at treat-
ment (Level IV) (Hirsh et al. 1979). Behavioral 
disturbances such as attention defi cits, negative 
attitudes, emotional regression, defective spatial 
orientation, and dysgraphia can also occur.

 Endocrine sequelae may be secondary to tumor 
location in addition to the effects of radiation on 
the hypothalamic-pituitary axis. Between 70% 
and 100% of children show abnormal GH tests 
on provocation, and decreased growth rate is de-
scribed in 30%–100%.

38.9.2 Spinal Radiotherapy

The most pronounced acute side effect is the he- �
matologic suppression. Other acute side effects 
include nausea with or without vomiting or acute 
effects related to the exit dose through the mouth 
such as mucositis, sore throat, dry mouth, thick-
ened saliva, altered taste, and esophagitis.
Late side effects might include growth retardation,  �
short stature, and secondary thyroid carcinoma.

38.10 Follow-Ups

38.10.1 Post-Treatment Follow-Ups

Life-long follow-up is required for all children  �
after treatment.

Patients should be followed-up according to the  �
treatment protocol.
Follow up with clinical exam, neurological evalua- �
tion, and neuroimaging is recommended approx-
imately every 6–12 months for several years.
Patients with neuroendocrine abnormalities are  �
likely to need lifelong care in association with an 
endocrinologist.
Careful neuropsychological testing, educational  �
interaction, and vocational rehabilitation are 
necessary to improve the quality of life for survi-
vors of pediatric CNS tumors.
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Introduction and Objectives

Malignancies of the lymphoid system (including Hodgkin’s and 
non-Hodgkin’s lymphoma, and acute leukemias) account for ap-
proximately 40% of pediatric malignancies. 

Hodgkin’s lymphoma (HL) in the pediatric population has distinct 
characteristics, and is associated with Epstein-Barr virus (EBV) infec-
tion. It  is uncommon before age 5 and most patients are 11 years of 
age and older (CLEARY et al. 1994), and has a predominance in male. The 
incidence of this malignancy is highest in North America and Europe, 
being relatively rare in Asian countries. 

Approximately 500 cases of non-Hodgkin’s lymphoma (NHL) are diag-
nosed in the United States in patients younger than 15 years, and the 
median age at diagnosis is 11. It is rare for children <3 to develop NHL. 
NHL is the third most commonly diagnosed malignancy in childhood. 
The majority of cases of pediatric NHL are of Burkitt’s, lymphoblastic, 
and large-cell lymphomas, and their clinical characteristics and manage-
ment diff er signifi cantly from those commonly diagnosed in adults.

Contemporary treatment regimens for both HL and NHL have 
evolved to limit the potential related toxicities. 

Chemotherapy plays a major role in the treatment of pediatric HL 
and NHL. However, radiation therapy remains an important treat-
ment modality for consolidation treatment in selected patients 
presenting with bulky disease. 

This chapter examines: 

Recommendations for initial evaluation, laboratory studies, and  �
imaging studies for both HL and NHL

Staging system, pathology, and prognostic factors �
Treatment recommendations for both disease entities accompa- �
nied by supporting literature

Indications for radiation therapy and radiation technique �
Treatment-related toxicities �

As the characteristics and treatment of acute leukemias diff er sig-
nifi cantly from those of HL and NHL, the management of ALL and 
AML are not included in this chapter. 

B-C. Wen, MD
Kelly LaFave, MD
Department of Radiation Oncology, Sylvester Comprehen-
sive Cancer Center, University of Miami, 1475 NW 12th 
Avenue, D-31, Miami, FL 33136, USA
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39.1 Diagnosis, Staging, and 
 Prognoses in 
 Pediatric Hodkin’s Lymphoma

39.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of HL in children starts  �
with a complete history and physical examina-
tion; presenting signs and symptoms depend on 
the location and extent of the tumor. Full history 
and physical examination allow for evaluation of 
the involved lymph node chains. 
Patients may present with mediastinal and cervi- �
cal lymphadenopathy and “B” symptoms (unex-
plained fever >38 C for 3 days, drenching night 
sweats, weight loss of 10% in previous 6 months). 
The majority of affected children up to age 10 are  �
male (80%), while in adolescents the male and 
female ratio is 1:1 (Clearly et al. 1994;  Nachman 
et al. 2002). 
In a developed country, HL is commonly asso- �
ciated with higher socioeconomic status, small 
family size, and early birth order in siblings; 
in developing countries, HL is more likely in 
children under age 10 and associated with EBV 
(Kandil et al. 2001).
HIV, inherited immunodefi ciency disorders, en- �
vironmental and familial causes may predispose 
children to HL.

Laboratory Tests

Laboratory studies performed at diagnosis include  �
complete blood count with differential, ESR, liver 
function tests, and renal function tests.
Patients presenting with “B” symptoms or ad- �
vanced disease (i.e., stage III or IV) should un-
dergo bone marrow aspiration and biopsy.

Imaging Studies

Imaging studies essential in the staging work- �
up include chest X-ray (posteroanterior and lat-
eral) and CT of neck, chest, abdomen, and pelvis 
(Hanna et al. 1993). Oral and IV contrast assist in 
defi ning lymphadenopathy in the infradiaphrag-
matic region. 

Bulky disease of the mediastinum is classifi ed  �
as the ratio of the mediastinal mass to the larg-
est intrathoracic diameter 1/3 on a PA chest 
 X-ray. Greater than or equal to 6 cm in peripheral 
nodal disease is also considered bulky (Level III) 
(Smith et al. 2003). 
MRI may assist in distinguishing infradiaphrag- �
matic lymph nodes in children as there is less fat, 
making CT more diffi cult to differentiate retro-
peritoneal lymph nodes.
FDG-PET scan or PET/CT should be considered  �
in the initial evaluation (Grade B). FDG-PET 
scan, PET/CT, and high dose gallium studies in 
children are most helpful in determining the re-
sponse to treatment, but may also provide more 
information on initial staging. FDG-PET is su-
perior to gallium in the infradiaphragmatic re-
gion (Level IV) ( Hueltenschmidt et al. 2001; 
 Rhodes et al. 2006).
Lymphangiography and staging laparotomy were  �
routinely used for staging purposes in the past. 
Lymphangiography is not considered part of the 
standard work-up in the modern age. 

Pathology

Pathologic confi rmation of a diagnosis of HL is  �
required prior to any treatment. 
Excisional lymph node biopsy should be per- �
formed to determine the histological subtype. 
Fine needle aspiration or core biopsies are gen-
erally not adequate for making a diagnosis.
A staging laparotomy could be considered for pa- �
tients to be treated without chemotherapy.
HL is classifi ed into fi ve subtypes by the World  �
Health Organization (Harris et al. 1999; Clearly 
et al. 1994).
Classical HL (CHL) includes: nodular sclerosis  �
(NSHL), mixed cellularity (MCHL), lymphocyte de-
pleted (LDHL), lymphocyte-rich classical (LRCHL).
NSHL: Most common HL in all child age groups  –
and is more frequently seen in adolescents as 
compared to children under age 10. NSHL com-
monly presents with mediastinal, cervical, and 
supraclavicular lymphadenopathy and also with 
bulky disease. 
MCHL: Second most common HL and is relatively  –
more common in children under age 10. MCHL 
usually presents with more advanced stage. 
LDHL: Rare in children but more common in  –
HIV+ patients.
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LRCHL: Uncommon type of HL in children. May  –
present with localized peripheral lymphadenopa-
thy.
Nodular lymphocyte predominant HL (NLPHL):  �
Relatively more common in children under age 
10, NLPHL most often presents with early stage 
disease (Table 39.1).
In the group under age 10, NSHL is most com- �
mon (44%), followed by MCHL (33%), and NLPHL 
(13%).

39.1.2 Staging

Pediatric HL is usually staged clinically. Staging  �
of patients requires evaluation of disease extent. 

The Ann Arbor staging system for HL is presented 
in Table 39.2.

39.1.3 Prognosis

Overall the prognosis of pediatric HL is superior  �
to that of adults. The presenting stage at diagno-
sis is the most important prognostic factor. The 
10-year overall survival rates is >90% for early 
stage and is 75%–80% for patients with stage IV 
disease.
“B” symptoms are present in 25% of patients  �
and are of prognostic signifi cance (Level IV) 
( Nachman et al. 2002).
A retrospective review of a large series from Stan- �
ford University (including 328 patients with lym-
phoma from 1990–2000) revealed that male gen-
der, stage IIB/IIIB/IV, bulky mediastinal disease, 
WBC >13.5×103/mm3 and hemoglobin <11 g/dl 
are prognostic factors on multivariate analysis 
(Level IV) (Smith et al. 2003).

39.2 Treatment of 
 Pediatric Hodgkin’s Lymphoma 

39.2.1 General Principles

Children with HL should be treated on clinical  �
protocol whenever possible. The goal is to use 
non-cross resistant chemotherapy regimens with 
the least amount of toxicity as possible. 
In order to minimize the treatment-related tox- �
icities, risk adapted combined-modality therapy 
and response-based involved fi eld radiotherapy 
is commonly utilized in treatment regimens for 
pediatric HL, especially in the United States.

Table 39.1. CHL and NLPHL group characteristics. [Adapted from Herbst et al. (1991) and Haluska et al. (1994) with 
permission]

Classical HL NLPHL

Characteristic cell Reed-Sternberg cell Lymphocytic and histiocytic cell “Popcorn cells”

Surface antigens CD15+, CD30+, CD20+/–, CD45–, EMA– CD15–, CD30–, CD20+, CD45+, EMA+

EBV EBV+ in 50% EBV–

Table 39.2. Modifi ed Ann Arbor Staging System. [From 
Carbone et al. (1971) with permission]

Stage I Involvement of single lymph node (I) or 
extralymphatic site (IE)

Stage II Involvement of two or more involved 
lymph node sites on the same side of the 
diaphragm (II) or localized involvement of 
one extralymphatic organ or site plus one or 
more lymph node regions on the same side 
of diaphragm (IIE)

Stage III Involvement of lymph node regions on 
both sides of the diaphragm (III) which 
can include involvement of the spleen (IIIS) 
or localized extralymphatic site or organ 
extension (IIIE) or both (IIISE)

Stage IV Diffuse (multifocal) involvement of one or 
more extralymphatic organs or sites

Descriptors A= “B” symptoms
“B” Unexplained fever >38 C, weight loss 
>10% in previous 6 months, drenching 
night sweats
X=Bulky disease (The Ann Arbor Staging 
System does not include descriptors of bulk 
of disease)
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It is essential that the side-effect profi le and treat- �
ment complications are avoided and reduced as 
much as possible since these patients enjoy an 
excellent prognosis. VAMP is an example of a 
toxicity reduced chemotherapy regimen, with-
out alkylating agents, bleomycin, or etoposide, 
designed to retain normal fertility and organ 
function while reducing the risk of developing a 
second malignancy (Donaldson 2004).
Commonly used chemotherapy regimens in pe- �
diatric HL include MOPP, ABVD, COPP, OEPA 
(boys), OPPA (girls), and VAMP: 
MOPP Nitrogen mustard, Oncovin  –
 (vincristine), procarbazine, 
 prednisone
ABVD Adriamycin (doxorubicin),  –
 bleomycin, vinblastine, 
 dacarbazine
COPP Cyclophosphamide, Oncovin,  –
 procarbazine, prednisone
OEPA (boys) Oncovin, etoposide, prednisone,  –
 adriamycin
OPPA (girls) Oncovin, procarbazine,  –
 prednisone, adriamycin
VAMP Vinblastine, adriamycin,  –
 methotrexate, prednisone
Low-dose involved-fi eld radiation therapy (IFRT) can  �
be considered in the treatment of bulky disease.

39.2.2 Treatment of Early-Stage 
 Favorable Classical 
 Hodgkin’s Lymphoma

Favorable early-stage patients include those with  �
stage IA and IIA classical HL with less than four 
involved nodal regions, without bulky adenopa-
thy, extranodal extension, or “B” symptoms.
Standard treatment for early-stage favorable clas- �
sical HL include between two and four cycles of 
chemotherapy without alkylating agents followed 
by IFRT. A total dose of 15–21 Gy can be consid-
ered for patients who achieve complete response; 
25.5–35 Gy can be considered for patients with 
partial response (Grade C). Alternatively, pa-
tients can be treated with between four and six 
cycles of chemotherapy alone without radiation 
therapy (Grade B). 
The POG 8625 study evaluated 159 pathologically 
staged IA, IIA, and IIIA patients who received 

four cycles of alternating MOPP/ABVD. Patients 
who had complete response were randomized to 
two more cycles of alternating MOPP/ABVD or 
IFRT to a total of 25.5 Gy. Overall survival rates at 
8 years were 96.8% with radiation as compared to 
93.6% without radiation. The event-free survival 
(EFS) rates were 91.1% versus 82.6%, respectively, 
for those with or without radiation (POG 8625, 
Level II) (Kung et al. 2006). 
The GPOH-HD 95 study evaluated early stage I 
and IIA patients treated with two cycles of OPPA 
chemotherapy for girls and two cycles of OEPA 
chemotherapy for boys. Patients who achieved 
complete response did not receive adjuvant radio-
therapy. Patients who achieved partial response of 
more than 75% of the tumor bulk received 20 Gy 
IFRT, and those less responsive to chemotherapy 
(i.e., partial response <75%) received 30 Gy of 
irradiation. A higher radiation dose (35 Gy) was 
delivered to residual masses of more than 50 ml. 
The results revealed that no difference could be 
observed in the 5-year disease-free survival rates 
in favorable early-stage patients treated with or 
without radiation (HR 0.97 vs 0.94) (CPOH-HD 
95, Level III) (Dörffel et al. 2003). 
A prospective trial from CCG 5942 evaluated 
early-stage favorable patients with four cycles of 
COPP/ABV followed by IFRT (21 Gy) or no irra-
diation. Patients with early-stage unfavorable dis-
ease received six cycles of COPP/ABV followed by 
the IFRT (21 Gy) or no further irradiation. Stage 
IV patients received two courses of intensive che-
motherapy followed by the same radiation ar-
rangements. The 3-year event-free survival rates 
were statistically improved with the addition of 
IFRT in the as-treated analysis (93% vs. 85%). 
However, there was no difference in the 3-year 
overall survival rates (98 vs. 99%) (CCG 5942, 
Level II) ( Nachman et al. 2002).

39.2.3 Treatment of Early-Stage 
 Unfavorable Classical 
 Hodgkin’s Lymphoma

Unfavorable early-stage patients include patients  �
with stage IB, IIB, and IIIA disease with bulky 
mediastinal disease, peripheral lymph nodes 
larger than 6 cm, or with three involved lymph 
node groups.
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Standard treatment for this group of patients  �
includes between four and six cycles of chemo-
therapy plus IFRT to a total of 15–25 Gy. Radiation 
doses up to 35 Gy may be considered for patients 
with residual disease (Grade C).
Alternatively, patients can be treated with be-
tween six and eight cycles of chemotherapy alone 
(Grade B). 
Results from clinical trials have been mixed as to  �
whether radiation therapy is required for com-
plete responders. However, radiation should be 
considered in patients with partial response after 
chemotherapy: The GPOH-HD 95 detailed above 
evaluated intermediate staged patients given two 
cycles of OPEA (boys)/OPPA (girls) plus two cycles 
of COPP, followed by radiation therapy to a total 
dose of 20–35 Gy depending on extent of disease 
for partial responders, and no radiation for com-
plete responders. Radiation therapy provided an 
improved 5-year disease-free survival (HR 0.92 vs. 
0.78); however, no difference in overall survival 
was observed (Level III) (Dörffel et al. 2003).

39.2.4 Treatment of Advanced-Stage 
 Classical Hodgkin’s Lymphoma

Advanced-stage patients include those with stage  �
IIIB and IV disease. Some research groups in-
clude stage IIB in the advanced stage category 
when fever and weight loss are present.
Standard treatment for this group of patients in- �
cludes between six and eight cycles of chemother-
apy, with or without IFRT to a total dose of 15–
25 Gy (Grade C). Radiation doses up to 35 Gy may 
be considered for patients with residual disease. 
Alternatively, patients can be treated with eight 
cycles of chemotherapy alone (Grade B). 
A trial reported by the Pediatric Oncology Group 
studied patients with clinical stage IIB, IIIA2, 
IIIB, and IV treated with eight cycles of MOPP/
ABVD, followed by total nodal irradiation (TNI) 
or no further treatment. The results showed that 
the 5-year event free survival and overall survival 
rates have no differences between the two groups 
(Level II) (Weiner et al. 1997). 
The above-mentioned GPOH-HD 95 treated ad-
vanced-stage HL patients with OEPA/OPPA × 2 + 
COPP × 4. Patients with partial response received 
adjuvant radiation to 20–35 Gy, and those who 
achieved complete response received no further 

irradiation. The 5-year disease-free survival was 
signifi cantly improved in irradiated patients (HR 
0.91 vs. 0.79); however, no difference in overall 
survival was observed (Level III) (Dörffel et al. 
2003).

39.2.5 Treatment of Nodular 
 Lymphocyte Predominant 
 Hodgkin’s Lymphoma

Stage IA nodular lymphocyte predominant HL  �
may be treated with complete nodal excision fol-
lowed by observation. IFRT is recommended in a 
fully mature adolescent.
Chemotherapy alone is not recommended for  �
 NLPHL IA patients (Grade C). Results from a 
retrospective review revealed a 67% progres-
sion-free survival and a 100% overall survival at 
3.5 years follow-up (Level IV) (Mauz-Karholz 
et al. 2007). However, a local relapse rate of more 
than 50% was reported with chemotherapy alone 
(Level IV) (van Grotel 2006). 
A COG trial is currently ongoing to assess the effi -
cacy of chemotherapy alone in stage IA patients.
Treatment of stage II-IV NLPHL should follow the  �
strategy used in classical HL management.

39.2.6 Treatment of Recurrent or 
 Refractory Disease

Treatment of recurrent pediatric HL depends on  �
prior treatment regimens. Chemotherapy or com-
bined chemoradiotherapy can be considered in 
patients previously treated with radiation alone, 
and salvage rates between 50% and 80% can be 
expected.
If recurrence occurs after more than 1 year of  �
disease-free interval, combined chemoradiation 
therapy or radiation therapy alone could result in 
a salvage rate of 40%–50% (Level III) (Wimmer 
et al. 2006; Schellong et al. 2005). 
Patients who relapsed less than 1 year after com- �
pletion of treatment, or those who failed to re-
spond to initial therapy, have a poor prognosis. 
High-dose chemotherapy followed by hematopoi-
etic stem cell transplantation (HSCT) is the best 
option with salvage rates of approximately 50% 
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(Level III) ( Majhail et al. 2006; Baker et al. 
1999).
IFRT before or after the HSCT may be helpful in  �
reducing disease (Grade D).

39.2.7 Techniques of Radiation Therapy

Most patients who will receive radiation therapy  �
should receive low-dose IFRT as part of a com-
bined treatment regimen. 
The fi eld arrangement of radiation therapy  �
is similar to that used in adult HL detailed in 
 Chapter 28. When planning the radiation dose 
and fi eld set-up, careful attention is needed to 
reduce the potential long-term complications in 
pediatric patients.
For unilateral cervical lesion(s), the medial bor- �
der should be placed at the contralateral trans-
verse process to cover the entire vertebral body 
to avoid asymmetric bone growth.
Mediastinal fi eld width is determined by post- �
chemotherapy residual disease while the cranio-
caudad height is determined by pre- chemotherapy 
extent of disease.

39.2.8 Treatment Complications

Radiation-Induced Side Eff ects and 
Complications

Most data from the literature regarding com- �
plications comes from the treatment technique 
with extended fi elds and higher radiation dose. 
With lower dose and smaller volume of radia-
tion (e.g., in IFRT), the likelihood of the various 
organs being exposed to radiation and the risk of 
radiation-induced organ toxicity is signifi cantly 
reduced.
Musculoskeletal asymmetry � . With lower dose and 
smaller volume of radiation, the risk of skeletal 
abnormalities is minimized. Height reduction is 
most severe in prepubertal children treated with 
full-dose radiation. However, dose reduction to 
less than 33 Gy in a restricted volume showed 
no clinically signifi cant height impairment 
( Willman 1994). Asymmetric mantle fi elds with 
doses as low as 15 Gy could impact the growth 
of the clavicle. In addition, the patient age and 

volume of clavicle irradiated increase the risk of 
clavicle asymmetry (Merchant et al. 2004). 
Pulmonary toxicity � . The incidence is lower with 
less RT dose, smaller RT volumes, and by omitting 
bleomycin in combined modality. The data from 
CCSG reported that 9% of children treated with 
ABVD followed by 21 Gy to mantle fi eld developed 
clinically signifi cant pulmonary damage. 
Infertility � . Oophoropexy in girls may allow pres-
ervation of ovarian function. Risk factors for 
premature menopause include exposure to in-
creasing doses of ovarian radiation and increas-
ing alkylating agent score (Sklar et al. 2006). In 
boys, fertility is affected by alkylators and the 
dose of radiation to the testicles. Reversible oli-
gospermia (usually within 18–24 months) is com-
mon if testicular shield is applied.
Cardiac toxicity � . The incidence and severity of 
cardiac toxicity is related to the radiation dose, 
irradiated volume, and the use of anthracyclines. 
With a modern treatment approach, cardiac se-
quelae, including pericarditis/effusion, valvular 
thickening, biventricular dysfunction, and coro-
nary artery disease is expected to be reduced.
Hypothyroidism � . Constine et al. (2004) reported 
elevation of TSH in 17% of those who received 
mantle radiation of  26 Gy , and in 78% of those 
who received greater than 26 Gy.
Secondary malignancies � . The reported risk of 
secondary malignancy is based on older treat-
ment studies and does not refl ect contemporary 
therapy which has reduced the radiation dose 
and treatment volume. HL patients have an in-
creased risk of second malignancies including 
solid tumors such as thyroid, breast, sarcomas, 
and lung cancers. A review of 930 children from 
1960–1990 from fi ve institutions with median fol-
low up 16.7 years showed that 11% of patients 
developed a secondary malignancy with actuarial 
rate of 19% at 25 years. On multivariate analysis, 
female and mantle radiation dose were associated 
with increased risk of secondary malignancy. In-
creased radiation dose showed increased risk of 
secondary malignancy (Constine et al. 2004).

Chemotherapy-Induced Complications 

Chemotherapy-induced long-term complications  �
are drug specifi c: Procarbazine: Infertility in boys
Nitrogen mustard, six cycles: Irreversible azoo- �
spermia. Limiting to three or less cycles may 
maintain fertility.
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Nitrogen mustard: Increased risk of secondary  �
acute myeloid leukemia and myelodysplastic syn-
drome.
Adriamycin: Cardiac toxicity especially greater than  �
cumulative 500 mg/m2 (Steinherz et al. 1991).
Bleomycin: Pulmonary fi brosis. �

39.3 Follow-Up

39.3.1 Post-Treatment Follow-Ups

Life-long follow-up after defi nitive treatment of  �
HL in the pediatric population is recommended 
for detecting recurrence, secondary tumors, or 
other long-term complications of radiation ther-
apy or chemotherapy.

Schedule

Follow-ups should be scheduled according to  �
the treatment protocol. Alternatively, follow-up 
could be scheduled every 3–4 months for 2 years, 
then every 6 months for 3 additional years, then 
annually thereafter (Grade D) (Table 39.3).

Work-Ups

Each follow-up should include a complete history  �
and physical examination. 
Laboratory tests and imaging studies at each fol- �
low-up should follow the requirement of treat-
ment protocol.
Alternatively, complete blood count, ESR, and  �
alkaline phosphatase can be ordered every 
3–4 months for 2 years, every 6 months for an ad-
dition 3 years, then annually thereafter (Grade D). 
Chest X-ray or CT of thorax every 3–6 months for 
fi rst 2–3 years, then annually up to 5 years can be 
recommended (Grade D).

39.4  Diagnosis, Staging, and 
 Prognoses in Pediatric 
 Non-Hodkin’s Lymphoma

39.4.1 Diagnosis

Initial Evaluation

The diagnosis and evaluation of pediatric NHL  �
start with a complete history and physical ex-
amination, with particular attention to all lymph 
node regions. 
History of inherited immunodefi ciencies and  �
acquired immunodefi ciency disorders should be 
recorded, as they predispose patients to NHL.
Compared to adults, children with NHL tend to  �
have higher grade and more diffuse disease. 
Special characteristics at presentations of the dif- �
ferent histological subtypes of NHL:
Endemic Burkitt’s lymphoma: Child presents with  –
rapidly growing abdominal mass, commonly in 
ileocecal region, which can lead to intussuscep-
tion; can also present with cervical lymphade-
nopathy or enlarged tonsils. 
Lymphoblastic: Adolescent male with rapidly  –
growing large anterior mediastinal mass. The 
patient may present with shortness of breath or 
superior vena cava syndrome (SVC).
Anaplastic Large Cell Lymphoma (ALCL): ALCL  –
commonly presents with extranodal disease in 
skin, lung, bone, and/or soft tissues.

Laboratory Tests

Laboratory studies should include complete blood  �
count, basic serum chemistry, calcium, lactate 
dehydrogenase (LDH), liver function tests, renal 
function tests, uric acid, bilirubin, and alkaline 
phosphatase. 
CSF analysis and bilateral bone marrow aspirate  �
and biopsy can be performed for staging.
Endemic Burkitt’s, mostly in Africa, are mostly  �
EBV-positive, while only 15% of sporadic cases 
in the US are positive.

Imaging Studies

Imaging studies should include CT scan of the neck,  �
thorax, abdomen, and pelvis. Chest X-ray (poster-
oanterior and lateral) should also be performed.

Table 39.3. Follow-up schedule after treatment for pediatric 
Hodgkin’s lymphoma

Interval Frequency

First 2 years Every 3-4 months

Year 3-5 Every 6 months

Over 5 years Annually
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Gallium scan and FDG-PET scan can be used in  �
pediatric patients to assess response to treatment, 
but their value is limited in lymphoblastic and 
Burkitt’s lymphoma.
Bone scan is indicated for patients with elevated  �
alkaline phosphatase or bone pain. 

Pathology

Pathologic diagnosis of NHL is required prior to  �
determining treatment recommendations. The 
treatment strategies of various types of NHL dif-
fer signifi cantly from each other and from those 
used for HL. 
Tissue obtained by core needle biopsy or open  �
biopsy is recommended to evaluate histological, 
cytogenetic, and immunophenotyping features. 
Cytology of any fl uid, i.e., pleural or ascites, 
should be obtained.
Most pediatric NHL fall into four categories, in  �
decreasing order of frequency: small noncleaved 
cell (Burkitt’s and Burkitt-like) lymphoma, 
lymphoblastic lymphoma, diffuse large B cell 
lymphoma, and anaplastic large lymphoma 
(Table 39.4).
Patients with a history of transplant are at risk for  �
a post-transplant lymphoproliferative disease.
Immuno-phenotyping and cytogenetic analysis  �
are routinely obtained for more precise subclas-
sifi cation of NHL and to better understand its 
prognostic implications. 

39.4.2 Staging

Pediatric NHL is usually staged clinically using  �
information from history and physical examina-
tion, laboratory tests (including bone marrow 
aspiration and biopsy), and imaging tests.
The most commonly used staging system for  �
pediatric NHL is the St. Jude staging system 
 (Table 39.5).

39.4.3 Prognostic Factors

Stage at diagnosis is of prognostic signifi cance for  �
pediatric NHL (Murphy 1980) (Table 39.5). 
C-myc is associated with favorable prognosis in  �
Burkitt’s lymphoma; ALK in anaplastic large-cell 
lymphoma is associated with favorable prognosis.

39.5 Treatment of Pediatric 
 Non-Hodgkin’s Lymphoma

39.5.1 General Principles

Patients with pediatric NHL should be treated on  �
research protocol whenever possible. 

Table 39.4. Major histology types and characteristics. [Modifi ed from Weinstein and Tarbell (2004) and Heerema et 
al. (2005) with permission]

Histology Frequency Location Immunophenotype Cytogenetics

Burkitt’s and 
Burkitt-like lymphoma

45%

Waldeyer’s ring, neck, 
abdomen, lleocecal, 
ovary, kidney, CNS, 
bone, bone marrow

IgM,  or  light chains
cmyc t(8;14), t(8;22), 
t(2;8), t(14;18)

Lymphoblastic B cell 5%
Neck, skin, 
Waldeyer’s ring

CD10, CD19 Hyperdiploid

Lymphoblastic T cell 25%
Mediastinum, bone, 
bone marrow, CNS, 
peripheral LN

CD 2, CD5, CD7
t(1;14), t(5;14), t(8;14), 
t(10;14), t(11;14), t(11;19)

Diffuse large B cell 
lymphoma

15%
Mediastinum, abdomen, 
bone, peripheral LN

CD 19, CD20, CD22, sIg+/– cmyc t(8;14)

Anaplastic large cell 
lymphoma

10%
Mediastinum, abdomen, 
skin, soft tissues, lung, 
bone

CD30+ ALK t(2;5)
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Chemotherapy plays a major role in the treatment  �
of pediatric NHL. 
Radiation therapy is only indicated in patients  �
with CNS involvement, airway compromise, or 
spinal cord compression for palliation (Grade B). 
In contrast to HL, IFRT has not shown any benefi t 
in patients with lymphoblastic lymphomas or dif-
fuse large cell-lymphomas.
In patients with CNS involvement, craniospinal  �
axis irradiation should be considered (Grade B). 
The dose to the whole brain is 18 Gy in ten frac-
tions and the dose to spinal cord is 6–12 Gy in 
four to eight fractions.
Low-dose radiation to alleviate the compression  �
from tumor bulk can be considered in symp-
tomatic cases when proper diagnosis cannot be 
urgently established (Grade D). Doses as low as 
4–4.5 Gy in two to three fractions is usually ad-
equate. Additional RT should be considered if 
there is no improvement. Chemotherapy should 
start promptly once the compression symptoms 
are relieved. 
CNS prophylaxis was often recommended in the  �
past for patients with Burkitt’s, non-Burkitt’s, 
or lymphoblastic lymphoma. With the progress 
of chemotherapy in preventing CNS recurrence, 

whole brain irradiation is no longer utilized, ex-
cept in advanced lymphoblastic lymphoma. 
Bone marrow transplant may be considered for  �
relapsed or refractory disease.

Treatment Complications

Tumor lysis syndrome can occur within 48–72 h  �
after initiation of treatment and is more likely in 
Burkitt’s lymphoma. The syndrome consists of 
elevated uric acid, potassium, phosphate levels, 
and hypocalcemia. It is essential to monitor elec-
trolytes, provide vigorous hydration, alkalinize 
the urine and administer allopurinol to prevent 
tumor lysis syndrome.
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Introduction and Objectives

The estimated number of new cases of retinoblastoma occurring 
each year in USA is about 250 (ABRAMSON et al. 2003). Retinoblas-
toma is usually confi ned to the eye, as a result, more than 90% of 
children with intraocular retinoblastoma will be cured. The pres-
ent challenge for those who are specialized in retinoblastoma 
treatment is to prevent loss of an eye, blindness, and other seri-
ous eff ects of treatment that reduce life span or quality of life.

This capter examines:

Recommendations for diagnosis and staging procedures �
Staging systems and prognostic factors �
Treatment recommendations for both �
Techniques of radiation �
Follow-up care and surveillance of survivors �

40.1 Diagnosis, Staging, and 
 Prognosis

40.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of retinoblastoma  �
starts with a complete patient history and physi-
cal examination. Attention should be paid to his-
tory, signs, and symptoms specifi c to the ocular 
tumor.
Retinoblastoma commonly presents with a white  �
papillary light refl ex (namely, leukocoria). Par-
ents may notice this abnormal appearance in 
fl ash photography (Fig. 40.1).
Leukocoria can also be seen with a handheld oph- �
thalmoscope during a routine examination by a 
pediatrician with a positive family history or dur-
ing the course of a follow-up examination.
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On ophthalmoscopic examination one notes a  �
raised white, white-yellow, or white-pink mass 
(Fig. 40.2). Tortuous vessels may be seen feeding 
the tumor. Cells may break off from the main 
tumor mass and grow as small vitreous seeds 
(Fig. 40.3). Retinoblastoma may be multifocal, it 
is necessary to examine the entire retinal surface, 
generally with the patient under anesthesia.

Diff erential Diagnosis

When retinoblastoma presents as a mass,  �
the differential diagnosis includes astrocytic 
 hamartoma, Toxocara canis granuloma, the in-
fected emboli of subacute bacterial endocarditis 
or toxoplasmosis, and other severe uveitis. When 
retinoblastoma causes retinal detachment, the 
differential diagnosis includes Coat’s disease, re-
trolental fi broplasias, and persistent hyperplastic 
vitreous (Abramson and Ellsworth 1980).
Retinal drawings and photographs, along with a  �
written description, are used to record whether 
single or multifocal tumors are present. Ultra-
sound is also useful for documenting tumor 
location and size (Fig. 40.4) The distance from 
the cornea to the back of the lens can also be 
measured with ultrasound to aid in lateral fi eld 
radiotherapy planning.

Laboratory Tests

Among the tests used to detect metastatic disease  �
are a lumbar puncture with cerebrospinal fl uid 

Fig. 40.1. Child with white pupillary refl ex (Leukocoria). 
Courtesy of Paul T. Finger MD, http://eyecancer.com

Fig. 40.2. Opthalmoscopic evaluation demonstrating a 
raised white mass consistent with retinoblastoma

Fig. 40.3. Vitreus Seeding (Snow storm effect)

Fig. 40.4. A 3D ultrasound image of a large retinoblastoma 
with spots of calcifi cation within the tumor. Courtesy of Paul 
T. Finger MD, http://eyecancer.com
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(CSF) cytology and a bone marrow biopsy, when 
extensive disease is suspected. 
Lumbar puncture with cerebrospinal fl uid (CSF) 
cytology and bone marrow biopsy aspirate is 
needed for patients with symptoms suggestive of 
metastasis (Grade B). The results of a retrospec-
tive series of 23 patients showed that useful tests 
for determining the extent of disease were bone 
marrow aspiration, lumbar puncture, skull fi lms, 
EEG, and brain scan (Level IV) (Mackay et al. 
1984). 
In modern practice, routine lumbar puncture 
and bone marrow aspiration are not justifi ed for 
retinoblastoma confi ned to the retina without 
optic nerve involvement or other suggestion of 
extraocular extension.

Imaging Studies

MRI of the orbits and brain is the imaging  �
study of choice (Grade A). Computed tomog-
raphy (CT) scan is effective in demonstrating 
tumor calcification (Fig. 40.5). de Graaf et al. 
(2005) evaluated the value of MRI in the evalu-
ation of disease extent in 58 cases of retino-
blastoma, and found that the sensitivity and 
specificity of choroidal invasion were 73% and 
72%, respectively. Those for postlaminar optic 
nerve invasion were 50% for sensitivity, and 
100% for specificity. Scleral and extrascleral 
tumor invasion were correctly excluded in all 
eyes using MRI (Level IV). In a more recently 
published retrospective series of 150 patients, 
the sensitivity and specificity of detecting of 
postlaminar invasion were 60% and 95% for 
MRI, as compared to 0% and 100% for CT scan, 
respectively (Level IV).
In the presence of symptoms suggestive of meta- �
static disease, a bone scan is indicated.

Pathology

Retinoblastoma is a poorly differentiated malig- �
nant neuroectodermal tumor. The tumor is com-
posed mainly of undifferentiated anaplastic cells 
that arise from the nuclear layers of the retina. 
Histology shows similarity to neuroblastoma 
and medulloblastoma, including aggregation 
around blood vessels, necrosis, calcifi cation, and 
Flexner-Wintersteiner rosettes. Retinoblastomas 
are characterized by marked cell proliferation as 

evidenced by high mitosis counts and extremely 
high MIB-1 labeling indices (Schwimer and 
Prayson 2001).
Classically, four growth patterns are recognized  �
in retinoblastoma:
Endophytic RB, which grows from the retina  �
toward the vitreous, appears to be a mass pro-
truding into the vitreous chamber. These often 
friable and necrotic tumors may produce small 
clusters of tumor cells that are detached from 
the main mass and form satellite tumor nodules. 
These can range from localized tumor nodules 
within the vitreous, known as vitreous seeding, 
up to diffuse involvement, which some call the 
snowstorm effect.
Exophytic retinoblastoma typically grows from  �
the outer retinal layers and extends beneath the 
detached retina toward the choroid. Dislodged 
masses may implant on the retinal pigment epi-
thelium and erode through Bruch’s membrane 
into the choroid.
Diffuse plaque-like retinoblastoma defi es com- �
mon morphologic patterns. It grows diffusely 
without forming a  detectable mass. Such a growth 
pattern can present a confusing clinical picture.
Biopsy of a suspected retinoblastoma or vitreous  �
aspiration for enzyme studies is generally felt to 
be contraindicated because of the risk of choroi-
dal seeding (Grade B) (Reese 1976).

Fig. 40.5. CT images of a child with bilateral Retinoblas-
toma. Calcifi cations are easily seen
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40.1.2 Staging and Prognosis

Prognostic factors depend on the ocular status.  �
The staging system for retinoblastoma must 
fulfi ll at least two requirements. First, it must 
predict likelihood of cure, a requirement of all 
malignancy staging systems. However, an im-
portant goal of retinoblastoma treatment is pres-
ervation of sight in the affected eye (i.e., ocular 
survival).
The most widely used grouping system for  �
retinoblastoma was proposed by Reese (1976) 
and  Ellsworth (1969) (Table 40.1). This system 
does not predict survival probability. However, 
it predicts the chance of visual preservation with 
conservative therapy.
At least two staging systems have attempted  �
to predict prognosis for survival and include 
information on disease extension beyond the 
globe (Schvartzman et al. 1996). One of these 
systems, the St. Jude Children’s Research Hos-
pital (SJCRH) system has been used more fre-
quently. The most recent clinical protocols for 
combined-modality retinoblastoma therapy use 
a new system based on the work of the Chil-
dren’s Oncology Group and Murphee et al. 
(2007) of the Children’s Hospital of Los Ange-
les. This staging system is gaining increasing 
popularity.
The Reese-Ellsworth system for intraocular  �
retinoblastoma has been shown to have prog-
nostic signifi cance for maintenance of sight and 
control of local disease at a time when surgery 
and external-beam radiation therapy were the 
only treatment options. The Reese-Ellsworth 
system is relevant to decisions regarding the use 
of local treatment modalities and chemoreduc-
tion (Table 40.1).
The other classifi cation systems for retinoblas- �
toma include the SJCRH. This classifi cation as-
sists in predicting those who are likely to be cured 
without the need for enucleation or external-
beam radiotherapy (Schvartzman et al. 1996) 
(Table 40.2.).
The International Classifi cation for Intraocular  �
Retinoblastoma currently used is another staging 
system that offers greater precision  to predict 
prognosis for survival and include information 
on disease extension beyond the globe, as well as 
stratifying risk for newer therapies (Shields et 
al. 2006) (Table 40.3).

Table 40.1. Reese-Ellsworth classifi cation for intraocular 
tumors

Group I: Very favorable for maintenance of sight

1 Solitary tumor, smaller than 4 DD, at or behind the 
equator

2 Multiple tumors, none larger than 4 DD, all at or 
behind the equator

Group II: Favorable for maintenance of sight

1 Solitary tumor, 4–10 DD at or behind the equator

2 Multiple tumors, 4–10 DD behind the equator

Group III: Possible for maintenance of sight

1 Any lesion anterior to the equator

2 Solitary tumor, larger than 10 DD behind the equator

Group IV: Unfavorable for maintenance of sight

1 Multiple tumors, some larger than 10 DD

2 Any lesion extending anteriorly to the ora serrata

Group V: Very unfavorable for maintenance of sight

1 Massive tumors involving more than one half of the 
retina

2 Vitreous seeding. DD, disc diameter.

Table 40.2. The St. Jude Children’s Research Hospital stag-
ing system of retinoblastoma

Intraocular disease

� Retinal tumor, single or multiple

� Extension to lamina cribrosa

� Uveal extension

Orbital disease

� Orbital tumor

Scattered episcleral cells

Orbital invasion

� Optic nerve

Invasion of optic nerve to cut end

Invasion of optic nerve beyond cut nerve

Intracranial metastases

� Positive cerebrospinal fl uid

� Mass lesion in the central nervous system

Hematogenous metastasis

� Positive bone marrow

� Facial bone lesions with or without positive marrow

� Other organ involvement
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40.1.3 Prognostic Factors

Staging classifi cations detailed above are of prog- �
nostic signifi cance.
Other reported poor prognostic factors include:  �
optic nerve invasion, uveal invasion, orbital inva-
sion, and choroidal involvement.

40.2 Treatment of Retinoblastoma

40.2.1 General Principles on 
 Selection of Therapy

The primary goal of retinoblastoma therapy is  �
cure (Grade A). Retinoblastoma rarely metasta-
sizes, and the chance of cure remains excellent. 
The actuarial overall 5-year survival rate for 731 
children with retinoblastoma seen at St. Bartho-
lomew’s Hospital and Moorfi eld’s Eye Hospital 
from 1960 to 1988 was 87% (Level IV)  (Kingston 
and Hungerford 1992). The 50-month actu-
arial overall survival of 52 SJCRH patients with 
initial intraocular disease was 97% (Level IV) 
( Pradhan et al. 1997).

40.2.2 Surgery

Enucleation

The majority of the children present with a large  �
tumor in one eye that requires an aggressive ap-
proach. In 25%–40% of cases both eyes are af-
fected.
Enucleation is indicated in unilateral retinoblas- �
toma, where the eye is blind. In bilateral retino-
blastoma when both eyes are blind, a bilateral 
enucleation is done.
In an enucleation for retinoblastoma, the rectus  �
muscles are severed. The optic nerve is then cut 
near its exit from the socket. Obtaining a long seg-
ment of nerve is important if the tumor is within 
the nerve. In young children, orbital growth slows 
after enucleation. As the child grows, the orbit ap-
pears small. This is overcome by using properly 
fi tting orbital prosthesis.

Table 40.3. International classifi cation system for intraocu-
lar retinoblastoma

Group A: Small intraretinal tumors away from foveola 
and disc

All tumors are 3 mm or smaller in greatest dimension, 
confi ned to the retina and

All tumors are located further than 3 mm from the 
foveola and 1.5 mm from the optic disc

Group B: All remaining discrete tumors confi ned to the 
retina

All other tumors confi ned to the retina not in Group A

Tumor-associated subretinal fl uid less than 3 mm from 
the tumor with no subretinal seeding

Group C: Discrete local disease with minimal subretinal 
or vitreous seeding

Tumor(s) are discrete

Subretinal fl uid, present or past, without seeding involv-
ing up to ¼ retina

Local fi ne vitreous seeding may be present close to dis-
crete tumor

Local subretinal seeding less than 3 mm (2 DD) from the 
tumor

Group D: Diffuse disease with signifi cant vitreous or 
subretinal seeding

Tumor(s) may be massive or diffuse

Subretinal fl uid present or past without seeding, involv-
ing up to total retinal detachment

Diffuse or massive vitreous disease may include “greasy” 
seeds or avascular tumor masses

Diffuse subretinal seeding may include subretinal 
plaques or tumor nodules

Group E: Presence of any one or more of these poor 
prognostic features

Tumor touching the lens

Tumor anterior to anterior vitreous face involving ciliary 
body or anterior segment

Diffuse infi ltrating retinoblastoma

Neovascular glaucoma

Opaque media from hemorrhage

Tumor necrosis with aseptic orbital cellulites

Phthisis bulbi
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Exenteration

An exenteration is the removal of the globe, ex- �
traocular muscles, lids, nerves, and orbital fat. 
Blood loss may be signifi cant. In the opinion of 
some ophthalmologists, the indications for exen-
teration in retinoblastoma include extensive local 
tumor breaching the globe (orbital exenteration 
generally is followed by postoperative irradiation 
and chemotherapy). Prognosis is poor.

40.2.3 Other Local Therapies

Cryotherapy

Cryotherapy is based on the same principles as  �
photocoagulation. The tumor is localized, trans-
sclerally, with a nitrous oxide cryoprobe. The 
freeze (–80 C) is then applied until the tumor is 
completely covered with a frozen vitreous. The 
freeze-thaw cycle is repeated at least three times. 
Cryotherapy is indicated for the primary treat-
ment of retinoblastoma in small tumors anterior 
to the equator, without vitreous seeding, which 
can be reached with the cryoprobe (posterior tu-
mors are diffi cult to reach and the risks of freez-
ing the macula or nerve are high). Cryotherapy 
can be used for treatment of local recurrence 
and/or tumor persistence after irradiation, and 
in conjunction with chemotherapy (Abramson 
et al. 1994a).
Cryotherapy can induce acute retinal edema and  �
accumulation of subretinal fl uid. To avoid retinal 
detachment, some ophthalmologists use the laser 
to create a retinal barrier to fl uid leakage. Disrup-
tion of the retina by cryotherapy may increase 
intravitreal penetration of systemic Carboplatin 
(Wilson et al. 1994).

Photocoagulation

The technique of photocoagulation is based on  �
obliteration of the retinal vessels. The procedure 
produces a white retinal burn surrounding the 
tumor. Approximately 1 mm area is painted with 
the laser beam. Special attention is directed to 
closing feeding vessels. The tumor is encircled 
by the burn, and regression depends on inter-
ruption of blood supply (Shields et al. 1995). Di-
rect photocoagulation of retinoblastoma should 

be avoided because small explosions can release 
viable tumor cells into the vitreous and lead to 
tumor recurrence (Kingston and Hungerford 
1992). Vitreous seeding is a contraindication for 
the procedure (Cassady et al. 1969; Abramson 
and Ellsworth 1980). With proper case selec-
tion, photocoagulation has a local tumor control 
probability of about 70% (Shields et al. 1995).

40.2.4 Radioactive Plaque Application

Radioactive plaques are used for solitary 2- to  �
16-mm basal diameter unilateral lesions located 
more then 3 mm from the optic disk or fovea, gen-
erally less then 10 mm thick, for two lesions that 
are small enough or close enough to be covered 
by one plaque, and for local failure after other 
therapy (Grade B). Plaques can be used if there 
is a small amount of vitreous seeding over the 
tumor apex (Level IV) (Amendola et al. 1989, 
1990; Shields et al. 1993, 2001).

Techniques

Before the operative procedure, the tumor’s max- �
imum base diameter and maximum height are 
ascertained by physical examination and ultra-
sonography. In treatment planning, it is custom-
ary to allow 1 mm for sclera thickness, although 
there is some normal variation in this measure-
ment. The operative procedure begins with a 
careful eye examination using magnifying lenses. 
After confi rming the tumor anatomy, the surgeon 
opens the conjunctiva around the periphery of 
the limbus (a peritomy). Muscle hooks are used to 
snare rectus muscles and rotate the eye. Traction 
sutures are sometimes used. It may be necessary 
to disinsert a muscle in order to visualize the tu-
mor. With the room darkened, a transilluminator 
is placed over the pupil. The shadow cast by the 
tumor is marked on the sclera with a marking 
pen or with electrocautery. Tumors that cannot 
be transilluminated are located by ultrasound. 
A clear dummy plaque is then brought into the 
operative fi eld. Allow 2 mm of margin on either 
side of the basal diameter; that is, an 8-mm tumor 
is plaqued with a 12-mm device. The dummy is 
used to place the two sutures through the lug 
holes and into the sclera. The dummy is then re-
placed with the radioactive plaque. The retention 
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sutures are tied and the eye is rotated back into 
place. The conjunctiva is then closed. The patient 
generally remains hospitalized for the duration 
of the application. The plaque is then removed 
(Freire et al. 1997).
Several plaque types are available. The  � 60Co plaque 
(1.17 and 1.33 MeV, half-life of 5.2 years) may be 
purchased in a circular or crescentic confi gura-
tion to fi t around the optic nerve. The 60Co ball 
applicator is a platinum-coated 6-mm sphere at-
tached to a ring. The 125I plaque (27–35 keV, half-
life of 60 days) with lip consists of 125I seeds glued 
in a carrier within a gold shield. These plaques 
can be custom made in a circular or notched con-
fi guration (Fig. 40.6). 192Ir (295–612 keV, half-life 
of 74.5 days) and 109Ru (beta emitter) plaques are 
also available. Each of the four available plaques 
(60Co, 125I, 192Ir, and 109Ru) has advantages and 
disadvantages (Fig. 40.7)
Using  � 60Co plaques, Stallard (1966) (Fig. 40.8) 
administered 35 Gy to the tumor apex in 7 days. 
Of 69 children with tumor involving one-fourth 
of the retinal area or less, 63 were successfully 
treated with a plaque. When the tumor involved 
one-fourth to one-half of the retinal area, suc-
cess was achieved in eight of ten instances 
(Level IV).

external-beam irradiation or chemotherapy with 
focal therapy is recommended (Grade A). Exter-
nal-beam radiation therapy and chemotherapy 
are also indicated for large tumors and vitreous 
seeding. Hilgartner (1910) reported treatment 
of a case of bilateral retinoblastoma with X-rays 
in 1910. Verhoeff cured a case of retinoblastoma 
with X-ray treatment in 1918. The patient died in 
1972 with tumor controlled (Level V) (Marcus 
et al. 1990). The effi cacy of external-beam radia-
tion therapy has been confi rmed in a number of 
retrospective studies as detailed below. Histori-
cally, the Reese-Ellsworth grouping system has 
been used to predict the probability of success 
for external-beam irradiation.

Technique of External-Beam Radiotherapy

The goals of conventional external-beam radio- �
therapy are to provide a homogenous and tumori-
cidal dose to the entire retina and vitreous while 
maintaining tolerance of normal tissue struc-
tures. The rational to cover the entire volume is 
based on the following facts:
In many cases retinoblastoma represents a fi eld  –
change in which all retinal cells have a genetic 
neoplastic potential; therefore, the entire retina 
must be treated. 
Presence of vitreous seeding.  –
Multiple tumors may arise from a primary retino- –
blastoma.

Fig. 40.6. Custom made Iodine 125 Episcleral plaque

Fig. 40.7. Comparison of dose distribution 
from a 60Co versus 106Ru plaques

40.2.5 External-Beam Radiotherapy

If retinoblastoma is multifocal, close to the mac- �
ula or optic nerve, and vision is well preserved, 
cryotherapy, photocoagulation, or plaque therapy 
as a monotherapy is inadequate, while enucle-
ation is too aggressive. In these circumstances, 

60Co
% DD normalized

to 1.0 mm

106Ru
% DD normalized

to 1.0 mm
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The tumor could spread via the subretinal  –
space.
Retinal differentiation progress from posterior  –
to anterior and from superior to inferior. Sub-
clinical disease may exist in the immature retina 
and must be included in the treatment (Level IV) 
(Foote et al. 1989).
One of the earliest techniques for the external- �
beam irradiation of retinoblastoma was devel-
oped by Algernon Reese in the 1930s. Using an or-
thovoltage unit, treatment was delivered through 
temporal and nasal portals. The technique at-
tempted to avoid the lens (Abramson 1982).

Immobilization

Patient immobilization is crucial to delivering  �
the designated treatment volume precisely while 
minimizing radiation to normal tissue. Sedation 
is usually necessary.
Either a whole body device or a thermoplastic  �
head holder can be used for treatment.

Beam Arrangement

Any external-beam irradiation technique for  �
retinoblastoma treatment should encompass the 
entire retina, avoiding the contralateral eye, and 
limit the dosage to normal tissue.
The most commonly used techniques are lateral- �
beam megavoltage technique with the anterior 
fi eld border set at the lateral bony orbit, and a di-

rect lateral fi eld is utilized. A half-beam blocked 
lateral fi eld has been used to sharpen the beam 
edge. Field sizes ranging from 3×6 cm to 5×10 cm 
are typically used for a 3×3-cm to 5×5-cm treat-
ment area.
Lateral-beam technique with the beam edge set  �
2–3 mm behind the limbus is preferred to a tech-
nique using a more posteriorly set lateral beam 
and an anterior electron fi eld with lens-sparing 
block (Grade B). 
Blach et al. (1996) updated a retrospective se-
ries previously reported by McCormick et al. 
(1988, 1989) (Level IV). The more posterior fi eld 
arrangement was associated with anterior fail-
ures. Many other series confi rm anterior failures 
with anterior segment-sparing techniques are 
used (McCormick et al. 1988). In all, 20 patients 
with large macular retinoblastoma were treated 
at Duke with a lateral 4-MV photon half-blocked 
beam set halfway between the limbus and bony 
orbit and an anterior fi eld.
A two-fi eld technique using a lateral fi eld and an  �
anterior fi eld with a hanging lens block can also 
be used in an attempt to achieve a homogeneous 
retinal dosage.

Dosage of Radiation Therapy

Total dose of 36–46 Gy delivered in conventional  �
fractionation can be prescribed for external-bean 
radiotherapy for retinoblastoma, depending on 

Fig. 40.8. Examples of 60Co plaques
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the extent of the disease (Grade B). Results from 
retrospective studies showed that 32–35 Gy was 
no less effective then 40–45 Gy and the observa-
tion that late ill effects of irradiation on the retina 
(i.e., chorioretinitis) are uncommon at dosages of 
<50 Gy or less (Cassady et al. 1969;  McCormick 
et al. 1988, 1989). The dose response analysis 
reported by Foote et al. (1989) revealed that a 
dose of 45 Gy in 1.8-Gy fractions was adequate 
for local control of tumors smaller than 10 disc 
diameters, and no differences could be observed 
for doses higher than 45 Gy at 1.8 Gy per fraction 
(Level IV).
Merchant �  et al. (2004) demonstrated a difference 
in the ocular preservation rates for patients with 
advanced disease (Reese-Ellsworth group III–V) 
compared with early disease when treated with 
lower doses of radiation. Patients treated with en 
face electrons experienced a lower 5-year estimate 
of ocular preservation than those treated with 
photons. In his experience the use of low-dose 
external-beam radiation therapy (36 Gy) results 
in ocular preservation rates that are comparable 
to those of high-dose external-beam radiation 
therapy. The use of electrons requires careful 
treatment planning and computerized dosimetry. 
The author suggested 36 Gy for newly diagnosed 
patients with Reese-Ellsworth group I and II, and 
44–46 Gy for Reese-Ellsworth group III–V. 
Two recent studies have evaluated the radiosen- �
sitivity for retinoblastoma grown in culture, and 
35 Gy was the appropriate dosage delivered in 
7 days. A large number of dosage and fraction 
schemes have been proposed for external-beam 
treatment, ranging from 2 to 3.8 Gy per fraction.
The risk of side-effects and late complications is  �
higher if hypofractionation or doses higher than 
50 Gy is used (Grade B). Data from Lausanne, 
Switzerland, demonstrated an increase in retin-
opathy at 2.5 Gy or more per fraction (Pradhan 
et al. 1997). Patients with retinoblastoma should 
be treated 5 days per week at 2 Gy or less per 
fraction. Daily dosages of 1.8–2.0 Gy, 5 days per 
week, are used. 
After reviewing 44 eyes in 38 children with retin-
oblastoma treated with external-beam radiother-
apy, Coucke et al. (1993) found that the only sig-
nifi cant factor associated with retinopathy were 
total dose multiplied by dose per fraction, or total 
dose normalized to the equivalent total dose in 
2-Gy fractions as estimated from the LQ model 
(Level IV). 

Although hypofractionation seemed to be associ- �
ated with high complications radiation to a total 
of 35–36 Gy in 9–12 fractions has been used to 
avoid sedation.

40.2.6 Chemotherapy for 
 Intraocular Disease

Cooperative group trials are in preparation to  �
optimize chemotherapy regimens. Several pro-
tocols have been drafted to test the benefi ts of 
carboplatin, etoposide, and vincristine regimens. 
These protocols generally address and combine 
more advanced cases of disease (Chan et al. 2005; 
Kim et al. 2007).
Given the absence of mature trials, it will be  �
critical to monitor the long-term side effects of 
multiagent chemotherapy, especially as regards 
the development of secondary malignancies 
( Halperin et al. 2005).

40.3 Special Situations

Trilateral Disease

Trilateral retinoblastoma is a rare but well-rec- �
ognized entity consisting of bilateral retinoblas-
toma associated with ectopic retinoblastoma of 
the pineal or suprasellar region. The intracra-
nial lesion can cause signs of raised intracranial 
pressure: anorexia, ataxia, lethargy, and vomiting 
(Level V) (Amoaku et al. 1996).

Retreatment

Among the most diffi cult problems confront- �
ing the pediatric radiation oncologist is therapy 
selection in a child who has suffered recurrent 
retinoblastoma in an eye previously treated with 
external-beam radiation to full dosage. If the re-
current lesion is small and favorably located, it 
may be treated with photocoagulation, cryother-
apy, or a radioactive plaque, often with success.
In a series reported by  � Amendola et al. (1989, 
1990), 29 eyes (in which 28 had group V diseases) 
were treated with plaque for recurrent tumor. 
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Tumor progression in 14 eyes was observed which 
ultimately necessitated enucleation. The remain-
ing 15 eyes (52%) had preservation of vision 
(Level IV).
There appears to be no increase in secondary  �
nonocular tumors in children receiving two 
courses of radiotherapy (Level IV) (Abramson 
et al. 1982).

Palliation of Metastases

For bony metastases causing pain, palliative ra- �
diotherapy is appropriate. A dosage of 25–30 Gy 
is usually given.

40.4 Treatment-Induced Complications 

Secondary Nonocular Tumors

The evidence is persuasive that the 13q–14q dele- �
tion of heritable retinoblastoma produces a ma-
lignant diathesis. The relative risk (RR) for death 
from a second tumor is much higher among pa-
tients with bilateral retinoblastoma (RR=60) than 
among those with unilateral disease (R=60 vs. 
3.8). This fi rst manifests itself in the development 
of the index case of retinoblastoma. In long-term 
survivors of heritable retinoblastoma, there is an 
extremely high incidence of secondary nonocular 
tumors. 
The most common secondary malignant neo-
plasms (SMNs) occurring in the radiation fi eld 
in survivors of heritable retinoblastoma are os-
teosarcoma, fi brosarcoma, and other spindle cell 
sarcomas.

Cataracts

Radiation-induced cataracts are common after  �
external-beam radiotherapy. Clinically signifi -
cant posterior pole cataracts developed in 23 of 
27 cases (85%), according to a retrospective series 
(Level IV) (Fontanesi et al. 1996). A series from 
the Mayo Clinic reported four of 14 (28%) pos-
terior cataracts using a lens-sparing technique 
(Level IV) (Foote et al. 1989). In seven eyes treated 
with lateral and anterior fi elds and followed-up 
for more then 36 months,  Hernandez et al. 

(1996) observed lens changes in all cases, with 
three necessitating lens extraction (Level IV). 
Radiation-induced cataracts after radiotherapy 
of retinoblastoma can be removed successfully 
(Level IV) (Brooks et al. 1990).

Orbital Development

Children treated with radiotherapy or enucle- �
ations for retinoblastoma are at signifi cant risk 
for orbital and facial growth retardation.

Lacrimal Gland

Irradiated eyes had signifi cantly less tear produc- �
tion and signifi cantly less tear protein production 
than a control group.

40.5 Follow-Up

The familial form of retinoblastoma may mani- �
fest as unilateral or bilateral disease. In familial 
retinoblastoma, tumors tend to occur at a younger 
age. Children with the familial form who have a 
normal examination in at least one eye on initial 
presentation need to be examined frequently for 
the development of new retinoblastoma tumors.
It is recommended that they be examined every  �
2–4 months for at least 28 months. Following 
treatment, patients require careful surveillance 
until age 5 years (Abramson and Frank 1998).
Patients with the familial type of retinoblastoma  �
have an increased frequency of SMN. The cumu-
lative incidence is about 26% (± 10%) in nonir-
radiated patients and 58% (± 10%) in irradiated 
patients by 50 years after diagnosis of retinoblas-
toma – a rate of about 1% per year (Level IV) 
(Wong et al. 1997). Most SMNs are osteosarco-
mas, soft tissue sarcomas, or melanomas.

Future Directions

Studies are planned for a variety of patient  �
groups. The International Classifi cation system is 
being utilized for these trials. This classifi cation 
schema is based on the extent and location of in-
traocular retinoblastoma and is being used in the 
upcoming series of protocols from the COG. The 
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preliminary version of this system was verifi ed to 
be reproducible with preliminary data from fi ve 
centers that staged their patients on an Internet 
site in August 2000 (Shields et al. 2004). Experi-
ence with a closely related grouping system has 
been published. Data have been published using 
this system in a study of chemotherapy for in-
traocular retinoblastoma, where stage appeared 
to assist in prognosis for successful treatment 
without enucleation or external-beam radiother-
apy (Shields et al. 2001).
For patients with Group B disease, the COG is in- �
vestigating the use of vincristine and carboplatin 
chemoreduction combined with local ophthalmic 
therapies, without the use of etoposide. For pa-
tients with Group C or D disease, the COG is 
investigating use of higher doses of systemic car-
boplatin, combined with subconjunctival carbo-
platin and lower doses of external-beam radiation 
therapy, using intensity-modulated approaches. 
Also under investigation is the use of adenovirus-
mediated gene therapy for treatment of vitreous 
tumor seeding (Chévez-Barrios et al. 2005; Kim 
et al. 2007).
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Introduction and Objectives

Ewing’s sarcoma (ES) is second only to osteosarcoma as the most 
common primary bone tumor in children. The Ewing’s sarcoma 
family of tumors (EFT) includes extraosseous Ewing sarcoma 
(ES), peripheral primitive neuroectodermal tumor (pPNET), 
and malignant small cell tumor of the thoracopulmonary re-
gion (Askin tumor). All these are considered manifestations of 
a single neoplastic entity with characteristic phenotypic and 
molecular features.

This chapter focuses on the rapidly evolving management of the 
EFT:

Recommendations for diagnostic and staging procedures �
The staging systems and prognostic factors �
Treatment recommendations and the supporting peer- �
reviewed scientifi c evidence

Follow-up care and surveillance of survivors �

41.1 Diagnosis, Staging, and 
 Prognoses

41.1.1 Diagnosis

Initial Evaluation

Diagnosis and evaluation of EFT starts with a  �
complete history and physical examination. EFT 
can develop in almost any bone or soft tissue.
Patients typically present with localized pain 
or swelling of a few weeks or months duration; 
a distinct soft tissue mass can sometimes be 
 appreciated; rib lesions usually present as a pal-
pable mass with pleural effusion on CXR; spine 
or sacrum involvement may have associated neu-
rologic symptoms.
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A multidisciplinary approach with participation  �
of the pediatric oncologist, surgeon, radiation 
oncologist, radiologist, and pathologist is essen-
tial.

Imaging Studies

Imaging studies are essential for staging and in- �
clude evaluation of the: primary tumor, skeletal 
system, and lung/pleura.

Primary Tumor

A current review article on EFT imaging recom- �
mends MRI as the study of choice for local tumor 
staging due to its excellent contrast, usefulness 
for evaluating tumor extension, and delineation 
of the neurovascular bundle and other critical 
structures when planning surgery. The lesions 
usually have a mildly heterogeneous hypointense 
signal on T1 weighted images, heterogeneous in-
creased signal on the fl uid sensitive sequences, 
and heterogeneous variable enhancement on the 
postcontrast sequences (Mar et al. 2008).
CT was found to be helpful for identifying subtle  �
pathological fractures or cortical breakthrough, 
determining the extent of extraosseous tumor 
extension, and evaluating primary extraosseous 
tumors (Fig. 41.1) (Mar et al. 2008).
CT, MRI, and FDG-PET (Sect. 41.1.3) may be use- �
ful for assessing tumor response to treatment.

Skeletal System

FDG-PET is more sensitive than bone scintigra- �
phy (bone scan) for the evaluation of skeletal me-

tastases in ES (Grade A). A prospective study of 
children and young adults who underwent whole-
body spin-echo MR imaging, bone scintigraphy, 
and FDG-PET for the initial staging of bone mar-
row metastases included 20 patients with ES. The 
sensitivity for MRI imaging and bone scan for ES 
was 80% (20/25 lesions), and 88% (22/25 lesions) 
for FDG-PET (Level III) (Daldrup-Link et al. 
2001). In addition, the results of a retrospective 
study of 24 ES patients who underwent FDG-PET 
studies included 14 patients who also underwent 
bone scintigraphy for evaluation of bone metas-
tases. Although bone scintigraphies detected all 
11 primary bone lesions present at the time of 
investigation, these only detected eight of 70 bone 
metastases revealed by PET and MRI. Moreover, 
62 metastases in four patients remained undetec-
ted by bone scintigraphy (Level IV) (Gyorke et 
al. 2006). A retrospective study comparing FDG-
PET with bone scintigraphy included 38 patients 
with ES. The sensitivity, specifi city and accuracy 
for ES were 100%, 96%, and 97% for FDG-PET 
versus 68%, 87%, and 82% for bone scan on an ex-
amination-based analysis (Level IV) ( Franzius 
et al. 2000).
Recent Children’s Oncology Group protocols such  �
as AEWS07P1 (COG 2007a) and AEWS0621 (COG 
2007b) include FDG-PET as a recommended, but 
not mandatory, imaging study.
One problem with FDG-PET is the identifi cation  �
of skull metastases which may be obscured by the 
high glucose metabolism in the normal brain.
There is insuffi cient evidence in ES to determine  �
how whole-body MRI compares to FDG-PET or 
bone scintigraphy for skeletal staging. Figure 41.2 
shows an MRI of a patient with thoracolumbar 
metastases. MRI may be very useful when evalu-
ating cord compression (Fig. 41.3) and skull me-
tastases (Fig. 41.4).

Lung/Pleura

CT is more sensitive than chest X-ray for detect- �
ing pulmonary metastases (Fig. 41.5).
Spiral CT is superior to FDG-PET for detect- �
ing pulmonary metastases, and FDG-PET is 
not recommended for excluding lung metasta-
ses (Grade B). A retrospective study comparing 
FDG-PET with spiral CT which included 61 ES 
examinations, showed that FDG-PET had a sen-
sitivity of 56%, specifi city of 91%, positive predic-
tive value of 69%, and negative predictive value 
of 85%. The study also analyzed an additional 

Fig. 41.1. Axial post-contrast CT scan of the pelvis dem-
onstrating a left sacroiliac joint Ewing’s sarcoma. The left 
sacrum and ilium demonstrate a permeative lesion with 
cortical destruction and periosteal reaction (P). There is tu-
mor extension into the adjacent parapelvic and paraspinous 
musculature (dashed circle)
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Fig. 41.2. Sagittal STIR MRI sequence of the thoracolumbar 
spine demonstrating abnormal T2 signal hyperintensity in the 
T9, T10, T12, and L4 vertebral bodies (arrows) with loss of height 
of the T10 vertebral body representing pathologic fracture

Fig. 41.3. Sagittal T2 weighted MRI image of the cervicotho-
racic spine. There is a pathologic compression fracture (ar-
row) of the T4 vertebral body with anterior wedge deformity. 
A metastatic Ewing’s sarcoma soft tissue mass with parasp-
inous and epidural extension is compressing the spinal cord 
(box) which resulted in lower extremity weakness. No cord 
signal abnormality was identifi ed

Fig. 41.4. Axial post-contrast T2 MRI image of the brain dem-
onstrating a metastatic Ewing’s sarcoma enhancing soft tissue 
mass centered in the greater wing of the sphenoid bone on the 
left (arrow), extending into orbital apex, temporal fossa, and 
middle cranial fossa. There is mild mass effect on the ventral 
left temporal lobe. The patient had left facial numbness

49 osteosarcoma examinations. Analyzing both 
groups together, the authors observed that spi-
ral CT was superior to FDG-PET for detecting 
pulmonary metastases. Nevertheless, since the 
specifi city of FDG-PET was high, FDG-PET could 
be used to confi rm abnormalities seen on a tho-
racic CT scan.

Emerging Role of Hybrid PET/CT

Hybrid PET/CT is signifi cantly more accurate  �
than FDG-PET for the detection and localization 
of lesions and improves staging for patients with 
ES (Grade B). A retrospective study of 53 patients 
with ES who had a total of 91 hybrid PET/CT imag-
ing studies from the base of skull to feet observed 
that, as determined by a lesion-based analysis, the 
sensitivity, specifi city, and accuracy of FDG-PET 
were 71%, 95%, and 88%, respectively, while the 
corresponding values for the hybrid PET/CT tech-
nique were 87%, 97%, and 94% (p<0.0001). The 
advantage of hybrid PET/CT is mainly due to the 
detection of new lesions (Level IV) (Gerth et al. 
2007). The authors used a special weight-adapted 

LuBrady-BOOK.indb   581 13.08.2008   14:04:16



582 H. A. Gay and R. R. Allison

protocol to minimize FDG-PET radiation expo-
sure to approximately 5 mSv, as well as a low-dose 
CT scan contributing an estimated 0.7 mSv. Care 
should be taken so that the lower extremities are 
completely visualized, which is not routinely the 
case with hybrid PET/CT.
Whether hybrid PET/CT improves on the low  �
sensitivity of FDG-PET in detecting pulmonary 
metastases remains to be evaluated.

Laboratory Tests

Initial laboratory tests should include an LDH  �
which, if elevated, is of negative prognostic value. 
Complete blood count, liver, and renal function 
tests are often necessary when evaluating che-
motherapy suitability and protocol eligibility 
(Table 41.1).

Biopsy

The surgeon should be consulted after the imag- �
ing studies are obtained and prior to tumor bi-
opsy to avoid compromising future surgery. Some 
surgical principles for the biopsy include:
Longitudinal incisions to avoid spread to addi- –
tional compartments
Planning so that the biopsy tract is removed with  –
the lesion at the time of surgery due to the risk of 
tumor seeding the scar
Avoiding neurovascular structures which may  –
result in the need for amputation rather than a 
limb-sparing procedure due to contamination
Following a direct route to the tumor through  –
muscles without retracting the muscles
Careful hemostasis since a hematoma may permit  –
tumor spread to other compartments
Open, incisional biopsy of the primary is recom- –
mended to obtain enough tissue for all biologic 
studies, which are becoming increasingly impor-
tant. Fresh tissue is needed for molecular studies. 
Often the diagnosis can be made from the sur-
rounding involved soft tissues without having to 
obtain bone. Bone biopsy may increase the risk 
of a pathologic fracture. Bone biopsy also pre-
vents the possibility of performing a frozen sec-
tion to determine if the material is satisfactory 
for  diagnosis.
Biopsy specimen analysis should include: �
Gross and hematoxylin and eosin staining micro- –
scopic examinations
Immunohistochemical evaluation to exclude  –
other entities (Table 41.2)

Table 41.1. Imaging and laboratory work-ups for EFT

Imaging studies Laboratory tests

– MRI ± CT of primary

– FDG-PET for detecting bone 
   metastases

– Spiral chest CT to rule out 
   lung metastases

– MRI for suspected skull 
   metastases or cord 
   compression

– LDH

– Complete blood count

– Liver function tests 

– Renal function tests

Table 41.2. Immunohistochemistry panel frequently em-
ployed when working-up EFT. [Adapted with permission 
from Khoury (2008)]

Marker EFT ALL Neuro-
blastoma

Rahabdomyo-
sarcoma

CD99 + +/-- +/– +/–

TdT – + – –

Synaptophysin –/+ – + –

NB84 – – + –

Myogenin – – – +

MyoD1 – – – +

EFT, Ewing family of tumors; ALL, acute lymphoblastic leuke-
mia/lymphoma; CD99, cluster of differentiation 99; TdT, ter-
minal deoxynucleotidyl transferase; NB84, neuroblastoma 84

Fig. 41.5. Axial post-contrast CT scan of the chest demon-
strating multiple pulmonary metastatic lesions
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Molecular (RT-PCR or FISH) or cytogenetic stud- –
ies demonstrating an EFT chromosomal trans-
location
Bone marrow biopsy and aspirate from at least two  �
sites distant from the primary tumor or known 
metastases. There is some variability among ES 
protocols on the recommended number and loca-
tion for bone marrow biopsies and aspirates.

Pathology

The EFT is generally included in the loosely de- �
fi ned “small round cell tumors” group. Whether 
the EFT have a neuroectodermal or mesenchymal 
origin is a matter of debate.
The defi ning feature of the EFT is the presence of  �
non-random chromosomal translocations lead-
ing to the fusion of the EWS gene on chromosome 
22p12 with one of several members of the ETS 
family of transcription factors (Khoury 2008). 
The two most common translocations are t(11;22)
(q24;q12) and t(21;22)(q22;q12) with an approxi-
mate prevalence of 90% and 10%, respectively.
A variety of molecular techniques may be used  �
to detect EFT-specifi c translocations including 
reverse transcriptase (RT)-PCR and fl uorescence 
in situ hybridization (FISH). Currently, FISH is 
regarded as the technique of choice for confi rm-
ing EWS/ETS translocations, in part due to its 
higher sensitivity and specifi city than RT-PCR 
(Khoury 2008). The main limitation of FISH is 
its inability to defi ne the type of t(11;22) translo-
cation if present.
The immunophenotypic hallmark of EFT is the  �
expression of CD99. However, CD99 is not a spe-
cifi c feature of the EFT and is insuffi cient for 
 diagnosis.

41.1.2 Staging

No widely accepted staging system exists for  �
EFT. 
The AJCC bone and soft tissue sarcoma stag- �
ing may be used for staging EFT (Greene et al. 
2002a,b). ES of the bone had more infl uence on the 
bone staging system. For example, T1 is defi ned 
as a tumor 8 cm or less in greatest dimension and 
T2 as more than 8 cm. The 8 cm cutoff for T1 and 
T2 was primarily based on the ES literature. The 
distinction of lung metastases (M1a) from distant 

sites of metastases (M1b) which carry a worse 
prognosis is also supported by the EFT literature. 
Unfortunately, the AJCC staging system currently 
does not address other important prognostic fac-
tors mentioned in the next section.

41.1.3 Prognostic Factors

In the absence of an accepted staging system,  �
prognostic factors are essential for patient risk 
stratifi cation. There are two major types of prog-
nostic factors for patients with EFT: pretreatment 
factors and treatment response factors.

Pretreatment Factors

Metastases: �  The presence of metastases is the 
main adverse prognostic factor and is associ-
ated with a signifi cantly worse relapse-free sur-
vival. For patients with metastases, patients with 
lung metastases only have a better survival than 
those with bone metastases or both (Level II) 
 (Cotterill et al. 2000).
Site: �  For patients with non-metastatic EFT, axial 
sites (pelvis, rib, spine, scapula, skull, clavicle, 
sternum) have a worse survival than extremities 
(Level II) (Cotterill et al. 2000; Bacci et al. 
2006a). Distal extremity tumors have the high-
est event-free survival (EFS), followed by proxi-
mal extremity tumors and fi nally pelvic tumors 
which have the lowest EFS (Level II) (Grier et 
al. 2003).
Size and volume: �  Tumors with a maximal diam-
eter of at least 8 cm have a poorer outcome than 
those with smaller tumors (Level II) (Grier et 
al. 2003). Tumor volume has been shown to be 
an important prognostic factor in most studies. 
Cutoffs of either 100 ml (Cotterill et al. 2000), 
150 ml (Bacci et al. 2006a) or 200 ml (Paulussen 
et al. 2001) have been found prognostic.
Serum lactate dehydrogenase (LDH): �  For patients 
with non-metastatic EFT, elevated LDH is associ-
ated with a worse disease-free survival (Level II) 
(Bacci et al. 2006a).
Age: �  Younger patients have better outcome than 
older patients (Level II) (Cotterill et al. 2000; 
Bacci et al. 2006a; Grier et al. 2003).
Gender: �  For patients with non-metastatic EFT, 
girls with have a better disease-free survival than 
boys (Level II) (Bacci et al. 2006a). Gender did 
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not reach statistical signifi cance in the INT-0091 
study (Level II) (Grier et al. 2003).
Molecular fi ndings: �  Type 1 EWS-FLI1 fusion is a 
positive predictor of overall survival (Level IV) 
(de Alava et al. 1998). More than 90% of ES con-
tain a fusion of the EWS and FLI1 genes, due 
to the t(11;22)(q24;q12) translocation. At the mo-
lecular level, the EWS-FLI1 rearrangements show 
great diversity. In the most common fusion type 
(type 1), EWS exon 7 is linked in frame with exon 
6 of FLI1. The prognostic signifi cance of EWS-Fli1 
transcript type is being prospectively evaluated 
in the EURO-E.W.I.N.G. 99 protocol (EURO-
E.W.I.N.G.99 2006).

Treatment Response Factors to 
Preoperative Therapy

Response to chemotherapy:  � The higher the 
grade of tumor necrosis after preoperative che-
motherapy, the better the disease-free-survival 
(Level III) (Picci et al. 1997; Lin et al. 2007). 
Females and younger patients are more likely 
to achieve complete tumor necrosis or only 
scattered foci of viable tumor cells (Level III) 
 (Ferrari et al. 2007).
FDG-PET response to chemotherapy: �  FDG-PET 
imaging of EFT correlates with histologic re-
sponse to neoadjuvant chemotherapy. A retro-
spective study of 36 patients with EFT were evalu-
ated by FDG-PET before and after neoadjuvant 
chemotherapy. The positive predictive value of an 
SUV less than 2.5 after neoadjuvant chemother-
apy for a favorable response ( 10% viable tumor) 
was 79%, whereas the negative predictive value 
for an unfavorable response (>10% viable tumor) 
was 40%. An SUV less than 2.5 after neoadjuvant 
chemotherapy was predictive of progression-free 
survival (PFS) independent of initial disease stage 
(Level IV) (Hawkins et al. 2005).
Relapse: �  Patients who relapse within 2 years of 
diagnosis have a less favorable prognosis than 
those who relapse later (Level II) (Cotterill et 
al. 2000: Bacci et al. 2006b). Patients who relapse 
2 or more years after primary treatment, patients 
who relapse with only lung metastases, and pa-
tients whose recurrences can be surgically treated 
may still be cured even after two or three relapses 
(Level III) (Bacci et al. 2006b).

41.2 Treatment of EFT

41.2.1 General Principles

EFT should be regarded as a systemic disease. �
To improve EFS for patients with ES, most of  �
the European cooperative groups [including 
UKCCSG, SFOP, EORTC, GPOH (Germany and 
Austria), and SIAK] initiated EURO-E.W.I.N.G. 
99, a phase III three arm trial based on risk strat-
ifi cation for treatment selection. In the United 
States, the Children’s Oncology Group (COG) has 
opened the treatment arm for patients with iso-
lated pulmonary metastases (R2pulm).
For more information on open clinical trials for  �
EFT visit:
http://www.kinderkrebsinfo.de/studie – n 
(Germany, Austria)
http://www.e-cancer.fr – / (France)
http://www.sakk.ch – / (Switzerland)
http://www.cancerhelp.org.uk/trials/trials – / (UK)
http://www.cancer.gov/clinicaltrials/searc – h (USA)

Pelvic Primary

VACA-IE seems to confer a local failure ben- �
efi t over VACA for pelvic primaries irrespec-
tive of local control modality (11% vs. 30%; 
p=0.06) (Grade B). As previously mentioned in 
 Section 41.1.3, compared to other locations, pel-
vic primaries are associated with the worst EFS. 
A subset analysis of 75 patients with nonmeta-
static pelvic ES treated on INT-0091 showed no 
signifi cant difference in EFS or local failure (LF) 
by tumor size (<8 cm, 8 cm), local control (LC) 
modality, or chemotherapy. Although not sta-
tistically signifi cant, surgery and radiotherapy 
seemed to have comparable LF rates at 5 years of 
25% each, in contrast to an 11% LF rate at 5 years 
for patients treated with both (Level IV) (Yock 
et al. 2006). 

Chest Wall/Rib Primary

The likelihood of complete tumor resection  �
with a negative microscopic margin and conse-
quent avoidance of external-beam radiation is 
increased with neoadjuvant chemotherapy and 
delayed resection of chest wall EFT (Grade D). A 
restrospective study of 98 EFT patients with chest 
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wall primaries observed that 10 of 20 (50%) initial 
resections resulted in negative margins compared 
with 41 of 53 (77%) negative margins with delayed 
resections after chemotherapy (p=0.043). EFS did 
not differ by timing of surgery or type of local 
control. Of 24 patients with initial surgery, 17 
(70.8%) received radiotherapy compared with 25 
of 62 patients (40.3%) who had delayed operations 
(p=0.016) (Level IV) (Shamberger et al. 2003).

Lower Extremity

There is an increased risk of relapse and local  �
failure in patients treated with radiotherapy alone 
(Grade D). A retrospective study of 53 patients 
with ES of the lower extremity with median fol-
low-up of 19.2 years, noted that although overall 
survival was not statistically compromised, there 
was an increased risk of relapse and local failure 
in patients treated with radiotherapy alone. The 
15-year actuarial local control rate was 100% for 
the surgery ± radiotherapy group and 68% for the 
defi nitive radiotherapy group (p=0.03) (Level IV) 
(Indelicato et al. 2008). Using the Toronto Ex-
tremity Salvage Score (TESS), the study suggested 
that patients believe their lower extremitiy func-
tion after defi nitive radiotherapy is excellent and at 
least equivalent to patients treated with surgery. 

41.2.2 Chemotherapy

Systemic chemotherapy has a central role in EFT  �
treatment. Without systemic treatment, more 
than 90% of patients die from secondary me-
tastases (Patricio et al. 1991). The use of che-
motherapy impacts local control (LC) (Level IV) 
(Paulino et al. 2007a).
The following chemotherapy combinations have  �
proven to be effective: VAC (vincristine, actino-
mycin-D, cyclophosphamide), VACA (VAC plus 
doxorubicin alternating with actinomycin-D), the 
IESS II schedule (alternating the combination of 
ifosfamide plus etoposide and VACA), VAIA and 
EVAIA (ifosfamide replacing cyclophosphamide 
in VACA, either without or with additional etopo-
side), and the INT-0091 VACA-IE (vincristine, 
actinomycin-D which is substituted for doxoru-
bicin when a total doxorubicin dose of 375 mg/m2 
is reached, cyclophosphamide, and doxorubicin, 
alternating with ifosfamide plus etoposide).

In the United States, the standard chemotherapy  �
regimen for patients with nonmetastatic EFST 
is the INT-0091 VACA-IE (Grade B). Among 398 
patients with non-metastatic disease, the mean 
5-year EFS for the 198 patients in the VACA-IE 
group was 69%, as compared with 54% among 
the 200 patients in the VACA group (p=0.005). 
Overall survival was also signifi cantly better 
among patients in the VACA-IE group than in the 
VACA group, 72% vs. 61%, respectively (p=0.01) 
(Level II) (Grier et al. 2003). The addition of IE 
to VACA did not affect the outcome for patients 
with metastatic disease.
In Europe, based on the experience from the ET-1,  �
ET-2, EW88, EW93, CESS81, CESS 86, EICESS92, 
and other clinical trials, the standard arm of 
EURO-E.W.I.N.G. 99 for localized disease in-
cludes induction VIDE (vincristine, ifosfamide, 
doxorubicin and etoposide) for six cycles and 
consolidation VAI (vincristine, actinomycin-D, 
and ifosfamide) for eight cycles.
Current chemotherapeutic strategies being ex- �
plored to improve outcome involve increasing 
the intensity of chemotherapy and incorporating 
promising chemotherapeutic agents. The reader is 
advised to look for the results of COG AEWS0031 
and EURO E.W.I.N.G. 99 once they are published. 
Protocol AEWS0031 was presented at ASCO in 
2008 and showed promising results which will 
likely change the standard of care in the USA.

41.2.3 Surgery

The trend for local management of ES has changed  �
recently toward surgical resection whenever fea-
sible based on retrospective reports (Grade C) 
(Level IV) (Indelicato et al. 2008; Schuck et al. 
2003; Bacci et al. 2006c). Nevertheless, whether 
surgery followed by adjuvant radiation, surgery 
alone, or defi nitive radiation is superior for local 
control has yet to be evaluated in a prospective 
randomized trial.
Surgical highlights from EURO-E.W.I.N.G. 99  �
COG section:
In patients with a poor radiographic and clini- –
cal response to preoperative chemotherapy, one 
should consider preoperative radiotherapy.
If radiation is to be followed by posterior consid- –
eration of surgery, the delayed surgery should be 
done after the end of chemotherapy.
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Surgical resection of primary lesions arising in  –
the vertebrae is seldom indicated, due to involve-
ment of epidural and adjacent structures.
Initial resection is not encouraged for a rib pri- –
mary, and most patients should receive induction 
chemotherapy prior to resection (see Chest Wall/
Rib Primary heading on Section 41.2.1).
Additional practical surgical advice is given for spe- –
cifi c tumor locations in the COG protocol section 
which may be accessed on http://www.childrenson-
cologygroup.org/ (EURO-E.W.I.N.G.99 2006).
Note that the EURO-E.W.I.N.G. 99 protocol’s Eu- �
ropean section bases the need for adjuvant radio-
therapy on the extent of surgical margins, while 
the COG section of the protocol takes a somewhat 
different approach based on defi ning the extent 
of resection and tumor volume.

41.2.4 Radiation Therapy

General Principles

For patients receiving busulfan: �
Large irradiation portals including bowel or lung  –
need to be avoided. Whole-lung radiotherapy 
prior to or after busulfan may result in severe 
lung fi brosis.
Radiation doses planned or administered involv- –
ing spinal cord or brain must not exceed 30 Gy 
in the EURO-E.W.I.N.G. 99 protocol (EURO-
E.W.I.N.G.99 2006).

Primary Tumor

Field Coverage and Arrangement

Involved-fi eld (IF) radiation is currently rec- �
ommended over whole-bone radiation for lo-
cal tumor control in EFT (Grade D). POG 8346 
attempted to answer whether involved fi eld ra-
diation is equivalent to whole bone radiation 
in terms of local control. As Donaldson et al. 
(1998) have pointed out, there were several prob-
lems with the study which hindered confi dently 
answering the question (Level II). Nevertheless, 
INT-0091 successfully applied the IF approach 
with a promising LF rate of 11 % for the VACA-IE 
arm.
Gross tumor volume (GTV) defi nitions in the  �
COG section of the EURO-E.W.I.N.G. 99 protocol 
(see Table 41.3):

GTV – 1 for primary tumors is defi ned as the visible 
and/or palpable bony or soft tissue disease prior 
to treatment defi ned by physical examination or 
imaging (MRI optimal).
GTV – 2 for unresected tumors is defi ned as the pre-
treatment bony abnormalities and residual soft 
tissue following induction chemotherapy.
GTV – 2 for inadequately resected tumors is defi ned 
as the site of microscopic residual disease or the 
site of the less than minimal margin (for patients 
with intra-operative spill, GTV2 = GTV1).
GTV – 2 for partially resected tumors is defi ned as 
the residual soft tissue and bony abnormalities 
following induction chemotherapy and surgical 
debulking.
Clinical tumor volume (CTV): �
CTV – 1 = GTV1 + 1.5 cm 
CTV – 2 = GTV2 + 1 cm
Radiotherapy technique highlights from EURO- �
E.W.I.N.G. 99:
Areas of scars after biopsy or tumor resection are  –
to be included in the radiation fi elds.
If the patient has a diaphyseal lesion, every at- –
tempt should be made to exclude at least one 
epiphysis (or both, if possible) of the affected 
bone.
If any of the recommended treatment margins ne- –
cessitates irradiating the epiphysis of an adjacent 
bone and there is no extension across the joint 
space, a smaller margin should be used, so that 
the adjacent epiphysis can be excluded.
The epiphyseal plates should be spared if pos- –
sible.
An adequate strip of skin and subcutaneous tis- –
sues should be spared to avoid constrictive ex-
tremity fi brosis and/or lymphatic obstruction.
In postoperative irradiation following implanta- –
tion of prosthetic material, the prosthetic mate-
rial should be included with a safety margin of 
2 cm.
The radiation fi eld should not extend across a  –
joint unless absolutely necessary for tumor cov-
erage in which case the dose to the joint should 
not exceed 45 Gy.
In some instances, 3D-conformal radiotherapy  �
(3D-CRT) which satisfi es the recommended tumor 
primary coverage and dose guidelines and at the 
same time minimizes the irradiation of grossly 
uninvolved bone marrow, could potentially re-
duce the risk of compromising the essential ad-
juvant chemotherapy. In addition, 3D-CRT may 
minimize the volume receiving 48 Gy and above 
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which has been associated with an increased risk 
of secondary sarcoma (see Sect. 41.2.5).
EFT protocols usually specify additional tumor  �
volume and dose constraints for special situations 
such as pathologically involved lymph nodes, 
chest wall tumors, pathologically involved pleu-
ral fl uid, pleural nodules, residual lesions after 
whole lung radiotherapy, vertebral body prima-
ries, and others.

Dose and Fractionation

Table 41.3 lists the EURO-E.W.I.N.G. 99 COG  �
section partial list of recommended doses. The 
doses are in agreement with the review article on 
radiation dose and target volume by Donaldson 
(2004). Of note, in the EURO-E.W.I.N.G. 99 Euro-
pean section radiotherapy is deemed essential for 
a tumor volume 200 ml.
Patients who receive defi nitive radiotherapy doses  �

49 Gy for tumor size 8 cm, or 54 Gy for tumor 
size >8 cm have improved local control (Grade C). 
A retrospective study of 40 patients with localized 
ES treated at a single institution observed that for 
tumors 8 cm, the 5- and 10-year local control 
rate was 94.1% for a dose 49 Gy and 50.0% for a 
dose <49 Gy (p=0.01). For tumors >8 cm, the 5- 
and 10-year local control rate was 85.7% for a dose 

54 Gy and 26.7% for a dose <54 Gy (p=0.006) 
(Level IV) (Paulino et al. 2007b).

Whole-Lung Radiotherapy

Patients Presenting with Lung Metastases

Whole-lung radiotherapy (WLR) (see Fig. 41.6)  �
is recommended in EFT patients presenting 
with lung metastases unless treatment includes 
busulfan chemotherapy (Grade B). A retrospec-
tive study of 114 patients with ES presenting with 
synchronous pulmonary and/or pleural metas-
tases treated in protocol CESS81, CESS86, or 
EICESS92 observed that 40% of patients who did 
not receive WLR had fi rst relapses confi ned to the 
lungs or pleural space only, while following WLR, 
isolated pulmonary/pleural relapses occurred in 
20% (p=0.046). The 5-year EFS rate was 38% 
with WLR versus 27% without WLR (p=0.0022) 
(Level IV) (Paulussen et al. 1998).

Fig. 41.6. Whole-lung radiotherapy anterior treatment fi eld. 
Margins should take into account lung motion and potential 
setup errors

EURO-E.W.I.N.G. 99 highlights: �
GTV – 1 for lung is defi ned as the entire thoracic 
contents from the attachments of the diaphragm 
to the apices.
The whole-lung CTV – 1 = GTV1 + 1 cm.
Not that the COG section allows boosts to residual  –
lung lesions.

Prophylactic Lung Radiotherapy

Prophylactic WLR is currently not recom- �
mended outside of a clinical trial based on the 

Table 41.3. Doses for EFT. [Based on COG section of EURO-
E.W.I.N.G. 99 protocol (EURO-E.W.I.N.G.99 2006)]

Clinical scenario GTVa Dose

P
ri

m
ar

y

– Unresected 
– Inadequately resected
– Partial resection, PR

45 Gy
10.8 Gy
(1.8 Gy fx.)

– Partial resection, GR
– GTR with adequate 
   margins, PR

GTV1
45 Gy
(1.8 Gy fx.)

– GTR with adequate mar-
gins, GR

Lu
n

g

– Lung metastases on 
   presentation, no busulfan

GTV1

15 Gy 
(< 14 yo)
18 Gy 
(> 14 yo)
(1.5 Gy fx.)

a See Section 41.2.4 for GTV and CTV descriptions for the pri-
mary and lung. GTV, gross tumor volume; CTV, clinical tumor 
volume; GTR, gross total resection; PR, poor histological re-
sponse ( 10% residual tumor cells); GR, good histological re-
sponse (<10% residual tumor cells); fx., fractions; yo, years old.

GTV1
GTV2

LuBrady-BOOK.indb   587 13.08.2008   14:04:21



588 H. A. Gay and R. R. Allison

results of the IESS I study (Grade C). The fi rst 
Intergroup Ewing’s Sarcoma Study (IESS I) ran-
domized a total of 342 ES patients according 
to institution group. In group I institutions, 
patients were randomized between treatment 1 
[radiotherapy to primary lesion plus vincris-
tine, actinomycin-D, cyclophosphamide, and 
doxorubicin (VACA)] or treatment 2 (VAC), 
and group II institutions randomized patients 
between treatment 2 or treatment 3 (VAC plus 
bilateral pulmonary radiotherapy). The RFS at 
5 years for treatments 1, 2, and 3 were 60%, 24%, 
and 44%, respectively. The occurrence of lung 
metastases was 15% (22 of 148) for treatment 1, 
30 of 74 (40%) for treatment 2, and 20% (22 of 
109) for treatment 3. Since the VACA treatment 
was superior to the other two groups in terms of 
RFS, prophylactic radiation therapy to the lung 
was not studied in subsequent trials (Level II) 
(Nesbit et al. 1990).

Total Body Irradiation

Total body irradiation is currently not recom- �
mended outside a clinical trial (Grade B). As a 
component of systemic treatment, it has been in-
vestigated in a limited fashion usually with disap-
pointing results (Meyers et al. 2001; Horowitz 
et al. 1993; Burdach et al. 2003) .

Palliation

Metastases from EFT can result in pain, neuro- �
logic symptoms, and painful lymphadenopathy 
(Koontz et al. 2006).
Palliative radiotherapy without a protracted  �
treatment course is appropriate for providing 
symptom relief in patients with metastatic ES 
(Grade B). A retrospective study of 21 patients 
with metastatic ES who received palliative radio-
therapy (median dose, 30 Gy; range, 4.5–68.5 Gy) 
to a total of 63 metastatic sites (median three 
sites per patient; range, 1–16), observed that of 
all sites 55% had a complete clinical response 
of symptoms, and 29% had a partial response. 
The median response duration was 4.0 months 
(range, 10 days–4.8 years). The only long-term 
survivor was noted to have a treatment complica-
tion consisting of growth hormone insuffi ciency 
(Level IV) (Koontz et al. 2006).

41.2.5 Multimodality Treatment Late   
 Side Eff ects and Complications

The most common late effects in patients receiving  �
radiotherapy are: muscular atrophy, limb length 
growth delay, and development of secondary ma-
lignancy (Level IV) (Paulino et al. 2007a).
Both radiotherapy and surgery may cause sco- �
liosis and decrease the range of movement of an 
extremity (Level IV) (Paulino et al. 2007a).
The overall risk of second malignancies after Ew- �
ing’s sarcomas is similar to that associated with 
treatment for other childhood cancers. The esti-
mated cumulative incidence rates at 20 years for 
any second malignancy and for secondary sar-
coma were 9.2% and 6.5%, respectively. The cu-
mulative incidence rate of secondary sarcoma was 
radiation dose-dependent (p=.002), and no sec-
ondary sarcomas developed among patients who 
had received less than 48 Gy (Level IV) (Kuttesch 
et al. 1996). Nevertheless, Paulino et al. (2007b) 
reported a radiation-induced osteosarcoma after a 
dose of 45 Gy in a retrospective review of 40 cases 
treated with defi nitive radiotherapy.
A retrospective study noted that fi ve of eight pa- �
tients with ES developed a pathologic fracture. One 
patient with a pathologic fracture was found to 
have a malignant fi brous histiocytoma in the ir-
radiated bone, while two others were found to have 
osteogenic sarcoma 2.3–4 years later. The authors 
noted that a pathologic fracture in an irradiated 
fi eld is important to consider as it may be a sign of 
a radiation-induced malignancy, or an early warn-
ing of someone at risk for a second malignant neo-
plasm in the bone (Level IV) (Paulino 2004).
Among the various potential late effects from  �
chemotherapy, doxorubicin may result in cardio-
myopathy and cyclophosphamide in infertility.

41.3 Follow-Ups

41.3.1 Post-Treatment Follow-Ups

Life-long follow-up after defi nitive treatment of  �
EFT is recommended for detecting recurrence, 
secondary tumors, or other long-term complica-
tions of treatment.
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Schedule

EFT may relapse as late as 5–10 years after initial  �
diagnosis.
There is no consensus on the optimal follow-up  �
schedule or imaging studies for EFT. Table 41.4 
is based on the EURO-E.W.I.N.G. 99 protocol 
(EURO-E.W.I.N.G.99 2006) follow-up schedule 
(Grade D).
A baseline MRI or CT scan of the primary at  �
the end of treatment is advisable if the patient 
has been treated with radiotherapy only or in-
complete surgery for local control of the primary 
(EURO-E.W.I.N.G.99 2006) (Grade D).

a single institution with adjuvant or neoadjuvant chemo-
therapy between 1972 and 1998. Acta Oncol 45:469–475

Bacci G, Longhi A, Ferrari S et al. (2006b) Pattern of relapse 
in 290 patients with nonmetastatic Ewing’s sarcoma fam-
ily tumors treated at a single institution with adjuvant 
and neoadjuvant chemotherapy between 1972 and 1999. 
Eur J Surg Oncol 32:974–979

Bacci G, Longhi A, Briccoli A, Bertoni F, Versari M, Picci 
P (2006c) The role of surgical margins in treatment of 
Ewing’s sarcoma family tumors: experience of a single 
institution with 512 patients treated with adjuvant and 
neoadjuvant chemotherapy. Int J Radiat Oncol Biol Phys 
65:766–772

Burdach S, Meyer-Bahlburg A, Laws HJ et al. (2003) High-
dose therapy for patients with primary multifocal and 
early relapsed Ewing’s tumors: results of two consecu-
tive regimens assessing the role of total-body irradiation. 
J Clin Oncol 21:3072–3078

COG (2007a) AEWS07P1, A Pilot Study of Chemotherapy 
Intensifi cation by Adding Vincristine, Topotecan and 
Cyclophosphamide to Standard Chemotherapy Agents 
with an Interval Compression Schedule in Newly Diag-
nosed Patients with Localized Ewing Sarcoma Family of 
Tumors https://members.childrensoncologygroup.org/
Prot/AEWS07P1/AEWS07P1DOC.pdf

COG (2007b) AEWS0621, Phase II Trial of Intermediate-
Dose Cytarabine to Modulate EWS/FLI for Children 
and Young Adults with Recurrent or Refractory Ewing 
Sarcoma https://members.childrensoncologygroup.org/
Prot/AEWS0621/aews0621doc.pdf

Cotterill SJ, Ahrens S, Paulussen M et al. (2000) Prognostic 
factors in Ewing’s tumor of bone: analysis of 975 patients 
from the European Intergroup Cooperative Ewing’s Sar-
coma Study Group. J Clin Oncol 18:3108–3114

Daldrup-Link HE, Franzius C, Link TM et al. (2001) Whole-
body MR imaging for detection of bone metastases in chil-
dren and young adults: comparison with skeletal scintig-
raphy and FDG PET. AJR Am J Roentgenol 177:229–236

de Alava E, Kawai A, Healey JH et al. (1998) EWS-FLI1 fu-
sion transcript structure is an independent determinant of 
prognosis in Ewing’s sarcoma. J Clin Oncol 16:1248–1255

Donaldson SS (2004) Ewing sarcoma: radiation dose and tar-
get volume. Pediatr Blood Cancer 42:471–476

Donaldson SS, Torrey M, Link MP et al. (1998) A multidis-
ciplinary study investigating radiotherapy in Ewing’s 
sarcoma: end results of POG #8346. Pediatric Oncology 
Group. Int J Radiat Oncol Biol Phys 42:125–135

EURO-E.W.I.N.G.99 (2006) AEWS0331, European Ew-
ing Tumor Working Initiative of National Groups Ew-
ing Tumour Studies 1999(EURO-E.W.I.N.G. 99) https://
members.childrensoncologygroup.org/Prot/AEWS0621/
aews0621doc.pdf

Ferrari S, Bertoni F, Palmerini E et al. (2007) Predictive fac-
tors of histologic response to primary chemotherapy in 
patients with Ewing sarcoma. J Pediatr Hematol Oncol 
29:364–368

Franzius C, Sciuk J, Daldrup-Link HE, Jurgens H, Schober O 
(2000) FDG-PET for detection of osseous metastases from 
malignant primary bone tumours: comparison with bone 
scintigraphy. Eur J Nucl Med 27:1305–1311

Gerth HU, Juergens KU, Dirksen U, Gerss J, Schober O, 
Franzius C (2007) Signifi cant benefi t of multimodal im-
aging: PET/CT compared with PET alone in staging and 

Table 41.4. Follow-up schedule after treatment for EFT

Interval Frequency

1st year 2-monthly examination and chest X-ray

2nd year 3-monthly examination and chest X-ray

3rd year 4-monthly examination and chest X-ray

4th and 
5th years

6-monthly examination and chest X-ray

Over 5 years Annual examination and chest X-ray

Work-Ups

Each follow-up should include a complete history  �
and physical examination.
Chest X-ray examinations as in Table 41.4. �
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Introduction and Objectives

Wilms’ tumor or nephroblastoma is the most common abdomi-
nal tumor of childhood, and accounts for 6%–7% of childhood 
cancer in North America. It is comparatively more common in 
African Americans and least common in the East Asian popula-
tion. The male-to-female ratio is 0.92:1. The median age at initial 
diagnosis is 36.1 months. For patients with bilateral disease, it 
is 25.5 months.

Recent trials have focused on limiting treatment-related toxicity 
from chemotherapy and radiotherapy. Dramatic improvement 
in the outcome of patients with Wilms’ tumor has been a result 
of cooperative group studies utilizing a multidisciplinary ap-
proach. At present, approximately 90% of children will survive 
Wilms’ tumor.

This chapter examines:

Recommendations for work-up of a child with Wilms’ tumor �
Staging system and prognostic factors �
Treatment recommendations for favorable histology and  �
anaplastic Wilms’ tumor

Treatment recommendations for rhabdoid tumor and clear  �
cell sarcoma of the kidney

Radiotherapy guidelines for management of Wilms’ tumor �
Follow-up recommendations �

42.1 Clinical Presentation, Diagnosis, 
 and Staging

42.1.1 Clinical Presentation

The most common presentation is a painless ab- �
dominal mass in an otherwise healthy child.
Abdominal pain or hematuria are seen in about  �
25% of cases. Several syndromes are associated 
with Wilms’ tumor including the WAGR syn-
drome (Wilms’ tumor, aniridia, genitourinary 
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anomalies, mental retardation) and the Beckwith-
Wiedemann syndrome (overgrowth syndrome 
characterized by visceromegaly, macroglossia, 
and hypoglycemia).
The most common congenital anomalies seen  �
are genitourinary (cryptorchidism, hypospadias, 
double collecting system, uterine abnormalities, 
horseshoe kidney).
Approximately 2% of Wilms’ tumor patients have  �
hemihypertrophy and 1% has aniridia.

Diagnosis

Work-up is shown in Table 42.1. This includes  �
history and physical examination with special at-
tention to possible congenital anomalies.
CT scan of the abdomen is performed if ultra- �
sound shows an abdominal mass. The CT scan 
helps identify the origin of tumor (kidney vs. 
non-kidney, lymph node involvement, invasion 
into major vessels, liver metastases, and bilateral 
kidney involvement).
In North America, patients with suspected  �
Wilms’ tumor undergo nephrectomy. Biopsy of 
renal mass violates the renal capsule and upstages 
the patient to at least a Stage II. The exception is 
bilateral Wilms’ tumor where renal preservation 
is paramount.
In contrast, most European centers make a pre- �
sumptive diagnosis of Wilms’ tumor based on 
imaging studies and give preoperative chemo-
therapy.

Pathology

The most common type of kidney cancer in chil- �
dren is a favorable histology Wilms’ tumor. In 
the National Wilms Tumor Study (NWTS) pub-
lications, approximately 90% have favorable his-
tology and 4% have anaplastic (focal or diffuse) 
Wilms’ tumor.

Other types of kidney cancer which have been  �
enrolled on NWTS protocols include clear cell 
sarcoma and rhabdoid tumor of the kidney. Clear 
cell sarcoma has a higher incidence of spread to 
the bone compared to other renal tumor types, 
while rhabdoid tumor has a predisposition to the 
brain. The most common site of distant metasta-
ses is pulmonary, similar to favorable and ana-
plastic histology Wilms’ tumor.
Approximately 20% of renal tumors in those  �
<6 months of age have congenital mesoblastic 
nephroma.

42.1.2 Staging

The staging system currently used in North  �
America was devised by the NWTS and is shown 
in Table 42.2.
Most patients present with Stage I or II disease.  �
Only about 5% of patients present with bilateral 
kidney involvement or Stage V disease.

42.1.3 Prognostic Factors

The most important prognostic factor is histol- �
ogy. Anaplastic tumors have a worse prognosis 
compared to favorable histology (FH) Wilms’ 
tumor.

Table 42.1. Work-up for Wilms’ tumor

Imaging studies Laboratory tests

– Abdominal 
   ultrasound

– CT scan of the 
   abdomen

– CT scan of the chest

– Complete blood count

– Chemistry profi le including 
   BUN, creatinine, and calcium

– Urine analysis including 
   catecholamines

Table 42.2. National Wilms’ Tumor Study staging system

Stage I Tumor confi ned to kidney and completely 
resected. No penetration of the renal capsule 
or involvement of renal sinus vessels

Stage II Tumor extends beyond kidney but completely 
resected. (a) Penetration of renal capsule; (b) 
invasion of renal sinus vessels; (c) biopsy of 
tumor before removal

Stage III Gross or microscopic residual disease remains 
postoperatively (inoperable tumor, positive 
surgical margins, tumor spillage involving 
peritoneal surfaces, regional lymph node 
involvement, transected tumor thrombus)

Stage IV Hematogenous or lymph node metastases out-
side the abdomen

Stage V Bilateral Wilms’ tumor at onset
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42.2.1 Very Low Risk

Children <2 years of age with Stage I tumor and  �
kidney weight of <550 grams undergo nephrec-
tomy and are observed on the current Children’s 
Oncology Group (COG) AREN0532 study.
For these children, it is expected that 85% will be  �
cured with surgery alone. Chemotherapy will be 
offered to <15% of these patients, and an overall 
survival of 95% is predicted for those undergoing 
this approach.

42.2.2 Low Risk

Stage I and II FH children without LOH 1p and 16q  �
undergo nephrectomy followed by chemotherapy 
consisting of vincristine and actinomycin-D. They 
are treated according to COG AREN03B2 protocol.

42.2.3 Standard Risk

Stage I and II FH children with LOH at 1p and 16q  �
are treated with nephrectomy followed by vin-

The 4-year overall survival rates for the differ- �
ent histologies according to stage are as follows: 
Stage I FH, 97%; Stage II FH, 92%; Stage III FH, 
87%; Stage IV FH, 82%; Stage I anaplastic, 89%; 
Stage II–IV anaplastic, 68%; Stage I–IV clear cell 
sarcoma, 75%; Stage I–IV rhabdoid tumor, 25%.
The 5-year overall survival rates for synchronous  �
and metachronous bilateral Wilms tumor are 
73% and 49%, respectively.
Children with both loss of heterozygosity (LOH)  �
at 1p and 16q have worse survival than those with 
no LOH or only 1p or 16q LOH.
Stage I and II FH patients with LOH at 1p  � and 16q 
have a 4-year relapse-free survival (RFS) of 74.9% 
and overall survival rate of 90.5%.
Stage III and IV FH patients with LOH 1p and 16q  �
have a 4-year RFS of 65.9% and overall survival 
rate of 77.5%.

42.2 Treatment of Wilms’ Tumor

Treatment of Wilms’ tumor is determined by the  �
risk of the disease (Fig. 42.1).

Nephrectomy

Stage I–II FH:
chemotherapy

Stage III FH:
chemotherapy and radiotherapy

Stage IV FH

1. Lung mets only

2. No 1p and 16q LOH

3. Resolution of mets after 

     initial chemotherapy

1. More extensive mets

2. 1p and 16q LOH

3. Persistence of lung mets 

     after initial chemotherapy

Chemotherapy 

Abdominal RT
(if local Stage III)

Whole lung RT 

Chemotherapy 

Abdominal RT 
(if local Stage III)

Fig. 42.1. Treatment algorithm for 
patients with favorable histology 
Wilms’ tumor
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cristine, actinomycin-D, and doxorubicin and are 
treated on the COG AREN0532 study.
Stage III FH children with no LOH at 1p and 16q  �
are treated with nephrectomy, followed by vin-
cristine, actinomycin-D, and doxorubicin and 
postoperative radiotherapy (RT) and are treated 
on the COG AREN0532 study.

42.2.4 Higher Risk

Stage III FH children with LOH 1p and 16q are  �
treated with nephrectomy, followed by vincris-
tine, actinomycin D, doxorubicin, cyclophosph-
amide, etoposide and postoperative RT on the 
COG AREN0533 protocol.
For patients with Stage IV FH tumors, all receive  �
6 weeks of vincristine, actinomycin D, and doxo-
rubicin following nephrectomy. If the tumor has 
no LOH, is Stage IV because of pulmonary le-
sions only, and the pulmonary lesions disappear 
at week 6, patients continue with the same chemo-
therapy and are treated with abdominal RT based 
on local stage; they do not receive pulmonary RT. 
For all other Stage IV FH patients, pulmonary 
RT is given and the chemotherapy is changed to 
include cyclophosphamide and etoposide with 
local RT, given if needed as well as RT, to non-
pulmonary metastatic sites. These children are 
treated on the COG AREN533 protocol.

42.2.5 High Risk

Patients with focal anaplastic Stage I–III and  �
diffuse anaplastic Wilms’ tumor undergo ne-
phrectomy, vincristine, actinomycin-D, doxo-
rubicin, and local RT on the COG AREN0321 
protocol.
Patients with clear cell sarcoma Stage I–III tu- �
mors undergo nephrectomy, vincristine, actino-
mycin-D, doxorubicin, cyclophosphamide, etopo-
side, and local RT on COG AREN0321 protocol. 
Stage I patients do not require local RT.
Patients with focal anaplastic Stage IV, diffuse  �
anaplastic Stage II–III, Stage I–III rhabdoid tu-
mor, and Stage IV clear cell sarcoma undergo 
nephrectomy, vincristine, actinomycin-D, doxo-
rubicin, cyclophosphamide, etoposide, carbopla-
tin, and RT on the COG AREN0321 protocol.

Patients with Stage IV diffuse anaplastic Wilms’  �
or rhabdoid tumor undergo nephrectomy and 
undergo therapy with irinotecan and vincristine 
followed by more extensive chemotherapy which 
also includes actinomycin-D, doxorubicin, cyclo-
phosphamide, carboplatin, etoposide, and RT. 
These patients are treated on the COG AREN0321 
protocol.

42.3 Radiotherapy Guidelines

42.3.1 Irradiation to the Primary Site

Successive studies have shown that adjuvant RT is  �
not indicated for Stage I and II FH Wilms’ tumor 
provided that vincristine and actinomycin-D are 
given (Grade A) (NWTS-3, Level I) (D’Angio et al. 
1989), (NWTS-2, Level II) (D’Angio et al. 1981).
An adjuvant RT dose of approximately 1000 cGy  �
is suffi cient to control the primary site in Stage III 
FH Wilms’ tumor provided triple drug chemo-
therapy (vincristine, actinomycin-D, and doxo-
rubicin) is delivered (Grade A) (NWTS-3, Level I) 
(D’Angio et al. 1989). A boost dose of another 
1000 cGy in 150- to 180-cGy fractions can be de-
livered to areas of gross disease.
For patients who need local RT, the preopera- �
tive tumor and kidney with a 2 cm margin is 
the treatment volume. The medial border of the 
RT fi eld is extended medially encompassing the 
entire vertebral width to minimize development 
of scoliosis.
For patients with diffuse peritoneal implants or  �
diffuse spillage of tumor, the whole abdomen is 
treated to approximately 1000 cGy given in 150- to 
180 cGy fractions. When there are gross perito-
neal deposits, a dose of approximately 2000 cGy is 
recommended with the remaining kidney receiv-
ing not more than 1400 cGy.
Patients with local spillage of tumor used to be  �
classifi ed as Stage II and did not receive postop-
erative RT; they were found to have a higher risk 
of local relapse compared to Stage III patients 
receiving RT. These patients now require RT to 
the primary site (Grade B) (NWTS-4, Level III) 
(Shamberger et al. 1999).
For patients with anaplastic Wilms’ tumor, there  �
is no evidence of a dose response; hence, the rec-
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ommended dose is similar to FH Wilms’ tumor 
(Grade B) (NWTS, Level III) (Green et al. 1994a). 
For Stage III, diffuse anaplastic Wilms’ tumor, the 
recommended dose, however, is 2000 cGy because 
of the poorer outcome of these patients. Previ-
ously, Stage I anaplastic tumors did not require 
RT, but now they do secondary to inferior EFS 
and overall survival rates when compared to FH 
tumors of the same stage (Grade B) (NWTS-5, 
Level III) (Dome et al. 2006).
For patients with clear cell sarcoma, the current  �
recommended dose is approximately 1000 cGy in 
150- to 180-cGy fractions based on the absence 
of a dose response (Grade B) (NWTS, Level III) 
(Green et al. 1994b). Stage I patients are now 
recommended not to receive postoperative RT 
based on their excellent survival and local con-
trol rates (Grade B) (NWTS-4, Level III) (Seibel 
et al. 2004).
On the current COG AREN0321 study, patients  �
with rhabdoid tumor receive local RT regardless 
of stage. The recommended dose is approximately 
2000 cGy for children >1 year old and 1000 cGy 
for those <1 year old (Grade D).

42.3.2 Pulmonary Irradiation

In previous NWTS protocols, patients with pul- �
monary metastases have received pulmonary 
RT to a dose of 1200 cGy in eight fractions 
(Grade B). There is controversy as to whether 
pulmonary irradiation is needed in children 
with CT positive, chest X-ray negative pulmo-
nary metastases with the idea being that che-
motherapy can control these lesions well with-
out RT (Grade C). The NWTS and International 
Society of Pediatric Oncology (SIOP) trials have 
not shown an EFS or overall survival benefit 
with pulmonary irradiation (Level III) (Green 
et al. 1991; Meisel et al. 1999; DeKraker et al. 
1990); however, a recent trial from the United 
Kingdom shows a worse EFS without improve-
ment in overall survival in those not receiving 
pulmonary RT (Level III) (Nicolin et al. 2008) 
(Fig. 42.2).
Currently, patients enrolled on COG studies who  �
have Stage IV FH, no LOH 1p and 16q, and who 
achieve a complete response in the lungs after 
the initial 6 weeks of chemotherapy are not given 
pulmonary RT.

42.4 Follow-Up

Post-treatment follow-up should include studies  �
to detect recurrence and late effects of treatment 
including radiotherapy.

Schedule

Children are generally followed every 3 months  �
for 5 years with a history and physical exam. 

Post-Treatment Studies

Chest X-ray and abdominal ultrasound are per- �
formed every 6 months. These studies alternate 
with a CT scan of the chest, abdomen, and pelvis 
every 6 months, beginning 3 months after the 
fi rst follow-up chest X-ray and abdominal ultra-
sound.
Patients with anaplastic histology may need  �
more aggressive imaging (CT scan of the chest, 
abdomen, and pelvis) every 3 months for the fi rst 
2 years followed by less aggressive imaging, simi-
lar to FH tumors, for the next 3 years.

Fig. 42.2. Pulmonary irradiation in patient with Wilms’ 
 tumor and lung metastases
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Both clear cell sarcoma and rhabdoid tumor need  �
bone scan for 2 years (every 3 months for the fi rst 
year then every 6 months for the second year) and 
MRI of the brain for 3 years (every 6 months).
For tests involving diagnosis of late effects, the  �
“Long-Term Follow-Up Guideline for Survivors of 
Childhood, Adolescent, and Young Adult” from 
the Children’s Oncology Group should be fol-
lowed (Grade D) (Children’s Oncology Group 
2006).
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Introduction and Objectives

Bone is the most common organ affected by metastatic can-
cers (COLEMAN 2006). Bone metastases are the most common 
condition referred for palliative radiation therapy and the 
most common cause of cancer-related pain. Patients with 
bone metastases also have a more prolonged duration of sur-
vival compared to patients with visceral metastases. There is 
no reliable prevalence figure for bone metastases, but esti-
mates can be made that approximately 350,000 people in the 
United States who die each year from cancer had bone metas-
tases. The numbers of patients living with bone metastases 
increase when we consider patients who are living with the 
condition, since some patients with bone metastases, espe-
cially from breast and prostate cancer, generally live longer 
than 1 year (MUNDY 2002). Treatment must be selected based 
on the predicted duration of patients’ survival and any need 
to prevent catastrophic complications from bone metasta-
ses. Thus treatments are multi-disciplinary. The appropriate 
selection and sequencing of therapeutic modalities is crucial 
in maximizing the extent and duration of the benefits with 
the least toxicities. 

This chapter examines:

Recommendations for diagnosis and staging procedures �

Prognostic factors �

Complications of bone metastases �

Treatment recommendations including multi-disciplinary  �
management plans

Radiation therapy dose-fractionation and techniques for  �
delivery including external beam and radionuclides

Follow-up care and surveillance of survivors �
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43.1 Diagnosis, Staging, and 
 Prognosis

43.1.1 Diagnosis

Initial Evaluation

Patients referred to the radiation therapy clinic  �
for consideration of palliative radiation therapy 
for bone metastases usually have obvious other 
metastases or multiple bone metastases. Soli-
tary bone metastases occur in <10% of patients 
 (Falkmer et al. 2003).
Primary sites with high propensity for bone me- �
tastases include prostate, breast (70% of these 
two primaries had bone metastases at autopsy), 
lung, kidney, and thyroid (30%–40% of these 
three primaries had bone metastases at autopsy) 
 (Coleman 2006). Most bone metastases seen in 
the clinic come from prostate, breast, and lung 
primaries due to their high incidence in addition 
to the great propensity for bone involvement. 
Some malignancies, such as gastrointestinal, 
rarely go to bone (<10%). If clinical evidence 
is inconsistent with the diagnosis of bone me-
tastasis, or if this is the fi rst metastasis, then 
biopsy is warranted.  (Ratanatharathorn et 
al. 2004).
Assess patients’ performance status, pain sites,  �
and severity using visual analog scale, analgesic 
usage, mobility, urinary and fecal continence, 
weight loss, and mental status.
Obtain the history of prior and on-going treat- �
ments and patients’ responses to treatments.

Laboratory Tests

Initial laboratory tests should include a complete  �
blood count, biochemical profi le including kidney 
and liver function tests, alkaline phosphatase, se-
rum LDH, and serum calcium (total, ionized, and 
adjusted for albumin level). 
Initial and then monthly measurements of the  �
bone resorption marker, n-telopeptide of type 1 
collagen are recommended in patients with bone 
metastases from breast and prostate cancers 
(Grade C). The test is useful for monitoring pa-
tients and for predicting the risks of skeletal com-
plications (Coleman 2006).

Imaging Studies

Whole-body bone scintigraphy or FDG-PET/CT is  �
required to evaluate the extent and distribution 
of bone metastases, as well as other metastases 
(Grade B). The information of the entire meta-
static burden in the body is important for assess-
ing patients’ prognoses. CT portion of PET/CT al-
lows clinicians to more accurately assess patients 
for risks of fractures of weight-bearing long bone 
than bone X-ray. Any potential concerns for neu-
rologic complications from bone metastases may 
also be assessed (Level III) (Antoch et al. 2004; 
Ratanatharathorn et al. 2004) 
Although PET/CT is widely used to assess  �
whole-body tumor extent, bone scintigraphy 
will need to be performed in patients consid-
ered for radionuclide therapy such as Sr89 or 
SM153 (Grade A). These radionuclides mimic 
pathways of calcium metabolism in the body 
and the information is needed to determined 
the patient’s candidacy for radionuclide ther-
apy (Level I) (Holmes 1993;  Resche et al. 1997; 
Serafini et al. 1998).
Magnetic resonance imaging studies are cru- �
cial in assessing any potential neurologic com-
plications indicated by patients’ symptoms or 
concerns discerned from other studies such as 
CT scans. The entire spine must be examined 
for precise management plans to be formulated 
( Ratanatharathorn et al. 2004).

Pathology

First metastasis should be biopsied. Any clinical  �
evidence or cancer natural history inconsistent 
with bone metastases may also necessitate biopsy. 
At times, tissue diagnosis may be established 
through surgical procedures such as lamine-
ctomy or open reduction and internal fi xation 
done for therapeutic purposes.
Breast, prostate, and lung primaries account for  �
80% of bone metastases. Two-thirds of bone me-
tastases produce symptoms such as pain, frac-
tures, hypercalcemia, nerve root or cord com-
pression. Solitary bone metastases occur in <10% 
of patients. Greater than 80% of bone metastases 
are in axial skeletons. Primary sites generally do 
not correlate with localization patterns of bone 
metastases, except that pelvic primaries such 
as prostate, bladder, etc., tend to involve pelvic 
bones (Falkmer et al. 2003).
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43.1.2 Complications of Bone Metastases

The risks of developing skeletal morbidity de- �
pends on the primary sites, the pattern of bone 
metastases, and the presence of other co-exist-
ing distant metastases. More than 50% of breast 
cancer patients with bone metastases develop 
skeletal complications. In breast cancer patients 
with bone-only metastases at the fi rst relapse, 
81% develop skeletal morbidity with 83% of pa-
tients needing palliative radiation therapy and 
60% needing more than one course of treatment. 
In breast cancer with no bone metastases at the 
fi rst relapse, only 21% of patients develop skeletal 
morbidities and the median time to the fi rst skel-
etal complication is 56 months versus 11 months 
for the fi rst group (Coleman 2006).
Complications of bone metastases include: �
Pain –  – 75% of patients will have pain and, in 
general, pain symptoms are severe. The mecha-
nisms of pain are not completely understood. 
Pain is usually worse at night, which is opposite 
to the pattern of pain from degenerative diseases 
( Coleman 2006).
Fractures –  – Pathologic fractures occur in 8%–30% 
of patients and usually involve femurs (Falkmer 
et al. 2003). Fractures actually occur most fre-
quently in ribs and vertebrae (Coleman 2006). 
But it is the fractures of the weight-bearing long 
bones, such as femurs, or the epidural extension 
of tumors into the spine that cause the most dis-
ability. Mirels (1989) proposed a scoring sys-
tem to assess the fracture risks based on the site, 
nature, size, and symptoms from the metastatic 
lesions. Based on this system, lesions that score 
>7 generally require surgical intervention; scores 

10 had an estimated risk of fracture of >50%. 
Again, CT may provide a more accurate assess-
ment of fracture risks than planar X-ray since, 
depending on the location and extent of the bone 
lesions and cortical erosion, such risks may not be 
obvious on planar X-ray (Coleman 2006). 
Compression of nerve roots and/or spinal cord –  – 
Neurologic complications from cord/nerve root 
compression occur in 5% of patients with bone 
metastases. Pain is common and is usually local-
ized to the area overlying the tumor. Local pain 
usually precedes radicular pain. Other symptoms 
include motor weakness (96%), pain (94%), sen-
sory disturbances (79%), and sphincteric distur-
bances (61%) (Coleman 2006). Frequently, spinal 
instability is also present and surgery is required 

to relieve the pain. When the compression is from 
bone fragments, surgery is needed. Early treat-
ment offers the best chance of reversing neuro-
logic defi cits. When treatment is delayed, results 
depend more on the radiosensitivity of the tu-
mors than other factors (Falkmer et al. 2003).
Hypercalcemia  – – Hypercalcemia most often oc-
curs in patients with squamous cell lung can-
cer, breast cancer, kidney cancers, and certain 
hematologic malignancies such as myeloma and 
lymphoma and it is seen in approximately 10% 
of patients (Mundy 2002). Osteolysis accounts 
for about 80% of patients with hypercalcemia. 
It is rare in certain cancers such as small cell 
lung cancer and prostate cancer even in the 
presence of extensive bone metastases. Parathy-
roid hormone-related peptide (PTHrP) seems 
to play an important role in hypercalcemia of 
malignancies. Its level is elevated in two-thirds 
of patients with hypercalcemia and bone metas-
tases and in almost all patients with humoral 
hypercalcemia. In breast cancer, there is also 
an association between hypercalcemia and liver 
metastases, which may refl ect the relationship 
between liver involvement and production or re-
duced metabolism of PTHrP or RANKL (receptor 
activator of nuclear factor-  ligand). Patients’ 
volume depletion with the action of PTHrP on 
renal tubular reabsorption of calcium further 
increases serum calcium level. Death generally 
results from renal failure and cardiac arrhyth-
mias (Coleman 2006).
Leuko-erythroblastic anemia –  – This is associated 
with marrow replacement by cancer cells result-
ing in production of young white blood cells. 
Thus it is seen in patients with extensive bone 
metastases (Mundy 2002). 

43.1.3 Prognostic Factors

There is no established staging system for bone  �
metastases. It is important to understand the 
prognostic and predictive factors for more indi-
vidualized treatments to achieve more cost-effec-
tive use of health care resources, as well as the 
best use of patients’ remaining time. 
Many factors have been shown to be predictive  �
of patients’ duration of survival and/or risks of 
developing complications of bone metastases 
The parameters for the assessment of patients’ 
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prognosis include: primary sites (median sur-
vival from the time of diagnosis of bone metas-
tasis from breast and prostate cancers is mea-
surable in years; from lung cancer, typically in 
months), the distribution of bone metastases, the 
extent and volume of bone metastases (imaging, 
bone resorption markers, serum LDH), presence 
or absence of visceral metastases (lung, liver, 
and brain), cachexia, and performance status 
( Coleman 2006; Mundy 2002; Falkmer et al. 
2003;  Ratanatharathorn et al. 2004; Chow et 
al. 2002).
The ability to predict the risks of skeletal compli- �
cations is important since patients may acutely 
decompensate should such complications de-
velop, such as fracture of weight-bearing long 
bones in elderly patients.

43.2 Treatment of Bone Metastases

43.2.1 General Principles

Any management plan of bone metastases must  �
take into account predicted duration of patients’ 
survival. Prognostic factors predicting survival 
duration of <6 months include low performance 
status such as ECOG 3 or Karnofsky perfor-
mance status of 50, visceral organ involvement, 
the extent and tempo of bone metastases, and 
cachexia (Falkmer et al. 2003). 
There are generally two phases in the man- �
agement of bone metastases: Initially, when 
the metastatic burden is low, anti-neoplastic 
therapy may be given in an aggressive manner 
with the intent of prolonging patient’s survival. 
However, the majority of patients with bone me-
tastases are treated with the intent to relieve 
distressing symptoms or to prevent catastrophic 
complications such as spinal cord compression 
or fracture of weight-bearing long bones. The 
risk:benefi t ratio must be carefully weighed for 
each patient.
Management of the complications of bone me- �
tastases is a crucial and integral part of cancer 
management. Commonly observed complica-
tions of bone metastases include pain, potential 
fractures, and compression of nerve roots and/or 
spinal cord, as well as hypercalcemia.

Therapy of bone metastases is multi-disciplinary.  �
Judicious use of these disciplines in combination 
and in the appropriate sequence maximizes the 
benefi ts for patients. Different treatment modali-
ties will be mentioned herein.

43.2.2 Management of Hypercalcemia

The truly effective long-term management in con- �
trolling hypercalcemia of malignancies is to treat 
the underlying tumor. 
Symptomatic therapy is indicated in the acute  �
phase, including the administration of volume 
and sodium repletion with saline until serum cal-
cium values are below 3.0 mM and/or adequate 
oral fl uid intake has been established.
Loop diuretics should be avoided because of the  �
risk of causing extra-cellular fl uid volume con-
traction. An exception is in elderly patients, in 
whom extra fl uid may cause heart failure in the 
presence of limited cardiac reserve. 
Bone resorption must be inhibited using intra- �
venous bisphosphonates in the acute phase due 
to the general presence of gastrointestinal (GI) 
symptoms with relatively poor GI absorption. The 
newer generation and more potent preparations 
of bisphosphonates, such as pamidronate and 
zoledronic acid, are not yet available as an oral 
preparation (Ralston 2000).
Patients with humoral hypercalcemia may remain  �
mildly hypercalcemic even after adequate volume 
and sodium repletion and administration of bis-
phosphonates. This is due to the effect of PTHrP 
on the distal renal tubules with increased renal 
tubular reabsorption of calcium (Ralston 2000). 
Many patients will die within a month of the de-
velopment of hypercalcemia of malignancies, so 
the mildly persistent hypercalcemia may not be 
relevant or observed due to the terminal condition 
of patients. Neutralizing antibodies to PTHrP was 
shown in preclinical studies to be effective in the 
treatment of hypercalcemia of malignancies.
Nearly all patients show a benefi cial response  �
to bisphosphonates in the acute phase manage-
ment of bone metastasis-related hypercalcemia 
(Grade A). Bisphosphonates block bone resorp-
tion but may also block tumor cell mitosis and 
stimulate tumor cell apoptosis. Bisphosphonates 
also help alleviate bone pain in certain subset of 
patients (Level I) (Kohno et al. 2005).
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43.2.3 Current Use of Bisphosphonates

It is reasonable to begin bisphosphonates when  �
there are lytic or mixed lytic/blastic bone metas-
tases, when painful sites correspond to areas of 
bone destruction on bone imaging studies, when 
bone metastases appear to progress rapidly, after 
failure of a fi rst-line anti-neoplastic therapy, and 
following the fi rst skeletal-related events. 
Bisphosphonates should probably be recom- �
mended for all patients with bone metasta-
ses from hormone refractory prostate cancer 
(Grade C). Although bone metastases from 
prostate cancer are typically osteoblastic, oste-
olytic components are frequently present and 
there is enough evidence to show that they are 
effective in reducing skeletal-related morbid-
ity in bone metastases from prostate cancer 
as well (Level III)  (Heidenreich et al. 2002; 
 Michaelson and Smith 2005). 
Standard doses of bisphosphonates such as  �
pamidronate 90 mg IV over 2 h every 3–4 weeks, 
or zoledronic acid 4 mg IV over 15 min every 
3–4 weeks are typically associated with moderate 
bone pain relief benefi ts. 
In patients with compromised renal function 
such as creatinine clearance of <30 ml/min or 
patients receiving other nephrotoxic drugs, iban-
dronate should be used instead of zoledronic acid, 
according to the American Society of Clinical On-
cology Update (Grade A) (Hillner et al. 2003). 
Loading dose of IV ibandronate 6 mg IV over 3 
consecutive days or 4 mg IV over 4 consecutive 
days have been shown in open trials to rapidly 
relieve severe or refractory metastatic bone pain 
from urologic cancers, breast cancer, and other 
tumor types (Grade B) (Level III) (Heidenreich 
et al. 2002, 2003; Mancini et al. 2004).
The role of bisphosphonates in the adjuvant set- �
ting to inhibit the appearance of bone metastases 
is under study for patients at high risk of develop-
ing bone metastases from different tumors. 
Bisphosphonates can also be used to prevent  �
treatment-induced bone loss from chemotherapy, 
castration, steroidal or non-steroidal aromatase 
inhibitors, and complete androgen blockade 
(Grade B). The effi cacy of ibandronate on the 
prevention of treatment-induced bone loss has 
been demonstrated in a number of prospective 
non-randomized trials (Level III) (Hillner et al. 
2003; Michaelson and Smith 2005; Ralston 
2000).

43.2.4 Orthopedic Management

Bone metastases alter two basic and inter-related  �
elements of bone: the material properties of bone 
tissues (determined by osteoid and the hard min-
eralized matrices) and the structural properties 
of the entire bone (Rubert et al. 2000). The res-
toration of the material properties of the bone 
is achieved by anti-neoplastic therapy such as 
local radiation therapy, systemic therapy, which 
allows normal bone mechanisms to replace the 
areas of tumor-induced lysis with new bone. It 
can also be assisted by the use of bisphospho-
nates. The process may be slow but complete 
restoration of bone properties may be achieved 
provided that local tumor control is maintained 
and the host status is healthy enough to allow 
healing to take place (nutritional status and cal-
cium homeostasis). 
The goal of orthopedic management is to restore  �
the normal structural integrity of the bone and 
to achieve local control of tumor, thereby pre-
venting further deterioration of the remaining 
bone. Mirels (1989) proposed a scoring system 
for prediction of pathologic fractures based on 
a score of 1–3 and four variables of site (upper 
limb, lower limb, and peritrochanter with a pro-
gressive score from 1–3), pain (mild, moderate 
and functional pain with progressive scores from 
1–3), lesion characteristics (blastic, mixed, and 
lytic with progressive scores from 1–3), and size 
(bone diameter divided into a third with score 
of 1 for <1/3 and score of 2 for 1/3–2/3, and score 
of 3 for >2/3). For weight-bearing long bones, 
patients with pathologic fractures had a mean 
summed score of 1. Pain that is aggravated by 
function appears to be an important predictor 
of fracture, presumably because functional pain 
signifi es diminution in the mechanical strengths 
of the bone and Mirels (1989) found that this is 
invariably followed by fractures. 
 Harrington (1972) recommends complete re-
moval of tumor and replacement with bone ce-
ment with internal fi xation, and classifi es acetab-
ular bone destruction into three categories based 
on the location and extent of the disease and the 
technical requirement necessary for stable recon-
struction:
Class I: Disease has suffi cient lateral cortices 
and medial and superior wall and may be recon-
structed with the conventional total hip acetabu-
lar component. 
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Class II: Has defi cient medial wall and requires 
transfer of weight-bearing to intact acetabular 
rim using devices such as antiprotrusio cup or 
shell.
Class III: Diseases are large and there is extensive 
destruction of all walls requiring reconstruction 
with transfer of weight-bearing to the upper ilium 
and adjacent SI joint using multiple Steinman pin-
reinforced bone cement with saddle prosthesis 
(Harrington 1981, 1995;  Rubert et al. 2000) 
CT remains the standard for the evaluation of  �
cortical bone involvement and must be performed 
in lesions of the pelvis, shoulder girdle, and spine 
prior to reconstructions. MRI is useful in evaluat-
ing the soft tissue extent of the tumor and may 
detect intramedullary lesions (intertrabecular 
involvement without lytic or blastic response of 
the involved bone) (Rubert et al. 2000). For diffi -
cult reconstructions of vertebral lesions and large 
pelvic lesions, both CT and MRI should be pre-
formed. Preoperative embolization of suspected 
vascular lesions is useful in reducing blood loss 
and makes the procedures safer for patients. The 
standard surgical approach may need to be modi-
fi ed in patients with prior radiation therapy and 
surgeons must ensure adequate soft tissue cover-
age and closure. Gross disease should be curetted. 
Internal rigid fi xation or prosthetic replacement 
with bone cement must be used to provide im-
mediate structural strength to the compromised 
bone. Adjuvant radiation therapy should be given 
if this has not yet been done to reduce the chance 
of tumor progression and loss of the surgical fi xa-
tion (Rubert et al. 2000).
Harrington �  (1988a) set up criteria for surgical 
stabilization of spinal metastases from class I–V 
based on the extent of the vertebral destruction, 
presence or absence of fractures/instability/spi-
nal canal compromise/pain/neurologic defi cits, 
and the extent of such defi cits. Patients in Har-
rington’s class III–V are candidates for surgical 
management, based on the results of their ret-
rospective series (Level IV). In the management 
of spinal metastases, one must also determine 
the stabilization of the spine using the 6 column 
classifi cation system of Kostuik et al. (1988). 
The spine is divided into six columns: anterior, 
middle, and posterior with each subdivided into 
the right and the left sides. The destruction of 2 
columns is considered stable provided that any 
angulation, if present, is <20%. The destruction 
of 2–4 columns destabilizes the spine. The de-

struction of 5–6 columns makes the spine mark-
edly unstable. McLain and Weinstein (1990) 
proposed a classifi cation system of the zone for 
the surgical approach for spinal surgery depend-
ing upon the location of the instability and/or 
epidural compression.

43.2.5 External-Beam Radiation 
 Therapy

External-beam radiation therapy can be offered  �
for local fi elds to target painful or involved sites, 
or half-body irradiation to target the symptom-
atic half of the body, or sequential half-body ir-
radiation to treat symptoms, as well as adjuvant 
treatment to reduce subsequent development of 
painful sites (Grade A). However, the optimal 
dose level and fractionation has not been estab-
lished.
Duration of survival of patients with bone me- �
tastases is usually 3–12 months (Falkmer et al. 
2003). However, some patients may survive sev-
eral years. Most studies aim at bone pain pallia-
tion, fracture prevention and treatment, as well 
as spinal cord compression. The role of radiation 
therapy in preventing or healing fractures has not 
been fully evaluated.
The vast majority of patients were treated with  �
palliative goals with RR >80% in pain relief 
with at least 50% of patients having relief for 
>6 months. The reported controlled clinical tri-
als showed no correlation between treatment re-
sults and RT dose/fractionation schemes. Dose 
fractionation schemes were reported to have 
no impact on complications of bone metastases 
such as spinal cord compression, fractures, etc. 
Such complications within the index fi elds are 
low. Early diagnoses and treatments of poten-
tial complications of bone metastases hold the 
best promise for favorable outcomes. Otherwise, 
radioresponsiveness of cancers comes into play 
more (Falkmer et al. 2003).

Dose and Fractionation

Various doses and fractionations have been tested  �
in randomized trials, and results from most trials 
demonstrated that a large single dose (e.g., 8 Gy) 
and more fractionated radiation (e.g., 30 Gy in 
10 fractions) provided similar symptomatic con-
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trol (Level I) (Hartsell et al. 2005; Koswig and 
 Budach 1999; Nielsen et al. 1998; Steenland et 
al. 1999; Bone Pain Trial Working Party 1999). 
However, the authors of various clinical trials of 
palliative radiation therapy for bone metastases 
recommend that the dose-fractionation scheme 
recommended to patients take into account the 
predicted duration of patients’ survival and the 
treatment goals.
For patients with survival duration of <3–6 months 
in non-weight-bearing bones, a single fraction of 
8 Gy encompassing the entire targets including 
the extra-osseous component is reasonable. 
In weight-bearing long bones in patients with 
indolent bone metastases (e.g., bone metastases 
from differentiated thyroid carcinoma, adenoid 
cystic carcinoma, etc.) or predicted prolonged 
survival in the order of years (fi rst and only me-
tastasis to bone from breast cancer), dose frac-
tionation in the order of 40–50 Gy with conven-
tional fractionation is appropriate. 
For “radioresistant” tumors such as renal cell 
carcinoma with large expansile mass and other-
wise low distant metastatic burden, higher dose 
per fraction and higher total dose is appropriate. 
Patients with metastases to weight-bearing long 
bones should receive higher total dose such as 
40 Gy or its biologically equivalent doses to ef-
fectuate tumor cell kill and bone healing in or-
der to circumvent pathologic fracture. In other 
words, cases and their treatment must be highly 
individualized. Most cases, however, are appro-
priately treated with 20–24 Gy in between four 
and six fractions for pain relief (Falkmer et al. 
2003; Ratanatharathorn et al. 1999). 
Doses less than 8 Gy delivered as a single-dose  �
radiation treatment is usually not recommended 
(Grade B). The results of a prospective random-
ized trial showed that the actual response rates 
were 69% for 8 Gy and 44% for 4 Gy at 4 weeks 
after treatment (p<0.001) (Level II) (Hoskin et al. 
1992). However, lower dose is indicated in patients 
unable to tolerate higher dose irradiation. 
For palliation with half-body irradiation, a total  �
dose of 15 Gy delivered in fi ve daily fraction at 
3 Gy/fraction is recommended (Grade A). A ran-
domized trial reported by Salazar et al. (1996, 
2001) using 3 Gy/Fx, 5 Fx, 15 Gy/week; 4 Gy/Fx, 
2 Fx/d, 8 Gy/1 d; 3 Gy/Fx, 1 Fx/d, 6 Gy/2 d, had the 
same overall pain relief, side effects, and quality 
of life with all three dose-fractionation regimens, 
but had signifi cantly longer duration of pain re-

lief with 15-Gy total dose in 1 week (155 days vs. 
101 days vs. 112 days, respectively) (Level I)

Issues of Clinical Trials on Radiotherapy for 
Bone Metastases

There are several barriers to conducting mean- �
ingful trials on bone metastases: (1) Patients are 
generally in advanced stage of disease and large 
randomized trials with follow-up of at least 1 year 
is diffi cult to conduct. (2) Results of trials may 
lack clarity due to a lack of adequate methods 
for the assessment of pain. (3) Dose levels and 
fractionation schemes used for RT for pain relief 
often turned out to be based on empirical knowl-
edge of both the patients’ individual characteris-
tics and the local institution practice (Falkmer 
et al. 2003).
There are several problems about studying dose- �
response in bone metastases trials as follow: 
Dose-response is not well known. At least three  –
large controlled trials did not prescribe dose ap-
propriately (Dmax, 5 cm depth to all spine fi elds) 
or did not describe the technique at all. There is 
no description of: prescribed isodose or minimal 
dose to targets, single vs. multiple port arrange-
ments, beam energy and beam geometry, imag-
ing used to delineate target, technique to daily 
localized targets. So the actual delivered doses to 
targets are not documented or known. The extent 
of the geographic misses due to factors other than 
technique, such as missing extra-osseous compo-
nents, is also unknown. 
Studies look mainly at pain relief and mostly  –
quite short term, with few having at least 1 year 
of follow-up.
Studies did not formulate radiation dose regi- –
mens based on, or taking into account, the biol-
ogy of bone metastases, bone healing mechanism, 
predictive model of patients’ survival duration, 
and development of skeletal complications and 
morbidity. 
All dose fractionation regimens studied [single  –
(8 Gy) vs. multi-fraction regimens (20–24 Gy in 5–6 
fractions)] used relatively low doses, which may 
all be biologically equivalent once we look at the 
actual dose applied or delivered to the  targets. 
It is also crucial to evaluate the management  �
strategy in the era of rapid advancement both in 
systemic therapy (patients with metastatic dis-
eases living longer than in previous eras) and 
radiation therapy delivery technology. Only a few 
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of the 13 controlled clinical trials meet the criteria 
for high weight of evidence (Level I) (Bone Pain 
Trial Working Party 1999; Nielsen et al. 1998; 
Steenland et al. 1999). Nine of the 13 controlled 
clinical trials reported the duration of pain re-
lief. Seven of the 13 trials reported retreatment 
rates, which varied from 2%–44%, with single 
fraction regimens (23%–25% re-treatment) hav-
ing 2.5–3 times more retreatment compared with 
multi-fraction regimens (7%–10% re-treatment). 
Six of the 13 trials reported pathologic fracture 
rates after local RT, varying from 1%–10% with 
single-fraction regimens having between two- 
and three-fold greater fracture rates compared 
with multi-fraction regimens. This is remarkable 
in that the multi-fraction regimens used in these 
clinical trials used low doses of only 20–24 Gy 
total doses. It is not known if using a higher total 
dose than 24 Gy will further improve these re-
sults (Falkmer et al. 2003). Koswig and Budach 
(1999) also reported a signifi cantly higher rate of 
remineralization of the index lesions with 30 Gy 
in 10 fractions than with 8 Gy in a single frac-
tion at 6 months. Remineralization of osteolytic 
lesions appears to be dose-dependent and a more 
fractionated schedule appears to be obviously 
more advantageous (Level I). This fi nding is sup-
ported by the work of Matsubayashi et al. (1981), 
looking at remineralization of vertebral lesions, 
which appears only at higher dose levels of 40 Gy. 
It appears that adequate local tumor cell kill must 
take place for bone healing to occur (Level III). 
This is a good point to bear in mind when treating 
weight-bearing bone to prevent fractures. 
It is diffi cult to obtain complete response rates  �
of bone pain relief due to the lack of set criteria 
or common end points. Overall pain relief varies 
from 59%–90% (Falkmer et al. 2003). The low-
est single-dose regimen for pain relief was 6 Gy 
(Level III) (Uppelschoten et al. 1995). Half a 
year after local RT, at least 50% of the patients 
with overall pain relief are still pain-free. Com-
plications of bone metastases such as pathologic 
fractures and spinal cord compression at the in-
dex fi eld are rare.
Another problem in interpreting the trial results  �
came from the lack of descriptions of radiation 
therapy techniques in most trials and the use of 
inadequate techniques in some trials. The Bone 
Pain Trial Working Party prescribed all spine 
fi eld doses to a depth of 5 cm regardless of the 
depths of the index lesions and the patients’ body 

habitus (Level I) (Bone Pain Trial Working 
Party 1999). The Dutch Bone Metastases Trial 
provided no description of techniques (Level I) 
(Steenland et al. 1999). Nielsen et al. (1998) 
prescribed the dose to Dmax in their randomized 
trial (Level I). It is easy to glean that the actual 
dose delivered to the index lesions would be dif-
ferent from the prescribed dose, thus making the 
report of the existence of dose-response or lack 
thereof unreliable.
Different trials also had different patient selection  �
criteria. Bremer et al. (1999) excluded patients 
with vertebral lesions or lesions in weight-bearing 
bones in their prospective trials (nonrandomized) 
(Level III). In contrast, Huguenin et al. (1998) 
included only patients with malignant melanoma 
and renal cell carcinoma, both of which were 
more “radioresistant,” in their non-randomized 
trial (Level III).

43.2.6 Bone Healing After
External-Beam Radiation Therapy

External-beam irradiation produces some heal- �
ing and re-ossifi cation in 65%–85% of lytic le-
sions in bone (Body 1992; Ford and Yarnold 
1983; Garmatis and Chu 1978); in most cases, 
there is formation of mature organized bone in 
the healed lesions, seemingly by direct osteogen-
esis. Gainor and Buchert (1992) reported that 
radiation doses of more than 30 Gy are detri-
mental to bone healing in fractured long bones 
(Level IV). However, Matsubayashi and col-
leagues (1981) reported that bone healing of spi-
nal lesions was achieved with doses higher than 
40 Gy and with patient survival of 6 months for 
bone healing to take place (Level III). These are 
not confl icting reports since fractured long bone 
heals by endochondral bone formation and verte-
bra heals by intra-membranous bone formation. 
Endochondral bone formation involves the radio-
sensitive chondrogenic phase, whereas the intra-
membranous bone formation occurs by direct 
osteogenesis, which is more radioresistant. 
If external-beam irradiation is given after frac- �
ture has occurred in a long bone, the chondro-
genic phase of fracture healing can be impaired 
by doses usually used for treatment of bone me-
tastases, such as 30 Gy in 10 fractions (Gainor and 
 Buchert 1992; Harrington 1988b;  Probert and 

LuBrady-BOOK.indb   606 13.08.2008   14:04:25



  Management of Bone Metastases 607

Parker 1975). This is one of the major arguments 
for performing prophylactic internal fi xation of 
impending fractures, so that the non-fractured 
long bone will heal by direct osteogenesis and will 
not be impaired by irradiation. For actual frac-
tures of long bones, rigid immobilization with 
internal fi xation is required for healing. 
Duration of survival of 6 months or longer and  �
performance of internal fi xation are the impor-
tant predictors of fracture healing Harrington 
(1988c). Postoperative local irradiation is neces-
sary, because local tumor progression has been 
reported to cause higher failure rates of internal 
fi xation devices Sim et al. (1992).

43.2.7 Systemic Radionuclide Therapy

Radionuclide (such as Sr � 89 or Sm153) therapy can 
be offered to patients with multiple painful bone 
metastases for symptomatic control (Grade A). 
Bone metastases treated with radionuclides gen-
erally come from breast and prostate primaries 
with a small number from lung primaries. The 
effi cacy of radionuclide therapy has been demon-
strated in prospective randomized trials (Level I) 
(Holmes 1993; Resche et al. 1997; Serafi ni et al. 
1998). However, studies of palliative therapy for 
patients with bone metastases usually suffer from 
high attrition rates. In the above-mentioned ran-
domized study from Serafi ni et al. (1998), only 
30% of patients completed the 16-week follow-up. 
The majority discontinued due to disease pro-
gression. This high attrition rate of patients in 
clinical trials occurred frequently in other trials 
as well, such as in the external-beam radiation 
therapy trials reported from the Royal Marsden 
(Level I, Level III) (Price et al. 1986, 1988).
The criteria for treatment generally require pre- �
dicted duration of survival of 3 if not 6 months, 
adequate blood count, adequate renal function, 
good urinary control, and uptake of radionu-
clide at the index lesions. The dose of Sr89 and 
Sm153 suitable for bone pain now seems to be 
agreed upon (Grade A): 150–200 MBq for Sr89 
and 1.0 mCi/kg for Sm153 (Level I) (Holmes 1993; 
 Resche et al. 1997; Serafi ni et al. 1998).
The onset of pain relief for radionuclide therapy  �
varies with the half-life of the radionuclides: Sr89 
15 days, Sm153 2–7 days, and Re186 7–20 days, with 
duration of relief of 2–4 months (Falkmer et al. 

2003). In almost all studies, a mild and transient 
myelosuppression was reported 3–6 weeks after the 
treatment depending on the radionuclide used.
Adequate pain medication must be administered  �
to prevent pain fl are after the radionuclide injec-
tion (Grade B). Pain fl are may occur in a signifi -
cant number of patients. In the series reported 
by Kraeber-Bodéré et al. (2003) using Sr89, pain 
fl are was observed in 23% of cases (Level IV). 
Repeated administration of radionuclide can  �
be offered for pain control (Grade B). However, 
response to repeated treatment varies, and in a 
phase I/II trial, Alberts et al. (1997) reported 
that only 38% of patients treated with Sm153 
qualifi ed for multiple treatments and toxicities 
increase with dosage (Level III).

43.3 Special Therapeutic 
 Considerations for Patients with 
 Solitary Bone Metastasis

Less than 10% of patients with bone metastases  �
present with solitary bone metastases. These pa-
tients may warrant special consideration for ag-
gressive therapy with “curative intent.”
Selected groups of patients with a long disease- �
free interval with solitary bone metastasis from 
breast, renal, or thyroid cancer may be considered 
for surgical resection (Grade B). If the resection is 
complete, there is no need for adjuvant radiation 
therapy. There are reports that some patients are 
rendered disease-free (Level IV) (Gokaslan et 
al. 1998): Patients with bone metastases from thy-
roid carcinoma have been reported to have 13% 
survival rate at 10 years (Level IV) (McLain and 
Weinstein 1990). Studies of patients with bone 
metastases repeatedly showed that patients with 
lung primary fare much worse than patients with 
breast, prostate, and thyroid primaries (Level IV) 
(Coleman and Rubens 1987; Koenders et al. 
1992; Leone et al. 1988; Pittas et al. 2000; 
Scheid et al. 1986; Sherry et al. 1986). Patients 
with renal primary have an intermediate prog-
nosis (Level IV) ( Harrington 1981). However, 
patients with solitary metastases from renal pri-
maries have been reported to have survival rate 
as high as 16% at 10 years when aggressive treat-
ments were pursued (Level IV) (Kjaer 1987). 
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43.4 Follow-Ups and Surveillance of 
 Survivors

Follow-up schedule and work-ups of patients with  �
bone metastasis depend on the primary malig-
nancy as well as the status of metastatic diseases.
Patient education regarding physical activities  �
may help minimize the chance of fractures. 
Patients with spine involvement should be in-
structed to avoid bending positions, especially 
bending at the waist to pick up objects from the 
fl oor since this posture will acutely increase the 
load on the lumbar spine (Bullough 1992). The 
use of a long handle grasper may help with daily 
routines such as putting on socks or picking up 
objects without bending. Twisting motion of any 
involved long bone should be avoided, such as 
twisting the legs while getting out of an automo-
bile (Grade D) (Rubert et al. 2000).
No conclusive recommendation can be provided  �
for patient selection for an aggressive rehabilita-
tion program. Patients who are considered for 
such intensive rehabilitation are usually those 
operated on for impending or actual fractures 
with remaining functional defi cits. Bunting et 
al. (1985) reported that 23 of 58 such patients 
could ambulate independently after intensive re-
habilitation. Fractures rarely occur as a result of 
rehabilitation (Level IV). 
Monitoring response to therapy is usually done  �
radiographically. Radiographic studies during 
the follow-up phase are usually done as indicated 
by clinical history and/or problems (Cook and 
Fogelman 2000; Pecherstorfer and Vesely 
2000). Sclerotic healing of an initially osteolytic 
lesion extends from the periphery of the lesion 
to gradually fi ll in the center. Sclerosis may also 
appear in areas of previously normal appearing 
bone when healing of clinically occult lesions take 
place. Ultimately, areas of sclerosis from healing 
will diminish leaving normal looking bone. Any 
“fl are” response to treatment is also confi ned to 
the fi rst several months after therapy and should 
subside by 6 months after therapy. Radiographic 
monitoring of osteoblastic metastases is more 
challenging since an increase in size and number 
of lesions may be the result of response to ther-
apy. When it presents as a diagnostic dilemma, 
correlation with clinical picture and laboratory 
evidence may be helpful.
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Introduction and Objectives

The central nervous system is one of the most common sites 
of cancer metastases; up to 40% of cancer patients develop 
brain metastasis in the course of their disease. Radiation 
plays an important role in the palliative treatment of brain 
metastasis. Whole brain irradiation following surgical resec-
tion (or stereotactic radiosurgery) is considered the mainstay 
treatment for solitary brain metastasis. Whole-brain irradia-
tion with or without stereotactic radiosurgery is the choice of 
treatment for palliation in patients with more than one in-
tracranial metastatic lesions. Stereotactic radiosurgery alone 
for 4  or fewer brain metastases is also a reasonable option in 
selected patients.

Malignant spinal cord compression is a common complication 
in cancer management. More than 20,000 cancer patients 
suffer from cord compression annually in the United States. 
Many commonly diagnosed malignancies, including prostate 
cancer, breast cancer, and lung cancer, have the propensity 
to cause spinal cord compression. Management of malignant 
spinal cord compression is challenging. Early detection and 
treatment of spinal cord compression is crucial for neuro-
logic function preservation and quality of life. Treatment of 
malignant spinal cord requires multidisciplinary approach 
which often includes medication (steroids), surgery, and ra-
diotherapy.

This chapter examines:

Recommendations for diagnosis and evaluation for metasta- �
ses to brain and malignant spinal cord compression

Prognostic factors in patients with brain metastases and  �
spinal cord compression

Treatment recommendations including multi-disciplinary  �
management plans and supporting scientifi c evidence

Radiation therapy dose-fractionation and techniques for de- �
livery including external-beam and stereotactic radiosurgery 

Follow-up care and surveillance of survivors �
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44.1 Diagnosis, Staging, and 
 Prognoses

44.1.1 Diagnosis

Initial Evaluation

The diagnosis and evaluation of potential brain  �
metastases begins with a thorough history and 
physical examination (H&P). Brain metastases 
should be suspected in patients with a known 
history of cancer who present with headache 
(40%–50%), seizure (15%–25%), impaired cogni-
tive function (up to 65%), or neurologic symp-
toms (40%) such as hemiparesis, aphasia, or 
hemianopsia. 
Although initial physical examination and neu-
rologic exam are commonly negative, they may 
reveal papilledema or focal neurologic defi cits.
The spine is the most common site of osseous tu- �
mor spread of cancer comprising 40% of skeletal 
metastases (Level IV) (Harrington 1988; Klimo 
and Schmidt 2004; Wise et al. 1999; Wong et al. 
1990). Spinal metastases may be asymptomatic or 
associated with pain. More than 80% of patients 
with metastatic epidural spinal cord compression 
(MESCC) present with back pain, and symptoms 
progress to weakness and inability to ambulate 
in 60%–85% of cases. Incontinence or urinary 
retention may occur in up to half of patients 
(Prasad and Schiff 2005).

Laboratory Tests

There are no specifi c laboratory tests required for  �
the evaluation of brain metastases.
Basic blood chemistries including liver and renal  �
function tests may be helpful to assess possible 
systemic metastases and the patient’s suitability 
for contrast administration.

Imaging Studies

Contrast-enhanced magnetic resonance imaging  �
(MRI) is the gold standard imaging modality for 
brain metastases. Contrast-enhanced computed 
tomography (CT) may be used in patients with 
implantable metallic devices who are unable to 
undergo MRI.

Approximately 80%, 15%, and 5% of brain metas- �
tases occurs in cerebral hemisphere, cerebellum, 
and brain stem, respectively. Approximately 70% 
of patients presenting with brain metastases have 
more than one intracranial lesion (DeVita et al. 
2001).
MRI scanning is the defi nitive modality for diag- �
nosing MESCC (Grade A). Results of a systemic 
review supported the use of MRI as a preferred 
imaging technique for detecting and evaluat-
ing malignant spinal cord compression (Level I) 
( Loblaw et al. 2005).
CT imaging of the chest, abdomen, and pelvis  �
may be indicated in patients who present with no 
prior known cancer.

Pathology

Tissue biopsy or resection is warranted when  �
there is uncertainty about the etiology of the 
brain mass(es) or when no other extracranial tu-
mor is readily accessible for biopsy.
Tissue diagnosis may also be warranted for single,  �
dural-based tumor in the setting of breast cancer 
as benign meningioma may co-exist.

44.1.2 Staging

Brain metastases generally represent distant  �
spread and therefore, Stage IV for staging of the 
primary tumor.

44.1.3 Prognosis

Brain Metastasis

The most important prognostic factors for pa- �
tients with brain metastases are age, perfor-
mance status, and the status of extracranial 
disease.
Recursive partitioning analysis (RPA) of multi- �
ple trials has identifi ed three prognostic groups 
based on these three factors. An analysis of the 
432 patients studied in a RTOG randomized trial 
(RTOG 9104) was performed, and validated the 
three prognostic classes (Level IV) (Gaspar et al. 
2000) (Table 44.1).
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Table 44.1. Recursive partitioning analysis classifi cation for 
brain metastases. [Adapted from Gaspar et al. (2000) and 
Lutterbach et al. (2002)]

 Median survival 
(months)

RPA class 1  

KPS 70, age <65, controlled primary, 
no extracranial disease

  7.1

Single metastasis 13.5

Multiple metastases   6.0

RPA class 2  

KPS 70, and one or more of the 
following: age 65, uncontrolled 
primary tumor, presence of 
extracranial metastases

  4.2

Single metastasis   8.1

Multiple metastases   4.1

RPA class 3  

KPS <70   2.3

Table 44.2. Score index for radiosurgery. [Adapted from Weltman et al. (2000)]

Score Index for Radiosurgery

0 1 2

Age (years) 60 51–59 50

KPS <50 60–70 >70

Systemic disease status Progressive disease Partial remission or 
stable disease

Complete clinical 
remission or no 
evidence of disease

Largest brain lesion 
volume (cm3)

>13 5–13 <5

Number of brain lesions 3 2 1

The number of metastatic brain lesions may  �
also be prognostic. A retrospective study from 
Germany reviewed the outcome of 916 patients 
with brain metastasis, and found that survival 
was signifi cantly better for patients with a single 
brain metastasis compared with those patients 
having multiple metastases. The overall survival 
was 5.6%, 2.9%, 1.8%, and <1%, respectively, at 
2, 3, 5, and 10 years (Level IV) (Lutterbach et 
al. 2002).
Based on patients treated with radiosurgery, an- �
other prognostic system has been devised using 
additional factors including age, Karnofsky per-
formance status (KPS), systemic disease status, 

number of metastatic brain lesions, and volume 
of the largest brain lesion (Level IV) (Weltman 
et al. 2000).
Using these factors, each of fi ve prognostic factors  �
is classifi ed into three categories and a numeric 
value of 0, 1, or 2 is assigned. The score index 
for radiosurgery (SIR) is generated by summing 
the values of each factor yielding a sum ranging 
from 0 to 10.
SIR sum scores of 1–3 yield median survival of  �
2.9 months; scores of 4–7 yield median survival 
of 7 months, and 8–10 yield median survival of 
31.4 months (Level IV) (Weltman et al. 2000) 
(Table 44.2).

Spinal Metastasis

Survival of patients with MESCC varies from  �
0%–89%, based on the following prognostic fac-
tors:
Tumor histology –
Time to diagnosis of MESCC –
Presence other metastatic sites –
Ambulatory status –
Duration of motor defi cits –
A scoring system using the above-listed factors  �
was developed based on a multivariate survival 
analysis of 1852 patients who were treated with 
radiotherapy, and can be used to predict the over-
all survival of patients presented with MESCC 
(Level IV) (Rades et al. 2008). However, the scor-
ing system awaits validation.
The speed of symptomatic onset is of prognostic  �
value. Postradiation ambulatory rates are higher 
(86% vs. 35%) in patients with a slower onset of 
neurologic symptoms (>14 days) than those with 
acute neurologic deterioration (<7 day) (Level IV) 
(Rades et al. 2002).
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44.2 Treatment of Brain Metastases

44.2.1 General Principles

Brain metastases are often associated with peri- �
tumoral edema; corticosteroids play an impor-
tant role in initial management of symptomatic 
tumors and should be considered (Grade B) 
(Level II) (Horton et al. 1971).
Routine use of prophylactic anti-convulsants is  �
not recommended for most patients with brain 
metastases (Grade A). The report of the Qual-
ity Standards Subcommittee of the American 
Academy of Neurology revealed that the lack of 
effi cacy and potential side effects prevented the 
recommendation of routine use of prophylactic 
anti-convulsants (Level I) (Glantz et al. 2000).
Traditionally, whole-brain radiotherapy (WBRT)  �
is the mainstay of treatment of brain metastases 
(Grade A).
Treatment options for brain metastases include:  �
WBRT with or without surgery; WBRT with or 
without radiosurgery; or radiosurgery alone.

44.2.2 Surgical Resection of 
 Intracranial Lesion(s)

The role of surgery in brain metastases is gener- �
ally limited to one of the following situations:
To establish a tissue diagnosis when there is un- –
certainty
To resect a single accessible brain metastasis in  –
patients with limited or absent systemic disease
To relieve acute mass effect in symptomatic pa- –
tients (particularly tumors >3 cm in the posterior 
fossa)
Surgery for multiple brain metastases remains  �
controversial and currently is not routinely rec-
ommended (Grade C). Results from a case con-
trolled retrospective studies demonstrated that 
intracranial control rates and median survival 
rates were similar after resection of one or more 
than one brain metastasis (Level IV) (Bindal et 
al. 1993). A similar conclusion was found in a 
more recently published retrospective series of 
208 patients treated with surgery in addition to 
WBRT from Korea (Level IV) (Paek et al. 2005). 
However, conclusions from other retrospective 

reviews indicated that surgery should be used 
with caution in patients with more than one in-
tracranial metastasis (Level IV) (Hazuka et al. 
1993; Martin and Kondziolka 2005).

44.2.3 Whole-Brain Radiation Therapy

WBRT is the mainstay of treatment of brain me- �
tastases (Grade A). Radiation fi elds should aim 
to gain adequate coverage of all intracranial 
contents by ensuring that the blocked edges suf-
fi ciently cover the anterior cranial fossa, middle 
cranial fossa, and skull base (Fig 44.1)
Results from two randomized trials from RTOG  �
revealed that WBRT improves survival over sup-
portive care and is associated with improved neu-
rologic function in about half of patients (Level I) 
(Borgelt et al. 1980).
Multiple dose schedules can be recommended for  �
WBRT. A standard dose of 30 Gy delivered in 
10 daily fractions or 20 Gy in fi ve fractions can be 
considered (Grade A). Results from multiple ret-
rospective series have indicated that dose escala-
tion beyond 30 Gy in 10 daily fractions for WBRT 

Fig. 44.1. Whole-brain radiotherapy treatment fi eld. The 
fi eld is blocked by a multi-leaf collimator and the fi eld edge 
is indicated by the cyan-colored line. The blocked fi eld en-
sures coverage of the inferior extent of the anterior cranial 
fossa (yellow arrow), middle fossa (magenta arrow), and the 
posterior fossa (red arrow)
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was not associated with improved outcome in pa-
tients with brain metastasis. 
WBRT using accelerated hyperfractionated reg-
imen to 54.4 Gy or similar doses (using twice 
daily treatment at 1.6–1.8 Gy per fraction) is not 
recommended (Grade A). Results of a phase III 
randomized trial from RTOG revealed that the 
median survival time was 4.5 months in patients 
treated with accelerated hyperfractionated regi-
men or standard dose schedule at 30 Gy in 10 frac-
tions, and the 1-year survival rates were 19% and 
16%, respectively, without signifi cant difference 
(RTOG 9104, Level I) (Murray et al. 1997). 
The results from a Cochrane review demonstrated 
that none of the randomized clinical trials with 
altered dose-fractionation schemes as compared 
to standard delivery (30 Gy in 10 fractions) found 
a benefi t in terms of overall survival, neurologic 
function, or symptom control (Level I) (Tsao et 
al. 2006). These fi ndings supported the recom-
mendation from an evidence-based clinical prac-
tice guideline on the optimal radiotherapeutic 
management of single and multiple brain metas-
tases was developed and published in 2005: 30 Gy 
delivered in 10 daily fractions or 20 Gy in fi ve 
fractions are considered standard dose for WBRT 
for brain metastasis (Tsao et al. 2005).
Acute effects of WBRT include hair loss, scalp  �
erythema or pigmentation, somnolence, and 
fatigue. Late effects induced by WBRT include: 
dementia (2%–5%), reduced memory, radiation 
necrosis, leukoencephalopathy, and cerebral at-
rophy. Symptoms observed may include sluggish-
ness, distractibility, personality change, memory 
impairment, and motor weakness (Level IV) 
(Conill et al. 2007; DeAngelis et al. 1989; 
 Nieder et al. 1999).

44.2.4 Stereotactic Radiosurgery

Stereotactic radiosurgery is defi ned by highly  �
precise beams of radiation delivered with rapid 
dose fall-off at the periphery of discrete, well-
demarcated targets.
Stereotactic radiosurgery can be recommended to  �
patients with between one and three brain meta-
static lesions in combination with WBRT (Grade A). 
The American Society for Therapeutic Radiology 
and Oncology (ASTRO)’s evidence-based review of 
the role of radiosurgery for brain metastases re-

vealed three randomized clinical trials and seven 
retrospective series which compared the effi cacy 
of WBRT alone versus WBRT plus radiosurgery 
boost. For patients with up to three newly diag-
nosed brain metastases (and in one study up to 
four brain metastases), the use of radiosurgery 
boost in addition to WBRT signifi cantly improves 
intracranial control rates as compared with WBRT 
alone. However, no survival benefi ts could be ob-
served for patients with multiple brain metastases 
(Level I) (Mehta et al. 2005).
Radiosurgery alone, deferring WBRT for salvage  �
in patients with newly diagnosed brain metas-
tases likely yields comparable overall survival 
compared to up-front WBRT alone (Level II–IV) 
(Chougule et al. 2000; Pirzkall et al. 1998; 
Rades et al. 2007a,b; Sneed et al. 1999, 2002). 
The comprehensive review mentioned above from 
ASTRO also compared the effect of stereotactic ra-
diosurgery alone versus radiosurgery plus WBRT 
and found that overall survival was not compro-
mised in patients who did not receive WBRT; how-
ever, intracranial control was reduced if WBRT 
was omitted (Level I) (Mehta et al. 2005).
Radiation dosing for radiosurgery should be  �
based on the size, location, and histology of the 
lesion. Radiation dose guidelines have been de-
veloped based on minimizing the risk of radia-
tion necrosis.
General radiation dose guidelines are 15–24 Gy  �
depending on the diameter of the lesion. These 
guidelines have evolved from the integrated lo-
gistic formula and an RTOG dose escalation trial 
(Level III–IV) (Flickinger 1989; Shaw et al. 
2000; Shehata et al. 2004). The following guide-
lines are based on the maximum tolerated dose 
determined by the RTOG trial in patients with re-
current brain tumors: 24 Gy for tumors <20 mm 
in diameter; 18 Gy for tumors 21–30 mm; and 
15 Gy for tumors 31–40 mm (Level III) (Shaw et 
al. 2000).
Radiation necrosis is the most important risk of  �
radiosurgery.

44.2.5 Treatment of 
 Single Brain Metastasis

Combined surgical resection or stereotactic ra- �
diosurgery with WBRT should be recommended 
to patients with a single intracranial metastatic 
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 lesion (Grade A). However, reasonable treatment 
options for single, resectable brain metastasis 
also include: stereotactic radiosurgery alone for 
tumors <3.5 cm in largest dimension; stereotactic 
radiosurgery plus WBRT; surgical resection fol-
lowed by local therapy (e.g. GliaSite , or postop-
erative radiosurgery to the resection cavity).
Surgical resection followed by WBRT is considered  �
the mainstay treatment for single brain metasta-
sis (Grade A). Several randomized trials have ad-
dressed the role of radiation and surgery for single 
brain metastases, and most trials demonstrated 
that combined surgery and radiation therapy pro-
vided improvement in neurologic functions and/or 
survival over either surgery or WBRT alone: 
A small trial from the Netherlands randomized 
patients with single brain metastasis to neuro-
surgical excision plus radiotherapy as compared 
with radiotherapy alone. The results found that 
survival and functionally independent survival 
(FIS) were signifi cantly prolonged in the group 
of patients treated with combined therapy. The 
improvement was most pronounced in patients 
with stable extracranial disease: the median sur-
vival and FIS were 17 months and 9 months, re-
spectively. Patients with progressive extracranial 
cancer had a median overall survival of 5 months 
and an FIS of 2.5 months irrespective of treatment 
administered (Level II) (Vecht et al. 1993). 
A randomized trial reported by Patchell et al. 
(1990) studied patients with single brain me-
tastasis who were treated with WBRT alone or 
surgery followed by whole WBRT. The results 
showed that recurrence at the site of the original 
metastasis was less frequent in the surgery plus 
radiation group than in the radiation only group. 
The median survival times were 40 weeks versus 
15 weeks, in favor of combined surgery and radia-
tion therapy. In addition, patients treated with 
surgery and WBRT remained functionally inde-
pendent longer as compared to those received 
radiation only. All differences were statistically 
signifi cant (Level II). 
In a second randomized trial reported by Patch-
ell et al. (1998), patients with single brain metas-
tasis were treated with surgery alone or surgery 
followed by WBRT. The results showed that al-
though survival was not different between the 
groups, the patients treated by surgery plus WBRT 
experienced fewer local relapses at the original 
tumor site (10% vs. 46%), fewer relapses elsewhere 
in the brain (14% vs. 37%), and were less likely to 

die of neurologic causes than patients treated by 
surgery alone (Level II).
Radiosurgery can be used in combination with  �
WBRT for the treatment of single brain metas-
tasis (Grade A). For lesions <3.5 cm in largest 
dimension, results from retrospective studies 
have confi rmed that stereotactic radiosurgery is 
comparable to surgery when used in combination 
with WBRTin terms of local control (Level IV) 
(Muacevic et al. 1999; O’Neill et al. 2003; 
Schöggl et al. 2000). 
Furthermore, a systemic review and meta-anal-
ysis showed that although among patients with 
multiple metastases, no difference in survival be-
tween those treated with WBRT and stereotactice 
radiosurgery and those treated with WBRT was 
found, a signifi cant survival benefi t was observed 
in patients with single metastasis favoring those 
treated with WBRT + stereotactic radiosurgery. 
Intracranial tumor control at 2 years was im-
proved with the addition of SRS to WBRT, re-
gardless of the number of brain lesions (Level I) 
(Stafi nski et al. 2006).
Surgical resection followed by local therapy [e.g.  �
GliaSite (Proxima Therapeutics Inc., Alpharetta, 
Ga.) or postoperative radiosurgery to the resec-
tion cavity] can be recommended in selected pa-
tients with single brain metastasis (Grade B). The 
effi cacy of GaliaSite brachytherapy prescribed to 
60 Gy to 1 cm depth after resection of a single 
brain metastasis was studied in a multi-institu-
tional prospective phase II trial. The local control 
rate, median patient survival time, and duration 
of functional independence were similar to those 
achieved with resection plus WBRT (Level III) 
(Rogers et al. 2006). The effect of local treat-
ment to the resection cavity using stereotactic 
radiosurgery was demonstrated in a retrospective 
series from Stanford University. The results of the 
series showed that radiosurgery administered to 
the resection cavity of brain metastases resulted 
in a 79% local control rate at 12 months, which 
compares favorably with historic results with 
observation alone (54%) and postoperative WBI 
(80%–90%) (Level IV) (Soltys et al. 2008).
As detailed in Section 44.2.4, other acceptable  �
treatment options for single but unresectable 
brain metastasis include WBRT plus stereot-
actic radiosurgery (Grade A). Alternatively, ra-
diosurgery alone can be considered (Grade C). 
WBRT plus stereotactic radiosurgery (Level II) 
 (Stafi nski et al. 2006; Kondziolka et al. 1999).
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44.2.6 Treatment of Oligometastases 
 (1–3 Intracranial Lesions)

The management of multiple brain metastases  �
has historically been WBRT alone. Currently, 
treatment options for patients with oligometas-
tases in the brain include: (1) WBRT, (2) WBRT in 
combination with stereotactic radiotherapy, and 
(3) stereotactic radiotherapy alone.
Recently published evidence supports the use of  �
stereotactic radiosurgery in combination with 
WBRT (Grade A). The effi cacy of combined ste-
reotactic radiosurgery and WBRT was reported 
in a prospective randomized study from the Uni-
versity of Pittsburgh. Patients with between two 
and four brain metastases of 2.5 cm in diam-
eter were randomized to WBRT alone or WBRT 
plus stereotactic radiosurgery. The total dose of 
WBRT was 30 Gy delivered in 12 daily fractions. 
The results showed that there was no neurologic 
or systemic morbidity related to stereotactic ra-
diosurgery. Local tumor control was signifi cantly 
improved with the use of SRS: The median time 
to local failure was 6 months and 36 months af-
ter WBRT or WBRT plus radiosurgery, respec-
tively; the median time to any brain failure was 
improved in the radiosurgery group. No signifi -
cant difference was detected in median survival 
time in both groups (7.5 vs. 11 months, p=0.22) 
(Level II) (Kondziolka et al. 1999). Randomizing 
patients with between one and three brain me-
tastases between WBRT and stereotactic radio-
surgery versus WBRT alone, RTOG 9508 showed 
that patients treated by the combined therapy ex-
perienced improved functional autonomy com-
pared to those treated by WBRT alone. Patients 
with a single brain metastasis also experienced 
improved survival with the combined treatment 
(RTOG 9508, Level I) (Andrews et al. 2004).
Stereotactic radiosurgery alone can be consid- �
ered for patients with up to four intracranial le-
sions (Grade B). Omission of WBRT in patients 
with between one and three metastatic intracra-
nial lesion(s) did not appear to adversely affect 
survival, according to the results of a number 
of retrospective series (Level IV) (Sneed et al. 
1999, 2002). A study randomizing patients with 
1–4 brain metastases between radiosurgery alone 
versus WBRT plus radiosurgery, there was no sur-
vival difference observed.  However, the intracra-
nial relapse rate was more frequent when WBRT 
was not given (Level I) (Aoyama et al. 2006).

44.2.7 Treatment of Multiple Brain 
 Metastases 
 (≥4 Intracranial Lesions)

Currently, WBRT therapy is the treatment of  �
choice for patients with multiple brain metasta-
ses. Results from currently available publications 
do not support the routine use of surgery or ste-
reotactic radiosurgery for treating patients with 
four or more intracranial metastatic lesions. 

44.3 Management of Spinal Metastases

44.3.1 Treatment of Spinal Metastases 
 Without Cord Compression

Orthopedic consultation is recommended for  �
patients who may present with spinal instabil-
ity, i.e., pathologic fracture, signifi cant kyphosis, 
deformity, and signifi cantly retropulsed bone 
fragments. Surgery followed by adjuvant radio-
therapy or radiotherapy alone are traditional op-
tions for palliation of spinal metastases.
Radiotherapy without surgery is recommended  �
for the following clinical presentations:
Painful spinal metastases without epidural spinal  –
compression
Epidural spinal cord compression caused by ra- –
dioresponsive tumors (e.g., lymphoma, multiple 
myeloma, leukemia, germ cell tumors)
Medically inoperable patients –
Multiple levels of disease ( – Posner 1995; Spinazze 
et al. 2005)
Radiotherapy can achieve greater than 80% over- �
all pain relief for skeletal metastases including 
spinal metastases (Falkmer et al. 2003).
The treatment strategy for spinal metastasis with- �
out cord compression assimilates that of bone 
metastasis: Total dose of radiation dose to 30–
40 Gy in 10–20 fractions is generally the preferred 
palliative course of treatment when a patient has 
a favorable life expectancy; those patients with 
a limited survival may be treated with 8 Gy in a 
single fraction (Grade A). 
Multiple randomized trials and retrospective re-
views have confi rmed that short and long sched-
ules of radiotherapy have similar effectiveness in 
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early pain relief (70%–75% pain relief); however, 
re-treatment is required more frequently after the 
shorter courses (Level I and IV) (Bone Pain Trial 
Working Party 1999; Blitzer 1985; Hartsell 
et al. 2005; Niewald et al. 1996;  Rasmusson et 
al. 1995; Tong et al. 1982). Re-irradiation rates are 
20%–25% for short course (8 Gy×1) compared to 
10%–15% for longer courses (20–30 Gy in 5–10 
fractions) (Level I) (Wu et al. 2003).
The details of palliative radiation therapy for 
bone metastasis are detailed in Chapter 43.

44.3.2 Treatment of Metastatic 
 Epidural Spinal Cord 
 Compression (MESCC)

Spinal metastases may evolve to cause epidural  �
compression of the spinal cord or cauda equine. 
High-dose dexamethasone should be given as 
an adjunct treatment in patients with metastatic 
epidural spinal cord compression prior to pallia-
tive radiotherapy (Grade B). A minimum dose of 
dexamethasone of 4 mg every 6 h can be recom-
mended. 
Treatment with dexamethasone and radiotherapy 
improves the gait preservation rate compared 
to radiotherapy alone in patients with MESCC: 
higher ambulation rates in patients with MSCC 
who received high-dose dexamethasone before 
radiotherapy compared with patients who did not 
receive corticosteroids before radiation therapy 
(81% vs. 63% at 3 months, respectively; p=.046). 
(Level II) (Sørensen et al. 1994). 
The preservation of neurologic function is asso-
ciated with the severity of neurologic symptoms 
and the onset of the treatment. Treatment should 
be initiated as soon as possible without delay.
Currently, combined surgery and radiation ther- �
apy is the recommended strategy for the treat-
ment of MESCC (Grade A). Results from a ret-
rospective study reported by Sundaresan et al. 
(1995) revealed that more than 80% of the patients 
with symptomatic malignant spinal cord com-
pression were improved in terms of pain relief 
and ambulatory status after surgery. The overall 
median survival duration was 16 months and, 
apart from primary tumor, the presence of pre-
operative paraparesis had the most signifi cant 
impact on survival (Level IV). Based on these 

results and results from other retrospective data, 
an evidence-based guideline supported the use 
of surgery in combination with radiation as 
the emergent treatment for patients with ma-
lignant spinal cord compression (Loblaw and 
 Laperriere 1998). 
The results from a randomized phase III study 
confi rmed that direct decompressive surgery 
given prior to palliative radiotherapy (30 Gy 
given in 10 daily fractions) improved prognosis: 
Approximately 84% of patients were able to am-
bulate after combined surgery and radiotherapy, 
as compared to 57% among patients received ra-
diation only. In addition, patients treated with 
surgery also retained the ability to walk signifi -
cantly longer, and more patients in the surgery 
group regained the ability to walk than patients 
in the radiation group (62% vs. 19%) (Level I) 
(Patchell et al. 2005).

Radiation Therapy

Similar to bone metastases, the rate of pain and  �
neurologic symptom relief are the same for short- 
or long-course radiotherapy schedules, with ap-
proximately 25%–30% of patients with improved 
motor function.
A total dose of 30 Gy in 10 fractions is considered  �
the standard for radiation therapy for MESCC 
(Grade B). When radiation therapy is used 
alone, the failure rate at 2 years is 24%–26% for 
short-course (8 Gy×1, 5 Gy×4) vs. 7%–14% for 
long-course (3 Gy×10, 2.5 Gy×15, 2 Gy×20) ra-
diotherapy (Level IV) (Rades et al. 2005). In ad-
dition, there is no apparent benefi t to treatment 
schedules escalated beyond 30 Gy in 10 fractions 
(Level IV) (Rades et al. 2007c, 2008).
Results from prospective trials show that approx- �
imately three-quarters of patients are ambulatory 
post-treatment and 54%–59% show complete re-
lief of back pain (Maranzano and Latini 1995; 
Maranzano et al. 1997, 2005).

Surgery and Radiotherapy

Patients with neurologic symptoms due to a single  �
level of MESCC due to a non-radiosensitive his-
tology, who have <48 h of paraplegic symptoms, 
>3-month life expectancy, and are medically op-
erable, should be treated with direct decompres-
sive surgery (not a simple laminectomy) followed 
by 30 Gy radiotherapy rather than radiotherapy 
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alone (Grade A). As detailed above, patients with 
these characteristics treated with surgery followed 
by palliative radiation in the randomized trial 
reported by Patchell et al. (2005) had signifi -
cantly improved outcome as compared to those 
received radiation only: overall post-treatment 
ambulatory rates were 84% in surgical patients 
compared to only 57% with radiation alone. In 
non-ambulatory patients, 62% vs. 19% regained 
the ability to walk with surgery compared to ra-
diotherapy alone (Level I).

Spinal Stereotactic Radiosurgery

With advances in linear accelerator technology,  �
the application of stereotactic radiosurgical prin-
ciples for the treatment of spinal lesions is an 
emerging option (Fig. 44.2).
Spinal stereotactic radiosurgery, given in one to  �
fi ve days, may be used in the primary setting or 
in those who have already received prior radio-
therapy (Grade B). Pain relief and local control 
from a short course of SRS appear comparable to 
a long course of radiotherapy; with better local 
control than short course schedules (Level IV) 
(Table 44.3).
Dose guidelines are evolving for stereotactic ra- �
diosurgery. Typical doses are 16–30 Gy in between 
one and fi ve fractions. Dose prescriptions also 
take into account the dose delivered to the spinal 
cord and cauda equina.
Although the tolerance of neural structures in  �
stereotactic radiosurgery is unknown, care is 
taken to avoid complications by limiting the par-

tial volume of the neural contents in the high-
dose region.
Typical dose constraints are: �
Limit the volume of cord/cauda that receives the  –
single-dose equivalent of 8–12 Gy to <1 cm3 or
Limit no more than 10% of the volume of the cord/ –
cauda to receive 10 Gy or higher (Gerszten et al. 
2007; Chang 2007; Gibbs et al. 2007)

44.4 Follow-Ups

44.4.1 Post-Treatment Follow-Ups

Life-long follow-up after treatment of malig- �
nant CNS metastasis is recommended (Grade D) 
(National Comprehensive Cancer Network 
2008). However, no conclusive recommendation 
can be provided for patient selection for an ag-
gressive rehabilitation program.

Schedule and Work-Ups

Follow-ups could be scheduled every 3 months. �
Each follow-up after treatment of brain metasta- �
sis should include a complete history and physical 
examination, including a neurologic examina-
tion. MRI of the brain every 3 months for 1 year 
and then as clinically indicated can be recom-
mended (Grade D) (National Comprehensive 
Cancer Network 2008). Further treatment after 

Fig. 44.2. Stereotactic radiosurgery 
isodose plan for a spinal metastasis in-
volving the right L4 lamina and trans-
verse process. The target tumor is out-
lined in red with yellow points while the 
prescription isodose line is indicated 
by the green curve. The spinal neural 
contents are shown centrally. The 50% 
isodose surface (purple curve) shows 
the rapid dose fall-off and the selec-
tive dose gradient to spare the neural 
structure
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Table 44.3. Results from initial studies of spinal stereotactic radiosurgery

Reference No. of targets Median follow-up
(months)

Prior radiation
(%)

Local control
(%)

Pain relief
(%)

Ryu et al. (2008) 61 13 0 NR 84

Degen et al. (2005) 58 12 53 88 97

Gibbs et al. (2007) 102 9 74 NR 84

Gerszten et al. (2007) 500 21 87 92 86

Chang et al. (2007) 74 21 56 84 NR

Yamada et al. (2008) 103 15 0 90 NR

NR, not reported

intracranial recurrence depends on the status of 
patients’ general condition, systemic disease, and 
previous treatment.
Each follow-up after treatment of spinal cord  �
compression should include a complete history 
and physical examination, including a neurologic 
examination. Laboratory tests and imaging stud-
ies can be ordered as clinically indicated.
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Medical Imaging Modalities in Radiotherapy 45
Dimitre Hristov and Lei Xing

D. Hristov, PhD; L. Xing, PhD
Department of Radiation Oncology,  Stanford University 
School of Medicine, 875 Blake Wilbur Drive, Stanford, CA 
94305-5847, USA

Introduction and Objectives

Therapeutic ratio improvement by exploiting the highly conformal 
distributions that are enabled by current image-guided radiation 
delivery systems depends on the accurate identifi cation and local-
ization of both treatment targets and healthy structures. While 
imaging is indispensable in accomplishing this task, the refl ection 
of disease-related morphological and functional features in 3D 
and 4D medical image datasets is determined by: physical contrast 
generation mechanisms; imaging system design, performance, 
and capabilities; and clinical acquisition protocols. The intent of 
this chapter is to provide an overview of the above factors for the 
most widely used medical imaging modalities in radiotherapy. 
Thus this chapter examines, to varying degrees of detail:

Computed tomography (CT) �
Positron emission tomography-computed tomography (PET/CT) �
Magnetic resonance imaging (MRI) �

45.1 Computed Tomography

45.1.1 Imaging Principles and 
 Information Content

Image Acquisition and Reconstruction

A modern multi-slice CT scanner and its major  �
components are illustrated in Figure 45.1. A gan-
try-mounted fan pair comprising an X-ray source 
and detector array (Fig. 45.1) rotates continuously 
around a subject at between one and three rev-
olutions per second as the subject is advanced 
through the scanner bore in continuous (spiral or 
helical scanning) or incremental (axial scanning) 
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fashion. Projection data containing the integral 
X-ray attenuation along paths connecting the 
 X-ray source and the individual detectors within 
the array is measured (Fig. 45.2). These projec-
tions are fi ltered with various convolution kernels 
depending on the selected clinical reconstruction 
protocol and then backprojected to reconstruct a 
CT image or slice (Oppelt 2006). 
Current multi-slice CT scanners use many (16– �
320) detector rows allowing a number of slices 
to be measured simultaneously. This leads to re-
duction in scan time and better utilization of the 
X-ray source output. However, depending on the 
clinical protocol only a subset of the detector rows 
may be used (Oppelt 2006).

Acquisition Parameters

Scan type: spiral (or helical) and axial. �
X-ray tube high voltage measured in kVs. It con- �
trols the X-ray source radiation exposure rate (for 
fi xed tube current) as well as the spectrum of 
the X-ray beam. The latter infl uences the radio-
graphic contrast of the CT images. Typical high 
voltage values range between 80 and 140 kV. 
X-ray tube current measured in mA. It controls  �
the radiation exposure rate and thus the signal-
to-noise ratio in the CT images. The latter di-
rectly affect the detection of low-contrast objects 
(Sprawls 1992). While CT systems allow a large 
range from ~10 mA to ~500 mA, for given scan 
parameters the maximum value of the X-ray tube 
current is most often limited automatically by the 
fi nite X-ray tube heat load capacity. The product 
of the X-ray tube current and the scan exposure 
time (measured in mAs) is the major dose deter-
mining parameter. Typical effective dose values 
range between 1–15 mSv depending on the acqui-
sition technique and the body site (McCollough 
et al. 2008a).
Pitch defi ned as the ratio of table travel per rota- �
tion in millimeters divided by the beam collima-
tion. Typical pitch values range between 0.1 and 
2. While small pitch values improve the image 
resolution along the scan axis, larger pitch values 
result in smaller imaging doses.

Information Content

A CT image is a discrete 2D matrix representation  �
of the spatial distribution of the X-ray attenu-
ation coeffi cient within a scanned object. For a 

Fig. 45.1. A modern multi-slice CT scanner and its major 
component

Fig. 45.2. The physical principles of CT acquisition. The CT 
detector array registers projections comprising the subject 
integral attenuation along rays between individual detectors 
and the X-ray source
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particular matrix element or pixel (i, j), the corre-
sponding CT number CT#(i, j) measures the rela-
tive value of the average attenuation coeffi cient 
μ( , )x yi j  in Hounsfi eld units (HU), thus 

    CT i j
x yi j water

water

#( , )
( , )

=
−⎛

⎝⎜
⎞
⎠⎟

1000
μ μ

μ
 

where  � μwater is adjusted so as to give water a pixel 
value of zero independent of the X-ray spectrum. 
A normal CT scale ranges from –1024 HU to 
3071 HU. Extended CT scales are available as an 
off-line post-processing option for patients with 
metallic implants (Coolens and Childs 2003).
The CT value of human tissues depends on the kV  �
setting for the CT scan. Representative CT values 
for some human tissues are given in Figure 45.3.
A typical patient’s 3D CT data set comprises more  �
than 100 2D images (or slices), each of which con-
tains 512×512 pixels. With 16 bits per pixel, the 
size of such dataset exceeds 50 megabytes. 
CT imaging is characterized by high spatial integ- �
rity, excellent reproducibility, high cross sectional 
spatial resolution (<1 mm) and low contrast sensi-
tivity (<0.5%) for typical imaging doses.

45.1.2 CT Simulators

Specifi cations for Hardware and 
Software Components

A CT simulator is a CT system with additional  �
hardware and software components to enable ra-
diation therapy simulation and planning based 
on CT-generated model of the patient anatomy.
A fl at table top is necessary to reproduce the treat- �
ment position intended for radiation delivery.
Large bore size (~80 cm) is required to provide  �
maximum fl exibility for patient setup. For in-
stance, such a bore facilitates the CT simulation 
of breast patients on inclined breast boards.
Extended fi eld-of-view (FOV) reconstruction is nec- �
essary to capture the anatomy of large patients and 
provide skin contours for evaluation of the deliv-
ered dose. Since extended FOV reconstruction re-
quires projection extrapolation beyond the acquisi-
tion FOV (~50 cm), the fi delity of the CT numbers 
in the periphery of the FOV needs to be examined.
Localizing (movable) lasers are to be included  �
for facilitating the radiation therapist with the 
patient setup and skin marks.
Large X-ray tube heat capacity exceeding 6 Mega  �
Heat Units (MHU) is necessary to enable four-
dimensional respiratory correlated CT scans (4D 
CT) with clinically useful scan range as well thin 
slice CT scans.
Large detector array (>16 rows) is necessary to  �
allow large scan coverage at high resolution. This 
is benefi cial for single breath-hold imaging as well 
as 4D imaging.
Extended HU scale is benefi cial in scanning pa- �
tients with metal implants.
Respiratory gating option is to be included for  �
retrospective 4D CT or prospective gated CT ac-
quisition.

CT Scanning and 
Image Interpretation Principles

Scan limits need to encompass all relevant anatomy  �
for accurate calculation of dose and dose derived 
indices such as dose-volume histograms (DVHs).
Thin slice imaging is important for treatment sites  �
such as head and neck (H&N), prostate, and lung 
since the CT volume or digitally reconstructed 
radiographs (DRRs) derived from the CT are sub-
sequently used as reference data in image-guided 
radiation delivery.Fig. 45.3. Typical CT values for some human tissues
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Extended HU scale with proper HU-to-electron  �
density calibration can reduce dose calculation 
uncertainty for patients with metal implants. 
However, an extended scale does not necessarily 
eliminate image artifacts.
Clinical scanning protocols need to be created  �
and used consistently since HU, depending on the 
kV settings and reconstruction algorithms, are 
converted to electron density for accurate dose 
calculation.
Visualization and interpretation of CT images de- �
pend on the acquisition and the reconstruction 
parameters as well as the display setting used for 
viewing the data. The apparent size of a structure 
depends on the window-level settings. These need 
to be standardized and followed consistently.

45.1.3 4D CT Imaging

Description and Clinical Applications

4D CT imaging refers to CT imaging techniques  �
that allow the acquisition of respiratory-correlated 
scans (Vedam et al. 2003; Rietzel et al. 2005b; 
Pan et al. 2004; Keall et al. 2004; Li et al. 2005). 
Such scans can be acquired by prospective gating 
whereby imaging is performed only during a pre-
determined respiratory state or by retrospective re-
spiratory correlated sorting of CT images that cap-
ture several states of the breathing cycle. The latter 
approach is referred to as retrospective 4D CT.
A retrospective 4D CT allows: (i) mitigation of  �
image artifacts caused by respiratory-correlated 
internal anatomy motion; (ii) evaluation of the 
pattern and magnitude of the internal motion; 
and (iii) design of strategies for its management 
in the course of radiotherapy. These strategies 
include generation of patient-specifi c margins 
for target volumes ( Underberg et al. 2004, 2005; 
 Rietzel et al. 2005a), breath-hold radiation deliv-
ery (Wong et al. 1999), or gated delivery (Vedam 
et al. 2001, Kubo and Hill 1996, Ohara et al. 
1989, Wink et al. 2008). 4D CT forms the basis 
for respiratory motion management in radiation 
therapy (Keall et al. 2006; Wink et al. 2008).

Acquisition and Reconstruction

The retrospective 4D CT scanning process in- �
cludes three relatively independent steps: record-

ing of respiratory signal(s), acquisition of time-
dependent CT projection data, and construction 
of a 4D image from these data. 
4D CT patient setup proceeds along the same  �
lines as a standard 3D CT exam. The patient is 
immobilized on the scanner bed and aligned us-
ing room and scanner lasers. Sagittal and coronal 
scout images are used to verify patient position-
ing, and the setup is adjusted as necessary. At 
this stage of the setup, the 4D procedure begins 
to diverge from the 3D exam. 
Respiratory signal is recorded by tracking a sur- �
rogate of respiration-related organ and tumor 
motion, such as chest expansion monitored by 
pneumatic bellows (Kleshneva et al. 2006) or 
displacements of a refl ecting external marker 
placed on the abdomen and tracked with a cam-
era (Pan et al. 2004) (Fig. 45.4).
Once a suffi ciently regular breathing pattern is  �
established, time-stamped CT data is acquired in 
either over-sampled helical (pitch ~0.1) or “cine” 
mode. The latter is a step-and-shoot technique, 
whereby the gantry completes several rotations at 
each bed position in order to acquire data over the 
full respiratory cycle. With either mode, several 
CT slices are generated that capture the anatomy 
over the full respiratory cycle at each axial loca-
tion. Because several respiratory points are sam-
pled at each bed position, a 4D CT scan can take 
several times as long as a corresponding 3D CT. 
A 4D CT scan typically results in 1500–3000 CT 
slices for a 20- to 40-cm axial FOV.
Upon scan completion, phase or amplitude at each  �
point of the respiratory trace is calculated. In the 

Fig. 45.4. 4D CT acquisition with an infrared camera track-
ing system consisting of an infrared source, CCD camera, 
and a refl ecting block. The block is attached to the patient’s 
abdomen, typically just inferior to the xiphoid process, and 
the motion of the block is captured by the camera
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case of phase calculation, the location of the peaks 
at end-inspiration is determined, and percentages 
to inter-peak points are assigned by a linear in-
terpolation of the peak-to-peak distance. For ex-
ample, under this scheme, end-inspiration occurs 
at 0%, while end-expiration typically appears near 
50%–60%. The peak-to-peak distance can vary be-
tween respiratory cycles, as can the position of 
end-expiration with respect to end-inspiration.
The respiratory and scan data are combined by  �
sorting the over-sampled time-stamped CT slices 
according to their phase. Thus different CT series 
labeled in accordance with the respiratory state 
are generated (Fig. 45.5). These form the basis for 
4D treatment planning.
4D CT effective doses are about a factor of 5–10  �
larger than those for standard thorax exams (Li 
et al. 2005).

45.1.4 Linac Integrated CT and 
 Cone-Beam CT

Cone-beam CT (CBCT) is an imaging modality  �
which employs a large area (cone) X-ray beam and 
a fl at panel detector technology for the reconstruc-
tion of 3D dataset from a number of 2D projections 
acquired from a subject (Xing et al. 2006).
While analogous to CT, CBCT differs in two main  �
aspects: detector technology and collimation of 
the imaging beam impinging on the subject. For 
comparable imaging doses, these factors result 

in CBCT image quality somewhat inferior to that 
of CT. 
Linac-integrated kV CBCT refers to a combination  �
a kV range X-ray source and a fl at-panel detector 
mounted on the drum of a medical accelerator 
with the kV imaging axis orthogonal to that of 
MV therapy beam (Jaffray and Siewerdsen 
2000). 
Linac-integrated megavoltage CBCT refers to an  �
imaging mode of the linac delivery system that 
employs the megavoltage treatment beam as an 
imaging source in combination with a fl at-panel 
detector mounted opposing to the treatment 
source (Pouliot et al. 2005). The physics of radi-
ation-matter interaction at megavoltage energies 
affects the MV CBCT image quality. 
Linac-integrated CT refers to a dedicated deliv- �
ery system that integrates a 6 MV MV treatment 
source and an array of CT detectors on a CT gan-
try (Meeks et al. 2005; Langen et al. 2005a,b; 
Kupelian et al. 2005).
3D CBCT (or CT) images are used for on-line verifi - �
cation and correction of patient setup. The images 
are registered with the planning CT data through 
the use of either manual or automated 3D image 
registration software that calculates shifts in x-, y- 
and z-directions (depending on the manufacturer, 
rotations can also be included). The movements 
determined during the registration represent the 
required setup corrections that are applied by dis-
placing the treatment couch (White et al. 2007; 
Moseley et al. 2007;  Letourneau et al. 2005; 
Gayou and Miften 2007; Xing et al. 2006).

Fig. 45.5. 4D CT reconstruc-
tion by retrospective sorting. 
At each table position time-
stamped images belonging to 
a particular respiratory state 
are selected and combined 
in a separate 3D dataset cor-
responding to the respiratory 
state. (In this particular ex-
ample the respiratory state is 
labeled by a respiratory phase. 
The 50% phase and the 90% 
phase are reconstructed)
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45.1.5 Quality Assurance

CT scanner quality assurance programs need to  �
target the minimum standards for dose and im-
age quality established by the American College 
of Radiology (ACR) Computed Tomography Ac-
creditation Program. 
Quality assurance guidelines for CT simulators  �
covering radiation and patient safety, electrome-
chanical components, as well as imaging perfor-
mance are provided in an American Association 
of Physicists in Medicine (AAPM) report by Task 
Group 66 (Mutic et al. 2003).
CBCT quality assurance, methods, and guide- �
lines are described in (Letourneau et al. 2007; 
Mao et al. 2008; Yoo et al. 2006).

45.2 Positron Emission Tomography– 
 Computed Tomography (PET/CT) 

45.2.1 PET Principles and 
 Information Content

PET Physical Basis and Data Acquisition

A radioactive isotope (Table 45.1) typically con- �
jugated to some molecule of biological interest, 
decays via positron emission (Fig. 45.6a). The 
emitted positron travels some distance based on 
its energy (<1 mm–4 mm) before it encounters 
an electron and annihilates. The annihilation 
produces two 511 keV photons at approximately 
180 , minus some small angle (~0.5 ) due to the 
energy of the positron (Fig. 45.6b). 
The 511 keV photons are stopped by scintilla- �
tion detectors coupled to photomultiplier tubes 
(Fig. 45.6b). The light signal produced in the 

scintillation detectors decays with characteristic 
times ranging from 40–300 ns depending on the 
detector scintillation material. 
After energy discrimination (between ~370 keV  �
and ~650 keV, depending on the scintillating 
material), a detected photon (single) that quali-
fi es as an annihilation -ray is time stamped. A 
coincidence event is registered by identifying 
detectors that count a single energy-qualifying 
photon within a “coincidence window” of 10–
20 ns. Thus each coincidence event is assigned to 
a particular line of response (LOR) which is the 
volume spanned by a pair of coincidence detec-
tors (Fig. 45.6d).

PET Data Corrections and 
Image Reconstruction

The fi nite processing time (dead time) associ- �
ated with the detection of a -ray results in loss 
of coincidence events. Known relationships be-
tween measured and true events are used to es-
timate true count rates from the detected ones 
(Townsend 2004, 2006; Steven and Badawi 
2004; Cherry et al. 2003).
Accidental (“randoms”) coincidences result from  �
separate electron-positron annihilation events 
when the photons originating in such events are 
registered in the coincidence window (Fig. 45.7). 
Since these events are temporarily uncorrelated, 
their number is estimated in a delayed coinci-
dence window in which there are no true coinci-
dence events. The random coincidence correction 
is a subtraction of the delayed-window counts 
from the coincidence window counts corrects for 
each LOR (Townsend 2004, 2006; Steven and 
Badawi 2004; Cherry et al. 2003).
Non-uniform response of the detector elements  �
results in different LOR count rates for the same 
activity. For each LOR, the raw count rates are 
corrected by normalization factors estimated 
by scanning a positron-emitting source that 
exposes the detector pairs to uniform photon 
fl ux.
When an annihilation  � -ray is scattered, a coin-
cidence event is registered in a misplaced LOR 
(Fig. 45.7) if the -ray falls within the energy dis-
crimination window. Such scatter events result in 
image quality deterioration manifested in diffuse 
background counts. Scatter correction is build 
via scatter models into the reconstruction process 
(Steven and Badawi 2004).

Table 45.1. Some radioisotopes for PET imaging

Isotope Half life
(h)

Decay mode
abundance
(%)

Maximum 
 + energy

(keV)

Mean 
 + energy

(keV)
11C 0.34  + (99.8%)  960.2 385.6
13N 0.17  + (99.8%) 1198.4 491.8
15O 0.03  + (99.9%) 1731.9 735.3
18F 1.83  + (96.7%)  633.5 249.8
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Annihilation events in a particular spatial location  �
result in different coincidence counts along differ-
ent LORs because the photon fl ux attenuation varies 
from LOR to LOR. The attenuation factor is given by

exp( ( , ) )−∫ μ x y dl
L

0
 
which measures the total atten-

uation at 511 keV along a LOR of length L . The 
attenuation corrections are derived either from 
transmission scans employing a single radioac-
tive source (Cs-137 or Ge-68) or from attenuation 
maps reconstructed from the 3D dataset provided 
by the CT scanner in a PET/CT system (Steven 
and Badawi 2004).
PET image reconstruction is based on iterative  �
algorithms that refi ne estimates of the activ-
ity distribution by optimizing a target function 
which incorporates models of the data acquisi-
tion process, statistical noise models and prior 
constraints such as the non-negativity of the 
count values (Boellaard et al. 2001; Hudson 
and  Larkin 1994; Riddell et al. 2001; Cherry 
et al. 1992; Yao et al. 2000).

Fig. 45.6a–f. The principles of PET imaging shown schematically: (a) the decay of a neutron-defi cient, positron emitting iso-
tope; (b) the detection in coincidence of the annihilation photons within a time window of 2 (10–20 ns); (c) the glucose analogue 
deoxyglucose labeled with the positron emitter 18F to form the radiopharmaceutical FDG; (d) the injection of the labeled phar-
maceutical and the detection of a pair of annihilation photons in coincidence by a multi-ring PET camera. A line of response 
is shown; (e) the collection of the positron annihilation events into sinograms wherein each element of the sinogram contains 
the number of annihilations in a specifi c projection direction; and (f) a coronal section of the fi nal, reconstructed whole-body 
image mapping the utilization of glucose throughout the patient. [Reproduced from Townsend (2006) with permission]

a b c

d e f

Fig. 45.7. True coincidence (solid black), random coincidence 
(dotted black), and scatter coincidence (dotted red) events as-
signed to one and the same line of response (thick red line)
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PET Image Content and Quantitation

Reconstructed PET images represent count rate  �
(counts per second, or cps) per voxel provided that 
PET raw data is corrected for deadtime, randoms, 
detector response, scatter, and attenuation.
With the application of a measured system cali- �
bration factor given in (Bq/cc)/(cps/voxel), the 
PET images yield activity concentration A(i,j,k) 
([A(i, j, k)]=Bq/cc) for each voxel (i, j, k). The sys-
tem calibration factor is determined by a PET 
scan of water-fi lled volume source with uniform 
activity concentration. 
Another clinically widely used representation of  �
the activity concentration is the standard uptake 
value (SUV) which, under specifi c conditions, can 
approximate the net rate of radiotracer fl ux into 
the tissue (Weber 2005). SUV is defi ned as:

SUV decay corrected activity/tissue volume
injected activit

=
yy/body mass

and measured in g/cc.

45.2.2 PET Performance Parameters

Spatial Resolution

Positrons are emitted over a spectrum of kinetic  �
energies with maximum energies ranging from 
0.58 MeV to 1.73 MeV depending on the radio-
isotope. The fi nite travel range of positrons prior 
to annihilation degrades the spatial resolution by 
~0.1 mm for F-18 and 0.5 mm for O-15 (Levin and 
Hoffman 1999, 2000).
Non-colinearity of the annihilation photons re- �
sults in blurring that depends on the PET scanner 
bore diameter. This spatial resolution degrada-
tion is about ~2 mm for an 80-cm bore scanner 
(Zanzonico 2004; Cherry et al. 2003).
Finite detector size (~4–6×4–6×20–30 mm � 3) and 
depth-of-interaction effects directly affect spa-
tial resolution in radially dependent manner 
(Cherry et al. 2003).
The overall spatial resolution of last generation  �
commercial whole-body PET scanners as mea-
sured by full width half maximum (FWHM) 
of the line spread function is in the range of 
4 mm–8 mm (Teras et al. 2007; Surti et al. 2007; 
Bettinardi et al. 2004).

Sensitivity

System sensitivity is defi ned by the measured  �
count rate per unit activity. It depends on two 
parameters. The fi rst one is the scanner geometric 
effi ciency as determined by the fraction of emit-
ted photons striking the detector. The second one 
is the detector quantum detection effi ciency as 
determined by the fraction of photons striking 
a detector that are stopped and counted by the 
detector. System sensitivity is a measure of the 
utilization of the injected activity for imaging.
Representative value for last generation com- �
mercial whole-body PET scanners range between 
3–7 cps/kBq (Teras et al. 2007; Surti et al. 2007; 
Bettinardi et al. 2004).

Noise-Equivalent Count Rate (NECR)

The noise-equivalent count rate (NECR)  �
(NU2-2001, 2001) is defi ned as

NECR T
T S R

=
+ +

2

, where T, S, and R are True, 

scatter and random count rates. 
NECR provides a metrics for comparing different  �
PET systems and acquisition modes by equating 
count rates to the count rate that would have re-
sulted in the same signal-to-noise ratio in the data 
in the absence of randoms and scatter.

45.2.3 PET/CT Integration

System Description

A PET/CT system integrates a CT scanner and a  �
PET scanner via a common which transfers a sub-
ject between the imaging bores of axially aligned 
CT and PET scanners by simple linear motion 
(Townsend and Cherry 2001; Townsend et al. 
2003). The known couch positions during the CT 
and the PET scan form the basis for the hard-
ware fusion between the PET and CT datasets 
(Fig. 45.8).
Additional software integration incorporates CT  �
data in the calculation of attenuation maps and 
other radiological properties necessary for the 
attenuation and scatter correction of the PET raw 
data (Fig. 45.9d).
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Clinical Advantages Over Independent PET 
and CT Scans

PET/CT is a hardware-based image-fusion technol- �
ogy that virtually eliminates the uncertainty and 
inconvenience of the software fusion of separate 
PET and CT images, which are often acquired with 
the patients in different positions during the two 
exams. Thus the PET/CT improves the accuracy of 
the anatomical localization of the metabolic signal 
and therefore the physician confi dence in making 
diagnostic and treatment decisions.
Incorporation of CT attenuation maps reduces  �
whole-body scan times by about 40% (Townsend 
2004). 

PET/CT is more convenient for the patient and  �
the physician in comparison to a combination of 
separate PET and CT exams.

PET/CT Radiotherapy Simulator

A PET/CT simulator is a PET/CT system with ad- �
ditional hardware and software components to 
enable radiation therapy simulation and plan-
ning based on CT-generated model of the patient 
anatomy and PET-generated models of biological 
processes.
Hardware and software requirements with re- �
spect to the CT subsystem are equivalent to these 
for a CT simulator.

Fig. 45.8. A hybrid PET/
CT scanner. [Adapted 
from Townsend (2006) 
with permission]

Fig. 45.9a–f. A typi-
cal imaging protocol 
for a combined PET/CT 
study that comprises 
(a) a topogram, or scout 
scan, for positioning; (b) 
a spiral CT scan; (c) a 
PET scan over the same 
axial range as the CT 
scan; (d) the generation 
of CT-based attenuation 
correction factors; (e) 
reconstruction of the 
attenuation-corrected 
PET emission data; and 
(f) display of the fi nal 
fused images. [Repro-
duced from Townsend 
(2006) with permission]

a  topogram b  spiral CT

d  attenuation correction

c  PET acquisition e  PET reconstruction f  fused PET/CT

FORE
AWOSEM

Fusion

PETCT

PETCT
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A fl at table top is necessary to reproduce the in- �
tended treatment position during radiation de-
livery.
Depending on the design, the extended range of  �
the patient support system (couch) can lead to 
couch fl ex between the PET and CT exams. This 
effect results in some uncertainty of the hardware 
fusion process. 
Localizing (movable) lasers are to be included  �
for facilitating the radiation therapist with the 
patient setup and skin marks.
Additional facilities such as injection/patient  �
waiting room in the vicinity of the PET/CT room 
need to be available.

45.2.4 FDG Imaging

Underlying Mechanism

By far the most commonly used radiotracer for  �
diagnosis, staging, detection of recurrent disease 
and monitoring of cancer therapy is the fl uorine-
labeled glucose analog [18F]2-fl uoro-2-deoxy-D-
glucose (FDG, shown in Fig. 45.6c) (Fletcher et 
al. 2008; Krause et al. 2007).
Once inside a cell, FDG is phosphorylated to FDG- �
6-phosphate but it is not metabolized beyond this 
step because of the fl uorine substitution in the 
molecule (Reivich et al. 1979). 
Compared to normal tissues many tumors are  �
characterized by glucose avidity (Warburg 1956) 
which results in preferential uptake of FDG and 
therefore in elevated accumulation of the emitter 
activity imaged by PET.

Imaging Protocol 

Patients are instructed to have no caloric intake  �
for at least 4 h before imaging.
FDG activity of about 5 MBq per kilogram of body  �
weight is administered, with typical values rang-
ing between 370 MBq and 740 MBq.
During a tracer uptake phase lasting between 45– �
120 min the patient sits in a quiet resting room. 
After the uptake phase, the patient is placed  �
on the PET/CT table in a comfortable position 
that allows the entire anatomy of interest to be 
captured in the CT reconstruction fi eld-of-view. 
This minimizes errors in CT-based PET attenua-
tion correction (Nestle et al. 2006). A topogram 

(scout)view is acquired to determine the extent of 
the PET/CT scan (Fig. 45.9a–f.a).
The patient is instructed to hold their breath at end  �
tidal volume or breathe shallowly to minimize the 
mismatch between the PET and the CT data. 
A spiral CT dataset is acquired followed by a PET  �
scan (Fig. 45.9a–f.a,b). PET images are reconstructed 
with and without CT attenuation correction. The lat-
ter set of images facilitate interpreting and resolving 
ambiguities resulting from CT attenuation correc-
tions in the presence of CT contrast, CT truncation 
artifacts, and metal implants (Nestle et al. 2006).

Image Interpretation Principles

Increased blood glucose level prior to scanning  �
results in lower FDG uptake.
Increased tracer uptake time results in increased  �
FDG uptake.
Imaged maximum activity concentration is mark- �
edly underestimated when signifi cantly different 
uptake occurs across spatial scales smaller than 
twice the PET resolution. Examples are small le-
sions and large tumors with necrotic centers and 
thin viable rims.
Visualization interpretation of lesion size de- �
pends on the display window-level settings. 

45.2.5 4D PET

Description and Clinical Application

4D PET imaging refers to PET imaging techniques  �
that allow the acquisition of respiratory-corre-
lated scans (Nehmeh et al. 2002, 2003; Klein et 
al. 1998; Huesman et al. 1997, 1998; Li et al. 2006b; 
Thorndyke et al. 2006).
The most common solutions gated PET acquisi- �
tion and list mode acquisition with retrospective 
reconstruction (Nehmeh et al. 2002, 2003; Klein 
et al. 1998; Huesman et al. 1997, 1998).
A 4D PET scan allows: (i) evaluation of the pat- �
tern and magnitude of the internal motion, and (ii) 
better estimation of the maximum activity uptake 
because of the elimination of motion blurring. 

Acquisition and Reconstruction

For gated PET acquisition mode, patient setup pro- �
ceeds in the same manner as an un-gated PET one. 
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For systems with an optical respiratory trace mon- �
itor, an infrared camera tracks a refl ecting block 
placed on the patient abdomen (Fig. 45.4.).
An acquisition trigger is set by the user to occur  �
at some given point (e.g., end inspiration) in the 
respiratory cycle. When this point is detected by 
the optical tracking system, a trigger is sent to the 
scanner and data accumulation is initiated. 
In gated mode, the user selects both the width  �
of the acquisition window and the number of se-
quential bins to be recorded within each respira-
tory cycle. The bin width directly affects image 
quality, since the signal-to-noise ratio within an 
image asymptotically approaches the square root 
of the signal level. Multiple bin acquisition allows 
capture of the full respiratory cycle in several 
bins, offering the possibility of retrospectively 
sorting into two or more respiratory phases.
Each time a trigger is received, data is directed  �
to the initial bin, and then to the remaining bins 
sequentially until the next trigger. This process 
continues for the duration of the scan.

45.2.6 Quality Assurance and 
 Radiation Safety

The quality assurance program for the CT sub- �
system of a PET/CT scanner needs to target the 
minimum standards for dose and image quality 
established by the ACR Computed Tomography 
Accreditation Program. 
Quality assurance guidelines covering radiation  �
and patient safety, electromechanical compo-
nents, as well as imaging performance provided 
in an AAPM report by Task Group 66 (Mutic et 
al. 2003) for CT simulators are applicable to PET/
CT simulators as well.
The quality assurance program for the PET sub- �
system of a PET/CT scanner needs to target the 
minimum standards established by the ACCR Ac-
creditation of Nuclear Medicine and PET Imag-
ing Departments Program with respect to perfor-
mance testing and quality control (MacFarlane 
2006).
Compliance with radiation safety standards  �
needs to be observed including adequate shield-
ing of PET/CT facilities. Guidelines for shield-
ing of PET/CT facilities are discussed in an 
AAPM report by Task Group 108 (Madsen et 
al. 2006).

45.3 Magnetic Resonance Imaging

45.3.1 Physical Basis and 
 Instrumentation

Most MRI techniques involve generation and ma- �
nipulation of bulk magnetization of soft tissue 
water protons within a given voxel through use 
of radio-frequency (RF) radiation and magnetic 
fi elds (McRobbie 2007). Magnitude, relaxation, 
and resonance properties of this bulk magne-
tization can be interrogated by MR to serve as 
contrast generating mechanism. RF signal gener-
ated by temporally changing bulk magnetization 
is detected, digitized, and processed in order to 
reconstruct the MR images. 
The major components of an MRI system include:  �
(1) magnetically shielded main magnet with a 
static fi eld strength between 0.2–3 Tesla (T) in 
order to generate bulk net magnetization along 
the magnetic fi eld direction; (2) gradient-coils 
creating linear variations of the main magnetic 
fi eld with maximum gradient values between 
10–50 mT/m in order to spatially encode the bulk 
magnetization; (3) a radiofrequency system with 
a transmitting coil to tip the bulk magnetization 
away from the static magnetic fi eld direction and 
receiving coils to detect the radiofrequency signal 
resulting from the temporal variations of the bulk 
magnetization (Oppelt 2006; McRobbie 2007).
With a patient positioned within the main mag- �
netic fi eld, a typical MR acquisition protocol in-
volves a sequence of gradient coil and transmitter 
coil activations along with RF signal detection by 
the receiving coils. In addition to the magnitude, 
relaxation, and resonance properties of the bulk 
magnetization, timing and order of coil activa-
tions and readout signifi cantly infl uence the MR 
signal (Westbrook et al. 2005).

45.3.2 MRI Radiotherapy Applications

Typical MR protocols include several sequences to  �
generate images that are weighted with respect to 
proton density and tissue (magnetization) spin-
lattice (T1) and spin–spin (T2) relaxation times 
(Villeirs and De Meerleer 2007; Jenkinson 
et al. 2007).
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MRI provides superior soft tissue discrimination,  �
especially for CNS structures (Jenkinson et al. 
2007; Henson et al. 2005) and within the abdo-
men and pelvis (Villeirs and De Meerleer 
2007; Khoo and Joon 2006).
Fast MRI can be used for imaging temporal  �
variations of the anatomy to design appropriate 
motion management strategies in the course of 
radiotherapy (Chan et al. 2008; Plathow et al. 
2006; Kauczor and Plathow 2006).
MRI is typically employed together with CT im- �
ages with the help of image fusion software to 
delineate the extent of the malignancy. Incorpo-
ration of MR for the delineation of target volumes 
requires proper accounting for MR system and 
object-induced distortions, as well as anatomy 
variations resulting from differences between the 
MR and CT imaging setups.

45.4 Outlook

45.4.1 CT and CBCT

CT scanners with very large numbers of detec- �
tor rows (256 or more) are becoming available 
that may enable 4D CT imaging of adequate 
anatomical extents without external respira-
tory signal. With proper imaging dose man-
agement, true anatomy motion evaluation even 
in the presence of irregular breathing patterns 
may be possible.
Dual X-ray source scanners are being commer- �
cialized (Engel et al. 2008; Flohr et al. 2006; 
McCollough et al. 2008b; Yan et al. 2006). These 
may offer the opportunity for radiotherapy rel-
evant tissue characterization by dual-energy 
volumetric imaging.
4D CBCT is being developed to obtain phase re- �
solved volumetric images that eliminate motion 
artifacts. This can improve image interpretation 
and localization accuracy prior to treatment de-
livery (Dietrich et al. 2006; Harsolia et al. 
2008; Li et al. 2006a,c, 2007, 2008; Li and Xing 
2007; Lu et al. 2007; Purdie et al. 2006; Rit et al. 
2005; Sonke et al. 2005, 2008).

45.4.2 PET/CT

A number of radiotracers are being investigated  �
as agents for imaging biological processes and 
microenvironment parameters of interest to ra-
diotherapy: proliferation, hypoxia, apoptosis, 
and angiogenesis [Nimmagadda et al. (2008) and 
references therein]. 
Fast scintillation detectors and new reconstruc- �
tion algorithms are being pursued to enable 
time-of-fl ight PET imaging that will potentially 
improve image quality and PET quantifi cation 
(Karp et al. 2008; Surti et al. 2006, 2007).

45.4.3 MRI

Dynamic contrast enhanced MRI (DCE-MRI) is  �
being actively explored as a predictor of tumor 
response to radiotherapy [Zahra et al. (2007) 
and references therein].
Magnetic resonance spectroscopy (MRS) is a fo- �
cus of investigations as a potential tool for treat-
ment planning and treatment response evalua-
tion in brain tumors and prostate cancer [Payne 
and Leach (2006) and references therein].
Available open-bore (>70 cm) MR systems outfi t- �
ted with MR compatible fl at table tops and laser 
systems may be adopted as dedicated MR simu-
lators. 
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Introduction and Objectives

The style of radiation therapy practice has evolved drastically 
since the early days when the fi eld was fi rst established. The 
technical advancement has played a decisive role in this evo-
lution. Whatever the changes might have been, the objective 
remains the same: to eradicate tumors and to eliminate all cells 
in the regions at risk with minimized normal tissue toxicity. 
All along, this objective has been the guiding principle in the 
progress of radiation therapy. The clinical and technical aspects 
of radiation oncology equally govern the structure of its opera-
tion. In this chapter, we briefl y update our readers on the current 
technical status in a rather general form and then postulate in 
some detail the confi guration of a typical radiation therapy cen-
ter – albeit small in size, the principles demonstrated through-
out can be easily generalized.

The objective of the chapter was conceived with the intention 
to help the readers gain a wider perspective of the radiation 
therapy practice and therefore examines:

The current available imaging technologies in radiation  �
therapy

Treatment planning, delivery, and informatics systems �
Confi guration of a modern radiation therapy facility �
Issues of staffi  ng and clinical operation �

46.1 A Brief Overview of the 
 Current Technical Status

46.1.1 Imaging Technologies in 
 Radiation Therapy

Images for Treatment Planning

CT scanners are now considered part of the essen- �
tial components in a modern radiation therapy 
department. CT images are generally the primary 
imaging modality for delineating treatment tar-
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gets, defi ning critical structures, and for dose 
computation, while other imaging modalities 
(MRI, PET, ultrasound, MRSI, etc.) have been 
used (through fusions) in most of the treatment-
planning systems to further enhance the accu-
racy in targets and critical structure delineation. 
There is good indication that multiple-slice 4D 
CT would soon become standard, as the 4D radia-
tion therapy may soon take center stage.

Image-Guided Treatment Delivery

Following the rapid adoption of advanced im- �
aging technologies for treatment planning, the 
technologies of image guidance for treatment de-
livery (IGRT) quickly emerged, with electronic 
portal imagers (EPID), ultrasound-based sys-
tems, kV X-ray- based radiographic setup sys-
tems  (CyberKnife by Accuray Inc., ExacTrac by 
BrainLab), CT-based IGRT systems (in-room CT 
confi guration, Tomotherapy unit, on-board kV 
cone-beam CT and MV cone-beam CT) sequen-
tially coming into prime application (Dawson 
and Jaffray 2007). The implementation of the 
volumetric image acquisition during treatment 
makes it possible for the adaptive radiation ther-
apy (modifying dose plan based on daily acquired 
volumetric images) with desirable frequency.

Target Motion Management

Tumor motion management has been part of the  �
IGRT effort (Keall et al. 2006). The fi rst genera-
tion of tumor motion management utilizes passive 
methods, which include respiratory gating and ac-
tive breathing control (breath-hold). Neither tech-
nique involves directly quantitative acquisition of 
target position or active radiation beam tracking to 
follow the target motion in real-time. Active or dy-
namic motion management (real-time or near real-
time targeting) involves both direct tumor-motion 
monitoring and active beam targeting. The current 
commercially available active-targeting system is 
the Accuray’s CyberKnife, an image-guided ro-
botic radiosurgery system, which has both static, 
periodic beam correction and continuous respi-
ratory tracking ( Synchrony,  Accuray Inc., Sunny-
vale, CA). Synchrony provides real-time radiation 
beam targeting for tumors that move in relation 
to respiration. In Synchrony the target position 
is periodically localized by radiographic images 
and correlated to the respiratory motion moni-

tored by an optical system comprising a camera 
and light beacons affi xed to the patient’s chest wall. 
This correlation is represented by a mathematical 
model to proactively project the target location 
and instruct the robot-mounted linac to follow 
the tumor motion during beam-on time. Active 
or real-time beam tracking is markedly more dif-
fi cult for gantry-mounted linacs. The general ap-
proaches are dynamic MLC-based beam tracking, 
or treatment couch-based motion compensation. 
Real-time tumor motion monitoring can now be 
achieved by the Calypso 4D Localization System 
(Calypso Medical, Inc., Seattle, WA) using non-
ionizing electromagnetic guidance. Active mo-
tion management capabilities for gantry-mounted 
linacs are expected to be commercially available 
in the near future. The fi nal solution for the tu-
mor motion management will include both geo-
metric and dosimetric corrections for the tumor 
deformation. 4D-CT acquisition with information 
synchronization during treatment delivery will be 
indispensable in this endeavor.

46.1.2 Radiation Delivery Systems

External Beam Radiation Therapy System

From its early commercial introduction in the  �
late 1960s, linear accelerators (linac) provid-
ing MV X-rays and electron beams with a suf-
fi ciently wide range of energy selections have 
undergone remarkable improvement. All linacs 
manufactured are now providing a fully com-
puter-controlled user interface, built-in beam 
shaping systems (MLC), built-in image-guided 
setup systems of different kinds (EPID and on-
board imager, or OBI), and respiratory gating sys-
tems of different kinds. At the present time, the 
treatment using MV X-rays and electron beams 
is still the primary modality of external-beam 
radiation therapy. The successful introduction 
and implementation of intensity-modulated ra-
diation therapy (IMRT) marked the quantum 
leap in photon-based radiation treatment. As the 
crowning technical achievement, IMRT provides 
fl exibility of achieving the most complex dose 
distribution ever imagined (Boyer et al. 2001). It 
should be commemorated that the “Peacock” of 
the binary IMRT system by NOMOS was the fi rst 
deliverable IMRT system. The binary confi gura-
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tion of the IMRT system underwent immediate 
development into a dedicated IMRT/IGRT ma-
chine known as the Tomotherapy unit (Mackie 
et al. 1999). All modern linacs are now capable of 
delivering IMRT using either binary MLC or con-
ventional dynamic MLC. The present ongoing de-
velopment of the IMRT has been focused on both 
a better optimization algorithm and the faster 
treatment-delivery mechanism with a minimal 
amount of MUs. Some recent developments show 
promise of an aperture-modulated dynamic arc 
(or volumetric-modulated arc known as VMAT) 
as the solution to deliver a complex IMRT plan at 
high speed (Crooks et al. 2003). Both Varian and 
Elekta have announced the availability of such a 
product.

Intra-operative Radiotherapy (IORT)

IORT with high-energy electron beam has proven  �
to be benefi cial for a number of clinical indica-
tions. Traditionally, IORT was performed using 
a conventional linac with special IORT cone ap-
plicators. The patient was transported from the 
operating room to the linac treatment room, 
which was sterilized prior to receiving the pa-
tient. A large fractional dose (15–20 Gy) was then 
delivered to the treatment site with the direct in-
terface through the IORT cone applicator. Many 
centers are now using a dedicated portable IORT 
linac, which can be transported to the OR and ad-
ministers the dose on-site (Mobetron by IntraOp 
Medical). A more recent development involves the 
use of low energy (up to 50 kV) X-ray source (In-
trabeam by Carl Zeiss Meditec). The introduction 
of mobile IORT systems signifi cantly improves 
the practicality and effi ciency of IORT (Beddar 
et al. 2006; Vaidya et al. 2002).

Radiosurgery Systems

Contrary to most people’s perception of being a  �
modern development, radiosurgery indeed bears 
its unique path of history as long and glorious 
as conventional radiation therapy. The fi rst full-
scale successful radiosurgery system is the Lek-
sell GammaKnife, which took its fi nal shape in 
the late 1960s. Its successful clinical utilization 
had established the concrete notion and foun-
dation for intracranial radiosurgery and radio-
surgery in general. Following its success, a num-
ber of modifi ed linac-based systems have been 

developed since the 1980s. Although the latest 
models of a conventional linac from the three 
major vendors (Varian, Elekta, and Siemens) 
all claim their abilities to deliver radiosurgery, 
there are a number of systems that are considered 
specialized for radiosurgery. They are Elekta’s 
GammaKnife, Accuray’s CyberKnife, BrainLab’s 
Novalis and OUR’s Rotating Gamma Unit (and 
its modifi ed models). A parallel development us-
ing proton beams, although small in number, has 
demonstrated equal clinical effi cacy with greater 
dose sparing capability.
The goal of radiosurgery is to administer an abla- �
tive dose without damaging the surrounding nor-
mal tissue and thus achieve complete or much 
higher local control compared with conventional 
radiotherapy. The unique physical character-
istics of radiosurgery are: high precision (sub-
 millimeter), highly-focused dose distribution 
(about a 10% dose fall-off per millimeter outside 
the treatment margin), and high dose (10 Gy and 
higher)  (Phillips et al. 1994). It should be noted 
that the term “stereotactic” has always been at-
tached to radiosurgery. The modern IGRT treat-
ments are in fact all stereotactic (3D) in nature. The 
differences are in the implication of accuracy.
The concept of intracranial radiosurgery was fi rst  �
applied to other body sites in the early 1990s us-
ing modifi ed conventional linacs. The introduc-
tion of the dedicated radiosurgery systems (such 
as Accuray’s CyberKnife and BrainLab’s Novalis) 
has widened the application in this avenue, most 
noticeably from the early 2000s. Clinical effi cacy 
has been well demonstrated (Kavanagh and 
Timmerman 2004). Due to the fact that most of 
these treatments were carried out in more than 
one fraction, the term SBRT (stereotactic body ra-
diotherapy) was introduced, despite the fact that 
the fractional dose is comparable to that of the 
traditional intracranial radiosurgery. While the 
term SBRT has gained wide adoption, it should 
be remembered that the essential difference be-
tween radiotherapy and radiosurgery lies in the 
fractional-dose size which leads to their differ-
ent therapeutic effects – as a result of different 
radiobiological effects. The term stereotactic only 
indicates the method of target localization.
The stereotactic localization methods vary among  �
different delivery systems. For intracranial indi-
cations, both frame-based and image-guided, fra-
meless approaches are equally effective, with the 
frameless approach being more patient-friendly 
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and easier for a fractionated scheme. For body 
radiosurgery, image-guidance, with or without 
radio-opaque fi ducial markers, is essential.
It has been recognized from the outset that tumor  �
motion in body radiosurgery presents a serious 
challenge. Different approaches have been em-
ployed to minimize the motion-related errors. 
For tumors that move with a respiratory cycle, 
gating, shallow breathing, breath-hold, or real-
time active beam tracking by robotic linac are 
used in different settings. A proper treatment 
margin should be used based on the tumor geo-
metric uncertainties anticipated with different 
motion-management techniques.
Due to its nature of having highly-focused dose  �
distribution, radiosurgery can be a good alterna-
tive for brachytherapy in certain indicated areas. 
As an example, clinical trials have been established 
to administer hypofractionated treatment (for ex-
ample 725 cGy × 5) for early-stage prostate cancer, 
as a similar approach to the HDR monotherapy.

Brachytherapy Systems

Both LDR and HDR, permanent or temporary  �
implants are still active parts in the fi eld of radia-
tion therapy. Image-based planning has become 
standard for brachytherapy, replacing the rather 
historical dose template methods. Brachyther-
apy delivery also enjoys the advances of image-
guided technology. The technical advancements 
of brachytherapy are refl ected in both general in-
strumental innovations and site-specifi c develop-
ment. The following are some observations of the 
current status of brachytherapy:
Remote after-loading systems (HDR or LDR) have  �
a strong tendency of replacing the manual-load-
ing applications. Even the systems for prostate 
permanent-seed implants are evolving with in-
creasing automation. 
The brachytherapy approach of partial breast ir- �
radiation (PBI) has matured on both forms of the 
MammoSite balloon technique and multi-cathe-
ter technique with an HDR-delivery method.
Brachy-embolization for treatment of hepatic  �
tumors using yttrium-90 beta microspheres has 
been introduced clinically (www.nordion.com; 
www.sirtex.com).
The multiple-source HDR unit is commercially  �
available, which can potentially achieve more 
fl exible and complex isodose distributions (www.
isodosecontrol.com).

An electronic brachytherapy system has been de- �
veloped for clinical use that utilizes a miniature 
X-ray source (50 kV) instead of radioactive mate-
rial. The system can potentially offer greater fl ex-
ibility in carrying out brachytherapy procedures 
due to the simplifi ed requirement for protection 
(www.xoftinc.com).

Particle Beam Therapy

As IMRT marks the crowning achievement of  �
photon-based external-beam radiation therapy, 
the next step of improving physical-dose distri-
bution naturally points to the heavy-charged par-
ticle beams, of which Robert Wilson foresaw the 
application of Bragg peak in radiation therapy in 
1946 (Wilson 1946).
The fi rst hospital-based proton therapy facility,  �
Loma Linda Proton Treatment Center, was opera-
tional in 1990. At the present time there are six 
operational proton facilities in the US and about 
25 worldwide. There are a dozen more centers cur-
rently in planning or under construction. Despite 
its unique advantage of physical dose distribution, 
proton beam treatment is not considered as the 
ultimate, all-inclusive radiation treatment mo-
dality. Clinical indications are often focused on 
well-localized tumors or benign conditions that 
are more radioresistant for conventional photon 
treatment. The noted particle therapy vendors are 
IBA, Varian, Siemens, Hitachi, and Optivus.
There had been none to few clinical trials performed  �
prior to the full clinical implementation of proton 
beam therapy, due to the fact that the therapeutic 
proton beam has similar RBE as photons. Most of 
the proton treatment regimens follow the data es-
tablished from photon beam clinical trials. Similar 
to IMRT, proton beam therapy is taken as an ad-
vance in pure physical dose distribution. The impli-
cation of a higher RBE with heavier ion beams has 
stimulated intense international interest in heavier 
ion beam. There are currently four carbon-12 ion 
beam therapy facilities operational worldwide (two 
in Japan, two in Germany). There has been inter-
esting and encouraging clinical data indicating the 
potential clinical advantages of using carbon-12 and 
other heavy ion beams (Schulz-Ertner and Tsujii 
2007). However, unlike the situation for proton beam 
therapy, more systemic clinical trials are called for 
to arrive at conclusive evidence and guidelines for 
heavier ion beam therapy due to the insuffi ciently-
known radiobiological complexity to date.
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46.1.3 Treatment Planning Systems

Full 3D dose computation capability is now a  �
common standard for major treatment-planning 
systems. Convolution-superposition has been the 
most widely used 3D dose computation algorithm 
with heterogeneity correction using the 3D CT 
data set. One can optimistically expect that a 
full Monte Carlo dose computation engine will 
soon become the gold standard which will offer 
the platform for dose computation with ultimate 
accuracy. The current commercially-available 
systems using the Monte Carlo method include 
the Peregrine from NOMOS (Sewickley, PA), the 
Multiplan from Accuray (Sunnyvale, CA), and the 
Eclipse from Varian (Palo Alto, CA).
Algorithms for IMRT inverse planning have been  �
constantly investigated by researchers for better 
effi ciency. Combined with rapidly improved com-
puter hardware, the inversed planning time for 
IMRT has been signifi cantly shortened. It should 
be understood that the delivery system would ul-
timately dictate the limit in the advancement of 
the IMRT planning algorithm. The current efforts 
from gantry-mounted linac vendors of delivering 
TOMO-like IMRT seem to point to the aperture-
modulated arc therapy (AMAT) or volumetric- 
modulated arc therapy (VMAT) as mentioned 
earlier. VMAT in theory could deliver very com-
plex IMRTs in a very short time (less than 4 min 
following the treatment setup for an H&N case). 
This places demands, higher than ever before, on 
the mechanical performance and the accelerator 
output control.

46.1.4 Guidance of Radiobiology in 
 Radiation Therapy

Radiation therapy was initiated shortly after  �
the discovery of X-ray and radioactive radium, 
with intuitive perception of the biological effects. 
Quantitative studies quickly followed and the 
fi eld of radiobiology was established. The prin-
ciples derived primarily from laboratory research 
and the biological insights, such as the “Four Rs”, 
combined with carefully developed mathematical 
models (Fowler 1992) have served as a guiding 
light for establishing clinical trials that have led 
to most of the quantitative treatment protocols – 
forming evidence-based clinical practice.

Extensive efforts have been put forth for quanti- �
tative analysis to guide treatment planning. Al-
though provisional in essence, they provide in-
dispensable margins and fences protecting one 
from wandering too far into danger.
Radiobiology also leads the fi eld to explore  �
new types of radiation that would give better 
therapeutic gain. The early attempts of neutron 
therapy and the more recent efforts of heavier 
(compared with proton) ion beam therapy have 
all been results inspired by the radiobiology ini-
tiative.
One can envision that modern radiobiology  �
would ultimately integrate with imaging tech-
nologies, providing heterogeneous information 
on cancer cells and direct more effi cient dose-
targeting that would lead to markedly improved 
clinical outcomes.

46.1.5 Informatics in Radiation Therapy

The practice of radiation oncology has also ben- �
efi ted greatly from the advancement of computer 
hardware and the software industry. Electronic 
record and verifi cation systems have become 
standard components in all modern linacs. A 
complete electronic management system for a 
radiation oncology department, integrating 
complete medical records, image management, 
scheduling, and billing has become readily 
available and has been adopted in ever more 
centers. The high-speed connectivity between 
image acquisition, treatment planning, plan 
transfer (to linac), and fi nal treatment delivery 
not only improves the effi ciency of the whole 
process, it also eliminates much of the poten-
tial operator-related errors. The easily avail-
able internet services allow effi cient intra- and 
inter-institutional medical record and image 
transfer. Remote planning and plan review/
evaluation can also be easily done. This leads 
to the recently merged practice of centralized 
treatment planning. Caution, however, should 
be exercised in order to maintain close interac-
tion between physician, physicist, and dosim-
etrist, thereby ensuring that quality patient care 
is not compromised. In general, the development 
and implementation of modern informatics have 
profoundly changed the management and prac-
tice of radiation therapy.
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46.2 Confi guration of a 
 Radiation Therapy Facility

The practice of radiation oncology defi ned it- �
self and developed into a distinct discipline in 
the 1980s. A radiation therapy program can be 
confi gured in many different ways based on the 
operational objectives. A comprehensive radia-
tion therapy department could include all treat-
ment modalities. However, only a well-developed 
academic department would have an integrated 
radiobiology program. 
Currently, external-beam radiation therapy with  �
high-energy photon and electron beams makes 
up the major portion of all radiation therapy pa-
tients. Indications for brachytherapy are selec-
tive and site-specifi c, such as a GYN implant with 
LDR or HDR, partial breast irradiation (PBI) with 
HDR, prostate seed implant, Y-90 microsphere 
liver implant, etc. The treatment modalities that 
are considered less conventional include radio-
surgery, intra-operative radiation therapy (IORT), 
proton or heavier ion beam therapy, neutron 
therapy, hyperthermia, photodynamic therapy, 
radiofrequency ablation, and high-intensity fo-
cused ultrasound ablation, etc., which make up 
approximately 10%–15% of all the radiation ther-
apy population. Notice that some of these “non-
conventional” treatment modalities fall into the 
category of non-ionizing radiation, and ultra-
sound is naturally not radiation. Nevertheless, 
they all involve the process of energy deposition 
as the therapeutic mechanisms. Therefore they 
are natural extensions of the domain in which 
radiation oncologists and medical physicists are 
practicing.
Although some radiation therapy procedures  �
would always require hospital services, the major-
ity of radiation treatments are done as outpatient 
procedures. The nature of outpatient services has 
resulted in the merging of many free-standing 
radiation therapy centers with one or two linacs 
and sometimes with a remote after-loading HDR 
brachytherapy unit. The “non-conventional” 
treatment modalities are mostly available in 
hospital-based radiation therapy departments or 
free-standing specialty centers such as particle 
therapy centers or radiosurgery centers.
Planning a comprehensive radiation therapy pro- �
gram involves extensive work. The general prin-

ciples are commonly derived from the Blue Book 
(ISCRO 1991) and the ACR standards (American 
College of Radiology 1995). One must bear in 
mind that the modern technical developments 
had not been fully anticipated in the earlier writ-
ings. One should always orient his/her judgment 
according to the latest developments. However 
complicated it might be, an example of construct-
ing a small-scale modern radiation therapy center 
could offer much insight that may well be suited 
to an “evidence-based” discussion. For many 
radiation oncologists, such an approach might 
be more informative for grasping the infrastruc-
ture of a functional radiation therapy program. In 
light of this, the following describes the making 
of: A typical functional radiation therapy depart-
ment with a single linac and an HDR brachyther-
apy unit.

46.2.1 Operation Objectives

Single linac to accommodate up to 40 external- �
beam treatments/day, with an occasional stereot-
actic hypo-fractionation treatment. 
A remote after-loading HDR unit to perform out- �
patient oriented brachytherapy procedures (be-
tween one and fi ve procedures/day). It should be 
noted that such an HDR addition would not nec-
essarily alter much of the manpower structure.
Complete electronic operation with a compre- �
hensive network platform to facilitate: (1) an all-
inclusive treatment management connectivity 
between CT scanner, treatment-planning system, 
treatment delivery systems (linac and HDR unit), 
and on-board imaging system for setup and veri-
fi cation; (2) integrated electronic charting system 
including medical record management, treatment 
parameters management, patient scheduling, and 
electronic billing; (3) offi ce management, and (4) 
high-speed internet connection.

46.2.2 Staffi  ng

Radiation oncologist: 2 �
Medical physicist: 1 FTE + locum availability �
Dosimetrist:  1 FTE + locum availability �
Radiation therapist: 3 (including the  �
      chief therapist)
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Nurse/PA:  2 �
Receptionist:  1 �
Billing manager: 1 �
Operation manager: 1 �
IT support:  Outsourced �
Equipment support: Outsourced �
Cleaning service: Outsourced �

46.2.3 Equipment

Linac: �
Dual photon energies, multiple electron energies,  –
Dynamic MLC (0.5/1.0 cm resolution), IMRT, 
EPID, kV-OBI/CBCT, stereotactic (tight spec) op-
tion.
HDR: �
Single Ir-192, or multiple-source after-loader. –
The device can be housed in the linac vault (cost  –
effective). However, a dedicated vault is desirable 
for optimal throughput (exchange for additional 
cost). Since the CT room has lower occupancy, it 
is an ideal location to house the HDR unit.
Electronic brachytherapy system with a soft  X-ray  –
source can be considered, since the procedures 
can be performed in a regular exam room. How-
ever, the X-ray energy of the current system may 
not be suited for the cases in which deeper pen-
etration is desired.
CT Scanner: �
A multiple-slice CT simulator with gating inter- –
face.
Treatment planning system: �
Full-capacity external-beam/brachytherapy RT  –
planning system.
DICOM connections to receive images from the  –
in-house CT, linac’s CBCT, and from outside 
imaging centers, to directly transfer planning 
parameters to the record/verifi cation electronic 
charting system.
Remote planning capability, allowing physicians,  –
physicists and dosimetrists to review and partici-
pate in the planning process remotely.
Physics equipment: �
Water-phantom scanner. –
Calibration ion chambers, electrometer. –
Machine periodic QA devices (for linac, HDR and  –
imaging systems).
Safety survey meter. –
Patient-specifi c QA device (in-vivo dosimetry;  –
IMRT QA device).

Treatment aids: �
Fixation device/system. –
Mold room equipment (additional ventilation is  –
usually required for a mold room).
Additional aids, such as eye shield, bolus mate- –
rial, etc.
Exam room: �
Standard medical exam room equipment. –
Electronic charting: �
Patient database management. –
Medical records management. –
Prescription/clinical treatment plans. –
Record/verifi cation-linac interface. –
Image application/archiving management sys- –
tem.
Departmental computer network: �
Network equipment. –
Computer servers. –
Offi ce management software. –
Billing system. –
Internet/phone service. –

46.2.4 Space Program

In most cases, un-limited space is not a likely  �
scenario. An economic space design is generally 
called for. Figure 46.1 demonstrates a practical 
space program designed for this operation, with 
typical dimensions. It shows that a 5000 sq. ft. 
footage can serve the operation well.
For a radiation oncology department, the treat- �
ment vault occupies a signifi cant portion of the 
space. High-density concrete or special shielding 
blocks with a direct-entry door is a good option to 
minimize the space required for shielding, and is 
adopted in this example. The linac size should be 
part of the initial consideration (without compro-
mising functionalities), as different linac models 
have different space requirements. In this example, 
the vault is designed for a Varian Trilogy Silhou-
ette linac. It should be stressed that the shielding 
design forms a subspecialty in medical physics. 
There are, in reality, very limited opportunities for 
every qualifi ed physicist to become well-versed in 
shielding design. Contracting a reputable shield-
ing expert is highly recommended.
Additional space would certainly make way for a  �
more luxurious layout. Less footage would require 
further optimization of space usage so that a nor-
mal operational work-fl ow is still attainable.
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A conventional simulator is not included in the op- �
erational planning. The simulation and initial setup 
will be performed with linac’s EPID and OBI.
Notice that there is no dark room for fi lm devel- �
opment as all image modalities are handled elec-
tronically. In case of the need for fi lm dosimetry, 
GAFChromic fi lms can be used.
In this design, all environment-control equip- �
ment (air-conditioning units, etc.) are suspended 
above the ceiling fi nishes.
The design shows that the operational traffi c is  �
well-differentiated. The clinical area and the of-
fi ce area are optimally partitioned without affect-
ing easy access to both sides. A separate entrance 
allows daily entry for on-treat patients with per-
sonalized electronic check-in cards.

46.2.5 Essential Elements of the 
 Initiative Team

Just like every other established discipline, the  �
advancement of radiation therapy practice also 
leads to internal differentiation into subspecial-
ties: clinical, technical, and administrative. To 
warrant the successful development of an opera-
tion, resources must be placed effectively. The 
following are considered essential, although dif-
ferent in the level of involvement, for the initia-
tion of the program:
Radiation oncologist (medical director) �
Medical physicist �
Financial consultant �
Legal consultant �

Fig. 46.1. Space program of a 1-linac, 1-HDR radiation therapy facility
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IT services: For any modern radiation oncology  �
department, an effi cient IT confi guration is in-
dispensable, professional IT services should be 
contracted to work with the initiators to design 
the network layout. A realistic network dia-
gram for this demonstrative project is shown in 
 Figure 46.2.
Project manager: A person who is experienced  �
in the construction of a radiation therapy center. 
To contract such a person to oversee the project 
development is desirable if the initiators are not 
experienced in building such a center or are too 
busy to be involved in the ongoing progress of 
the project.
Architect: A qualifi ed architectural fi rm or en- �
gineer with experience in radiation therapy in-
stallation is crucial and is the central element of 
the project, one who will integrate all necessary 
sources to direct the construction. Based on the 
preliminary space program with specifi c equip-
ment installation information, including the 
shielding calculation (needs to be reiterated sev-
eral times between the physicist and the architect 
to work out all details), a fi nal architect plan is 

generated. After being reviewed by the physician 
and the physicist to ensure correct functionality 
of all areas, the plan is submitted for the approval 
by the proper regulatory body.
General contractor: The entity responsible for  �
building the facility is contracted to work un-
der the direction of the architect. A construction 
time-line is drawn and the work underway.

46.2.6 Clinical Operation

Prior to operation, a proper radiation machine  �
license and radioactive material license must be 
obtained.
A radiation safety program must be developed  �
by the physicist.
A comprehensive policy and procedure manual  �
should be formulated.
Typical length for physicist(s) to commission  �
such a center is 3–4 weeks. Due to the rapid merg-
ing and implementation of new technologies, in 
order to maximally and optimally utilize the lat-
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Database

Server

Image
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Server
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Internet or hospital network
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Fig. 46.2. Network scheme

LuBrady-BOOK.indb   649 13.08.2008   14:04:47



650 X. Wu

est technologies, a rigorous training program for 
technical staff should be carefully planned and 
given prior to the operation.
An ongoing educational/training program is also  �
essential, as many new technologies will take time 
to mature. It should be noted that many skills we 
are now comfortable with have been as the re-
sult of many people’s cumulative experience over 
many years. We are now exposed to an increasing 
number of new procedures associated with the 
new technologies. The things for which we have 
now been trained or taught do not necessarily 
bear the same benefi t as the long and cumulative 
experience. For many new procedures, we have 
not yet arrived at their optimal protocols. For 
example, opinion is still split regarding the opti-
mal ratio between the cone-beam CT setup and 
orthogonal kV radiographic setup. Likewise, the 
defi nitions of 4D treatment also vary – they differ 
not because of the disagreement, but because of 
varying perspective and focus.
Standard clinical fl ow can be found in many  �
good reference sources. The fl ow chart presented 
in Figure 46.3 refl ects the infl uence of the new 

technologies. A modern radiation therapy center 
could follow this chart with different effi ciency 
levels at different stages of the process/cycle, de-
pending on the hardware in use, the clinical deci-
sions, and the technical operation philosophy.

46.3 Final Remarks

It is worth noting that most of the decisive steps  �
in the progress of modern radiation oncology 
were not met without skepticism, from the early 
implementation of dedicated CT simulators, 3D-
CRT, MLC, IMRT, robotic radiosurgery, IGRT to 
the more-recent efforts in 4D-RT and particle 
beam therapy. The fi eld of radiation oncology 
has been blessed and is indebted to those who 
have pioneered and ventured with conviction 
into new and better technologies. And the ef-
forts of advancing the fi eld will be continued, 
again, in three major directions: better accuracy 

Initial consultation

Clinical treatment planning

Multiple modality 4D image acquisitions for dose planning
Immobilization

Dose planning with options for
tumor motion management

Simulation and initial setup 

Pre-treatment
image-acquisition for
setup and evaluation

On-line
adaptive dose plan

modification

Treatment delivery

Option 1

Option 2 Option 3 Off-line
adaptive dose plan

modification

Le
ve

l-1
 M

o
d

ifi
ca

ti
o

n

Le
ve

l-2
 M

o
d

ifi
ca

ti
o

n

Le
ve

l-3
 M

o
d

ifi
ca

ti
o

n

On-line
motion management Fig. 46.3. A modern radiation 

therapy process

LuBrady-BOOK.indb   650 13.08.2008   14:04:47



  The Technical Infrastructure of a Modern Radiation Oncology Department 651

of dose targeting (in both target delineation and 
dose delivery), better physical-dose distribution 
using either a better algorithm or new radiation 
sources, and an enhanced radiobiological gain 
through cellular/genetic pathways or different 
radiation sources.
There is seemingly an underlying desire to create  �
a super radiation machine that would cover all 
aspects of radiation therapy. This vision, how-
ever, has not yet been made reality. The state-
ment made by Gilbert Fletcher in 1976, “There 
is no alternative to electron beam therapy,” still 
seems to hold true, not only for electron beam but 
also for other sub-branches in radiation therapy 
(Fletcher 1976). Whether a stand-alone radia-
tion therapy center or a full-scale institutional 
radiation therapy department, an objective 
evaluation of the equipment acquisition will 
determine its operational style and ultimately 
its success. The idea of a unifying super machine 
might be conceptually attractive; however, the 
optimal way of approaching it might not lie in 
the hope of a single machine, but rather a uni-
fi ed operational structure in which machineries 
are optimally specialized for individual treat-
ment modalities and are effectively shared by 
a globally-integrated healthcare system. This 
might hold the key to the future technical ad-
vancement in our fi eld.
The rate of technical advancement in our fi eld  �
has accelerated, which puts a growing demand on 
all of us to stay alert and informed, not only on 
what is new in our fi eld but also on what is new 
out there that could impact the advancement of 
our fi eld.
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Appendix I: Performance Status Scales  AI

The Karnofsky Performance Scale Index allows patients to be classifi ed according to their functional im-
pairment. This can be used to compare effectiveness of different therapies and to assess the prognosis in 
individual patients. The lower the Karnofsky score, the worse the survival for most serious illnesses.

Karnofsky Performance Status Scale Defi nitions Rating (%) Criteria

Able to carry on normal activ-
ity and to work; no special 
care needed

100 Normal no complaints; no evidence of disease

90 Able to carry on normal activity; minor signs or symptoms of disease

80 Normal activity with effort; some signs or symptoms of disease

Unable to work; able to live at 
home and care for most per-
sonal needs; varying amount 
of assistance needed

70 Cares for self; unable to carry on normal activity or to do active work

60 Requires occasional assistance, but is able to care for most of his personal needs

50 Requires considerable assistance and frequent medical care

Unable to care for self; requires 
equivalent of institutional or 
hospital care; disease may be 
progressing rapidly

40 Disabled; requires special care and assistance

30 Severely disabled; hospital admission is indicated although death not imminent

20 Very sick; hospital admission necessary; active supportive treatment necessary

10 Moribund; fatal processes progressing rapidly

0 Dead

ECOG Performance Statusa

Grade ECOG

0 Fully active, able to carry on all pre-disease performance without restriction

1 Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary 
nature, e.g., light housework, offi ce work

2 Ambulatory and capable of all self-care but unable to carry out any work activities. Up and about more than 
50% of waking hours

3 Capable of only limited self-care, confi ned to bed or chair more than 50% of waking hours

4 Completely disabled. Cannot carry on any self-care. Totally confi ned to bed or chair

5 Dead
aAs published in Oken et al. (1982)
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Appendix II: Estimated Normal Tissue  AII
Tolerance Dose to 
Conventionally Fractionated Radiation Oncology

Organ TD5/5 (Gy) TD50/5 (Gy) Clinical end point

Volume of organ/tissue Volume of organ/tissue

3/3 2/3 1/3 3/3 2/3 1/3

Bladder 65 80 N/A 80 85 N/A Symptomatic bladder contracture and 
volume loss

Brachial plexus 60 61 62 75 76 77 Clinically apparent nerve damage

Brain 45 50 60 60 65 75 Necrosis/infraction

Brainstem 50 53 60 65 – – Necrosis/infraction

Cauda equina 60 – – 75 – – Clinically apparent nerve damage

Colon 45 – 55 55 – 65 Obstruction, perforation, ulceration

Ear 30 30 30 40 40 40 Acute serous otitis

Ear 55 55 55 65 65 65 Chronic serous otitis

Esophagus
(stricture, perforation)

55 58 60 68 70 72 Clinical stricture/perforation

Femoral head 52 – – 65 – – Necrosis

Heart (pericarditis) 40 45 60 50 55 70 Pericarditis

Kidney 23 30 50 28 40 – Clinical nephritis

Larynx 70 70 79 80 80 90 Cartilage necrosis

Larynx 45 45 – 80 – – Laryngeal edema

Lens 10 – – 18 – – Cataract requiring intervention

Liver 30 35 50 40 45 55 Liver failure

Lung 17.5 30 45 24.5 40 65 Pneumonitis

Optic chiasm 50 – – 65 – – Blindness

Optic nerve 50 50 50 65 – – Blindness

Parotid gland 32 32 – 46 46 – Xerostomia

Rectum 60 – – 80 – – Severe proctitis/necrosis/stenosis/fi stula

Retina 45 – – 65 – – Blindness

Rib cage – – 50 – – 65 Pathologic fracture

Skin (100cm2)
5000

(30cm2)
6000

(10cm2)
7000

(100cm2)
6500

– – Necrosis/ulceration

Spinal cord (20 cm)
47

(10 cm)
50

(5 cm)
50

– (10cm)
70

(5cm)
70

Myelitis/necrosis

Small intestine 40 – 50 55 – 60 Obstruction/perforation

Stomach 50 55 60 65 67 70 Ulceration/perforation

Temporomandibular 
joint and mandible

60 60 65 72 72 77 Marked limitation of the joint function

Thyroid 45 – – 80 – – Clinical thyroiditis

Reference
Emami B, Lyman J, Brown A et al. (1991) Tolerance of normal tissue to therapeutic irradiation. 
Int J Radiat Oncol Biol Phys 21:109–122
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Subject Index

A

ABVD chemotherapy regimen   418, 560
ACTH secreting tumors   505
Accelerated partial breast irradiation   120
Acinic cell carcinoma of parotid gland   63
Adenocarcinoma
– bladder   294
– endometrioid   344
– esophagus   172
– fallopian tube   332
– lung   133
– pancreas   210
– salivary glands   63
– stomach   191
– vaginal   393
– vulvar   372
Adenoid cystic carcinoma of salivary glands   63
Adenoma
– parotid gland, pleomorphic   62
– pituitary   503
AIDS related cancers see HIV infection
Airway obstruction, palliative radiation therapy in   142
Alpha – fetoprotein see -Fetoprotein levels
American Joint Committee on Cancer see TNM staging 

system
Anal canal cancer   257–267
– brachytherapy in   264
– combined-modality therapy in   260
– diagnosis of   258
– follow-up in   265
– prognostic factors in   259
– radiation therapy in   262
– – dose-time factors   263
– – intensity-modulated radiation therapy   263
– – whole-pelvis techniques   262
– side effects of treatment in   264
– staging of   259
– surgery in   264
Anaplastic astrocytoma see Glioma, adults
Angiocentric lymphoma   456
Angiosarcoma   537
Ann Arbor staging system
– in Hodgkin’s disease   417
– in non-Hodgkin’s lymphoma   401

Ascites   226, 232, 240
Astler-Coller staging system in colorectal cancer   247
Astrocytoma
– Anaplastic   492
– – in children   553
– – treatment of   492
– in children   551–553
– low-grade, treatment of   493
– pilocytic
– – in children   552
– – treatment of   493
– spinal metastasis   485

B

B-cell lymphoma   408
“B” symptoms   400, 416
Bartholin glands   372
Basal cell carcinoma,
– electron beam therapy in   532
– eyelid   532
– skin   530
Basaloid carcinoma in vulva   372
Benign Lymphoepithelial Cysts in HIV+ Patients   70
Bicalutamide   311, 316
Biliary tract cancer   222–243
– chemotherapy in   233
– diagnosis of   222
– management of   232
– palliation in   235
– prognostic factors in   225
– radiation therapy in
– sequelae of treatment in
– staging of   224
– surgery in   232
Biologically equivalent dose (BED),
– in high-dose-rate brachytherapy for cervical cancer   366
– in stereotactic radiosurgery for NSCLC   137
Biopsy
– in anal canal cancer after radiation therapy   266
– in brain tumors   484
– in breast cancer   113
– in cervical cancer   358
– in intraocular lymphoma   8
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Biopsy (Continued)
– in liver cancer   223
– in melanoma   515
– in nasopharyngeal cancer   19
– in non-small cell lung cancer   133
– in ocular melanoma   4
– in orbital lymphoma   10
– in oral cavity and oropharyngeal cancers   40
– in pancreatic cancer   210
– in plasma cell tumors   431
– in salivary gland tumors   63
– in squamous cell carcinoma of unknown had and neck 

primary   87
– in thymoma   160
– in thyroid cancer   97
– sentinel node   116, 118, 122
Bisphosphonates   602
Bladder cancer   283–298
– brachytherapy   293
– chemoradiotherapy in   290
– chemotherapy in   288
– cystectomy in   287
– diagnosis of   284
– hyperfractionation in   291
– metastatic   292
– pathologic classifi cation of   285
– prognostic factors in   285
– radiation therapy in   289
– side-effects of treatment in   294
– squamous cell carcinoma of   293
– staging of   285
Bone marrow   403
Bone marrow biopsy
– in non-Hodgkin’s lymphoma   400
– in Hodgkin’s lymphoma   417
– in multiple myeloma   431
Bone marrow suppression   406, 419, 425
Bone scans
– in Ewing’s sarcoma   580
– in prostate cancer   300
– in renal cell carcinoma   272
Brachial plexus   25, 27
Brachytherapy
– in adult gliomas   491
– in breast cancer   120–121
– in cervical cancer   366
– in choroidal melanoma   7
– in endometrial cancer   348
– in esophageal cancer   181
– in ocular melanoma   7
– in oral cavity and oropharyngeal cancers   46
– in prostate cancer   302
– in retinoblastoma   573
– in soft tissue sarcomas   538–541
– in vaginal cancer   386, 392
Brain
– edema of, drug therapy in   490
– metastases to   611–622

– diagnosis of   612
– – management of   614
– – prognostic factors in   612
– – stereotactic radiosurgery in   615
– radiation effects   490
Brain tumors see also Adult glioma or CNS tumors in 

children
– chemotherapy in   486, 492, 553
– in children   547–556
– craniopharyngioma in children   553
– diagnosis of   484, 548
– ependymoma in children   554
– germ cell, in children   551
– gliomas in children
– – brainstem   550
– – low grade   551
– – malignant   552
– lymphomas   460
– medulloblastoma in children   549
– pathology in   484
– pineal region, in children   548–549
– prognosis of   485, 548
– radiation therapy technique in   487
Brainstem
– gliomas   484, 500
– tolerance dose to radiosurgery   479
Breast cancer
– accelerated partial breast irradiation   120
– accelerated whole breast irradiation   120
– adjuvant chemotherapy in   122
– axillary lymph nodes in   112
– bilateral   115, 116
– chemotherapy
– – adjuvant chemotherapy   123
– – neoadjuvant chemotherapy  124
– conservation surgery in   118, 122
– diagnosis of   112
– ductal carcinoma in situ   116
– electron beam therapy in   119, 121
– genetic factors in   112, 113, 115
– infl ammatory   112
– lobular carcinoma in situ   115
– locoregional recurrence after mastectomy   121
– lymph node evaluation in   112
– in males   113
– mastectomy in   118, 119
– – radiation therapy after   123
– medullary   115
– mucinous   115
– Paget’s disease   112
– pathology of   113
– prognostic factors in   115
– radiation therapy in
– – axillary lymph nodes   121, 124
– – boost   119
– – brachytherapy boost   118, 120, 121
– – collagen vascular disease   119
– – electron beam boost   119, 120
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– – internal mammary lymph nodes   122
– – postmastectomy   124
– – supraclavicular lymph nodes   121, 122
– – tangential beam alignment   117, 120, 122
– – timing after conservation surgery   121, 122, 124
– recurrence,
– – after mastectomy   121
– – in DCIS   116, 117
– – in invasive disease   119–120
– sequence of chemoradiation therapy   121
– stages I thorough IIB   118
– stages IIB and III   121
– staging of   113
– tamoxifen in   116–119, 123
– tubular   115
breast imaging reporting and data system   112
Breslow thickness of melanoma   515
Buccal mucosa tumors   42

C

CA 19-9
– in biliary tract cancer   223
– in gastric cancer   190
– in ovarian cancer   332
– in pancreatic cancer   210, 218
CA 125 
– in fallopian tube cancer   338, 339
– in gastric cancer   190
– in ovarian cancer   332
CA 72-4   190
Calcium levels
– in plasma cell tumors   430, 440
Carcinoembryonic antigen (CEA) 
– – in colorectal cancer   246–247, 255
– – in ovarian cancer   332
Carcinoma in situ
– breast
– – ductal   116
– – lobular   115
– cervical   359, 360
– testicular   323
– vaginal   385, 392
– vocal cord   75, 76
– vulvar   374
Carcinosarcoma, uterine   352
Cataracts, postradiation   7, 11
Central nervous system lymphoma, Primary   461–470
– chemotherapy   464
– diagnosis of   461
– prognostic factors in   463
– radiation therapy techniques in   466
– salvage treatment of   465
– side-effects of treatment in   467
Central nervous system metastases (see Brain)
Central nervous system tumors (see also Brain; Spinal cord)
– lymphomas (see Primary CNS lymphomas)
Cerebrospinal fl uid (CSF)

– in ependymoma   554
– in pediatric brain tumor diagnosis   548
– in retinoblastoma   568, 569
– in primary CNS lymphomas   462, 463
– protein levels in primary CNS lymphoma   463
Cervical cancer   357–369
– brachytherapy in   365
– combined chemoradiation therapy in   362
– diagnosis of   358
– hysterectomy in   361
– pathologic classifi cation of   358
– prognostic factors in   360
– radiation therapy techniques in   363
– side-effects of treatment   366
– staging of   359
– surgery   361
Cervical lymph adenopathy in nasopharyngeal tumors   18
Chang staging system for medulloblastoma in children   548
Childhood tumors see also specifi c tumor types bone 

tumors, sequelae of radiation therapy in
– brain tumors   547–556
– craniopharyngioma   554
– embryonal tumors   548
– ependymomas   553
– Ewing’s sarcoma   579–590
– Germinomas   551
– gliomas
– – brainstem   550
– – high-grade   552
– – low-grade   551
– lymphomas,
– – Hodgkin’s   558–563
– – non-Hodgkin’s   563–565
– medulloblastoma   549
– pineal tumors   548–549
– primitive neuroectodermal tumors   552, 579
– rhabdoid tumors, malignant (see Wilms’ tumor)
– Wilms’ tumor   591–596
Cholangiopancreatography in pancreatic cancer   210
Cholecystectomy in gallbladder cancer   232
Choroidal melanoma, plaque radiotherapy in   6
Clear cell tumors
– cervical   358
– endometrial   344, 346
– ovarian   333
– vaginal   393
Collaborative Ocular Melanoma Study (COMS)   7
Colorectal cancer   245–256
– diagnosis of   245
– pathologic classifi cation of   246
– prognostic factors in   247
– radiation therapy in   252–254
brachytherapy   252
Side-effects of treatment in   254
– staging of   247
– surgery in   248
– – postoperative adjuvant therapy   250–251
– – preoperative adjuvant therapy   248–250
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Colposcopy   358
Computed tomography
– in anal cancer   258
– in biliary tract cancer   222
– in bladder cancer   284
– in breast cancer   112
– in endometrial cancer   344
– in esophageal cancer   172
– in Ewing’s sarcoma   536
– in laryngeal and hypopharyngeal cancer   74
– in lung cancer   132, 148
– in nasopharyngeal cancer   18
– in non-Hodgkin’s lymphoma   400
– in ovarian cancer   332
– in pancreatic cancer   210
– in prostate cancer   300
– in rectal cancer   246
– in kidney and renal pelvis carcinoma   272
– in testicular cancer   322
– in treatment planning   626
– in thymomas   160
– in vulvar cancer   372
– in Wilm’s tumor   592
– 4-D   628
– simulators   627
Cone, intraoral, in oral cavity tumors   42
Cone-beam CT   629
Confi guration of a radiation therapy facility   646
Conization in cervical cancer   358, 360–361
Corticosteroids
– in brain tumors   490, 502
– in meningioma   479
– in primary CNS lymphoma   466
Cranial spinal fl uid sampling, in primary CNS lym-

phoma   462
Cranial nerves
– in nasopharyngeal cancer   18
Craniopharyngioma   553
Craniospinal irradiation
– in brainstem gliomas   550
– in ependymoma   554
– in medulloblastoma in children   549
Cushing’s disease in pituitary adenoma   502, 505
Cutaneous T-cell lymphomas   446–451
– diagnosis of   446
– extracutaneous involvement   447
– pathology in   446
– prognosis of   447
– radiation therapy in   448
– Sézary cells   447
– side-effects of total-skin electron-beam therapy in   

449
– staging of   447
Cystectomy in bladder cancer   287
Cystitis, radiation-induced   350
Cystoscopy,
– in bladder cancer   284–285, 290, 292, 295
– in cervical cancer   350

Cytology
– in pancreatic cancer   210
– sputum, in lung cancer   133, 148
– urinary see Bladder cancer and Kidney and ureter 

cancers

D

Desmoplastic-Neurotropic Melanoma   518
Diethylstilbestrol   358
Digitally reconstructed radiographs   627
Dukes staging system in colorectal cancer   247
Duodenal exposure to radiation in biliary tract cancer   240
Dysphagia in esophageal cancer   182

E

Endoscopic retrograde cholangiopancreatography 
(ERCP)   211, 223, 231, 235

Electron-beam therapy
– in anal cancer   262
– in breast cancer   119, 121
– intraoperative   202, 234, 253, 278
– intraoral cone   42
– in gastric cancer   202
– in laryngeal and hypopharyngeal cancer   78, 79
– in melanoma   519–521
– in nasopharyngeal cancer   29
– in oral cavity tumors   42, 54
– in parotid tumor   69
– in skin cancer   532
– total-skin, in cutaneous T-cell lymphoma   447–449
– in vulvar cancer   376, 377
Endometrial cancer   343–355
– brachytherapy in   348
– chemotherapy in   351
– diagnosis of   343
– hormonal therapy in   351
– intensity-modulated radiation therapy   347
– pathologic classifi cation of   344
– prognostic factors in   345
– radiation therapy techniques in   347
– recurrent and metastatic, treatment of   352
– side-effects of treatment in   350
– staging of   344
– surgery   346
Endoscopic mucosal dissection (EMR)   194
Endoscopic ultrasonography (EUS)   172, 190
Ependymoblastoma in children   554
Ependymoma in children   554
Epithelial tumors of ovary and fallopian tube   332
Epstein-Barr virus infection in extranodal NK/T cell 

lymphoma   446
Epstein-Barr virus specifi c serologic tests, in nasopha-

ryngeal cancer   18
Erectile dysfunction
– in prostate cancer therapy   300, 316
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Esophageal cancer   171–185
– brachytherapy in   180, 181
– concurrent chemoradiotherapy in   177
– diagnosis of   171
– palliative treatment of   181
– perioperative chemotherapy   174
– postoperative treatment   176
– prognostic factors in   173
– radiation therapy techniques in   177
– side-effects of treatment in   180
– staging of   172
– surgery in   174
Esophagitis, radiation-induced
– in lung cancer   141
Esophagus
– radiation effects   141
– tolerance to radiation   141
Estrogen receptors in breast cancer   113
Ewing’s sarcoma   579–590
– chemotherapy in 585
– diagnosis of   579
– diffuse pattern in   594
– pathology   592
– prognostic factors in   583
– radiation therapy in   586
– secondary malignancies in   588
– side-effects of treatment   588
– staging in   583
– surgery in   585
– treatment of   593
Eye
– reactions to radiation   11
– retinopathy in   13
– visual fi eld defects in brain tumors   473, 491, 502, 506
Eye tumors
– eyelid   532
– lacrimal gland   9
– optic nerve meningioma   477, 478
– orbital   9
– retinoblastoma   567–578
– – radiation therapy in   572
– – Reese-Ellsworth classifi cation of   570
– sequelae of radiation therapy in children   576
– uveal
– – melanoma   4
Eyelid cancer   532

F

Facial nerve
– in parotid gland tumors   62–63, 65–66
– postoperative palsy   68
Fallopian tube cancer
– diagnosis of   337
– prognostic factors in   338
– staging of   338
– treatment of   339

Federation of Gynecology and Obstetrics (FIGO) staging 
system for

– cervical cancer   359
– endometrial carcinoma   345
– fallopian tube cancer   338
– ovarian cancer   333
– vaginal cancer   385
Fertility after radiation therapy   326

 Fetoprotein levels
– in liver cancer   222
– in testicular cancer   322
Fever in Hodgkin’s disease see “B” symptoms
Flutamide in prostate cancer   311
Follicular lymphomas   402–405
Fractures, pathologic   604–607

G

Gallbladder cancer see also Biliary tract cancer
– cholecystectomy in   232
– staging of   224
Gallium scans   400, 409
Gastric cancer   189–207
– adjuvant chemoradiation therapy   195
– chemotherapy in   194
– – perioperative   193, 196
– diagnosis of   190
– intraoperative radiation therapy (IORT)   202
– lymphoma   406
– palliative therapy in   202
– pathologic classifi cation of   190
– postoperative residual disease   197–198
– prognostic factors in   191
– radiation therapy techniques in   198
– side-effects of treatment in   202
– staging of   190
– surgery in   193
Genetic factors – in breast cancer   113
Genetic testing in thyroid cancer   101
Germ cell tumors (see testicular cancers)
Glioblastoma multiformi, treatment of   486–491
– chemoradiation   486
– radiation therapy techniques   487
– prognostic factors   485
– surgery   486
Gliomas, adult see Glioblastoma multiformi or astrocytoma
Gliomas, pediatric
– Brainstem   550
– High-grade astrocytoma, in children   552
– low-grade astrocytoma, in children   551
Glottis see Laryngeal and Hypopharyngeal cancer
Gonadotropin, chorionic, in germ cell tumors   322
Groupe d’Etudes des Tumerus Thymiques (GETT) stag-

ing system for thymomas   161
Growth hormone secreting tumors   505
Growth retardation, radiation induced   555, 576
Gynecomastia, 322
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H

Hardy’s radiographic classifi cation for 
pituitary adenoma   503

Heart, radiation tolerance dose   141, 168
Helicobacter pylori infection   190, 406
Hematuria
– in bladder cancer   284, 295
– in renal pelvic or ureteral carcinoma   272
– in prostate cancer   300, 309, 316
– in Wilms’ tumor   591
Hemibody irradiation   436
Hepatocellular carcinoma   221
Heteroploid   273
HIV infection
– in anal canal cancer   258, 264
– in Hodgkin’s disease   416
– in primary lymphomas of central nervous system   462
– in vaginal cancer   384
Hodgkin’s disease   415–428
– chemotherapy in   421, 422
– – children   558–563
– – chemotherapy in   560
– – diagnosis of   558
– – management of   559–562
– – pathologic classifi cation of   558
– – prognostic factors in   559
– – radiation therapy in   562
– – – sequelae of radiation therapy   562
– – staging of   559
– diagnosis of   416
– and HIV infection   416
– hypothyroidism in   425
– pathologic classifi cation of   417
– – in pregnancy   416
– prognostic factors in   417
– radiation therapy techniques in   422
– – inverted Y fi eld   424
– – mantle fi eld   424
– – radiation fi eld   422
– Reed-Sternberg cells in   418
– – secondary malignancies in   425
– – side-effects and toxicities of treatment in   425
– – staging of   417
– – – in children   559
Hormone therapy
– in breast cancer   116–117, 119
– in endometrial cancer   351
– in prostate cancer   311
Hürthle cell carcinoma   97
Hypopharyngeal tumors see Laryngeal and hypo-

pharyngeal cancer
Hypopituitarism
– in pituitary adenomas   505, 507
– in meningioma   479
Hypothalamus   550, 553
Hypothyroidism in Hodgkin’s disease   425
Hypothyroidism in pediatric lymphoma   562

Hysterectomy
– in cervical cancer   361
– in endometrial cancer   345
– in fallopian tube cancer   334
– in ovarian cancer   334
– in vaginal cancer   387

I

Image-guide treatment delivery   642
Immunoglobulins in plasma cell tumors   431, 440
Immunosuppressed patients see HIV infection
Immunotherapy
– in renal cell carcinoma treatment 
– in primary CNS lymphoma treatment   464
Implantation techniques see Brachytherapy
Infants see Childhood tumors
Infi ltrating fi brillary astrocytoma   494
Informatics in radiation therapy   645
Inguinal lymph nodes 
– in vulvar cancer   376
– in anal cancer   262
Interferon-alpha in renal cell carcinoma   276
Interleukin-2 in renal cell carcinoma   276
International Extranodal Lymphoma Study Group 

prognostic scoring for primary CNS lymphoma   463
International Federation of Gynecologists and 

Oncologists (see FIGO staging system)
International Germ Cell Cancer Collaborative Group 

Consensus Classifi cation   323
International Prognostic Index for non-Hodgkin’s 

lymphoma   402
Intracavitary brachytherapy see Brachytherapy
Intraoperative radiation therapy (IORT)   643
– in cholangiocarcinoma   236
– in colorectal cancer   252
– in gastric cancer   202
– in gallbladder cancer   234
– in ureter cancers   279
Intravenous pyelogram, in kidney and ureter cancers   

271
Iodine-125 in brachytherapy   7, 304, 305, 309
Iodine-131, in thyroid cancer   99

J

Jaundice   222,239
Jugulodigastric node   25

K

Kidneys
– carcinoma of see Renal cell carcinoma
– radiation tolerance doses   202, 218
– Wilms’ tumor   591
Klatskin’s tumor see Biliary tract cancer
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L

Labia majora and minora   372
Lacrimal glands   9
Lactate dehydrogenase levels
– in non-Hodgkin’s lymphoma   400
– in non-small cell lung cancer   132
– in small-cell lung cancer   148
Laparotomy
– in Hodgkin’s disease   416
– second-look, in ovarian cancer   334
Laryngeal and hypopharyngeal cancer   73–84
– adjuvant chemoradiotherapy in   81
– defi nitive chemoradiation therapy   79
– diagnosis of   73
– pathologic classifi cation of   74
– prognostic factors in   74
– radiation therapy techniques in   76, 80
– side-effects of treatment   81
– staging in   74
– surgery in   80
Laryngectomy   80
– and adjuvant therapy   81
Leiomyosarcoma   191, 352
Lentigo maligna melanoma   518
– radiation therapy in   518
Lethal midline granuloma see Extranodal NK/T-Cell 

Lymphoma
Leuko-erythroblastic anemia   601
Lhermitte’s sign after radiation therapy,
– in head and neck cancer radiation therapy   55
– in Hodgkin’s disease   425
Lip tumors   42
Liposarcoma see Soft-tissue tumors
Liver
– radiation effects   239
– radiation tolerance doses   239
Liver cancer   221
Lung(s)
– radiation effects   141
– radiation tolerance doses   141
Lung cancers see non-small cell lung cancer or 

small-cell lung cancer
Lymph nodes
– axillary, in breast cancer   112, 114, 
– – dissection   118, 120–124
– cervical, in nasopharyngeal CTV delineation   25–26
– in AP window   133
– inguinal, in anal cancer   262
– inguinal, in vulvar cancer   376
– metastases
– – in anal canal cancer   262
– – in breast cancer   112, 114
– – in cervical cancer   358, 359
– – in extramedullary plasmacytomas   439
– – in gallbladder cancer   225
– – in hepatocellular carcinoma   223
– – in laryngeal and hypopharyngeal tumors   74, 76, 78

– – in non-small-cell lung cancer   131–132
– – in oral cavity and oropharyngeal cancers   38, 39
– – in prostate cancer   300–301
– – in rectal cancer   246, 247
– – in renal cell carcinoma   272–276
– – in renal pelvic or ureter cancers   278
– – in salivary gland tumors   62, 64, 66
– – in squamous cell carcinoma of unknown head and 

  neck primary   87–88
– – in testicular cancer   322
– – in vulvar cancer   376
– – in vaginal cancer   384
– in non-Hodgkin’s lymphoma   400, 401
– paraaortic, irradiation of
– – in cervical cancer   363–365
– – in endometrial cancer   351
– – in testicular cancer   324–326
– sentinel, in breast cancer   116, 118, 122
Lymphadenectomy in vulvar cancer   374
Lymphangiogram   359
Lymphoma
– angiocentric   456
– brain (see Primary CNS lymphoma)
– central nervous system (see Primary CNS lymphoma)
– cutaneous T-cell   446–451
– diffuse large cell   401–402, 408–410
– follicular small cleaved cell   401
– follicular lymphoma   401–403, 405–408
– gastric (see MALT)
– intraocular   8
– intraorbital   9
– MALT   406
– mantle cell   408
– orbital   9
– salivary gland   63
– stomach (see MALT)
– testicular   402
– thyroid function in   411
– Waldeyer’s ring   400

M

Magnetic resonance cholangiopancreatography (MRCP)   
223

Magnetic resonance imaging   635, 636
– in adult gliomas   484, 495
– in bone metastasis   604
– in CNS tumors in children   548
– in cerebral metastases   612
– in endometrial cancer   244
– in Ewing’s sarcoma   580
– in glioma, adults   484
– in nasopharyngeal cancer   18
– in meningioma   474
– in nasopharyngeal cancer   18, 25, 28
– in ovarian and fallopian tube cancers   332
– in primary CNS lymphoma   462
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Magnetic resonance imaging (Continued)
– in prostate cancer   330
– in renal cell and pelvis carcinoma   272
– in retinoblastoma   569
– in soft-tissue sarcomas   536
– in thymomas   160
– in vulvar cancer   372
MALT lymphomas   406
Mantle cell lymphoma   408
Mantle irradiation in Hodgkin’s disease   423
Masaoka staging system for thymomas   161
Mastectomy
– locoregional recurrence of cancer after   118
– radiation therapy after   118
Medulloblastoma
– in children   549
– – chemotherapy in   549
– – craniospinal radiation therapy in   550
– management of brain and spinal portals in   550
– staging of   548
– treatment of   549
Melanoma   513–527
– Desmoplastic-Neurotropic Melanoma   518
– lentigo maligna   514, 518
– – radiation therapy in   518
– metastasis   516
– prognostic factors   515
– radiation therapy in   517
– radiobiology   517
– staging of   515
– uveal   4
– – plaque radiotherapy in   7
– vaginal   393
Malignant meningioma   475
Melphalan in plasma cell tumors   432–434
Meningioma   473–482
– spinal   473
– diagnosis   473
– prognostic factors   475
– radiation therapy techniques, in   478
– stereotactic irradiation in   479
Metastasis
– to bone   599
– to brain   611
– spinal cord compression in   601–602, 611–612, 617–618
Methotrexate, high-dose, in primary CNS lymphoma   

463

2 Microglobulin levels in plasma cell tumors   430
Mini-mental status exam (MMSE)   462
Mohs’ microsurgery in skin cancer   531
MOPP chemotherapy regimen in Hodgkin’s disease   418
Mucinous carcinoma
– breast   115
– ovarian   332, 333
– prostate   301
Mucoepidermoid carcinoma   63
Mucosa – associated lymphoid tissue see Non-Hodgkin’s 

Lymphomas

Multiple myeloma see Plasmacytoma and 
multiple myelom

Myasthenia gravis   148
Mycosis fungoides see cutaneous T-cell lymphoma
Mycosis Fungoides Cooperative Group staging of 

cutaneous T-cell lymphomas
Myeloma
– multiple (see Plasmacytoma and multiple myeloma)
– solitary (see Plasmacytoma and multiple myeloma)

N

Nasopharyngeal cancer
– cranial nerve involvement   18
– chemotherapy   23
– clinical target volume delineation   24
– concurrent chemoradiation therapy   22
– diagnosis of   18
– pathologic classifi cation of   19
– prognostic factor of   19
– radiation therapy techniques in,
– – boost in   21, 22, 29
– – brachytherapy   29
– – intensity-modulated therapy   24
– – stereotactic boost   30
– – 3-D conformal therapy   25
– – volume and doses in   25
– staging of   19
– treatment of metastases   32
– treatment of recurrences in   30
– World Health Organization classifi cation of see patho-

logic classifi cation of
National Wilms’ Tumor Study-staging system   592
Necrosis of bone (see Osteoradionecrosis)
Nephrectomy in renal cell carcinoma   274
Neuraxis dissemination of ependymoma   554
Neuraxis irradiation   550
Neuroendocrine C cells   101
Neuroendocrine tumors
– prostate   301
– vulva   372
Neurologic examination   461, 484
Night sweats in Hodgkin’s disease (see “B” symptoms)
Nodular-sclerosing Hodgkin’s disease   417
Nodular leptomeningeal disease of medulloblastoma   550 
Nodular lymphocyte predominant Hodgkin’s disease   417
– in children   561
Non-Hodgkin’s lymphoma   399–413
– chemotherapy in   403
– in children   564–565
– combined-modality therapy in   409
– diagnosis of   400
– extranodal   402, 409
– pathologic diagnosis   400
– prognostic factors in   400
– radiation therapy in   403, 404, 407, 410
– staging of   401
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– treatment of,
– – low-grade (indolent) NHL   402
– – intermediate-grade (aggressive) NHL   408
Non-small cell lung cancer   132–146
– concurrent chemoradiotherapy in   138
– diagnosis of   132
– elective cranial irradiation in   140
– hyperfractionation in   140
– resectable   134
– prognostic factors of   133
– radiation therapy techniques in   136–137, 139–141
– – intensity-modulated radiation therapy   140
– – three dimensional conformal radiation   139
– – tumor doses   140
– – volume, portals, and beam arrangements   140
– radiosurgery in   137
– side effects of treatment in   141
– staging of   133
– superior sulcus tumor   141
– unresectable   138

O

Octreotide in meningioma diagnosis   475
Ocular tumors (see Eye tumors)
Oligoastrocytoma   492
Oligodendroglioma   492
Omentectomy in fallopian tube cancer   334, 339
Ophthalmoscopy   4
Optic chiasm tumors in children,
Optic nerve   6, 9, 25
– tolerance dose to radiation   27, 53
Oral cavity and oropharynx cancers   37–59
– biologic therapy   50
– brachytherapy in   46, 54
– buccal mucosa   42
– diagnosis of   38
– fl oor of mouth   42
– gingival   42
– lip   42
– lymph node metastases   39
– oral tongue   41
– prognostic factors   39
– radiation therapy in
– – alternated fractionation   50
– – conventional   53
– – intensity-modulated radiation therapy   51
– – interstitial brachytherapy   54
– – intraoral cone   42
– side-effects of treatment   55
– staging of   41
– tongue   41
Orbit
– hemangiomas of   13
– lymphoma of   9
– pseudotumor   12
– tumors of   9
Orchiectomy 

– in prostate cancer   331
– in testicular cancer   324
Oropharynx (see Oral cavity and oropharynx cancers)
Osteoblastic metastasis   603, 609
Osteolitic lesions   606, 608
Osteoradionecrosis   54 ,55
Otitis media   18
Ovarian cancer   331–342
– CA 125 levels in (see Ca-125)
– chemotherapy in   334
– diagnosis of   331
– dysgerminoma   333
– epithelial carcinoma   332, 335
– intraperitoneal phosphorus – 32 in   335
– metastasis of,
– – intraperitoneal phosphorus – 32 in   335
– – intraperitoneal chemotherapy   336, 337
– pathologic classifi cation of   332
– prognostic factors in   333
– radiation therapy in   335
– second look laparotomy in   334
– staging of   333

P

Paclitaxel, in ovarian cancer   335
Paget’s disease   112
Palladium 103 in brachytherapy see brachytherapy in 

prostate cancer
Pancoast tumor see non-small cell lung cancer
Pancreatic cancer   209–219
– chemoradiotherapy in   212
– diagnosis of   209
– radiation therapy in   213
– – dose-limiting organs and tissues   218
– staging of   211
– surgery in   212
Panendoscopy   172
Papanicolaou smears
– in cervical cancer   358
– in fallopian tube cancer   337
– in vulvar cancer   372
Papillary carcinoma
– bladder   285, 286
– fallopian tube serous adenocarcinoma   337
– endometrial serous adenocarcinoma   344, 346
Paraneoplastic syndromes
– in renal cell carcinoma,
– in non-small cell lung cancer   132
– in small-cell lung cancer   147
Parinaud’s syndrome   548
Parotid gland,
– radiation effects   25
– tumors of see Salivary gland tumor   61–72
– – pleomorphic adenoma   63
– – prognostic factors   65
– – radiation therapy technique in   69
– – squamous cell carcinoma   70
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Particle beam therapy   644
Peau d’ orange in breast cancer   112
PET/CT radiotherapy simulator   633 
Pilocytic astrocytoma 493
Pineal region tumors,
– in children   549
Piriform sinus see Laryngeal and hypopharyngeal cancers
Pituitary adenoma   501–509
– diagnosis of   501
– fractionated stereotactic radiation therapy   507
– medical management of   504
– post-treatment work-ups   507
– radiation therapy in   506
– staging of   502
– stereotactic radiosurgery in   506
– surgical intervention of   506
Pituitary gland
– dysfunction from radiation therapy in children   555
Plaque radiotherapy see Brachytherapy
Plasmacytoma and multiple myeloma   429–443
– chemotherapy in   432
– diagnosis of   430
– extramedullary   439
– maintenance therapy   434
– prognostic factors in   431
– radiation therapy in   436
– – hemi-body   436
– recurrence disease   434
– solitary   437
– stem cell transplantation   432
Pleomorphic adenoma   62
Pneumonitis, radiation induced
– in esophageal cancer   180
– in lung cancers   137, 140–141, 152
Positron emission tomography (PET)
– in breast cancer   112
– in esophageal cancer   172
– in Ewing's sarcoma   581
– in gastric cancer   190
– in nasopharyngeal cancer   18
– in Hodgkin’s disease   416
– in lung cancer   132, 148
Prednisolone   432
Primary intraocular lymphoma   8
Primitive neuroectodermal tumors   552, 579
Proctitis, radiation induced
– in cervical cancer   367
– in endometrial cancer   350, 353
– in prostate cancer   316
Protoscopy   246, 258, 266, 358
Progesterone receptor   113, 351
Progesterone receptors in breast cancer   113
Prolactin secretion in pituitary adenoma   504
Prostate cancer   299–319
– adjuvant and salvage therapy   313
– androgen suppression therapy   311
– diagnosis of   300
– high-dose-rate brachytherapy in   308

– hormone therapy in (see androgen suppression therapy)
– low-dose-rate brachytherapy in   303
– prognostic factors in   302
– radiation therapy in
– – external beam   305
– – – beam energy and dose distribution   305
– – – intensity-modulated radiation therapy   305
– – – prophylactic pelvic nodal irradiation   305
– – – postoperative (see adjuvant and salvage therapy)
– – – three-dimensional conformal radiation   305
– – – tumor doses and fractionations   307
– – – volume treated   309
– risk groups of   302
– side effects of treatment in   316
– staging of   301
Prostate-specifi c antigen in prostate cancer   302
Protein in cerebrospinal fl uid, in primary CNS lym-

phoma   463
Pseudotumor, orbital, radiation therapy in   12
Pyelography 
– retrograde, in renal pelvis carcinoma (see Intravenous 

pyelography)
Pyriform sinus (see Laryngeal and hypopharyngeal 

cancer)

R

Radiation Therapy Oncology Group recursive 
partitioning of malignant gliomas   485

Radiosurgery techniques
– in non-small cell lung cancer   137
Rectum (see also Colorectal cancer)
– radiation tolerance doses   305
Reed-Stemberg cells in Hodgkin’s disease   417
Reese-Ellsworth classifi cation of retinoblastoma   570
Renal cell carcinoma   271–282
– cytokine therapy in   276
– diagnosis of   271
– nephrectomy in   274
– palliation in   277
– pathologic classifi cation of   272
– prognostic factors in   273
– radiation therapy in   275
– sequelae of treatment in   276
– staging of   273
Renal pelvis carcinoma   271–282
– chemotherapy in   277
– diagnosis of   271
– pathologic classifi cation of   272
– prognostic factors in   273
– radiation therapy in   277
– surgery in   277
– staging of   274
Retinoblastoma   567–578
– chemotherapy in   575
– enucleation in   571
– radiation therapy in   573
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– Reese Ellsworth classifi cation of   570
Retinopathy, radiation induced   13
Retroperitoneal soft-tissue sarcoma   540
Revised European American Lymphoma classifi cation   401
Rhabdoid tumors, malignant   592–595
Rhabdomyosarcoma   537
Royal Marsden Hospital staging system for testicular cancer   

323

S

S-100 protein in malignant melanoma   515
St. Jude staging of childhood lymphomas   564
Salivary gland tumors,
– diagnosis of   62
– management of
– metastases of
– pathologic classifi cation of   64
– postoperative irradiation in   68
– prognosis of   65
– radiation therapy techniques in   69
– squamous cell   70
– staging of   64
– surgery in   66
Salpingography in fallopian tube cancer   338
Salpingo oophorectomy
– in endometrial cancer   346
– in ovarian cancer   334
Samarium (SM)   153, 254, 600, 607
Sarcomas
– Ewing’s   579
– radiation induced   562, 576, 588
– retroperitoneal   540
– soft tissue (see Soft-tissue sarcoma)
Scintigraphy
– bone scans in see Bone scans
– in Hodgkin’s disease see Gallium scan
– in non-Hodgkin’s lymphoma see Gallium scan
– in thyroid cancer   99, 100
Screening for cervical cancer   358
Secondary malignancies or tumors
– in CNS tumors in children   555
– in orbital lymphoma   12
– in Ewing’s sarcoma   588
– in Hodgkin’s disease   425, 426
– in non-Hodgkin’s lymphoma   411
– in non-small-cell lung cancer   144
– in retinoblastoma   575, 576
– in testicular cancers   326
– in vaginal cancer   384, 385, 394
Seizures
– in adult gliomas   474, 490, 495
– in brain metastasis   612
Seminomas (see testicular cancer)
Sentinel nodes in breast cancer   118, 122
Serous tumors in
– endometrial cancer   344, 346
– ovarian and fallopian tube cancers   333

Sézary cells   447
Sézary syndrome   446
Simpson grading system for meningiomas   477
Skin cancer,
– diagnosis of   514
– electron beam therapy in   532
– lymphomas (see cutaneous T-cell and extranodal 

NK/T-cell lymphoma)
– melanoma   516
– Merkel cell carcinoma   372
– prognostic factors   515
– radiation therapy techniques in   517
– staging of   515
– surgery in   516
Small-cell lung cancer   147–157
– concurrent chemoradiotherapy in   149–150
– diagnosis of   147
– extensive stage   156
– follow-up   157
– hyperfractionation in   152
– prognostic factors of   149
– prophylactic cranial irradiation in   153
– radiation therapy techniques in   150–152
– – tumor doses and fractionations   152
– – volume, portals, and beam arrangements   150
– side effects of treatment in   152
– staging of   148
Small intestine, radiation tolerance dose   276, 368
Small lymphocytic lymphoma   401
Somatotroph adenomas   505
Soft tissue sarcomas   535–543
– brachytherapy in   538
– chemotherapy in   540
– diagnosis of   535
– pathologic classifi cation of   536
– prognostic factors in   537
– radiation therapy in   538
– – postoperative   538
– – preoperative   539
– retroperitoneal   540
– staging of   537
– surgery in   538
Spinal cord
– compression from tumors   618
– – diagnosis of   612
– – management of   617
– – prognostic factors in   613
– – radiation therapy in   618
– radiation tolerance doses   152
Sputum cytology in lung cancer   134, 149
Squamous cell carcinoma
– anal canal   257
– bladder   293
– cervical   358
– esophagus   172
– eyelid   532
– vaginal   384
– vulvar   372

LuBrady-BOOK.indb   667 13.08.2008   14:04:49



668 Subject Index

Staging systems
– Ann Arbor
– – for Hodgkin’s disease   417
– – – in children   559
– – for non-Hodgkin’s lymphoma   401
– Astler Coller for colorectal cancer   247
– Breslow depth for melanoma invasion   515
– Chang system for medulloblastoma   548
– Clark's level of invasion for melanoma   515
– Dukes system for colorectal cancer   247
– Hardy's radiographic classifi cation for 

pituitary adenoma   503
– International Classification for Intraocular retinoblas-

toma   570
– International Federation of Gynecologists and 

Oncologists see FIGO staging system
– International Germ Cell Consensus Classi  cation   322
– International Staging System for Multiple Myeloma   

431
– Massoka system for thymomas   161
– National Wilms’ Tumor Study system   592
– Royal Marsden Hospital system for testicular cancer   

323
– TNM see TNM staging system
Stereotactic irradiation
– in brain metastases   615
– in craniopharyngiomas   553
– in low–grade gliomas in children   552
– in intraocular melanoma   6
– in non-small cell lung cancer   137, 139, 143
– in meningiomas   479
– in multiple myeloma   432
– in pituitary adenoma   504, 506–507
Stomach
– exposure to radiation in biliary tract cancer   231
– malignant disease see Gastric cancer
– tolerance to radiation   240
Strontium (Sr)   89, 254, 600, 607
Submandibular gland tumor   62, 65–66, 68
Submandibular gland nodes   25, 38
Superior sulcus tumor of lung   141
Superior vena cava syndrome in lung cancer   159

T

T-cell lymphoma, cutaneous   446
Tamoxifen in breast cancer   116–123
Target motion management   642
Temporal bone   53, 69
Testicular cancer   321–327
– chemotherapy in   326
– diagnosis of   321
– lymphomas   322
– nonseminoma   326
– pathologic classifi cation of   322
– prognostic factors in   324
– radiation therapy in   324–325

– – paraaortic and pelvic portals in   325
– – sequelae of   325
– seminoma
– – paraaortic irradiation in stage I   325
– – surveillance protocols in stage I   324
– staging of   322
– surgery in   324
Thymomas   159–170
– chemotherapy in   163
– diagnosis of   159
– pathologic classifi cation of   160
– prognostic factors in   161
– radiation therapy techniques in   164
– side-effects of treatment in   168
– staging of   160
– surgery in   162
Thyroid cancer
– anaplastic   102
– diagnosis of   96
– follicular   98
– medullary   101
– papillary   98
– prognostic factors in   98
– radiation therapy techniques in   103
– staging of   97
TNM staging system
– anal canal cancer   259
– biliary tract cancer   224
– bladder cancer   286
– breast cancer   114
– cutaneous T cell lymphoma   447
– esophageal cancer   173
– fallopian tube cancer   338
– gastric cancer   191
– laryngeal or hypopharyngeal tumors   75
– liver cancer   224
– major salivary gland tumors   64
– nasopharyngeal cancer   20
– non-small cell lung cancer   134
– oral cavity and oropharyngeal cancers   41
– ovarian cancer   333
– pancreatic cancer   211
– prostate cancer   301
– rectal cancer   247
– renal cell carcinoma   273
– renal pelvis and ureteral carcinoma   274
– salivary gland tumors   64
– skin cancer   530
– soft tissue sarcomas   537
– testicular cancer   323
– thyroid cancer   98
– tongue base tumors (see oral cavity and 

oropharyngeal cancers)
– vaginal cancer   385
– vulva cancer   374
Tongue tumors (see oral cavity and oropharyngeal cancers)
Tonsillar fossa and faucial arch tumors (see oral cavity 

and oropharyngeal cancers)
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Tositumomab   402, 408
Total skin electron-beam therapy (TSEBT) in cutaneous 

T cell lymphoma   447–450
Total Hysterectomy with Bilateral Salpingoopherectomy 

(TAH/BSO)
– in endometrial cancer   346
– in ovarian cancer   334
Transitional cell carcinoma
– Bladder   285
– renal pelvis and ureter   277, 279
Transurethral resection
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