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Contents VII

This fourth revised edition of “Technical Basis of Radiation Therapy: Practical Clinical 

Applications”, edited by S. H. Levitt, J. A. Purdy, C. A. Perez, and S. Vijaykumar, continues 

this publication’s outstanding excellence in the definition of the technical advances for 

radiation therapy. The previous three editions were milestones in the definition of new 

technologies and how they would be applied in clinical practice. The present volume 

presents significant and important concepts of treatment planning, not only with regard 

to appropriate treatment plans but also how various auxiliary technologies can be used to 

achieve the best clinical outcome with the minimum complication.

The first portion of the book deals not only with the advances in imaging technology 

and their role in defining more precisely the extent of the tumor but also how these imag-

ing techniques can be used in devising treatment plans. Clearly, three-dimensional treat-

ment planning and conformal therapy along with intensity-modulated radiation therapy, 

stereotactic radiosurgery and radiotherapy, new technologies in brachytherapy as well 

as advances in cyberknife, tomotherapy and image-guided radiation therapy can lead to 

better outcomes. Consonant with these considerations is the impact on second malignan-

cies following radiation therapy and the clinical applications for chemoradiation.

In the second part of the book, the practical clinical applications are defined precisely 

for essentially all major tumor sites. Each tumor site is dealt with in depth, and the authors 

show how the new techniques can improve the potential outcome in terms of manage-

ment. In 2005, 60% of all malignant tumors were cancers of the lung, breast, prostate, and 

 colorectum. Particular attention is directed toward these tumor sites and how the new 

methods can improve the overall outcome.

There is significant emphasis on the utilization of various brachytherapy techniques 

and how they may be integrated to produce better outcomes at each tumor site.

The excellence of the text is obvious, the data submitted important. This volume makes 

a major contribution to patient management.

 Luther W. Brady

Hans-Peter Heilmann

Michael Molls

Foreword
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Preface

This is the 4th edition of a book which was originally initiated as a supplement to a post-

graduate refresher course in radiation oncology held at the University of Minnesota. This 

program was instituted in 1970 and ended 25 years later. The idea of the course and the 

book that followed was to acquaint radiation oncologists with the concepts, policies and 

treatment methods in the cutting-edge radiation oncology departments.

The inspiration for this program came from Dr. Gilbert Fletcher and from Dr. Norah 

Tapley. Indeed, the first edition of this book was entitled “Levitt and Tapley’s”. Unfortu-

nately these wonderful colleagues are no longer with us and their friendship and advice and 

contributions are much missed.

This edition has been completely rewritten. There are several new chapters, and all of 

the original chapters have been updated. We, the editors and authors, feel that this edition 

truly reflects the best approach to the technical basis of radiation oncology at this time.

Obviously our discipline is moving forward at break-neck speed, and it is essential for 

the practitioners of radiation oncology to have as many tools as possible to help them be at 

the cutting edge of our practice. We believe this edition achieves just that.

All of the chapter authors are experts in their areas, and have many high demands on 

their time. We are grateful for their efforts..

Minneaopolis Seymour H. Levitt

Sacramento James A. Purdy

St. Louis Carlos A. Perez

Sacramento Srinivasan Vijayakumar



Contents XI

Part I:  Basic Concepts in Treatment Planning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 001

1 Practical Time-Dose Evaluations, or How to Stop Worrying and Learn to 
 Love Linear Quadratics
 Jack F. Fowler  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 003

2      Second Malignancies Following Radiotherapy
 Eric J. Hall . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 033

3 Clinical Principles and Applications of Chemoirradiation
 Dan P. Garwood, L. Chinsoo Cho, and Hak Choy  . . . . . . . . . . . . . . . . . . . . . . . . . . .  39

4 Imaging in Radiation Therapy. Recent Advances and Their Role in Radiotherapy
 Filip Claus and Hedvig Hricak . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  57

5 Physics of Treatment Planning in Radiation Oncology
 James A. Purdy, Srinivasan Vijayakumar, Carlos A. Perez, 
 and Seymour H. Levitt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .    69

6 The Simulation Process in the Determination and Definition 
 of the Treatment Volume and Treatment Planning
 Sasa Mutic, James A. Purdy, Jeff M. Michalski, and Carlos A. Perez  . . . . . . . 107

7 Clinical Applications of High-Energy Electrons
 Bruce J. Gerbi. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135

8 Treatment Aids for External Beam Radiotherapy
 Eric Klein, Sasa Mutic, and  James A. Purdy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

9 Three-Dimensional Treatment Planning and Conformal Therapy
 James A. Purdy, Jeff M. Michalski, Jeffrey Bradley,  
 Srinivasan Vijayakumar, Carlos A. Perez, and Seymour H. Levitt . . . . . . . . . 179

10 Intensity-Modulated Radiation Therapy
 Daniel A. Low, Wei Lu, James A. Purdy, Carlos A. Perez, 
 and Seymour H. Levitt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203

11 Stereotactic Radiosurgery and Radiotherapy
 Joseph R. Simpson, Robert E. Drzymala, and Keith M. Rich  . . . . . . . . . . . . . . . . 233

12 Physics and Clinical Aspects of Brachytherapy
 Zuofeng Li. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255

Contents



XII   Contents

13 Radiobiology of Low- and High-Dose-Rate Brachytherapy
 Eric J. Hall and David J. Brenner . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291

14 Clinical Applications of Low Dose Rate and Medium Dose Rate Brachytherapy
 Carlos A. Perez, Robert D. Zwicker, and Zuofeng Li  . . . . . . . . . . . . . . . . . . . . . . 309

15 Clinical Applications of High-Dose-Rate Brachytherapy
 Subir Nag. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 379

16 Quality Assurance in Radiation Oncology
 James A. Purdy, Eric Klein, Srinivasan Vijayakumar, Carlos A. Perez,
 and Seymour H. Levitt  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 395

Part II:  Practical Clinical Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423

17 Central Nervous System Tumors
 Volker W. Stieber, Kevin P. McMullen,  Michael T.  Munley,  
 and Edward G. Shaw  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 425

18 Head and Neck Cancer
 William M. Mendenhall, Robert J. Amdur, and Jatinder R. Palta  . . . . . . . . . 453

19 Breast Cancer
 Sabin B. Motwani, Eric A. Strom, Marsha D. McNeese,
 and Thomas A.  Buchholz. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 485

20 Carcinoma of the Esophagus
 Jeffrey D. Bradley and Sasa Mutic  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 511

21 Carcinoma of the Lung
 Samir Narayan, Srinivasan Vijayakumar. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 525

22 Cancers of the Colon, Rectum, and Anus
 James A. Martenson Jr., Michael G. Haddock, and Leonard L. Gunderson  . . 545

23 Bladder Cancer - Technical Basis of Radiation Therapy
 Alan R. Schulsinger, Ron R. Allison, Walter H. Choi,
 and Marvin Rotman  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 561

24 Radiation Therapy for Cervical Cancer
 Kathryn E. Dusenbery and Bruce J. Gerbi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 579

25 Technical Aspects of Radiation Therapy in Endometrial Carcinoma
 Higinia R. Cardenes and Brent Tinnel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 599

26 Vulva
 Carlos A. Perez and Imran Zoberi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 631

27 Carcinoma of the Vagina
 Higinia R. Cardenes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 657



Contents XIII

28 Prostate
 Jeff M. Michalski,  Gregory S. Merrick, and Sten Nilsson . . . . . . . . . . . . . . . . . 687

29 Testicular Cancer
 Maria Pearse and Gerard C. Morton . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 739

30 Extremity Soft Tissue Sarcoma in Adults
 Thomas F. DeLaney, David C. Harmon, Andrew E. Rosenberg,
 and Francis J. Hornicek . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 755

31 Total Body Irradiation Conditioning Regimens in Stem Cell Transplantation
 Kathryn E. Dusenbery and Bruce J. Gerbi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 785

32 Radiotherapy for Hodgkin’s Disease
 Chung K. K. Lee . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 805

33 Techniques of Intravascular Brachytherapy
 Sri Gorty and Prabhakar Tripuraneni . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 837

Subject Index . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 843

List of Contributors. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 857



Practical Time-Dose Evaluations, or How to Stop Worrying and Learn to Love Linear Quadratics 1

Part I: 
Basic Concepts in Treatment Planning



Practical Time-Dose Evaluations, or How to Stop Worrying and Learn to Love Linear Quadratics 3

1 Practical Time-Dose Evaluations, or How to Stop 
 Worrying and Learn to Love Linear Quadratics
 Jack F. Fowler

J. F. Fowler, DSc, PhD
Emeritus Professor of Human Oncology and Medical Physics, 
Medical School of University of Wisconsin, Madison, Wiscon-
sin, USA; Former Director of the Gray Laboratory, Northwood, 
London, UK
Present address: 
150 Lambeth Road, London, SE1 7DF, UK

Glossary

, alpha Intrinsic radiosensitivity. Loge of the number of cells sterilized non-repairably per 
gray of dose of ionizing radiation.

, beta Repair capacity. Loge of the number of cells sterilized in a repairable way per gray 
squared.

, alpha/beta ratio the ratio of “intrinsic radiosensitivity” to “repair capability” of a specified tissue. 
This ratio is large (>8 Gy) for rapidly proliferating tissues and most tumors. It is 
small (<6 Gy) for slowly proliferating tissues, including late normal-tissue complica-
tions. This difference is vital for the success of radiotherapy. When beta ( ) is large, 
both mis-repair and good-repair are high. It is the mis-repair that causes the cell 
survival curve to bend downward.
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This chapter is written mainly for those who say “I 
don’t understand this  business – I can’t be both-
ered with Linear Quadratic and that sort of stuff.” 
Well, it might seem boring – depending on your per-
sonality – but it is easy, and it makes so many things in 
radiation therapy wonderfully and delightfully clear. 
Experienced readers can turn straight to Section 1.4.
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Accelerated  fractionated schedules with shorter overall times than the conventional 7 (or 6) 
fractionation  weeks.

BED Biologically effective dose, proportional to log cell kill and therefore more conceptu-
ally useful as a measure of biological damage than physical dose, the effects of which 
vary with fraction size and dose rate. Formally, “the radiation dose equivalent to an 
infinite number of infinitely small fractions or a very low dose-rate”. Corresponds 
to the intrinsic radiosensitivity ( ) of the target cells when all repairable radia-
tion damage ( ) has been given time to be repaired. In linear quadratic modeling, 
BED = total dose × relative effectiveness (RE), where RE = (1 + d ), with d = dose 
per fraction, = intrinsic radiosensitivity, and = repair capacity of target cells.

bNED Biochemically no evidence of disease. No progressive increase of prostate specific 
antigen (PSA) level in patients treated for prostate cancer.

CI Confidence interval (usually ±95%).

CTV Clinical tumor volume. The volume into which malignant cells are estimated to have 
spread at the time of treatment, larger than the gross tumor volume (GTV) by at least 
several millimeters, depending on site, stage, and location. See also GTV and plan-
ning treatment volume (PTV).

t Time interval between fractions, recommended to be not less than 6 h.

EBR External beam radiation.

EGFR Epithelial growth factor receptor, one of the main intracellular biochemical path-
ways controlling rate of cell proliferation.

EQD Biologically equivalent total dose, usually in 2-Gy dose fractions. The total dose of a 
schedule using, for example, 2 Gy per fraction that gives the same log cell kill as the 
schedule in question. If so, should be designated by the subscript EQD2 Gy.

EUD Equivalent uniform dose. A construct from the DVH of a non-uniformly irradiated 
volume of tissue or tumor that estimates the surviving proportion of cells for each 
volume element (voxel), sums them, and calculates that dose which, if given as a 
uniform dose to the same volume, would give the same total cell survival as the given 
non-uniform dose. Local fraction size is taken into account by assuming an  
ratio for the tissue concerned.

Gamma, -50, -37 Slope of a graph of probability, usually tumor control probability (TCP), versus total 
fractionated dose (NTD or EQD), as percentage absolute increase of probability per 1% 
increase in dose. The steepest part of the curve is at 50% for logistic-type curves and 
at 37% for Poisson-type curves. Tumor TCP is usually between a gamma-50 (or -37) of 
1.0 and 2.5. The difference between -50 and -37 is rarely clinically significant.

Gy, gray The international unit of radiation dose: one joule per kilogram of matter. Com-
monly used radiotherapy doses are approximately 2 Gy on each of 5 days a week.

Gy10, Gy3, Gy1.5 Biologically effective dose (BED), with the subscript representing the value of that 
tissue’s  ratio = 10 Gy for early radiation effects, 3 Gy for late radiation effects and 
1.5 Gy for prostate tumors. The subscript confirms that this is a BED, proportional 
to log cell kill, and not a real physical dose.

GTV Gross tumor volume. The best estimate of tumor volume visualized by radiologi-
cal, computed tomography (CT) scan, magnetic resonance, ultrasound imaging, or 
positron emission tomography.

HDR High dose rate. When the dose fraction is delivered in less than five or ten 
minutes; that is, much shorter than any half-time of repair of radiation damage.

Hyperfractionation More (and smaller) dose fractions than 1.8 Gy or 2 Gy.

Hypofractionation Fewer (and larger) dose fractions than 1.8 Gy or 2 Gy.

Isoeffect Equal effect.
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LC Local control (of tumors).

LDR Low dose rate. Officially (ICRU), less than 2 Gy/h; but this is deceptive because any 
dose rate greater than 0.5 Gy/h will give an increased biological effect compared with 
the traditional 0.42 Gy/h (1000 cGy per day). For example at 2 Gy/h, the biological 
effects will be similar to daily fractions of 3.3 Gy and 2.8 Gy on late complications 
and on tumors respectively.

Linear effect Directly proportional to dose.

Ln loge Natural logarithm, to base e. One log10 is equal to 2.303 loge.

Log10 Common logarithm, to base 10. “Ten logs of cell kill” are 23.03 loge of cell kill.

LQ Linear quadratic formula: loge cells killed = dose + dose-squared.

Logistic curve A symmetrical sigmoid or S-shaped graph relating the statistically probable incidence 
of “events”, including complications, or tumors controlled, at a specified time after 
treatment, to total dose (NTD). This curve is steepest at the probability of 50%.

LRC Loco-regional tumor control. LC would be local control.

NTCP Normal tissue complication probability.

NTD Normalized total dose of any schedule. The total dose of a schedule using 2 Gy per 
fraction that gives the same log cell kill as the schedule in question. The NTD will be 
very different for late effects (with = 3 Gy and no overall treatment time factor) 
than for tumor effect (with = 10 Gy and an appropriate time factor).

Poisson curve A near-sigmoid graph of probability of occurrence of “events”, such as tumor control 
at X years, versus total dose or NTD. Based on random chance of successes among 
a population of tumors or patients, the probability of curve P=exp (–n), where an 
average of n cells survive per tumor after the schedule, but 0 cells must survive to 
achieve 100% cure. If an average of 1 cell survives per tumor, P = 37%. If 2 cells sur-
vive, P = 14%. If 0.1 cells survive on average, P = 90%. This curve is steepest at the 
probability of 37%.

PTV Planning treatment volume – larger than CTV to allow for set-up and treatment-
planning errors.

PSA Prostate-specific antigen: can be measured in a blood specimen as a measure of activ-
ity of the prostate gland. Often taken as a measure of activity of prostate cancer.

Quadratic Effect proportional to dose squared, for example from two particle tracks passing 
through a target.

QED Quod Erat Demonstrandum – Latin for “That’s what we wanted to show!”

RE Relative effectiveness. We multiply total dose by RE to obtain BED. RE = (1 + d [ ]) 
where d is the dose per fraction.

RTOG Radiation Therapy Oncology Group, USA.

SF Surviving fraction after irradiation, usually of cells.

Tpot Potential doubling time of cells in a population; before allowing for the cell loss 
factor. Tpot is the reciprocal of cell birth rate. It can only be measured in a tissue 
before any treatment is given to disturb its turnover time.

Tp Cell doubling time in a tissue during radiotherapy; probably somewhat faster than Tpot. 
Determined from gross tumor (or other tissue) results when overall time is altered.

Tk Kick-off or onset time: the apparent starting time of rapid compensatory repopula-
tion in tumor or tissue after the start of treatment, when it is assumed that there 
are just two rates of cell proliferation during radiotherapy: zero from start to Tk, 
then constant doubling each Tp days until end of treatment at T days. Accelerating 
repopulation is discussed in Section 1.5.6.

TCP Tumor control probability.
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In the early years of the development of the LQ 
formulation, there was no overall treatment-time 
factor (Douglas and Fowler 1976; Barendsen 
1982; Withers et al. 1983). This was added later 
(Travis and Tucker 1987; van de Geijn 1989; 
Fowler 1989), based on LQ-aided analyses of animal 
and clinical data (Denekamp 1973; Turesson and 
Notter 1984a,b; Thames and Hendry 1987). Since 
then, the strong effect of repopulation of tumor 
cells during radiotherapy has been well substanti-
ated so that a repopulation term has been added for 
tumors (Fowler 1978, 1989; Withers et al. 1988; 
Fowler and Lindstrom 1992; Hendry et al. 1996). 
More recently, a different set of parameters has been 
described to predict acute mucosal reactions in 
human patients (Fowler et al. 2003c).

Although the accuracy and even the nature of the 
LQ factors has been queried a few times, for example 
whether the parameters are unique or distributed 
(King and Mayo 2000; Brenner and Hall 1999, 
2000; King and Fowler 2002; Dasu et al. 2003; 
Moiseenko 2004), the LQ formulation has remained 
solidly useful and has aided in the design of clinical 
trials that have changed the practice of radiotherapy 
(Thames et al. 1983). Examples include the design of 
hyperfractionated (more and smaller fractions) and 
accelerated fractionation (shorter) trials, the avoid-
ance of gaps in radiation treatment, the development 
of high dose-rate brachytherapy, and a better under-
standing of when to use or avoid hypofractionation 
(fewer and larger fractions). The recent growth of 
stereotactic body radiotherapy is a subset of the 
latter category (Fowler et al. 2004).

One of the most interesting series of modeling 
investigations concerns oral and laryngeal cancers 
in which the overall times were deliberately short-
ened until the acute reactions became too severe, 
in several well known schedules in different coun-
tries. Each schedule was then moderated in some 
way until it became tolerable. The modeling then 
showed that not only the acute mucosal reactions 
fell into a narrow band of BED, but the modeled 
tumor responses were then all close to 11 log10 of 
predicted tumor cell kill for a variety of different 
time–dose schedules. This story will be told in this 
chapter.

Although the numerical results of modeling 
depend to some extent on the values assumed for the 
parameters, ratios of parameters such as ratios 
and time–dose trade-offs (grays per day) are often 
known sufficiently well for reasonable variations to 
lead to no clinically significant differences in pre-
dicted total dose or BED or NTD. In the modeling 

1.1 
Introduction

It is well known that the simplest description of radi-
ation dose, the total dose, is not adequate because 
its effect varies with size of dose per session (the 
dose fraction) and with dose rate. If we double the 
dose per fraction from 2 Gy to 4 Gy (keeping total 
dose constant), the effect is 20% greater for tumors 
but 100% greater for late complications. Further, 
if a given physical dose is spread evenly over 24 h 
instead of 2 min, its effect is reduced by 20% for most 
tumors, but to about half for late complications. We 
need a way of expressing radiation “dose” in some 
quantitative way that is more proportional to the 
observed biological effect. This is the object of cal-
culating a biologically effective dose (BED), and an 
equivalent dose in 2 Gy fractions (EQD or NTD), so 
that a 20% increase or decrease of BED or NTD or 
EQD2 Gy will lead to a reasonable approximation of a 
20% increase or decrease of the expected biological 
effect. The interesting point is that the same change 
in physical dose is likely to alter the incidence of 
late complications to double or half of its effect on 
tumors. So how can we deal with that?

The basic truth in radiotherapy is that any change 
in the schedule of dose delivery has a different effect 
on tumors from its effect on late complications, 
unless both dose per fraction and dose rate are kept 
constant. These differences provide some of the 
remarkable advantages of radiation therapy, and 
also some puzzles until they are explained. BED can 
take these differences into account, and preferably 
explain them.

In the 25 years since the linear quadratic (LQ) 
formula has been used for the evaluation of radio-
therapy schedules, it has proved remarkably reliable. 
It is now the main and generally accepted method of 
rationalizing the improved time–dose-fractionation 
schedules that have been developed to replace, in 
some body sites, the standard “2 Gy given five times 
a week for 6 or 7 weeks” schedules. It was first of all 
useful in identifying the important difference in the 
effect of dose-fraction size between rapidly prolifer-
ating tissues (most tumors) and slowly proliferating 
tissues (most late complications). This explained the 
blindly used, but not always wrong, predominance 
of multi-small-fraction schedules, such as 1.8 or 
2 Gy five times a week for 6 or 7 weeks. As explained 
below, the theoretically ideal overall time would be 
close to the time at which rapid repopulation in the 
tumor kicks off, designated Tk days after starting 
treatment.
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described below, we take care to limit the assumed 
values of parameters to a small library of values 
selected from experience, avoiding “elegant varia-
tion”. Then, results that are useful and self-consis-
tent are obtained.

Unlike some other attempts at modeling, the 
number of initially viable cells per mm3 is not 
essential in LQ modeling for time–dose evaluations, 
because it is largely cancelled out against radiosensi-
tivity  in the standard BED formulation. This is also 
true of equivalent uniform dose (EUD; Niemierko 
1997). Both BED and EUD enjoy similar stability for 
this reason. The most essential biological factor in LQ 
formulation is the  ratio of the tissue concerned, 
which appears in the BED with weighting equal to 
dose per fraction. The other significant factors are 
the “kick-off time” of rapid tumor repopulation Tk 
and the doubling time of repopulating tumor cells 
Tp, which together with the  value all appear in the 
repopulation term which is usually, but not always, 
a small proportion of BED.

A glossary is attached at the beginning of this 
chapter of terms that are best for readers to know 
when reading about these topics.

1.2 
The Simplest Modeling

Years ago, mathematical models were regarded with 
suspicion, or with derision as playthings for chil-
dren – but not any more. Modeling has become an 
important scientific tool in the design and evalua-
tion of topics from global warming to engineering 
design of aircraft and the pharmacological develop-
ment of drugs, replacing expensive experimentation 
in many cases (Prof. Gordon Steel 1990, personal 
communication). With the aid of computers, math-
ematical modeling using optimization and new 
imaging are continuing to revolutionize treatment 
planning in radiotherapy, as other chapters in this 
book will show.

“There are good reasons for believing that the 
primary effects of radiation on biological tissues 
are cell damage and cell depopulation in renewing 
populations” (Thames and Hendry 1987). This is 
still true whether the concern is damage to normal 
tissues or the elimination of every malignant cell 
in tumors. However, certain indirect biological end 
points, such as radiation sickness or extent of late 
fibrosis, do not appear to depend only on numbers 
of cells sterilized, although it does not mean that 

they are not a strong function of cells sterilized. The 
phantom of immunological response keeps rear-
ing its head, with little practical effect. The addi-
tive effect of chemotherapy seems to apply most 
effectively when it is used concomitantly, and up to 
now amounts to some 10% of the total cell kill com-
pared with radiotherapy. The strength of radiation 
as a treatment strategy is that it can and does reach 
wherever the physical plan puts it, with increasing 
efficiency of positional accuracy.

The object of the present modeling is to find simi-
lar biological effects to the radiotherapy treatments 
with which we are familiar, from different schedul-
ing of time and dose. That is the “isoeffect modeling” 
that has much history, passing through the “cube 
root law” of the 1930s, the “Strandqvist slope” of the 
1940s, and the “Nominal Standard Dose” (NSD) or 
“Time-dose Factor” (TDF) of Dr Frank Ellis in the 
1960s and 1970s – and then to evaluate methods of 
doing better. We shall start by writing down some 
ideas for explaining the non-linear action of ioniz-
ing radiation in damaging biological cells.

Radiation sterilizes cells, meaning that they do 
not die immediately, but at the time of the next cell 
division, or a few divisions later. An important factor 
is the repair occurring in the cells between irradia-
tion and their next cell division. This repair in cells, 
i.e., recovery in tissues, depends on the turnover rate 
of renewing tissues – a day or so for rapidly prolifer-
ating tissues and most tumors, but many months for 
the organs that normally proliferate slowly. That is 
the important difference in the tissues that LQ mod-
eling helped to bring out, with the help of the famous 
or infamous ratio  over .

1.2.1 
The Seven Steps to LQ Heaven – Brief Summary

First, before explaining them in detail, we list here 
the “Seven (algebraic) Steps to LQ Heaven”, so that 
readers who wish to do so can skip several pages 
and turn to Section 1.4. That’s where the story gets 
exciting.

Alpha is the intrinsic radiosensitivity of the 
cells, defined as how many logs (to the exponential 
base “e”) are killed (sterilized) per gray, in a “non-
repairable” way. Beta is the repairable portion of the 
radiation damage, requiring 6 h or more for com-
plete repair. It can be regarded as the result of two 
charged-particle tracks passing through a sensitive 
target in the cell nucleus in less than 6 h, so this term 
has to be multiplied by d squared. E is the loge sum of 
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the non-repairable  term and the partly repairable 
 term. So for n fractions of d Gy dose each:

 [1.1]

 [1.2]

 [1.3]

Dividing through by  to express  as a ratio.

 [1.4]

With no repopulation considered; as for most types 
of late complication.

This is the limited definition of BED. It applies 
to late effects. BED = E / = total dose RE where 
RE = (1 + d / [ ), and it is very useful.

Next, we subtract the log cell kill due to repopu-
lation of any cells during radiotherapy, after the 
“kick-off” or onset time Tk, where T is overall time 
and Tp is the average cell-number doubling time (in 
days) between Tk and T.

E = nd ( + d) – (T – Tk)  rate of repopulation per 
day [1.5]

E = nd ( + d) – loge2(T – Tk) / Tp [1.6]
(loge2 = 0.693)

To transform the total log cell kill E into the total 
BED requires the same division throughout by  
that we carried out in step 3 (Eq. 1.3) above:

 [1.7]

Final step = LQ heaven!

BED can be expressed as Gy3 (or Gy2) for late 
complications, or as Gy10 (or Gyx) for tumor or early 
normal-tissue reactions, the subscript referring to the 

 value used in its calculation. Gy3 and Gy10 values 
must not be mixed, as USA and Canadian or Hong 
Kong dollars cannot. However, several segments of 
a schedule can have their Gy10 values added together 
and, separately, their Gy3 values added, for a compar-
ison of total BEDs amounting to a “therapeutic ratio” 
of Gy10 Gy3 – representing tumor cell damage divided 
by late normal-tissue damage. This notation should 
always be used, or confusion quickly sets in. It both 
reminds us that this is a BED, not the real physical 
dose; and confirms which  ratio was used, thus 

for which tissue each BED or EQD2 Gy or NTD is cal-
culated. We should state each time “late” or “tumor” 
or “early” BED or NTD (Fowler 1989).

A further measure of radiation damage from 
these formulae is:

Loge cell kill = E = BED , so that in the 
“common log to base 10 scale, log10 cell kill = loge 
cell kill/2.303.

To convert from BED to EQD 2 Gy or NTD (total 
equivalent dose in 2 Gy fractions):
For late complications, divide Gy3 by 1.667. For 
tumor or early effects, divide Gy10 by 1.2.

The explanation comes from the identity 
BED1=BED2, where “1” is for “d Gy per fraction” 
and “2” is for “2 Gy per fraction”, so for identical 
BEDs, we have:

Total dose 1 RE1 = total dose 2 (RE for 2 Gy and 
the same ).
NTD (1 + 2 / ) = BED. Then solve for NTD!

1.3 
The Seven Steps to LQ Heaven – The Details

This is the section that experienced modelers might 
wish to skip by several pages, and go to Sections 1.4 
and 1.5, where comparisons of actual schedules are 
tabulated and discussed.

The mathematics of the LQ formula are very simple 
and are taught in courses before the end of the high 
school syllabus at age 15 or 16 years. Solving an alge-
braic quadratic equation and manipulating the con-
version of an exponential to a logarithmic form are 
the only steps requiring an effort of memory and are 
only necessary if you get into more calculations than 
you will normally need. If you don’t deal with this 
sort of arithmetic every week, you normally need no 
more than the four simplest keys (+, –, , ) on your 
hand calculator, or even just the back of an enve-
lope. The “Seven Steps to LQ Heaven” are intended 
to ensure that you, the reader, are never puzzled by 
such simple calculations again. Having followed, 
and understood, the seven steps that follow, you 
should be able to use them with confidence for any 
comparisons of radiotherapy schedules you wish to 
make in terms of BED (Fowler 1989, 1992).

BED is proportional to log cell kill for cells of the 
specified  ratio, and so is a strong function of 
biological effect. BED is itself a ratio (E/ ), the two 
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parameters of which are not individually important. 
Mathematically, E /  is simply a linkage term show-
ing equivalence between two schedules – their “iso-
effect” in the time-dose scale – as well as providing 
a useful number, the BED. Its numerical value is a 
convenient number, representing a dose without 
the repairable component, that is avoiding dose per 
fraction or dose rate, until relative effectiveness (RE) 
is built in. We could talk about = 0.35 loge per Gy 
and E = 10 log10 of cell kill, or equally = 0.035 loge 
per Gy and E = one log10 of cell kill, and the BED 
would be the same because it is E

1.3.1 
Development of the Simple LQ Formula 
E = nd (1 + d / / )

Cell depopulation is the main effect of radiation, both 
for eliminating tumors and for damaging normal 
tissues. In addition, some genes are activated, which 
can be relevant in those cells that survive irradia-
tion, and some apoptosis (cell death independent of 
mitosis) may be caused. Although apoptosis does 
not appear to be the major effect of radiation, when 
it happens it adds to the effect. The promising strat-
egy of damaging tumors by depleting their blood 
supply, with pharmacological or enzyme-pathway 
aid (Fuks et al. 1994), can be regarded as consider-
ing the neovasculature (that is, rapidly proliferating 
endothelial cells (Hobson and Denekamp 1984) as 
legitimate oncogenic targets, as well as the directly 
malignant tumor clonogens (Hahnfeldt et al. 
1999). Radiation can reach them all.

If a dose of radiation D sterilizes a proportion of 
cells in a given tumor or normal organ so that the 
number of viable cells is reduced from the initial No 
to Ns: the surviving proportion is Ns/No, which is 
designated S.

This process is represented as S = e–D/Do  =
exp (–D / Do), in its simplest form, where Do is the 
average dose that would sterilize one cell. This 
shows that the surviving proportion of cells is 
reduced exponentially with radiation dose. That 
is, each successive equal increment of dose reduces 
the surviving cells by the same proportion, not by 
the same number. The proportion of surviving cells 
would then decrease from 1 to 0.5, to 0.25, to 0.125, 
etc.; if higher doses per fraction were used, from 0.1 
to 0.01 to 0.001.

Another way of writing this is: loge S = D / Do, 
which plots out as a graph of loge S vertically versus 
dose horizontally to give a straight line of slope 

minus D / Do. This would be called a “single-hit” 
curve. The dose Do would reduce survival by one loge 
which is to 37% survival. You can see that Do = 1 /  
in the LQ formula, that is 1 / (the dose to reduce cell 
survival by one loge).

Plotting graphically the proportion of surviving 
mammalian cells against single dose of radiation 
gives a curve, not a straight line. This curve starts 
from zero dose with a definite non-zero slope, gradu-
ally bending downward into a “shoulder” at less than 1 
gray of dose, and continuing to bend downward until 
at least 10 or 20 grays. At higher doses, the cell sur-
vival curve appears to become nearly straight again 
but of course steeper than at the origin (Gilbert et 
al. 1980). This is the well-known “cell survival curve” 
where the logarithm of the surviving proportion of 
cells is plotted downward, against radiation dose on 
the horizontal axis (Fig 1.1). It is the same curve as 
the negative logarithm of the fraction of cells “killed” 
– actually “sterilized” so that they die later, after the 
next cell division or a few divisions.

This is the plot of loge proportion of cells surviv-
ing: S = – d – d2.

Therefore also: loge proportion of cells sterilized 
(killed) = + d + d2.

It is this logarithm of the number of cells steril-
ized that can be divided into one part proportional 
to dose d; and another part proportional to dose-

Fig. 1.1. The simple cell survival curve for linear quadratic cell 
kill versus radiation dose, for a single dose of radiation deliv-
ered within a few minutes. The alpha component increases as 
shown linearly with dose. The beta component is added to this 
in a curving pattern, increasing with the square of the dose. 
This example is numerically correct for the  ratio of 3 Gy
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squared d2 (that is “quadratically”, where two sub-
lesions combine, each produced in number propor-
tional to dose). The logarithm (proportion) of lethal 
events caused by a dose d is then:

E = d + d2

The linear component is found to be not repair-
able beyond a few milliseconds after the irradia-
tion, but this does not mean it cannot be altered, by 
oxygen if present at the time of irradiation as one 
major example. However, the dose-squared damage 
gradually fades over a few hours. It is repaired by 
several processes within the biological cells, mostly 
within the DNA, so that cell survival recovers toward 
the straight initial  slope. Cells and tissues are said 
to “recover” and biochemical lesions in DNA are 
said to be “repaired”.

Let us call this cell-number damage E, the loga-
rithm of the number of cells sterilized by a dose d in 
grays (Gy). Then, we just write the first equation as:

E = d + d2

where and  are the coefficients of the linear com-
ponent and the dose-squared component, respec-
tively. This is the first step on the ladder to explain-
ing the LQ formulation, commonly taught as the 
“Seven Steps to Heaven”. If you remember this little 
starting formula you will have no trouble at all with 
the next three steps. “LQ Heaven” is reached when 

you understand the LQ steps well enough not to 
forget them within the next few days.

The next step is the simple one of adding several 
fractions of daily doses, each of d grays, to obtain 
the total dose if n fractions (daily doses) are given. 
Figure 1.2 illustrates the sequence of equal fractions, 
giving a total curve that is made up of a sequence of 
small shoulders, in toto an exactly linear locus, of 
slope depending on the value of Eq. 1.1 at each dose 
d:

 [1.1]

The dose per fraction d can be taken outside the 
parentheses, nd being of course the total dose:

 [1.2]

We usually know the ratio of the two coefficients, 
, for given cells and tissues much better than 

we know their individual values, so the next step 
is to express E in terms of this ratio. It is most use-
fully done by dividing both sides of Eq. 1.3 by  
(Barendsen 1982). If instead we divided by , then 
the resulting BED would be in terms of dose squared, 
which would be awkward.

E / = nd (1 + d ) [1.3]

which is also of course identical to:

 [1.4]

Because is defined as a number (log number 
of cells sterilized) “per gray”, the term E /  has the 
dimensions of dose. It is in fact the BED that we are 
seeking to calculate, so Eq. 1.4 gives it to us. We are 
halfway up the “Steps to Heaven” and this equation 
enables us to do many useful things in predicting 
biological damage (Fowler 1989; also Chapters 12 
& 13 in Steel 2002).

1.3.2 
Biologically Effective Dose

The basic concept of BED was defined by Barendsen 
(1982), who at first called it extrapolated tolerance 
dose (ETD), meaning that dose which, if given as an 
infinite number of infinitely small fractions (along 
the initial slope of the cell survival curve), or at a 
very low dose rate (so that all the quadratic damage 
has been repaired), would cause the same log cell kill 

Fig. 1.2. The survival curve for four equal radiation doses given 
sequentially, with suffi cient time – at least 6 h – between them 
to allow complete repair of the beta component of radiation 
damage. Since the shape of each is then a repetition of the 
previous dose, the track of the result after each dose fraction 
is a straight line when plotted as log cell kill against dose as 
shown
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as the schedule under consideration, thinking of the 
maximum dose that a normal tissue would tolerate. 
Since it was obvious that this conceptual extrapola-
tion to very small dose per fraction could be applied 
to any level of damage, not just to the maximum 
tolerated level or only to normal tissues, it was soon 
renamed extrapolated response dose (ERD) and 
later to the more general BED (Fowler 1989). It is 
illustrated graphically in Figure 1.3. Because BED 
is defined in relation to the initial slope, i.e., the 
linear component of damage, it is E/  Because  
has the dimensions of 1/dose, E/  has the dimen-
sions of dose, as we require. We are talking here 
about an averaged value of  during the weeks of 
radiotherapy. Different values of  could be applied 
to different segments of a schedule but there is not 
yet evidence to justify this.

Since the definition of BED is the ratio E/ , the 
individual values of E and  are irrelevant for esti-
mating relative total doses. The ratio E/  is math-
ematically a link function, signifying biological 
equivalence between two schedules having equal 
effect. The individual values of E or  have no nec-
essary biological significance in LQ formulation. 
Values of  are particularly vulnerable to variation 
of tumor size, stage of tumor, and accuracy of dose, 
but provided that the ratio between E and  (and 
     does not vary – between one prospective popu-

lation in a clinical trial and another – there are no 
effects on ratios of doses between schedules, which 
are what we want to compare. This is the important 
reason why BED, like EUD (Niemierko 1997), is 
robust. They are relatively stable if parameters are 
varied by modest amounts.

These biological ratios between log cell kill and 
cellular radiosensitivity have in fact been deter-
mined in certain biological experiments concerning 
skin and intestinal clones in mice (Withers 1967, 
1971), so these tissues can be put on to a more exact 
basis concerning number of cells per millimeter of 
mucosal surface. However, the use of a number to 
designate log cell kill in tumors depends on a specific 
assumption of how many viable malignant cells were 
present per mm3 of tumor volume, which is usually 
unknown. The number has wildly varied between 
ten thousand million (1010) and one-tenth per tumor 
among various authors for various tumors (the 
latter being curable with 90% probability). Because 
of the real variability between tumors and patients, 
a value for  [derived for example from a gamma-
50 slope of dose versus tumor control probability 
(TCP)] cannot be regarded as a reliable guide to cell 
numbers, as some writers have assumed and argued 
about. Heterogeneity decreases the extracted value 
of  from populations. What is interesting is that, as 
more detailed and precise descriptions for stage of 
tumors are developed, as they are by various inter-
national agreements, the recorded gamma-50 slopes 
from clinical data become steeper (or  values 
higher), illustrating less heterogeneity (Hanks 
et al. 2000; Regnan et al. 2004). The log10 cell kill 
values quoted in the tables below are all assuming 

=0.35 loge per Gy.

1.3.3 
Relative Effectiveness

The BED thus comprises the total dose “nd” multi-
plied by a parenthesis (1 + d    ). This parenthetic 
term is called the RE, and is one of the most useful 
concepts of the LQ formulation. RE is what deter-
mines the strength of any schedule when multiplied 
by total physical dose. BED is simply total dose mul-
tiplied by RE:

BED = nd (1 + d    ) = nd  RE [1.4]

or 

BED = total dose × RE

Fig. 1.3. Graphical illustration of the concept of biologically 
effective dose. The dashed line represents the log cell kill of 
20 (or more) equal fractions of radiation. BED is the dose that 
would cause the same log cell kill E as the schedule with n d 
fractions, if it could be delivered in an infi nite number of infi -
nitely small fractions, or at very low dose rate. All the beta com-
ponent would then have been repaired, and the straight line 
representing the log cell kill versus total dose would follow just 
the initial slope alpha as shown, its slope determined by the 
value of alpha only. The ratio of BED to the real physical dose 
is of course the RE, relative effectiveness=BED total dose
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When dose rate varies, the term containing  
includes, instead of just d, the dose rate and the 
recovery rate of tissues as a ratio, as discussed in 
detail elsewhere (Barendsen 1982; Thames and 
Hendry 1987; Fowler 1989).

The concern of RE is obviously dose-per-fraction 
size, in relation to the    ratio for different tissues. 
RE is larger for larger dose per fraction and for smaller 
ratios of   . Dose per fraction is therefore one of the 
three major factors in LQ formulation, the co-equal 
second being the    ratio. The third is overall time, 
which we deal with in the remaining three “steps to 
LQ heaven” below. The major biological importance 
of RE depends on the fact that    is large for rapidly 
proliferating tissues such as most tumors and small 
for slowly proliferating tissues such as late complica-
tions. This is attributed to the fact that slowly prolif-
erating tissues, with long cell cycle times, have more 
time to carry out repair of radiation damage than do 
short cell cycles. The exact molecular causes of these 
differences in ratio of radiosensitivity to repair are not 
yet known but inhibition of epidermal growth factor 
receptors (EGRFs) is likely to be involved Fowler 
2001). It is these differences that enable conventional 
radiotherapy to succeed, often using a large number 
of small fractions such as 30 or 35F  2 Gy. We shall 
discuss the differences in    in the next section.

RE is of course high when d is high and    is 
low, for example as in hypofractionation (fewer 
and larger fraction sizes than normal), which could 
therefore cause excessive damage in slowly respond-
ing, late-reacting tissues, i.e., in late complications. 
In contrast, RE is naturally low for hyperfraction-
ation (more and smaller fractions) and for low dose-
rates (lower than 100 cGy/h; ICRU can be criticized 
for defining low dose rates as “up to 200 cGy/h”, 
because their BEDs differ significantly from those 
for 50 or 100 cGy/h). It is the difference in doses per 
fraction above or below 2 Gy that has biased radio-
therapy in the direction of many small fractions. 
Total doses at 2 Gy per fraction should be above 
60 Gy for cure of all except a few radiosensitive types 
of tumor; and preferably above 70 to 90 Gy NTD2 Gy 
for many tumors of stage II or III sizes. Equations 1.4 
and 1.4a enable a great many aspects of radiotherapy 
to be compared simply and quickly.

A question often asked is “what new total dose 
should be used if dose per fraction is changed from 
d1 to d2?” This is easily answered by taking the 
inverse ratio of the two values of RE. If the two total 
doses are D1 and D2, of which D1 is known and D2 is 
the value sought, both of the BEDs have to be equal, 
by definition:

BED=total dose × RE = D1 × RE1 = D2 × RE2;

So that  [1.4b]

This is an example of a comparison of schedules 
where the only biological factor is the ratio   , 
treated as if it were a single parameter.

1.3.4 
Overall Treatment Time

The major effects of radiation are diminished by 
any proliferation occurring in the cell populations 
during the weeks of radiotherapy, obviously by 
replacement of some of the cells that were steril-
ized by irradiation. In slowly proliferating tissues, 
naturally those in whom the reactions appear late, 
this replacement by repopulation is negligible (as in 
nerve tissue) (Stewart 1986). In rapidly proliferat-
ing tissues, however, including most tumors, it can 
counteract up to one-third of the cell-killing effect 
of the radiotherapy, although there is a delay of some 
days before it begins in tumors; it is more rapid in 
normal mucosa, at 7 days in oral mucosa.

This delay in tumor repopulation is because the 
tumor needs time to shrink due to the treatment, so 
as to bring more of the surviving cells into range of the 
generally poor blood supplies in the tumor. In solid 
tumors above a few millimeters in diameter, the daily 
production of cells is much faster than the volume 
growth rate would suggest. In most carcinomas, there 
is a cell loss factor of 70–95% due to nutritional failure 
and, to a lesser extent, due to apoptosis. This causes 
the volume doubling times of tumors to be as slow as 
months, although the number of cells born would cause 
the population to double in only a few days if no such 
cell loss occurred. Therefore, the clinically observed 
doubling time of a tumor is no guide to the cell repop-
ulation rate inside the tumor. This is one of the curi-
ous facts in cancer that has only been apparent from 
kinetic population studies in the 1970s, using originally 
radioisotope labels and recently immunological fluo-
rescent labels with flow cytometry (Begg and Steel 
2002). Most human carcinomas have volume doubling 
times varying from 1 month to 3 months, but their 
cell population birth rates yield cell-number doubling 
times of 2–10 days, with 3–5 days commonly found. 
The cell doubling times are called Tpot (potential dou-
bling times, meaning cell birth rate “in the absence of 
nutritional or apoptotic cell loss”). Prostate tumors 
are exceptionally slowly proliferating with median cell 
doubling times of 42 days (range 15 days to >70 days).
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So, if a number S of cells survives a certain phase 
of treatment, this number will increase at the rate of 
Se+1/Tp per day and Se+t/Tp in t days. This means the 
number of cells increases by a constant proportion 
per day. This rate is conventionally described as the 
time in days required to double the number of cells, 
Tp, so the population increases by loge2/Tp per day. 
Therefore, the loge number of cells killed decreases 
by loge2

  Tp per day, meaning its change is –0.693/Tp 
per day and –0.693 t/Tp in t days.

It is very important that we do not forget the delay 
in start of repopulation mentioned above, after 
a “kick-off” or “onset” time designated Tk days. 
Allowing for this, the time available for repopula-
tion is of course t = T – Tk days, where T is the overall 
time in days. It is important to note that the treat-
ment begins at day 0, not day 1. The loge amount of 
repopulation is then 0.693(T – Tk) / Tp, and it has to 
be subtracted from the loge cell kill E that we calcu-
lated above in Eq. 1.3. Thus, the total amount of log 
cell kill, allowing for repopulation, is of course:

E = nd (  + d) – (T – Tk)  rate of repopulation per 
day [1.5]

E = nd (  + d) – loge2(T – Tk) / Tp [1.6]

where T = overall treatment time (in days, the 
first day being 0 not 1), Tp = cell population doubling 
time during treatment, Tk = starting time of repop-
ulation, and Tp = average cell-number birth rate 
during the irradiation. Note that Tp may be different 
from Tpot, which can only be measured before any 
treatment is given; Tp is possibly somewhat faster. 
This simple modeling, assuming zero repopulation 
up to Tk days and a constant doubling time Tp after 
Tk, is certainly an approximation to a smooth curve 
of accelerating Tp, but several more complex models 
to add different times at which faster Tp is assumed 
have not succeeded in giving better correlations with 
clinical outcome (van Dyk et al. 1989; Denham and 
Kron 2001), although Denham and Kron (2001) 
made a persuasive case for some type of accelerating 
curve in tumors. Fenwick has recently proposed an 
ingenious Delayed Feedback (from the level of cell 
depletion reached) algorithm which deals elegantly 
with this concept (Fenwick 2006).

To transform E into the total BED requires the 
same division throughout by  that we carried out 
in step three (Eq. 1.3), and this is the final equation, 
the seventh step:

 [1.7]

Putting it into words:

 [1.7a]

It will be noticed that this LQ formula now involves 
three more parameters, so we might think that LQ has 
“lost its innocence” when repopulation is included. A 
value must be chosen for radiosensitivity  and the 
start of rapid repopulation in tumors Tk, and for the 
doubling time Tp of viable cells thereafter. There are, 
however, some clinical data that enable ratios of these 
parameters to be estimated. (There is a practical snag 
in that it is easy to forget the  in the last term! But, if 
you remember that this repopulation term is usually 
about 0.5–0.8 Gy10 per day for rapidly proliferating 
tissues including most tumors, you can easily make a 
rough check on the subtraction from the simpler BED 
of step four (Eq. 1.4). This term is somewhat greater if 
doses per fraction are larger than 2 Gy.)

In radiotherapy practice, late-responding normal 
tissues generally have a normal turnover time of 
many months, and these are reflected first of all in 
their kick-off time of acceleration, Tk, after starting 
radiotherapy (Stewart and van der Kogel 2002), 
and also obviously in the value of Tp after compen-
satory repopulation has started (Hendry et al. 1996; 
Fowler and Chappell 2000), which may be a little 
shorter than Tpot measured, as it can only be, before 
any treatment. It is this repopulation aspect of radio-
biological modeling that has brought most radio-
therapy departments to pro-actively avoid gaps in 
treatment, and in many to choose shorter schedules 
(Hendry et al. 1996). To a radiobiology modeler, it is 
surprising that this took so long to realize (Fowler 
1978; Withers et al. 1988; Fowler and Lindstrom 
1982; Hendry et al. 1996). The huge difference 
between gross tumor volume doubling time and the 
cell birth doubling time, Tpot, is due to the high cell 
loss factor (70–90%) in carcinomas. The kick-off 
time for tumor repopulation, Tk, could be between 
21 days and 32 days in human head and neck tumors 
(Brenner 1993; Roberts and Hendry 1999).

1.3.5 
Acute Mucosal Tolerance

A particular application of Eq. 1.7 above has been a 
long-term development of a collection of data about 
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head and neck radiotherapy schedules that are judged 
to be clinically just tolerable from the acute reaction 
point of view. A comprehensive review of published 
head and neck schedules with consequential recom-
mendations for a “tolerance zone of early BED” was 
recently published by the present author and col-
leagues (Fowler et al. 2003c). The best matching 
with these not particularly small treatment fields, 
for “nearly intolerable” acute mucosal reactions in 
many types of fractionation regime, was found to be 
at BED = 59–63 Gy10 if the following specific param-
eters in Eq. 1.7 were used: = 10 Gy; = 0.35 Gy 
per loge; Tk (starting time of repopulation) = 7 days 
for oral mucosa (Dörr et al. 2002); and Tp = 2.5 days 
(average mucosal cell doubling time during irra-
diation). There is provisional information that the 
range of BED may be somewhat higher in rectal 
mucosa, for example 64–69 Gy10 together with a 
mucosal area limitation down to a few centimeters 
squared for doses of 78–80 Gy NTD (Huang et al. 
2002; Vargas et al. 2005), but further confirmation 
is required. A practical conclusion from our acute 
mucosal review (Fowler et al. 2003c) was that if 
a new schedule causes too strong acute reactions, 
these can be avoided easily by extending the over-
all time by a few days. Acute BED for mucosa is 
normally reduced at a rate of about 0.8 Gy10 per day 
(with 2 Gy fractions), after the time Tk = 7 days from 
starting daily radiotherapy (Dörr et al. 2002).

1.3.6 
To Convert from BED to NTD or EQD2 Gy

We have talked in terms of BED in Gy3 and Gy10 
mainly, and familiarity with these terms and num-
bers is recommended. However, those who do not 
use them regularly are often more comfortable with 
their conversion into the biological equivalent of 
total dose in 2 Gy fractions. This conversion of BEDs 
into EQD2 Gy or NTD (normalized total dose/nor-
malized to 2-Gy fractions; Maciejewski et al. 1986; 
Joiner et al. 2002) is a further mathematical step, 
which experienced modelers may not wish to do, 
but it is very simple, as described below. It does, 
and this is important, give different EQD and NTD 
values for late complications from the EQD and NTD 
for tumors in the same schedule, so that subscripts 
for BEDs in Gy3 or Gy10, etc. must be kept rigorously 
through every step of every calculation. Further, the 
translation from “tumor BED” or “late complica-
tions BED” into “tumor NTD” or “late complications 
NTD” must be made when the results are summa-

rized. Such designation of Gy3 or Gy10, and “Late” 
or “Tumor” or “Acute” is necessary every time, or 
readers (and you the writer!) will quickly become 
confused.

We can see, from the obvious equality of: BED of 
any schedule 1, called BED1, required to be equal in 
radiobiological effect to BED2, shows that: total dose 
D1  “the RE for its dose per fraction” must be equal 
to NTD2 Gy  RE for 2 Gy fractions, with the appro-
priate    ratio so we obtain the formula:

NTD2 Gy  RE2 = BED1; therefore
NTD2 Gy = BED1 / RE2
 = BED1  (RE for 2 Gy fractions). QED

Therefore, an NTD2 Gy or EQD2 Gy can be derived 
from any BED by simply dividing that BED by the 
RE for 2 Gy fraction size and the same    ratio as 
used to calculate the BED (Table 1.1).

1.3.7 
One Example

First let us look at the simple example of a 60 Gy dose 
given with different fraction sizes, starting with 
2 Gy  30F in 6 weeks. The “late complications BED” 
is usually calculated first, assuming    = 3 Gy, and 
from Eq. 1.4 it is:

BED = nd (1 + d / (   ))
60 (1 + 2 / 3) = 60  1.667 = 100 Gy3

The “tumor response BED” is calculated assum-
ing    = 10 Gy and is therefore:

60 (1 + 2 / 10) = 60  1.2 = 72 Gy10

Both the late BED of 100 Gy3 and the tumor BED 
of 72 Gy10 correspond to an NTD to 2 Gy fractions or 
EQD2 Gy of 60 Gy, of course.

Table 1.1. Conversion of BED to NTD or EQD2 Gy

Type of tissue  for BED Divide the BED by:

Late complications 3 Gy (1 + 2 / 3) = 1.667
Early and tumor effects 10 Gy (1 + 2 / 10) = 1.2

Exceptions would be:

Late CNS with = 2 Gy 2 Gy (1 + 2 / 2) = 2.0
Prostate tumors                
    = 1.5 Gy

1.5 Gy (1 + 2 / 1.5) = 2.333
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For a stronger schedule of 70 Gy = 2 Gy 35F the 
corresponding “late” (complications) BED and the 
early (tumor) BED would be 70 1.667 = 117 Gy3 and 
70 1.2 = 84 Gy10, respectively. Both the late BED of 
117 Gy3 and the tumor BED of 84 Gy10 correspond 
of course to the NTD or EQD2 Gy of 70 Gy. Those four 
values of BED form useful reference points when con-
sidering other schedules. In particular, the late com-
plications BED of 117 Gy3 should not be exceeded 
except in special circumstances, such as research 
or IMRT-related “new” schedules. The NTD can be 
obtained by dividing the BED by 1.667 for “late com-
plications” or by 1.2 for the “early or tumor effects”, 
respectively, as described in Table 1.1 above.

Other examples have been worked out in detail 
in the Appendix (Section 1.8), starting with 60 Gy in 
4 Gy fractions.

1.3.8 
What is the Standard of Precision of These 
Estimates of BED or NTD? Gamma Slopes

How much margin of tolerance can we allow before 
being concerned about an overdose to normal tis-
sues, above the arbitrary but currently practical 
limit of 117 Gy3? And how much should we be con-
cerned about tumor BEDs below the 70 Gy NTD or 
EQD2 Gy, that is below a BED of 84 Gy10? These ques-
tions require whole papers to answer them properly, 
involving the slopes of dose–response curves. These 
slopes are often called gamma-50 or gamma-37, a 
term derived from photographic film density, mean-
ing a change in absolute percentage response for a 1% 
change in total dose or NTD (and BED if fraction size 
is not changed). However, a common sense answer 
is that about a 7% change in BED or total dose at 
2 Gy fraction size would probably be large enough 
to be clinically noticeable, and a 3% change would 
probably not, until very many hundreds of patients 
had been treated in the same way. The degree of 
anxiety about an over- or under-dose would also 
depend on the actual circumstance of what risk is 
most important for the individual patient.

Gamma-50 or gamma-37 is used to define the 
steepest part of a dose–response curve, which is at 
50% probability for logistic modeling, but at 37% 
for Poisson probability modeling. The difference is 
rarely important in comparison with the precision 
of clinical results. For many types of tumor gamma-
50 or -37 slopes found are about 1.5 to 2 times the 
percentage change in total dose (and BED if dose per 
fraction is unchanged). This is in the middle range 

of the sigmoid response curve between about 20% 
and 70% for local control (LC). So tumor response 
often corresponds to a gamma slope of 1.5 or 2. For 
doses above or below that middle range, the slopes 
will of course be smaller. For certain types of tumor 
that have been well classified in detail so that narrow 
risk categories are available, the change of response 
with BED may be greater than twice the percentage 
(Hanks et al. 2000; Regnan et al. 2004). In general 
a 10% change in tumor or NTD2 Gy or EQD means 
a change in LC of approximately 20%. Wadsley 
and Bentzen (2004) showed that there was a highly 
statistical relationship (P=0.00017) between loco-
regional control (LRC) and later overall survival in 
head-and-neck cancer, 5-year overall survival aver-
aging two-thirds of the 2-year LRC.

For normal tissues, the dose–response curves are 
often steeper than for tumors, because normal tis-
sues are less heterogeneous in physiological proper-
ties than tumors are. Gamma-50 slopes of three or 
four in the steepest range of late complications are 
found, although slopes are shallower at the lower 
incidences of a few percent that are common for 
serious complications; the “toe” of the curve (and 
at the top, should we see any result close to 90% or 
100%).

1.4 
Rejoining Point for Those Who Skipped: 
How to Evaluate a New Schedule – Brief 
Summary

In case some of these details might have slipped 
your mind, we now summarize the three main 
weapons in our armamentarium for assessing any 
proposed schedule, before irradiating any patient. 
For example, we may wish to add an introductory 
phase-I dose-escalation study of effects in normal 
tissues before deciding on a particular dose level in 
a long clinical trial. A calculation of BEDs or NTDs 
would enable any arm to be evaluated theoretically 
in relation to known schedules. Such theoretical 
comparisons do not replace phase-I clinical trials, 
but they can put them into critical perspective and 
save time-wasting steps with dose intervals that may 
be too wide or too narrow.

Calculate late complications BED, = 3 Gy, with 
no time factor [Eq.1. 4], keeping below 117 Gy3.
Estimate tumor BED including repopulation, 
as Gy10 [Eq. 1.7]. For head-and-neck or lung 
tumors assume:
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 Tk = 21d, Tp = 3d, = 0.35 loge Gy, and = 10 Gy, 
until further data allow the parameters to be re-
estimated; or as log10 cell kill  =  E  =  BED/2.303; 
and compare with known schedules.
Calculate acute mucosal BED Gy10; assume Tk = 7d, 
Tp  =  2.5d, =  10 Gy, a  =  0.35 [Eq. 1.7]; keeping 
below 59–63 Gy10, for oral and pharyngeal mucosa, 
until further evidence is obtained (Fowler et al. 
2003c). Possibly higher than 63 Gy10 for late rectal 
mucosa, but with strict volume limits.

1.5 
Now Let Us Study Some of the Best-Known 
Schedules for Head-And-Neck Tumor 
Radiotherapy

Take a deep breath and read each line as slowly as 
you like! Make sure a glass or cup of your favorite 
drink is at your elbow. Stop skipping for once!

Baumann et al. (2002) have written an excellent 
general review of “Altered Fractionation”, which 
includes both hyperfractionation (smaller doses 
per fraction and higher total doses) and accelerated 
fractionation (shorter overall times and lower total 
doses). Bourhis et al. (2004) reviewed the results of 15 
randomized trials between 1970 and 1998. They con-

cluded that an absolute benefit on LRC of 7%, from 
46% to 53%, at 5 years was obtained, depending on 
type of schedule. Many of those trials and some more 
recent ones are included in the present analysis.

Table 1.2 lists some of the strongest published 
radiotherapy schedules that have been used to treat 
patients with oral and pharyngeal cancer. The first 
five were successful schedules, with one possible 
exception, but the bottom three in the table gave too 
many complications, so that they were later revised 
to become clinically acceptable. We can learn from 
these three pairs of later-modified schedules.

1.5.1 
Standard Fractionation

The first line in Table 1.2 shows a standard treatment 
of 2 Gy 35F = 70 Gy in 7 weeks (SF). This schedule 
also gives the standard top level of “late BED” at 
116.7 Gy10. The acute mucosal BED of 53.1 Gy10 for 
this schedule is comfortably below our recently 
derived “tolerance zone” of 59–63 Gy10 for oral and 
pharyngeal irradiations (Fowler et al. 2003c) and 
so acute mucosal reactions appear tolerable for the 
tissue volumes usual in head and neck radiotherapy, 
including some coning down, in accord with known 
clinical experience for 7-week schedules.

Table 1.2. Modeling landmark head-and-neck schedules. Parameters for tumor log10 cell kill: = 10 Gy; = 0.35 ln Gy; 
Tk = 21 days; Tp = 3 days; of which is inversely proportional both to log cell kill and to BED (= E/ ) in this formulation; so its 
actual value is not a sensitive factor. For acute mucosal BED: = 10 Gy; = 0.35 ln Gy; Tk = 7 days; Tp = 2.5 days

Schedule (reference) Dose/fraction × number 
of fractions

Total 
dose 
(Gy)

Overall 
time 
(days)

Tumor 
log10 
cell kill

Late 
effect 
BED 
(Gy3)

Acute 
muco-
sal BED 
(Gy10)

1. Standard   7 weeks 2 Gy × 35F 70 46 10.26 116.7 53.1
2. EORTC HFX   7 weeks 
   (Horiot et al. 1992)

1.15 × 70F 81.5 46 11.13 113 58.9

3. RTOG HFX 7 weeks 
   (Fu et al. 2000)

1.2 Gy × 68F 81.6 45 11.48 114 61.3

4. Concomitant boost   6 weeks
   (Knee et al. 1985)

1.8 Gy × 30F + 1.5 Gy ×12F 72 39 11.03 113 59.1

5. Wang split course   6 weeks
   (Wang 1988)

1.6 Gy × 42F 67.2 39 10.04 103 52.6 

6. 4–5 weeks 
   (Leborgne et al. 2000)

1.6 Gy × 42F–
        y×– 44F

64–
–70.4

28–
–33

11.15
11.21

103
108

61.3
61.1

7. GORTEC 1   3 weeks 
   (Bourhis et al. 2000)

2 Gy × 32F 64 21 11.47 107 64.9  ??

8. CAIR 1   5 weeks 
   (Maciejewski et al. 1996)

2 Gy × 35F 70 34 11.46 117+? 62.6  ?

9. HARDE 1   5 weeks 1.4×20F+1.6×10F+
   (McGinn et al. 1993)

1.2 Gy × 20F + 2 Gy × 4F 76 33 12.01 112 66.2  ???

? “Probably too high to be clinically tolerable”
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1.5.2 
Hyperfractionation

The second row of Table 1.2 shows the EORTC hyper-
fractionation clinical trial of 1.15 Gy twice a day for 
70 F = 81.5 Gy in 7 weeks, which was the first random-
ized clinical trial to show an advantage for a non-
standard fractionation schedule, with 325 patients in 
two arms (Horiot et al. 1992). The control arm was 
70 Gy in 7 weeks (Row 1). The increase of 5y LC at 
3 years was from 40% to 59% with good significance 
at P=0.02. The difference in log cell kill with our 
parameters was 0.8 log10, so if the gamma-50 slope 
was 2.0 for these tumors, a difference in LC of about 
16% might have been expected. The observed differ-
ence of 19% was not statistically significantly dif-
ferent from this expected gain. The late complica-
tions were not significantly different in the two arms. 
Although they were slightly higher in the hyperfrac-
tionated arm, which was not expected, the low inci-
dence of late effects did not allow the difference to be 
significant. The interval t between two fractions per 
day is emphasized as being critical in any schedule. 
The acute mucosal reactions in Gy10 were strong at 
58.9 Gy10, just below the lower end of our arbitrary 
“tolerance zone” (Fowler et al. 2003c), but tolerable. 
There is less repairable damage to worry about if  
is 10 Gy than if it is 3 Gy, of course, in the RE bracket. 
It is also less for smaller doses per fraction.

1.5.3 
Radiation Therapy Oncology Group Four-Arm 
Fractionation Trial (RTOG 90-03)

The Radiation Therapy Oncology Group (RTOG) was 
then encouraged to set up its four-arm randomized 
clinical trial 90-03, which ran from 1990 to 2000 and 
accumulated close to 280 patients in each arm (Fu et 
al. 2000). Table 1.2 shows that it consisted of:

Row 1: the standard 2 Gy 35F in 7 weeks, fi ve treat-
ments a week (designated SF).

Row 3: a hyperfractionation arm [of 68F 1.2 Gy twice 
a day (b.i.d.) = 81.6 Gy in 7 weeks (HFX)].

Row 4: the concomitant boost at 72 Gy in 6 weeks, 
with 1.8 Gy given daily for 6 weeks plus 
1.5 Gy at two fractions a day in the fi nal 12 
treatment days, designated AF-C.

Row 5: the CC Wang split-course accelerated sched-
ule of 1.6 Gy 2 fractions a day 42F = 67.2 Gy 
in 6 weeks, designated AF-S. This had a 2-
week planned gap in it.

All these schedules are summarized in the first 
five lines of Table 1.2, including their “late BED” 
in Gy3, tumor cell kill in log10, and “acute muco-
sal BED” in Gy10. Two of these schedules in RTOG 
90-03 yielded 54% 2y LC, and two yielded 46%, the 
difference being significant (Fu et al. 2000). Both 
of the 54% arms gave more than an estimated 11 
log10 cell kill, using our stated parameters. Both of 
the 46% arms gave barely over 10 log10 of cell kill, 
as shown in Table 1.2. These results give a guide to 
the calibration of our currently used radiobiologi-
cal model parameters for tumor BED. A difference 
of one log10 represents a difference of about 10% in 
log cell kill, from 10 log10 to 11 log10 and, therefore, 
up to about 20% in predicted change of percentage 
LC for tumors whose gamma-50 is about two. Non-
uniformity between tumor sizes and stages could 
f latten this dose–response gamma-50 from 2 to 
about 1, as appears to have happened in this trial. 
About 30% of the patients were T4 or N2A, whereas 
those in the EORTC trial previously mentioned 
were T2–T3 and N0, so the difference in gamma-50 
is easy to explain.

How do the parameters for complications in 
normal tissues hold up for consistency? Only one 
of the “late” BEDs in the table and none of these 
first five “acute mucosal” BEDs were above the 
limits we have described above (117 Gy3 for “late” 
and 59–63 Gy10 for “acute mucosal”). However the 
acute Gy10 for concomitant boost is in the modeled 
“maximum mucosal tolerance zone” at its lower 
edge, which does not contradict its acute reactions 
reported as the highest of the four arms from the 
RTOG trial. Concomitant boost is an ingenious 
method of shortening a previous 8-week schedule 
so that the overall time was reduced to 6 weeks 
(Knee et al. 1985). The coned-down boost dose was 
inserted as a second dose of 1.5 Gy on the last 12 
treatment days of the basic 6 weeks of 1.8 Gy frac-
tions (with t=6 h), so that two fractions a day were 
required in only the last 2.5 weeks.

The finally listed arm of RTOG 90-03 was the 
C.C. Wang schedule using 1.6 Gy fractions twice a 
day, with a planned break of 2 weeks after 32 Gy in 
2 weeks (row 5, Wang 1988). This offered the lowest 
acute mucosal BED, the lowest “late effect” BED of 
103 Gy3 and, not surprisingly, the lowest predicted 
tumor log cell kill, equal to that of the standard 
70 Gy in the 7-week schedule. The originator, Dr. C.C. 
Wang, often added one or two fractions if reactions 
in individual patients justified doing so, but this 
was not done in RTOG 90-03. However, Drs. J. and 
F. Leborgne in Montevideo have explored that elec-
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tive variability in 471 head and neck radiotherapy 
patients. They compared the acute reactions caused 
by one or two more fractions of 1.6 Gy, together with 
one or two days shorter or longer gap in the planned 
split after 32 Gy, so as to cancel out some of the 
increase in reaction level due to the increased dose. 
In this way, they have reduced the 2-week split so 
that the overall time has been shortened to just over 
4 weeks, still with acceptable mucosal reactions as 
described in the next section (Leborgne et al. 2000). 
The 7-year LC was increased from 46% to 59% by 
a median reduction of 13 days overall time. Row 6 
summarizes the best of their schedules.

It is interesting that most of the first six sched-
ules listed in Table 1.2 predict log10 cell kill values 
of 11 or slightly above, except for the two schedules 
tested in RTOG 90-03, which came in with signifi-
cantly lower LC by about 8%, and which were pre-
dicted by this modeling as being close to 10 log10 
instead of 11 logs. The remaining three rows show 
tumor cell kill values well above 11 logs10, but they 
also show acute mucosal BEDs above the middle of 
our recommended maximum acute mucosal tol-
erance zone. All three schedules were judged too 
strong for continued use, and were modified to 
reduce their BED.

1.5.4 
Head-and-Neck Schedules That Were Initially 
“Too Hot” in Table 1.2

Turning now to Table 1.3, three of the same sched-
ules as above are listed: GORTEC (Bourhis et al. 
2000), CAIR (Continuous Accelerated Irradiation; 
Maciejewski et al. 1996), and HARDE (High-Dose 
Accelerated Dose-Per-Fraction Escalation; McGinn 
et al. 1993), rows 1 to 6, together with the moderated 
versions. These regimes were first set at an appar-
ently just too high total dose or BED, were found to 
give too many complications (rows 1, 3, and 5), and 
were subsequently reduced in dose per fraction and in 
extended overall time by 4 days in the case of CAIR, 
to obtain clinically acceptable acute reaction levels 
(rows 2, 4, and 6). The final column shows that this 
was achieved. The modeling results found for log cell 
kill of the ultimately acceptable schedules are then 
remarkably similar, all in the range 10.9–11.1 log10 cell 
kill, and also similar to the highest acceptable log cell 
kill values given in Table 1.2. So also are the results for 
acute mucosal BEDs as they should be (58–61 Gy10). 
Indeed it was these types of data that enabled our “tol-
erance zone” to be investigated and defined originally 
(Fowler, Harari, Leborgne, Leborgne 2003c).

Table 1.3. Head-and-neck schedules moderated to avoid too-severe, acute normal tissue reactions. Parameters for tumor log10 
cell kill: / = 10 Gy; = 0.35 ln/Gy; Tk = 21 days; Tp = 3 days: of which  is inversely proportional both to log cell kill and to 
BED (= E/a) in this formulation; so its actual value is not a sensitive factor. For acute mucosal BED: / = 10 Gy; = 0.35 ln/Gy; 
Tk = 7 days; Tp = 2.5 days

Schedule (reference) Dose/fraction 
number of fractions

Total dose 
( Gy)

Overall 
time 
(days)

Tumor 
log 10 
cell kill

Late 
effect 
BED 
(Gy3)

Acute 
mucosal 
BED 
(Gy10)

1. GORTEC 1: 2F/day (Bourhis et al. 2000) 2 Gy×32F 64 21 11.47 107 64.9  ??

2. GORTEC 2: 2F/day 
   (J. Bourhis 2002, personal communication)

1.75×36F 63 23 11.05 100 61.4

3. CAIR 1: 7F/week (Maciejewski et al. 1996) 2 Gy×35F 70 34 11.46 117+? 62.6  ?

4. CAIR 2: 7F/week (Skladowski et al. 2000) 1.8 Gy×39F 70.2 38 10.9 112 58.3

5. HARDE 1: 2F/day 
   

1.2 Gy×20F+1.4×20F
+1.6×10F+2 Gy×4F

76 33 12.01 112 66.2  ??

6. HARDE 2: 2F/day 
   (P. Harari, personal communication)

1.2 Gy×36F+
1.5 Gy×20F

73.2 37 11.0 106 59.1

7. Wang Split 2F/day (Wang 1988) 1.6 Gy×42F 67.2 39 10.04 103 52.6

8. 2F/day (Leborgne et al. 2000) 1.6 Gy×40F
1.6 Gy×40F

64
64

25
28

10.88
10.59

98.1
98.1

60.0
57.6

” 1.6 Gy×41F
1.6 Gy×42F

65.6 
67.2

29 
29

10.76
11.05

100.6
103

59.5
60.5

” 1.6 Gy×43F 68.8 29 11.33 105.5 62.4
” 1.6 Gy×43F 68.8 30 11.23 105.5 61.6
” 1.6 Gy×44F 70.4 30 11.51 107.9 63.4  ??
” 1.6 Gy×44F 70.4 33 11.21 107.9 61.1

? “Probably too high to be clinically tolerable
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1.5.5 
Shortening the Wang 2-Fraction-a-Day 
Schedule Using BED to Adjust Individual Doses

One other set of data added to and confirmed our 
choice of a “maximum tolerance zone” (Fowler et 
al. 2003c) for radiotherapy-only acute mucosal toler-
ance in oral and pharyngeal irradiation. These data 
are summarized in Table 1.3, row 8, by a single-insti-
tute set of protocols (Leborgne et al. 2000) using the 
1.6 Gy b.i.d. regime with, initially, a planned 2-week 
gap based on C.C. Wang’s schedule (Wang 1988) as 
in RTOG 90-03 (row 7). This protocol was gradually 
shortened from 6 weeks to 4 weeks, testing one less 
or one more fraction against one more or one less 
day of the gap, depending on the theoretical acute 
BED Gy10 and the reaction in the patients. In the 
end, an “optimum estimated tumor log cell kill” 
can be estimated, as a maximum value before acute 
mucosal BEDs rises above 63 Gy10 and the late BED 
rises too close to 117 Gy3.

This appears, from both the tables above, to be a 
log10 cell kill value of 11.1 to 11.2 log10, which is also 
25–26 loge. This was for the nominal value of tumor 
BED of 72–74.5 Gy10, and the acute mucosal range of 
59–63 Gy10 (Fowler et al. 2003c) in many types of 
schedule, assuming = 0.35 ln Gy. It appears difficult 
to find any fractionation schedule that provides more 
tumor cell kill than 10.9–11.3 log10 without causing 
too many late or early complications in head and neck 
irradiations, more than 117 late Gy3, and more than 
63 acute mucosal Gy10. Until more years of IMRT or 
stereotactic body radiotherapy or concurrent chemo-
therapy have been tested, this appears to be the current 
optimum tumor cell kill obtainable for head-and-neck 
radiotherapy at the time of writing, as identified by LQ 
modeling. The BED value of 72–74.5 Gy10 is, however, 
a less parameter-dependent figure than log cell kill 
(because log cell kill requires the assumption of a value 
for , which is less certain than the ratio ). This BED 
of 72–74.5 Gy10 corresponds to 60–62 Gy NTD or EQD 
in 2 Gy fractions, for head-and-neck tumors, if it could 
be given in an overall time less than Tk.

1.5.6 
General Considerations of Head-and-Neck 
Radiotherapy

There are three other head and neck schedules worth 
discussing briefly.

The first ingenious head and neck radiotherapy 
schedule is that designed at Umeå, Sweden, by 

Zackrisson et al. (1994). This regime delivered a 
1.1 Gy fraction in the morning and a 2 Gy fraction 
in the afternoon. The idea was that if a slow compo-
nent of recovery of radiation damage was present, 
the smaller dose fraction would have less damage 
to repair in the 5-h or 6-h interval, while the larger 
fraction would have a longer interval overnight to 
repair the greater repairable damage (defined as 
greater by the d  term in the RE). This 5-week 
schedule’s specifications are:
Total dose = 68 Gy in 5 weeks (at the longer end of 

likely Tk values)
Late BED=106.7 Gy3; late EQD2 Gy = 64 Gy NTD (well 

below the nominal late tolerance of 70 Gy NTD)
Tumor BED   =   73.4 Gy10; log10 cell kill   =   11.20 

(among the highest values of any H&N schedule; 
Table 1.3)

Acute mucosal BED  =  61.4 Gy10 (in the middle of 
the acute mucosal tolerance zone for H&N, as for 
concomitant boost)

These specifications can be seen to be good, 
when compared with the moderated schedules from 
Table 1.3, rows 2, 4, and 6. Long-term tumor results 
remain to be reported, but this schedule has been in 
use satisfactorily for ten years now.

The second interesting schedule is the Trans-Tas-
manian Radiation Oncology Group (TROG) random-
ized phase-III trial 91.01 (Poulsen et al. 1999, 2001). 
Advanced tumors of stages III and IV were treated. 
Two fractions a day of 1.8 Gy were given 5 days a week 
for 33 fractions in 23 days. The total dose was 59.4 Gy, 
giving an estimated 10.45 log10 of tumor cell kill on 
our scale, which is slightly above the 70 Gy control 
tumor estimate of 10.26 Gy10. This is a difference of 
2% in BED, predicting a 4–5% increase in LRC in 
the accelerated arm at the dose used. With a total of 
only 170 patients entered in each of two arms, how-
ever, a difference of 15% in LRC would be necessary 
for significance at the P=0.05 level and 90% power 
(12% difference in LRC for 80% power). It is therefore 
no surprise that the long-term tumor results are not 
significantly different from those of the control arm; 
they could not be with those patient numbers if our 
modeling was anywhere near correct, which it appears 
to be. There was a small but non-significant percent-
age in favor of the accelerated arm, as predicted by 
our modeling. The 5-year LRC was increased by 5% 
(from 47% to 52%), and the disease-free and disease-
specific survivals both increased by 6% (Poulsen, 
Denham, Peters et al. 2001).

Fewer late complications were seen, as expected 
from the lower late BED (95 Gy3), except for the late 
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mucosal effects, attributed to the “consequential late 
effects” of strong acute reactions, previously thought 
to occur after failure of acute reactions to heal up. 
Acute reactions started sooner, became more intense, 
then healed more quickly, as expected, and healing 
was complete in both arms. Because in the accelerated 
arm the acute reactions did heal up but still showed 
the same incidence of late mucosal effects as in the 
other arm, the description of “consequential” should 
be altered slightly to “after sufficiently severe early 
reactions, whether healed up or not”.

Denham and Kron (2001) carried out some 
good mathematical modeling of tumor control, 
testing several descriptions of gradually accelerat-
ing proliferation rates after a range of Tk values. 
They modestly claimed not to find an ideal model, 
but they were convincing in showing that some bio-
mathematical model incorporating an acceleration 
of repopulation during the radiotherapy would give 
better matching than the present two-rate model of 
“zero up to Tk and thereafter a constant Tp”. This 
approach should be developed further (Fenwick 
2006). The modeling of tumor response and of acute 
mucosal response must, of course, be done separately. 
The acute reactions were reported as 1157 naso-gas-
tric feeding days for the accelerated arm versus 1154 
days for the control arm, and the Australian dollar 
costs were $11,750 and $11,587, respectively.

The similarity in tumor response in the two arms 
is due to the relatively small number of patients, and 
does not contradict our assumptions of Tk = 21 days 
and Tp = 3 days. The late complications BED was a 
“safe” 95.0 Gy3, (provided t = 6 h); so, although 
small numbers might prevent a significant differ-
ence between the two arms, it would be expected 
that extended follow-up might show an advantage 
for the accelerated arm with its lower total dose and 
BED. The shorter overall time is a potential advan-
tage for patients, and for resources if the dollar cost 
is no greater. This is a treatment at least as good as 
the standard 70 Gy, but in just over 3 weeks, which 
has to be balanced against the 7-week duration of a 
once-daily treatment.

The third noteworthy schedule is the highly prac-
tical Danish development of six fractions a week, 
to shorten overall time from 7 weeks to 6 weeks. 
The total doses in the two randomized arms were 
33F 2 Gy=66 Gy in either 6 weeks or 7 weeks. Two 
fractions a day are given on just one of the five work-
ing days each week ( t=6 h) or on a Saturday. The 
late BED is a warm but safe 110 Gy3, equally for the 
6-week or the 7-week arm (both giving 66 Gy), and 
no significant difference was seen in the incidence 

of late reactions at 5 years. The acute mucosal BED 
increased from a very safe 49.9 Gy10 to 53.9 Gy10. The 
frequency of confluent mucositis was increased from 
33% in the 7-week arm to 53% in the 6-week arm, but 
all were healed within 3 months of the start of treat-
ment (Overgaard et al. 2003). The calculated tumor 
cell kill, allowing for tumor cell repopulation at a dou-
bling time of Tp=3 days after Tk=21 days, increased 
from a modest 9.5 log10 to a respectable 10.2 log10 on 
our scale. Disease-specific survival at 5 years was 
reported to increase by 7% absolute, and LRC by 
12% absolute (Overgaard et al. 2003). Both of those 
clinical gains conform well to the modeled increase 
of BED by 7.5%, since LRC always shows a higher 
percentage gain than overall survival (Wadsley and 
Bentzen 2004). To be over-precise, the modeled BED 
gain of 7.5% had predicted an approximate15% gain 
in LC by this 1-week shortening; an acceptable agree-
ment with the observed 12%. It is interesting that our 
modeling from retrospective head and neck radio-
therapy in 1992 predicted 14% per week, averaged 
for a dozen data sets before clinical trials came avail-
able (Fowler and Lindstrom 1992) – a good mark 
for modeling, especially for retrospective data! The 
DAHANCA curve for clinical results of overall sur-
vival had a gamma-50 of unity, and the slope for LRC 
had a gamma-50 of 1.7 instead of 2.

It only remains to emphasize that whatever we can 
do with one fraction a day, we can do somewhat better 
in relation to late BED with two fractions a day, as 
long as tumor  is as high as about 10 Gy, late effects 
are as low as 2–4 Gy, and intervals of more than 6 h 
are used. Modeling calculations can show how much 
better any proposed protocol might be. Treatments 
7 days a week should be avoided because of a risk 
of unrepaired damage at 24 h being compounded 
if there is no gap longer than 24 h (Fowler 2002; 
Maciejewski et al. 1996; Skladowski et al. 2000).

1.5.7 
A Theoretical Calculation of 
“Close to Optimum” Head & Neck Schedules: 
3 Weeks at Five Fractions per Week

Table 1.4 shows a set of schedules calculated using 
the same LQ parameters, keeping all the Gy3 and 
Gy10 values below the theoretical maximum values 
described above, and also yielding close to 11 log10 
for tumor cell kill, for an overall time of 3 weeks 
(Monday–Friday). These were calculated with the 
assumption that the starting time of rapid tumor 
repopulation was Tk=21 days. The first choice was 
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one rather than two fractions a day, simply because 
that is a current USA favorite; although schedules 
delivering two fractions a day of size 1.6–1.8 Gy have 
by no means exhausted their potential – depending 
on what an optimum Tk for these tumors turns out 
to be, presumably between 2 weeks and 5 weeks. The 
first three rows show the progression of acute muco-
sal BED and could be considered for a mini-trial of 
escalating fraction size, with the third row possibly 
too high, as shown by the black typeface.

The fourth and fifth rows show the actual clini-
cal schedule that Manchester, UK, has used for many 
years, using 16 days starting on a Wednesday (say) 
and ending on a Wednesday, 1 day beyond 3 weeks 
later (Slevin et al. 1992). The similarity is obvious, but 
the fine-tuning to an extra 3 days and slightly lower 
dose per fraction in the actual Manchester schedule 
brings up the tumor log cell kill and brings down the 
acute mucosal Gy10 compared with the 15-fraction 
options. This treatment is used with comparatively 
small fields, especially the 54 Gy schedule.

1.5.8 
Conclusions Re Head-and-Neck Schedules

A “best choice” for head-and-neck radiotherapy will 
depend on values of Tk and Tp still to be measured 
for individual patients. When can we determine the 
starting time of rapid repopulation Tk? Will the pres-
sure of resources urge us to the possible, but more 
sensitively balanced, shorter treatment times? We 
still await the ideal situation when inividual patients 
will have their tumours’ Tk and Tp measured so 
that they may be designated suitable candidates for 
accelerated or conventional schedules. 

There are three schedules using 6-week overall 
times that are predicted to provide better tumor cell 
kill than the conventional 70 Gy in 7 weeks that pro-

vides 10.26 log10. One is concomitant boost (Knee 
et al. 1985) with 11.0 logs, another is HARDE II (P. 
Harari 2003, personal communication) also with 
11.0 logs. The third is the 7-days-a-week schedule 
CAIR II (53) which delivers 10.9 logs in 38 days with-
out any days off at weekends.

A difference in overall time of 7 days at fixed 
total dose and fraction size should make a differ-
ence in tumor BED, NTD, and log cell kill predicted 
to be about 5%, meaning approximately 10% in LRC 
and 7.5% in 5-year overall survival (Wadsley and 
Bentzen 2004). This is consistent with the result 
from RTOG 90-03 which showed a gain of 8% for 
concomitant boost at 6 weeks versus the conven-
tional 70 Gy in 7 weeks.

The DAHANCA schedule of the somewhat lower 
dose of 2 Gy 33 F=66 Gy in 6 weeks comes into this 
analysis at nearly the same log cell kill as 70 Gy in 
7 weeks (Qvergaard et al. 1997), that is at 10.23 
versus 10.26. To do better than the standard 70 Gy 
in 7 weeks, as two of the schedules in the RTOG 90-
03 trial were reported to do, DAHANCA would have 
to utilize its shortest possible overall time of 37 days 
instead of 39 days; and/or Tp would have to average 
less than 3 days or Tk be less than 21 days. However 
DAHANCA’s own control was 66 Gy in 7 weeks, and 
the 6-week arm was reported to do better than its 
own control by 10% LRC (Overgaard et al. 2003), 
in good agreement with the present predictions.

Whether ultimate clinical results will reflect 
the expected difference of about 7–10% in LRC and 
5–7% in survival between the several “stronger” 
schedules which give 11 logs, on the one hand, and 
DAHANCA at 6F/wk or the conventional 70 Gy in 
7 weeks (10.2 logs or 10.3 logs), on the other, remains 
to be seen. Much would depend on agreement among 
dose calibrations and dose specifications in differ-
ent countries. It is interesting to watch for continu-
ing results.

Table 1.4. Three theoretical and two practical head-and-neck 3-week schedules

Schedule Dose per 
fraction × number

Total 
dose 
(Gy)

Overall 
time 
(days)

Tumor 
log10 
cell kill

Late 
BED 
(Gy3)

Acute 
mucosal 
BED 
(Gy10)

Hypothetical examples:
1) 3-week 3.3 Gy×15F 49.5 18 10.01 104.0 57.1
2) 3-week 3.4 Gy×15F 51.0 18 10.39 108.8 59.6
3) 3-week 3.5 Gy×15F 52.5 18 10.77 113.8 62.2  ?

Clinically used: (Slevin et al. 1992) Starting and ending on same day of week
4) Manchester 3.281 Gy×16F 52.5 21 10.60 110.0 58.0
5) Manchester 3.375 Gy×16F 54.0 21 10.98 114.8 61.1

? “Possibly too high to be clinically tolerable”
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Several good schedules are using 5 weeks over-
all time. One is the Umeå schedule of 1.1 Gy+2 Gy 
per day giving 11.2 logs (Zackrisson et al. 1994), 
another is one of the Wang shortenings at Monte-
video (44F 1.6 Gy; Leborgne et al. 2000; but not 
in as short as 30 days) which also gives 11.2 logs in 
33 days on our scale.

A few schedules use shorter overall times of 
3 weeks or 4 weeks, together with reduced total doses 
so that their predicted late complications should also 
be less. These include Gortec II (Baumann et al. 
2002; Bourhis et al. 2000, 2004) which delivers 11.1 
log10 in 24 days, Manchester’s traditional 16 fractions 
(Slevin et al. 1992) which gives 11.0 log10 in 21 days 
at its 54 Gy level.

Since the present modeling assumed Tk=21 days 
for this chapter, no theoretical advantage is shown 
for times shorter than 3 weeks. We still do not know 
whether an average value of Tk for head-and-neck 
tumors is longer or shorter than 21 days. We still 
need to narrow the range of likely values for Tk. 
Fuller analyses which present tumor BED and log10 
cell kill as a function of Tk and Tp can be seen in 
graphical form (Fowler 1989) and are interesting 
in case Tp turns out to be even shorter than 3 days, 
as suggested from RTOG 90-003.

Finally, if repopulation can be slowed down by 
a particular choice of concomitant chemotherapy 
(e.g., anti-EGFR agents such as cetuximab or erlo-
tinib; Harari 2004), then the shortest schedules 
would have less biological advantage for tumor cell 
kill but could be useful for resource economy and 
for sparing late effects.

The schedules that had to be moderated as 
described in section 1.5.4 above were reduced to 
bring acute mucosal reactions down rather than late 
BEDs, and the same appears to be occurring with 
the new schedule described by Sanguinetti et al 
(2004). This delivers 60 F  Gy at two fractions a 
day, but in 43 days instead of the maximum pos-
sible time of 39 days. Its late BED is 112 Gy3, which 
appears unexceptional.

All of the commonly accepted schedules in Table 
1.3 deliver no greater late BEDs than 111 Gy3. The 
five or six top-scoring tumor-cell-killing schedules 
[that deliver 11–11.2 log10 in the present modeling, 
including concomitant boost (Knee et al 1985) and 
Sanguinetti et al (2004)] all consist of two-frac-
tion-day schedules. Their overall times range from 
23 days to 43 days, with a modal value of 5 weeks. 
Within this group, the shorter schedules provide the 
lowest late complication BEDs – 100–106 Gy3 for up 
to 30 days overall time versus 107–113 Gy3 for the 

longer schedules up to 6 weeks. Is this difference 
in late BEDs an incidental bonus of the lower total 
doses that must be used to keep acute mucosal reac-
tions tolerable in the shorter overall times? Or is it a 
necessary limitation because of hitherto unexpected 
incomplete repair in late effects when two fractions 
a day are used (Fowler 2002)? These are questions 
that remain to be settled before true optimum sched-
ules for head and neck cancer can be determined. In 
that determination, it can be remembered that lower 
doses-per-fraction are associated with smaller prob-
lems of incomplete repair.

1.5.9 
Concurrent Chemotherapy

The addition of chemotherapy to radiotherapy 
appears to require concurrent administration if 
higher LC is to be obtained (Pignon et al. 2000). An 
overview of 63 clinical trials covering 10,741 patients 
reported an average survival benefit at 2 years and 
5 years of 4%.

The equivalent in terms of extra radiation dose 
in concomitant chemoradiotherapy is reported to be 
two or three extra 2 Gy fractions, by which the total 
dose has to be reduced to keep the acute reactions 
tolerable. This represents a BED of 4.8–7.2 Gy10, 
which is 5–7% of the total log cell kill by radiother-
apy. A survival benefit averaging 4% or 5% is rather 
less than expected from this estimate. Whether this 
additional tumor effect is obtained with no more 
than an equivalent extra effect in normal-tissue 
acute (or any) reactions remains to be determined 
by more detailed clinical observations.

1.6 
Hypofractionation for Prostate Tumors

Table 1.4 gives examples of hypofractionation (with 
fewer and larger fractions), a strategy which has 
been used at modest levels of larger dose per frac-
tion for many years in some countries, with results 
reported to be “almost as good” as the more bio-
logically, but less economically, efficient hyperfrac-
tionation. These results should be examined more 
critically as a function not only of schedule but of 
targeted type of tumor.

Hypofractionation can indeed be biologically 
advantageous when tumors repopulate very rapidly, 
as in head-and-neck and lung tumors, although 
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individual measurements of the repopulation would 
be a major advance, and further determinations 
of Tk are still needed, as explained above. Perhaps 
some kinds of chemotherapy work by slowing down 
repopulation, making the shorter, hotter, schedules 
unnecessary as a biological advantage, although 
they could still be useful for resource economy and 
for limiting total dose and hence late injury.

There is another situation in which the biology of 
the tumors makes hypofractionation the best clinical 
rationale available, as well as a convenient one. That 
is in the exceptional situation of tumors proliferat-
ing so slowly that their  ratios are significantly 
lower than those of late-responding normal tissue 
complications. This has been reported for malig-
nant melanomas (Bentzen et al. 1989), although 
these are notoriously variable in response. The out-
standing example is prostate tumors, with a median 
Tpot of 42 days (range 15 days to >70 days) com-
pared with Tpot = 4–10 days in most other types of 
tumor, especially carcinomas (Haustermans and 
Fowler 2000). The  ratio for prostate tumors was 
reported as 1.5 Gy (±0.8 Gy 95% confidence interval) 
in 1999 (Brenner and Hall 1999, 2000; Brenner 
2000) and 1.5±0.3 Gy in 2001 when updated with 
more patients and centers (Fowler et al. 2001). 
Some other estimates have however suggested  
to be about 3 Gy, similar to the commonly accepted 

 ratio for late rectal complications (Wang et al. 
2003; Kal and van Gellekom 2003). If that were 
true, hypofractionation would be possible and safe, 
but would give no therapeutic advantage over con-
ventional treatment (2 Gy fractions up to 76 Gy or 
78 Gy in 1.8 Gy or 2 Gy fractions). That estimate of 
prostate tumor  of about 3 Gy, however, assumed 
that prostate tumor cells repopulate as rapidly as 
head-and-neck tumors. We did not agree with this 
assumption (Fowler et al. 2003a) and still do not 
(Dasu and Fowler 2005). Much has been written 
about the topic of low  ratios in prostate tumors 
(Brenner and Hall 2000; King and Fowler 2002; 
Brenner 2000, 2003; Brenner et al. 2002; Amer 
et al. 2003; Fowler et al. 2003b). Only recently 
have clinical results of good tumor control begun 
to mature at the 5-year follow-up required to be 
entirely convincing (Livsey et al. 2003; Lukka et al. 
2003; Chappell and Fowler 2004). They continue 
to support the low value of about 1.5 Gy. At the 
same time, evidence is also accumulating that the 

 ratio for late complications in rectum might be 
greater than the usually assumed value of 3 Gy, per-
haps about 5 Gy (Brenner 2004). Clinical results 
will resolve this issue within a few years, but the use 

of hypofractionation for prostate cancer appears to 
be a unique opportunity to obtain both better tumor 
control and economy of resources.

1.7 
Summary

LQ analysis of radiotherapy schedules can give reli-
able comparisons of the biological effects of various 
schedules, provided that consistency is maintained 
in the choice of biological parameters. The assump-
tion is not that these are necessarily absolutely cor-
rect, but that they are constant for similar groups of 
patients treated by the different schedules.

We have described the risk of late complications 
by calculating a “late BED or NTD2 Gy or EQD2 Gy”, 
assuming that = 3 Gy generally, with the excep-
tion of CNS (brain and spinal cord) or kidney – for 
which =2 Gy is usually used. No overall time 
factor is normally assumed for late complications, 
that is zero repopulation. A maximum late BED of 
117 Gy3 can seldom be exceeded.

We have also described the various manifesta-
tions of damage to tumors as estimated by a “tumor 
and early BED or NTD2 Gy or EQD2 Gy”. A subtrac-
tion is necessary for tumor BED because of repopu-
lation during treatment for any overall time longer 
then the “kick-off time” of repopulation Tk days, 
which might be 21–32 days or even shorter in rap-
idly growing tumors, especially head-and-neck and 
lung tumors. For them, a repopulation cell doubling 
time of 3 days is assumed, and 5 days for other car-
cinomas. In addition, an estimate of the log cell kill 
can be obtained by multiplying the BED in Gy10 by 
the assumed value of  to obtain the loge cell kill, 
and dividing this by 2.303 to convert to log10. Fur-
ther, the BED or log cell kill can be converted to an 
estimate of TCP by knowing clinical results from 
published tumor response versus dose data, or more 
generically assuming a reasonable gamma slope (of 
say 2% TCP per 1% increase of BED) and knowing a 
good estimate for the D50 (total dose that yields 50% 
TCP at a stated follow-up time).

The third factor that can now be estimated is the 
acute mucosal response. This is a relatively new pro-
posal to ensure that acute mucosal response should be 
tolerable enough to allow a schedule to be completed 
without an unplanned gap. Using selected param-
eters of = 10 Gy, = 0.35 loge per Gy, Tk = 7 days 
and Tp=2.5 days, a “tolerance zone” of 59–63 Gy10 for 
oral and pharyngeal radiotherapy is recommended, 
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with no special volume constraint, although toler-
ance dose would be expected to be larger with much 
smaller volumes of high dose. There is preliminary 
information that when the high-dose mucosal wall 
area is limited to a few square centimeters, as in rectal 
wall irradiation for prostate cancer radiotherapy, the 
limiting value of Gy10 on this scale might be larger, 
in the region of 65 Gy10 or above, but more clinical 
results are needed to clarify this point.

When therapeutic ratios are evaluated using the 
ratio of tumor BED divided by late-complications 
BED, the tumor BED must always be calculated 
allowing for repopulation appropriately.

We have also explained how any BED can be con-
verted to an equivalent total dose in 2 Gy fractions, 
that is NTD or EQD2 Gy, by dividing a “late” BED in 
Gy3 by 1.667 and an “early or tumor” BED in Gy10 
by 1.2, depending on the of the tissue under 
consideration being 3 Gy or 10 Gy, respectively. We 
have emphasized that the use of these descriptors 
and suffixes is important to maintain clarity both 
during calculations and in presentations.

Finally, we emphasize again that BED when used 
with a consistent and strictly limited library of 
parameters, as here, is a robust and remarkably con-
sistent way of comparing, or ranking, the biological 
effects of different radiotherapy schedules. It can be 
particularly useful in setting up and critiquing pro-
posed clinical trials.

1.8 
Appendix: 
Is This a Mistaken Dose Prescription?

Imagine that a radiation oncologist decides to give 
60 Gy in 4 Gy fractions instead of 2 Gy fractions – that 
is 4 Gy 15F=60 Gy – perhaps under the impression 
that a 3-week treatment might give better tumor con-
trol than 60 Gy in 6 weeks (which it might), but under 
the illusion that 15 fractions of 4 Gy, to the same total 
dose, might be the way to do it safely (which it would 
not be – and how can we tell quantitatively?).

The late BED would be 60 (1 + 4/3)  =  60 2.333 =
140 Gy3 and the tumor BED would be 60(1+4/10) =
84 Gy10. Neither of these BEDs corresponds to an 
NTD or EQD2 Gy of 60 Gy in 2 Gy fractions, because 
of course of the different fraction size. With 4 Gy 
fractions they are instead 84 Gy NTD instead of 
60 Gy for “late” but only 70 Gy NTD instead of 60 Gy 
for “tumor” tissues; in EQD2 Gy or NTD in 2 Gy frac-
tions. This difference illustrates the way that thera-

peutic ratio becomes worse (for most types of tumor 
except prostate Ca) when larger doses per fraction 
are used. The late BED is then 20% above the nor-
mally safe upper limit of 117 Gy3, so it is far from 
safe and this schedule should not be used. This crite-
rion alone is sufficient to exclude this schedule from 
practical use.

Further, the tumor BED is only raised to the 
same BED of 84 Gy10 as would be given by a 70 Gy 
NTD schedule (with 2 Gy fractions). The increase in 
late effects would be obviously dangerous, without 
giving a proportionately high gain in tumor BED. It 
demonstrates the loss of therapeutic gain that occurs 
for most tumors when hypofractionation (larger and 
fewer fractions) is used. There are certain excep-
tional circumstances in which hypofractionation 
could give an increased therapeutic gain – especially 
in prostate cancer – and these are discussed in Sec-
tion 1.6 of this chapter.

Since the excessive “late complications” BED or 
NTD is sufficient to exclude 60 Gy in 4 Gy fractions 
from being used on any patient, it will be no surprise 
to find that the “acute mucosal” BED is also too high, 
being 75.3 Gy10, well above the recommended “tol-
erance zone” of 59–63 Gy10 (Fowler et al 2003c), 
if the 15 fractions were given in the minimum time 
of 18 days. However, it might or might not surprise 
you that if the 15F×4 Gy was spread over the original 
6 weeks (39 days), the acute mucosal BED would be 
acceptable at 58.7 Gy10. This could be deceptive, if 
this same overall time had been chosen, so that the 
first patients tested safely for acute reactions, but 
would suffer later intolerable reactions because of 
the high “late” BED. This did happen in the 1950s, 
for some breast treatments (Sambrook 1974). At 
only 5 weeks overall time, however, the acute muco-
sal BED would be 64.2 Gy10, possibly too high to be 
accepted in the first one or two patients seen by an 
observant oncologist – or possibly not.

If 4 Gy fractions were required for some good 
reason, such as making sure the overall time is short-
ened by using fewer fractions, because the tumor 
is known to be very rapidly proliferating, then a 
reduced total dose must be used. This should be care-
fully calculated and LQ is ideally suited to do this. But 
should it be matched to equal late complications or to 
equal tumor effect? The consequences will be differ-
ent, but how much difference would there be? Would 
it matter? If the difference appears to be substantial, a 
phase-I clinical trial could be set up, based on the LQ 
calculations to select a safe starting level. The length 
of follow-up would have to be long enough to detect 
the type of reaction at risk.
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The simplest way to find a new total dose for 
4 Gy fractions would be to use formula [Eq. 1.4d] in 
Section 1.3d above, which is D2=D1 RE1 RE2. Here 
we experience the divergence in results for “equal 
tumor effects” contrasted with “equal late compli-
cations”. There are two calculations that have to be 
made. They are described briefly here and given 
in line-by-line detail at the end of this Appendix. 
Please try to take in the numbers in as you read them 
– don’t skip!

1.8.1 
For Equal “Late Complications”

D2=60 1.667 2.333 = 60 0.714 = 42.86 Gy in 4 Gy frac-
tions, requiring 10.7 fractions instead of 15 fractions. 
(Fractional numbers of fractions should not be approx-
imated with large fractions; just give the last fraction 
as a smaller dose. Reducing all of the fractions leads to 
larger changes of BED.) The new “late” BED would be 
42.85 2.333 = 99.97 Gy3, as required, and the schedule 
would be just as safe for late reactions as the original 
60 Gy in 2 Gy fractions. No correction for overall treat-
ment time is normally assumed for “late effects” in 
such calculations. However, certain late complications 
may have an element of treatment-time correction, 
especially after high doses (Dörr and Hendry 2001).

The tumor effect would be reduced, however, 
being only 42.85 1.4  =  59.4 Gy10 instead of the 
72 Gy10 from the original NTD of 2 Gy 30F = 60 Gy. 
(This BED of 59.4 Gy10 would be “worth” an NTD of 
59.4/1.2 = 49.5 Gy in 2 Gy fractions.) This is a serious 
loss of 17.5% in BED and NTD, meaning a possible 
loss of 35% in TCP, assuming a gamma-50 of 2 for 
the tumor – until we figure in the effect of repopula-
tion in the tumor, below.

1.8.2 
For Equal Tumor Effect

However, D2 = 60 1.2 1.4 = 60 0.857 = 51.42 Gy real 
dose, requiring 12.85 fractions of 4 Gy. The new “equal 
tumor effect” BED would be 51.42 1.4=71.96 Gy10, 
a close approximation to the original 72 Gy10. How-
ever, the corresponding “late complications BED” 
would be 51.42 2.333 = 120 Gy3. This is 2.8% above 
the theoretical upper limit of 116.7 Gy3 that we 
discussed above. Whether it might be risked will 
depend on the details of this patient, especially his 
or her general medical condition and the volume 
irradiated.

Discussions might take place about a compro-
mise schedule, involving say 12 instead of 12.85 
fractions of 4 Gy, which would give a “late BED” 
of 48 2.33 = 111.8 Gy3, comfortably below the rec-
ommended maximum Gy3 of 117 Gy3 mentioned 
above.

The calculation so far has ignored tumor repopu-
lation. If we now take it into account, it changes our 
perspective on the whole strategy, and we should 
consider this. There is no change in the BED in 
Gy3 for late complications, of course. However, we 
are likely to find a decreased BED for tumors in 
the original 60 Gy in 6 weeks, which was less effec-
tive in tumor cell kill than we might have thought. 
However, this decrease in tumor cell kill by repopu-
lation in 6 weeks could be avoided if fewer (say 12) 
fractions of 4 Gy were given in 2.5 weeks instead. 
To evaluate this possibility, let us complete the cal-
culations for tumor BED, using the 7th LQ formula 
allowing for cell proliferation, first for the original 
2 Gy 30F = 60 Gy in 6 weeks:

BED=[total dose RE] minus [ln2(T–Tk)/ Tp] [1.7]

Let us assume = 10 Gy, = 0.35 ln per Gy, 
T = 39 days, Tk = 21 days (reported range 21–35 days) 
and Tp = 3 days (as in head-and-neck or lung tumors; 
Fowler and Chappell 2000).

For the original 60 Gy in 39 days, the prolifera-
tion subtraction is 0.693 (0.35 3) Gy10 per day = 1.98
3=0.66 Gy10 per day of repopulation, close to the 
value originally reported by Withers et al. in 1988 
and confirmed by others since then (Hendry et 
al. 1996). The duration of repopulation here is 
39–21 = 18 days. Therefore, instead of a tumor BED 
of 72 Gy10, the original 60 Gy in 6 weeks including 
repopulation would have given a tumor BED of 72–
(0.66 18) Gy10 = 72–11.9 Gy10 = 60.1 Gy10 (this is an 
NTD of 50 Gy).

Please note that this BED, diminished as it is by 
repopulation in the tumor, is purely coincidentally 
equivalent to the physical dose of 60 Gy in 6 weeks at 
2 Gy fractions. In fact this schedule lost the equiva-
lent of 10 Gy (in 2 Gy fractions), that is 17% of the 
whole dose, because of repopulation in the tumor. 
In contrast, in the short hypofractionated sched-
ule of 2.5 weeks, the subtraction of BED for tumor 
repopulation is zero, so the calculated tumor BED 
for 4 Gy 12F will be 48 1.4 = 67.2 Gy10 instead of 
60.1 Gy10. Thus, a gain is demonstrated in tumor 
BED of 67.2/60.1, which is 12% using the shorter 12 
fraction schedule; together, however, with the 12% 
increase in “late complication BED” mentioned 
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above. The “late” BED was increased from 100 Gy3 
to 112 Gy3 by the change from 2 Gy 30F to 4 Gy 12F. 
This pair of 12% values are again a coincidence. 
Although confusing, they are convenient.

The percentage gains in tumor or “late” BED are 
similar here – they are not always so in altered frac-
tionation. Which gain might be more important clini-
cally has to be tested in a clinical trial, essentially ran-
domized and stratified. In this case, the gamma-50 
slope for late complications is probably greater than 
that for tumor control, so a general change to hypo-
fractionation for most types of tumor would prob-
ably come out badly. What makes this an uncertain 
prediction, more true of past experience than of 3D 
or IMRT today, is that if the physics were such that 
smaller volumes of normal tissue could be irradiated 
to the prescribed dose, then the gamma-50 slope of 
the “late complications” would be shallower because 
the percentage would be lower, so the gain in tumor 
control identified above might not be counteracted by 
a larger increase in late complications. This is likely to 
be tested by IMRT in the near future.

If, instead, the theoretically “equal late Gy3” had 
been chosen to be maintained, with 10.7 fractions of 
4 Gy, then the tumor BED would have been 59.9 Gy10, 
which is also coincidentally a good match to the 2 Gy 
fraction equivalent dose of the original 60 Gy sched-
ule, which was reduced from a tumor BED of 72 Gy10 to 
60.1 Gy10 by repopulation in the 6-week overall time. 
(The 12 Gy10 loss in BED is exactly equal to an NTD 
of 10 Gy in 2 Gy fractions). We have demonstrated 
by these calculations that the standard and one of 
the hypofractionated schedules could give a well-
matched BED, one for “equal late BED or NTD” and 
the other for “nearly equal tumor BED or NTD” types 
of tissue. Such coincidences do not always occur, and 
careful calculations have to be made to obtain any 
new total dose to give the specific “equal effect” that 
you require. The traditional choice has to be made 
between equal late complications and poorer tumor 
results, on one hand, or equal tumor effects and 
greater risk of late complications on the other. You 
can see the care that has to be taken to avoid getting 
confused by these numbers, and it is worth while.

1.8.3 
Acute Mucosal Effects

We have now explored in detail the main effects of 
changing from a standard to a nominally “biologically 
equivalent” shorter regime, and the delicate effects of 
changes in dose per fraction together with total dose 

have been illustrated. There is one more biological 
effect that should be looked at in case it is not equiva-
lent in the schedules, and that is the acute mucosal 
reaction, which might appear before the end of a 
standard schedule and should heal within 3 months. 
Although acute reactions are transient, they must not 
become too severe or the patients might not complete 
the regime without a gap in the radiotherapy, which 
has been demonstrated to be significantly bad for 
tumor cure (Hendry et al. 1996).

There has recently been a large review of head-
and-neck data with consequential recommendations 
for a “tolerance zone of early BED” by the author and 
colleagues (Fowler et al. 2003c). The best match-
ing to “borderline intolerable” acute mucosal reac-
tions (in a fairly large volume of tissue) in many 
types of fractionation regime was found to be at 
BED = 59–63 Gy10 if the following specific param-
eters in Eq. 1.7 were used: = 10 Gy; = 0.35 Gy 
per loge; Tk (starting time of repopulation) = 7 days 
for oral mucosa; and Tp = 2.5 days (average muco-
sal cell doubling time during irradiation). There is 
provisional information that this range of BED may 
be somewhat higher in rectal mucosa, for example 
64–69 Gy10 together with a mucosal area limitation 
down to 2–5 cm2 for doses of 78–80 Gy NTD (Huang 
et al. 2002; Vargas et al. 2005), but further confir-
mation is required. A practical conclusion from this 
review (Fowler et al. 2003c) was that if a new sched-
ule causes too strong acute reactions, these can be 
avoided easily by extending the overall time by a few 
days. Acute BED for mucosa is normally reduced at 
a rate of about 0.8 Gy10 per day (with 2 Gy fractions), 
after the time Tk=7 days from starting daily radio-
therapy (Dörr et al. 2002).
Now let us look at our standard long and the two 
short schedules above:

After 2 Gy 30F 6 weeks (39 days), the acute mucosal 
BED = 46.7 Gy10
After 4 Gy 10.7F 2.2 weeks (14 days) = 54.4 Gy10
After 4 Gy 12F 2.4 weeks (15 days) = 60.9 Gy10

All of these are therefore predicted to be “safe” with 
respect to acute reactions. The 2 Gy 30F is comfortably 
underdosed; and every radiation oncologist knows 
that it is safe in head-and-neck treatments, although 
it will only cure very small tumors. The 4 Gy 10.7F 
is, however, significantly below the tolerance range of 
59–63 Gy10, so should be safe except for concomitant 
skin diseases. The 4 Gy 12F is in the middle of the tol-
erance range, so its safety could be compromised by 
large fields or concomitant skin disease.
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1.9 
Line-by-Line Worked Examples: Details of 
Calculations of the Schedules Discussed in 
This Appendix

Linear-quadratic analyses, using the parameters 
described above, offer substantial progress in compar-
ing radiotherapy schedules quantitatively, but first let 
me remind you more precisely of the tools, in case any 
of the relevant details have slipped your mind.

These parameters have given rather reliable 
comparisons, even if they become modified as fur-
ther clinical data accumulate. New data are indeed 
expected as a result of the rapid progress in planning 
and data collection with IMRT (intensity modulated 
radiation therapy) – including helical tomotherapy 
– and advanced imaging.

The examples in this Appendix provide working 
frameworks on “how to calculate BED, etc, in steps” 

for the comparisons of schedules described above – 
“Is this a mistaken dose prescription?” The starting 
point was “If 60 Gy in 2 Gy fractions is safe and fairly 
effective, what would be the effect of giving 60 Gy in 
fewer 4 Gy fractions?” We had quickly excluded the 
same total dose, i.e., 15F 4 Gy, as giving too many 
late complications and, if given in the minimum 
3 weeks, too many acute mucosal reactions as well. 
However, carefully reduced total doses could be 
given by either of two strategies, (a) equal late com-
plications but less tumor cell kill or (b) equal tumor 
effects but a higher risk of late complications. These 
are the predictions. Note that the first mathemati-
cal step is always to calculate relative effectiveness 
(RE).

To compare (a) 2 Gy 30F in 6 weeks with (b) 
4 Gy 10.7F and (c) 4 Gy 12F in 2.5 weeks, for the 
late (L), tumor (T) and early normal-tissue (E) effect 
calculations, as in Section 1.8.

(aL) Calculate Late Effects BED and EQD2 Gy or NTD

Use =3 Gy (unless CNS then use =2 Gy)
No overall time factor is normally used for late effects
Schedule: 2 Gy 30F = 60 Gy in 6 weeks (39 days)
Total dose (TD) = 60 Gy
Dose per fraction = 2 Gy
RE = (1+d ) = 1+2/3 = 1.667
BED = TD RE = 60 1.667 = 100 Gy3

ED2 Gy=“late” NTD=BED/1.667 = 100 1.667 = 60 Gy in 2 Gy fractions

(aT) Calculate Tumor Effects BED and EQD2 Gy or NTD

Use =10 Gy (unless prostate Ca then use =1.5 Gy)
Schedule: 2 Gy 30F = 60 Gy in 6 weeks (39 days)
Total dose (TD) = 60 Gy
Dose per fraction = 2 Gy
RE=(1+d ) = 1+2/19 = 1.2
BED=TD RE = 60 1.2 = 72 Gy3 not allowing for repopulation
ED2 Gy=“tumor” NTD=BED/1.2 = 72 1.2 = 60 Gy in 2 Gy fractions not allowing for repopulation

(aT) Now allow for repopulation of tumor cells if T>Tk. (Assume =0.35 ln Gy; T=overall time; 
Tk=21 days or other; Tp=3 days or other.)

Overall time T days =  39 days
Kick-off time Tk assumed =  21 days
Cell doubling time assumed Tp =  3 days
Gy10/day lost from BED 0.693/( Tp) =  0.693 (0.35 3) = 1.98/3 = 0.66 Gy10 day
Duration of repopulation (T–Tk) =  39–21d = 18d
Loss of tumor BED due to repopulation =  18 0.66 = 11.88 Gy10 allowing for repopulation
Net (final) “tumor” BED =  72–11.9 = 60.1 Gy10 allowing for repopulation
Net EQD2 Gy = tumor NTD = BED/1.2 =  60.1/1,2 = 50.1 Gy in 2 Gy fractions, including 
     repopulation
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(aE) Finally, let us calculate the acute mucosal BED in Gy10:

assuming = 10 Gy; = 0.35 ln Gy; Tk = 7 days; Tp = 2.5 days as described by Fowler et al. 
(2003c): BED = 60 1.2 = 72 Gy10– 0.693(39 – 7)/(0.35 2.85) = 72 – 22.18/0.998 = 72 – 21.1 = 49.8 Gy10.
This is well below the “tolerance zone” of 59 – 63 Gy10 described by Fowler et al. (2003c), therefore 
“safe”.
We now have the BED values for the standard 60 Gy in 2 Gy fractions for the 6-weeks schedule, which 
is our baseline.

Now we do the same summaries for the two versions of 4 Gy schedules, so in two 
columns:

Calculate Late Effects BED and EQD2 Gy or NTD

Use = 3 Gy (unless CNS then use =2 Gy)
No overall time factor is normally used for late effects
(bL) Late complications constant; tumor effect less (cL) Tumor effect more nearly constant; 

complications greater
Schedule: 4 Gy 10.7F = 42.8 Gy 2.1 weeks (14 days) 4 Gy 12F = 48 Gy/2.4 weeks (15 days)
Total dose (TD) = 42.8y TD=48 Gy
Dose per fraction = 4 Gy Dose per fraction = 4 Gy
RE = (1+d ) = 1 + 4/3 = 2.333 RE = (1+d ) = 1+4/3 = 2.333
BED = TD RE = 42.8 2.333 = 99.85 Gy3 BED = TD RE = 48 2.333 = 111.98 Gy3
ED2 Gy = NTD = BED/1.667 = 99.85 1.667 = 59.91 Gy late 
NTD

ED2 Gy = NTD = BED/1.667 = 99.85
1.667=67.2 Gy late NTD

Calculate Tumor Effects BED and EQD2 Gy or NTD

Use = 10 Gy (unless prostate Ca then use = 1.5 Gy)
(bT) Schedule: 4 Gy 10.7F = 42.8 Gy 14 days (cT) Schedule: 4 Gy 12F = 48 Gy 15 days
Total dose (TD) = 42.8 Gy 48 Gy
Dose per fraction = 4 Gy 4 Gy
RE=(1+d ) = 1+2/10 = 1.4 1.4
BED=TD RE = 42.8 1.4 = 59.9 Gy10 48 1.4 67.2 Gy10
EQD2 Gy = NTD = BED/1.2 = 59.9 1.2 = 49.1 Gy tumor NTD 67.2 1.2 56 tumor Gy NTD

Because the overall time is now shorter than the Tk of 21 days, no repopulation 
has to be subtracted from these tumor BEDs or NTDs (Fowler 1989, 1992).

Now estimate the acute mucosal BED in Gy10 to compare with the expected maximum tolerance 
range of 59–63 Gy10

(bE) 4 Gy 10.7F = 42.8 Gy: (cE) 4 Gy 12F = 48 Gy:
Acute mucosal Gy10 = 54.4 Gy10 Acute Gy10 = 60.9 Gy10
– Well below 59 Gy10, therefore safe – Probably safe, but exercise caution

Finally, suppose we had gone up to the theoretical 
4 Gy 12.85F mentioned above to get a tumor EQD2 Gy 
or NTD to match the original tumor response? To 
cut the story short, the “late” BED would have been 
119.5 Gy3 which is (“only”) a 2.5% overdose for late 
complications. If the full 13 fractions of 4 Gy had 
been given, the increase in dose would have been 
1.2% above 4 Gy 12.85F, but the increase in BED 
would have been 1.5%, illustrating the “double trou-
ble” that arises when dose per fraction and total dose 

are both increased, making the late BED 4% higher 
than the nominal limit 116.7 Gy3.

The acute mucosal BED would have been 64.8 Gy10 
– just above the theoretical upper limit of 63 Gy10. 
With this marginal overdose, it does not disagree 
with the “late effects” BED, which we also margin-
ally overdosed by matching the tumor effect. You’ll 
see that the balance for therapeutic benefit is quite 
delicate, but can be checked reliably by appropriate 
modeling as described here. 
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cers arise from: (a) continued lifestyle, (b) genetic 
susceptibility, or (c) they are treatment related.

2.1.1 
Continued Lifestyle

In those instances where cancer is a direct result 
of the excesses of a particular lifestyle, then con-
tinuance of that lifestyle is likely to result in mul-
tiple cancers. For example, an individual with head 
and neck cancer due to excessive use of alcohol and 
tobacco is then at a high risk of developing another 
malignancy (a second or even a third) in an adjacent 
tissue. For example, a cancer of the tongue may be 
followed by a carcinoma of the buccal mucosa, or an 
esophageal cancer.

2.1.2 
Genetic Susceptibility

When the treatment of cancer was extended to 
include a study of its causes, it soon became appar-
ent that some patients, albeit a small minority, had 
strong family histories of cancer, often in Mende-
lian patterns, suggesting inherited susceptibility (Li 
1996; Li and Stovall 1998). The diversity of site-spe-
cific familial cancers suggested the existence of mul-
tiple predisposing genes. Examples include the RB1 
gene for retinoblastoma; the WT1 gene for Wilms’ 
tumor; germline p53 mutations in families with the 
Li-Fraumeni syndrome; the NF1 and NF2 genes for 
neuroblastomatosis, types 1 and 2; the VHL gene for 
renal cancer and other tumors associated with Von 
Hippel-Lindau disease; the APC gene for adenoma-
tous polyposis coli; the BRCA1 gene for hereditary 
breast and ovarian cancer; and the mismatch repair 
genes for colon and other common cancers. While 
individuals with a known genetic disorder may have 
an alarmingly high risk for second and even third 
malignancies, they account for a relatively small 
fraction of human cancers.
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2.1 
Introduction

The use of radiation has such an established place 
in the practice of medicine, both for the diagnosis 
of multiple ailments and for the therapy of cancer, 
that it would be difficult to imagine modern medi-
cine without X-rays. Each year worldwide, 2 billion 
diagnostic X-ray procedures are performed, while 
5.5 million patients receive radiotherapy. With so 
many individuals exposed to an agent that is a 
known and proven human carcinogen, it is prudent 
to ask whether there is a price tag.

It has been estimated that between 6% and 13% of 
all patients presenting at major cancer centers in the 
U.S. do so with a second malignancy. Second can-
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2.1.3 
Treatment-Related Malignancies

In this chapter, we direct attention to radiation-
induced second malignancies. There are many 
single-institution studies in the literature involving 
radiotherapy for a variety of sites that concluded 
that there was no increase in second malignancies, 
although a more accurate assessment would have 
been that the statistical power of the studies was 
too limited to detect a relatively small increased 
incidence of second malignancies induced by the 
treatment (Movas et al. 1998).

Most radiation oncologists who see a limited 
number of patients with any given type of tumor do 
not see second malignancies as a serious problem. 
There are well-known exceptions, such as the sig-
nificant incidence of breast cancer in young women 
receiving radiotherapy for Hodgkin’s lymphoma 
(Bhatis et al. 1996; Nyandoto et al. 1998; Travis et 
al. 1996), where the effect is too large to be missed. 
However, in most instances, it is difficult to get a reli-
able estimate for the incidence of second cancers fol-
lowing radiotherapy because, in the first place, most 
patients do not live long enough for second cancers 
to develop and, in the second place, a truly appropri-
ate control group is not available. The two principal 
exceptions to the lack of a control group are carci-
noma of the cervix in women and carcinoma of the 
prostate in men; in both of these examples, patient 
survival is good, and surgery and radiotherapy 
are alternative choices, thus the patients surgically 
treated constitute the ideal control.

2.1.3.1 
Radiation Therapy for Prostate Cancer

In the year 2000, through a collaborative project 
with the Radiation Epidemiological Branch of the 
National Cancer Institute, we completed the larg-
est ever study of second malignancies in patients 
treated for prostate cancer. Data regarding the rate 
of incidence from the Surveillance, Epidemiology, 
and End Results (SEER) Program cancer registry 
(1973–1993) (Brenner et al. 2000) were used to com-
pare directly second malignancy risks in 51,584 men 
with prostate carcinoma who received radiotherapy 
(3549 of whom developed second malignancies) with 
70,539 men who underwent surgery without radio-
therapy (5055 of whom developed second malignan-
cies). Data were stratified by latency periods, age at 
diagnosis, and site of the second malignancy.

Radiotherapy for prostate carcinoma was associ-
ated with a small, statistically significant increase 
in the risk of solid tumors relative to treatment with 
surgery. Among patients who survived 5 years or 
more, the increased relative risk reached 15%, and 
was 34% for patients surviving 10 years or more 
(Fig. 2.1). The pattern of excess second malignancies 
among men treated with radiotherapy was consistent 
with radiobiological principles in terms of site, dose, 
and latency. In absolute terms, 1 in 70 patients who 
receive radiotherapy for prostate cancer will develop 
a second malignancy if they survive for 10 years fol-
lowing treatment.

A closer look at this study of prostate cancer 
patients reveals some interesting biological insights. 

Fig. 2.1. The upper panel shows the per-
centage increase in relative risk for all solid 
tumors as a function of time after radio-
therapy for prostate cancer. The error bars 
represent 95% confi dence limits. “All years” 
refer to all years post-treatment; the stan-
dard error is smaller in this case because of 
the larger number of patients; most did not 
survive to 10 years. The lower panel shows 
the distribution of the principal radiation-
induced cancers, namely bladder, lung, 
rectum and colon. There are also a smaller 
number of sarcomas that appear in heav-
ily irradiated areas. (Data from Brenner 
et al. 2000. Figure courtesy of Dr. David 
Brenner)
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Analyzing the solid tumors site by site, there were 
significant radiation-associated increases in bladder 
carcinoma, rectal carcinoma, and lung carcinoma, 
as well as sarcomas in or near the treatment field. 
The distribution of second cancers is also shown in 
Figure 2.1. It is interesting to note that the increase 
in relative risk for carcinoma of the lung, which was 
exposed to a relatively low dose (about 0.5 Gy), is of 
the same order as that for carcinomas of the bladder, 
rectum, and colon, all of which were subject to much 
higher doses (typically more than 5 Gy).

Although the larger number of radiation-associ-
ated malignancies clearly are carcinomas, as in the 
Japanese A-bomb survivors, the largest increase in 
relative risk is for in-field sarcomas, where it reaches 
over 200% at 10 years. This is a category of malig-
nancy not observed in excess in the A-bomb sur-
vivors. In this, as in the majority of other studies, 
radiation-induced sarcomas occur only in heavily 
irradiated sites, close to the treatment volume. These 
observations most likely reflect a different mecha-
nism for the induction of sarcomas compared with 
carcinomas. Carcinomas arise in tissues where, even 
in the adult, cells are turning over and/or are under 
hormonal control. By contrast, the target cells for 
sarcoma typically are dormant cells and large doses 
are needed to produce sufficient tissue damage to 
stimulate cellular proliferation. The sarcoma data in 
prostate patients appear to follow this pattern, with 
significant radiation-associated risks being observed 
for sites in and close to the treatment volume but not 
for more distant sites, which received lower doses.

The most probable reason that so few sarcomas 
were observed in the prostate patients is that most 
lived for such a short time after radiation therapy. 
A comparison with animal data is enlightening. A 
study at the National Institute of Health in the US 
involved irradiating Beagle dogs with large single 
doses in order to determine the tolerance of various 
organs in preparation for a program of Intraoperative 
Radiation Therapy (IORT) (Johnstone et al. 1996). 
An unexpected observation was that 25% of the dogs 
that received 25 Gy or more developed an in-field 
sarcoma with a latency of 3.6 years. This was an inci-
dental observation and not the purpose of the study. 
Dr. A. van der Kogel has irradiated a large number 
of rats with the primary purpose to study radiation 
myelopathy. It was again an incidental observation 
that 50% of the animals who received 50 Gy devel-
oped a sarcoma, while 20% of those exposed to 20 Gy 
developed a sarcoma (A. van der Kogel, personal com-
munication). Two decades ago, Herman Suit stud-
ied the incidence of radiation-induced sarcoma in 

defined flora and specific pathogen free mice, which 
had a life expectancy of 900–1000 days (Suit et al. 
1978). He showed that 50% of the animals developed 
a sarcoma by 480 days after a dose of 6.5–7.5 Gy, and 
85% of the animals developed a sarcoma by 800 days. 
In comparing the animal data with the human expe-
rience, the latency periods must be thought of rela-
tive to the life span of the animals, i.e., the animals 
were observed for a much longer period post-irradia-
tion relative to their life than were the radiotherapy 
patients, as illustrated in Figure 2.2. The conclusion 
is that the incidence of sarcomas in heavily exposed 
tissues approaches 100% if a sufficiently long period 
is available for study following radiation.

2.1.3.2 
Radiation Therapy for Carcinoma of the Cervix

In this large study, Boice et al. (1988) studied the risk 
of second malignancies in a wide range of organs 
and tissues as a consequence of the treatment by 
radiation of carcinoma of the uterine cervix. This 
huge international study was a “tour de force”. The 
paper had 42 authors from 38 institutions represent-
ing both sides of the Atlantic. Such a collaboration 
allowed the accumulation of 150,000 patients to be 
studied. This study is strengthened enormously by 
the fact that an ideal control group is available for 
comparison. This malignancy is equally well treated 
by radiation or surgery. The results can be grouped 
under the following headings.

Fig. 2.2. Percentage radiation-induced sarcomas as a function 
of time after irradiation, expressed as a percentage of normal 
life-span, for humans, dogs, rats, and mice. The number of 
sarcomas is also dependent on the radiation dose, but, in par-
ticular, it increases with time. The fact that radiation-induced 
sarcomas are rare in radiotherapy patients refl ects the fact that 
most patients do not live for a large fraction of their life-span 
after treatment
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i)  Very high doses, on the order of several hundred 
Gy, were found to increase the risk of cancer of the 
bladder, vagina, possibly bone, uterine corpus, 
cecum and non-Hodgkin’s lymphoma. The risk 
ratios vary from a high of 4.0 for the bladder to a 
low of 1.3 for bone. For all female genital cancers 
combined, a steep dose-response was observed, 
with a fi vefold excess at doses of more than 
150 Gy.

ii)  Doses of several Gy increased the risk of stomach 
cancer and leukemia.

iii) Perhaps surprisingly, radiation was found not to 
increase the overall risk of cancers of the small 
intestine, colon, ovary, vulva, connective tissue, 
breast, Hodgkin’s disease, multiple myeloma or 
chronic lymphocytic leukemia.

The overall conclusion of this study was that excess 
cancers were certainly associated with radiotherapy, 
as opposed to surgery, and that the risks were highest 
among long-term survivors and concentrated among 
women irradiated at relatively young ages.

2.1.3.3 
Second Cancers Among Long-Term Survivors of 
Hodgkin’s Disease

The biggest study of this kind, published by Travis, 
Curtis and Boice (1996) evaluated 3869 women in 
population-based registries participating in the 
National Cancer Institute’s Surveillance Epidemiol-
ogy and End Results (SEER) Program. All of these 
women received radiotherapy as an initial treatment 
for Hodgkin’s disease. Breast cancer developed in 
a total of 55 patients, which represents a ratio of 
observed to expected cases of 2.24. However, the risk 
of breast cancer was 60.57% in women treated before 
the age 16 years with most tumors appearing 10 or 
more years later. The risk of breast cancer decreased 
with increasing age at the time of therapy and was 
only slightly elevated in women who were 30 years 
old or older when treated.

2.2 
The Impact of IMRT on the Incidence of 
Radiation-Induced Second Cancers

The move from three-dimensional conformed radio-
therapy (3D-CRT) to intensity-modulated radiation 
therapy (IMRT) involves more treatment fields. The 

dose-volume histograms (Fig. 2.3) show that, as a con-
sequence, a larger volume of normal tissue is exposed 
to lower doses in the case of IMRT compared with 
3D-CRT. In addition, the number of monitor units is 
increased by a factor of 2–3, increasing the total body 
exposure due to leakage radiation from the accelera-
tor head. Both factors will tend to increase the risk 
of second cancers. Before an estimate can be made of 
the consequences of these two factors, we must arrive 
at a dose-response relationship for radiation-induced 
cancer. For single whole-body exposures, the rela-
tionship between mortality from solid tumors among 
the atomic bomb survivors is consistent with linearity 
up to about 2.5. Sv. There is considerable uncertainty 
concerning the shape of the dose-response relation-
ship for higher doses in the context of radiotherapy, 
where limited volumes of tissue receive doses of 20, 
30, or even 70 Gy, while a much larger volume receives 
a lower dose because it is exposed to only some of the 
treatment fields.

Several possibilities can be entertained. First, it 
might be expected that the risk of inducing cancer 
would fall off sharply at higher doses due to cell kill-
ing, on the grounds that dead cells cannot give rise 
to a malignancy. However, none of the dose-response 
curves for radiation-induced cancer in humans have 
this shape. It must be regarded, therefore, as an extreme 
possibility. The other extreme possibility, suggested 
by the data from some human studies, is that the risk 
of solid tumors shows a leveling off at 4–8 Gy with no 
decline thereafter. An intermediate case is represented 
by women who have been treated with radiation for 
cervical cancer and have an increased risk of devel-
oping leukemia, but the dose-response relationship 
is complex: the risk increases with doses up to about 
4 Gy and decreases slowly at higher doses.

Fig. 2.3. Dose volume histograms for two typical treatment 
plans for prostate cancer; a four-fi eld conformal plan and a 
nine-fi eld plan using intensity modulation (IMRT)
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Figure 2.4 shows data for excess relative risk over 
a wide range of doses for three types of human can-
cers. The low-dose data came from the A-bomb survi-
vors, and the high-dose data came from radiotherapy 
patients. It is quite evident that excess relative risk is 
not a linear function of dose, but rather it tends to 
plateau after rising steeply with dose up to about 5 Gy. 
These data imply that there is comparatively little 
change in relative risk from 5 Gy to 50 Gy, so that in 
this range it is the volume of normal tissue exposed 
that dominates the magnitude of the risk.

A simple way to compare 3D-CRT and IMRT is 
to assume, as a first approximation, that the cancer 
risk associated with irradiating part of the trunk is 
directly proportional to the volume irradiated. By 
a comparison of dose volume histograms for 3D-
CRT and IMRT, it was estimated that IMRT might 
increase the risk of radiation-induced carcinomas 
by perhaps 0.5% (Hall and Wuu 2003).

Delivery of a specified dose to the isocentre from 
a modulated field, delivered by either dynamic IMRT 
or the step and shoot method of IMRT, will, in gen-
eral, require the accelerator to be energized for longer 
(hence more monitor units are needed) compared 
with delivering the same dose from an unmodulated 
field. Some years ago, we made measurements of 
scattered and leakage radiation using an anthropo-
morphic “Randoman” phantom (Hall et al. 1995). 
We used ionization chambers to measure the dose 
to a breast while a four-field technique was used to 
deliver a dose of 70 Gy to the cervix. Using a 6-MV 

LINAC, the breast dose was 0.25 Gy, while, with a 20-
MV LINAC, the dose consisted of 0.5 Gy of X-rays 
plus a photoneutron component of about 1 cGy. We 
need only consider the data for the 6-MV LINAC, 
since higher energies are not usually used for IMRT. 
The breast dose of 0.25 Gy translates into a risk of 
radiation-induced cancer of about 0.5%, using a risk 
estimate of 2%/Sv. The total extra cancer risk posed 
by IMRT is the sum of that due to the extra volume 
of normal tissue exposed (0.5%) and the total body 
dose due to extra leakage resulting from a doubling of 
the number of monitor units (0.5%); in other words, 
the change to IMRT results in about a doubling of the 
incidence of second cancers observed, compared with 
more conventional radiation therapy.

2.3 
Protons Compared with -Rays

Protons offer the possibility of reducing the volume 
of normal tissue involved, which one might expect 
to reduce the risk of second malignancies. However, 
there is an inherent problem with the present gen-
eration of proton therapy installations. The beam 
extracted from a synchrotron is a small pencil beam 
and, in order to produce fields large enough for treat-
ment, the beam is directed onto a scattering foil. This 
process inevitably produces neutrons that give the 
patient a larger total body equivalent dose than that 
from a conventional photon LINAC. A more sophis-
ticated technique is to “scan” the pencil beam to 
provide a treatment field of the required size and 
shape. This avoids the production of neutrons and 
leads to a leakage dose that is much less even than 
that associated with conventional LINACs. Scanning 
beams are available on a few facilities in Europe but, 
to date, not on facilities in the US. In summary, for 
facilities where passive modulation is used (i.e., scat-
tering foils), the total body neutron dose will more 
than negate the gains from the proton dose distribu-
tion. The use of a scanning beam greatly reduces the 
production of neutrons and, in this situation, the full 
potential advantage of protons can be realized.

2.4 
The Bottom Line

In Western countries, rather more than half of all 
cancer patients receive radiotherapy at some stage 

Fig. 2.4. Excess relative risk as a function of dose for three 
types of radiation-induced human solid cancers. The low-dose 
data came from the A-bomb survivors, while the high-dose 
data refer to radiotherapy patients. (Data compiled by Dr. 
Elaine Ron)
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in the management of their disease. Because of the 
latent period between exposures to radiation and the 
appearance of a radiation-induced cancer, studies 
show that the incidence of second malignancies fol-
lowing radiotherapy increases with time after treat-
ment. In patients that survive 10 years, about 1.5% 
will develop a radiation-induced second cancer. This 
percentage is likely to be approximately doubled by 
new sophisticated techniques, such as IMRT, which 
deliver a higher curative dose to the primary cancer, 
but result in more radiation to adjacent organs and 
to the whole body. This may not be too serious in 
older adults, but needs to be considered in children 
who are about ten times as sensitive to radiation 
carcinogenesis as adults (ICRP 1991). In this case, a 
doubling of the second cancer incidence would not 
be acceptable.

Second cancers become an increasing problem as 
treatment techniques improve, since patients must 
survive the first cancer in order to develop a second. 
It also becomes more of a problem as younger 
patients become candidates for radiotherapy. Pro-
tons may alleviate the problem, but only if scanning 
beams are available.

We felt that, in a book on the technological basis 
of radiation therapy, it was extremely relevant and 
important to include the subject of second malig-
nancy that potentially may be induced by this 
modality. An effort must be made, when techniques 
for irradiation of patients are designed, to mini-
mize as much as possible unnecessary irradiation 
to normal tissues around the target volumes or at 
distant sites.
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drugs – in the treatment of cancer. From the initial 
use of fluorinated pyrimidines (e.g., 5-fluorouracil; 
5-FU) in the late 1950s (Heidelberger et al. 1957) 
to the recent application of vascular endothelial 
growth factor (VEGF) (Willett et al. 2004) and 
epidermal growth factor receptor (EGFR) inhibition 
(Bonner et al. 2004), chemoradiation holds great 
promise for the future.

This chapter will first examine the biological 
basis for combining chemotherapy with ionizing 
radiation and then look briefly at some of the spe-
cific agents involved. Lastly, a limited tour will be 
taken through some of the clinical experience in 
specific sites of malignancy.

3.1 
Clinical Principles

Both radiation and chemotherapeutic drugs are 
cytotoxic to tumor and normal tissue cells, a lack 
of specificity which is a major limitation in their 
use when applied either as individual treatments or 
in combination. Toxicity is often accentuated when 
the two agents are combined and when they affect 
the same tissue. The goals of combining chemo-
therapeutic drugs with radiotherapy are to increase 
patient survival by improving local-regional tumor 
control, decreasing or eliminating distant metas-
tases, or both, while preserving organ and tissue 
integrity and function. Combined modality treat-
ment can further improve positive therapeutic out-
come of individual treatments through a number 
of specific strategies, which Steel and Peckham 
(1979) classified into four groups: “spatial coopera-
tion”, independent toxicity, enhancement of tumor 
response, and protection of normal tissues.
1. “Spatial cooperation” was the initial rationale 

for combining chemotherapy with radiotherapy, 
where the action of radiation and chemotherapeu-
tic drugs is directed toward different anatomical 
sites. Localized tumors would be the domain of 
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For more than a century, ionizing radiation has 
been used as an effective local agent against neo-
plastic disease. Increasing sophistication in com-
puter-assisted treatment planning and delivery has 
brought vast strides in the accuracy and distribution 
of radiation dose; even so, local control of malig-
nant tumors often still remains elusive. In paral-
lel to the modern development of radiotherapy, the 
use of systemic chemotherapeutic agents has blos-
somed since it was first possible to produce signifi-
cant clinical impact on hematological malignancies 
using nitrogen mustard around the time of World 
War II (Gilman 1963). Since that time, an increas-
ingly broad array of chemotherapeutic agents have 
entered the clinical armamentarium. It is only natu-
ral that researchers have sought to combine the two 
approaches, in hopes of building upon the strengths 
of each and achieving more than can be reached 
by either modality alone. Chemoirradiation is the 
science of applying combined modality therapy – 
local irradiation with the concurrent use of systemic 
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radiotherapy, and chemotherapeutic drugs would 
likely be more effective in eliminating dissemi-
nated micrometastases than in eradicating larger 
primary tumors. Thus, the cooperation between 
radiation and chemotherapy is achieved through 
the independent action of two agents. “Spatial 
cooperation” is the basis for adjuvant chemora-
diotherapy, where radiation is given fi rst to control 
the primary tumor, and chemotherapy is given at 
a later time to cope with micrometastases. The 
concept of “spatial cooperation” is also applied 
in the treatment of hematological malignancies 
that have spread to “sanctuary” sites, such as 
the brain, poorly accessible to chemotherapeutic 
agents.

2. Independent toxicity is another strategy to 
increase the ratio of effi cacy to toxicity of chemo-
radiotherapy. Combinations of radiation and 
drugs would be better tolerated if the drugs were 
selected such that there was no overlap of toxici-
ties to specifi c cell types and tissues from each 
modality, or minimally so. Careful drug selection 
based on knowledge of mechanisms of drug tox-
icity, mode of action, and drug pharmacokinet-
ics may minimize normal tissue damage while 
retaining antitumor effi cacy when combined with 
radiotherapy.

3. Another strategy in chemoradiotherapy is exploi-
tation of the ability of chemotherapeutic agents to 
enhance tumor radiation response. The enhance-
ment denotes the existence of some type of interac-
tion between drugs and radiation at the molecular 
level, resulting in an antitumor effect greater than 
would be expected on the basis of additive actions. 
The enhancement must be selective or preferential 
to tumors compared with critical normal tissues 
in order to achieve therapeutic gain. The ability of 
chemotherapeutic agents to enhance tumor radi-
ation response by counteracting determinants 
associated with tumor radioresistance is a major 
rationale for concurrent radiotherapy.

4. In addition, protection of normal tissues in order 
to deliver higher doses of radiation to the tumor 
is important. This can be achieved through 
technical improvements in radiation delivery or 
administration of chemical or biological agents 
that exert selective or preferential protection of 
normal tissues against the damage by radiation 
or drugs.

Any drug considered for use in combination with 
radiotherapy needs to undergo preclinical evalu-
ation for its interaction with radiation both in in 

vitro cell culture systems and in vivo, with the aim 
of assessing antitumor activity and normal tissue 
toxicity. The interaction between two agents is more 
easily defined and quantified in vitro because com-
plete cell survival curves are readily obtained. Cell 
survival is determined after treatment with a drug 
or radiation alone, given at different doses, or after 
treatment with both agents, in which case the cells 
are exposed to the drug before, during, or after irra-
diation.

In vitro testing is often followed by in vivo explo-
ration of drug–radiation interactions, which allows 
assessment of the combined treatment on both 
tumors and normal tissues. The efficacy of the treat-
ment is determined by the extent of tumor growth 
delay or the rate of tumor cure. In normal tissues, 
the effect of chemotherapeutic drugs on radiation 
response of acutely and late responding tissues can 
be assessed using a variety of available assays. Some 
of these assays are clonogenic, such as the jejunal 
crypt assay, where the endpoint depends directly on 
the reproductive integrity of individual cells. More 
frequently, however, dose–response relationships 
for normal tissues are based on functional end-
points (such as breathing rate in lung damage and 
paralysis in spinal cord damage).

Radiation induces many different lesions in the 
DNA molecule, which is the critical target for radia-
tion damage. DNA double-strand breaks (DSBs), 
and chromosome aberrations that occur as a con-
sequence, are generally considered to be the prin-
cipal damage that results in cell death (Radford 
1986). Any agent that makes DNA more susceptible 
to radiation damage may enhance cell killing. Cer-
tain drugs, such as halogenated pyrimidines, incor-
porate into DNA and make it more susceptible to 
radiation damage (Kinsella et al. 1987).

Both sublethal (Elkind and Sutton 1959) 
and potentially lethal (Little et al. 1973) damage 
inflicted by radiation can be repaired. While sub-
lethal damage repair (SLDR) denotes the increase 
in cell survival when radiation dose is split into two 
fractions of radiation separated by a time interval, 
potentially lethal damage repair (PLDR) desig-
nates the increase in cell survival as the result of 
post-irradiation environmental conditions. SLDR is 
rapid, with a half time of about 1 h, and is complete 
within 4–6 h after irradiation. This time between 
two radiation fractions allows radiation-induced 
DSB in DNA to rejoin and repair. SLDR is expressed 
as the restitution of the shoulder on the cell survival 
curve for the second dose. PLDR occurs when envi-
ronmental conditions prevent cells from dividing 
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for several hours, such as keeping in vitro growing 
cells in plateau phase after irradiation. Preventing 
cells from division allows completion of the repair 
of DNA lesions that would have been lethal had 
DNA undergone replication within several hours 
after irradiation. PLDR is considered to be a major 
determinant responsible for radioresistance in some 
tumor types, such as melanomas.

Many chemotherapeutic agents used in chemora-
diotherapy interact with cellular repair mechanisms 
and inhibit repair; hence, they may enhance cell or 
tissue response to radiation. The above-mentioned 
halogenated pyrimidines enhance cell radiosen-
sitivity not only through increasing initial radia-
tion damage but also by inhibiting cellular repair 
(Kinsella et al. 1987; Wang et al. 1994). Nucleoside 
analogs, such as gemcitabine, are a class of chemo-
therapeutic agents potent in inhibiting the repair of 
radiation-induced DNA and chromosome damage 
(Plunkett et al. 1995; Lawrence et al. 1997; 
Gregoire et al. 1999). They have been shown to 
strongly enhance tumor radiation response in pre-
clinical studies and are at present being extensively 
investigated for such activity in cancer patients 
(Gregoire et al. 1999; Milas et al. 1999a).

Both chemotherapeutic agents and radiation 
are more effective against proliferating than non-
proliferating cells. Their cytotoxic action further 
depends on the position of cells in the cell cycle. 
Cell-cycle dependency in response to radiation was 
first reported almost 30 years ago (Terasima and 
Tolmach 1963). Terasima and Tolmach (1963) 
reported that radiosensitivity of cell response to 
radiation widely varied depending on which phase 
of the cell cycle the cells were in at the time of irradi-
ation, and that cells in the G2 and M cell-cycle phases 
were about three times more sensitive than cells in 
S phase.

The influence of cell cycle on cell response to 
cytotoxic agents can be therapeutically exploited in 
chemoradiotherapy using cell-cycle redistribution 
strategies. For example, some chemotherapeutic 
drugs, such as taxanes, can block transition of cells 
through mitosis with the result that cells accumu-
late in the radiosensitive G2 and M phases of the cell 
cycle. Radiation delivered at the time of significant 
accumulation of cells in both the G2 and M phases 
results in an enhanced radiation response of cells 
in vitro (Tishler et al. 1992; Choy et al. 1993) and 
of tumors in vivo (Milas et al. 1995, 1999b). How-
ever, this cell-cycle mechanism of taxane-induced 
enhancement of tumor radiation response is domi-
nant only in tumors that are resistant to paclitaxel 

or docetaxel as a single treatment. Although tumor 
growth in taxane-resistant tumors is not substan-
tially affected by the drug, tumors do exhibit sig-
nificant transient accumulation of cells in mitosis 
6–12 h after the treatment (Milas et al. 1999b).

Elimination of the radioresistant S phase cells 
by the chemotherapeutic agents may be another 
cell-cycle redistribution strategy in chemoradio-
therapy. Nucleoside analogs, such as fludarabine or 
gemcitabine, are good examples of the agents that 
become incorporated into S phase cells and elimi-
nate them by inducing apoptosis (Gregoire et al. 
1999; Milas et al. 1999a). In addition to purging 
S phase cells, the analogs induce the surviving cells 
to undergo parasynchronous movement to accu-
mulate in G2 and M phases of the cell cycle between 
1 day and 2 days after drug administration, a time 
when the highest enhancement of tumor radia-
tion response was observed (Milas et al. 1999a). It 
should be noted that tumors with a high cell growth 
fraction are likely to respond better to the cell-cycle 
redistribution strategy in chemoradiotherapy than 
tumors with a low cell growth fraction.

Solid malignant tumors are generally character-
ized by defective vascularization, both in the number 
of blood vessels and vessel function. Because of this, 
blood supply to tumor cells is inadequate, cells lack 
oxygen and nutrients, and multiple tumor micro-
regions become hypoxic, acidic, and eventually 
necrotic. Hypoxic cells are 2.5–3 times more resis-
tant to radiation than well-oxygenated cells. Com-
bining chemotherapeutic agents with radiotherapy 
can reduce or eliminate hypoxia or its negative 
influence on tumor radiation response. Most che-
motherapeutic drugs preferentially kill proliferating 
cells, which are primarily found in well-oxygenated 
regions of the tumor. Since these regions are located 
at a close proximity to blood vessels, they are easily 
accessible to chemotherapeutic agents. Destruction 
of tumor cells in these areas will lead to an increased 
oxygen supply to hypoxic regions and hence re-oxy-
genate hypoxic tumor cells. It was recently shown 
that tumor reoxygenation is a major mechanism 
underlying the enhancement of tumor radiation 
response induced by taxanes in tumors sensitive to 
these drugs (Milas et al. 1995).

The constant balance between cell production 
and cell loss maintains the integrity of normal tis-
sues. When this balance is perturbed by cytotoxic 
action of chemotherapeutic drugs or radiation, the 
integrity of tissues is reestablished by an increased 
rate of cell production. The cell loss after each 
fraction of radiation during radiotherapy induces 



42 D. P. Garwood et al.

compensatory cell regeneration (repopulation), 
the extent of which determines tissue tolerance to 
radiotherapy. Chemotherapeutic drugs, due to their 
cytotoxic or cytostatic activity, can reduce the rate 
of proliferation when given concurrently with radio-
therapy and, hence, increase the effectiveness of the 
treatment. Caution must be taken to select drugs 
that preferentially affect rapidly proliferating cells 
and preferentially localize in malignant tumors. 
However, the main limitation of concurrent chemo- 
and radiotherapy is the enhanced toxicity of rapidly 
dividing normal tissues, because most available 
chemotherapeutic agents show poor tumor selectiv-
ity. Moreover, accelerated repopulation induced by 
chemotherapeutic drugs may have a negative influ-
ence on the outcome of tumor response to radiation 
when drugs are used in induction or neoadjuvant 
chemotherapy protocols. Using this strategy, che-
motherapy precedes radiotherapy. Treatment out-
comes following induction chemotherapy followed 
by radiotherapy have not been overly encouraging 
in terms of both local tumor control and patient 
survival, even if a large proportion of tumors ini-
tially responded with total or partial clinical regres-
sion by the time of radiotherapy implementation. 
Some experimental evidence suggests that the drug-
induced accelerated cell repopulation can actually 
make the tumor more difficult to control with radia-
tion (Stephens and Steel 1980; Milas et al. 1994).

Most clinical chemoradiotherapy regimens 
evolved empirically: drugs known to be active 
against a tumor type were combined with radiation, 
and the doses of both agents and their administra-
tion schedules were selected for safety. Increasingly, 

however, information from preclinical studies is 
being considered in planning optimal timing of drug 
administration in relation to radiotherapy. Depend-
ing on the principal aim of the therapy, drugs are 
administered before (induction or neoadjuvant 
chemotherapy), during (concurrent or concomitant 
chemotherapy), or after (adjuvant chemotherapy) 
the course of radiotherapy. The advantages and 
disadvantages of each approach are summarized in 
Table 3.1.

Induction (neo-adjuvant) chemotherapy is aimed 
at both the disseminated disease and the primary 
tumor. It is initiated soon after tumor diagnosis 
to cope with metastatic foci, while these still con-
tain a small number of tumor cells. With regard to 
the primary tumor, induction chemotherapy may 
reduce the number of clonogenic cells and cause the 
reoxygenation of the surviving hypoxic cells, both 
of which render tumors more controllable by radia-
tion. Additionally, chemotherapy-induced tumor 
shrinkage may allow the use of smaller radiation 
fields, in which case less normal tissue is exposed 
and damaged by radiation. This treatment approach 
is often used in therapy of solid tumors in children 
and of lymphomas. Induction chemotherapy pre-
cedes radiotherapy for a few weeks to a few months, 
which improves tolerability of the combined treat-
ment.

Induction chemotherapy has resulted in thera-
peutic improvement in a number of clinical trials 
when compared with radiotherapy; but, in general, 
the therapeutic benefits are below expectations. A 
number of factors could account for this, including 
accelerated proliferation of tumor cell clonogens 

Table 3.1. Advantages and disadvantages of different chemoradiation sequencing strategies

Strategy Advantages Disadvantages

Sequential chemoradiation • Least toxic • Increased treatment time
• Maximize systemic therapy • Lack of local synergy
• Smaller radiation fields if induction   
 shrinks tumor

Concurrent chemoradiation • Shorter treatment time • Compromised systemic therapy
• Radiation enhancement • Increased toxicity

• No cytoreduction of tumor
Concurrent chemoradiation and 
posterior chemotherapy

• Maximize systemic therapy • Increased toxicity

• Radiation enhancement • Increased treatment time
• Both local and distant therapy delivered  
 up front

• Difficult to complete chemotherapy after  
 chemoradiation

Induction chemotherapy and 
concurrent chemoradiation

• Maximize systemic therapy • Increased toxicity

• Radiation enhancement • Increased treatment time
• Difficult to complete chemoradiation after
 induction therapy
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and selection or induction of drug-resistant cells 
that are cross-resistant to radiation. The preclini-
cal findings provide solid evidence for the existence 
of accelerated repopulation in tumors treated with 
chemotherapeutic agents. However, although devel-
opment of drug resistance is a significant problem 
in chemotherapy, the evidence that cells that acquire 
drug resistance are also resistant to radiation is not 
convincing.

The treatment approach in which chemothera-
peutic agents are given during a course of radio-
therapy is referred to as concurrent chemotherapy. 
This form of treatment is intended to cope with 
both disseminated lesions and the primary tumor, 
but it takes the advantage of drug–radiation inter-
actions to maximize tumor radiation response. The 
drug scheduling in relation to individual radiation 
fractions is highly important, and the selection of 
optimal timing of drug administration must be 
based on mechanisms of tumor radioenhancement 
by a given drug, the drug’s normal tissue toxicity, 
and conditions under which the highest enhance-
ment is achieved. The data from preclinical stud-
ies can greatly contribute to the selection of the 
most optimal schedules. For example, it has been 
demonstrated that murine tumors sensitive to tax-
anes show enhanced radiation response, but the 
best effect is achieved if drug treatment precedes 
radiation by 1–3 days (Milas et al. 1995). A major 
mechanism for tumor radioenhancement was reox-
ygenation of hypoxic cells. Based on this preclinical 
information, one would anticipate that in clinical 
protocols such tumors would best respond to a bolus 
of a taxane given once or twice weekly during radio-
therapy. In contrast, tumors resistant to taxanes on 
their own would call for daily administration of a 
taxane, since they show accumulation of radiosen-
sitive G2 and M cells 6–12 h after drug administra-
tion. If the objective is to counteract rapid repopula-
tion of tumor cell clonogens induced by radiation, 
then administration of cell-cycle-specific chemo-
therapeutic agents during the second half of radio-
therapy, when accelerated repopulation is more 
expressed, might be more effective. Optimal sched-
uling is essential in concurrent chemotherapy, not 
only to maximize tumor radiation response but also 
to minimize increases in toxicity to critical normal 
tissues. At present, the enhancement in normal 
tissue complications remains the major limitation 
of concurrently combining chemotherapy with 
radiotherapy. Nevertheless, concurrent chemo- and 
radiotherapy has provided better clinical results in 
terms of both local tumor control and patient sur-

vival than have other modes of chemoradiotherapy 
combinations (Munro 1995; Morris et al. 1999; 
Eifel et al. 2004).

Adjuvant chemotherapy designates a treatment 
modality in which chemotherapeutic drugs are 
given some time after completion of surgery or 
radiotherapy. The primary objective is to eradicate 
disseminated disease; however, the control of the 
primary tumor may also be improved by the ability 
of drugs to deal with tumor cells that have survived 
radiation.

Technical improvements in radiotherapy, such 
as three-dimensional treatment planning and con-
formational or intensity-modulated radiotherapy, 
are other approaches likely to minimize the toxic-
ity, consequently enhancing the effectiveness, of 
chemoradiation (Holloway et al. 2004). Either the 
use of radioprotective compounds or the implemen-
tation of technical advances may enable administra-
tion of higher doses of radiation, chemotherapeutic 
drugs, or both, which may result in superior treat-
ment outcome.

3.2 
Specific Chemotherapeutic Agents

Many classes of drugs have been used with radiother-
apy. Anti-metabolites such as 5-FU were among the 
earliest radiosensitizers (Bagshaw 1961; Buchholz 
et al. 1995). A newer nucleoside analog, gemcitabine, 
is a potent sensitizer (Scalliet et al. 1998). Plati-
num-based drugs have been widely used, including 
cisplatin (Dewit 1987), carboplatin (O’Hara et al. 
1986; Begg et al. 1987), and more recently oxalipla-
tin (Freyer et al. 2001). The taxanes paclitaxel and 
docetaxel inhibit the mitotic spindle by promoting 
microtubule assembly and inhibiting disaggrega-
tion (Rowinsky 1997); this leads to cellular arrest in 
the G2M phase of the cell cycle, a point of increased 
radiosensitivity (Hall 1994). The camptothecins, 
such as irinotecan and topotecan, target DNA topoi-
somerase I (Hsiang et al. 1985; Hsiang and Liu 
1988). Other agents have included mitomycin C91, 
which targets hypoxic cells which are relatively 
radioresistant (Bristow and Hill 1998).

Newer strategies of combining systemic ther-
apy with irradiation involve exploiting targets in 
the signal transduction pathways of cells, such as 
EGFR, or angiogenic factors supporting the growth 
of tumor vasculature (Mason et al. 2001). EGFR is 
involved in tumor growth and response to cytotoxic 
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agents, including ionizing radiation, and expression 
of the receptor in a cancer is often associated with 
an aggressive neoplasm that is resistant to chemo-
therapy (Mendelsohn and Fan 1997; Schmidt-
Ullrich et al. 2000). The formation of blood vessels 
necessary for tumor growth is dependent on angio-
genic factors such as VEGF, and inhibitors have 
been shown to improve the efficacy of irradiation 
(Teicher et al. 1995; Mauceri et al. 1998).

There are numerous other new, targeted agents 
that hold the promise of improving outcomes from 
therapy not discussed above. They will aim to 
specifically block the action of numerous specific 
targets, including: cyclin-dependent kinase, mito-
gen-activated protein kinase, farnesyl transferases, 
mitogen-activated protein kinase, PI 3’-kinase, 
matrix metalloproteinases, and Bcl-2 (Raben et al. 
2004).

3.3 
Clinical Use of Chemoirradiation in Specific 
Sites

The combination of chemotherapy and ionizing 
radiation has increased steadily, with the goal of 
increasing local control and sometimes overall sur-
vival, as well as allowing organ preservation. Some 
illustrative examples follow.

3.3.1 
Small Cell Lung Carcinoma

While the natural history of this malignancy 
involves early seeding of distant metastases, 
patients diagnosed with localized or limited stage 
tumors are potentially curable. Chemotherapy 
remains the mainstay of therapy, although up to 
80% of patients treated solely in this manner suffer 
a relapse, some of whom have no noted distant 
disease (Warde and Payne 1992). Meta-analyses 
that examined the value of thoracic radiation in 
the limited stage of this disease performed by both 
Warde and Payne (1992) and Pignon et al. (1992) 
demonstrated an improvement in 2 to 3-year sur-
vivals of 5%. Warde’s analysis showed that thoracic 
in early limited disease radiation improved local 
control by 25%. Fried et al. (2004), in a meta-
analysis of randomized trials, found that with early 
administration of thoracic irradiation there was a 
significant increase in 2-year compared with late 

administration when radiation therapy was com-
bined with cisplatin. The use of cisplatin and eto-
poside in concurrent therapy is generally accepted, 
as these drugs lack many of the toxicities caused 
when the cyclophosphamide–doxorubicin–vincris-
tine (CAV) regimen is delivered with radiation. A 
recently published randomized trial has examined 
the benefit of delivering hyperfractionated radia-
tion with the first cycle of chemotherapy and found 
that the 2-year and 5-year survivals with the hyper-
fractionated regimen were 47% and 26% compared 
with only 41% and 21% with the once daily regi-
men (Turrisi et al. 1999). On further analysis, 
it was found that not only was the local control 
improved in the group that received hyperfrac-
tionated radiation but there was also a decreased 
incidence of simultaneous local and distant failure. 
This suggests that improved local control may lead 
to improved survival, even with a malignancy that 
tends to disseminate systemically. The principle 
of spatial cooperation enters the treatment realm 
in this disease wherein the value of prophylactic 
cranial radiation is associated with a decrease in 
the incidence of brain metastases. This decreased 
incidence of brain metastases is associated with an 
increased survival in patients with limited stage 
disease who have had a complete response to ther-
apy (Auperin et al. 1999; Kotalik et al. 2001). As 
such, prophylactic cranial radiation forms a piece 
of the standard part of treatment of limited stage 
small cell lung cancer.

3.3.2 
Non-Small Cell Lung Cancer

There are multiple trials that have compared the 
delivery of standard radiation with chemoradiation in 
non-small cell lung cancer (NSCLC) (Le Chevalier 
et al. 1991; Schaake-Koning et al. 1992; Dillman 
et al. 1996; Sause et al. 2000). The median survival 
improvement from 9.6 months with radiation alone 
to 13.7 months with sequential chemoradiation in 
the original Dillman study is illustrative of the ben-
efit of the addition of chemotherapy (Dillman et 
al. 1996). A meta-analysis confirmed that cisplatin-
based chemotherapy in combination with radiation 
does improve outcome relative to radiation alone in 
cases of NSCLC at the expense of increased toxicity 
(Pritchard and Anthony 1996).

Two more recent trials have moved the paradigm 
one step further in that they both found a benefit 
to delivering radiation and chemotherapy concur-
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rently. Furuse et al. presented the results of their 
Japanese trial, in which MVP (mitomycin C, vin-
desine and cisplatin) with 56 Gy were given in both 
sequential and concurrent fashions (Furuse et al. 
1999). There was an improved median survival of 
16.5 versus 13.3 months with the concurrent ther-
apy. The concurrent therapy was also well tolerated 
as the radiation was delivered in a split-course fash-
ion with comparable rates of esophagitis in both 
treatment arms. The Radiation Therapy Oncology 
Group (RTOG) 9410 randomized phase-III experi-
ence has confirmed the benefit of concurrent ther-
apy (Curran et al. 2000). This trial used cisplatin-
based therapy delivered in one of three fashions: 
(1) sequentially with vinblastine followed by radio-
therapy, (2) concurrently with vinblastine and once 
daily radiotherapy, and (3) concurrently with etopo-
side and twice daily hyperfractionated radiotherapy. 
Arm 2 of the trial, during which chemotherapy was 
delivered concurrently with once daily radiation, 
revealed a statistical benefit over the sequential 
administration of chemotherapy and radiation with 
a median survival of 17 months versus 14.6 months 
(P=0.038).

Cakir and Egahan (2004) reported on another 
randomized trial in which 176 patients with stage-
III NSCLC were allocated to radiation therapy alone 
(64 Gy, 2-Gy fractions) or combined with 20 mg/m2 
cisplatin given 1 h before irradiation on days 1–5 of 
the 2nd and 6th treatment weeks. The 3-year sur-
vival was 10% with combined chemoirradiation 
and 0% in the group treated with radiation therapy 
alone (P=0.00001). Many of the current ongoing 
trials are incorporating new chemotherapies and 
dose schedules into the treatment of NSCLC. Con-
current weekly paclitaxel and carboplatin, a treat-
ment which tries to maximize the enhancing effects 
of both drugs, is based largely on the phase I–II 
experience of investigators (Choy et al. 1998a,b). 
Efforts at including other newer agents including 
gemcitabine, vinorelbine, irinotecan, and docetaxel 
are ongoing (Penland and Socinski 2004; Rowell 
and O’Rourke 2004). Strategies seeking to maxi-
mize radiation dose with the delivery of high-dose 
conformal therapy remain investigational, although 
preliminary results are encouraging (Bradley et 
al. 2005). No trials suggest a substantial benefit to 
post-operative therapy (Dautzenberg et al. 1999; 
Keller et al. 2000). Some reports have described 
a lower incidence and severity of pneumonitis and 
esophagitis when amifostine is given before admin-
istration of chemoradiation in patients with NSCLC 
(Komaki et al. 2004).

3.3.3 
Head and Neck

Traditional management of locally advanced squa-
mous cell cancers of the head and neck has involved 
a combination of surgery and radiation in most 
cases. Despite aggressive therapy with significant 
morbidity, treatment often yields poor long-term 
survivals when there is unresectable disease with 
5-year survivals in the range of 30%.

Alternative fractionation schemes that exploit 
the differential ability of cells to repair radiation-
induced damage, thus allowing for delivery of a 
higher tumor dose, or those that attempt to deliver 
therapy in a shorter overall treatment time to combat 
accelerated repopulation of tumors have become 
more popular therapies due to some trials suggest-
ing a benefit (Horiot et al. 1992; Fu et al. 2000).

Approximately 70 randomized trials have been 
performed to examine the contribution of com-
bined chemoradiation on local control and over-
all survival. Many studies have been small, with 
inadequate power to detect a significant benefit to 
the addition to chemotherapy in a heterogeneous 
population of tumors. As such, several meta-analy-
ses have been undertaken to assess a larger patient 
population and to help determine the absolute ben-
efits of the addition of chemotherapy (Munro 1995; 
El-Sayed and Nelson 1996; Bourhis and Pignon 
1999; Pignon et al. 2000).

The MACH-NC study, which evaluated 63 trials 
and a total of 10,741 patients, is the largest of the 
meta-analyses (Pignon et al. 2000). Individual 
data, rather than literature-based data, with the 
inclusion of updated data and unpublished trials 
were assessed including individual data updated in 
66% of the trials as far out as a median follow-up of 
6.8 years. Subcategorization into locoregional treat-
ment with and without concomitant chemotherapy, 
induction/adjuvant chemotherapy, and laryngeal 
preservation with induction chemotherapy rather 
than definitive treatment for laryngeal and hypo-
pharyngeal tumors were reported. No benefit was 
detected for neoadjuvant or adjuvant chemotherapy, 
while a trend toward a statistically significant ben-
efit (4%) was reported for concurrent or alternating 
chemoradiotherapy (P=0.23).

At present, the literature does justify the use of 
neoadjuvant chemotherapy in the limited setting of 
advanced laryngeal or hypopharyngeal primaries 
with the dual goals of organ preservation and the 
treatment of micrometastatic disease. Induction 
chemotherapy has been considered appropriate in 
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this setting as it does improve laryngeal preser-
vation while not compromising overall survival. 
The landmark Veteran’s Affairs Laryngeal Study 
randomized patients into two treatment arms: (1) 
induction with cisplatin/5-FU for three cycles fol-
lowed by radiation or (2) laryngectomy followed 
by radiation (Anonymous 1991). There were 332 
patients entered into the study. An evaluation 
occurred after two cycles of chemotherapy. Patients 
with a partial response received a third cycle of che-
motherapy followed by radiotherapy. Those patients 
without an initial response to induction chemother-
apy received a laryngectomy followed by radiation 
therapy. Patients with residual disease following 
the completion of radiotherapy underwent surgical 
resection. With a median follow-up of 33 months, 
an estimated 2-year survival of 68% in both groups 
failed to demonstrate a difference in overall survival 
(P=0.9846), while a majority of patients (64%) were 
able to preserve function of the larynx. Recurrences 
differed between the two groups with increased 
local-regional control (P=0.0005) and decreased 
metastases (P=0.016) in the induction chemotherapy 
group. Given that there was no compromise of over-
all survival, induction therapy is felt to be feasible in 
the setting of laryngeal carcinoma in order to allow 
organ preservation without compromise of overall 
survival. These results have been confirmed by the 
European Organization for the Research and Treat-
ment of Cancer (EORTC) (Lefebvre et al. 1996).

The updated results of the intergroup trial R91-11 
add to the picture (Forastiere et al. 2003). A total 
of 547 patients with stage III and stage IV potentially 
resectable carcinoma of the larynx were randomized 
to receive one of three treatments. In arm A, induc-
tion with cisplatin 100 mg/m2 and continuous infu-
sion of 5-FU 1000 mg/m2 per day for three cycles was 
used followed by 70 Gy of radiation in responding 
patients. In arm B, concurrent cisplatin at 100 mg/
m2 was used on days 1, 22, and 43 along with 70 Gy, 
while in arm C patients received radiation alone. 
The rate of loco-regional tumor control was 78% 
with concurrent chemoirradiation, 61% with induc-
tion by cisplatin followed by radiation therapy, and 
56% with radiation therapy alone. The proportion 
of patients with larynx preservation was 88%, 75%, 
and 70%, respectively. At 2 years, the laryngectomy-
free survival rates for the treatments were: A 58%, 
B 66%, C 52%. No significant difference in laryn-
gectomy-free survival or overall survival was found 
when comparing arms B or C to the control arm A. 
The time to laryngectomy was significantly better 
for arm B than arm A (P=0.0094). While this study 

was not powered to compare arms B and C, a second-
ary analysis shows that concurrent therapy yields a 
superior laryngectomy-free survival (P=0.02). This 
confirms that concurrent chemotherapy and radia-
tion is the preferred therapy for this population 
when organ preservation is desired.

Al-Sarraf and colleagues have performed a large 
randomized, prospective, phase-III intergroup trial 
of 185 patients with locally advanced nasopha-
ryngeal cancer randomized to radiation therapy 
alone or concomitant chemoradiation therapy (Al-
Sarraf et al. 1998). All patients received 35–39 frac-
tions of daily radiotherapy and were randomized to 
receive concomitant cisplatin (100 mg/m2 on days 1, 
22, and 43) followed by three cycles of adjuvant cis-
platin (80 mg/m2, day 1) and continuous infusion 
5-FU (1000 mg/m2, days 1–4) every 28 days. The 
superiority of combined treatment was seen in the 
concomitant chemoradiation therapy arm with a 
3-year progression-free survival of 69% versus 24% 
(P<0.001) and a 3-year overall survival of 78% versus 
47% (P=0.005). Hence, the recommended standard 
of care in treating patients with more advanced 
nasopharyngeal carcinoma has become concomi-
tant chemoradiotherapy.

The contribution of the newer generation of che-
motherapies including the taxanes and gemcitabine 
continues to be investigated. The early results of a 
phase-I trial that incorporated C225 – an antibody 
directed against the extracellular domain of the 
EGFR – are encouraging, with 9 of 13 patients (69%) 
who had received greater than 50 mg/m2 of C225 
along with chemoradiation achieving disease stabili-
zation (Baselga et al. 2000). Equally interesting are 
reports like those from Glaser et al. (2001) suggest-
ing that locoregional control benefits when patients 
are treated with neoadjuvant radiation (50 Gy) and 
chemotherapy (5-FU and mitomycin C) with human 
recombinant erythropoietin prior to radical tumor 
resection. Results of a retrospective comparison of 
anemic patients (Hb<14.5 g/dl pretreatment) treated 
similarly with or without erythropoietin reveal that 
the pathological complete response rate increased 
from 17% to 61% (P<0.001) with the addition of the 
drug. This has led to a significantly improved rate 
of local control (P<0.001) and 2-year survival. The 
ongoing RTOG phase-III trial is examining this fur-
ther.

A phase-III study of the EGFR-blocking antibody 
cetuximab in locoregionally advanced squamous 
cell carcinoma of the oropharynx, hypopharynx, or 
larynx has been reported by Bonner et al. (2004), 
with patients randomized to radiation alone or to 
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radiation plus weekly cetuximab. This trial showed 
that the addition of cetuximab provided a statisti-
cally significant prolongation in overall survival, 
while showing only a minimal increase in the toxic-
ity expected with radiotherapy.

3.4 
Uterine Cervix

While the exact indications and the regimen of 
choice remains controversial, there is convincing 
evidence from recent studies that concurrent chemo-
therapy can improve outcome in patients requiring 
radiation for locally advanced cervix cancer. While 
several studies with debatable results have been con-
ducted using hydroxyurea and 5-FU, the weight of 
the data suggests that a cisplatin-containing concur-
rent regimen is now the treatment of choice for many 
patients. There is no evidence to support the use of 
neoadjuvant or adjuvant chemotherapy at present 
(Thomas 1999).

A GOG trial in which patients with locally 
advanced disease who had negative para-aortic 
nodes at lymphadenectomy were randomized to 
receive concurrent hydroxyurea plus radiation ther-
apy versus concurrent cisplatin and FU plus radia-
tion therapy has been completed and has shown a 
benefit for the cisplatin-containing arm (Rose et 
al. 1999). In a second trial, two more aggressive cis-
platin-containing chemotherapy regimens showed 
benefit over a hydroxyurea and radiation regimen 
(Keys et al. 1999). Both cisplatin-containing treat-
ments yielded dramatic, highly significant improve-
ments in local disease control and survival.

Over the same time period the RTOG designed 
a trial comparing a combination of cisplatin, 5-FU 
and pelvic irradiation with extended-field irradia-
tion alone in RTOG 90-01 (Morris et al. 1999; Eifel 
et al. 2004). Patients were required to have nega-
tive para-aortic lymph nodes based on a lymphan-
giogram or retroperitoneal lymph node dissection. 
The radiation alone arm was based on a previous 
study that found a survival benefit when prophy-
lactic para-aortic irradiation was added to standard 
pelvic irradiation. This trial was published early, 
after an interim analysis revealed a highly signifi-
cant improvement in overall survival, disease-free 
survival, local disease control, and rate of freedom 
from distant metastases in the combined modality 
arm. A later update (Eifel et al. 2004) confirmed the 
initial observations.

Two further trials (Pearcey et al. 2000; Peters et 
al. 2000) have demonstrated a survival benefit when 
cisplatin is added to radiotherapy in the setting of 
earlier stage disease followed by an extrafascial hys-
terectomy or when cisplatin is added to pelvic radia-
tion in those patients who have already undergone a 
radical hysterectomy.

Of the recent trials looking at the addition of cis-
platin-based chemotherapy, only the NCI Canada 
trial has failed to demonstrate a survival benefit to 
the addition of concurrent chemotherapy (Pearcey 
et al. 2000). However, the authors of this study main-
tain that the optimization of the radiation as it was 
delivered in their trial may account for the lack of 
benefit. The issues of how to best integrate newer 
chemotherapies such as the taxanes, which have 
considerable radiation sensitization properties, tar-
geted biological agents, and agents that may opti-
mize the oxygenation status of the tumors are still 
under investigation. The differences and the pos-
sible explanations for them were carefully analyzed 
by Lehman and Thomas (2001).

3.5 
Urinary Bladder

The natural history of muscle-invasive bladder 
cancer is much more aggressive than superficial dis-
ease, with a 5-year survival of only 50%. The strat-
egy of using radiation, chemotherapy or a maximal 
transurethral resection of a bladder tumor in isola-
tion to achieve lasting pelvic control pales in com-
parison with the modern radical cystectomy. This 
surgical therapy yields local control in better than 
90% of all cases. Issues related to overall survival 
benefits as well as quality of life endpoints have led 
to the pursuit of a combined modality strategy that 
incorporates all elements of therapy in an attempt to 
preserve organ function (Coppin et al. 1996; Kuczyk 
et al. 2003).

A randomized trial to show a benefit to the addi-
tion of concurrent chemotherapy in the defini-
tive treatment of bladder cancer is that of the NCI 
Canada, which showed a significant improvement 
in local control (P=0.036) and suggested a survival 
difference (47% versus 33%, P=0.34), with addition 
of concurrent cisplatin to local therapy (Kaufman 
et al. 1993). This study was, unfortunately, small and 
not adequately powered to show a survival benefit.

In 1993, investigators at the Massachusetts Gen-
eral Hospital published the results of a single-arm 
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institutional study, which has become the model 
for several subsequent trials (Dunst et al. 1994); 53 
patients underwent maximal TURBT, followed by 
two cycles of CMV, then 40 Gy with two cycles of 
concurrent single-agent cisplatin. At this point, they 
underwent endoscopic re-evaluation, and if they had 
an incomplete response to therapy they underwent 
a cystectomy, if medically feasible, while complete 
responders were consolidated with an additional 
24.8 Gy and an additional cycle of cisplatin. A total 
of 42 patients completed therapy, and there was no 
chemotherapy-related mortality. Radical cystec-
tomy was required in a total of 15 patients, includ-
ing 3 that had a salvage surgery. After 48 months of 
follow-up, 53% of the patients were alive and 42% 
had no evidence of disease. An updated report on 
106 patients found that 34% of patients ultimately 
required a salvage cystectomy, with 49% of patients 
alive, and 43% alive with their native bladders intact 
(Dunst et al. 1994).

Series from several other centers or groups 
(Housset et al. 1993; Tester et al. 1993; Shipley 
et al. 2003) have tested bladder conservation strate-
gies with reasonable results and far more patients 
failing with distant disease than local-only fail-
ures. While there is not likely to be a definitive ran-
domized trial comparing a bladder conservation 
approach to radical cystectomy, it would appear 
that combined modality therapy is not an unrea-
sonable option for selected patients (George et al. 
2004). Ongoing studies are looking at integrating 
the taxanes and other biological agents into ther-
apy to improve outcome.

3.6 
Anus

In the case of tumors originating in this location, 
the early experience of Nigro et al. (1974) sug-
gested that there may not be a need to perform 
surgery as part of the initial therapy of this cancer, 
reserving the abdominoperineal resection for local 
recurrence. Three patients treated with pre-opera-
tive radiation, 5-FU and mitomycin C were found 
to have had a complete pathological response at the 
time of their surgery. This work has been expanded 
upon by Cummings et al. (1991) in their series of 
patients who were treated by various concurrent 
regimens over time and by several large inter-
group studies (Flam et al. 1996; UKCCCR 1996; 
Bartelink et al. 1997) that have demonstrated the 

value of concurrent chemotherapy and radiation in 
this disease.

The UKCCCR trial showed that the combined 
modality arm improved 3-year actuarial local tumor 
control from 29% to 61% and was significant. This 
trial did not show a survival benefit to the addition 
of chemotherapy, and the combined arm had more 
early grade-4 toxicity. Similar benefit in terms of 
local control was also seen in the EORTC trial with 
the addition of 5-FU and mitomycin C (5-year colos-
tomy-free survival was 72% versus 40%). However, 
once again, a survival benefit was not seen. The Inter-
group trial, which randomized patients to treatment 
with or without mitomycin C, confirmed its benefit 
to therapy with a higher complete response rate (92% 
versus 85%) and a significantly lower colostomy rate 
(9% versus 22%). There was, however, no significant 
survival benefit. The RTOG 98-11 is ongoing, exam-
ining the benefit of two cycles of induction using 5-
FU and cisplatin.

The EORTC 22861 trial confirmed that radia-
tion chemotherapy combination is the standard 
treatment for locally advanced anal cancer. The 
EORTC phase-II study no. 22953 tests the feasibility 
of reducing the gap between sequences to 2 weeks, 
to deliver mitomycin C in each radiation sequence 
and to administer 5-FU continuously. The initial 
dose was 36 Gy/4 weeks, mitomycin C (10 mg/m2 on 
day 1), and 5-FU (200 mg/m2 on days 1–26).

The second sequence consisted of 23.4 Gy/17 days 
combined with the same doses of chemotherapy. The 
3-year results for the above trials are 68% and 88% 
local tumor control, 72% and 81% colostomy-free 
survival, and 70% and 81% survival, respectively 
(Bosset et al. 2003). Similar results were reported 
in 305 patients with stage T1–T4 anal cancer treated 
with external pelvic irradiation and brachytherapy 
(Deniand-Alexandre, 2003). Further, Chauveire 
et al. (2003) noted that in 67 patients with anal 
cancer (24 with T3–4 tumors) chemoirradiation was 
administered to only 55% of the patients with T3-4 
lesions, mostly because they were deemed too old, 
emphasizing the importance of patient selection.

3.7 
Esophagus

While the ideal approach to the management of 
locally advanced disease is controversial, the evi-
dence from several randomized trials shows that 
chemoradiation is associated with an improved 
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survival when compared with radiation alone (Al 
Sarraf et al. 1997; Smith et al. 1998). The Inter-
group trial RTOG 85-01 has had a profound influ-
ence of patterns of practice (Smith et al. 1998). In 
this phase-III study, patients were randomized to 
treatments consisting of 5-FU (1000 mg/m2 per day 
for 96 h), cisplatin (75 mg/m2, day 1) and 50 Gy in 
25 fractions of daily irradiation starting on the first 
day of chemotherapy or 64 Gy of daily radiation in 2-
Gy fractions. This chemotherapy was administered 
every 4 weeks during radiation and every 3 weeks 
after its completion. Concurrent therapy was asso-
ciated with significant benefits in terms of 5-year 
overall survival (26% versus 0%, P<0.0001) as well as 
decreased local failure (45% versus 68%, P=0.0123). 
Concurrent therapy as delivered in this trial is asso-
ciated with significant toxicity, i.e., 20% grade-4 tox-
icity and one treatment-related death. Based on these 
studies, concurrent chemotherapy and radiation has 
become the standard of care for the non-surgical 
management of esophageal cancer, with radiation 
alone being reserved for those patients unable to 
tolerate the addition of chemotherapy. Intensify-
ing the radiation to deliver a dose of 64.8 Gy was 
more recently tested in a phase-III intergroup study 
(INT 0123/RTOG 94-05) with the intent of further 
improving local control and, potentially, survival. 
Preliminary results revealed no significant differ-
ence with the intensified radiation in the median 
survival (12.9 months versus 17.6 months), the 2-
year survival (29% versus 38%) or the locoregional 
failure rates (59% versus 52%). After the first interim 
analysis, the trial was ended (Minsky et al. 2000). 
Efforts to improve primary chemoradiation through 
the incorporation of novel radiosensitizing chemo-
therapies continue.

The realm of treating resectable esophageal 
cancer is far less clear. While several randomized 
studies have been completed comparing neoadju-
vant chemoradiation followed by esophagectomy to 
surgery alone, they either are underpowered, have 
used unconventional fractionation schemes, have 
used split course radiation, or may have had unbal-
anced treatment arms (Walsh et al. 1996; Bosset et 
al. 1997; Urba et al. 2001). What may have been the 
more definitive trial (the CALGB 9781) was closed 
due to poor accrual. Given that the evidence from 
these randomized trials is plagued by design-related 
issues and conflicting results, the literature does not 
clearly support the use of pre-operative chemoradia-
tion outside of a clinical trial. Efforts to incorporate 
new agents including the taxanes, UFT, and irinote-
can are ongoing.

3.8 
Rectum

The location of the rectum within the confines of 
the bony pelvis and its intimate relationships with 
adjacent organs make resection of these tumors with 
wide radial margins difficult unless a total meso-
rectal excision is undertaken. Tumors originating 
in the rectum are often associated with a higher 
risk of local failure than extrapelvic colon cancers 
on a stage-by-stage basis. Neoadjuvant therapies are 
often given in an effort to improve the respectability 
of tumors and to hopefully increase sphincter pres-
ervation rates. The value of adjuvant therapy with 
chemoradiation to improve local control as well as 
overall survival is well recognized.

The GITSG has performed a four-arm ran-
domized trial looking at the benefit of adjuvant 
therapies with patients allocated to surgery alone, 
post-operative pelvic radiation, post-operative 
chemotherapy, or both post-operative chemother-
apy and radiation in patients with B2 or C disease 
(Gastrointestinal Tumor Study Group 1985). 
Local recurrence was reduced in the chemoradia-
tion arm from 25% to 11%, and overall survival was 
improved from 14% to 56%. Confirmation of these 
results was found with the NSABP-R01 (Fisher 
et al. 1988) and, as such, the National Institutes 
of Health issued a clinical announcement recom-
mending adjuvant 5-FU-based chemotherapy and 
concurrent radiation therapy for patients with 
stage B2, B3, or C rectal cancer (NIH Consensus 
Conference 1990). Although these initial trials 
included semustine, several randomized studies 
examined the value of adding this drug to therapy 
and their results have led to the dropping of semus-
tine from adjuvant treatment, as it was not associ-
ated with a significant benefit (Gastrointestinal 
Tumor Study Group 1992; O’Connell et al. 1994; 
Wolmark et al. 2000).

An Intergroup trial (INT-0114) randomized 
patients to pelvic irradiation plus 6 months of bolus 
5-FU versus bolus 5-FU and levamisole, leucovorin, 
or both (Tepper et al. 1997). A preliminary analy-
sis revealed no significant difference in disease-free 
survival or overall survival (78–80%) among the 
four treatment arms and, as expected, toxicity was 
greatest with the three-drug regimen. Efforts to fur-
ther refine the delivery of 5-FU-based therapy are 
ongoing and include the use of a prolonged venous 
infusion, which is associated with less myelosup-
pression but more diarrhea (Mehta et al. 2003). The 
current intergroup trial examines the benefit of this 
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regimen relative to bolus infusion of the drug with 
leucovorin and levamisole.

The value of pre-operative therapy is well recog-
nized, and includes sphincter preservation and less 
bowel-related toxicity, at the possible expense of 
over treatment and increased wound-healing diffi-
culties. A German trial randomized patients staged 
by means of endoscopic ultrasound to pre-opera-
tive or post-operative radiation with concurrent 
5-FU by prolonged venous infusion for two cycles 
followed by maintenance 5-FU (Sauer et al. 2000). 
An interim analysis of toxicity reported fewer cases 
of grade-3+ diarrhea with pre-operative chemora-
diation, and no difference in post-surgical compli-
cations. In a subsequent report, Sauer et al. (2004) 
updated results of the trial, in which 421 patients 
were randomly assigned to receive pre-operative 
and 402 post-operative chemoradiotherapy. The 5-
year local relapse rate was 6% and 13%, respectively 
(P=0.006), and overall survival was 76% and 74% 
(P=0.8). Grade-3 to grade-4 acute toxicity occurred 
in 27% of the patients in the pre-operative group 
compared with 40% with post-operative chemora-
diotherapy (P=0.001). The incidence of long-term 
sequelae was 14% and 24%, respectively (P=0.01). 
This trial documented improved local tumor con-
trol and a reduction in treatment morbidity with 
pre-operative chemoradiotherapy, although there 
was no impact on overall survival. Willett et al. 
(2004) have shown that the concurrent administra-
tion of the VEGF-specific antibody bevacizumab 
with 5-FU and radiation to the pelvis showed anti-
vascular effects in human rectal cancer.

There have been several reported publications 
regarding pre-operative chemoirradiation in rectal 
cancer. Bosset et al. (2004) reported on the toxic-
ity of the EORTC 22921 protocol, a four-arm study 
that compared pre-operative chemoirradiation with 
pre-operative irradiation alone or post-operative 
chemotherapy with no further therapy in T3-T4 M0 
resectable rectal cancer. In the various groups, 6 
patients died pre-operatively and 8 within 30 days 
after surgery. The addition of 5-FU and Leucovorin 
to pre-operative irradiation slightly increased acute 
toxicity, without affecting compliance to the radia-
tion protocol.

At MD Anderson Cancer Center, Crane et al. 
(2003) reported on 403 patients with clinical stage 
T3-T4 rectal cancer treated with pre-operative radi-
ation therapy alone or combined with concurrent 
chemotherapy (continuous infusion of 5-FU). The 
use of concurrent chemotherapy and irradiation 
improved tumor response and down staging (62% 

versus 42%) with radiation alone (P=0.001). Bonnen 
et al. (2004), from the same institution, published 
the results of a study of 431 patients with clinical 
stage-T3 rectal cancer treated with pre-operative 
chemoradiation followed by surgical resection. Sim-
ilar pre-operative treatment was followed by total 
surgical excision in 405 patients. With 46 months 
mean follow-up, two intrapelvic recurrences were 
observed in 26 patients treated with local excision 
(6% at 5 years), compared with 8% pelvic recurrence 
in patients treated with mesorectal-excision and 
6% in a subgroup of patients with complete clinical 
response to pre-operative chemoradiation treated 
with mesorectal excision. Actuarial overall 5-year 
survival was 86% in the local excision group com-
pared with 81% in the mesorectal-excision patients, 
and 85% in the patients with complete clinical 
response to chemoradiation followed by mesorectal 
excision by abdominal perineal resection or lower 
anterior resection.

Similar results were reported by Bujko et al. 
(2004) in a randomized trial comparing short-term 
radiation therapy with conventional fractionation 
chemoradiation. In the study in which 316 patients 
were randomized, the sphincter preservation rate 
was 61% in the short-term pre-operative irradia-
tion group and 58% in the radiochemotherapy arm 
(P=0.57).

Some studies have addressed the efficacy of post-
operative radiation therapy alone or combined with 
chemotherapy. Cafiero et al. (2003) reported on a 
study of 218 patients randomized to be treated with 
50 Gy/2-Gy fractions administered post-operatively 
or a treatment consisting of 5-FU plus levamisole 
and radiation therapy to the same dose schedule 
as above. There was no significant difference with 
regard to disease-free survival or overall survival in 
the two arms. The local-regional recurrence rate was 
about 9%. The chemoirradiation regimen was asso-
ciated with higher toxicity, which impaired patient 
compliance to chemotherapy.

A number of new chemotherapeutic agents are 
being used in the treatment of patients with colorec-
tal cancer, usually in combination with pelvic radia-
tion therapy. Among the newer drugs, oxaliplatin-
based drugs or irinotecan and capecitabine have 
been used, frequently combined with 5-FU (Minsky 
2004a, b).

Zhu and Willett (2005) recently reviewed the 
gains that have been achieved with the integration 
with radiation therapy, chemotherapy, and surgery 
in the management of patients with localized rectal 
cancer.
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3.8.1 
Central Nervous System

High-grade gliomas such as glioblastoma multi-
forme are aggressive malignancies, with very poor 
control and survival rates. Therapy has traditionally 
been based on surgical extirpation to the maximal 
extent feasible, followed by limited field radiother-
apy. A variety of chemotherapeutic regimens, mostly 
based around a nitrosourea, have been employed 
either concomitantly with radiation or sequentially, 
but the role of chemotherapy has remained contro-
versial (Lonardi et al. 2005). However, a recent, 
phase-III randomized EORTC study compared a 
regimen of irradiation with concurrent and adju-
vant temozolomide to radiotherapy alone (Stupp 
et al. 2005). This study showed a clinically mean-
ingful and statistically significant survival benefit 
for the chemoirradiation arm, with the median 
survival being 14.6 months with radiotherapy plus 
temozolomide versus 12.1 months for radiotherapy 
alone. The 2-year survival in the combined modality 
arm was 26.5%, compared with only 10.4% for the 
radiotherapy alone arm. Toxicity with the combined 
regimen was modest.

3.9 
Conclusion

The preceding discussion has been a brief overview 
of the varied ways in which chemotherapy and radio-
therapy can be combined in treating patients with 
cancer. The practice of chemoirradiation is truly mul-
tidisciplinary and, as knowledge in the field expands, 
should play an increasing role in the control of neo-
plasms. As molecular biology brings us new targeted 
therapies, it is hoped that existing treatment regi-
mens can be improved, in terms of both survival and 
ameliorating acute and late toxicity of therapy.
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can early imaging discriminate between indolent 
and aggressive disease? Some cancers progress very 
slowly and may not affect an individual during his 
or her lifetime, as is demonstrated by the high preva-
lence of certain tumor types in autopsy series (Sakr 
et al. 1994). Today, distinguishing between aggres-
sive and indolent disease remains one of the biggest 
challenges in oncological imaging.

Fortunately, imaging has also made substan-
tial progress in analyzing tumor heterogeneity 
and metabolism during the last decade; its role is 
no longer limited to detection, pretreatment stag-
ing and surveillance after curative treatment, but 
has expanded to include tailoring, and monitoring 
the response to, therapy. Conventional site-specific 
treatment regimens, based mainly on tumor stage, 
are being replaced by individualized and targeted 
treatment approaches based on individual tumor 
characteristics. Current technology for delivering 3D 
conformally shaped external beam radiation therapy 
(3D-CRT), and in particular intensity modulated 
radiation therapy (IMRT), may have exceeded our 
ability to localize tumors and normal tissues using 
conventional imaging techniques. With IMRT, it 
is possible to deliver different dose prescriptions to 
multiple target volumes with steep dose gradients 
between tumor and normal tissues. Dose escalation 
studies, driven by the hypothesis that dose non-
uniformity within the planning target volume may 
lead to an increase in local control, have boosted the 
interest in more precise morphological and biologi-
cal delineation of target volume. Increasingly impor-
tant is the role of imaging in providing noninvasive, 
objective measures of tumor response to therapy in 
order to validate the biological target volume con-
cept. This multidimensional conformal radiotherapy 
advocates the full incorporation of molecular medi-
cine into the radiation planning process (Ling et al. 
2000; Chapman et al. 2003; Brahme 2004).

Figure 4.1 summarizes the different roles of imag-
ing as applied to radiotherapy. In this chapter, we will 
discuss some recent advances in computed tomog-
raphy (CT), magnetic resonance imaging (MRI) and 
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4.1 
Introduction

In their landmark article of 1993, Black and Welch 
declared, “Over the past two decades a vast new 
armamentarium of diagnostic techniques has revo-
lutionized the practice of medicine” (Black and 
Welch 1993). Another decade later, their state-
ment is even more pertinent. However, in what they 
called “The Cycle of Increased Intervention,” the 
authors warned of a possible misperception of dis-
ease prevalence and therapeutic effectiveness based 
on improved imaging technology, and the inher-
ent risk of promoting a cycle of increasing medi-
cal intervention. Lead time bias (Ad1), length time 
bias (Ad2) and stage migration (Will Rogers phe-
nomenon; Ad3) can distort the natural history of 
disease and its response to medical intervention, 
as has been well-illustrated in the past by screen-
ing programs for lung and breast cancer. This cycle 
distracts the physician from the fundamental ques-
tion: how should patients with this newly detect-
able subclinical disease be treated? In other words, 
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positron emission tomography (PET), with special 
emphasis on their application for radiation treatment 
planning and early treatment monitoring.

4.2 
Imaging Modalities

4.2.1 
Computed Tomography

CT remains the engine for radiation treatment plan-
ning; it is the modality of choice for the delineation 
of target volumes and organs at risk, for virtual sim-
ulation and dose computation. Two recent advances 
in imaging technology have reinforced the role of 
CT: (1) the advent of multi-slice helical CT scanners 
and (2) the combined use of PET and CT.

Setup inaccuracy and internal motion, inter- and 
intrafraction, limit the ability to reduce margins in 

radiation treatment planning. Adding margins to 
account for respiratory motion increases the volume 
of healthy tissues exposed to high doses. In efforts 
to reduce these margins, plans with sharper dose 
gradients, for example IMRT plans, are particularly 
susceptible to inadequate coverage of the target 
volume. In the case of intrathoracic (lung, medias-
tinum) and intra-abdominal (liver, pancreas) treat-
ments, intrafraction motion can be significant. Four-
dimensional radiotherapy refers to the addition of 
time to the 3D treatment process (Keall 2004). In 
4D-CT imaging, a sequence of CT image sets are 
acquired over consecutive segments of a breathing 
cycle. This allows encoding of the tumor and organ 
motion information in the 4D image set. The advent 
of multi-slice helical CT scanners, combining high-
quality images with a very short acquisition time (in 
a single breath-hold), has greatly facilitated the use 
of CT for this purpose. Another advantage of acquir-
ing a planning CT scan at one phase of the respi-
ratory cycle is the reduction of volume and shape 

Fig. 4.1. Overview of the role of imaging in radio-
therapy. CTV clinical target volume, OAR organ at 
risk, PTV planning target volume, PRV planning risk 
volume, CT computed tomography, MRI magnetic res-
onance imaging, US ultrasound, EPID electronic portal 
imaging device, DCE dynamic contrast-enhanced, 
MRS magnetic resonance spectroscopy, PET positron 
emission tomography, SPECT single photon emission 
computed tomography
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artifacts due to motion. Repeat CT scans can also be 
used to determine the reproducibility of organ posi-
tion, helpful in assessing the efficacy of interven-
tions to reduce organ motion (Dawson et al. 2001; 
Remouchamps et al. 2003).

PET/CT combination scanners have become 
increasingly popular for radiotherapy treatment 
imaging and planning (Gregoire 2004). (For a 
more detailed discussion, see subsection 4.2.3.) Sim-
ilarly, the utility of gated PET acquisition for lung 
cancer, in particular the combination of 4D-CT with 
4D-PET, promises to be an exciting development in 
radiotherapy treatment planning for lung cancer 
(Nehmeh et al. 2004).

4.2.2 
Magnetic Resonance Imaging

MRI has become the modality of choice in a variety 
of diagnostic applications, in particular head and 

neck and pelvic disease sites. Due to its high soft 
tissue contrast and ability to provide information 
about tumor physiology and microenvironment, 
MRI and magnetic resonance spectroscopy (MRS) 
have the potential to contribute to the choice, plan-
ning and monitoring of treatment.

A good example of the utility of MRI and MRS is in 
the management of prostate cancer. The inclusion of 
MRI/MRS findings in clinical nomograms improves 
prediction of cancer extent, thereby improving 
patient selection for local therapy (Coakley et 
al. 2003; Poulakis et al. 2004; Wang et al. 2004). 
MRS has also shown great promise in discriminat-
ing indolent from aggressive disease. The improved 
assessment of cancer extent and aggressiveness may 
result in a better stratification of patients in clini-
cal trials, the possibility of monitoring the progress 
of patients who select watchful waiting or other 
minimally aggressive cancer management options, 
and the guidance and assessment of emerging local 
prostate cancer therapies (Pickett et al. 2004).

Fig. 4.2a–c. A 70-year-old male with biopsy-proven prostate adenocarcinoma (PSA 5.65 ng/ml, Gleason 8); axial (a) and coronal 
(b) magnetic resonance T2-weighted images show low signal intensity in the left peripheral zone extending from the base to the 
apex. The obliteration of the left recto-prostatic angle, visible on axial imaging, is highly suggestive of extracapsular extension 
of the tumor. The spectroscopic fi ndings (c) for the axial slice in panel a show elevated choline and reduced citrate peaks in 
the voxels corresponding to the abnormal low-signal-intensity lesion in the left posterior peripheral zone (the voxels outlined 
in black). Ch/Cr choline/creatine, Cit citrate

a b

c
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Because of its ability to show tumor location, 
extent and volume, MRI can be of tremendous help 
in 3D conformal or IMRT treatment planning, both 
of which require knowledge of tumor location, 
volume and extent. Several retrospective analy-
ses and the early results of clinical trials indicate 
that an increased radiation dose is associated with 
reduced rates of biochemical failure and may there-
fore increase local control rates and decrease the 
risk of distant metastasis and the overall mortality 
rate (Leibel et al. 2002; Pollack et al. 2004). This 
observation is important for management of inter-
mediate- and high-risk prostate cancer patients; 
however, increased radiation doses may be associ-
ated with a risk of treatment morbidity. Both 3D-
CRT and IMRT offer the possibility of combining 
very high radiation doses in areas of high tumor-cell 
density within the prostate gland without signifi-
cantly increasing the risk of normal tissue damage. 
Further implementation of these technological 
advances has increased the interest in imaging tech-
niques that are able to map tumor volume or localize 
more aggressive regions within the tumor, such as 
highly proliferating or hypoxic foci. Such imaging-
optimized dose delivery has shifted radiotherapy 
treatment planning toward a more individualized 
treatment approach. MRI is more accurate than 

CT in defining the prostate volume, with the high-
est non-agreement in the apex and posterior parts 
of the gland and the seminal vesicles (Roach et al. 
1996). CT-derived prostate volumes are larger than 
MRI-derived volumes (Rasch et al. 1999). MRI is 
also more accurate for the anatomic delineation of 
surrounding organs, such as the rectal wall, the sig-
moid, the urethra and the penile bulb, which are at 
risk for radiation-induced tissue damage. The dose 
delivered to the rectal wall and bulb of the penis is 
significantly reduced with treatment plans based 
on the MRI-delineated prostate anatomy compared 
with treatment plans based on the CT-delineated 
prostate anatomy, decreasing the risk of rectal and 
urological complications (Steenbakkers et al. 
2003). A more precise delineation of organs at risk 
also allows more accurate assessment of dose toxic-
ity (Buyyounouski et al. 2004). Metabolic mapping 
of the prostate gland by MRSI offers the possibility 
of tumor-targeted radiotherapy (i.e., intraprostatic 
dose escalation), applicable by both external radia-
tion treatment and brachytherapy (DiBiase et al. 
2002; Mizowaki et al. 2002).

The value of MRS for treating cancer is not lim-
ited to prostate cancer. For other sites, such as brain, 
breast or liver, MRS is used to investigate tumor 
metabolism in order to individualize therapeutic 

Fig. 4.3a,b. Dynamic contrast-enhanced magnetic resonance image (MRI) in a 15-year-old male with tibial osteosarcoma. Left: 
sagittal T1-weighted MRI (TR 650 ms/TE 9 ms) obtained after chemotherapy shows heterogeneous tumor in proximal tibial 
epiphysis and metaphysic. Right: dynamic gadolinium-enhanced sagittal MRI (TR 7.9/TE 1.7) shows early, intense enhancement 
in portion of tumor, compatible with viable tumor. Quantitative assessment of enhancement (calculated from the weighted 
average of the slope histogram mean values) yielded an estimated necrotic fraction of 40%. Courtesy of Dr. David Panicek, 
Department of Radiology, Memorial Sloan Kettering Cancer Center, New York

a b
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planning and assess treatment response (Zakian et 
al. 2001; Pirzkall et al. 2004). In vivo applications 
of phosphor MRS assess phospholipid anabolites and 
catabolites. A common characteristic in cancer cells 
and solid tumors is the elevation of phosphocholine- 
and total choline-containing compounds. Phospho-
lipid precursors and catabolites are biochemical 
indicators of tumor progression and response to 
therapy. Arias-Mendoza et al. have shown that the 
normalized sum of phosphoethanolamine and phos-
phocholine measured before treatment successfully 
predicts long-term response to treatment and time 
to treatment failure in non-Hodgkin’s lymphoma 
(Arias-Mendoza et al. 2004).

Angiogenesis (the sprouting of new capillaries 
from existing blood vessels) and vasculogenesis (the 
de novo generation of blood vessels) are the two pri-
mary methods of vascular expansion that compensate 
for an increased nutrient demand during tumor pro-
liferation. A number of distinguishing features char-
acteristic of malignant vasculature can be studied 
by means of MRI. Examples include the spatial het-
erogeneity and chaotic architecture of the tumor, the 
replacement of normal arterioles, veins and capillaries 
by poorly formed leaky vessels, the high permeability 
to macromolecules of the latter vessels, intermittent 
or unstable blood flow, and the heterogeneity of vas-
cular density and areas of spontaneous hemorrhage. 
By tracking the contrast uptake dynamically in malig-
nant tissue, MRI is able to yield information on the 

angiogenic status of proliferating tissues. Dynamic 
contrast-enhanced MRI (DCE-MRI) is able to dis-
tinguish malignant from benign and normal tissues 
by exploiting differences in contrast agent behavior 
in their respective microcirculations. Several groups 
have reported on the value of DCE-MRI in the detec-
tion and characterization of primary and recurrent 
prostate cancer (Barentsz et al. 1999; Rouviere et al. 
2004). Other applications include the differentiation 
between benign and malignant breast lesions and the 
estimation of the necrotic fraction of sarcomas during 
therapy (Padhani 2002; Dyke et al. 2003).

MR contrast media can be distinguished in terms 
of contrast enhancement, paramagnetic agents gen-
erating positive contrast enhancement and super-
paramagnetic agents generating negative contrast 
enhancement. The most widely used contrast agents 
are gadolinium (Gd)-based relaxation agents, para-
magnetic extracellular low-molecular-weight metal-
lochelates. Gd is not directly seen on an MR image 
but facilitates the relaxation of tissue hydrogen pro-
tons (high T1 relaxivity). The Gd ion is chelated to a 
ligand such as diethylenetriamine pentaacetic acid 
(DTPA) or tetraazacyclododecane tetraacetic acid 
(DOTA). These compounds distribute in the intra-
vascular and interstitial space and allow the evalua-
tion of physiological parameters, such as perfusion, 
and show a differential uptake in various tissues. 
The enhancement is not really specific to the type 
of tissue but is helpful in the classification of pathol-

Fig. 4.4. Axial T1-weighted images with co-regis-
tered functional magnetic resonance image (fMRI) 
data (in red, orange and yellow) from a bilateral 
fi nger tapping paradigm. The fMRI data depict the 
primary motor cortices bilaterally as well as the 
supplementary motor areas (SMAs). The relation-
ship of the tumor to the ipsilateral motor cortex 
is clearly seen. Courtesy of Dr. Andrei Holodny, 
Department of Radiology, Memorial Sloan-Ket-
tering Cancer Center, New York
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ogy. Analysis can be performed dynamically (DCE-
MRI) or statically (at a particular time point after 
administration).

Highly specific molecular paramagnetic contrast 
agents, targeting selected molecular epitopes, are 
of great interest (Artemov 2003; Weinmann et al. 
2003). So far, their use is mainly investigated in pre-
clinical models. Because of the rather low expression 
of antigens or receptors and the inherent limited 
sensitivity of MRI, compared with isotope imag-

ing, high doses of these ‘molecular imaging agents’ 
are required. The rather low contrast-to-noise ratio 
(which means a lack of sensitivity) can be increased 
by conjugating Gd chelates to carriers such as par-
ticles, dendrimers or other constructs. By delivering 
larger payloads of paramagnetic agents, sufficient 
binding can be achieved to obtain diagnostic con-
trast to noise levels (Morawski et al. 2004).

Ultrasmall superparamagnetic iron oxides 
(USPIOs) are very promising in staging lymph node 

Fig. 4.5a–c. Initial staging in a 73-year-old female with lung carcinoma. a 
axial computed tomography (CT) slices at the upper and lower thoracic 
levels show an enlarged lymph node in the upper mediastinum and the 
primary tumor in the right lower lung fi eld. b superimposed positron emis-
sion tomography (PET)-CT scan of the slices shown in a; 18F-deoxyglucose 
(FDG) uptake visible in the primary tumor and in the lymph node in the 
upper mediastinum. c FDG-PET scan in coronal plane showing FDG uptake 
visible in the primary tumor in the right lower lung fi eld and in the lymph 
node in the upper mediastinum. Courtesy of Dr. Chaitanya Divgi and Dr. 
Neeta Pandit-Taskar, Department of Radiology, Memorial Sloan-Kettering 
Cancer Center, New York
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Fig. 4.6a–c. Initial staging in a 54-year-old male with esophageal carcinoma. a 
axial computed tomography (CT) slices at the upper and lower thoracic levels 
show an enlarged lymph node in the upper mediastinum and a thickening 
of the distal esophageal wall. b superimposed positron emission tomogra-
phy (PET)-CT scan of the slices shown in the left column; 18F-deoxyglucose 
(FDG) uptake visible in the distal esophagus and in the lymph node in the 
upper mediastinum. c FDG-PET scan in coronal plane showing FDG uptake 
visible in the distal esophagus and in the lymph node in the upper medias-
tinum. Courtesy of Dr. Chaitanya Divgi and Dr. Neeta Pandit-Taskar, Depart-
ment of Radiology, Memorial Sloan-Kettering Cancer Center, New York

a b

c
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disease, and clinical data for these agents have been 
reported (Anzai 2004; Bulte and Kraitchman 
2004). Endolymphatic uptake of these lymphotropic 
nanoparticles results in a darkening of the lym-
phatic vessels and lymph nodes on the MR image, 
typically observed 24–36 h after IV administration 
(Harisinghani et al. 2003). It is well accepted that 
determination of the presence of tumor in normal or 
only mildly enlarged lymph nodes is impossible and 
results in staging inaccuracies. In prostate cancer, 
nodal staging is not only an important prognos-
tic parameter, but also has a direct influence on the 
choice of treatment. Since the specificity and negative 
predictive value of nodal staging according to size are 
relatively low, a more accurate image-based method 
of distinguishing malignant from nonmalignant 
lymph nodes is needed. Harisinghani and colleagues 
demonstrated that 71% of malignant nodes detected 
using MRI with lymphotropic superparamagnetic 
nanoparticles were smaller than the threshold size 
(10 mm) used to identify nodal disease on conven-
tional imaging (Harisinghani et al. 2003). The use 
of iron particles has proven to be very valuable in 
identifying metastatic infiltration in nodes measur-
ing 5–10 mm, important for selecting patients for 
extended lymphadenectomy or for delineating radio-
therapy fields. For nodes measuring less than 5 mm, 
detection of metastatic disease is still troublesome.

Functional MRI (fMRI), based on the different 
magnetic properties of oxy- and deoxyhemoglobin, 
is used for a variety of functional and physiological 
studies of the brain. In radiation treatment of brain 
tumors, fMRI is useful to map the function of criti-
cal structures surrounding the tumor in order to 
minimize radiation-induced damage of these struc-
tures (Liu et al. 2000). Diffusion-weighted magnetic 
resonance imaging (DWMRI) enables noninvasive 
characterization of biological tissues based on their 
water diffusion properties. Possible applications 
of DWMRI include the pretreatment prediction of 
response to radiation therapy in patients with brain 
tumors, the characterization of malignant breast 
lesions (for example cystic lesions) and the monitor-
ing of response to therapy (for example the differ-
entiation between viable tumor tissue and necrosis) 
(Mardor et al. 2004).

Similarly to fast cine CT, high speed MRI is a 
suitable modality for determining the magnitude 
of organ motion and deformation occurring over 
a short time period. Examples include the use of 
dynamic MRI to assess the movement of prostate 
tumors, hepatobiliary tumors, pancreatic lesions 
and kidneys (Mah et al. 2002; Bussels et al. 2003).

4.2.3 
Positron Emission Tomography

The rapid expansion in oncological applications has 
brought PET and molecular imaging to the clinic. 
Hybrid PET/CT scanners are widely installed and 
form the basis for merging anatomical information 
with functional molecular information to further 
advance cancer management (Gambhir 2002). 
Anatomic information and electron density maps 
for radiotherapy dose calculations are combined 
with more accurate staging and quantitative data 
for prognosis and therapeutic monitoring. During 
a combined PET/CT exam, the patient stays immo-
bilized in the same position, which facilitates the 
co-registration of the data sets. Apart from patient 
motion during scanning, the misalignment error 
can be limited to values in the range of the PET spa-
tial resolution. Due to its unique tracer specificity, 
only trace amounts of nuclear medicine agents are 
necessary for PET imaging. Although PET is rarely 
the modality of choice for the diagnosis of disease, 
it has an important role in cancer staging, diagno-
sis of recurrent disease and evaluation of response 
to therapy. Despite its inferior resolution compared 
with CT and MRI, PET proves to be very valuable 
after surgery or radiation therapy, when the normal 
anatomy may be distorted such that standard ana-
tomical imaging methods may be extremely dif-
ficult to interpret. An example is the use of PET 
to distinguish scars from residual tumor or tumor 
recurrence. The development of radiolabeled mark-
ers associated with tumor prognosis and prediction 
of radioresistance and/or outcome are very promis-
ing. Prediction of treatment response, considered 
one of the major challenges in oncological imaging, 
would make it possible to select the optimal treat-
ment modality for a given patient population.

PET is now in routine use in oncology mainly 
due to 18F-deoxyglucose (FDG). FDG has taken on 
increasing importance in staging, radiation treat-
ment planning, therapeutic monitoring and the 
prediction of treatment outcome (Alavi et al. 2004; 
Allal et al. 2004; Daisne et al. 2004). FDG is taken 
up into the cells by glucose transporters and is subse-
quently trapped because of the lack of phosphoryla-
tion. Uptake of FDG corresponds to regions of higher 
metabolic rate (glycolysis pathway). Although FDG 
correlates strongly with cancer, uptake can also be 
explained by other causes, such as infection. The 
greatest advantage of imaging with FDG is probably 
its ability to improve staging by detecting nodal and 
other metastases. Functional imaging with FDG has 
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demonstrated improved staging for many disease 
sites, such as non-small cell lung cancer, esopha-
geal cancer, colorectal cancer, melanoma and lym-
phomas (Pieterman et al. 2000; Kalff et al. 2001; 
Gambhir 2002). Lardinois et al. have shown that 
combining PET with CT in one exam provides better 
results than visual correlation of PET and CT images 
arranged side by side or of PET alone (Lardinois 
et al. 2003). Integrated PET-CT was shown to be 
more accurate diagnostically in the staging of non-
small cell lung cancer than PET alone, CT alone or 
visual correlation of PET and CT. Tumor staging and 
nodal staging were both significantly more accurate 
with integrated PET-CT, as was metastasis staging 
in some patients. The problem with CT and MR for 
staging of non-small cell lung carcinoma is that it is 
based on size rather than functional criteria, which 
results in relatively poor accuracy in all the reviewed 
literature. On PET imaging, nodules with metabolic 
activity of a standardized uptake value greater than 
2.5 are generally malignant. Nevertheless, false-
positive FDG uptake can occur in lung nodules 
(tuberculosis, other granulomata), and false-nega-
tive results can occur if the nodules are very small 
(less than 6 mm). Also for the detection of colorec-
tal cancer recurrences, PET imaging is particularly 
important because resection of limited recurrence 
by metastatectomy significantly improves prognosis 
(Delbeke and Martin 2004).

A very exciting use of nuclear imaging is the use 
of radiolabeled markers to map the hypoxic micro-
environment of cancerous lesions. Tumor hypoxia 
presents a severe problem for radiation therapy 
because radiosensitivity rapidly decreases when the 
O2 partial pressure in a tumor is less than 25 mmHg. 
Hypoxia is known to be a significant prognostic 
variable, and it is likely that the use of tracers to 
monitor hypoxia before, during and after treatment 
will continue to increase. Multiple clinical trials are 
ongoing, the majority using nitromidazoles such as 
18F-MISO, 123I-AZA, 123I-AZGP or EF5. Chao et al. 
reported on the use of 60CU-ATSM, a marker relying 
on the reduction of a chelated metal, to investigate 
its use for hypoxia imaging-guided IMRT (Chao 
et al. 2001). Although hypoxia imaging looks very 
promising, confirmation using needle oximetry 
or an equivalent gold standard is still needed. For 
most radiopharmaceuticals, a low tumor-to-back-
ground ratio has been reported, and the difficulty 
of determining a cutoff value to separate normoxic 
from hypoxic tumors limits the clinical usefulness 
of these markers. New tracers with higher tumor-to-
background ratios are required.

Cell proliferation is one of the hallmarks of malig-
nant transformation. It is characterized by cells 
undergoing uncontrolled DNA replication. Because 
growth requires energy, FDG has often been used 
to assess tumor proliferation. The use of nucleo-
sides and amino acids is a more specific approach 
for visualizing tumor proliferation (Van de Wiele 
et al. 2003). Examples of radiolabeled nucleoside 
analogues to target DNA replication are 11C-thymi-
dine, 131I-deoxyuridine and 18F-fluorothymidine. 
The latter might be superior to FDG, given its lower 
uptake in inflammatory tissues and lower uptake in 
normal brain tissue. The rapid catabolism of thymi-
dine in vivo and the short half-life of 11C are major 
disadvantages for clinical imaging.

Apoptosis (programmed cell death) can be used 
to predict tumor response. This could ultimately 
contribute to an individually tailored treatment. In 
vivo imaging of apoptosis is feasible using radiola-
beled Annexin, 99mTc-radiolabeled annexin V, an 
endogenous human protein with a high affinity for 
membrane-bound lipid phosphatidylserine, which 
becomes exposed at the outer leaflet of the plasma 
membrane bilayer at an early stage of the apop-
totic process. Accumulation of the tracer demon-
strates complete or partial response after treatment, 
whereas absence of significant uptake increase early 
after the start of treatment can predict stable or pro-
gressive disease (Haas et al. 2004; Kartachova et 
al. 2004).

Challenges in PET imaging remain the cost of 
combined scanners, the acquisition time, organ 
motion and gated image acquisition (for example 
for thoracic lesions). Other limitations include the 
need for specialized radiopharmaceutical in-house 
expertise and the close proximity of a cyclotron. 
Unlike morphological imaging modalities, such 
as CT and MR, tumor edges on PET are not well 
defined, a possible source of interobserver variabil-
ity in gross tumor volume delineation. The defini-
tion of subclinical tumor response remains a chal-
lenge for modern diagnostic imaging modalities. At 
present, tumor volume is still the standard accepted 
by most oncologists. New criteria, based on cellu-
lar metabolic indices, will need to be identified and 
agreed upon after careful clinical follow-up imag-
ing studies. PET may play an important role in this 
context. Lastly, clinicians should be aware that more 
accurate staging by means of PET imaging, as in the 
case of non-small cell lung cancer, might improve 
outcome for patients regardless of any improvement 
in treatment–the so called Will Rogers phenomenon 
(Feinstein et al. 1985).
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Addendum

(Ad1)
Lead time bias: early diagnosis falsely appears to 
prolong survival.
(Ad2)
Length bias: screening over represents less aggres-
sive disease.
(Ad3)
Will Rogers (1879–1935): “When the Okies left 
Oklahoma and moved to California, they raised 
the average intelligence level in both states.” The 
Will Rogers phenomenon refers to improvements in 
diagnostic imaging shifting patients with clinically 
silent metastatic lesions into more advanced stages. 
This shift can improve the stage-specific survival 
of both stages, without overall improvement for the 
entire cohort.
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5.1 
Introduction

The radiation oncologist, when planning the treat-
ment of a patient with cancer, is faced with the dif-
ficult problem of prescribing a treatment regimen 
with a radiation dose that is large enough to poten-
tially cure or control the disease, but does not cause 
serious normal tissue complications. This task is 
a difficult one because tumor control and normal 
tissue effect responses are typically steep functions 
of radiation dose, i.e., a small change in the dose 
delivered (±5%) can result in a dramatic change 
in the local response of the tissue (±20%; Fischer 
and Moulder 1975; Herring and Compton 1971; 
  Herring 1975; Stewart and Jackson 1975). More-
over, the prescribed curative doses are often, by 
necessity, very close to the doses tolerated by the 
normal tissues; thus, for optimum treatment, the 
radiation dose must be planned and delivered with 
a high degree of accuracy.
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One can readily compute the dose distribution 
resulting from radiation beams of photons, electrons, 
or mixtures of these impinging on a regularly shaped, 
flat-surface, homogeneous unit density phantom; 
however, the patient presents a much more compli-
cated situation because of irregularly shaped topogra-
phy and many tissues of varying densities and atomic 
composition (called heterogeneities). In addition, beam 
modifiers, such as wedges and compensating filters or 
bolus, are sometimes inserted into the radiation beam 
to achieve the desired dose distribution.

This chapter reviews the physics and dosimetric 
parameters, and the basic physics concepts, used in 
planning the cancer patient’s radiation therapy.

5.2 
Dosimetry Parameters

Several dosimetric parameters have been defined 
for use in calculating the patient’s dose distribution 
and the treatment machine settings to deliver the 
prescribed dose. These parameters are only briefly 
reviewed here, but more details are given by Khan 
(2003).

Percentage depth dose (PDD) is defined as the 
ratio, expressed as a percentage, of the absorbed 
dose on the central axis at depth d to the absorbed 
dose at the reference point dmax (Fig. 5.1):

PDD d d S f E
D
D

xo
d

do

( , , , , )= 100

The functional symbols have been inserted in the 
foregoing equation to make it clear that the PDD is 
affected by a number of parameters, including d, 
dmax, field dimension S, source-to-surface distance 
f, and radiation beam energy (or quality) E. S refers 
to the side length of a square beam at a specified ref-
erence depth. Nonsquare beams may be designated 
by their equivalent square. Field shape and added 
beam collimation also can affect the central axis 
depth dose distribution.

The central-axis PDD expresses the penetrabil-
ity of a radiation beam. Table 5.1 summarizes beam 
characteristics for X-ray and -ray beams typically 
used in radiation therapy and lists the depth at 
which the dose is maximum (100%) and the 10-cm 

Table 5.1. Beam characteristics for photon-beam energies of interest in radiation therapy. SSD source-to-skin distances, HVL 
half-value layer

200 kVp, 2.0 mm Cu 
HVL, SSD=50 cm

Cobalt-60, 
SSD=80 cm

4-mV X-ray, 
SSD=80 cm

6-mV X-ray, 
SSD=100 cm

15-18-mV X-ray, 
SSD=100 cm

Depth of maximum 
dose=surface

Depth of maximum 
dose=0.5 cm

Depth of maximum 
dose=1.0–1.2 cm

Depth of maximum 
dose=1.5 cm

Depth of maximum 
dose=3.0–3.5 cm

Rapid fall-off with depth 
due to (a) low energy 
and (b) short SSD

Increased penetration 
(10 cm %DD=55%)

Penetration slightly 
greater than cobalt 
(10 cm %DD=61%)

Slightly more pen-
etration than 60Co 
and 4 mV (10 cm 
%DD=67%)

Much greater pen-
etration (10 cm 
%DD=80%)

Sharp beam edge due to 
small focal spot

Beam edge not as 
well defined; penum-
bra due to source size

Penumbra smaller Small penumbra Small penumbra

Significant dose outside 
beam boundaries due to 
Compton scattered radi-
ation at low energies

Dose outside beam 
low since most scat-
tering is in forward 
direction

“Horns” (beam inten-
sity off-axis) due to flat-
tening filter design can 
be significant (14%)

“Horns” (beam inten-
sity off-axis) due to 
flattening filter design 
reduced (9%)

“Horns” (beam inten-
sity off-axis) due to 
flattening filter design 
reduced (5%)

Isodose curvature 
increases as the field 
size increases

Exit dose often higher 
than entrance dose

Fig. 5.1. Defi nition of percentage depth dose where d is any 
depth and do is the reference depth, usually dmax

f = SSD
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depth PDD value. Representative PDD curves are 
shown in Fig. 5.2 for conventional source-to-skin 
distances (SSDs). As a rule of thumb, an 18-mV, 6-
mV, and 60Co photon beam loses approximately 2, 
3.5, and 4.5% per cm, respectively, beyond the depth 
of maximum dose, dmax (values are for a 10×10-cm 
field, 100-cm SSD). There is no agreement as to what 
is the single optimal X-ray beam energy; instead, 
institutional bias or radiation oncologist training 
typically influences its selection, and it is generally 
treatment site specific. Most modern medical linear 
accelerators (linacs) are multimodality, and provide 
a range of photon and electron beam energies rang-
ing from 4 to 25 mV with 6 mV and 15- or 18-mV X-
ray beams the most common.

The tissue–air ratio (TAR) is defined as the ratio of 
the absorbed dose Dd at a given point in the phantom 

by the absorbed dose in free space, Dfs, that would be 
measured at the same point but in the absence of the 
phantom, if all other conditions of the irradiation 
(e.g., collimator, distance from the source) are equal 
(Fig. 5.3). The TAR is expressed as:

TAR d S E
D
Dd

d

fs

( , , )= ,

Photon and electron beam %DD’s
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Fig. 5.2. Examples of typical photon beam and electron beam 
central axis percent depth dose curves for a 10×10-cm fi eld 
for selected energies

Fig. 5.3. Defi nition of tissue–air ratio, where d is 
the thickness of overlying material

f = SAD

 X-ray sources

Collimator
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Sd Sd
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where d is depth, E is radiation beam energy, and 
Sd is the beam dimension measured at depth d. The 
TAR depends on depth, field size, and beam quality, 
but is, for all practical purposes, independent of the 
distance from the source.

The TAR at the depth of maximum dose is called 
the peakscatter factor. It is perhaps better known as 
the backscatter factor, but because of the finite depth 
do, this tends to be misleading. Figure 5.4 shows the 
peakscatter factors for various field sizes and beam 
qualities.

The concepts of tissue–phantom ratio (TPR) 
and tissue–maximum ratio (TMR) were proposed 
for high-energy radiation as alternatives to TAR 
in response to arguments raised against the use of 
in-air measurement for a photon beam with a maxi-
mum energy greater than 3 MeV (Holt et al. 1970; 
Karzmark et al. 1965). As originally defined, TPR 
is given by the ratio of two doses:

TPR d d S E
D
Dr d

d

dr

( , , , )= ,

where Ddr is the dose at a specified point on the cen-
tral axis in a phantom with a fixed reference depth, 
dr, of tissue-equivalent material overlying the point; 
Dd is the dose in phantom at the same spatial point 
as before but with an arbitrary depth, d, of overly-
ing material; and Sd is the beam width at the level of 
measurement (Fig. 5.5). In each instance, underlying 
material is sufficient to provide for full backscatter. 
The TPR is intended to be analogous to the TAR but 
has an advantage because the reference dose, Ddr, is 
directly measurable over the entire range of X-rays 
and -rays in use, eliminating problems in obtaining 
a value for the dose in free space when the depth for 
electronic build-up is great.

The original TMR definition is similar to the 
definition of TPR, except that the reference depth, 
dr, is specifically defined as the depth of maximum 
dose, dmax; however, the dmax for megavoltage X-ray 
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beams varies significantly with field size and also 
depends on SSD; thus, the definition of TMR creates 
a measurement inefficiency because a variable dr is 
required. hA modification by Khan and co-work-
ers (1980) redefines the TMR so that the reference 
depth, dr, must be equal to or greater than the largest 
dmax. This definition has now become the accepted 
practice.

The scatter-air ratio (SAR) can be thought of as 
the scatter component of the TAR (Cunningham 
1972). It is defined as follows:

SAR d S E TAR d S E TAR d Ed d( , , ) ( , , ) ( , , )= = 0 .

SAR is the difference between the TAR for a field 
of finite area and the TAR for a zero-area field size. 
The zero-area TAR is a mathematical abstraction 
obtained by extrapolation of the TAR values mea-
sured for finite field sizes.

Similarly, the scatter-maximum ratio (SMR), the 
scatter component of the TMR, is defined as follows:

SMR d S E TMR d S E
S S E

S E
TMR d Ed d

p d

p

( , , ) ( , , )
( , )

( , )
( , , )= ⋅ −

0
0 ,

where Sp is defined as the phantom scatter correc-
tion factor, which accounts for changes in scatter 
radiation originating in the phantom at the refer-
ence depth as the field size is changed.

The output factor (denoted by Sc,p) for a given field 
size is defined as the ratio of the dose rate at dmax for 
the field size in question to that for the reference field 
size (usually 10×10 cm), again measured at its dmax. 
The output factor varies with field size (Fig. 5.6) as a 
result of two distinct phenomena. As the collimator 
jaws are opened, the primary dose, Dp at dmax on the 
central ray per motor unit (MU), increases due to 
larger number of primary X-ray photons scattered 
out of the flattening filter. In addition, the scatter 
dose, Ds(dmax,r), at the measurement point per unit 
Dp increases as the scattering volume irradiated 
by primary photons increases with increasing col-
limated field size. Note that these two components 
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Fig. 5.4. Variation of peakscatter factor with beam quality (half-
value layer). (From Johns and Cunningham 1983)

Fig. 5.5. Defi nition of tissue-phantom ra-
tio and tissue-maximum ratio, where d is 
the thickness of overlying material and dr 
is the reference thickness
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can vary independently of one another if nonstan-
dard treatment distances or extensive secondary 
blocking is used.

Khan and associates (1980) described a method 
for separating the total output factor, Sc,p, into two 
components, as given by the following formula:

S r S r S rc p c c p, ( ) ( ) ( )= ⋅ .

The two components are the collimator scatter 
factor, Sc(rc), which is a function only of the col-
limator opening, rc, projected to isocenter, and the 
phantom scatter factor, Sp(r), which is a function 
only of the cross-sectional area, or effective field 
size, r, that is irradiated at the treatment distance. 
In practice, the total and collimator scatter factors 
are both measured and the phantom scatter factor 
calculated using the relationship above. Sc(rc) is 
measured in air using an ion chamber fitted with 
an equilibrium-thickness build-up cap and given 
by the ratio of the reading for the given collimator 
opening to the reading for a reference field (typically 
10×10 cm) collimator opening. The overall output 
factor is measured in-phantom using the standard 
treatment distance and is given by the reading rela-
tive to that for a 10 ×10-cm field size.

By carefully extrapolating this measured ratio to 
zero-field size, the zero-field size phantom scatter 
factor, Sp(o), is obtained. If a small ion chamber is 
positioned axially in the beam, it is possible to mea-
sure Sc,p for field sizes as small as 1 ×1 cm. Because 
of the loss of lateral secondary electron equilibrium 

encountered near the edges of high-energy photon 
beams, Sp deviates significantly from unity. Such 
an extrapolation is needed to calculate SMR values 
from broad-beam TMR data. Consistent separation 
of primary and scatter dose components signifi-
cantly improves the accuracy of dose predictions 
near block edges and under blocks, overcoming 
many of the dose-modeling problems presented by 
use of extensive customized blocking. In addition, 
the extrapolation procedure implicit in this formal-
ism leads to irregular field calculations that more 
accurately model the dose falloff near beam edges 
due to lateral electron disequilibrium.

An isodose curve represents points of equal dose. 
A set of these curves, normally given in 10% incre-
ments normalized to the dose at dmax, can be plotted 
on a chart (i.e., isodose chart) to give a visual repre-
sentation of the dose distribution in a single plane 
(Fig. 5.7). Beam parameters, such as source size, 
flattening filter, field size, and SSD, play important 
roles in the shape of the isodose curve.

A dose profile is a representation of the dose in an 
irradiated volume as a function of spatial position 
along a single line. Dose profiles are particularly 
well suited to the description of field flatness and 
penumbra. The data are typically given as ratios of 
doses normalized to the dose at the central axis of 
the field (Fig. 5.8). The profiles, also called off-axis 
factors or off-center ratios, may be measured in-air 
(i.e., with only a build-up cap) or in a phantom at 
selected depths. The in-air off-axis factor gives only 
the variation in primary beam intensity; the in-

Fig. 5.6. Example of output factor as a 
function of lower and upper collima-
tor settings for a medical linear accel-
erator18-mV X-ray beam
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phantom off-center ratio shows the added effect of 
phantom scatter.

Wedge filters, first introduced by Ellis and 
Miller (1944), are generally constructed of brass, 
steel, or lead, and when placed in the beam they pro-
gressively decrease intensity across the field, going 
from the thin edge to the thick edge of the filter, 
causing the isodose distribution to have a planned 
asymmetry (Fig. 5.9).

The wedge angle is defined as the angle the iso-
dose curve subtends with a line perpendicular to the 
central axis at a specific depth and for a specified 
field size. Current practice is to use a depth of 10 cm. 
Past definitions were based on the 50th percentile 
isodose curve and, more recently, the 80th percen-
tile isodose curve. The wedge angle is a function of 
field size and depth.

The wedge factor is defined as the ratio of the 
dose measured in a tissue-equivalent phantom at 
the depth of maximum build-up on the central axis 
with the wedge in place to the dose at the same point 
with the wedge removed.

Wedge isodose curves are generally normalized 
to the dose at dmax of the unwedged beam, resulting 
in percentiles greater than 100% under the thin por-
tion of the wedge; however, this normalization is not 
always used. The normalization and the use of the 
wedge factor in calculating machine settings should 
be clearly understood before being used clinically.
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fi eld size = 10×10 cm. (From Khan 1994)
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Fig. 5.8. Example of dose profi les for an 18-mV linear accelera-
tor X-ray beam measured at depths of 3 and 10 cm
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Beam hardening occurs when a wedge is inserted 
into the radiation beam, causing the PDD to increase 
at depth. Differences in PDD of nearly 7% have been 
reported for a 4-mV X-ray, 60  wedge field, compared 
with the open field at a depth of 12 cm, and as much 
as 3% difference between the 60  wedge field and the 
open field for a 25-mV X-ray beam (Sewchand et al. 
1978; Abrath and Purdy 1980).

5.3 
Monitor Unit and 
Dose Calculation Methods

Monitor unit calculations relate the dose at any 
point on the central ray of the treatment beam, 
regardless of depth, treatment distance, second-
ary blocking configuration, or collimator opening 
selected, to the calibrated output of the treatment 
machine (described in units commonly described as 
“dose per monitor unit”). This is accomplished by 
using the various dosimetric quantities described in 
the preceding section to relate the dose correspond-
ing to an arbitrary set of treatment parameters to a 
single standard treatment setup where the output 
of the machine is specified in terms of Gy/MU. The 
reference distance, field size, and depth of output 
specification are denoted by the symbols SCD, rcal, 

and dcal, respectively. Usually, but by no means uni-
versally, it is assumed that

SCD = SAD (source–axis distance) + dmax
   rcal = 10 × 10 cm
   dcal = dmax.

Normal incidence and open-beam geometry (i.e., 
absence of trays or any beam modifying filters) 
are assumed. The above setup parameters are 
described as fixed-SSD calibration geometry. 
Treatment machines are also calibrated isocen-
trically with the point of MU specification located 
at distance SAD rather than at distance SAD + 
dmax as described above. For isocentric calibra-
tion, SCD = SAD.

If the machine is a linear accelerator, it is cali-
brated by adjusting the sensitivity of its internal 
monitor transmission chamber so that for the refer-
ence geometry

D SCD r d MU Gy MUcal cal( , , )/ /=1 1 .

Several reports on monitor unit calculations are 
now available (Dutreix et al. 1997; Gibbons 2000; 
Georg et al. 2001).

5.3.1 
Monitor Unit Calculation for Fixed Fields

When the patient is to be treated isocentrically, the 
point of dose prescription is located at the isocenter 
regardless of the target depth. The MU needed to 
deliver a prescribed tumor dose to isocenter (TDiso) 
for a depth d of overlying tissue on the central ray 
is given by

MU

TMR d r S r S r TF WF
SCD
SADd c c p d

=

⋅ ⋅ ⋅ ⋅ ⋅
⎛
⎝
⎜⎜⎜

⎞
⎠
⎟⎟⎟

TDiso

( , ) ( ) ( )
2 ,

where TF and WF denote the tray and wedge factors, 
respectively. They are defined as the ratio of the 
central ray dose with the tray or wedge filter in place 
relative to the dose in the open beam geometry. The 
collimated field size is denoted by rc and is usually 
described as the square field size equivalent to the 
rectangular collimator opening projected to isocen-
ter. The effective field size is denoted by rd and is 
always specified to the isocenter distance, SAD. The 
inverse-square law factor accounts for the difference 
in distances from the source-to-point of dose pre-
scription relative to the point of MU specification. 

Fig. 5.9a,b. Isodose curves for a wedge fi lter. a Normalized to 
Dmax. b Normalized to Dmax without the wedge. 60Co, wedge 
 angle=45°, fi eld size=8×10 cm, SSD=80 cm. (From Khan 
1994)
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When isocentric calibration is used, this factor is 
unity. Note that collimator-defined field size is used 
for lookup of Sc, whereas effective field size projected 
to isocenter is used for lookup of TMR and Sp. By 
separately accounting for the effect of collimator 
opening on the primary dose component and the 
influence of cross-sectional area of tissue irradi-
ated, most of the difficulties in accurately deliver-
ing a dose in the presence of extensive blocking are 
overcome.

When a fixed distance between the target and 
entry skin surface, SSD, is used to treat the patient, 
a dose-calculation formalism based on PDD is used 
rather than one based on isocentric dose ratios. The 
MU needed to deliver a prescribed tumor dose to 
depth d (TDd) on the central axis is given by

MU
TD

PDD SSD d r S r S r TF WF
SCD

SSD d

d

c c p

=
⋅

⋅ ⋅ ⋅ ⋅ ⋅
+

⎛

⎝
⎜⎜⎜

100

( , , ) ( ) ( )
max

⎜⎜
⎞

⎠
⎟⎟⎟⎟

2

The field size (or its equivalent square) on the 
skin surface at central axis is denoted by r and is 
used for lookup of both PDD and Sp. The collimated 
field size rc at the isocenter must be used for lookup 
of Sc. Note that when an extended treatment dis-
tance is used, the collimated field size at isocenter 
differs significantly from that at the projected skin 
surface of the patient. Also, when this dose calcu-
lation formalism for highly extended treatment 
distances is used, such as encountered in adminis-
tering whole-body irradiation, care must be taken 
to verify the validity of inverse square law at these 
distances. It is recommended that such setups 
always be verified by ion chamber measurement. 
Because of the large scatter contribution to effec-
tive primary dose originating from the f lattening 
filter and other components in the treatment head, 
the virtual source of radiation may be as much as 
2 cm proximal to the target of the accelerator.

All MU calculation formalisms require some 
means of estimating the square field size, r, that is 
equivalent, in terms of scattering characteristics, 
to an arbitrary rectangular field of width a and 
length b. Such an equivalence is of great practical 
importance because it reduces the dimensionality 
of table lookups by one. In addition, those formal-
isms that distinguish between overall and effective 
field size require some means of estimating the 
square or rectangular field size that is equivalent 
to an arbitrary irregular field. Perhaps the most 
widely used rectangular equivalency principal is 
the “A/P” rule. It states that a square and a rect-

angle are equivalent if they have the same area/
perimeter ratio, i.e.,

r
a x b

a b
=

+
2( )

( )

This relationship leads to remarkably accurate 
PDDs, scatter factors, and isocentric dose ratios for 
all but the most elongated fields.

Another widely used approach to reducing rect-
angular estimates of effective field size to square 
field sizes is the equivalent square table published 
in the “British Journal of Radiology,” Supplement 25 
(BJR 1996). The problem of estimating the effective 
field size equivalent to a clinical irregular field is 
most accurately handled by irregular field calcula-
tions (Cundiff et al. 1973).

5.3.2 
Monitor Unit Calculation for Rotation Therapy

The MU calculations for rotation therapy can be 
computed using the following equation:

MU
ID

TAR D
SCD
SADavg fs

=

⋅
⎛
⎝
⎜⎜⎜

⎞
⎠
⎟⎟⎟

�
2

and the MU per degree setting is given by

MU
monitor unit setting

rees of rotation
/deg

deg
= ,

where the symbols have the previous meaning and 
TARavg is an average TAR (averaged over radii at 
selected angular intervals, e.g., 20 ).

5.3.3 
Monitor Unit Calculations for Irregular Fields

For large, irregularly shaped fields and at points off 
the central axis, it is necessary to take account of the 
off-axis change in intensity (relative to the central 
axis) of the beam, the variation of the SSD within 
the field of treatment, the influence of the primary 
collimator on the output factor, and the scatter con-
tribution to the dose. Changes in the beam quality 
as a function of position in the radiation field also 
should be considered (Hanson and Berkley 1980; 
Hanson et al. 1980).

The general method used for irregular-field cal-
culations consists of summation of the primary and 
scatter irradiation at each point of interest, with 
allowance for the off-axis change in intensity (off-
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axis factor) and SSD (Cundiff et al. 1973). The MUs 
required to deliver a specified tumor dose at an arbi-
trary point in an irregular field (Fig. 5.10) can be cal-
culated as follows:

,

where

TAR(d,0) = zero-field size TAR at depth d

SAR(d) = average SAR for point in question at 
depth d determined using the Clark-
son technique

D
.
fs = Gy/MU in a small mass of tissue, 

in air, on the central axis at normal 
SSD+dmax for the collimated field 
size

SSD = nominal SSD for treatment con-
straints

dmax = depth of dose maximum

TF = blocking tray attenuation factor

G = vertical distance between skin sur-
face over point in question and nomi-
nal SSD (beam vertical)

D = vertical depth, skin surface to point 
in question

OAF = in-air off-axis factor

MU
TD

TAR d SAR d D SSD d r TF OAF
SSD d

fs c

=

+ ⋅ + ⋅ ⋅ ⋅
+

[ ( , ) ( )] ( , )
_____

max0 � mmax

SSD g d+ +

⎛

⎝
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⎞

⎠
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2MU
TD

TAR d SAR d D SSD d r TF OAF
SSD d

fs c

=
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_____
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⎞

⎠
⎟⎟⎟⎟

2

Several modifications to the original method have 
been suggested. These include using the expanded 
field size at a depth for the SAR calculation; deter-
mining the off-axis factor using the distance from 
the central axis to the slant projection of the point 
of calculation to the SSD plane along a ray from the 
source; and determining the zero-area TAR using 
the slant depth along a ray going from the source 
to the point of calculation. It is generally accepted 
that the off-axis factor should be multiplied by the 
sum of the zero-area TAR and the SAR, as originally 
proposed.

Beam quality is a function of position in the field 
for beams generated by linear accelerators (Hanson 
and Berkley 1980; Hanson et al. 1980). The TAR0 
may be expressed as a function of position in the 
beam so that changes in beam quality can be incor-
porated into calculations, and it can be related to 
the half-value layer (HVL) of water by the following 
equation:

TAR d r e
d d

HVL r
( , , )

. ( )

( )
max0

0 693
=
− −⎡

⎣
⎢
⎢

⎤

⎦
⎥
⎥

where d is the depth of the point of reference, dmax is 
the depth of maximum dose, r is the radial distance 
from the central axis of the beam to the point of 
calculation, e is the base of the natural logarithm, 
and HVL(r) is the beam quality expressed as the HVL 
measured in water.

One final point about irregular-field or off-axis 
dose calculations concerns the off-axis factor. In 
some computerized treatment planning systems, 
the calculation of dose to points off the central axis 
is based on the assumption that the off-axis factor 
can be represented by a separable function given by

OAF x y OAF x OAF y( , ) ( , ) ( , )= ⋅0 0

where x and y are the symmetry axes perpendicu-
lar to the beam axis and the functions OAF(x,0) 
and OAF(0,y) are equal for a square open field. For 
some accelerator-generated beams, this assumption 
is invalid because measured values differ from those 
predicted by the above equation by as much as 20% 
(Lam and Lam 1983).

5.3.4 
Monitor Unit Calculations for 
Asymmetric X-ray Collimators

Asymmetric X-ray collimators (also referred to as 
independent jaws) allow independent motion of an 

Fig. 5.10. Outline of mantle fi eld illustrates method of deter-
mining scatter-to-air ratio, used for irregular-fi eld dose calcu-
lations. (From Cundiff et al. 1973)
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individual jaw and may be available for one jaw pair 
or both pairs. Because MU calculations and treat-
ment planning methods generally rely on symmetric 
jaw data, the dosimetric effects for asymmetric jaws 
must be understood before being implemented into 
the clinic. Several investigators have examined the 
effects of asymmetric jaws on PDD, collimator scat-
ter, and isodose distributions; the reader is referred 
to other sources for more details (Palta et al. 1988; 
Slessinger et al. 1993). In general, the only change 
to MU calculations for asymmetric fields is the need 
to incorporate an off-axis factor OAR(x) to account 
for off-axis beam intensity changes. The PDD is only 
minimally affected, but isodose curve shape can be 
altered and must be investigated for the particular 
treatment unit.

Monitor unit calculations for asymmetric jaws 
are only slightly more complex than for symmetric 
jaws (Gibbons 2000). Typically, one simply applies 
an off-axis ratio (OAR) or off-center ratio (OCR) 
correction factor that depends only on the distance 
from the machine’s central axis to the center of the 
independently collimated open field (Slessinger et 
al. 1993; Palta et al. 1996). A more complex system 
that accounts for independent jaw settings, field size, 
and depth also has been described (Chui et al. 1986; 
Rosenberg et al. 1995). Calculations for asymmet-
ric wedge fields follow similar procedures by simply 
incorporating a wedge OAR or OCR (Rosenberg et 
al. 1995; Khan 1993).

5.3.5 
Monitor Unit Calculations for 
Multileaf Collimator System

Multileaf collimators (MLCs) are rapidly being 
deployed in clinics around the world as a replace-
ment for alloy field shaping. Several investigators 
have examined the effects of MLC on PDD, col-
limator scatter, and isodose distributions (Klein 
et al. 1995). The effects due to field area shaped 
by the MLC on PDD and beam output parame-
ters are similar to those resulting from Cerrobend 
field shaping; thus, dose/MU calculation methods 
as discussed previously simply use the equivalent 
area as defined by the MLC. The collimator scat-
ter factor is determined using the X-ray collima-
tor jaw settings, with an off-axis factor applied 
for asymmetric jaw settings; however, Palta and 
colleagues (1996) found that the MLC field shape 
was a determining factor in selecting the appro-
priate output factor for their system. Their results 

showed that MLC dosimetry is clearly dependent 
on machine-dosing differences, and so because 
treatment machine MLC designs are still changing, 
each institution is advised to carefully study the 
impact of the MLC on their basic MU calculation 
procedure before use in the clinic.

5.4 
Dose Calculation Algorithms 
and Correction Factors

Current dose calculation algorithms can be broadly 
classified into correction-based and kernel-based 
models (Mackie et al. 1996). Correction-based 
models correct the dose distribution in a homoge-
neous water phantom for the presence of beam mod-
ifiers, contour corrections (or air gaps), and tissue 
heterogeneities encountered in treatment planning 
of real patients. The homogeneous dose is obtained 
from broad field measurements obtained in a water 
phantom. Kernel-based models (also called con-
volution methods) directly compute the dose in a 
phantom or patient. The convolution methods take 
into account lateral transport of radiation, beam 
energy, geometry, beam modifiers, patient contour, 
and electron density distribution. The reader is 
referred to review articles for more details regarding 
the rigorous mathematical formalism of these type 
dose calculation algorithms (Mackie et al. 1996; 
Ahnesjö and Aspradakis 1999).

Because basic dose distribution data are 
obtained for idealized geometries (e.g., f lat sur-
face, unit density media), corrections are needed to 
determine the dose distribution in actual patients. 
Typically, the dose data calculated for idealized 
geometry are multiplied by a correction factor to 
obtain the revised dose distribution. The methods 
commonly used to correct for the air gap are dis-
cussed briefly.

5.4.1 
Ratio of Tissue–Air Ratio or Tissue–Phantom 
Ratio Method

In the ratio of TAR (or ratio of TPR) method 
(RTAR), the surface (along a ray line) directly above 
point A is unaltered, so the primary dose distri-
bution at this point is unchanged (Fig. 5.11). For 
relatively small changes in surface topography, the 
scatter component is essentially unchanged; thus, 
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the dose at point A can be considered as unaltered 
by patient shape; however, for point B, where there 
are considerable variations in the patient’s topog-
raphy, both the primary and scatter components 
of the radiation beam are altered. The correction 
factor (CF) can be determined using two TARs or 
TPRs as follows:

CF
T d h s

T d s
d

d

=
−( , )

( , )
,

where h = air gap.

5.4.2 
Effective Source–Skin Ratio Method

In the effective SSD method, the isodose chart to be 
used is placed on the contour representation, posi-
tioning the central axis at the distance for which 
the curve was measured (Fig. 5.11). It is then shifted 
down along the ray line for the length of the air gap, 
h. The PDD value at point B is read and modified 
by an inverse-square calculation to account for the 
effective change in the peak dose. The CF can be 
expressed as follows:

CF
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5.4.3 
Isodose Shift Method

Manual construction of an entire dose distribu-
tion for an actual patient with the previous meth-
ods would be time-consuming. The isodose shift 
method (Fig. 5.12), although simplistic, is efficient 
and gives satisfactory results in most cases. In this 
method, the isodose chart is moved down along a 
diverging ray by a fractional amount of the air gap, 
h. The intersection of the isodose lines with this ray 
are read off directly. For 60Co radiation, a shift of 
two-thirds h is used, and for 18-mV X-rays, a shift 
of one-half h is used.

Fig. 5.11 Tissue–air ratio and effective SSD methods for the 
correction of isodose curves under a sloping surface. (From 
ICRU 1976)
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Fig. 5.12 Isodose shift method of correcting isodose curves 
under a sloping surface. (From ICRU 1976)
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5.5 
Correction for Tissue Inhomogeneities

Most of the correction-based models used for clini-
cal dose calculations for radiation therapy treat-
ment planning still rely mainly on “one-dimen-
sional” effective pathlength (EPL) approaches, some 
of which were developed before X-ray CT. These 
models consider the effect of patient structure only 
along the ray joining the point of computation and 
the source of radiation and are limited in accuracy 
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under some circumstances. It should be well under-
stood that in correcting water-based dose calcula-
tions for tissue inhomogeneities, obtaining correct 
anatomical information is as important, if not more, 
than the type of dose algorithms used.

Patient tissues may differ from water by composi-
tion or density, which alters the dose distribution. 
Four inhomogeneities are usually encountered in 
treatment planning dose calculations: air cavities; 
lung; fat; and bone. To correct fully for these inho-
mogeneities, it is necessary to know their size, shape, 
and position, and to specify their electron density 
and atomic number. Manual correction methods for 
tissue inhomogeneities closely resemble the three 
methods discussed for correcting for patient con-
tour changes and are described below.

5.5.1 
Ratio of Tissue–Air Ratio Method

The ratio of TAR (RTAR) method of correction for 
inhomogeneities is given by

CF
T d S

T d S
eff d

d

=
( , )

( , )
,

where the numerator is the TAR for the equivalent 
water thickness, deff, and the denominator is the 
TAR for the actual thickness, d, of tissue between 
the point of calculation and the surface along a ray 
passing through the point. Sd is the dimension of 
the beam cross section at the depth of calculation. 
The RTAR method accounts for the field size and 
depth of calculation. It does not account for the posi-
tion of the point of calculation with respect to the 
heterogeneity. It also does not take into account the 
shape of the inhomogeneity, but instead assumes 
that it extends the full width of the beam and has a 
constant thickness (i.e., a slab-type geometry).

5.5.2 
Isodose Shift Method

Isodose lines are shifted by an amount equal to a 
constant times the thickness of the inhomogeneity as 
measured along a line parallel to the central axis and 
passing through the calculation point. Values for the 
shift constant empirically determined for 60Co and 4-
mV X-rays are –0.6 for air cavities, –0.4 for lung, +0.5 
for hard bone, and +0.25 for spongy bone. The isodose 
curves are shifted away from the surface for lung and 
air cavities and toward the surface for bone.

5.5.3 
Power Law TAR Method

The power law TAR method was proposed by Batho 
(1964) and generalized by Young and Gaylord 
(1970). This method, sometimes called the Batho 
method, attempts to account for the nature of the 
inhomogeneity and its position relative to the point 
of calculation; however, it does not account for the 
extent or shape of the inhomogeneity. The correc-
tion factor for the point P is given by

CF
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where d1 and d2 refer to the distances from point 
P to the near and far side of the water-equivalent 
material, respectively, Sd is the beam dimension at 
the depth of P, and ρ2 is the relative electron density 
of the inhomogeneity with respect to water.

Sontag and Cunningham (1978) derived a more 
general form of this correction factor, which can 
be applied to a case in which the effective atomic 
number of the inhomogeneity is different from that 
of water and the point of interest lies within the 
inhomogeneity. The correction factor in this situa-
tion is given by

CF
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where ρa is the density of the material in which point 
P lies at a depth d below the surface and ρb is the 
density of an overlying material of thickness (d2–d1); 
(µen/ρ)a and (µen/ρ)b are the mass energy absorption 
coefficients for the medium a and b.

At an interface between two materials of different 
composition, there is a loss of equilibrium as a result 
of changes in the electron fluence, i.e., the number 
of electrons generated from the photon interactions; 
therefore, the dose over a distance comparable with 
the range of the electrons is perturbed. For 60Co 
radiation, the alteration in the dose distribution 
occurs in only the few millimeters surrounding the 
interface; however, for high-energy photon beams, 
the region extends for several centimeters.

Table 5.2, modified from Wong and Purdy 
(1990), summarizes the results of comparisons of 
measured and calculated results for several of the 
methods of dose calculations commonly used for 
radiation therapy dose calculations. The compari-
sons are for a single Co-60 beam directly incident on 
a semi-infinite heterogeneous phantom geometry. 
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The importance of verifying dose distributions gen-
erated by a treatment planning system should not be 
understated. Modern systems are extremely compli-
cated and require well-defined dose calculation ver-
ification techniques. Traditional 2D methods using 
depth doses and selected profiles are difficult to 
apply in the 3D situation. It is the task of the clinical 
physicist to be aware where these calculations may 
fail and to take proper precautions, such as verifying 
with measurements, in those situations where the 
errors will lead to undesirable clinical outcome.

5.6 
Clinical Photon-Beam Dosimetry

Photon-beam PDD for a specific depth increases with 
increasing energy, SSD, and field size. The depth of 
the 50th percentile increases from approximately 
14 cm for 4-mV X-rays to nearly 23 cm for 25-mV X-
rays. The depth of maximum dose varies from about 
1 cm for 4-mV X-rays to over 3.5 cm for 25-mV X-
rays; however, the depth of maximum dose position 
is not unambiguously defined by the energy of the 
X-ray beam, but depends on the field size and on the 
treatment-head design of the particular machine. 
This shift in dose maximum is principally the result 
of electron scattering from the X-ray collimator. The 
specification of X-ray PDD in terms of the maximum 
electron energy impinging on the X-ray target is not 
sufficient to characterize the X-ray beam. Various 
methods of specifying beam quality are now in use, 
including the tissue phantom ratio at 20 cm depth to 
that at 10 cm depth (TPR20

10), the PDD at 10 cm depth, 
and the depth of the 80% dose level.

In general, the dose to the surface and in the build-
up region for megavoltage photon beams increases 
with an increase in field size, with the introduction 
of a blocking tray into the beam, and with a decrease 
in the distance between skin and blocking tray. The 
surface dose tends to decrease with increasing X-ray 
beam energy.

The exit dose is frequently calculated by multiply-
ing the maximum dose by the central axis PDD value 
corresponding to the patient’s thickness. Sometimes 
the thickness value is reduced by the depth of maxi-
mum dose. However, this technique overlooks the 
fact that there is insufficient material beyond the 
exit surface to provide the total scatter dose in many 
situations; thus, the actual dose received by the tis-
sues at or near the exit surface is less than that cal-
culated using this method. It has been shown that 
if there is no backscatter material, the dose to the 
skin at the exit surface (≈4 mg/cm2 depth) is 15–20% 
less for 60Co -rays and about 10% less for 25-mV X-
rays than the dose with full backscatter (Gagnon 
and Horton 1979). The skin dose increases sharply 
as the thickness of material is increased beyond the 
exit surface, until full backscatter conditions are 
obtained with about 0.5 g/cm2 of added material.

5.6.1 
Single-Field Isodose Charts

Isodose charts, such as those shown in Figure 5.7, 
provide much more information about the radiation 
beam characteristics than do central-axis PDD data 
alone; however, even isodose charts are limited in 
that they represent the dose distribution in only one 
plane (typically the one containing the beam’s cen-

Table 5.2. Summary of the comparisons of calculated correction factors and measurements for different meth-
ods of tissue inhomogeneity corrections. The differences are given as (calculations - measurements)/measure-
ments × 100%. The table lists the mean differences and one standard deviation for n number of points of 
comparison. RTAR ratio of tissue–air ratio (Modified from Wong and Purdy 1990)

Methods

Phantoms RTAR BATHO ETAR Convolution Superposition

Phantom 1 (n=14) 6.46±2.96 –0.21±1.54 0.18±2.26 1.77±0.73 –0.28±2.04

Phantom 2 (n=13) 8.92±4.97 –0.17±1.71 0.45±0.83 0.64±0.63 0.42±1.95

Phantom 3 (n=14) –0.18±5.21 3.00±4.54 –0.01±1.97 3.74±3.40 –0.09±2.96

Phantom 4 (n=14) 1.88±7.72 2.52±4.14 1.23±2.96 0.98±2.58 –0.09±3.83

Phantom 1: Slab phantom composed of polystyrene/cork/polystyrene/polystyrene
Phantom 2: Slab phantom composed of polystyrene/polystyrene/cork/polystyrene
Phantom 3: Slab phantom composed of polystyrene/cork/aluminum/polystyrene
Phantom 4: Slab phantom composed of polystyrene/aluminum/cork/polystyrene
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tral axis) and are usually available only for square 
or rectangular fields.

Isodose charts are generally measured in a water 
phantom with the radiation beam directed per-
pendicular to the phantom’s flat surface. When the 
dose distribution is calculated for a patient, the iso-
dose curves must then be corrected for the effects 
of irregular surface topography, oblique incidence, 
and inhomogeneities encountered in the path of the 
beam, using the methods discussed previously.

Isodose curves show the relative uniformity of 
the beams across the field at various depths, and 
also provide a graphical depiction of the width of 
the beam’s penumbra region. Cobalt-60 teletherapy 
units exhibit a relatively large penumbra, and their 
isodose distributions are more rounded than those 
from linac X-ray beams. This is due to the relatively 
large source size (typically 1–2 cm in diameter vs only 
a few millimeters for linacs). Linac beam penumbra 
width does increase slightly as a function of energy 
and if unfocused MLC leaves are used, but is still 
much less than that for 60Co units. In addition to the 
smaller penumbra, linac X-ray isodose distributions 
have relatively flat isodose curves at depth; however, 
at shallow depths, particularly at dmax, linac X-ray 
beams typically exhibit an increase in beam intensity 
away from the central axis. This beam characteristic 
is referred to as the dose profile “horns” and is depen-
dent on flattening filter design. In general, each treat-
ment unit has unique radiation beam characteristics, 
and thus, isodose distributions must be measured, or 
at least verified, for each specific unit.

Another important point to understand is how 
the radiation field size is defined. The radiation field 
size dimensions refer to the distance perpendicular 
to the beam’s direction of incidence that corresponds 
to the 50% isodose at the beam’s edge. It is defined at 
the skin surface for SSD treatments, and at the axis 
depth for source-to-axis distances (SADs) for iso-
centric treatments. The linac’s light field is typically 
set using this definition (radiation-light field agree-
ment tolerance is typically ±2 mm).

5.6.2 
Depth Dose Build-up Region

When a photon beam strikes the tissue surface, 
electrons are set in motion, causing the dose to 
increase with depth until the maximum dose is 
achieved at depth dmax. As the energy of the photon 
beam increases, the depth of the build-up region is 
increased. The subcutaneous tissue-sparing effects 

of higher energy X-rays, combined with their great 
penetrability, make them well suited for treating 
deep lesions. For specific X-ray energy, the mag-
nitude of the skin dose generally increases with 
increasing field size, and with the insertion of plastic 
blocking trays in the beam (Fig. 5.13). The blocking 
trays should be at least 20 cm above the skin sur-
face because skin doses are significantly increased 
for lesser distances. Copper, lead, or lead glass fil-
ters beneath plastic trays can be used to remove the 
undesired lower energy electrons that contribute to 
skin dose, but this is rarely done routinely in the 
clinic (Purdy 1986; Rustgi and Rodgers 1985).

Fig. 5.13. Relative surface dose vs fi eld size with blocking tray 
in place for 6-mV and 18-mV photons. (From Klein and 
Purdy 1993)
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As the angle of the incident radiation beam 
becomes more oblique, the surface dose increases, 
and dmax moves toward the surface (Fig. 5.14). This 
is due to more secondary electrons being ejected 
along the oblique path of the beam (Gagnon 1979; 
Gerbi et al. 1987; Svensson et al. 1977).

5.6.3 
Depth Dose Exit Dose Region

The skin and superficial tissue on the side of the 
patient from which the beam exits receive a reduced 
dose if there is insufficient backscatter material 
present. The amount of dose reduction is a function 
of X-ray beam energy, field size, and the thickness of 
tissue that the beam has penetrated reaching the exit 
surface. For a 6-mV beam, Purdy (1986) measured 
a 15% reduction in dose with little dependency on 
field size. This work was repeated for 18-mV beams 
by Klein and Purdy (1993), who reported a 11% 
reduction in exit dose. Generally, the addition of a 
thickness of tissue-equivalent material on the exit 
side equivalent in thickness to about two-thirds of 
the dmax depth is sufficient to provide full dose to 
the build-down region on the exit side. Figure 5.15 
shows the effects of various backscattering media 
when placed directly behind the exit surface.

5.6.4 
Interface Dosimetry

The dose distribution within the patient in transi-
tion zones (interfaces of different media) depends 
on radiation field size (scatter influence), distance 
between interfaces (e.g., air cavities), differences 
between physical densities and atomic number of 
the interfacing media, and the size and shape of the 
different media. Near the edge of the lungs and air 
cavities, the reduction in dose can be larger than 
15% (Kornelsen and Young 1982). For inhomoge-
neities with density larger than water, there will be 
an increase in dose locally due to the generation of 
more electrons; however, most dense inhomogene-
ities have atomic numbers higher than that of water, 
so that the resulting dose perturbation is further 
compounded by the perturbation of the multiple 
coulomb scattering of the electrons. Near the inter-
face between a bony structure and water-like tissue, 
large hot and cold dose spots can be present.

Measurements are generally done with parallel-
plate ionization chambers. Corrections should be 

used to account for plate separation, energy (ion-
ization ratio), and guard width (Gerbi and Khan 
1990). Thermoluminescent dosimeters (TLDs) and 
film also have been used for transition zone mea-
surements, but the problems associated with thick-
ness and atomic number (respectively) and the 
associated QA needed make measurements with 
these dosimeters more laborious, and the results 
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typically have a greater uncertainty. Several bench-
mark measurements have been reported for various 
geometries simulating clinical situations such as air 
cavities (larynx), lung (mediastinum), bone (femur), 
and prostheses (steel for hip and silicon for breast); 
these are discussed below.

5.6.4.1 
Air Cavities

Epp and colleagues (1958) performed measurements 
with a parallel-plate ionization chamber for 60Co 
beams that showed significant losses of ionization on 
the central axis after traversing air cavities of vary-
ing dimensions. The losses, which were due to lack 
of forward scattered electrons, were approximately 
12% for a typical larynx-like air cavity, but recovered 
within 5 mm in the new build-up region. Koskinen 
and Spring (1973) confirmed these measurements 
with ultra-thin (20 mm) LiF-Teflon dosimeters and 
reported similar responses in the proximal region of 
the air cavity due to lack of backscatter. Nillson and 
Schnell (1976) used even thinner LiF disks (10 mm) 
and reported data for 6- and 42-mV photons, with 
the higher-energy beam showing fewer effects. Epp 
and colleagues (1977) reported a 14.5% loss at the 
distal interface for 10-mV photons with a build-up 
curve that reached a plateau within 20 mm behind 
the interface. Beach and associates (1987) measured 
losses at the distal interfaces with an extrapolation 
chamber and recommended minimum field sizes 

to be used in irradiation of the larynx to balance 
losses due to forward scatter. Klein and colleagues 
(1993) measured distributions about air cavities for 
4- and 15-mV photons with a parallel-plate cham-
ber in both the distal and proximal regions. They 
combined the distributions in a parallel-opposed 
fashion and observed a 10% loss at the interfaces 
for an air cavity of 2×2×20 cm for 4 × 4-cm parallel-
opposed fields for either energy. They also observed 
losses at the lateral interfaces perpendicular to the 
beam on the order of 5% for the 4-mV beam. Finally, 
Ostwald et al. (1996) used TLD for discrete mea-
surements in simulated larynx geometries.

5.6.4.2 
Lung Interfaces

Although the problem of reestablishing equilib-
rium for lung interfaces is not as severe as with air 
cavities, a transition zone region at the lung–tissue 
interface still exists over the range of typical clinical 
photon beam energies. Rice and colleagues (1988) 
measured responses within various simulated lung 
media using a parallel-plate chamber and phantom 
constructed of simulated lung material (average 
lung material density, ρ = 0.31 g/cm3). They mea-
sured correction factors (CFs) with a 10-cm layer of 
lung material vs water and observed minor differ-
ences at the interface compared with regions beyond 
the lung and a small dependence on field size (7% for 
4 mV; Fig. 5.16a). A considerable build-up curve was 

Fig. 5.16. a Dose correction factors as a function of depth for a transition zone geometry that simulates a lung–tissue interface 
for three different fi eld sizes and a lung thickness of 10 cm for 15-mV X-rays. The modifi cation to the primary dose only on 
the central axis (shown by the dashed curve) is independent of fi eld size. (From Rice et al. 1988). b Dose correction factors as 
a function of depth for a transition zone geometry that simulates a lung–tissue interface for three different densities, a 5×5-cm 
fi eld, and a lung thickness of 10 cm for 15-mV X-rays. The modifi cation to the primary dose only on the central axis is shown 
by the dashed curve. (From Rice et al. 1988)
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observed (10% change in CF) for a 5×5-cm field for 
the 15-mV beam, which began in the distal region 
of the lung and reached a plateau beyond the lung 
(Fig. 5.17b). Klein et al. (1997) measured the effects 
of nonequilibrium for tissue equivalent volumes 
within lung media and found significant underdos-
age, especially for small volumes and high-energy 
beams.

5.6.4.3 
Bone Interfaces

Das and colleagues measured dose perturbation 
factors (DPFs) proximal and distal for simulated 
bone–tissue interface regions using a parallel plate 
chamber for both 6- and 24-mV X-ray beams (Das 
and Khan 1989; Das et al. 1990). They reported DPFs 
of 1.1 for the 6-mV beam and 1.07 for the 24-mV 
beam at the proximal interface. A 7% enhancement 
(build-down) was measured for the 24-mV beam at 
the distal interface, whereas the 6-mV beam exhib-
ited a new build-up region distally with a DPF of 0.95 
at the interface. Klein and co-workers (1988) made 
similar measurements for 4- and 15-mV photons 
with similar results, except that the 15-mV beam 
exhibited no enhancement. These build-up or build-
down regions dissipated within a few millimeters in 

the tissue-like media. The perturbations were inde-
pendent of thickness and lateral extent of the bone 
or radiation field size.

5.6.4.4 
Prostheses (Steel and Silicon)

Das et al. (1990) measured forward dose pertur-
bation factors (FDPFs) following a 10.5-mm-thick 
stainless-steel layer simulating a hip prosthesis 
geometry. They measured an enhancement of 19% 
for 24-mV photons, but only 3% for 6-mV photons. 
They also measured backscatter dose perturba-
tion factors (BDPFs) for various energies for many 
high-Z materials, including steel. They reported an 
enhancement of 30% for steel due to backscattered 
electrons independent of energy, field size, or lat-
eral extent of the steel. These interface effects dissi-
pated within a few millimeters in polystyrene. Other 
reports dealing with dosimetry perturbations due to 
metal objects are included in the references (Sibata 
et al. 1990; Thatcher 1984).

Klein and Kuske (1993) reported on interface 
perturbations with silicon breast prostheses. Such 
prostheses have a density similar to breast tissue 
but have a different atomic number. They observed 
a 6% enhancement at the proximal interface and a 
9% loss at the distal interface.

5.6.5 
Wedge Filter Dosimetry

When a wedge filter is inserted into the beam, the 
dose distribution is angled at some specified depth 
to some desired angle relative to the incident beam 
direction over the entire transverse dimension of 
the radiation beam (Fig. 5.17). For cobalt units, the 
depth of the 50% isodose is usually selected for 
specification of the wedge angle, whereas for higher 
energy linacs, higher percentile isodose curves, such 
as the 80% curve, or the isodose curves at a specific 
depth (10 cm), are used to define the wedge angle.

Cobalt unit wedges are typically designed for 
specific field sizes (nonuniversal wedges) to keep 
the dose rate of the unit within a useful clinical 
range. Linacs are typically equipped with multiple 
wedges (universal wedges) that may be used with 
an allowed range of field sizes. Some linacs (Elekta) 
feature a single wedge, referred to as a motorized 
wedge, located in the treatment head, and the 
desired wedged dose distribution is obtained by 
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the proper combination of wedged and unwedged 
treatment.

Although wedges can be designed for any desired 
wedge angle, 15, 30, 45, and 60  wedges are most 
common. The wedged isodose curves can be nor-
malized in two ways. In some older systems, the 
wedge dose distributions have the wedge factor (i.e., 
the ratio of the measured central axis dose rate with 
and without the wedge in place) incorporated into 
the wedged isodose distribution. More commonly, 
the wedge isodose curves are normalized to 100% 
at dmax, and a separate wedge factor is used to cal-
culate the actual treatment monitor units or time. 
McCullough et al. (1988) noted that wedge factors 
measured at dmax are generally accurate to within 
2% for depths up to l0 cm, but at greater depths 
can be inaccurate to 5% or more. The inclusion (or 
noninclusion) of the wedge factor is an extremely 
important point to understand, as serious error 
in dose delivered to the patient can occur if used 
improperly.

Sewchand et al. (1978) and Abrath and Purdy 
(1980) pointed out that beam hardening results 
when a wedge is inserted into the radiation beam. 
The percent depth dose (PDD), therefore, can 
be considerably increased at depth. Differences 
reported were nearly 7% for 4-mV 60  wedge field 
PDD from the open-field PDDs at 12-cm depth and 
3% difference in depth dose values between the 
wedge field and the open field for a 60  wedge using 
25-mV X-rays.

When the patient’s treatment is planned, wedged 
fields are commonly arranged such that the angle 
between the beams, the hinge angle , is related 
to the wedge angle  by the following relationship 
(Fig. 5.18):

θ φ= −90 2degrees /

For example, as shown in Figure 5.19, 45  wedge 
fields orthogonal to one another yield a uniform 
dose distribution.

Modern computer-controlled medical linacs now 
have software features that allow the user to create 
a wedge-shaped dose distribution by moving one 
collimator jaw across the field in conjunction with 
adjustment of the dose rate over the course of the 
daily single field treatment (see Fig. 5.20). In the 
case of Varian linacs, this feature is referred to as 
enhanced dynamic wedge (EDW; Leavitt et al. 
1990). This technology provides superior dose dis-
tributions and eliminates the above-mentioned 
beam-hardening problem seen in physical wedges. 

This feature can deliver a greater number of wedge 
angles (10, 15, 20, 25, 30, 45, and 60°) and over larger 
field sizes, including asymmetric field sizes (30 cm 
in the wedge direction, with 20 cm toward the wedge 
“heel” and 10 cm toward the wedge “toe”).

5.7 
Treatment Planning: 
Combination of Treatment Fields

5.7.1 
Parallel-Opposed Fields

When only two unmodified X-ray beams are used 
in conventional radiation therapy (i.e., non-IMRT), 
they usually are parallel-opposed beams (i.e., 
directed toward each other from opposite sides of 
the anatomic site with the central axes coinciding). 
Figure 5.21 presents the normalized relative axis 
dose profiles from parallel-opposed photon beams 
for a 10×10-cm field at an SSD of 100 cm and for 
patient diameters of 15–30 cm in 5-cm increments. 
The weight of a beam denotes a numerical value 
assigned to the beam at some normalization point. 
For SSD beams, the weight specifies the relative 
dose assigned to the beam at dmax, and for isocentric 
beams, at isocenter.

Fig. 5.18. Parameters of the wedge beams:  is the wedge an-
gle,  is the hinge angle, and S is separation. Isodose curves 
for each wedge fi eld are parallel to the bisector. (From Khan 
1994)
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SSD=100 cm; wedge angle = 45 . (From Khan 1994)
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The maximum patient diameter easily treated 
with parallel-opposed beams for a mid-plane tumor 
requiring 50 Gy or less with low-energy megavoltage 
beams is about 18 cm. For “thicker” patients, higher 
X-ray energies produce improved dose profiles with 
less dose variation along the central axis without 
resorting to more complex multibeam arrange-
ments.

For some treatment sites, the underdosing 
achieved near the skin surface with very high-
energy, parallel-opposed X-ray beams is a highly 
advantageous feature, but in others it may be desir-
able to achieve a higher dose nearer to the skin. With 
very high energy X-ray beams traversing small ana-
tomic thicknesses, the exit dose can exceed the entry 
dose, and the exact dose distribution in the regions 
beneath the entry and exit surfaces from parallel-
opposed high-energy X-ray beams must be carefully 
evaluated to consider properly the contribution from 
both entrance and exit components.

Unequal beam weightings are advantageous if 
the target volume is not midline. The greater the 
unequal weighting, the greater will be the shift of 
the higher-dose region toward one surface and away 
from midline. Although in some anatomic sites 
unequal weighting may be advantageous, special 
attention must be directed to the anatomic struc-
tures in the high-dose volume.

5.7.2 
Multiple-Beam Arrangements

Figure 5.22 shows three commonly used coaxial 
three-field beam arrangements. A direct anterior 

field with two anterior oblique fields can be used to 
generate a high-dose region where the three fields 
overlap, whereas a low-dose region exists beyond 
this intersection point. For example, if this arrange-
ment is used for treating the mediastinum, the 
spinal cord might be included in the anterior beam 
but spared by the anterior oblique beams. Moving 
the anterior oblique fields laterally to form a paral-
lel-opposed pair yields a rectangular isodose region 
with a more uniform dose gradient; however, the 
magnitude of the dose gradient is determined by the 
relative weighting of the beams and the thickness 
of tissue traversed. An anterior field with two sym-
metrically placed posterior oblique beams yields 
elongated isodose curves. The degree of elongation 
is determined by the relative thickness of tissue each 
beam traverses to the point of intersection and by the 
relative weights of the beams. Three-field arrange-
ments are often useful for treating tumors lateral to 
the midline of a patient.

Three-field nonaxial (noncoplanar) arrangements 
are readily achieved with linacs by rotating the table 
and gantry. A common technique for treating pitu-
itary tumors uses two lateral fields and a vertex field 
with the beam entering through the top of the head. 
Astrocytomas often are treated with parallel-opposed 
lateral fields and a frontal field entering through the 
forehead. A 90  couch rotation is used with the gantry 
rotated laterally for the vertex or frontal fields. The 
lateral fields are also rotated via collimator to ensure 
that the “heel” of the wedges are in the plane of the 
vertex/frontal field trajectory.

Four-field techniques are typically used in 
sites such as the abdomen or the pelvis. In most 
instances the arrangements consist of pairs of par-

Fig. 5.22a,b. Dose distribution for two different beam arrangements using 6-mV X-ray beams, 8×10-cm, 100-cm SSD. Isodose 
curves have been renormalized to show the 100% line almost encompassing the target volume. a Anterior fi eld with two anterior 
oblique fi elds at 40  off the midline, all equally weighted. b Anterior fi eld with a weight of 0.8 with two equally weighted (1.0) 
posterior oblique fi elds separated by 120 .

ba
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allel-opposed fields, with a common intersecting 
point, which yield a “box-like” isodose distribu-
tion. Figure 5.23 compares the dose distributions 
achieved with a four-field box-like technique for 6- 
and 18-mV X-ray beams. The central dose distribu-
tion is similar for all beam energies, but the greater 
penetrability of the higher energy beams yields a 
lower dose to the region outside the box. Variations 
in the dose gradient are achieved by differential 
weighting of each pair of beams. Figure 5.24 shows 
other possible four-beam arrangements. Angula-
tions of the beams yield a diamond-shaped dose 
distribution. A butterfly-shaped distribution is 
achieved if each pair of beams has a point of inter-
section lying on a common line but separated by a 
few centimeters.

Treatments involving more than four gantry 
angles, historically required with orthovoltage X-
ray units to treat deep, midline lesions, have rarely 
been used with modern 18-mV megavoltage therapy 

units; however, with the advent of three-dimen-
sional conformal radiation therapy (3D CRT) and 
intensity-modulated radiation therapy (IMRT; see 
Chaps. 9 and 10) there has been an increase in multi-
field treatments such as the 3D CRT six-field tech-
nique commonly used for the treatment of prostate 
carcinoma.

5.7.3 
Rotational Therapy

Rotational (or arc) therapy techniques, in which the 
treatment is delivered while the gantry (and thus the 
radiation beam) rotates around the patient, can be 
thought of as an infinite extension of the multiple-
field techniques already described. This technique 
is most useful when applied to small, symmetri-
cally shaped, deep-seated tumors, and is usually 
limited to field sizes less than about 10 cm in width 

a b

Fig. 5.23a,b. Dose distribution for four-fi eld “box” technique with equal beam weightings: a 6-mV X-ray beams; b 18-mV X-ray 
beams. Note the improved dose distribution with the higher energy beam technique (more uniform dose in the target region and 
lower doses near the femoral head region of the lateral fi elds) as a result of the increased percent depth for 18-mV X-rays.

a b

Fig. 5.24a,b. Dose distribution for four-fi eld oblique beam technique for 6-mV X-rays with equal beam weightings. a With 
common isocenter resulting in a diamond-shaped dose distribution. b Each beam pair intersecting at two different points on 
a common line resulting in a butterfl y-shaped isodose distribution.
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for the treatment of centrally located lesions (i.e., 
have approximately an equal amount of tissue in all 
directions around the lesion).

Dose distributions generated by rotational tech-
niques are not very sensitive to the energy of the 
photon beam. Figure 5.25 illustrates this fact, show-
ing the dose distribution achieved using a 6-mV X-
ray beam, and also the distribution using an 18-mV 
X-ray beam. There is a little less elongation in the 
direction of the shorter dimension of the patient’s 
anatomy for the 18-mV beam and the dose distribu-
tion in the periphery is slightly lower.

In arc therapy techniques, one or more sectors 
of a 360  rotation are skipped to reduce the dose 
to critical normal structures. When a sector is 
skipped, the high-dose region is shifted away from 
the skipped region; therefore, the isocenter must be 
moved toward the skipped sector. This technique is 
referred to as past-pointing. Examples are shown in 
Figure 5.26.

The prostate, bladder, cervix, and pituitary are 
clinical sites that have been treated, either initially 
or for boost doses, with rotation or arc therapy tech-
niques. Although the dose distributions achieved 
by rotation or arc therapy yield high target volume 
doses, these techniques normally result in a greater 
volume of normal tissue being irradiated (albeit at 
low doses) than fixed, multiple-field techniques. 
Moreover, the dose gradient at the edge of the target 
volume is never as sharp with a rotational technique 
as that achieved with a multiple-field technique.

In the past decade, a form of IMRT called tomo-
therapy, which literally means “slice therapy,” has 
been developed and utilizes an arc therapy approach 
(Carol 1994; Grant 1996). Also, another IMRT 
rotational technique called intensity-modulated arc 
therapy (IMAT) has been developed and is in use at 
the University of Maryland (Yu et al. 2002). Details 
on both of these arc-based IMRT techniques are 
given in Chapter 10.

Fig. 5.25a,b. Dose distribution for 360  rotational therapy technique: a 6-mV X-ray beams; b 18-mV X-ray beams. Note that there 
is little difference in the dose distribution when using a higher-energy beam as a result of the offsetting effects of increased 
percent depth vs higher exit dose.

ba

Fig. 5.26a,b. Dose distribution for arc therapy technique for 6-mV X-rays: a 240  arc. Note that when a sector of the full 360  
rotation is skipped, the high-dose isodose curves are shifted away from the skipped sector. b A 240  arc, but patient is positioned 
so that isocenter is 2 cm lower toward the skipped sector (a technique called "past-pointing"). Note that high-dose isodose 
curves now encompass the target volume.

a b
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5.8.1 
Low Melting Alloy Blocks

The Lipowitz metal (Cerrobend) shielding block 
system was introduced by Powers et al. (1973). Lip-
owitz metal consists of 13.3% tin, 50.0% bismuth, 
26.7% lead, and 10.0% cadmium. The physical density 
at 20°C is 9.4 g/cm3 as compared with 11.3 g/cm3 for 
lead. The block fabrication procedure is illustrated 
in Figure 5.27. More details using this form of field 
shaping are given by Leavitt and Gibbs (1992).
Computer-controlled adaptations of the hot-wire 
cutting technique have evolved as an adjunct to 3D 
treatment planning, in which the treatment field 
shape is defined based on beam’s-eye-view displays. 
The shaped field coordinates are transferred directly 
to the computer-controlled blockcutting system, 
thereby eliminating potential errors in manual 
tracing, magnification, or image reversal. The other 

5.8 
Field Shaping

A major constraint in the treatment of cancer 
using radiation is the limitation in the dose that 
can be delivered to the tumor because of the 
dose tolerance to the tissue (critical organs) sur-
rounding or near to the target volume. Shielding 
normal tissue and critical organs has allowed the 
radiation oncologist to increase the dose to the 
tumor volume while maintaining the dose to criti-
cal organs below some tolerance level. The fre-
quently used tolerance doses for these organs are 
not absolute and larger doses are sometimes given 
to fractional volumes of these organs (Emami et 
al. 1991). Shielding is usually accomplished using 
low melting point alloy blocks or MLCs, in which 
the beam aperture (field shape) is customized for 
individual patients.

Fig. 5.27a–f. Composite photographs illustrate the low melting alloy shielding block design and fabrication process. a Physician 
defi ning the treatment volume on the X-ray simulator radiograph. b Physics technician adjusting the source–skin distance and 
skin–fi lm distance of a hot-wire cutter to emulate simulator geometry. c Proper-thickness foam block aligned to the central 
axis of the cutter. d Foam mold cut with hot-wire cutter. e Foam pieces aligned and held in place using a special clamping de-
vice. Molten alloy is poured into the mold and allowed to harden. f Examples of typical shielding blocks cast using this system. 
(From Purdy 1983)

a b c

d e f
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steps in the block-forming and verification process 
remain similar to the manual procedure.

Doses to critical organs may be limited by using 
either a full thickness block, usually five HVLs (3.125% 
transmission) or six HVLs (1.562% transmission), or 
a partial transmission shield, such as a single HVL 
(50% transmission) of shielding material. The actual 
dose delivered under the shielded area is generally 
greater than these stated transmission levels because 
of scatter radiation beneath the blocks from adjacent 
unshielded portions of the field. The scatter compo-
nent of the dose increases with depth as more radia-
tion scatters into the shielded volume beneath the 
block; thus, the dose to the blocked area is a function 
of block material, thickness (and width), field size, 
and energy. Figure 5.28 shows the attenuation of Lip-
owitz metal of X-rays produced at 2, 4, 10, and 18 MeV 
and 60Co gamma rays (Huen et al. 1979). Alloy blocks 
made from the standard thickness (7.6 cm) of foam 
molds reduce the primary beam intensity to 5% of its 
unattenuated value. Increasing the block thickness 
any greater is generally not worthwhile as it makes 
the block heavier, whereas the scatter radiation con-
tributes an equal or greater share of the dose under 
the blocks.

5.8.2 
Multileaf Collimation

Multileaf collimation, first introduced in Japan in the 
1960s, has now gained widespread acceptance and 
has replaced alloy blocking as the standard of prac-
tice for field shaping in modern radiation therapy 
clinics (Takahashi 1965). The different manufac-
turers’ MLC systems vary with respect to field-size 
coverage, leaf design, and MLC location. The leaves 
are typically carried on two opposed carriages that 
transport the leaves in unison (Fig. 5.29). The leaves 
have individual controls that are computer assigned 
and positioned. Initially, most commercial systems 
were designed to serve as a block replacement but 
now provide for IMRT delivery.

Elekta (previously Philips Medical Systems) 
first introduced its MLC system in the late 1980s 
(Hounsell et al. 1992). Their MLC replaces one set 
of the photon collimator jaws, and therefore, the 
maximum field size can open to a full 40 40 cm. 
The MLC system is augmented by parallel dia-
phragms, which increase the leaf's attenuation by 
an additional two HVLs.

The Varian MLC system is placed below the 
photon collimator jaws. Their initial version con-
sisted of 52 tungsten leaves (26 on each side) that 
are round ended, nondivergent, and 5.65 cm thick 
(Galvin et al. 1993b). This system was quickly 

Fig. 5.28. Attenuation in Lipowitz’s metal of X-rays produced 
at 2, 4, 10, and 18 mV and gamma rays from cobalt-60. (From 
Huen et al. 1979)
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replaced with an 80-leaf system (40 on each side), 
increasing the maximum field size to 40 40 cm. 
The latest Varian MLC is a 120-leaf MLC system, 
in which the middle 20 cm consists of 0.5 cm wide 
leaves, whereas the outer 20 cm leaves still project 
to 1.0-cm widths. The narrower leaves in the middle 
provide smoother shaping. The leaves project to 
16.0-cm in length at isocenter, and the leaf span 
range (maximum–minimum positions on the same 
carriage) is limited to 14.5 cm. The leaves move per-
pendicular to the beam's central axis. The distance 
from the X-ray target to the bottom of the leaves (on 
central axis) is 54.0 cm. The leaves fan away from 
central axis so that their sides are divergent with the 
beam's fan lines. The leaves are interdigitated by a 
tongue-and-groove design. Siemens also introduced 
a MLC system in which the lower collimating jaws 
are replaced with a double-focused leaf system (Das 
et al. 1998). Galvin et al. (1993a) and Klein et al. 
(1995) reported leaf-transmission values of 1.5–2.0% 
for a Varian 6-mV beam, and 1.5–5% for an 18-mV 
beam. Transmission through the screw attachment 
plane was 2.5%. These values are lower than those 
found for alloy blocks (3.5%), but higher than those 
for collimator jaw transmission (<1.0%). Transmis-
sion through abutted (closed) leaf pairs was as high 
as 28% for 18-mV photons on the central axis. The 
abutment transmission decreased as a function of 
off-axis distance to as low as 12%.

Figure 5.30 shows a comparison of MLC and alloy 
blocks regarding penumbra. The discrete steps of 
the MLC systems introduce undulations in the iso-
dose lines. This effect causes an apparent increase in 
penumbra with wave patterns after the undulations. 
Some investigators describe this apparent penum-

bra increase as an “effective” penumbra accounting 
for the maximum and minimums of the undula-
tions. Single, focused MLC systems have a slightly 
larger penumbra than do alloy shields and have an 
even larger difference in comparison with collima-
tor jaws. Boyer et al. (1992) found the penumbra 
(80 to 20%) generated by leaf ends to be wider than 
those generated by upper collimator jaws by 1.0–
1.5 mm, and 1.0–2.5 mm compared with the lower 
jaws, depending on energy and field size. Powlis 
et al. (1993) compared MLC and alloy field shaping 
and found few differences. LoSasso and Kutcher 
(1995) found similar results and concluded that geo-
metric accuracy is even improved with MLC.

The penumbras measured for the leaf sides are 
comparable with those found for upper jaws, due to 
their divergent nature. The penumbra increase and 
stair-stepping effect are most prominent at dmax. 
The effects diminish at depth due to the influence 
of scattered electrons and photons as the scatter-
to-primary ratio increases with depth. Adding an 
opposed beam leads to further smoothing of the 
undulations and penumbra differences become less 
significant. For multibeam arrangements, the dif-
ferences in dose distribution between MLC and alloy 
shields are negligible.

Two methods for designing the optimal MLC 
configurations to fit the treatment plan’s field aper-
tures have evolved: (a) configuring the MLC using a 
digitized film image using a dedicated MLC work-
station (with or without automated optimization); 
and (b) configuring the MLC using treatment-
planning system software. The main limitation in 
optimizing the MLC leaf settings to conform to the 
shaped field is the discrete leaf steps. Most field 
shapes require only minor adjustment of collima-
tor angle to achieve minimal discrepancy between 
the desired and resultant field shape. The criteria 
for optimizing the MLC leaf settings are governed 
by placing the most leaf ends tangent to the field 
and also maintaining the same internal area as 
originally prescribed. The MLC shaping systems 
typically provide an option to place the leaf ends 
entirely outside the field (exterior), entirely within 
the field (interior), or crossing the field at mid-leaf 
(leaf-center insertion). The last is the most widely 
used criterion because the desired field area is 
more closely maintained; however, this choice 
leads to regions in which some treatment areas 
are shielded and some normal tissues are irradi-
ated. Zhu et al. (1992) reported on a variable inser-
tion technique in which leaves are placed only far 
enough into the field to cause the 50% isodose con-

Fig. 5.30. Comparison of beam’s eye view isodose curves at 10-cm 
depth for MLC (solid line) and Cerrobend-shaped (dashed line) 
beam apertures for 18-mV photons. (From Klein et al. 1995)
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tour to undulate outside and up to the desired con-
tour. LoSasso et al. (1993) reported on a method 
in which each leaf is inserted such that the treat-
ment area covered by the leaf equals the normal 
tissue area that is not spared. Brahme (1988) also 
demonstrates optimal choices for choosing a colli-
mator angle to optimize leaf direction, depending 
on whether the field shape is convex or concave. 
Du et al. (1995) reported on a method that defines 
optimal leaf positioning in combination with opti-
mal collimator angulation. Typically, the optimal 
direction for the leaf motion is along the narrower 
axis. For a simple ellipse the optimal leaf direction 
is parallel to the short axis. 

Klein et al. (1995) studied the effects of tissue 
heterogeneities on penumbra and resultant field 
definition and found lung to increase penumbra 
(especially for 18-mV photons) and bone to decrease 
penumbra for both alloy blocks and MLC. When 
multibeam arrangements were used, the summed 
doses consistently showed a superior dose distribu-
tion for the MLC fields, despite the stair-stepping 
effects, as opposed to alloy blocks.

As indicated previously, because MLC systems 
are still evolving, a careful evaluation of the effect 
of MLC on monitor unit calculations must be per-
formed before clinical use. Extensive testing over 
the clinical range of field sizes and shapes should 
be undertaken before the MLC system is used clini-
cally.

5.8.3 
Asymmetric Collimator Jaws

Field shaping and abutted field radiation techniques 
have been made even more versatile with the asym-
metric jaw feature found on modern-day linacs. 
This feature allows each set of jaws to open and 
close independently of each other (Fig. 5.31). The 
collimator jaw provides greater attenuation than the 
alloy shield, thus providing an advantage (which is 
readily apparent on portal films) in reducing dose 
to blocked regions. In addition, there is a practical 
advantage in reducing the size of the block alloy 
needed to create the beam aperture, thus reducing 
the physical effort needed to lift heavy blocks, along 
with providing some cost savings, since less of the 
alloy is needed.

However, the four independent jaw settings (Y1, 
Y2, X1, X2) can lead to some confusion in the clinic, 
so it is necessary that the patient’s treatment record 
clearly denote the independent jaw settings. It is also 

prudent to label the four settings on the simulator 
collimator and even the block trays. This is espe-
cially useful when collimator rotation is used alone 
or in conjunction with some of the newer technology 
devices such as MLC and enhanced dynamic wedge 
(EDW), which are oriented in a particular direction 
along an independent jaw set (e.g., X1 or X2 MLC, 
and Y1 or Y2 EDW).

Depth-dose characteristics for asymmetric fields 
are similar to those of symmetric fields as long as the 
degree of asymmetry is not too extreme; however, 
there are noticeable differences at the field edges 
between alloy-shaped fields and collimator-shaped 
fields, because the block aperture and collima-
tors are at different distances from the patient and 
there are differences in scatter at the beam edges. 
Most treatment planning systems do not rigorously 
account for asymmetric fields. In most cases, simu-
lating the field shapes as alloy blocks approximates 
them.

Clinical sites where asymmetric jaws are typi-
cally used include breast (Fig. 5.32), head and 
neck, craniospinal, and prostate. In addition, the 
use of asymmetric jaws as beam splitters, for field 
reductions, and with MLC is helpful for most sites. 
Rosenow et al. (1990), and later Marshall (1993), 
described the use of a single set of asymmetric jaws 
to match supraclavicular and tangential fields in the 
longitudinal plane for breast irradiation. Klein et 
al. (1994) described the use of dual asymmetric jaws 
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collimator
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b

Fig. 5.31a,b. Independent or asymmetric collimators. a Con-
ventional symmetric pairs of collimators. b Asymmetric col-
limators in which collimator jaws are allowed to move inde-
pendently of each other



Physics of Treatment Planning in Radiation Oncology 95

Cerrobend

Independent
jaws

Longitudinal

Transverse

Cerrobend

Independent
jaws

Independent
jaws

 Independent
 jaws

Longitudinal

Transverse

Independent
jaws

Fig. 5.32. Treatment technique for breast cancer using inde-
pendent collimators. (From Klein et al. 1994)

to create nondivergence along the chest wall for the 
tangential beams. This technique allows a single 
setup point for all of the treatment fields, including 
the posterior axillary field. The Y-jaws can beam 
split the caudal and cephalic regions for the supra-
clavicular and tangential beams, respectively, and 
the X-jaws are used to shield the ipsilateral lung and 
contralateral breast; hence, a common match plane 
with one common isocenter can be used for all por-
tals, including a posterior axilla beam, eliminating 
the need to move the patient between portals, thus 
reducing overall patient setup time by almost a factor 
of two. In addition, the increased attenuation by the 
jaws reduces the dose to the contralateral breast and 
lung (Foo et al. 1993). A technique for matching lat-
eral head and neck fields and the supraclavicular 
field using independent jaws was described by Sohn 
et al. (1995).

5.9 
Compensating Filters

The compensating filter, introduced by Ellis and 
colleagues (1959), counteracts the effects caused by 
variations in patient surface curvature while still 
preserving the desirable skin-sparing feature of 
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Fig. 5.33. Typical geometry used in the design of a compensa-
tor fi lter to account for patient’s irregularly shaped surface. 
SSD source-to-skin distances

megavoltage photon beams. This is accomplished by 
placing the custom-designed compensating filter in 
the beam, sufficiently “upstream” from the patient’s 
surface.

A compensating filter system can be separated 
into several distinct subsystems, including a method 
to measure the missing tissue deficit, a means to 
demagnify patient topography, a method for con-
structing the compensating filter, a method of align-
ing and holding the filter in the beam, and a means 
of quality control inherent to it. Figure 5.33 shows 
a typical situation in which the principles of tissue 
compensation are illustrated. An air gap or tissue 
deficit, x, exists over point P. All points at depth d 
are to receive the same dose as the point P. These 
points all lie in a plane, each at an effective depth (d-
x); thus, one must determine the tissue deficit, x, and 
the distance, y, from some reference point (usually 
the central axis) for all points within the irradiated 
area. This surface topography must then be demag-
nified back to the level at which the compensating 
filter will be placed in the radiation beam.

The appropriate filter thickness depends primar-
ily on the material used. It also depends on the field 
size, X-ray beam energy, depth of target volume, and 
distance of compensator from the topographic defi-
cit. Compensators made of material that is nearly 
tissue equivalent generally must have a thickness 
less than the missing tissue deficit to adequately cor-
rect for the lack of scatter produced as a result of the 
missing tissue; hence, compensators are designed to 
compensate to a specified depth, for a given geom-
etry and beam energy. Over-compensation (less 
dose) usually occurs above and under-compensa-
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tion (more dose) below the specified compensator 
depth.

Several different compensator systems are in 
clinical use. They vary in complexity and techno-
logical sophistication from the simple Ellis tech-
nique using an array of stacked aluminum and brass 
blocks to the latest imaged-based planning systems. 
Early methods required the patient’s presence for 
long periods of time (typically 45 min) for acquisi-
tion of topographic surface data and actual fabri-
cation of the compensator shape. New approaches 
separate these two operations and require the 
patient’s presence for only a very brief time. The 
new methodologies use computerized milling units 
to construct the actual filter or filter mold. These 
systems require limited human interaction during 
the construction process and provide registration 
guides that improve filter alignment. The reader 
is referred to review papers by Boyer (1982) and 
(Reinstein 1992) for more details regarding the 
different compensator techniques.

5.10 
Bolus

Tissue-equivalent material placed directly on the 
patient’s skin surface to reduce the skin sparing of 
megavoltage photon beams is referred to as bolus. 
A tissue-equivalent bolus should have electron den-
sity, physical density, and atomic number similar 
to that of tissue or water and be pliable so that it 
conforms to the skin-surface contour. Inexpensive, 
nearly tissue-equivalent materials used as a bolus 
in radiation therapy include slabs of paraffin wax, 
rice bags filled with soda, and gauze coated with 
petrolatum. These forms of bolus are not as tissue 
equivalent as some of the newer synthetic-based 
substances, such as Super-Flab (Moyer et al. 1983), 
Super-Stuff (Binder and Karcher 1977), Elasto-
meric Polymer (Moyer et al. 1983), and Elasto-Gel 
(Chang et al. 1989).

Thin slabs of bolus that follow the surface contour 
increase the dose to the skin beneath the bolus with 
a maximum reduction when the bolus thickness is 
approximately equal to dmax depth for the photon 
beam. In addition, adding bolus to fill a tissue deficit 
may smooth an irregular surface. A bolus also can be 
shaped to alter the dose distribution, but normally 
missing tissue compensators or wedges are used to 
alter the dose distribution for megavoltage photon 
beams in order to retain skin sparing.

5.11 
Treatment-Planning Process

Treatment planning in radiation therapy is synony-
mous with specifying the dose prescription, includ-
ing the dose fractionation schedule, and designing 
the beam arrangement to achieve the desired radia-
tion dose distribution for a planning target volume 
(PTV) and any critical normal tissues. The radiation 
beams selected for treatment and their arrangement 
clearly depend on the location and shape, in all three 
dimensions, of the PTV, which consists of the gross 
tumor volume (GTV) and clinical target volume 
(CTV) with adequate margins for positional uncer-
tainties (ICRU 1993). The selection of a particular 
treatment technique is dictated by the armamen-
tarium available to the radiation oncologist in the 
treatment facility, which presently includes X-ray 
simulators, CT simulators, 2D and 3D treatment-
planning systems, megavoltage treatment machines, 
improved methods of beam modification, improved 
methods of patient immobilization and reposition-
ing, and other advanced technologies previously 
unavailable. As indicated previously, this chapter 
addresses only the 2D treatment-planning process.

The planning process begins with a clear designa-
tion of the treatment site and the critical radiation-
sensitive organs in or near the tumor. Treatment-plan-
ning simulation includes appropriate positioning of 
the patient on the conventional simulator, as well as 
selection and preparation of patient positioning and 
immobilization devices, selection and simulation of 
radiation field shapes, and beam entry and exit points 
to encompass the target volume, preparation of organ 
shielding blocks, measurements of patient topography 
and anatomic thicknesses, decisions about the need 
for beam modifiers, such as wedges and compensat-
ing filters, and any considerations for dose calculation 
heterogeneity corrections. The dose prescription and 
isodose computations to determine the suitability of 
the treatment plan are the final steps of this process. 
In many clinics, the patient is returned to the conven-
tional simulator for verification of the selected treat-
ment method, using all treatment aids, which shows any 
deficiencies in the proposed treatment plan and allows 
modifications before radiation therapy is started.

5.11.1 
Target Volume Localization

The conventional X-ray simulator, in combination 
with modern imaging studies such as CT, positron 
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Fig. 5.34. Example of a bite-block registration and immobiliza-
tion system used in treatment of head and neck cancer

emission tomography (PET), and magnetic reso-
nance imaging (MRI), complement physical exami-
nations to provide the radiation oncologist with an 
effective tool to specify the target to be treated and 
provides an efficient system to generate the template 
(radiography film) for designing the shielding block. 
A special report by the British Institute of Radiology 
concluded that two simulators can support about 
five therapy units and allow the therapy units to 
be fully used for patient treatment (Bomford et al. 
1981).
Through traditional radiographic (or fluoroscopic) 
methods using radiopaque rulers placed or projected 
on the patient’s surface, dimensions of treatment 
areas on films can be determined to cover projected 
target volumes. Textbooks are available that pro-
vide site-specific examples of simulation procedures 
(Bentel 1996; Mizer et al. 1986; Washington and 
Leaver 1986).

Multiple off-axis CT images enhance the use of 
the convention simulator for treatment planning 
purposes, in which the target area and critical 
organs can be defined in each plane. Note that the 
patient’s position should be identical to the posi-
tion to be used during therapy for the planning CT 
scan.

5.11.2 
Patient Positioning, Registration, 
and Immobilization

Ensuring accurate daily positioning of the patient 
in the treatment position and reduction of patient 
movement during treatment is essential to deliver 
the prescribed dose and achieve the planned dose 
distribution. Several studies in the literature quan-
tify this effect, including the early study by Haus 
and Marks (1973) who, in an analysis of anatomic 
and geometric precision achieved in the treatment 
of mantle and pelvic portals, observed that about 
one-third of the localization errors were caused by 
patient movement. The reproducibility achievable 
in the daily positioning of a patient for treatment 
depends on several factors other than the ana-
tomic site under treatment, including the patient’s 
age, general health, and weight. In general, obese 
patients and small children are the most difficult 
to position.

The fields to be treated are typically delineated 
in the simulation process using either visible skin 
markings or marks on the skin visible only under 
an ultraviolet light. In some instances, external tat-

toos are applied. These markings are used in posi-
tioning a patient on the treatment machine, using 
the machine’s field localization light and distance 
indicator and laser alignment lights mounted in the 
treatment room that project transverse, coronal, 
and sagittal light lines (or dots) on the patient’s skin 
surface.

Numerous patient restraint and repositioning 
devices have been designed and used in treating 
specific anatomic sites. For example, the dispos-
able foam plastic head holder provides stability for 
the head when the patient is in the supine position. 
If the patient is treated in the prone position, a face-
down stabilizer can be used. This device has a foam 
rubber lining covered by disposable paper with an 
opening provided for the patient’s eyes, nose, and 
mouth. It allows comfort and stability as well as air 
access for the patient during treatment in the prone 
position.

A vacuum-form body immobilization system is 
commercially available. This system consists of a 
vacuum pump and an outer rubber bag filled with 
plastic minispheres. The rubber bag containing the 
minispheres is positioned to support the patient’s 
treatment position. A vacuum is then applied, caus-
ing the minispheres to come together to form a firm 
solid support molded to the patient’s shape. The bite 
block (Fig. 5.34) is another device used as an aid in 
patient repositioning in the treatment of head and 
neck cancer. With this device, the patient, in the 
treatment position, bites into a specially prepared 
dental impression material layered on a fork that is 
attached to a supporting device. When the material 
hardens, the impression of the teeth is recorded. The 
bite-block fork is connected to a support arm, which 
is attached to the treatment couch, and may be used 
either with or without scales for registration.
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The traditional plaster casting technique is still 
used in some clinics but has not gained widespread 
use in the United States. Transparent form-fitting 
plastic shells that are fabricated using a special 
vacuum device are also used extensively in Great 
Britain and Canada, but again have not gained 
acceptance in the United States. Both methods are 
described in detail by Watkins (1981). Thermal 
plastic molds are now widely used in the United 
States (Fig. 5.35). A plastic sheet is placed in warm 
water, draped over the site, and hardens on cool-
ing (Gerber et al. 1982). The use of thermal plas-
tic masks allows treatments with few skin marks 
made on the patient because most of the reference 
lines can be placed on the mask. Treatments can be 
given through the mask; however, there is some loss 
of skin sparing. When skin sparing is critical, the 
mask may be cut out to match the treatment portal, 
although some of the structural rigidity is lost.

Custom molds constructed from polyurethane 
formed to patient contours have now gained wide-
spread use as aids in immobilization and reposi-
tioning (Fig. 5.36). The constituent chemicals for the 
polyurethane foam are mixed in liquid form and are 
allowed to expand and harden around the patient 
while the patient is in the treatment position. These 
molds are used for treatment of Hodgkin’s disease 
with the mantle irradiation technique, in thorax and 
prostate cancer patients, and for extremity reposi-
tioning/immobilization.

In the past, we have used either a bite block system 
or a thermal plastic facemask system to immobilize 
our head and neck cancer patients. Our experience 
has shown that patients immobilized with the bite 
block system typically require a larger number of 

adjustments than when more effective systems, such 
as, the thermal facemask, are used. Also, patients 
prefer the facemask because most of the reference 
marks are on the mask rather than on the skin. Radi-
ation therapists have greater confidence in the accu-
racy of the treatment with the facemask; however, 
the final assessment of accuracy and reproducibility 
of the daily treatment is obtained by radiographic 
imaging of the area treated because there is the pos-
sibility of patient movement within the mask, espe-
cially if significant tumor shrinkage or weight loss 
has taken place.

5.11.3 
Beam Direction and Shape

The selection of radiation beams, their entry and 
exit points on the patient, and their shapes in the 
planes perpendicular and parallel to their incident 
direction is the next crucial step in treatment simu-
lation.

Beam direction on conventional simulators and 
therapy units is visualized by an optical system that 
projects a light field and cross hair onto the skin sur-
face to denote the entry point of the beam, whereas 
the distance to the skin surface is indicated with an 
optical distance indicator. A reticule with a radi-
opaque grid that projects 1 cm apart at 100 cm, with 
every fifth centimeter delineated, is standard and 
is used for simulation localization radiographs for 
direct field size measurements. It is now generally 
used for portal films on therapy units as well. Laser 
back pointers are now commonly used to denote the 
beam exit point.

Fig. 5.35. Example of a thermal plastic mask registration and 
immobilization system used in treatment of head and neck 
cancer. (Courtesy of MED-TEC, Inc., Orange City, Iowa)

Fig. 5.36. Examples of foam mold registration and immobili-
zation systems used in treatment of the thorax. Mold is reg-
istered to table and the patient is registered to the mold by 
fi ducial markings.
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5.11.4 
Patient Contour and Anatomic Measurements

The patient should be in the treatment position during 
measurements of the patient’s contour and anatomic 
thickness, because the patient’s position alters the 
thickness of some anatomic regions. Flexible plas-
tic-coated lead (solder) wires or other devices, com-
bined with anatomic thickness measurements made 
with calipers, are common methods of measuring 
the patient’s topography. Normally, the shape reg-
istration device is placed over the anatomic region 
and transferred to graph paper onto which the shape 
is traced. The anatomic thicknesses measured are 
recorded on a patient planning diagram and the entry 
and exit points of the beams, as well as their field 
edges, are marked for isodose computations. Outlines 
of the tumor and the target volume, as well as internal 
organs of interest, are added to the diagram from 
information obtained from orthogonal films, CT 
scans, other imaging modalities, or anatomic atlases 
if other means are not available.

5.11.5 
Dose and Target Specification

The International Commission on Radiation Units 
and Measurements (ICRU) has addressed the issue 
of consistent volume and dose specification in radia-
tion therapy in ICRU report 29 in 1978 and ICRU 
report 50 in 1993 (ICRU 1978, 1993). The ICRU report 
50 definitions are discussed in detail in Chap. 9. 
Briefly, the target volume is separated into three 
distinct boundaries: (a) visible tumor; (b) a region 
to account for uncertainties in microscopic tumor 
spread; and (c) a region to account for positional 
uncertainties. These boundaries create three vol-
umes. The GTV is the gross extent of the malig-
nant growth as determined by palpation or imaging 
studies. We have used the terms “GTVprimary” and 
“GTVnodal” to distinguish between primary disease 
and other areas of macroscopic tumor involvement 
such as involved lymph nodes.

The CTV is the tissue volume that contains the GTV 
and/or subclinical microscopic malignant disease. 
In specifying the CTV, the physician must consider 
microextensions of the disease near the GTV and the 
natural avenues of spread for the particular disease 
and site, including lymph node, perivascular, and 
perineural extensions. The GTV and CTV are an ana-
tomic–clinical concept that must be defined before 
choosing a treatment modality and technique.

The PTV is defined by specifying the margins 
that must be added around the CTV to compen-
sate for the effects of organ, tumor, and patient 
movements and inaccuracies in beam and patient 
setup. The PTV is a static, geometric concept used 
for treatment planning and specification of dose. 
Its size and shape depend primarily on the GTV 
and CTV, the effects caused by internal motions 
of organs and the tumor, as well as the treatment 
technique (beam orientation and patient fixation) 
used. The PTV can be considered an envelope in 
which the tumor and any microscopic extensions 
reside. The GTV and CTV can move within this 
envelope, but not through it.

Another important point is the added block 
margin needed around the PTV. Physicians (and 
physicists) have confused this margin in the past 
by thinking of the PTV boundary as the beam edge, 
which it is not. Once the PTV is defined, an addi-
tional margin (block aperture), on the order of 7 mm 
in most cases, must be added to allow for penumbra 
and beam arrangements.

The prescription of radiation treatment includes 
the designation of the pertinent volumes along with 
the prescription of dose and fractionation. For dose 
reporting, ICRU 50 defines a series of doses including 
the minimum, maximum, and mean dose. In addi-
tion, an ICRU reference dose is defined at what is called 
the ICRU reference point. The ICRU reference point 
is chosen based on the following criteria: It must be 
clinically relevant and be defined in an unambiguous 
way. It must be located where the dose can be accu-
rately determined, and it cannot be located in a region 
where there are steep dose gradients. In general, this 
point should be in the central part of the PTV. In cases 
where the beams intersect at a given point, it is rec-
ommended that the intersection point be chosen as 
the ICRU reference point. Note that the prescription 
can be specified by the radiation oncologist using any 
one of the above-named doses.

A common method of dose prescription specifies 
the dose at some depth in the patient (e.g., target 
depth, mid-plane depth, or depth determined by 
a common intersection point of multiple fields). A 
proper dose prescription states not only the total 
absorbed dose, daily total dose, and fractionation 
schedule, but also where and how the dose is pre-
scribed, so that ambiguities are avoided. Generally, it 
is desirable to have a uniform dose within the target 
volume, with the ratio of maximum dose to minimal 
dose not exceeding 1.10, a dose variation within the 
target volume of 10% or less. A clear statement of the 
dose to critical organs is also required.
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Fig. 5.37a–f Different techniques for matching adjacent fi elds. a Beam’s central rays are angled slightly away from one another 
so that the diverging beams are parallel. b Half-beam block to eliminate divergence. c Penumbra generators (small wedges) 
to increase width of penumbra as illustrated in d1 and d2. e Junction block over spinal cord. f Moving gap technique. (From 
Bentel 1996)
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Dose prescriptions must be unambiguous. Mis-
understanding about whether a prescribed tumor 
dose is a point dose at some convenient point within 
the target volume or is the dose to an isodose curve 
(e.g., 95%) encompassing the target volume can lead 
to either undertreatment of tumor at the edges of 
the target volume or overdosing of normal tissues 
within the target volume, with subsequent compli-
cations.

By carefully considering the dose distribution in 
terms of coverage of the target volume and the dose 
to adjacent critical structures, the radiation oncolo-
gist approves a beam arrangement, which should be 
both practical and cost-effective.

5.12 
Separation of Adjacent X-Ray Fields

5.12.1 
Field Junctions

The numerous methods of matching adjacent X-ray 
fields have been reviewed by Hopfan et al. (1977), 
and Dea (1985) reviewed radiographic methods of 

confirming gaps. The geometries of adjacent fields, 
either a single pair or parallel-opposed pairs, are 
illustrated in Figure 5.37. A commonly used method 
matches adjacent radiation fields at depth d and is 
illustrated in Figure 5.38a. The separation between 
adjacent field edges necessary to produce junction 
doses similar to central-axis doses follows from the 
similar triangles formed by the half-field length and 
SSD in each field. The field edge is defined by the 
dose at the edge that is 50% of the dose at dmax. For 
two contiguous fields of lengths L1 and L2, the sepa-
ration, S, of these two fields at the skin surface can 
be calculated using the following equation:

S L
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A slight modification of this equation is needed when 
sloping surfaces are involved, as shown in Figure 5.38B 
(Keys and Grigsby 1990). Typically, the skin gap 
location is moved frequently to reduce the hot and 
cold spots that arise with this technique. Figure 5.39 
illustrates the dose distribution for three different 
field separations (Johnson and Khan 1994).

Beam divergence may be eliminated by using a 
“beam splitter,” created using a five- or six-HVL 
block over 50% of the treatment field. The central 
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Fig. 5.38. a Standard formula for calculating the gap at the skin 
surface for a given depth using similar triangles. b Modifi ed 
formula for calculating the gap for matching four fi elds on a 
sloping surface. (From Keys and Grigsby 1990)
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axes of the adjacent fields, where there is no diver-
gence, are then matched. As previously discussed, 
this is a useful method on linacs with the indepen-
dent jaw feature. Match-line wedges or penumbra 
generators that generate a broad penumbra for linac 
beams have been reported but have not found wide-
spread use (Fraass et al. 1983). Here the intent is to 
broaden the narrow penumbra of the linacs so that 
it is not so difficult to match the 50% isodose levels. 
The resulting dose distributions are similar to those 
obtained with a moving gap technique.

There are numerous reports of edge-matching 
techniques based on the mathematical relationships 
between adjacent beams and the allowed angles of the 
gantry, collimators, and couch. Christopherson 
and co-workers (1984) developed a useful nomo-
graph for field matching for treating cancer of the 
breast.

5.12.2 
Orthogonal Field Junctions

Figure 5.40 illustrates the geometry of matching 
abutting orthogonal photon beams. Such tech-
niques are necessary, particularly in the head and 
neck region where the spinal cord can be in an 
area of beam overlap, in the treatment of medullo-
blastoma with multiple spinal portals and lateral 

brain portals, as well as in multiple-field treat-
ments of the breast (Van Dyk et al. 1977; Siddon 
et al. 1981). A common method of avoiding overlap 
is to use a half-block, as previously discussed, so 
that abutting anterior and lateral field edges are 
perpendicular to the gantry axis (Karzmark et 
al. 1980). In addition, a notch in the posterior 
corner of the lateral oral cavity portal is com-
monly used to ensure overlap avoidance of the 
spinal cord when midline cord blocks cannot be 
used on anteroposterior portals irradiating the 
lower neck and matched to the oral cavity por-
tals. Other techniques rotate the couch about a 
vertical axis to compensate for the divergence of 
the lateral field (Siddon et al. 1981). The angle of 
rotation is given by

tanθ− =

⎛
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Another technique is to leave a gap, S, on the 
anterior neck surface between the posterior field of 
length L and lateral field edges (Gillin and Kline 
1980; Williamson 1979). S can be calculated using 
the formula below where d is the depth of the spine 
beneath the posterior field:

S L=
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Fig. 5.39a–c. Dose distribution for geometric separation of fi elds with all four beams intersecting at 
midpoint. Adjacent fi eld sizes: 30×30 and 15×15 cm; SSD = 100 cm; AP thickness = 20 cm; 4-mV X-ray 
beams. a Field separation at surface is 2.3 cm. A three-fi eld overlap exists in this case because the fi elds 
have different sizes but the same SSD. b The adjacent fi eld separation increased to eliminate three-fi eld 
overlap on the surface. c Field separation adjusted to 2.7 cm to eliminate three-fi eld overlap at the cord 
at 15-cm depth from anterior. (From Khan 1994)

Craniospinal irradiation is well established as 
a standard method of treating suprasellar dysger-
minoma, pineal tumors, medulloblastomas, and 
other tumors involving the central nervous system. 
Uniform treatment of the entire craniospinal target 
volume is possible using separate parallel-opposed 
lateral cranial portals rotated so that their inferior 
borders match with the superior border of the spinal 
portal, which is treated with either one or two fields, 
depending on the length of the spine to be treated. 

Lim (1985, 1986) excellently describes the dosimetry 
of optional methods of treating medulloblastoma 
with diagrams. Two junctional moves are made 
at one-third and two-thirds of the total dose. The 
spinal field central axis is shifted away from the 
brain by 0.5 cm and the field size length reduced by 
0.5 cm with corresponding increases in the length of 
the cranial field, so that a match exists between the 
inferior border of the brain portal and the superior 
border of the spine portal. To achieve the match, the 
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Fig. 5.40a–c. Some solutions for the problem of overlap for orthogonal fi elds. a A beam splitter, a shield that blocks half of the 
fi eld, is used on the lateral and posterior fi elds and on the spinal cord portal to match the nondivergent edges of the beams. b 
The divergence in the lateral beams may also be removed by angling the lateral beams so that their caudal edges match. Because 
most therapy units cannot be angled like this, the couch is rotated through small angles in opposite directions to achieve the 
same effect. c A gap technique allows the posterior and lateral fi eld to be matched at depth using a gap S on the skin surface. 
The dashed lines indicate projected fi eld edges at depth D, where the orthogonal fi elds meet. (From Williamson 1979)

whole-brain portals are rotated by an angle given by 
the following relationship:
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To eliminate the divergence between the cranial 
portal and spinal portal, the table is rotated through 
a floor angle

tanα− =
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Potential for the occurrence of radiation myelopa-
thy resulting from the potentially excessive dose from 
misaligned overlapping fields is always a concern 
when central nervous system tumors are treated.

References

Abrath FG, Purdy JA (1980) Wedge design and dosimetry for 
25-mV x rays. Radiology 136:757–762

Ahnesjö A, Aspradakis MM (1999) Dose calculations for 
external photon beams in radiotherapy. Phys Med Biol 44:
R99–R155

Batho HF (1964) Lung corrections in cobalt 60 beam therapy. 
J Can Assoc Radiol 15:79–83

Beach JL, Mendiondo MS, Mendiondo OA (1987) A compari-
son of air-cavity inhomogeneity effects for cobalt-60, 6- 
and 10-mV X-ray beams. Med Phys 14:140

Bentel GC (ed) (1996) Radiation therapy planning, 2nd edn. 
McGraw-Hill, New York

Binder W, Karcher KH (1977) “Super-stuff” als bolus in der 
strahlentherapie. Strahlentherapie 153:754

BJR (1996) Central axis depth dose data for use in radiother-
apy. Br J Radiol (Suppl 25)

Bomford CK et al. (1981) Treatment simulators. Br J Radiol 
16 (Suppl):1–31

Boyer AL et al. (1992) Clinical implementation of a multileaf 
collimator. Med Phys 19:1255–1261

a b c



104 J. A. Purdy et al.

Brahme A (1988) Optimization of stationary and moving beam 
radiation therapy techniques. Radiother Oncol 12:129–140

Carol MP (1994) Integrated 3D conformal multivane inten-
sity modulation delivery system for radiotherapy. In: Proc 
11th International Conference on the Use of Computers in 
Radiation Therapy. Medical Physics Publishing, Madison, 
Wisconsin

Chang F, Benson K, Share F (1989) The study of elasto-gel pads 
used as surface bolus material in high energy photon and 
electron therapy (abstract). Med Phys 16:449

Christopherson D, Courlas GJ, Jette D (1984) Field matching 
in radiotherapy. Med Phys 3:369

Chui C, Mohan R, Fontanela D (1986) Dose computation for 
asymmetric fields defined by independent jaws. Med Phys 
15:92

Cundiff JH et al. (1973) A method for the calculation of dose in 
the radiation treatment of Hodgkin’s disease. Am J Roent-
genol 117:30–44

Cunningham JR (1972) Scatter-air ratios. Phys Med Biol 
17:42–51

Das IJ, Khan FM (1989) Backscatter dose perturbation at high 
atomic number interfaces in megavoltage photon beams. 
Med Phys 16:367–375

Das IJ et al. (1990) Validity of transition-zone dosimetry at 
high atomic number interfaces in megavoltage photon 
beams. Med Phys 17:10–16

Das IJ et al. (1998) Beam characteristics of a retrofitted double-
focused multileaf collimator. Med Phys 25:1676–1684

Dea D (1985) Dosimetric problems with adjacent fields: verifi-
cation of gap size. Am Assoc Med Dosim J 10:37

Du MN et al. (1995) A multi-leaf collimator prescription prep-
aration system for conventional radiotherapy. Int J Radiat 
Oncol Biol Phys 32:513–520

Dutreix A et al. (1997) Monitor unit calculation for high energy 
photon beams. Garant, Leuven, Apeldoorn

Ellis F, Miller H (1944) The use of wedge filters in deep X-ray 
therapy. Br J Radiol 17:90

Ellis F, Hall EJ, Oliver R (1959) A compensator for variations 
in tissue thickness for high energy beams. Br J Radiol 
32:421–422

Emami B et al. (1991) Tolerance of normal tissue to therapeu-
tic irradiation. Int J Radiat Oncol Biol Phys 21:109–122

Epp ER, Lougheed MN, McKay JW (1958) Ionization build-up 
in upper respiratory air passages during teletherapy units 
with cobalt-60 irradiation. Br J Radiol 31:361

Epp ER, Boyer AL, Doppke KP (1977) Underdosing of lesions 
resulting from lack of electronic equilibrium in upper 
respiratory air cavities irradiated by 10 mV X-ray beams. 
Int J Radiat Oncol Biol Phys 2:613

Fischer JJ, Moulder JE (1975) The steepness of the dose-response 
curve in radiation therapy. Radiology 117:179–184

Foo ML et al. (1993) Doses to radiation sensitive organs and 
structures located outside the radiotherapeutic target 
volume for four treatment situations. Int J Radiat Oncol 
Biol Phys 27:403

Fraass BA et al. (1983) Clinical use of a match line wedge for 
adjacent megavoltage radiation field matching. Int J Radiat 
Oncol Biol Phys 9:209

Gagnon WF (1979) Measurement of surface dose. Int J Radiat 
Oncol Biol Phys 5:449–450

Gagnon WF, Horton JL (1979) Physical factors affecting 
absorbed dose to the skin from cobalt-60 gamma rays and 
25 mV X-rays. Med Phys 6:285

Galvin JM, Smith AR, Lally B (1993a) Characterization of a 
multileaf collimator system. Int J Radiat Oncol Biol Phys 
25:181–192

Galvin JM, Xuan-Gen C, Smith RM (1993b) Combining mul-
tileaf fields to modulate fluence distributions. Int J Radiat 
Oncol Biol Phys 27:697–705

Georg D, Huekelom S, Venselaar J (2001) Formalisms for mu 
calculations, estro booklet 3 versus NCS report 12. Radio-
ther Oncol 60:319–328

Gerber RL, Marks JE, Purdy JA (1982) The use of thermal plas-
tics for immobilization of patients during radiotherapy. Int 
J Radiat Oncol Biol Phys 8:1461

Gerbi BJ, Khan FM (1990) Measurement of dose in the buildup 
region using fixed-separation plane-parallel ionization 
chambers. Med Phys 17:17–26

Gerbi BJ, Meigooni A, Khan FM (1987) Dose buildup for 
obliquely incident photon beams. Med Phys 14:393

Gibbons JP (ed) (2000) Monitor unit calculations for external 
photon and electron beams. Advanced Medical Publishing, 
Madison, Wisconsin

Gillin MT, Kline RW (1980) Field separation between lateral 
and anterior fields on a 6-mV linear accelerator. Int J Radiat 
Oncol Biol Phys 6:233

Grant W III (1996) Experience with intensity modulated beam 
delivery. In: Palta J, Mackie TR (eds) Teletherapy: present 
and future. Advanced Medical Publishing, College Park, 
Maryland, pp 793–804

Hanson WF, Berkley LW (1980) Off-axis beam quality change 
in linear accelerator X-ray beams. Med Phys 7:145–146

Hanson WF, Berkley LW, Peterson M (1980) Calculative tech-
nique to correct for the change in linear accelerator beam 
energy at off-axis points. Med Phys 7:147

Haus AG, Marks JE (1973) Detection and evaluation of localiza-
tion errors in patient radiation therapy. Invest Radiol 8:384

Herring DF (1975) The consequences of dose response curves 
for tumor control and normal tissue injury on the precision 
necessary in patient management. Laryngos 85:119–125

Herring DF, Compton DMJ (1971) The degree of precision 
required in radiation dose delivered in cancer radiotherapy. 
In: Glicksman AJ, Cohen M, Cunningham JR (eds) Comput-
ers in radiotherapy. Br J Radiol: Spec Rep series no. 5

Holt JD, Laughlin JS, Moroney JP (1970) The extension of the 
concept of tissue–air (tar) to high energy X-ray beams. 
Radiology 96:437

Hopfan S et al. (1977) Clinical complications arising from 
overlapping of adjacent fields: physical and technical con-
siderations. Int J Radiat Oncol Biol Phys 2:801

Hounsell AR et al. (1992) Computer-assisted generation of 
multileaf collimator settings for conformation therapy. Br 
J Radiol 65:321–326

Huen A, Findley DO, Skov DD (1979) Attenuation in Lipowitz’s 
metal of X-rays produced at 2, 4, 10, and 18 mV and gamma 
rays from cobalt-60. Med Phys 6:147

ICRU (1976) Determination of absorbed dose in a patient 
irradiated by beams of X or gamma rays in radiotherapy 
procedures. ICRU report 24, Washington, DC

ICRU (1978) Dose specification for reporting external beam 
therapy with photons and electrons. I.C.o.R.U.a. Measure-
ments. International Commission on Radiation Units and 
Measurements, report no. 29, Bethesda, Maryland

ICRU (1993) Prescribing, recording, and reporting photon 
beam therapy. International Commission on Radiation 
Units and Measurements, Bethesda, Maryland



Physics of Treatment Planning in Radiation Oncology 105

Johns HE, Cunningham JR (1983) The physics of radiology, 4th 
edn. Charles C. Thomas, Springfield, Illinois)

Johnson JM, Khan FM (1994) Dosimetric effects of abutting 
extended source to surface distance electron fields with 
photon fields in the treatment of head and neck cancers. 
Int J Radiat Oncol Biol Phys 28:741

Karzmark CJ, Deubert A, Loevinger R (1965) Tissue-phantom 
ratios: an aid to treatment planning. Br J Radiol 38:158–
159

Karzmark CJ et al. (1980) Overlap at the cord in abutting 
orthogonal fields: a perceptual anomaly. Int J Radiat Oncol 
Biol Phys 6:1366

Keys R, Grigsby PW (1990) Gapping fields on sloping surfaces. 
Int J Radiat Oncol Biol Phys 18:1183

Khan F (1993) Dosimetry of wedged fields with asymmetric 
collimation. Med Phys 20:1447

Khan FM (1994) The physics of radiation therapy, 3rd edn. 
Williams and Wilkins, Baltimore

Khan FM (2003) The physics of radiation therapy, 3rd edn. 
Lippincott Williams and Wilkins, Philadelphia

Khan FM et al. (1980) Revision of tissue-maximum ratio and 
scatter-maximum ratio concepts for cobalt 60 and higher 
energy X-ray beams. Med Phys 7:230–237

Klein EE, Kuske RR (1993) Changes in photon dosimetry due 
to breast prosthesis. Int J Radiat Oncol Biol Phys 25:541–
549

Klein EE, Purdy JA (1993) Entrance and exit dose regions for 
clinac-2100c. Int J Radiat Oncol Biol Phys 27:429–435

Klein EE et al. (1988) Influence of aluminum and bone on 
dose distributions for photon beams (abstract). Med Phys 
15:122

Klein EE et al. (1993) The influence of air cavities on interface 
doses for photon beams (abstract). Int J Radiat Oncol Biol 
Phys 27:419

Klein EE et al. (1994) A mono-isocentric technique for breast 
and regional nodal therapy using dual asymmetric jaws. Int 
J Radiat Oncol Biol Phys 28:753–760

Klein EE et al. (1995) Clinical implementation of a commer-
cial multileaf collimator: dosimetry, networking, simula-
tion, and quality assurance. Int J Radiat Oncol Biol Phys 
33:1195–1208

Klein EE et al. (1997) A volumetric study of measurements and 
calculations of lung density corrections for 6 and 18 mV 
photons. Int J Radiat Oncol Biol Phys 37:1163–1170

Kornelsen RO, Young MEJ (1982) Changes in the dose-profile 
of a 10 mV X-ray beam within and beyond low density 
material. Med Phys 9:114–116

Koskinen MO, Spring E (1973) Build-up and build-down 
measurements with thin LiF-Teflon dosimeters with spe-
cial reference to radiotherapy of carcinoma of the larynx. 
Strahlentherapie 145:565

Lam WC, Lam KS (1983) Errors in off-axis treatment planning 
for a 4 mev machine. Med Phys 10:480

Leavitt DD, Gibbs FA Jr (1992) Field shaping. In: Purdy JA (ed) 
Advances in radiation oncology physics: dosimetry, treat-
ment planning, and brachytherapy. American Institute of 
Physics, New York, pp 500–523

Leavitt DD et al. (1990) Dynamic wedge field techniques 
through computer-controlled collimator motion and dose 
delivery. Med Phys 17:87–91

Lim MLF (1985) A study of four methods of junction change in 
the treatment of medulloblastoma. Am Assoc Med Dosim 
J 10:17

Lim MLF (1986) Evolution of medulloblastoma treatment 
techniques. Am Assoc Med Dosim J 11:25

LoSasso T, Kutcher GJ (1995) Multi-leaf collimation vs Cer-
robend blocks: analysis of geometric accuracy. Int J Radiat 
Oncol Biol Phys 32:499–506

LoSasso T, Chui CS, Kutcher GJ (1993) The use of multileaf 
collimator for conformal radiotherapy of carcinomas of 
the prostate and nasopharynx. Int J Radiat Oncol Biol Phys 
25:161

Mackie TR et al. (1996) Photon beam dose computations. In: 
Palta J, Mackie TR (eds) Teletherapy: present and future. 
Advanced Medical Publishing, College Park, Maryland, pp 
103–136

Marshall M (1993) Three-field isocentric breast irradiation 
using asymmetric jaws and a tilt board. Radiother Oncol 
28:228–232

McCullough EC, Gortney J, Blackwell CR (1988) A depth depen-
dence determination of the wedge transmission factor for 
4–10 mV photon beams. Med Phys 15:621

Mizer S, Scheller RR, Deye JA (1986) Radiation therapy simula-
tion workbook. Pergamon Press, New York

Moyer RF et al. (1983) A surface bolus material for high energy 
photon and electron therapy. Radiology 146:531

Nillson B, S Schnell (1976) Build-up effects at air cavities 
measured with thin thermoluminescent dosimeters. Acta 
Radiol Ther Phys Biol 15:427–432

Ostwald PM, Kron T, Hamilton CS (1996) Assessment of muco-
sal underdosing in larynx irradiation. Int J Radiat Oncol 
Biol Phys 36:181–187

Palta JR, Yeung DK, Frouhar V (1996) Dosimetric considerations 
for a multileaf collimator system. Med Phys 23:1219–1224

Palta JR, Ayyangar KM, Suntharalingam N (1998) Dosimetric 
characteristics of a 6 mV photon beam from a linear accel-
erator with asymmetric collimator jaws. Int J Radiat Oncol 
Biol Phys 14:383–387

Powers WE et al. (1973) A new system of field shaping for 
external-beam radiation therapy. Radiology 108:407–411

Powlis WD et al. (1986) Initiation of multileaf collimator 
conformal radiation therapy. Int J Radiat Oncol Biol Phys 
25:171–179

Purdy JA (1983) Secondary field shaping. In: Wright AE, Boyer 
AL (eds) Advances in radiation therapy treatment plan-
ning. American Institute of Physics, New York

Purdy JA (1986) Buildup/surface dose and exit dose measure-
ments for 6-mV linear accelerator. Med Phys 13:259

Reinstein LE (1992) New approaches to tissue compensation 
in radiation oncology. In: Purdy JA (ed) Advances in radia-
tion oncology physics: dosimetry, treatment planning, and 
brachytherapy. American Institute of Physics, New York, pp 
535–572

Rice RK, Mijnheer BJ, Chin LM (1988) Benchmark measure-
ments for lung dose corrections for X-ray beams. Int J 
Radiat Oncol Biol Phys 15:399–409

Rosenberg I, Chu JC, Saxena V (1995) Calculation of monitor 
units for a linear accelerator with asymmetric jaws. Med 
Phys 22:55–61

Rosenow UF, Valentine ES, Davis LW (1990) A technique for 
treating local breast cancer using a single set-up point 
and asymmetric collimation. Int J Radiat Oncol Biol Phys 
19:183–188

Rustgi SN, Rodgers JE (1985) Improvement in the buildup 
characteristics of a 10-mV photon beam with electron fil-
ters. Phys Med Biol 30:587



106 J. A. Purdy et al.

Sewchand W, Khan FM, Williamson J (1978) Variations in 
depth-dose data between open and wedge fields for 4-mV 
X-rays. Radiology 127:789–792

Sibata CH et al. (1990) Influence of hip prostheses on high 
energy photon dose distribution. Int J Radiat Oncol Biol 
Phys 18:455–461

Siddon RL, Tonnesen GL, Svensson GK (1981) Three-field 
techniques for breast treatment using a rotatable half-beam 
block. Int J Radiat Oncol Biol Phys 7:1473

Slessinger ED et al. (1993) Independent collimator dosimetry 
for a dual photon energy linear accelerator. Int J Radiat 
Oncol Biol Phys 27:681–687

Sohn JW, Suh JH, Pohar S (1995) A method for delivering accu-
rate and uniform radiation dosages to the head and neck 
with asymmetric collimators and a single isocenter. Int J 
Radiat Oncol Biol Phys 32:809–814

Sontag MR, Cunningham JR (1978) The equivalent tissue–air 
ratio needed for making absorbed dose calculations in a 
heterogeneous medium. Radiology 129:787–794

Stewart J, Jackson A (1975) The steepness of the dose response 
curve for both tumor cure and normal tissue injury. Laryn-
goscope 85:1107–1111

Svensson GK et al. (1977) Superficial doses in treatment of 
breast and tangential fields using 4-mV X-rays. Int J Radiat 
Oncol Biol Phys 2:705

Takahashi S (1965) Conformation radiotherapy. Rotation 
techniques as applied to radiography and radiotherapy of 
cancer. Acta Radiol (Suppl) 242:1–142

Thatcher M (1984) Perturbation of cobalt 60 radiation doses 
by metal objects implanted during oral and maxillofactial 
surgery. J Oral Maxillofac Surg 42:108–110

Van Dyk J et al. (1977) Medulloblastoma: treatment technique 
and radiation dosimetry. Int J Radiat Oncol Biol Phys 2:993

Washington CM, Leaver DT (eds) (1996) Principles and prac-
tice of radiation therapy: introduction to radiation therapy, 
vol 1. Mosby, St. Louis

Watkins DMB (1981) Radiation therapy mold technology. Per-
gamon Press Toronto

Williamson TJ (1979) A technique for matching orthogonal 
megavoltage fields. Int J Radiat Oncol Biol Phys 5:111

Wong JW, Purdy JA (1990) On methods of inhomogeneity cor-
rections for photon transport. Med Phys 17:807–814

Young MEJ, Gaylord JD (1970) Experimental tests of cor-
rections for tissue inhomogeneities in radiotherapy. Br J 
Radiol 43:349–355

Yu CW et al. (2002) Clinical implementation of intensity-modu-
lated arc therapy. Int J Radiat Oncol Biol Phys 53:453–463

Zhu Y, Boyer AL, Desorby GE (1992) Dose distributions of X-
ray fields as shaped with multileaf collimators. Phys Med 
Biol 37:163–173



The Simulation Process in the Determination and Defi nition of the Treatment Volume and Treatment Planning 107

6 The Simulation Process in the 
 Determination and Definition of the Treatment 
 Volume and Treatment Planning

 Sasa Mutic, James A. Purdy, Jeff M. Michalski, and Carlos A. Perez

S. Mutic, MS; J. M. Michalski, MD; C. A. Perez, MD
Department of Radiation Oncology, Washington University 
School of Medicine, St. Louis, MO 63110, USA
James A. Purdy, PhD
Department of Radiation Oncology, University of California 
Davis Medical Center, 4501 X Street, Sacramento, CA 95817, 
USA

6.1 
Introduction

Radiation therapy is a continually evolving medi-
cal specialty, especially considering the technology 
used for treatment planning, treatment, and deliv-
ery verification. During the past two decades, the 
field has evolved from treatment planning based 
primarily on planar radiographs to planning based 
on volumetric study sets. Currently, the vast major-
ity of radiotherapy treatment plans are based on 
volumetric study sets. This significant increase in 
use of volumetric imaging in radiotherapy is due to 
the overwhelming acceptance of conformal radia-
tion therapy as a standard of care for many treat-
ment sites. The four primary imaging modalities 
employed in modern radiation therapy treatment 
planning process include computed tomography 
(CT), magnetic resonance imaging (MR), positron 
emission tomography (PET), and ultrasound (US). 
Planar X-ray radiography remains an important 
component of treatment planning and treatment 
verification process. Due to the current importance 
of treatment planning based on volumetric images, 
the primary emphasis of this chapter is CT simula-
tion and incorporation of other imaging modali-
ties in the CT simulation process. The use of con-
ventional simulator in the age of CT simulation is 
addressed accordingly.

The radiation therapy simulator has been an 
integral component of the treatment-planning pro-
cess for over 30 years. Conventional simulators are 
a combination of diagnostic X-ray machine and 
certain components of a radiation therapy linear 
accelerator. The conventional simulator (Fig. 6.1) 
consists of a diagnostic X-ray unit and fluoroscopic 
imaging system. The treatment table and the gantry 
are designed to mimic functions of a linear accel-
erator. The gantry head is designed to accommo-
date different beam modification devices (blocks, 
wedges, compensating filters), similar to a linear 
accelerator. The images are transmission radio-
graphs with field collimator setting outlined by 
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delineator wires. Using primarily bony landmarks, 
the physician outlines areas to receive therapeutic 
radiation doses. A shortcoming of a conventional 
simulation process is that very little anatomy, other 
than bony anatomy, is available for design of treat-
ment portals. Shortly after the introduction of clini-
cal CT scanners in early 1970s, it was realized that 
this imaging modality has much to offer in a radia-
tion oncology setting. The CT images provide infor-
mation not only about target volumes but about 
critical structures as well. Using CT images for 
radiation therapy treatment planning has enabled 
us to improve dose delivery to target volumes while 
reducing dose to critical organs. The CT images 
also provide density information for heterogeneity-
based dose calculations.

A major weakness of CT imaging is a relatively 
limited soft tissue contrast. This limitation can be 
overcome by using CT images in conjunction with 
MR studies for treatment planning. The PET images 
can be used to add physiological information. Ultra-
sound has also been useful for imaging in brachy-
therapy. Multimodality-imaging-based treatment 
planning and target and normal structure delinea-
tion offer an opportunity to better define the ana-
tomic extent of target volumes and to define their 
biological properties.

Tatcher (1977) proposed treatment simulation 
with CT scanners. This short article described the 
feasibility of a CT simulator and indicated potential 
economical benefits. Goitein and Abrams (1983) 

and Goitein et al. (1983) further described multidi-
mensional treatment planning based on CT images. 
They described a “beam’s-eye-view” (BEV) function 
which “provides the user with an accurate reproduc-
tion of anatomic features from the viewpoint of a 
treatment source.” They also described how “pro-
jection through the CT data from any desired origin 
provides an alignment film simulation which can 
be used to confirm accuracy of treatment, as well as 
help establish anatomic relationships relative to the 
margins of a treatment field.” In reality, this was a 
description of the major characteristics of a system 
that we know today as a CT simulator or virtual sim-
ulator. An alignment film created from a divergent 
projection through the CT study data is commonly 
known as a digitally reconstructed radiograph 
(DRR). Additionally, use of DRRs in radiation ther-
apy has been developed (Sherouse et al. 1990a).

Sherouse et al. (1987, 1990b) described a CT-
image-based virtual simulation process which they 
referred to as a “software analog to conventional 
simulation.” They described software tools and 
addressed technical issues that affect the present 
CT-simulation process. They pointed out the need 
for fast computers and specialized software, but also 
the need for improved patient immobilization and 
setup reproducibility.

The radiation oncology community eagerly 
embraced the concept of virtual simulation and in 
early 1990s commercial packages became available. 
These systems consisted of a diagnostic CT scanner, 
external laser positioning system, and a virtual sim-
ulation software workstation. One of the early com-
mercial CT simulation packages is shown in Fig. 6.2. 
(AcQSim Oncodiagnostic Simulation/Localization 
System, Philips Medical Systems).

The CT simulators have matured to a point where 
they are one of the cornerstones of modern radiation 
oncology facilities. The present systems incorporate 
specially designed large-bore CT scanners, mul-
tislice CT scanners, high-quality laser positioning 
systems, and sophisticated virtual simulation pack-
ages. Many systems incorporate dose calculation 
capabilities and treatment-plan analysis and evalu-
ation tools.

Additional virtual simulation software features 
and functions along with increased efficiency and 
flexibility have enabled CT simulators to replace 
conventional simulators in many facilities. This 
trend seems to be further fueled by the increased 
demand for imaging studies for 3D and IMRT treat-
ment planning where conventional simulators are of 
limited value.

Fig. 6.1 Modern version of a conventional simulator. (Courtesy 
of Varian Medical Systems, Palo Alto, Calif.)
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Figure 6.3 shows the place of CT simulation in the 
treatment-planning process. The implementation of 
simulation and treatment-planning process varies 
greatly between radiation oncology departments. 
This diversity is in part driven by significant tech-
nical differences between simulation and treatment-
planning systems offered by different manufactur-
ers. It would be impractical to address all possible 
variations in implementation of these processes. 
This chapter discusses the most common points and 
describes general differences between some popular 
approaches.

6.2 
Technology Overview

One of the major recent changes in radiotherapy 
imaging is the approach of imaging equipment 
manufacturers towards radiation oncology and its 
unique imaging needs. Conventional simulators 
were always designed specifically for radiotherapy 
purposes and provided tools for accurate and effi-

cient simulation and treatment planning. The scan-
ners used for volumetric imaging were, on the other 
hand, historically designed with diagnostic radiol-
ogy needs in mind, with little or no concern for 
radiation therapy needs. A compounding factor to 
this problem is that scanner characteristics which 
are extremely important in radiotherapy are often 
not a significant concern or not needed in diagnostic 
radiology. The scanners used in radiotherapy should 
have flat table tops, larger openings to accommo-
date immobilization devices and patients in con-
ventional treatment positions, and software tools 
which can improve patient positioning and target 
delineation (Mutic et al. 2003). Typically, diagnostic 
scanners were modified to meet the radiotherapy 
needs; flat tabletops and external patient position-
ing lasers were added to these scanners. This process 
worked well but had many limitations for simulation 
and treatment planning of certain tumor sites. The 
CT simulation process was also not as efficient as 
possible due to technological limitations. To rectify 
this, in the past few years, several CT scanners have 
been introduced with features designed specifically 
for radiotherapy. Even PET/CT scanners, whose pri-

Fig. 6.2 A CT-simulator room layout. 
(Courtesy of Philips Medical Systems, 
Cleveland, Ohio)

Fig. 6.3 Place of CT simulation in ra-
diotherapy treatment-planning process. 
(From Mutic et al. 2003)
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mary purpose is diagnostic scanning, are designed 
with radiotherapy needs in mind. Radiotherapy 
needs have begun to drive product development. 
This change in manufacturer approach towards 
radiotherapy has resulted in a variety of imaging 
options available to radiation oncology departments 
and it has improved our ability to image patients for 
treatment-planning purposes. This development in 
volumetric scanning capabilities has inevitably led 
to improvements in conventional simulator design 
as well, as this technology has to be able to compete 
and keep up with other advances in treatment plan-
ning and delivery techniques.

Although there have been numerous improve-
ments in CT technology for radiotherapy and accom-
panying virtual simulation and treatment-planning 
software, there remains lot of room for progress. 
Dynamic CT acquisition for radiotherapy treat-
ment planning needs significant development and is 
really just in its infancy. Virtual simulation software 
(contouring, isocenter and beam placement, and 
port definition capabilities) needs to reside directly 
on CT-scanner control consoles to improve simu-
lation efficiency. The CT acquisition protocols for 
radiotherapy need further improvements to capital-
ize on the fact that radiation dose from a CT scan is 
not a significant concern for radiotherapy patients, 
and that significant increases in CT acquisition 
techniques are acceptable in order to improve soft 
tissue contrast and image quality. Correspondingly, 
virtual simulation and treatment planning software 
needs to be able to accommodate increased image-
acquisition capabilities of multislice CT scanners, as 
described later in this chapter. The vast majority of 
the modern treatment-planning systems are practi-
cally limited to 200–300 images per patient study. 
Multislice CT scanners can produce several hundred 
to several thousand images per scan which can be 
used to improve tumor definition, understanding of 
tumor and normal structure breathing motion, and 
verification of patient treatments accuracy.

6.2.1 
Conventional Simulator

The conventional simulator (Fig. 6.1), consists of 
a fluoroscopic imaging chain (X-ray tube, filters, 
collimation, image intensifier, video camera, etc.; 
Bushberg et al. 2002), generator, patient support 
assembly (treatment table), laser patient positioning 
/ marking system, and simulation and connectivity 
software. The imaging chain and simulator software 

have undergone several improvements during the 
past few years.

6.2.1.1 
Imaging Chain

One of the major changes in the imaging-chain 
design for conventional simulator was the replace-
ment of the image intensifier and video camera 
system with amorphous silicon detectors. The new 
imagers produce high spatial and contrast resolu-
tion images which approach film quality (Fig. 6.4). 
More importantly, these images are distortion-free, 
a feature that is important for accurate geometric 
representation of patient anatomy. The introduc-
tion of high-quality digital imagers in conventional 
simulation further facilitates the concept of filmless 
radiation oncology departments.

Fig. 6.4 Digital image of a head from a modern conventional 
simulator equipped with an amorphous silicon imager. (Cour-
tesy of Varian Medical Systems, Palo Alto, Calif.)

6.2.1.2 
Simulation Software

The conventional simulation software has also 
undergone many improvements. Modern simula-
tors have Digital Image Communications in Medi-
cine (DICOM) standard import capabilities (NEMA 
1998). Treatment field parameters can be imported 
directly from the treatment-planning computer. 
The software can then automatically set the simu-
lator parameters according to the treatment plan. 
This facilitates efficient and accurate verification 
of patient treatment setup on the conventional sim-
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ulator. These simulators also have DICOM export 
capabilities which enable transfer of treatment setup 
parameters directly to a record and verify system 
or to a treatment-planning computer. The ability to 
import and capture digital images enables conven-
tional simulators to have tools for automatic correla-
tion of treatment planning and verification fields.

Vendors also offer solutions for some shortcom-
ings of older conventional simulators. For example, 
older simulators were not equipped with tools to 
verify portal shapes created with multileaf collima-
tors (MLCs). Newer simulators have features which 
can project MLC shapes directly on the patient’s 
skin or on the portal films (Fig. 6.5).

A possibility for future of conventional simula-
tion imaging is cone-beam CT. Since newer simula-
tors are equipped with digital imagers, it is possible 
that cone-beam CT technology, which is available on 
linear accelerators, can also be implemented on con-
ventional simulators. This will significantly improve 
imaging capabilities and usefulness of these devices. 
Figure 6.6 shows a cone beam CT image from a con-
ventional simulator.

While it is often mentioned that conventional 
simulators can be completely replaced with CT sim-
ulators, new features and usefulness of conventional 
simulators are slowing down this process. Conven-
tional simulator continues to be an important com-
ponent of radiotherapy process, even though its use 
for treatment planning of many tumor sites has been 
significantly reduced.

6.2.2 
CT Simulator

The CT simulator consists of a CT scanner, laser 
patient positioning / marking system, virtual simula-
tion / 3D treatment planning software, and different 
hardcopy output devices. The CT scanner is used 
to acquire volumetric CT scan of a patient which 
represents the virtual patient and the simulation 
software creates virtual functions of a conventional 
simulator. The three most significant changes in CT-
simulation technology, in recent years, have been the 
introduction of a larger gantry bore opening (large-
bore CT; Garcia-Ramirez et al. 2002), multislice 
image acquisition (multislice CT; Klingenbeck et 
al. 1999), and addition of CT-simulation software 
directly on the CT scanner control console. These 
innovations improve efficiency and accuracy of CT-
simulation process. They also improve patient expe-
rience by allowing patients to be positioned in more 
comfortable positions and reducing the simulation 
procedure time.

6.2.2.1 
Large-Bore CT

Large-bore CT scanners were specifically designed 
with radiation therapy needs in mind. One of the 
requirements in treatment of several cancer sites 
(breast, lung, vulva, etc.) is for extremities to be 

Fig. 6.5 Digital image of a chest from an amorphous silicon 
imager with multileaf collimator shape projected on the im-
age. (Courtesy of Varian Medical Systems, Palo Alto, Calif.)

Fig. 6.6 Cone-beam CT image of a head acquired on a conven-
tional simulator. (Courtesy of Varian Medical Systems, Palo 
Alto, Calif.)
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positioned away from the torso. When acquiring a 
CT scan with a patient in such treatment position, 
extremities often cannot fit through a conventional 
70-cm-diameter scanner bore opening. In such situ-
ations, patient positioning needs to be modified to 
acquire the scan. This can result in less than optimal 
treatment position (patient may be less comfortable 
and therefore the daily setup reproducibility may be 
compromised). Large immobilization devices (slant 
board, body molds) are also difficult to fit through a 
conventional diameter scanner. The first large-bore 
CT-simulator was introduced in 2000, and several 
additional models with enlarged bore opening have 
been introduced since then.

Large-bore scanners also have increased scan 
field of view (SFOV). The SFOV determines the larg-
est dimension of an object that can be fully included 
in the CT image and it is typically 48–50 cm on 
most conventional 70-cm bore opening scanners. 
For treatment-planning purposes it is necessary to 
have the full extent of the patient’s skin on the CT 
image. Lateral patient separation can often be larger 
than 48–50 cm and the skin is then not visible on 
CT images. Increased SFOV available on large bore 
scanners solves this problem. There are, however, 
differences in implementation of extended SFOV 
and validity of quantitative CT values (quantita-
tive CT) at larger image sizes. The CT numbers for 
some scanners are accurate only for smaller SFOVs 
and the values towards the periphery of large SFOV 
images are not reliable. This can be a concern for 
heterogeneity based dose calculations as inaccurate 
CT numbers can lead to dose calculation errors. The 
impact of CT number accuracy for increased SFOV 
images on dose calculation accuracy should be eval-
uated during scanner commissioning.

6.2.2.2 
Multislice CT

In 1992 Elscint (Haifa, Israel) introduced a scanner 
which had a dual row of detectors and could acquire 
two images (slices) simultaneously. Since then, mul-

tislice CT has gained widespread acceptance, and 
scanners which can acquire 4, 8, 10, 16, 32, 40, 64, etc. 
(typically with sub-second rotation times) are now 
available from all major vendors. The basic premise 
behind the multislice CT technology is that multiple 
rows of detectors are used to create several images 
for one rotation of the X-ray tube around the patient. 
The detector design and arrangement varies among 
the vendors. Figure 6.7 shows an example of imple-
mentation for a 16-slice scanner available from a 
major vendor.

Although the scanner is considered a 16-slice 
scanner, there are 24 rows of detectors or detector 
elements. The center 16 have 0.75-mm collimated 
width at the isocenter and the outer four on either side 
have 1.5-mm collimated width at the isocenter. The 
total length coverage at the isocenter is then 24 mm. 
The thinnest nominal slice thickness that the scan-
ner can produce is slightly larger than 0.75 mm, but 
for practical purposes it can be considered here as 
0.75 mm. With proper collimation (16 0.75) on the 
X-ray tube side, signal from the center 16 detector 
elements can be used to acquire 16 0.75-mm-thick 
images at a time. If the collimation is increased to 
16 1.5, so the X-ray beam includes the outer eight 
detectors, 16 1.5-mm-thick images can be acquired. 
In this situation, signals from the adjoining pairs of 
0.75-mm detectors are combined to create 1.5-mm-
thick images. Similarly, larger slice thicknesses can 
be created by combining signal from multiple detec-
tor elements. The primary advantage of multislice 
scanners is the ability to acquire image studies many 
times faster than single-slice scanners.

One of the obstacles for radiation therapy scan-
ning with single-slice scanners is the limited tube 
heat loading capability. Often, fewer images are 
taken, slice thickness is increased, mAs is decreased, 
or scan pitch is increased to reduce the amount of 
heat produced during the scan and to allow for the 
entire scan to be acquired in a single acquisition. 
Due to the longer length of imaged volume per tube 
rotation (multiple slices acquired simultaneously), 
the tube heat loading for a particular patient 
volume is lower for multislice than for single-slice 

Fig. 6.7 A detector array for a 16-slice CT scanner

4 x 1.5 mm 16 x 0.75 mm 4 x 1.5 mm
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they should allow registration (indexing) of patient 
immobilization devices to the tabletop. Figure 6.9 
demonstrates this concept. The CT simulator table-
top has the same width as the linear accelerator 
used for patient treatment and both allow regis-
tration of patient immobilization system to the 
treatment couch. Ability to register the immobili-
zation device and the patient to a treatment table is 
extremely important and improves immobilization, 
setup reproducibility, accuracy, and efficiency. The 
patient is always positioned in the same place on 

scanners, and multislice scanners are generally 
not associated with tube head-loading concerns. 
Faster acquisition times and decreased tube load-
ing of multislice scanners (which will allow longer 
volumes to be scanned in a single acquisition) can 
provide an advantage over single-slice systems for 
treatment-planning purposes. Multislice technol-
ogy can be especially beneficial for imaging of the 
thorax where breathing artifacts can be minimized 
with faster scanning. Multislice technology also 
facilitates dynamic CT scanning, often referred to 
as 4D or 5D CT (Low et al. 2003). This application 
of multislice CT in radiation therapy has yet to be 
fully explored.

Multislice scanners are also capable of acquir-
ing thinner slices which can result in better quality 
DRRs and more accurate target delineation (better 
spatial resolution; Fig. 6.8). Studies with thinner 
slices result in an increased number of images to 
process. Target volumes and critical structures have 
to be delineated on an increased number of images 
and treatment-planning systems have to handle 
larger amounts of data. Currently, this can result 
in increased time and labor required for treatment 
planning. Software vendors are creating tools which 
will allow easier manipulation of larger study sets, 
but that will likely take several years to implement. 
In the meantime, the numbers of CT images that are 
acquired for a treatment plan needs to be balanced 
between resolution requirements and the ability to 
process larger number of images.

6.2.2.3 
CT-Simulator Tabletop

This section and discussion about simulator 
tabletops applies equally to all simulators used 
in radiation therapy (conventional, MRI, CT, and 
PET) and treatment machines. Tabletops used for 
patient support in radiation therapy during imag-
ing or treatment should facilitate easy, efficient, 
reproducible, and accurate patient positioning. 
It is not only important that a tabletop improve 
patient positioning on a single device (i.e., treat-
ment machine), but the repositioning of a patient 
from one imaging or treatment device to another 
also has to be considered. A great improvement in 
this process would be if all tabletops involved in 
patient simulation and treatment had a common 
design. They do not necessarily have to be identical, 
but they should have same dimensions (primar-
ily width), f lex and sag under patient weight, and 

Fig. 6.8 a A 0.8-mm- and b a 3-mm-slice-thickness CT digi-
tally reconstructed radiograph. Image a contains much more 
detail than b

a

b
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the treatment machine and patient daily setup can 
be facilitated using the treatment-couch positions. 
Actually, if the patient is registered to the treatment 
couch, couch coordinates used for patient treat-
ment can become a part of parameters that are 
set and tracked in the record and verify system. 
The tolerance for the couch parameters can be set 
according to type of treatment that the patient is 
receiving. For example, for conformal radiotherapy 
treatments the coordinates should allow minimal 
deviations (comparable to margins used for target 
delineation) in daily couch positioning. The thera-
pist can then first place the treatment couch to the 
coordinates set in the record and verify system and 
then evaluate patient positioning. If the patient is 
well immobilized, minimal adjustments should be 
needed in patient setup.

6.2.3.4 
Patient-Marking Lasers

A laser system is necessary to provide reference 
marks on patient skin or on the immobilization 
device. Figure 6.2 shows a laser system for a CT 
simulator.

Wall lasers

Wall lasers are vertical and horizontal, mounted to 
the side of the gantry. These lasers can be fixed or 
movable.

Sagittal lasers

The sagittal laser is a ceiling- or wall-mounted 
single laser, preferably movable. Scanner couch 
can move up/down and in/out but cannot move 
left/right; therefore, the sagittal laser should move 
left/right to allow marking away from patient mid-
line.

Scanner lasers

Internally mounted, vertical and horizontal lasers 
on either side of the gantry and an overhead sagit-
tal laser.

Lasers should be spatially stable over time and 
allow positional adjustment. Properly aligned sim-
ulator lasers greatly improve accuracy of patient 
treatments. Misaligned simulator lasers can intro-
duce systematic errors in patient treatment; there-
fore, simulator laser alignment should be checked 
daily and the alignment tolerance should be within 
2 mm (Mutic et al. 2003).

6.2.3 
MR Simulator

The MR images for radiotherapy treatment plan-
ning are usually acquired in diagnostic radiology, 
and very few radiation oncology departments have a 
dedicated MR scanner. Furthermore, the vast major-
ity of MR studies in radiotherapy are currently lim-
ited to brain imaging. Magnetic resonance imaging 
has a superior soft tissue contrast compared with CT 
imaging, and there are several benefits that MR can 
offer for target delineation based on this advantage. 
There have been several reports describing use of 
MR scanners for imaging and treatment simulation 
in radiotherapy (Potter et al. 1992; Okamoto et al. 
1997; Beavis et al. 1998; Schubert et al. 1999; Mah 
et al. 2002). Some of these reports have suggested 
that MR studies can be used alone for radiotherapy 
treatment planning. Indeed, if spatial distortions 
(the geometry of imaged objects is not always repro-
duced correctly), which is the largest concern with 
MR imaging, can be removed or minimized, MR 
studies can be used as the primary imaging modal-
ity for several treatment sites. Superior soft tissue 
contrast provided by MR can also be an advan-

Fig. 6.9 Similarity in design of simulator and treat-
ment machine tabletops allows effi cient and accurate 
reproducibility of patient positioning. (Courtesy of 
MED-TEC, Inc., Orange City, Iowa)
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tage for treatment planning of certain extracranial 
tumor sites such as prostate (Lee et al. 2003; Chen 
et al. 2004).

Conventional MR scanners are not well suited for 
extracranial imaging for treatment planning. The 
main difficulty is placement of patient in treatment 
position with immobilization device in the scanner. 
Small diameter and long length of conventional MR 
scanner openings severely limits patient position-
ing options for imaging. Open MR scanners, how-
ever, do not have this problem and patients can be 
scanned in conventional treatment positions. At 
least one manufacturer offers an open MR scanner 
which has been modified to serve as a radiotherapy 
simulator (Fig. 6.10). The scanner table is equipped 
with a flat top and external patient alignment lasers. 
The geometry of the scanner is similar to the CT 
simulator shown in Figure 6.2. Another manufac-
turer offers a 70-cm-diameter gantry opening con-
ventional MRI scanner. The depth of the scanner 
opening is 125 cm. The dimensions of this scanner 
are very similar to a conventional CT scanner and in 
fact the scanner could be mistaken for a CT scanner. 
The ergonomics of this scanner are also well suited 
for radiotherapy simulation. One of the major prob-
lems with MR imaging for radiotherapy treatment 
planning are geometric distortions in acquired 
images. The MR scanners are often equipped with 
correction algorithms which minimize geometri-
cal distortions. These corrections do not affect the 
entire image and only the center portion of the 

image (center 20–35 cm diameter) is adequately cor-
rect (within 2 mm); therefore, the representation 
of patient’s skin and peripheral anatomy for larger 
body sections may be inaccurate. The effect of these 
inaccuracies must be evaluated if dose distributions 
and monitor units will be calculated directly on MR 
images.

Virtually all treatment-planning systems allow 
import of MR images and image registration with 
CT study. Some treatment-planning systems also 
allow design of treatment portals and display of 
isodose distributions on MR images directly. If 
the treatment-planning system can calculate doses 
directly on MR images, and if it was determined that 
geometric distortions are not significant, then there 
may be no need for CT images and MR study may 
be the only image set used for treatment planning. 
There should be a way to create images from the 
MR study which are equivalent to simulation radio-
graphs for comparison with port films from the 
treatment machine. Another potential problem with 
MR images is that they do not contain information 
which can be related to electron density of imaged 
tissues for heterogeneity based corrections. This is 
not a significant problem, as bulk density correc-
tions can be applied in the majority of treatment-
planning systems. Due to availability of CT images 
in modern radiation oncology departments, it may 
be easiest if a CT study set is always acquired to com-
plement the MR data and facilitate easier and more 
accurate heterogeneity-based dose calculations.

Fig. 6.10 An MR simulator. (Courtesy of Philips 
Medical Systems, Cleveland, Ohio)
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6.2.4 
PET/CT Simulator

The PET images for radiotherapy planning can come 
from a stand-alone PET scanner or a combined PET/CT 
unit. Combined PET/CT scanners are being installed 
in radiation oncology departments and are used for 
PET scanning, but also these machines can be used for 
CT scanning only without PET acquisition. Due to this 
purpose, these scanners can be classified as CT simu-
lators, although the PET/CT simulator term may be 
more appropriate. Combined PET/CT scanners offer 
several advantages for radiotherapy imaging and are 
generally preferred over stand-alone units.

6.2.4.1 
Stand-Alone PET

One of the major limitations of stand-alone PET 
scanners is a relatively small gantry bore opening, 
typically 55–60 cm. These scanners were designed to 
optimize image quality and not necessarily to accom-
modate radiotherapy patients in treatment positions 
with immobilization devices. This design feature of 
stand-alone PET scanners can severely limit the size 
of immobilization devices and patient position that 
is used for treatment. The immobilization devices 
used with a stand-alone PET scanner are limited in 
size and cannot be wider than approximately 50 cm. 
This is a major limitation for scanning patients with 
lung cancer where the patients need to have their 
arms positioned above the head. Also, larger patients 
may not be able to be scanned in an immobilization 
device. Even with these limitations, stand-alone PET 
scanners can be successfully used for radiotherapy 

imaging and very good registrations (within 3 mm) 
can be achieved for the majority of patients. A stand-
alone PET scanner has been used for radiotherapy 
scanning for several years at the Mallinckrodt Insti-
tute of Radiology in St. Louis (Missouri). Successful 
registrations have been achieved for head and neck, 
thorax, abdomen, and pelvis scans.

6.2.4.2 
Combined PET/CT

The first combined PET/CT prototype was intro-
duced in 1998 at the University of Pittsburgh (Beyer 
2000). Since then, all major manufacturers have pro-
duced several commercial models. The key descrip-
tion of PET/CT scanners is that a PET and a CT scan-
ner are “combined” in the same housing (Fig. 6.11), 
meaning that there are two gantries (PET and CT) 
combined in one housing sharing a common couch. 
Image reconstruction and scanner operation is 
increasingly performed from one control console.

Combined PET/CT scanner design varies among 
different vendors with respect to PET detectors, 
image quality and resolution, speed, image field 
of view; number of slices for the CT part, scanner 
couch design, gantry bore opening, and other con-
siderations. All of the commercially available scan-
ners have a 70-cm gantry opening for the CT portion, 
although large-bore CT scanners will likely become 
part of PET/CT scanners in the future. The PET 
gantry opening ranges in diameter from 60 to 70 cm, 
meaning that some of the commercial scanners have 
a non-uniform gantry opening as the patient travels 
from the CT portion of the scanner to the PET side. 
More importantly, the scanners with the smaller 

Fig. 6.11 A combined PET/CT scanner
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gantry opening on the PET side will pose the same 
difficulties for radiotherapy scanning as stand-alone 
PET scanners. Again, the size of patient immobiliza-
tion devices and patient scan/treatment position will 
have to be adapted to the size of the gantry opening.

The combined PET/CT technology offers two major 
benefits for radiotherapy planning. Firstly, because the 
images are acquired on the same scanner, providing 
that the patient does not move between the two studies, 
the patient anatomy will have the same coordinates in 
both studies. These images have been registered using 
hardware registration rather than software registra-
tion. The second benefit of the combined PET/CT units 
is that CT images are used to measure attenuation cor-
rection factors (ACFs) for the PET emission data, obvi-
ating the need for a time-consuming PET transmis-
sion scan (Bailey 2003; Bailey et al. 2003). The use 
of CT images to generate PET ACFs reduces the scan 
time up to 40% and also provides essentially noise-
less ACFs compared with those from standard PET 
transmission measurements (Townsend et al. 2004). 
Shorter scan times can benefit radiotherapy patients 
who are scanned in treatment position which often 
can be uncomfortable and difficult to tolerate for pro-
longed periods of time. One of the concerns with ACFs 
generated from CT images is mismatch or misalign-
ment between CT and PET images. The PET images 
are acquired during many cycles of free breathing and 
CT images are acquired as a snapshot in time at full 
inspiration, partial inspiration, or some form of shal-
low breathing. The breathing motion will cause mis-
match in anatomy between PET and CT images in the 
base of lung and through the diaphragm region. This 
mismatch can result in artifacts in these areas which 
may influence diagnosis and radiotherapy target defi-
nition in this region. There are various gating meth-
ods that can be used during image acquisition to min-
imize the motion component and essentially acquire 
true, motionless, images of patient anatomy. Gated 
or 4D CT (with time being the fourth dimension) can 
be used to generate more reliable ACFs and also for 
radiotherapy treatment planning where gated delivery 
methods are being used.

Contrast-enhanced CT images can cause inaccu-
rate ACFs due to artificially increased attenuation 
through anatomy which contains contrast material. 
The most obvious way to avoid this problem is to 
acquire a routine CT with contrast and another non-
contrast CT. There is also an option to use software 
tools to correct for these artifacts. For radiotherapy 
scanning, it is preferred to acquire two separate scans. 
The attenuation correction CT can be a whole-body, 
low-dose scan with greater slice thickness if desired. 

The second CT would be a treatment-planning scan 
with thin slices for better resolution and DRR qual-
ity. This scan is acquired only through the volume 
of interest, thus limiting the number of images and 
memory requirements to manipulate these images in 
the treatment-planning computer. This second scan 
can then be contrast enhanced if desired.

6.2.5 
Virtual Simulation Software

As with all software programs, user-friendly, fast, 
and well-functioning virtual (CT) simulation soft-
ware with useful features and tools will be a deter-
mining factor for success of a virtual simulation pro-
gram. Commercially available programs far surpass 
in-house written software and are the most efficient 
approach to virtual simulation. Several features are 
very important when considering virtual simulation 
/ 3D treatment-planning software:
1. Contouring and localization of structures: con-

touring and localization of structures is often 
mentioned as one of the most time-consuming 
tasks in the treatment planning process. The 
virtual simulation software should allow fast 
user-friendly contouring process with help of 
semi-automatic or automatic contouring tools. 
An array of editing tools (erase, rotate, translate, 
stretch, undo) should be available. An ability to 
add margins in three dimensions and to automati-
cally draw treatment portals around target vol-
umes should be available. An underlining empha-
sis should be functionality and effi ciency.

2. Image processing and display: virtual simulation 
workstation must be capable of processing large 
volumetric sets of images and displaying them in 
different views as quickly as possible (near real-
time image manipulation and display is desired). 
The quality of reconstructed images is just as 
important as the quality of the original study set. 
The reconstructed images (DRRs and multiplanar 
reconstruction) are used for target volume defi ni-
tion and treatment verifi cation, and have a direct 
impact on accuracy of patient treatments.

3. Simulator geometry: a prerequisite of virtual 
simulation software is the ability to mimic func-
tions of a conventional simulator and of a medi-
cal linear accelerator. The software has to be able 
to show gantry, couch, collimator, jaw motion, 
SSD changes, beam divergence, etc. The software 
should facilitate design of treatment portals with 
blocks and multileaf collimators.



118 S. Mutic et al.

6.3 
Multimodality Imaging

Imaging is involved in all steps of patient manage-
ment, disease detection, staging, treatment modal-
ity selection (intramodality and intermodality), 
target volume definitions, treatment planning, 
and outcome estimation and patient follow-up. 
An overall goal of imaging in radiotherapy is to 
accurately delineate and biologically characterize 
an individual tumor, select an appropriate course 
of therapy, and predict the response at the earliest 
possible time. The requirement to biologically char-
acterize an individual tumor means that an imaging 
modality must be capable of imagining not only the 
gross anatomy but also recording information about 
physiology, metabolism, and the molecular makeup 
of a tumor; therefore, the image information used in 
radiotherapy can be classified as anatomical and/
or biological. The four primary imaging modalities 
used in radiation therapy are CT, MRI, ultrasound 
(US), and nuclear medicine imaging.

No single imaging modality provides all the neces-
sary information for treatment planning and patient 
management for several cancer sites, but multiple 
imaging modalities can be used to complement 
each other and improve disease detection, staging, 
therapy selection, target design, outcome prognosis, 
and follow-up. Figure 6.12 shows the information 
content possibilities of the imaging modalities used 
in radiation therapy. The maximum benefits may 
be realized if anatomical and biological imaging 
modalities complement each other.

6.3.1 
Detection

Imaging of disease with CT or MRI (non-functional) 
is based on anatomic or physiological changes that 
are a late manifestation of molecular changes that 
underlie the disease. By detecting changes in the 

molecular and biochemical process, biological 
imaging (PET or functional MRI) can demonstrate 
disease before it becomes anatomically detectable. 
Changes in tumor detection capabilities can lead to 
modification in radiation therapy target volumes 
and dose prescriptions.

6.3.2 
Staging

Positron emission tomography has improved patient 
staging in several treatment sites (Dizendorf 2003). 
Better knowledge of the true extent of the patient’s 
disease can significantly alter patient management. 
For some patients, who would otherwise undergo 
curative radiotherapy, PET may demonstrate distal 
disease or alter the extent of local disease and indi-
cate that a palliative course of therapy is more appro-
priate. These patients would not only be spared the 
side effects of futile curative treatment, but the over-
all health care costs could also be lowered due to 
PET findings.

In addition to more accurate staging, PET may 
also be able to provide information about individ-
ual tumor biology (phenotype). This would allow 
further stratification of patients within the same 
clinical stage. So rather than basing therapy selec-
tion for an individual patient on the stage alone, 
which is statistically appropriate for a large group 
of patients, biological properties of an individual 
tumor can then be used for therapy selection. The 
tumor phenotype information may affect inter-
modality and intramodality patient management 
depending on suspected radiation or chemotherapy 
sensitivity of an individual tumor. If we know more 
about biological properties of an individual tumor, 
it may be possible to incorporate biological response 
models in the therapy selection process to maximize 
the therapeutic ratio.

6.3.3 
Target Definition and Altered Dose 
Distributions

The true extent of the disease may extend beyond 
anatomically defined volumes, and biological imag-
ing with PET has already been shown to be valuable 
for defining the extent of target volumes. Further-
more, PET can be used to differentiate areas of bio-
logical importance within the boundaries of target 
volumes. Ling et al. (2000) have described a concept 

Fig. 6.12 Information content of current imaging modalities 
in radiotherapy
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of biological target volumes (BTVs). In addition to 
recommendations for target volume definitions pro-
posed by the International Commission on Radia-
tion Units and Measurements (ICRU) reports 50 and 
62 (ICRU 1993, 1999), portions of target volumes 
would be identified as having increased growth 
activity or radioresistance. Identification of these 
volumes would be performed with biological imag-
ing and these volumes would be labeled as BTVs. 
Biological target volumes would then have a special 
consideration during the treatment-planning pro-
cess and would be subject to dose escalation.

For example, Chao et al. (2001) have shown how 
PET imaging based hypoxia measurement technique 
with Cu(II)-diacetyl-bis(N4-methylthiosemicarba-
zone) (Cu-ATSM) tracer can be used to identify a 
BTV for head and neck tumors. Experiments have 
shown that increased Cu-ATSM uptake can be used 
to identify hypoxic tissues, which are also associ-
ated with increased radioresistance. The proposed 
treatment technique is based on the idea that Cu-
ATSM can be used to identify the hypoxic BTV and 
IMRT delivery can be used to deliver escalated doses 
to overcome the radioresistance of the BTV.

6.3.4 
Evaluation of Response to Therapy and 
Follow-up

Currently, tumor control and effectiveness of radio-
therapy is evaluated in the weeks and months fol-
lowing the completion of treatments. The evaluation, 
similar to detection and diagnosis, relies largely on 
anatomical changes, which take time to manifest. If 
the planned approach of radiotherapy is not effec-
tive and the patient has a persistent disease or new 
growth, it is too late to make any modifications, as 
the therapy has already been completed. Addition-
ally, by the time it is determined that a local tumor 
control has not been achieved, it may be too late to 
initiate a second line of therapy. Biological imag-
ing may be used to detect response to therapy on 
a molecular level and allow evaluation of therapy 
effectiveness sooner after completion of treatments 
(Young et al. 1999). Ideally, biological imaging 
may be used shortly after initiation of treatments 
to image tumor changes. This approach has had 
limited success thus far, but research in this area is 
active and it eventually may be possible to evaluate 
tumor response after initiation of therapy.

We are just beginning to exploit benefits of mul-
timodality imaging in management of radiotherapy 

patients. With time, use of several image types 
will be a commonplace for treatment planning of 
many cancer sites. This has already, to an extent, 
taken place for treatment planning of central ner-
vous system tumors where CT images are comple-
mented with MRI studies for a significant fraction 
of patients.

One concern with utilization of novel imaging 
data for treatment planning and management of 
radiation therapy patients is that the information 
contained in the images may be misinterpreted or 
may be incorrect resulting in inappropriate patient 
treatments. It is imperative for radiation oncologists 
to understand potential pitfalls and shortcomings of 
individual imaging modalities, and also to realize 
that the best results can be achieved if newer imag-
ing techniques are used to supplement existing stag-
ing and tumor delineation processes. This is espe-
cially true if biological or functional information is 
used for target delineation where possibility of false 
positive or negative findings exists. The correlation 
of biological or functional signals with anatomic 
abnormalities detected by CT or MRI can provide an 
important validation in the target delineation and 
patient management process.

6.4 
Patient Positioning and Immobilization

The success of conformal radiation therapy pro-
cess begins with proper setup and immobilization. 
One of the primary rules for positioning patients 
for simulation and radiotherapy treatments is that 
the patient should be as comfortable as possible. 
Patients who are uncomfortable typically have poor 
treatment setup reproducibility. An uncomfortable 
position that a patient was able to tolerate during 
simulation may be impossible to successfully repro-
duce for treatment. Immobilization devices tremen-
dously improve reproducibility and rigidity of the 
setup. Another important consideration in patient 
positioning is that immobilization devices custom 
made for individual patients can significantly 
improve intra and inter fraction immobilization 
and setup reproducibility. Standard immobiliza-
tion devices often do not provide an adequate fit 
for all patients, they work for many, but not for all, 
patients. This is well accepted and understood for 
body molds, as described in Chapter 7, and also for 
thermoplastic masks for immobilization of head and 
neck region. One very important point that is often 
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overlooked is design of head supports (head cups) 
for treatment of head and neck region. There is a 
tendency to use a standard head cup and a custom 
thermoplastic mask. An analogy could be made that 
the head cup is a foundation for a house and ther-
moplastic mask is framing for the walls. If the foun-
dation is not appropriately constructed, the entire 
structure will be unstable; therefore, for conformal 
treatments of head and neck region improved setup 
reproducibility can be achieved with custom head 
supports made from body mold material as shown 
in Figure 6.13.

Similar approach and forethought can be applied 
to other treatment sites and respective immobiliza-
tion devices. Figure 6.14 shows a body mold that is 
used at the Washington University School of Medi-
cine for treatment of patients with breast cancer. This 
device was designed to facilitate CT-based treatment 
planning and to improve patient reproducibility 
from the simulator to the treatment machine. In the 
inside of the body mold are Styrofoam wedges which 
elevate the patient and provide adequate position-
ing for the breast or chest wall. The handle improves 
patient comfort by providing a solid grip point for 
the arm, and the non-skid material prevents patients 
from sliding in the body mold. The ear mold, which 
is made from dental wax, improves the head posi-
tion reproducibility. The device also registers to the 
treatment table so the couch coordinates are tracked 
during patient treatment in the record and verify 
system. Other authors have proposed an even more 
elaborate positioning device for the breast, such as 
the prone breast board which has an opening for the 
breast to hang freely beneath the patient.

The third important point about patient position-
ing is that patients should be aligned straight on the 
simulator table, and patients should not be rotated 
or slanted. It is much easier to reproduce a straight 
patient position than a rotated one. Simulation and 
treatment policies should include positioning and 
immobilization specifications for individual treat-
ment sites. Patient setup design should consider loca-
tion of critical structures and target volumes, patient 
overall health and flexibility, possible implants and 
anatomic anomalies, and available immobiliza-
tion devices. Immobilization devices should not 
produce artifacts on CT images. Table 6.1 shows a 
treatment-site-specific set of instructions CT simu-
lation instructions. The instructions are designed 
to be used with a single-slice CT scanner and non-
uniform CT slice thickness and spacing is used to 
minimize heat production on the X-ray tube while 
obtaining excellent image quality. Table 6.2 shows 
the CT scan parameters that accompany instruc-
tions in Table 6.1.

Fig. 6.13 Head and neck immobilization device with custom 
headrest

Fig. 6.14 Breast treatment immobilization device. 1 Portion of 
the mold removed on the ipsilateral side; 2 arm grip; 3 ear 
mold made from dental wax; 4 non-skid surface
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6.5 
Simulation Process

Like the other areas of radiotherapy treatment plan-
ning and treatment, simulation requires a team 
approach involving physicians, physicists, dosime-
trists, therapists, nurses, etc. The team needs to 
understand individual components of the process 
and their specific technical requirements. A well-
informed and knowledgeable personnel is needed to 
fully exploit benefits of modern treatment simula-
tion equipment. Furthermore, treatment-site-spe-
cific written procedures can significantly improve 
efficiency, consistency, and accuracy of simulations. 
Table 6.1 shows an example of such procedures. 
Written procedures are also helpful for training of 
new staff and performing simulations for less fre-
quent treatment procedures. A well-designed and 
simple simulation process greatly increases treat-
ment planning efficiency and improves patient 
setup reproducibility between the simulator and 
treatment machine. This section describes conven-
tional and CT simulation processes. The CT simu-

lation is given larger emphasis as this has become 
the primary source of treatment planning informa-
tion for large number of radiation oncology depart-
ments.

6.5.1 
Conventional Simulation

As described previously, the dependence on con-
ventional simulators has decreased over the past 
several years as conformal radiation therapy has 
become the standard of care for several treatment 
sites, and CT simulators have evolved to overcome 
most of their initial limitations (gantry opening 
size, long scan times, connectivity, etc.). In this 
new era, many radiation oncology departments 
have determined that they can replace conventional 
simulators with CT simulators, and there are many 
departments that no longer have a conventional 
simulator. Other institutions have reduced the 
number of conventional simulators and/or number 
of conventional simulations. For example, during 

Table 6.2. An example set of CT scan parameters for a single-slice scanner. FOV fi eld of view

Protocol kV mA Time 
(s)

Display FOV 
(cm)

Pitch Thickness 
(cm)

Spacing 
(cm)

Pilot length

Head 5 5 130 300 1 48 1.3 5 5 450

Head 3 3 130 300 1 48 1.3 3 3 450

Onc child brain 130 280 1 35 1.3 3 3 450

Onc neck 130 280 1 48 1.3 3 3 450

Onc medium thorax 8 8 130 230 1 48 1.5 8 8 650

Onc medium thorax 5 5 130 230 1 48 1.5 5 5 650

Onc medium thorax 3 3 130 230 1 48 1.7 3 3 650

Onc large thorax 8 8 130 250 1 55 1.5 8 8 650

Onc large thorax 5 5 130 250 1 55 1.5 5 5 650

Onc large thorax 3 3 130 250 1 55 1.7 3 3 650

Child thorax 5 5 130 150 1 35 1.5 5 5 450

Child thorax 3 3 130 150 1 35 1.7 3 3 450

Onc medium body 5 5 130 250 1 48 1.5 5 5 650

Onc medium body 3 3 130 250 1 48 2 3 3 650

Onc large body 5 5 130 300 1 55 1.5 5 5 650

Onc large body 3 3 130 300 1 55 2 3 3 650

Onc child body 5 5 130 180 1 35 1.5 5 5 512

Onc child body 3 3 130 180 1 35 2 3 3 512

Onc medium prostate implant 130 250 1 30 1.5 3 5 650

Onc large prostate implant 130 300 1 30 1.5 3 3 650

Onc extremity 130 200 1 48 2 5 5 650
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the 1990s, the Department of Radiation Oncology 
at the Washington University School of Medicine 
operated with three conventional simulators and 
one CT simulator. In 2000, the department replaced 
two of the conventional simulators for another CT 
simulator for a total of one conventional simulator 
and two CT simulators, while treating the same 
number of patients. Even though the conventional 
simulator use has been reduced, certain proce-
dures can be performed much easier and more 
efficiently on a conventional simulator than with a 
CT simulation. For example, palliative treatments 
for bone metastasis, whole pelvis irradiation for 
gynecological tumors, pelvis irradiation for rectal 
cancer, certain extremity treatments, brachyther-
apy treatment planning, and some other treatment 
procedures are very simple to simulate using con-
ventional technology. One of the advantages of 
conventional simulators is that there are virtually 
no limitation on available patient positions and on 
size and shape of immobilization devices that are 
used for simulation. If a patient cannot lie down, 
the sitting position in a special treatment chair 
can be accommodated with a conventional simu-
lator where a CT scanner would not be an option. 
For some treatments of hands and arms it may 
be desirable for the patient to stand next to the 
treatment table; again, this type of simulation can 
only be performed with conventional simulator. 
With better imaging capabilities, cone-beam CT, 
and better connectivity with the treatment-plan-
ning system and treatment machine, conventional 
simulators are actually becoming more valuable 
than in the past.

Conventional simulation process consists of the 
following:

Patient positioning and immobilization
Verifi cation of patient positioning using fl uoro-
scopic imaging
Determination of isocenter location
Beam placement design
Marking of patient and immobilization devices 
based on isocenter coordinates
Acquisition of X-ray fi lms
Outlining of treatment portals on the X-ray fi lms
Transferring or acquiring of patient setup data for 
the record and verify system
Transferring of simulation data to dosimetry for 
treatment planning and monitor unit calcula-
tion
Preparation of documentation for treatment
Performance of necessary verifi cations and treat-
ment-plan checks

6.5.1.1 
Patient Positioning and Immobilization

The goals for patient positioning and simulation 
described earlier should be followed for conven-
tional simulation. The flexibility in size of immo-
bilization devices greatly simplifies patient posi-
tioning for treatment. If the patient’s conventional 
simulation will be followed with a CT scan, then the 
limitations of the CT scanner should be considered 
in patient positioning and immobilization.

6.5.1.2 
Verification of Patient Position 
Using Fluoroscopic Imaging

Prior to construction of the immobilization device, 
the patient should be aligned to lay straight on the 
treatment table. This means that the patient’s head, 
vertebra, and possibly extremities should be parallel 
with the longitudinal axis of the treatment table. The 
patient should also lay flat on the table with no rota-
tion. It is much easier to reproduce a straight patient 
position on the treatment table than if the patient is 
rotated. The verification of patient position is per-
formed under fluoroscopic guidance. After it has 
been verified that the patient is straight, an initial 
set of skin marks should be placed on the patient 
so this position can be reproduced throughout the 
simulation. Patient alignment should be monitored 
throughout the simulation procedure.

6.5.1.3 
Determination of the Isocenter Location

Treatment isocenter is typically placed based on 
physician instructions. For the majority of standard 
treatments, the isocenter placement should be pre-
determined and outlined in treatment and simula-
tion policies. It is desirable to place the isocenter 
on a stable location on the patient where the skin 
or patient anatomy does not move significantly. If 
the treatment isocenter must be placed in a posi-
tion where the overlaying external anatomy does 
move, then treatment setup point should be used. 
Treatment setup point is a set of marks which are 
placed on a stable position on patient’s anatomy (like 
sternum). For treatment, the patient is first aligned 
to the setup point and then shifted to the isocen-
ter location using the shifts which were determined 
during the simulation. Other considerations for 
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placement of isocenter include limitations/capabili-
ties of treatment machines and desired dose distri-
butions. These considerations are beyond the scope 
of this chapter.

6.5.1.4 
Beam-Placement Design

Beams should be placed according to the treatment 
policies. Fluoroscopic capabilities of the conven-
tional simulator are used for this purpose. Other 
chapters in this book outline common treatment 
techniques. Outlining of treatment portals based on 
simulation X-ray films is also better addressed in 
other chapters in this book.

6.5.1.5 
Transfer of Simulation Information for Treatment 
Planning and Treatment

The final step in simulation process is transfer of 
patient setup data to dosimetry for calculation of 
monitor units and possibly for some simple treatment 
planning. The setup information is also transferred 
to the linear accelerator. Depending of the connec-
tivity of the conventionally simulator and its ability 
to acquire patient setup information electronically, 
some or all of the patient setup data can be exported 
from the simulator electronically. Integrity of cap-
tured and exported electronic data should be verified 
through periodic quality assurance process.

6.5.2 
CT Simulation

The CT-simulation process consists of the follow-
ing steps:

Patient positioning and immobilization
Patient marking
CT scanning
Transfer to virtual simulation workstation
Localization of initial coordinate system 
Localization of targets and placement of isocen-
ter
Marking of patient and immobilization devices 
based on isocenter coordinates
Contouring of critical structures and target vol-
umes
Beam placement design, design of treatment por-
tals

Transfer of data to treatment-planning system for 
dose calculation
Prepare documentation for treatment
Perform necessary verifi cations and treatment 
plan checks

Again, this process and its implementation vary 
from institution to institution. The system design is 
dependent on available resources (equipment and 
personnel), patient workload, physical layout and 
location of different components, and proximity of 
team members. Communication channels need to 
be well established to avoid errors and unnecessary 
re-simulations. A simulation request form can be 
used to communicate simulation specifics between 
the physician and other team members (Fig. 6.15). 
The following is a general description of major steps 
in the CT simulation process.

6.5.2.1 
Scan and Patient Positioning

The CT simulation scan is similar to conventional 
diagnostic scans; however, there are several differ-
ences. Patient positioning and immobilization are 
very important. Scan parameters and long scan vol-
umes with large number of slices often push scan-
ners to their technical performance limits. The CT-
simulator staff must be aware of scanner imaging 
performance capabilities and limitations and also 
geometrical accuracy limitations. Imaging capabili-
ties should be exploited to achieve high image qual-
ity and geometrical limitations need to be consid-
ered when positioning and marking patients.

Patient Positioning and Immobilization
General patient positioning and immobilization 
considerations are as described earlier in this chap-
ter. Larger bore scanners typically can afford more 
comfortable patient positions and larger immobili-
zation devices and offer a definitive advantage over 
conventional CT scanners. Pilot (scout) images are a 
very efficient tool for evaluation of patient position-
ing prior to the actual CT scan. After patient initial 
immobilization, a preliminary pilot scan should 
be imaged to assure that the patient positioning is 
straight. Immobilization devices should not pro-
duce artifacts on CT images.

Scan Protocol
The CT scan parameters should be designed to opti-
mize both axial and DRR image quality and rapidly 



The Simulation Process in the Determination and Defi nition of the Treatment Volume and Treatment Planning 127

Fig. 6.15 A sample simulation request form

BARNES-JEWISH HOSPITAL - DEPARTMENT OF RADIATION ONCOLOGY 
SIMULATION INSTRUCTION WORKSHEET

Patient Name:                                                 Therapy #:_____________ DOB:_________  M.D.: _______ 
Anatomical Site (be specific): ________________________ SSN:_____________ Previous TX:  Y N    
Drop off Date/Time______________ Nurse contact Date/Time ________________ Weight __________lbs 
Simulation procedure: Convent. Sim  CT Sim 3D Tomotherapy SMLC DMLC Brachy 
Patient Status: In-Patient Room #:                Out-Patient   Protocol:  Y N #______________ 

Sim Date/Time: _________  Treat. Start Date/Time: _________  Machine: _________ Permit Signed    
M.D. to indicate scan volume (CT sim), approximate port edges, and the isocenter location.

Special instructions:    

Preview: Y N
Energy: [ 6 10 18] MV  e-

Number of Fractions:___________ 

Port Description: 
AP PA RL   LL
RAO LAO   RPO  LPO 
TANGENTS   Electrons

Other: _______________________

Pt. Position:
Supine Prone  Decubitus 

Head: 
Neutral Extended Flexed 

Arm:_________________________ 
Other:________________________ 

Treatment Aids/Devices: None 
Alpha Cradle I.M. 
Block/MLC Full Bladder  
Tongue Blade 
Bowel Compression Device 
Bolus Type:__________ 
Slant Board Wedges/Filters 

Landmark Wire: 
Nodes Canthus Anus 
Scars  Other: _______________ 

Contrast: 
IV:__________________________ 
Barium:______________________ 
Urethrogram:__________________ 
Rectal probe:__________________ 
Precautions:___________________ 
Patient on Metformin: Y N
Date of Last Blood Test:_________ 

Attending Physician Signature: _____________________________________________Date:________   
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acquire images to minimize patient motion (Curry 
et al. 1990; Conway and Robinson 1997; Coia et al. 
1995; Bahner et al. 1999; McGee et al. 1995; Yang 
et al. 2000). The parameters influencing axial and 
DRR image quality include kVp, mAs, slice thick-
ness, slice spacing, spiral pitch (Kalender and 
 Polacin 1991; Kalender et al. 1994), data acquisi-
tion, reconstruction algorithms, scanned volume, 
total scan time, field of view (FOV), and size of image 
reconstruction matrix. Modern scanners come with 
preset protocols. Often, these include “oncology” 
protocols, which take the needs of virtual simulation 
process into consideration. Preset protocols should 
be evaluated for adequacy and modified according to 
treatment-planning needs. Physicians, dosimetrists, 
therapists, and physicists should be involved in pro-
tocol parameter selection. This is a very important 
component of CT simulation implementation pro-
cess. The quality of images from the same scanner 
can vary significantly and the information con-
tained in these images may be inadequate if care is 
not taken to properly select scan acquisition param-
eters. Suboptimal scan protocols can cause signifi-
cant inefficiencies and potential errors in treatment 
planning. The best protocol selection can only be 
implemented with thorough understanding of prop-
erties of individual scan parameters and reconstruc-
tion algorithms. Increased mAs, decreased slice 
thickness and spacing, and decreased spiral pitch 
improve axial image and DRR quality to varying 
degrees. For spiral scanning with single slice scan-
ners, all these factors (except slice spacing) signifi-
cantly affect tube loading during a scan acquisition 
and limit the length of scanned volume before tube 
heat storage capacity has reached its limit. For ade-
quate DRRs, long volumes often need to be scanned. 
If an X-ray tube reaches heat limit, the scan will be 
interrupted for the tube to cool. The cooling time 
can take several minutes allowing patients to move 
and degrade the spatial accuracy of data. Multislice 
scanners are generally not affected with tube-heat-
ing issues, and minimal compromises are required 
in protocol selection. Table 6.2 shows an example 
of scan protocols for a single-slice scanner used in 
radiation oncology (this is for illustration purposes 
only).

Scan Limits
Scan limits should be specified by the physician 
and should encompass area at least 5 cm away from 
the anticipated treatment volumes. Slice thickness 
and spacing do not have to be constant throughout 
the entire scanned volume. Areas of interest can be 

scanned with narrow (3 mm) thickness and spacing, 
whereas large slices (5 mm) can be used for scanning 
surrounding volumes. This will maintain good DRR 
quality while minimizing tube heat. An anatomical 
drawing can help when designing scan limits.

Contrast
For several treatment sites contrast can be used to 
help differentiate between tumors and surrounding 
healthy tissue. Contrast is not always useful and 
should be used carefully. Care should be taken to 
identify any contraindications. For heterogeneity-
based calculations, contrast can cause dose distri-
bution errors due to artificial CT numbers and cor-
responding tissue densities. For implementation of 
contrast in radiotherapy scanning, especially if the 
scanner is located in the radiation oncology depart-
ment, a diagnostic radiologist should be consulted.

Special Considerations and Instructions
Each treatment site has unique considerations; these 
should be specified in CT scan procedures (see 
Table 6.1). Special considerations include: individ-
ual physician preferences; wiring of surgical scars 
for identification on CT images; scanning of patients 
with pacemakers and other implants; scanning of 
pediatric patients; scanning of patients under anes-
thesia, etc. A communication chain and responsi-
bilities should be established for new problems and 
scans of patients with special needs.

Reference Marks
During the CT scan a set of reference marks must be 
placed on the patient so the patient can be positioned 
on the treatment machine. When and in relationship 
to which anatomical landmarks the reference marks 
are placed can be done in two different ways:
1. No shift method: for this method the patient 

is scanned and, while the patient is still on the 
CT scanner couch, images are transferred to the 
virtual simulation workstation. The physician 
contours the target volume and the software 
calculates the coordinates for the center of the 
contoured volume. During this time, the patient 
should remain still on the couch in the treatment 
position. The calculated coordinates are trans-
ferred to the CT scanner, the couch and the mov-
able lasers are placed at that position, and the 
patient is marked. On the fi rst day of treatment, 
the patient will be positioned using these marks 
on the treatment machine.

 This method requires the physician to be present 
during the CT scan and the patient scan procedure 
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Fig. 6.16 A CT image with radiation opaque markers on pa-
tient’s anterior and left and right sides

is longer; however, the marks marked during the 
CT scan can be used for patient positioning with-
out any shifts. This method can be greatly sim-
plifi ed if the virtual software is located directly 
on the CT scanner control console, obviating the 
need to transfer the CT study set to another com-
puter. If the software is located on the scanner, 
the physician can start contouring the prelimi-
nary set of target contours directly on the scanner 
console as soon as images are reconstructed. This 
minimizes the time between the CT scan and the 
time when the patient is marked. This is preferred 
as the patient must remain still in the treatment 
position on the scanner couch while the physi-
cian contours target volumes. If the patient moves 
between the scan and the time when alignment 
marks are placed on the skin, the marks will not 
correspond to contoured tumor volumes resulting 
in potentially signifi cant treatment errors. Con-
touring on the CT scanner ensures the shortest 
possible time between the CT scan and placement 
of alignment marks. Also, the scanner software is 
aware of absolute scanner couch coordinates rela-
tive to target volumes contoured by the physician. 
If the contouring is performed on the scanner 
console, absolute couch coordinates can be used 
for patient positioning for placement of align-
ment marks. If independent software package is 
used for contouring, the patient marking usually 
involves relative shifts to some initial set of refer-
ence marks. Relative shifts can be inaccurate and 
also can result is signifi cant errors if shifts are 
applied in wrong direction or magnitude.

2. Shift method: this method does not require physi-
cians to be present for the CT scan. Prior to the scan 
procedure, based on the diagnostic workup (CT, 
MRI, PET, palpation, etc.), the physician instructs 
CT simulator therapists where to place reference 
marks on the patient. For example, “place refer-
ence marks at the level of carina, 4 cm left from 
patient midline and midplane.” The intention is 
to place these initial marks as close to the fi nal 
isocenter as possible. Prior to the CT scan, the ref-
erence marks are marked on the patient and then 
radiation-opaque markers are placed over the 
skin marks. The radiation-opaque markers allow 
the reference marks to be visible on the CT study. 
The markers can be constructed from thin solder 
wire, aluminum wire, commercial markers, etc. 
After the CT scan, the patient can go home and 
images are transferred to the virtual simulation 
workstation. Later, the physician contours target 
volumes and determines the treatment isocenter 

coordinates. Shifts (distances in three directions) 
between the reference marks drawn on the CT 
scanner and the treatment isocenter are then cal-
culated. On the fi rst day of treatment, the patient is 
fi rst positioned to the initial reference marks and 
then shifted to the treatment isocenter using the 
calculated shifts. Initial reference marks are then 
removed and the treatment isocenter is marked on 
the patient.

 This method is commonly used when a dedicated 
radiation oncology CT scanner is not available. 
With proper planning (from diagnostic work-up), 
the initial marks can be placed very close to the 
center of target volume. With asymmetric jaws, 
the initial reference may be used as the isocenter 
eliminating need for shifts.

6.5.2.2 
Image Transfer and Registration

The CT study set is almost always the primary data 
on which the isodoses are computed and displayed, 
due to its high spatial resolution and fidelity. The 
exceptions are some stereotactic radiosurgery and 
brachytherapy applications where MRI or US, 
respectively, are used as the primary studies. When 
properly calibrated and free of image artifacts, CT 
images can provide electron-density information 
for heterogeneity-based dose calculations. As pre-
viously described, CT images do have shortcom-
ings, and other imaging modalities can offer unique 
information about tumor volumes. If other imaging 
modalities are used in the treatment-planning pro-
cess, they are typically considered secondary data 
sets and must be spatially registered to the CT study 
to accurately aid in tumor volume delineation. One 
of the important functions of a CT study set is defi-
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nition of the patient/treatment coordinate system. 
Usually the orientation of the coordinate system (X, 
Y, and Z) is predetermined by the treatment-plan-
ning software; however, the origin of the coordinate 
system is defined, in most instances, by the loca-
tion of the reference marks which were placed on 
the patient during the simulation scan as described 
in the previous section. If the patient was marked 
during the simulation using the “no shift” method, 
there will not necessarily be any visible landmarks 
on the patient’s scan which correlate with the loca-
tion of the origin of the coordinate system. In this 
situation, the accuracy of the treatment relies on 
the ability to accurately transfer coordinates from 
the simulation software to the treatment-planning 
software. This feature should be thoroughly tested 
during commissioning for all scanners and for dif-
ferent patient orientations on the scanner (supine, 
prone, head first, feet first, etc.). Errors in trans-
fer can result in significant treatment errors. If the 
patient was marked using the “shift” method, a set 
of radiation-opaque markers which are placed on 
top of the skin marks can be seen on CT images, 
and the location of the coordinate system can be 
defined using these marks. Figure 6.16 shows a CT 
image with such marks.

Transfer of image studies and registration of mul-
timodality images is a several-step process requiring 
multifunction software capable of image set transfer, 
storage, coordinate transformation, and voxel inter-
polation. These features enable image study regis-
tration (transforming images to a common reference 
frame and resampling to a common pixel grid) and 
fusion (the display of a combination of pixel intensi-
ties from registered image studies). Registered and 
“fused” image studies can then be used for radio-
therapy treatment planning.

Images and other treatment planning data are 
transferred between modern systems using DICOM 
standard. DICOM is a standard for representing and 
exchanging medical imaging data. This standard 
has greatly simplified image exchange between 
scanners and software manufactured by various 
vendors. Some limitations still exist but are being 
eliminated gradually.

There are several methods for image registra-
tion:
1. Surface-based registration requires contouring of 

the same structure (internal or external) on the 
two data sets, and the studies are then registered 
by aligning the contours. This method is well 
suited for CT–CT or CT–MR registration. Edges 
of organs on PET images are poorly defi ned, and 

surface-based registration typically cannot be 
used for image registration.

2. Image-based registration involves displaying CT 
data set in background, in grayscale, and super-
imposing the other study set image in color-wash 
or in grayscale on top of the CT study. The two 
studies are typically simultaneously viewed in 
transverse, sagittal, and coronal orientations. 
The studies are then registered by manipulating 
the secondary-study-set images in three displayed 
planes.

3. Point-based registration is based on identifying 
a set of at least three corresponding points in 
both data sets and performing image transforms 
to align these points. Point-based registration 
works well for CT and MRI as there are numer-
ous anatomical points which are identifi able on 
both studies. Point-based registration with PET, 
using anatomic points, is virtually impossible due 
to poor image resolution; however, point-based 
registration of PET images with external fi ducial 
markers is extremely useful (Mutic et al. 2001).

As a part of initial implementation of multimo-
dality-imaging-based radiotherapy treatment plan-
ning, tests should be performed to verify that trans-
ferred images have correct geometry (e.g., pixel size, 
spatial fidelity, slice thickness, and spacing), ori-
entation (e.g., prone/supine, head–foot orientation, 
and left–right orientation), scan text information, 
and grayscale values (Mutic et al. 2001; Lavely et 
al. 2004). For routine treatment planning, images 
should always be inspected for any distortions, mis-
alignments, and artifacts. This should be a part of 
a routine quality-assurance program (Mutic et al. 
2003).

6.5.2.3 
Target and Normal Structure Delineation

Virtual simulation process typically consists of con-
touring target and normal structures, computation 
of the isocenter, manipulation of treatment machine 
motions for placement of the beams, design of treat-
ment portals, generation of DRRs, and related treat-
ment setup information. This process is dependent 
largely on the virtual simulation software capabili-
ties. There are well-designed methods for simulat-
ing specific treatment sites. Several publications 
describe these methods in detail (Butker et al. 1999; 
Van Dyk and Taylor 1999; Van Dyk and Mah 
2000; Coia et al. 1995).
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Target and normal structurede lineation re quire-
ments for conformal radiotherapy have been 
ad dressed by the ICRU (1993, 1999) and are 
described throughout this book for various treat-
ment sites. This is often the most time-consuming 
portion of the virtual simulation process and care 
should be taken to simplify this task as much as 
possible. Well-designed contouring software pack-
age is a prerequisite and should be one of the main 
concerns when selecting virtual simulation soft-
ware. Another important component is to predefine 
which structures are to be contoured for individual 
treatment sites. This will obviate unnecessary work. 
It is also important to predefine the anatomical 
extent of each structure to be contoured. Uniform 
extent of critical structures makes outcome and 
complication analysis more meaningful.

6.5.2.4 
Treatment Techniques

Treatment techniques for individual cancer sites 
are described throughout this book. Implementa-
tion of these treatment techniques also requires 
simulation procedures. Simulation techniques for 
these individual sites depend greatly on the avail-
able simulation, treatment planning, and treatment 
technology and staff expertise and understanding 
of this technology; therefore, the actual simulation 
processes can vary significantly among radiation 
oncology facilities and description of these pro-
cesses is beyond the scope of this chapter. The goal is 
to implement treatment and simulation techniques 
which best serve the individual institution’s patients 
based on the available equipment and staff. When 
developing simulation processes, it is important to 
understand capabilities of local resources. Simula-
tion techniques will inevitably continually evolve as 
these resources change.

6.6 
Discussion and Conclusion

As radiotherapy treatment planning and delivery 
technology and techniques change, so does the 
treatment simulation. The most significant change 
in the recent past has been the wide adoption of CT 
simulation to support conformal radiotherapy and 
3D treatment planning. The CT simulation has gone 
from a concept practiced at few academic centers to 

several available sophisticated commercial systems 
located in hundreds of radiation oncology depart-
ments around the world. The concept has been 
embraced by the radiation community as a whole. 
The acceptance of virtual simulation comes from 
improved outcomes and increased efficiency asso-
ciated with conformal radiation therapy. Imaged-
based treatment planning is necessary to properly 
treat a multitude of cancers and CT simulation is a 
key component in this process. Due to demand for 
CT images, CT scanners are commonly found in 
radiation oncology departments. In our radiation 
oncology department, we have two CT simulators 
and a large number of our patients are also scanned 
using MR and PET scanners located in the diag-
nostic radiology department. As CT technology and 
computer power continue to improve, so will the 
simulation process, and it may no longer be based 
on CT alone. The CT/PET combined units are com-
mercially available and could prove to be very useful 
for radiation oncology needs. Several authors have 
described MR simulators where the MR scanner has 
taken the place of the CT scanner. It is difficult to 
predict what will happen over the next 10 years, but 
it is safe to say that image-based treatment planning 
will continue to evolve.

One great opportunity for an overall improve-
ment of radiation oncology is better understanding 
of tumors through biological imaging. Biological 
imaging has been shown to better characterize the 
extent of disease than anatomical imaging and also 
to better characterize individual tumor properties. 
Enhanced understanding of individual tumors can 
improve selection of the most appropriate therapy 
and better definition of target volumes. Improved 
target volumes can utilize the full potential of IMRT 
delivery. Biological imaging can also allow evalua-
tion of tumor response and possibly modifications 
in the therapy plan if the initial therapy is deemed 
not effective. 

Future developments in the radiotherapy treat-
ment-planning simulation process will involve inte-
gration of biological imaging. It is likely that this 
process will be similar to the way that CT scanning 
was implemented in radiotherapy. Where the imag-
ing equipment is initially located in diagnostic radi-
ology facilities, and as the demand increases, the 
imaging is gradually moved directly to radiation 
oncology.
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7.1 
Introduction

The basic physics of electron beams has been dis-
cussed in several books and in several excellent 
chapters of standard radiation therapy textbooks 
(Khan 2003; Hogstrom 2004; Strydom et al. 2003). 
As with many of these previous works, the purpose 
of this chapter is to discuss the role of electron 
beams in radiation therapy, describe their physical 
characteristics, and describe how this information is 
relevant to clinical practice in radiation therapy. In 
addition, several techniques using electron beams 
that have been found to be useful in clinical settings 
will also be presented.

7.2 
Historical Perspective

In modern radiation therapy departments, high-
energy electrons are a useful and expected modality. 
Although, they have been available for many years, 
it was not until the 1970s when linear accelerators 
became widely available that electrons moved into 
the mainstream in radiation therapy. Similar to 
advances in photon beam treatments in radiation 
therapy, there have been several key advances in 
the 1970s that improved dramatically the ability to 
deliver optimized electron beam treatments. These 
developments were: (1) computed tomography (CT) 
scanners that paved the way for CT-based treat-
ment planning, (2) improvements in electron treat-
ment-planning algorithms (electron pencil beam 
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 algorithms) to calculate accurately and display dose 
deposition using CT data, and (3) improvement in 
linac designs resulting in improved depth dose, off-
axis uniformity, and the physical characteristics of 
electron beams. Central to these latter improve-
ments were the development of dual scattering foil 
systems and improvements in electron beam appli-
cators (Hogstrom 2004).

Modern linear accelerators are capable of pro-
ducing several electron beam energies in addition 
to two or more photon energies. Electron beams 
in the range of 6–20 MeV are most clinically useful 
with the intermediate beam energies being the most 
commonly used. The energy designation of a clinical 
beam is described using the most probable energy at 
the surface of the phantom at the standard treatment 
or source–skin distance (SSD). This most probable 
energy is the energy possessed by the majority of the 
incident electrons and is represented on the linear 
accelerator console by the closest integer value to the 
actual electron beam energy. Figure 7.1 shows the 
nature of the electron energy spectrum as a func-
tion of location in the beam. Before the accelerator 
beam exit window, the electrons are fairly monoen-
ergetic in nature. The spectrum of electron energies 
in the beam is spread more widely as it hits the sur-
face of the phantom with the spectrum centered on 
the most probable energy. As the beam penetrates 
into the patient, the width of the energy spectrum 
increases while the average energy of the beam 
decreases with increasing depth in the medium. The 

rate of this decrease is about 2 MeV/cm in unit den-
sity material such as muscle.

7.3 
Electron Interactions

Two basic properties of electrons are that they pos-
sess a negative charge (we are not considering posi-
trons at this time) and that they are low in mass 
having approximately 1/2000 of the mass of a proton 
or neutron. Being charged particles, they are directly 
ionizing, meaning that they interact directly with 
the material on which they are incident. They are 
attracted to charges of opposite sign and are repelled 
by charges of like sign as they travel through a 
medium. These forces of attraction or repulsion are 
called Coulomb force interactions and lead directly 
to ionizations and excitations of the absorbing mate-
rial. Due to their relatively low mass, their direction 
of travel can be changed easily during these interac-
tions. When electrons pass through a medium, their 
mean energy decreases with depth and they scatter 
to the side of their original path. Thus, the locations 
to which electrons scatter dictates where bonds are 
broken and ultimately where dose is deposited.

Interactions undergone by electrons can be either 
elastic in which no kinetic energy is lost or inelas-
tic in which some portion of the kinetic energy is 
changed into another form of energy. Elastic colli-

Fig. 7.1. Representation of the energy of 
electrons in a linear accelerator beam as a 
function of the location in the beam. Ep,o 
represents the most probable energy at a 
depth of zero, the surface; 

–
E0 is the aver-

age mean energy at the surface; and Ep,z is 
the most probable energy at the depth, z. 
[Reprinted with permission from Brahme 
and Svensson (1976). Specifi cation of elec-
tron beam quality from the central-axis 
depth absorbed-dose distribution.]

Phantom

z

Filter Window Accelerator

at depth z at surface
 Z = 0

before
window

(Emax)0

E / arbitrary units

E 
/ a

rb
it

ra
ry

 u
n

it
s

E0

Ea(Ep)0(Ep)z



Clinical Applications of High-Energy Electrons 137

sions occur with either atomic electrons or atomic 
nuclei, resulting in elastic scattering. These inter-
actions are characterized by a change in direction 
of the incident electron with no loss of energy. In 
the collision process between the incident electron 
and atomic electrons, it is possible for the ejected 
electron to acquire enough kinetic energy to cause 
additional ionizations of its own. These electrons 
are called secondary electrons or delta rays and 
they can go on to produce additional ionizations 
and excitations. Inelastic collisions can occur with 
electrons resulting in ionizations and excitations of 
atoms or inelastic collisions of nuclei that result in 
the production of Bremsstrahlung X-rays (radiative 
losses). The energy of these X-rays can be as high 
as the maximum accelerating potential of the beam 
and contribute dose to tissues deep within the body. 
The magnitude of this photon contamination com-
ponent can range from about 1% to as high as 5% for 
6-MeV and 20-MeV electron beams, respectively.

The typical energy loss in tissue for a therapeu-
tic electron beam, averaged over its entire range, is 
about 2 MeV/cm in water. The rate of energy loss for 
collisional interactions depends on the energy of the 
electrons and on the electron density of the medium. 
The rate of energy loss per gram/cm2 is greater for 
low atomic number (low Z) materials than for high 
Z materials. This is because high Z materials have 
fewer electrons per gram than low Z materials. In 
addition, the electrons in high Z materials are more 
tightly bound and are thus not available for these 
types of interactions. Keeping the above types of 
interactions of electrons in mind will help to explain 
many of the clinical situations presented later. The 
most important of these is scattering at edges of 
tissue or lead shielding materials.

7.4 
Central Axis Percentage Depth-Dose 
Distributions

The shape of the central axis depth–dose curve of 
electron beams depends on many factors, most nota-
bly the beam energy, field size, source surface dis-
tance, collimation, depth of penetration, and angle 
of beam incidence. A typical central axis percent-
age depth–dose curve for high-energy electrons is 
shown in Figure 7.2. This figure represents some of 
the quantities used to describe electron beams. Ds 
represents dose at the surface and is defined at a 
depth of 0.05 cm. Dm is the dose maximum at depth 

while Dx is the dose due to X-ray contamination. 
R100 is the depth of the maximum dose while R90 is 
the depth of the 90% depth dose. R50 is the depth 
of the 50% depth–dose curve. Rp is the practical 
range, which is close to the most probable energy 
of the electron beam at the surface, E0, divided by 
two in centimeters. Thus, a 20-MeV electron beam 
would have a practical range of 10 cm in tissue. Rp 
is determined by taking the depth of intersection 
of the straight line descending portion of the cen-
tral axis percentage depth–dose curve with a line 
drawn representing the photon contamination. G0, 
as shown in the figure, gives what has been termed 
the reduced dose gradient. This is a measure of how 
quickly the dose decreases beyond the therapeutic 
range. This factor depends on the quantity Rq, which 
is the depth at the tangent of the central axis per-
centage dose curve as the inflection point meets the 
level of dose maximum, Dmax, and its relationship 
to the practical range, Rp. As shown in the figure, 
Go=Rp/(Rp–Rq).

The portion of the central axis percentage 
depth–dose curve at depths deeper than the practi-
cal range, Rp, represents the photon contamination 
present in the electron beam. Photon contamina-
tion results from electron interactions with the exit 
window of the linear accelerator, the scattering foils, 
beam ion chambers, the collimator jaws, the cones 
and intervening air which produce Bremsstrahlung 
X-rays. Additional X-rays are also produced within 
the patient, although this is a small source of photon 

Fig. 7.2. Central-axis depth–dose curve for an electron beam 
with parameters indicated that can be used to characterize 
electron beams. The therapeutic range is at the 90% depth–
dose level and all other parameters are discussed in ICRU 
(1984)
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generation. Photon contamination varies with both 
beam energy and type of linear accelerator. The 
amount of photon contamination is low for low-
energy beams usually less than approximately 1% 
and increases to approximately 5% at 20 MeV. Linear 
accelerators employing scanning electron beams do 
not use scattering foils to spread the beam and thus 
produce the least amount of photon contamination. 
In most cases, the magnitude of the photon con-
tamination is very acceptable for patient treatment. 
It does become a consideration when performing 
total skin electron irradiation where multiple elec-
tron fields and patient positions are required. Con-
sequently, techniques designed to treat the total skin 
using high-energy electrons must strive to keep the 
magnitude of the photon contamination as low as 
possible and ideally less than 1%. Thus, the total 
body dose can be held as low as possible, since treat-
ing the skin surface is the primary objective of this 
particular treatment regimen.

7.4.1 
Central Axis Percentage Depth–Dose 
Dependence on Beam Energy

Figure 7.3 shows the change in the central axis per-
centage depth–dose curves as a function of beam 
energy. With modern linear accelerators, the per-
centage depth-dose at the surface for 6-MeV electron 
beams is approximately 70–75%. The surface dose 
increases with increasing beam energy to about 95% 
for 20-MeV beams. Tables 7.1 and 7.2 show the dose 
at the surface and at 0.5- and 1.0-cm depths for 
a Varian Clinac 2300CD for a 10×10-cm2 cone at 
100 cm SSD. This characteristic of clinical electron 
beams where low-energy electrons have a lower sur-
face dose than high-energy electrons exists because 
low-energy electrons scatter into wider angles than 
higher energy electrons. Thus, in comparison with 
the amount of scatter exhibited at the surface, at the 
depth of Dmax lower energy electrons scatter more 
than higher energy electrons. Knowledge of the dose 
at the surface is important clinically because the 
target to be treated using electrons often includes 
the skin, and adequate dosage must be ensured in 
these areas.

Both the depth of D90 and the Rp increase with 
increasing beam energy. Additionally, the central 
axis percentage depth doses for lower energy elec-
tron beams decrease more rapidly beyond the depth 
of D90 than do higher energy beams. As a result, when 
using higher energy electron beams, more distance 

must be placed between the target to be treated and 
sensitive structures than when using lower energy 
beams.

7.4.2 
Central Axis Percentage Depth–Dose 
Dependence on Field Size and SSD

There is a significant change in the central axis per-
centage depth dose for electron beams with change 
in field size when the field size decreases to less 
than the practical range for that electron beam 
energy (Meyer et al. 1984). There is little change 
in the percentage depth–dose curve for field sizes 
greater than the practical range. The reason for this 
field size dependence is loss of side scatter equi-
librium with decreasing field size. Figure 7.4 shows 

Table 7.1. The percentage depth dose at the surface and in 
superficial regions of high-energy electron beams for a Varian 
2300CD for a 10 10-cm2 cone at 100 cm source–skin distance 
(SSD). The data were taken using an Attix plane-parallel 
chamber

Depth 
(cm)

Electron percentage depth dose

6 MeV 9 MeV 12 MeV 15 MeV 18 MeV 22 MeV

0 70.8% 76.5% 82.0% 86.6% 88.4% 89.1%
0.5 82.5% 84.7% 89.5% 93.7% 96.0% 97.0%
1.0 94.0% 90.0% 92.6% 96.4% 98.7% 98.9%

Fig. 7.3. Central axis percentage depth dose as a function of 
beam energy from 4 MeV to 20 MeV
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7.4.3 
Flatness and Symmetry – Off-Axis Characteristics

A typical dose profile is shown in Figure 7.6. A dose 
profile represents a plot of the beam intensity as a 
function of distance off axis. The variation in the 
dose distribution in the direction perpendicular to 
the central axis can be described by the off-axis ratio. 
The off-axis ratio is defined as the ratio of dose at a 
point away from the central axis divided by the dose 
at the central axis of the beam at the same depth.

Specifications for flatness are given by the IEC 
(International Electrotechnical Commission) at the 
depth of maximum dose. The flatness specifica-
tion consists of two requirements: (1) the distance 
between the 90% dose levels and the geometric beam 
edge should not exceed 10 mm along the major axis 
and 20 mm along the diagonals of the beam and (2) 
the maximum value of the absorbed dose anywhere 
within the region bounded by the 90% isodose con-
tour should not exceed 1.05 times the absorbed dose 
on the axis of the beam at the same depth. The speci-
fication for symmetry according to the IEC at the 
depth of Dmax for high-energy electron beams is that 
the crossbeam profile should not differ by more than 
2% for any pair of symmetric points with respect to 
the central axis value. The AAPM has also made rec-

Table 7.2. Depths at which Dmax and D90 occur for various electron beam 
energies

6 MeV 9 MeV 12 MeV 15 MeV 18 MeV 22 MeV

Dmax depth (cm) 1.4 2.2 2.9 2.9 2.9 2.2
D90 depth (cm) 1.8 2.8 3.9 4.8 5.4 5.8

the change in percentage depth dose with change 
in field size for 7-MeV and 18-MeV electron beams 
for field sizes ranging from 2 2 to 25 25 cm2. As 
shown, there is greater change in the percentage 
depth dose for higher beam energies when the field 
size is decreased below the practical range. For all 
beam energies where this situation exists, there is a 
shift in both the depth of dose maximum and the D90 
dose towards the surface with decreasing field size. 
The surface dose increases with increasing amounts 
of field restriction for lower energy electrons while 
there is no change in the surface dose for the higher 
energy beams with field restriction. The practical 
range, Rp, is unchanged by field restriction since 
the overall beam energy is not affected by a change 
in field size.

The central axis percentage depth–dose curve for 
high-energy electron beams is only slightly depen-
dent on SSD. Figure 7.5 shows no discernable differ-
ence in the central axis data for 9 MeV electrons at 
100 cm versus 115 cm SSD. For the 20-MeV beam, 
the 80–95 isodose lines are only a few millimeters 
deeper at 115 cm SSD than their depth at 100 cm 
SSD. Isodose curves lower than 80% are negligibly 
more penetrating at extended SSDs since inverse 
square effects are not that great for electrons over 
their short depth of penetration.

Fig. 7.4a,b. Change in percentage depth dose versus 
fi eld size for a 7-MeV (a) and 18-MeV (b) electron beam 
for 2 2 to 25 25-cm2, 100 cm SSD fi eld sizes produced 
from a Siemens Mevatron 80 accelerator. [Reprinted 
with permission from Meyer et al. (1984)]a b
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ommendations (TG-25; American Association of 
Physicists in Medicine 1991) concerning field flat-
ness and symmetry. They specify that the flatness be 
specified in a plane perpendicular to the central axis 
at the depth of the 95% isodose line beyond the depth 
of dose maximum. The variation in the beam at this 
depth should not vary by more than ±5% versus 
the value at the central axis and optimally should 
be within ±3% at a point 2 cm within the geometric 
field edge (the 50% isodose width) for fields greater 
than or equal to 10 10 cm2. Knowledge of the beam 
flatness is important from a clinical standpoint in 
determining an adequate field size to treat a par-
ticular region, particularly in setting an adequate 
margin around the target.

7.5 
Isodose Curves

Isodose curves are generated by connecting points of 
equal dose. The curves are usually drawn at intervals 
of absorbed dose separated by 10% and expressed 
as a percentage of the dose at the reference point 
compared with that at the Dmax point on the central 

axis of the beam. The shape of individual electron 
isodose curves varies with beam energy, field size, 
beam collimation, SSD, and the level of the isodose 
curve. Typical isodose curves are shown in Fig. 7.7 
for both a 6 6-cm2 and 15×15-cm2 12-MeV, 100 cm 
SSD electron beam. The 6×6-cm2 field is overlaid on 
the 15×15-cm2 field to illustrate that the shape of 

Fig. 7.5. Comparison of central axis depth–dose 
curves for 9 MeV and 20 MeV electrons using a 
10 10-cm2 cone at 100 cm and 115 cm SSD. Data 
are taken on a Varian 2100C linac using Kodak XV2 
fi lm in a solid water phantom and scanned using a 
Wellhofer scanner running WP700 software
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cone in place. Data are taken using Kodak XV2 fi lm in a solid 
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the isodose curves in the penumbra region, the dis-
tance from the 80% to the 20% isodose curve, changes 
very little as a function of field size. An investigation 
of these isodose curves shows that the 50% isodose 
curve penetrates almost straight down perpendicular 
to the surface, assuming a flat patient surface. The 
edge of both the 90% and 80% isodose curves moves 
in toward the central axis, while that in the isodose 
curves less than 50% spreads out from the 50% iso-
dose line. Keeping these beam characteristics in mind 
is important to ensure adequate field size coverage of 
the specific target region by the 90% isodose curves. 
Usually a 1-cm margin around the desired treatment 
area provides an adequate margin for electron beams 
at standard treatment distances. When electron fields 
are abutted with other electron or photon fields, the 
widening of the penumbra exhibited by the lower 
value isodose curves influences the dose in any over-
lap regions or in fields adjacent to the electron field.

The overall shape of isodose curves can be 
influenced by many factors. These include patient 
curvature, inhomogeneous materials such as air, 
bone, lung, and high Z materials, and the effects 
of extended SSDs and field-shaping devices. These 
field-shaping devices include cerrobend inserts, 
lead shields or cutouts on the patient’s skin surface, 
and internal shields designed to protect underlying 
sensitive or normal tissue.

7.5.1 
Change in Isodose Curves Versus SSD

Figure 7.8 shows the change in the shape of isodose 
curves with changing SSD. The data is for a 10×10-
cm2 cone at 100 cm SSD and 115 cm SSD, creating an 

11.5×11.5-cm2 field at 115 cm SSD, the reason that 
the right side of the figure is wider than the left side. 
It can be seen at both 9 MeV and 20 MeV that the 
shapes of the isodose curves change dramatically 

Fig. 7.7. Isodose curves for a 6 6-cm2 fi eld overlaid on a 15 15-cm2 fi eld for a 12-MeV, 100-cm SSD electron beam from a Varian 
2100C Clinac. The central axis percentage depth–dose values are the same for the 6 6-cm2 and 15 15-cm2 fi elds as is the shape 
of the isodose curves in the penumbral region. Isodose values represented are the 98, 95 and 90 to 10 by steps of 10 levels. Data 
are taken using Kodak XV2 fi lm in solid water phantom, scanned using a Wellhofer WP700 system

Fig. 7.8. Isodose curves for 9-MeV (top) and 20-MeV (bottom) 
electron beams, 10 10 cm2 at both 100 cm and 115 cm SSD. Iso-
dose values represented are the 98, 95 and 90 to 10 by steps of 
10 isodose levels. Data are taken using Kodak XV2 fi lm in solid 
water phantom, scanned using a Wellhofer WP700 system

Depth [%]

Depth [%]

9 MeV Electrons

20 MeV Electrons

       –8.00    –6.00   –4.00    –2.00     0.00      2.00      4.00      6.00      8.00 
                                                                      Inplane [cm]  

2.00

0.00

4.00

6.00

8.00

10.00

12.00

14.00

       –8.00    –6.00   –4.00    –2.00     0.00      2.00      4.00      6.00      8.00 
                                                                      Inplane [cm]  

0.00

2.00

4.00

6.00

<– 100 SSD                   115 SSD –>

<– 100 SSD                       115 SSD –>



142  B. J. Gerbi

at extended distance. Near the surface, the isodose 
lines less than 50% extend much farther outside the 
field edge than at 100 cm SSD. Isodose lines greater 
than 50% also are changed markedly from what is 
exhibited at the standard 100 cm SSD. In general, the 
90% field width is decreased at extended SSDs while 
more dose is contributed outside of the field edge at 
extended SSDs. This change in the shape of the iso-
dose curves is important to keep in mind so that the 
target is adequately covered at extended distances and 
for field abutment at extended SSDs. As was shown 
in Figure 7.5, there is very little change in the central 
axis percentage depth dose with increasing SSD.

7.5.2 
Change in Isodose Curves Versus Angle of Beam 
Incidence

Many times in clinical situations, electrons are inci-
dent on the patient’s surface at oblique angles. This is 
most notable when treating the chest wall, the scalp, or 
extremities of the body. For obliquely incident beams 
whose angle of incidence is greater than 30°, there is 
a significant change in the shape of the central axis 
percentage depth dose. With reference to Figure 7.9, 
as the angle of beam incidence increases, the depth 
of the dose maximum decreases. At slightly increased 
angles of beam incidence, the slope of the central 
axis percentage depth–dose curve and the practical 
range remain unchanged. As the angle of incidence 
increases beyond 60°, the shape of the central axis 
percentage depth–dose curve changes significantly, 
and the Dmax increases dramatically when compared 
with the dose at dmax for normally incident beams 
(Ekstrand and Dixon 1982; Khan et al. 1985; Khan 
2003). Table 7.3 gives a numerical description of the 
change in the central axis dose distribution as a func-
tion of oblique beam incidence for different electron 
beam energies as a function of depth for a 20×20-cm2 
field (Khan et al. 1985).

Clinical examples where sloped or curved sur-
faces are encountered include chest wall treatments, 
treatment of the limbs, and treatments of the scalp. 
Figure 7.10 shows the isodose distributions for a 
beam of electrons incident vertically on a curved 
surface, such as the chest wall. The isodose curves 
follow roughly the curvature of the contour but there 
is significant change in the beam coverage due to 
the attenuation of the beam, loss of scatter, inverse 
square decrease due to distance, and obliquity effects. 
The magnitude of these changes also depends on the 
radius of curvature of the surface to be treated.

Fig. 7.9. Change in dose versus depth for 9-MeV electrons inci-
dent on water. The curves are normalized to the 100% point 
for the 0° incident beam. [Reprinted with permission from 
Ekstrand and Dixon (1982)]

Fig. 7.10. Measured (solid lines) and calculated (dashed lines) 
isodose distribution for an electron beam incident on a cylin-
drical polystyrene phantom. [Reprinted with permission from 
Khan (1984)]

7.5.3 
Irregular Surfaces

Irregular skin surfaces involving abrupt changes 
in the patient surface are encountered primarily 
during the treatment of the nose, eye, ear and ear 
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canal, and in the groin area. Surgical excisions can 
also create treatment areas with abrupt changes in 
the surface of the body. For areas of the body where 
sharp surface gradients exists (nose, ear), there will 
be a loss of side scatter equilibrium resulting in a hot 
spot beneath the distal edge of the step and a cold spot 
beneath the proximal surface. This is illustrated in 
Figure 7.11 for an experimental situation. Figure 7.12 
shows a clinical example treating a region around the 
nose and the high-dose areas to the side of the nose 
(Chobe et al. 1988). This figure shows that the mag-
nitude of the high-dose region can be increased as 
much as 20% with a low-dose region directly adjacent. 

In clinical practice, the potential for the creation of 
these types of high-dose regions has to be monitored 
constantly so that this effect can be minimized by the 
use of bolus material when possible to smooth out the 
surface irregularity.

7.6 
Effect of Inhomogeneities on Electron 
Distributions

Commissioning data for electron beams is per-
formed using a flat, homogeneous, water phantom. 
This idealized data set provides a good starting 
point for clinical dosimetry for electron beams. 
However, the presence of inhomogeneous material 
in the body is a fact of life in real world situations. 
The inhomogeneities of greatest concern are air 
cavities (primarily in the head and neck region), 
lung, and bone. Electron depth–dose distributions 
in a medium are dependent on electron density 
(electrons/cm3). Since the number of electrons per 
gram is the same for all materials (except hydrogen 
which has about twice the number of electrons per 
gram), the physical density (g/cm3) of the material 
determines the depth of penetration of the beam. 
Therefore, the depth of penetration of the beam of 
electrons can be determined by scaling the depth of 
penetration in water by the physical density of the 
inhomogeneous medium. This can be represented 
by the following equations:

zwater = zmed med (1)

where z is the depth in the indicated material, 
water or medium, and med is the physical density 
of the medium or inhomogeneity in this example. 
For beams passing through lung material of density 
0.25 g/cm3, the depth of penetration of the beam in 
the lung would be:

zlung = zwater lung. (2)

Thus, a beam that would penetrate 1 cm of 
normal, unit density material such as water would 
penetrate to a 4-cm depth in lung having a density 
of 0.25 g/cm3. This is a quick rule of thumb that can 
be applied in the clinic to determine the amount of 
penetration into materials, the density of which dif-
fers from that of normal tissue. The actual situation 
is more complicated due to scattering of the electron 
beam and interface effects.

Table 7.3. Obliquity factors for electron beams. These factors 
show the relative change in the beam intensity at angle com-
pared with that at normal beam incidence. [Reprinted with 
permission from Khan et al. (1985)]

(a) =30°

E0(MeV)

Zb/R 22 18 15 12 9 6

0.0 1.00 0.98 0.98 1.00 0.94 1.01
0.1 1.00 1.00 1.00 1.00 1.00 1.08
0.2 1.00 1.00 1.01 1.02 1.05 1.11
0.3 1.01 1.00 1.02 1.03 1.05 1.06
0.4 1.01 1.01 1.02 1.00 1.00 0.96
0.5 1.00 1.00 0.98 0.96 0.92 0.86
0.6 0.95 0.94 0.92 0.90 0.86 0.79
0.7 0.92 0.90 0.87 0.86 0.86 0.83
0.8 0.93 0.85 0.82 0.90 1.00 0.96
0.9 1.09 1.00 1.20 1.11 1.44 1.00
1.0 1.42 1.54 1.50 1.50 1.30 1.00

(b) =45°

0.0 1.03 1.02 1.03 1.05 0.98 1.14
0.1 1.03 1.04 1.04 1.06 1.10 1.14
0.2 1.05 1.06 1.07 1.11 1.12 1.12
0.3 1.06 1.07 1.09 1.09 1.05 1.07
0.4 1.04 1.04 1.04 1.01 0.93 0.92
0.5 1.00 0.99 0.92 0.92 0.80 0.77
0.6 0.93 0.90 0.86 0.82 0.70 0.69
0.7 0.84 0.84 0.82 0.77 0.70 0.76
0.8 0.87 0.83 0.85 0.86 0.83 1.10
0.9 1.30 1.00 1.43 1.20 1.40 1.46
1.0 2.17 2.31 2.19 2.50 2.00 2.14

(c) =60°

0.0 1.06 1.06 1.10 1.14 1.14 1.30
0.1 1.10 1.12 1.17 1.20 1.23 1.21
0.2 1.12 1.14 1.15 1.16 1.17 1.08
0.3 1.07 1.07 1.07 1.02 0.98 0.90
0.4 1.00 0.96 0.93 0.86 0.79 0.70
0.5 0.87 0.84 0.79 0.74 0.67 0.56
0.6 0.75 0.74 0.69 0.63 0.58 0.51
0.7 0.70 0.68 0.67 0.62 0.57 0.56
0.8 0.75 0.71 0.67 0.74 0.77 0.87
0.9 1.21 1.00 1.29 1.14 1.60 1.40
1.0 2.31 2.46 2.75 3.0 3.2 2.45
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7.6.1 
Lungs

Figure 7.13 illustrates the increased penetration of 
electron beams into lung tissue. Figure 7.13a shows a 
12-MeV beam incident on the chest wall of a patient 
without taking the density of the lung into account 
(Khan 2003). Figure 7.13b shows the dramatic in-
crease in dose to the lung when this inhomogeneity 
is taken into account in the calculation. For simplic-
ity, the effects of the ribs have not been considered 
in this illustration. As mentioned above, the energy 
of the beam is selected to place the 80% isodose line 
at the lung chest wall interface rather than using the 
90% isodose line. Insuring that this 80% isodose line 
lies at the interface often requires the use of a bolus 
or compensating bolus plus a judicious selection of 
the best electron energy to employ.

7.6.2 
Bones

Inhomogeneities in the form of bones are often pres-
ent within the electron treatment field. Bone den-
sity can range from 1.0 g/cm3 to 1.10 g/cm3 for the 
spongy bone of the sternum to 1.5 g/cm3 to 1.8 g/cm3 
for hard bones such as those of the mandible, skull, 
and other bones that provide structural support for 

Fig. 7.12. Effect of the abrupt change in contour by the nose 
and the effect on the fi nal isodose distribution. The plan is 
done assuming unit density material and not taking into 
account the air cavities particular to this region of the body 
[Reprinted with permission from Chobe et al. (1988)]

the body. Additionally, the density of bone is not 
uniform throughout their cross section. Figure 7.14 
illustrates the effect of hard bone on electron isodose 
curves (Hogstrom and Fields 1983). Beneath the 
bone, the electron isodoses are shifted toward the 
surface due to extra attenuation or the shielding 

Fig. 7.11. High-dose regions 
produced by an electron 
beam incident on a water 
phantom have sharp, step-
like irregularities in the sur-
face contour. [Reprinted with 
permission from Dutreix 
(1970)]
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Fig. 7.13a,b. The effect of lung corrections on the overall dose distribution without correction for lung (a) and with bulk correc-
tion for lung using a density of 0.25 g/cm3 for lung tissue (b). A bolus was used to maximize the dose on the surface. 10-MeV, 
100-cm SSD (68 cm SSD effective) electrons were used. [Reprinted with permission from Khan (2003)]

a b

Fig. 7.14. The effect of hard bone on electron isodose curves. 
[Reprinted with permission from Hogstrom (2004)]

effect of the bone. In addition, the dose outside or at 
the edge of the bone–tissue interface is increased by 
about 5%, while that at the edge of the interface but 
beneath it is decreased, by approximately the same 
amount. This is due to the loss of side scatter equi-
librium. It should be noted that actual bone–tissue 
interfaces are more rounded than those depicted 
in the figure, which would lead to lesser deviations 
than those indicated. However, some investigators 
(Boone et al. 1967, 1969) showed, using thermo-
luminescent dosimeter capsules, that at 9 MeV the 
intercostal doses in dogs were increased by an appre-
ciable amount. This effect is even more dramatic 
when using 6 MeV electrons.

7.6.3 
Air Cavities

Because of the low physical density of air (0.0013 g/
cm3), electrons pass easily through this medium. In 
addition, complicated scatter situations are created 
at the interface between air cavities and other tis-
sues. Figure 7.15 shows the dose distribution using 
an anterior electron field to treat the nasal region 
using high-energy electrons. The first illustration 
(Fig. 7.15a) shows the dose distribution neglecting 
corrections for inhomogeneities. Figure 7.15b shows 
the dramatic difference in the dose distribution 
when air cavities and bone are taken into account. 
Very high doses penetrating into the brain and other 
underlying tissues can easily be seen from this dia-
gram. If this increased dose is not considered, large 
doses to these underlying structures can result. It is 
common practice when treating this region to put a 
bolus into the nose to help counteract this increased 
penetration. Figure 7.15c shows the improvement in 
dose distribution by the use of both internal and 
external bolus placement. However, the bolus can 
be difficult to place so that it fills completely the 
internal cavity especially if immobilization masks 
are used. Thus, protection of underlying struc-
tures from increased penetration through these 
air cavities might be assumed by the placement of 
this bolus, when, in actual fact, little protection is 
actually provided. Figure 7.15d–f shows an example 
of the actual field and bolus placement along with 
clinical results obtained at 2 years post-treatment 
(McNeese 1989).

Another significant effect is the reduction in the 
dose to the tissues directly adjacent to the air cavi-
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Fig. 7.15a–f. a Dosimetry without heterogeneity correction gives false impression of isodose distribution. b Dosimetry with 
heterogeneity correction shows more accurate isodose distribution. c Improved isodose distribution with use of internal and 
external bolus. d Actual treatment fi elds, with bolus placed in nostrils and intraoral stent in place. [Reprinted with permission 
from McNeese (1989)]. e Completion of treatment setup with external wax bolus and lead eyeshield in place. f 2 years after 
completion of therapy. [Reprinted with permission from McNeese (1989); Chobe et al. (1988)]
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ties. Electrons scatter preferentially into low-den-
sity regions (air cavities), and electrons scattering 
from the adjacent tissue into air are not replaced 
because the air is not able to scatter an equal 
number of electrons back to the higher density tis-
sues. This can lead to clinical under dosing of the 
tissues in this area by approximately 10% which 
could result in the loss of control of the primary 
target site.

7.7 
Clinical Applications of Electron Beams

7.7.1 
Target Definition

As with photon beam treatments, the first step in the 
initiation of electron therapy is to determine accu-
rately the target to be treated. All available diagnos-
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tic, operative, and medical information should be 
consulted to determine the extent and the final plan-
ning target volume (PTV) with appropriate margins 
to be treated before simulation and placement of the 
electron fields is initiated. Treatment-planning CT 
scans may be helpful and even required to make this 
determination along with the determination of the 
optimum beam placement and energy selection.

7.7.2 
Therapeutic Range – Selection of Beam Energy

The depth of the 90% isodose level (D90) is a very 
common therapeutic depth for electron beam ther-
apy. The electron energy for treatment should be 
selected such that the depth of the 90% isodose line 
covers the distal or deepest portion of the region 
to be treated in addition to an approximate 5-mm 
additional depth beyond the treatment region. This 
depth of R90 can be approximated by dividing the 
energy of the electron beam in MeV by four (Eo/4) 
in centimeters of water. The 80% isodose level (D80) 
is also frequently used as a treatment parameter for 
defining the therapeutic treatment range. It is most 
commonly used for chest wall treatments where the 
D80 would be placed at the lung-chest wall inter-
face. The 80% point is chosen in this region since it 
adequately covers the chest wall without depositing 
an excessive amount of radiation in the underlying 
lung and heart tissue. The depth of D80 is approxi-
mately equal to Eo/3 in centimeters of water.

7.7.3 
Dose Prescription – ICRU 71

In 2004, the International Commission on Radiation 
Units and Measurements (ICRU) published Report 
71 detailing new recommendations for “Prescribing, 
Recording, and Reporting Electron Beam Therapy” 
(Gahbauer et al. 2004). They recommended the 
same general approach for dose prescriptions for 
electron treatments as those taken for photons as 
specified in the previous reports ICRU 50 and 62 
for photon beams (International Commission on 
Radiation Units and Measurements 1993, 1999). 
For treatment-planning purposes and to maintain 
consistency with the previous ICRU reports dealing 
with photon beam treatments, the concepts of gross 
tumor volume (GTV), clinical target volume (CTV), 
planning target volume (PTV), treated volume, 
organs at risk (OAR), and planning organ at risk 

volume (PRV) are defined as in previous reports 
and are to be used.

They indicated that the treatment should be speci-
fied completely, including time–dose characteristics 
and making no adjustments in the relative biologi-
cal effectiveness differences between photons and 
electrons. Specifically, they recommended the selec-
tion of a reference point for reporting electron doses 
which is referred to as the “ICRU reference point”. 
This point should always be selected at the center 
(or central part) of the PTV and should be clearly 
indicated. In general, the beam energy is selected so 
that the maximum of the depth–dose curve on the 
beam axis is located at the center of the PTV. If the 
peak dose does not fall in the center of the PTV, then 
the ICRU reference point for reporting should be 
selected at the center of the PTV and the maximum 
dose should also be reported. For reference electron 
irradiation conditions, they recommend that the 
following dose values be reported (Gahbauer et al. 
2004):

the maximum absorbed dose to water
the location of and dose value at the ICRU refer-
ence point if not located at the level of the peak-
absorbed dose
the maximum and minimum doses in the PTV, 
and dose(s) to OARs derived from dose distribu-
tions and/or dose–volume histograms

For small and irregularly shaped beams, the peak 
absorbed dose to water for reference conditions 
should be reported. It is also recommended that 
when corrections for oblique incidence and inho-
mogeneous material are applied, the application of 
these corrections should be reported.

7.7.3.1 
ICRU 71 Recommendations – Intraoperative 
Radiation Therapy

ICRU Report 71 also provides direction for the 
special electron beam techniques of intraoperative 
radiation therapy (IORT) and total skin irradiation 
(TSI). In IORT, high-energy electrons are used to 
deliver a large, single-fraction dose to a well-defined 
anatomical area after surgical intervention. The 
CTV is defined as accurately as possible by both 
the surgeon and the radiation oncologist during the 
procedure.

All devices specific to IORT need to be recorded 
such as the IORT applicator system including type, 
shape, bevel angle, and size of the applicator. The 
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ICRU reference point for reporting is always selected 
in the center or central part of the PTV and, when 
possible, at the level of the maximum dose on the 
beam axis.

The ICRU recommended that the following dose 
values be reported for IORT (ICRU 2004):

the peak absorbed dose to water, in reference con-
ditions, for each individual beam (if the beam axis 
is perpendicular to the tissue surface)
for oblique beam axis, the maximum absorbed 
dose in water on the “clinical axis” (i.e., the axis 
perpendicular to the surface of the tissues, at the 
point of intersection of the central axis of the 
beam with the tissue surface)
the location of and dose value at the ICRU refer-
ence point (if different from above)
the best estimate of the maximum and minimum 
doses to the PTV. Usually the irradiation condi-
tions (electron energy, fi eld size, etc.) are selected 
so that at least 90% of the dose at the ICRU refer-
ence point is expected to be delivered to the entire 
PTV

7.7.3.2 
ICRU 71 Recommendations – Total Skin 
Irradiation

For total skin irradiation (TSI), the aim is to irra-
diate the total skin surface as homogeneously as 
possible. For patients with superficial disease, TSI 
can be delivered with one electron energy. In other 
clinical situations, the thickness of the skin disease 
may vary with stage, pathology, and location on the 
body surface. For such cases, several CTVs need to 
be identified and different beam penetrations have 
to be used. For each anatomical site, an ICRU refer-
ence point for reporting at or near the center of the 
PTVs/CTVs has to be selected. The reference point 
may be at the level of the peak dose if it is located in 
the central part of the PTV. In addition, an ICRU ref-
erence point, clinically relevant and located within 
the PTV, can be selected for the whole PTV.

For TSI treatments, reporting of the following 
dose values are recommended:

the peak absorbed dose in water for each indi-
vidual electron beam
the location of and dose value at the ICRU ref-
erence point for each anatomical area (the ICRU 
reference point may or may not be at the level of 
the peak dose)
the best estimate of maximum and minimum 
dose to each anatomical area

the location and absorbed dose at the ICRU point 
for the whole PTV, and best estimate of the maxi-
mum and minimum doses for the whole PTV
any other dose value considered as clinically sig-
nifi cant

7.7.4 
Field Shaping and Collimation

Cerrobend or lead cutouts are used to restrict the 
cone-generated electron fields to the desired area 
to be treated. Cerrobend is the material of choice 
for these field restriction devices due to the ease 
by which they can be constructed. After the field 
has been defined on the surface of the patient, it is 
extremely easy to outline on a clear piece of acrylic 
the insert to be constructed that will be inserted into 
the electron cone in exactly the orientation in which 
it will be used for treatment. This design process 
can be done in either the simulator or in the linac 
treatment room. Alternatively, a lead cut out can be 
manufactured from commercially available sheets 
of lead. They are more difficult and time consuming 
to construct and require that a store of lead sheets 
be kept in house. Lead cutouts are placed directly 
on the patient’s surface to define the treatment area 
and offer the advantage of producing a field with 
sharper edges than what can be accomplished with 
cerrobend inserts. Lead cutouts should be consid-
ered for small fields, low electron energies, when 
critical areas lie directly adjacent to sensitive struc-
tures, to sharpen the field edge either at standard 
or extended treatment distances, or when electron 
arc treatments are employed. Figure 7.16 shows the 
difference in the isodose curves for a 6-MeV, 3×3-
cm2 electron field when a cerrobend insert is placed 
10 cm above the skin surface to define the field as 
opposed to lead blocking placed directly on the skin 
surface Hogstrom 1991).

The thickness of lead required to stop the primary 
electrons has been investigated by Giarratano et 
al. (1975), who concluded that a lead thickness in 
millimeters equal to the most probable electron 
energy at the surface (in MeV) divided by two is 
adequate to provide shielding. An extra millime-
ter of lead can be added to provide an additional 
margin of safety. Thus, a 20-MeV electron beam 
would require a lead shield thickness of 10 mm 
of lead plus 1 mm for safety for a total thickness 
of 11 mm. Sheet lead is commercially available in 
1/16 inch increments, so the conversion needs to be 
made between millimeters and inches.



Clinical Applications of High-Energy Electrons 149

Required thicknesses of cerrobend for electron 
shielding have been studied by Purdy et al. (1980). 
Since low melting point alloy has approximately 82% 
of the density of lead (9.3 g/cm3 versus 11.34 g/cm3, 
respectively), 20% additional thickness needs to be 
employed for adequate shielding. In the example 
above for lead shielding for 20 MeV electrons, the 
required thickness of cerrobend would be 13 mm. 
It is interesting to note that the addition of high-Z 
material for electron shielding increases slightly the 
amount of photon contamination in the beam treat-
ing the patient and thus the deep dose (Purdy et al. 
1980; Zhu et al. 2001).

When lead cutouts are placed directly on the skin 
surface, electrons scattered from the edges of the 
lead into the treated field become a clinical consid-
eration. Figure 7.17 shows the isodose distribution at 
the edge of a lead shield placed at the water surface. 

Shown in Fig. 7.17a are the angles  and , which 
represent the angles of maximum and minimum 
dose changes, respectively. Figure 7.17b shows how 

 and are affected by the energy of the incident 
electron beam. In general, both  and  decrease 
with increasing beam energy since electron scatter 
becomes more forward directed as the beam energy 
increases (Pohlit and Manegold 1976).

7.7.5 
Internal Shielding

In some instances, internal shields need to be used to 
protect underlying sensitive structures. This is most 
commonly seen when using fields to treat the lip, 
buccal mucosa, and eyelid lesions. Internal shields 
are also commonly used for intraoperative radio-

ba

Fig. 7.16a,b. The effect of collimating with a fi eld defi ning device at 10 cm from the skin surface (a) as opposed to defi ning the 
fi eld at the skin surface (b) for a 6-MeV, 3 3-cm2 electron fi eld at 100 cm SSD. [Reprinted with permission from Hogstrom 
(1991)]

Fig. 7.17a,b. Isodose distribution at the edge of a lead shield placed at the water 
surface. a Angles  and  which represent the angle of maximum and minimum 
dose change, respectively. b How  and  are affected by the energy of the inci-
dent electron beam. (Reprinted with permission from Pohlit and Manegold 
(1976)]a
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therapy treatments. Important considerations when 
designing internal shields are to ensure an adequate 
shield thickness at the depth of shield placement, 
to ensure that the electrons backscattered from the 
lead surface do not dangerously increase dose at the 
interface, and to consider the high-dose edge effects 
mentioned above. Lead is the most common material 
used for the production of internal shields because of 
its availability and ease of use. The required thick-
ness of the shield depends on the energy of the elec-
tron beam at the location of the internal shield, the 
fact that electrons decrease in energy by 2 MeV/cm in 
muscle, and that 1 mm of lead is required as shield-
ing for every 2 MeV of electron energy (plus 1 mm 
for safety, as mentioned above). Thus, if 9 MeV of 
electrons are used to treat the buccal mucosa of 
thickness 1 cm, a shield placed beneath the cheek 
to protect the oral cavity would have to be 4.5 mm 
thick. This is because the electrons would decrease 
to 7 MeV after penetrating 1 cm of tissue, and that 
3.5+1 = 4.5 mm of lead would be required to shield 
7 MeV electrons. For final shield design, the back-
scatter of electrons from the lead surface has to be 
taken into account. As shown in Fig. 7.18, the amount 
of electron backscatter that would be produced by 
placement of a shield made solely of lead would pro-
duce an increase in dose of approximately 50% at 
the lead–tissue interface (Klevenhagen et al. 1982; 
Klevenhagen 1985). Reduction of the increased 
dose due to backscatter from the lead surface can be 
accomplished by the addition of some low-Z material 
– dental acrylic, bolus material, or, in some cases, 
aluminum. We find it convenient to apply a coating 
of dental acrylic to the surface of the lead followed by 
layers of dental boxing wax to the surface of the lead 
facing the beam. The dental acrylic seals the lead, 
which is itself toxic, and makes cleaning and ster-
ilization much easier to accomplish between treat-
ments. Using two half-value layers of wax is usually 
sufficient to reduce the amount of backscatter to 
an acceptable level. At 6 MeV, one half-value layer 
is approximately 3.5 mm of unit density material 
(Lambert and Klevenhagen 1982). Thus, the final 
intraoral shield would consist of 4.5 mm lead, a coat-
ing of dental acrylic, plus about 7 mm of wax.

Internal shields placed under the eyelid to pro-
tect the underlying eye are particularly challenging 
to design and manufacture because of the limited 
space for shield placement and the required thick-
nesses of materials to provide adequate protec-
tion. In some instances, an effective shield cannot 
be designed that will allow the use of the desired 
electron energy while making the shield sufficiency 

thick and of the proper combination of materials. By 
using tungsten (Z  =  74, density  =  17.3 g/cm3) instead 
of lead (Z = 82, density = 11.34 g/cm3), acceptably 
thin eye shields can be made to fit under the eyelid 
that are capable of shielding 9 MeV electrons (Shiu 
et al. 1996). An added benefit is that tungsten is of a 
lower Z value than lead which also leads to a slightly 
lower amount of backscatter from the surface of the 
tungsten shield. Commercially available eye shields 
(Radiation Products Design, Inc., Albertville, MN) 
made from tungsten and aluminum have also been 
shown to provide excellent protection for the under-
lying eye (Weaver et al. 1998).

Pencil eye shields can be utilized to protect the 
lens of the eye when the eyelid is involved and needs 
to be irradiated using electrons. A cerrobend shield 
1.3 cm in diameter and at least 1 cm thick was shown 
to be adequate in protecting the lens when 6 MeV 
or 9 MeV of electrons were used for the treatment 
(Rustgi 1986). Protection of the lens was optimal 
when the shield was places 1 cm or closer to the 
surface of the eye. In our clinic, we use a 1.2-cm-
diameter, 2-cm-thick cerrobend shield coated with 
acrylic to reduce electron scatter from the side of 
the shield into the eye. An acrylic support rod is 
attached perpendicular to the side of the cylindri-
cal shield so that a small ring stand can be used for 
daily shield placement. This arrangement allows for 
very easy placement of the shield to less than the 
desired 1-cm distance from the surface of the eye. 
Figure 7.19 shows that the 2-cm-thick shield is effec-
tive in reducing even 12 MeV electrons to an accept-
able level of protection for the lens.

Fig. 7.18. Increase in the dose upstream from a lead shield thick-
ness = 1.7 mm) at various depths in polystyrene. [Reprinted 
with permission from Khan et al. (1976)]
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7.7.6 
Bolus

A bolus is used for several reasons in electron beam 
treatments: to increase the dose on the skin sur-
face, to replace missing tissue due to surface irregu-
larities, and as compensating material to shape the 
coverage of the radiation to conform as closely as 
possible to the target volume while sparing normal 
tissue. For modern linear accelerators, the surface 
dose can be quite low and, to treat to the 90% point, 
a bolus would be required to cover adequately the 
superficial regions of the body.

The ideal electron bolus material would be equiv-
alent to tissue in both stopping power and scatter-
ing power. Additionally, it should be flexible and 
moldable to best conform to the variations in sur-

face topology of the patient. This is an important 
requirement since small air gaps between the bolus 
and skin surface can promote in-scattering of elec-
trons into the lower density air spaces resulting in 
local high-dose regions. Figure 7.20 shows the effect 
of an acrylic plate placed at a distance of 5 cm from a 
flat surface (Hogstrom 1991). The reduction in dose 
to the patient and decreased field coverage from 
what would be desired is quite dramatic and would 
lead to a significant deviation in the delivered dose 
and insufficient treatment of the target area.

Several commonly available materials can be 
used as bolus material. These are paraffin wax, 
polystyrene, acrylic (PMMA), Super Stuff, Super-
flab, and Super-flex. Additionally, solid sheets of 
thermo-plastics (3 mm thickness per sheet) can be 
used. When hot, the material can be held in contact 
with the skin surface so that it conforms almost per-
fectly to the underlying contours. Additional layers 
of bolus can be added to this initial layer to produce 
the final desired thickness. An additional benefit of 
thermoplastic material is that it is transparent when 
hot. The transparency of the material makes it easy 
to transfer any marks made on the skin during setup 
to the surface of the bolus so as to aid in the accurate 
placement of the bolus.

7.7.6.1 
Custom, Compensating Bolus

A custom compensating bolus can be designed for 
complex situations to eliminate or decrease the 

Fig. 7.19. Isodose distribution produced using a Varian 2100C, 
12-MeV, 5-cm diameter circular electron fi eld incident on a 
2-cm thick, 1.2-cm diameter cylindrical cerrobend pencil eye 
shield in contact with a solid water phantom. The data is taken 
using Kodak XV2 fi lm and scanned using a Wellhofer scanning 
densitometer system running WP700 software
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Fig. 7.20a,b. The effect of location of an acrylic plate on the shape and magnitude of the dose distribution. An acrylic plate 
placed on the surface of a phantom (a) preserves both the shape of the original isodose curves and the magnitude of the 
delivered dose. An acrylic plate placed at a distance of 5 cm from the surface (b) produces not only a signifi cant change in the 
shape of the isodose curves but also a large decrease in the overall delivered dose to the skin surface and at depth. [Reprinted 
with permission from Hogstrom (1991)]
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effect of tissue heterogeneities, irregular patient 
surface structure, distance or curvature effects, or 
other parameters that would affect the production of 
an optimal dose distribution. A custom bolus can be 
designed by hand using individual CT scans of the 
region to be treated (Archambeau et al. 1981). The 
electron energy is selected by choosing the electron 
energy that would penetrate to cover the deepest 
extent of the target to be treated. A bolus is added 
to the top of the CT scans to create an equal depth 
of penetration along fan lines on all scans to cover 
the target (Fig. 7.21). The proposed bolus is added to 
each individual CT scan and a computerized treat-
ment plan is completed to ascertain the accuracy of 
the bolus design. The technique is repeated until a 
final acceptable bolus design and plan is achieved. 
A grid describing the bolus location on the patient 
and the thickness of the bolus at those locations 
is produced and the compensator is made to these 
specifications (Fig. 7.22). The grid also serves as an 
alignment tool so that the compensating bolus can 
be placed accurately on the patient from one treat-
ment to the next. This hand technique has several 
limitations: it is iterative in nature, time consum-
ing, and one-dimensional which neglects multiple 
Coulomb scattering, and it does not account for the 
full three-dimensional nature of the problem (Low 
et al. 1992; Antolak et al. 1992).

Computer-based techniques (Low et al. 1992) have 
been devised to address these difficulties and limita-
tions. The distribution in Figure 7.23 gives an idea 
of the capabilities of these approaches in covering 
the target volume and limiting the high-dose regions 
(Perkins et al. 2001; Kudchadker et al. 2002). The 
computerized bolus technique has been paired with 
electron intensity modulation to produce theoretical 
dose distributions for challenging target locations, 
although currently there is no easy way to deliver the 
treatment (Kudchadker et al. 2003).

7.7.6.2 
Field Abutment

Field abutment is employed in most instances 
either to cover a larger treatment area or region or 
to change electron energy in a particular region to 
more adequately cover the target at depth. Alterna-
tively, electron fields are abutted to photon fields so 
that a superior dose distribution can be achieved. In 
any case, optimal coverage of the target area is the 
goal of treatment and complicated field arrange-
ments may be required to treat the patient properly. 

Since most targets where electrons are used involve 
the surface of the patient or are very close to the 
patient’s surface, no gaps in the dose coverage at 
the surface can be allowed. With field abutment, 
hot spots beneath the surface will be created which 
may be acceptable depending on the size, the magni-
tude of the high-dose region, and the location in the 

Fig. 7.21. Schematic representation of the patient contour, 
target volume, and compensating bolus designed to optimize 
the coverage of the target while minimizing the dose to the 
underlying critical structure [Reprinted with permission from 
Low et al. (1992)]
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Fig. 7.22. Compensating bolus diagram for construction and 
placement of the bolus for patient treatment [Reprinted with 
permission from Low et al. (1992)]
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patient of the high-dose region. Figure 7.24 shows 
the resultant isodose distributions when gaps of 
0.5, 1.0, and 1.5 cm are placed between two electron 
fields of the same beam energy with parallel central 
axes incident on a flat surface. With a 0.5-cm gap, 
high-dose regions of 140–150% result. As the gap is 
increased, the magnitude of the high-dose region 
decreases to a more acceptable level, but low-dose 
regions that may be clinically important start to 
become evident near the surface. Figure 7.25 shows 
the effect of field matching with different electron 
beam energies incident on a flat surface as a function 
of different gap widths on the skin surface (0, 0.5, 
and 1.0-cm gaps). The magnitude of dose in the over-
lap region is not as severe as when identical beam 
energies are employed but the high-dose regions can 
still lead to significant treatment consequences.

Figure 7.26 shows a comparison of several abut-
ting beam configurations. As shown in 7.26a, the 
extent and magnitude of the high-dose region can be 
minimized by angling the central axis of each beam 
away from each other so that a common beam edge 
is formed. Figure 7.26b represents overlap that can 
occur when the central axis of the beams are paral-
lel. Figure 7.26c shows converging beam central axes 
that result in the greatest amount of overlap with the 
highest doses and largest high-dose regions.

Figure 7.27 shows a complicated collection of 
treatment fields used to cover the postmastectomy 
chest wall and supraclavicular region. Using this 
approach, the chest wall is usually treated with 6–
9 MeV electrons with a 0.5- to 1.0-cm bolus to ensure 
an adequate skin dose. Higher beam energies can be 
used if a thicker chest wall is encountered but care 
must be taken to ensure that the underlying lung or 
heart does not receive too high a dose. The internal 
mammary chain is treated with 12–16 MeV elec-
trons, depending on the thickness of the chest and 
the depth of the target at this location. The supracla-
vicular area can be treated with either electrons or 
photons depending on the anatomical characteris-
tics of the patient and the depth of treatment for the 
supraclavicular nodes.

Figure 7.28 shows a clinical example of abutting 
electron fields in chest wall treatment (Hogstrom 
2004). The dose homogeneity is acceptable at the 
border of the internal mammary chain and medial 
chest wall fields because central axes are parallel and 
field widths are small. However, the dose homogene-
ity is unacceptable at the border of the medial and 
lateral chest wall fields because the central axes are 
converging. Figure 7.28 shows the smoothing effect of 
moving the junction by 1 cm twice during the treat-

Fig. 7.23. Isodose distribution (Gy) using the custom 3D 
electron bolus technique. A dose of 50 Gy was prescribed to 
100% of the given dose using 16 MeV electrons. The bolus was 
designed to deliver 90% of the given dose to the target volume. 
The plan shows the outline of the bolus above the skin surface 
(yellow), along with dose minimization to the ipsilateral lung 
and underlying cardiac tissues. [Reprinted with permission 
from Perkins et al. (2001)]

Fig. 7.24. Isodose curves showing the dose at the junction loca-
tion for matching electron beams of the same energy incident 
on a fl at surface as a function of different gap widths: 0.5-cm 
gap on bottom, 1.0-cm gap middle fi gure, 1.5-cm gap top 
fi gure. (Reprinted with permission from Almond (1976)]
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Fig. 7.27. Treatment fi eld arrangement for postmastectomy patient. The 
chest wall is usually treated with 6–9 MeV electrons with a 0.5- to 1-cm 
bolus to ensure an adequate skin dose. The internal mammary chain 
is treated with 12–16 MeV electrons depending on the thickness of 
the chest at this location. The supraclavicular area can be treated with 
either electrons or photons depending on the anatomical characteristics 
of the patient and the depth of treatment for the supraclavicular nodes. 
[Reprinted with permission from Levitt and Tapley (1992)]

Fig. 7.26a–c. A collection of abutment geometries. a Diverg-
ing central axes form a common edge with the least amount 
of beam overlap. The central axes are angled away from each 
other by the angle =tan-1 (0.5 w/SSD) where w is the common 
fi eld width. b Parallel central axes lead to overlapping fi elds 
and high-dose area beneath the patient surface. c Converging 
beam axes resulting in the highest dose regions and the great-
est amount of overlap. [Reprinted with permission from ICRU 
Report No. 35: (1984)]
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Fig. 7.25. Electron fi eld matching isodose curves for differ-
ent electron beam energies for a Varian 2100C, 10 10 cone, 
100 cm SSD, 16 MeV electrons on the left and 12 MeV fi elds 
on the right. No gap on the skin surface (top), 0.5-cm gap on 
the surface (middle), and 1.0-cm gap on the surface (bottom). 
Data taken using Kodak XV-2 fi lm in a solid water cassette 
and scanned using a Wellhofer isodensitomer and WP700 
software
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ment. A 50% high-dose region can be reduced to 
+27% by moving the junction in this manner. A shift 
in the junction of 1 cm is adequate in most instances 
but the absolute amount depends on the size of the 
overlap region and the total dose. It is recommended 
that the amount of the shift and the number of junc-
tion changes be made to ensure that the high-dose 
region does not exceed the prescription dose by more 
than 15–20% in any region, if possible.

7.7.6.3 
Electron–Electron Field Matching: Sloping, 
Curved Surfaces

Matching electron fields on a curved surface, such 
as those that exist in clinical situations, only tends 
to exaggerate the magnitude and size of the overlap 
region. This occurs since each of the electron fields is 
usually positioned perpendicular to the skin surface 
(Fig. 7.29). The dose in the overlap region increases 
with decreasing radius of curvature of the external 
body contour. Situations such as those illustrated 
in Figure 7.29 should be closely monitored in the 
clinic, and the location of the junction should be 
repositioned with sufficient frequency to limit the 
risk of a complication.

7.7.6.3.1 
Total Limb Irradiation

Treatment of the entire periphery of body extremi-
ties can be accomplished using electron fields spaced 
uniformly around the limb. The advantage of using 
electrons over treating simply with parallel opposed 
photon fields is that the central uninvolved regions 
of the limb can be spared from unnecessary radia-
tion. The disadvantages of the technique lie in a more 
complicated field arrangement, additional dosim-
etry to verify the accuracy of the technique, and 
more treatment time on the linear accelerator per 
day to deliver the treatment. Figure 7.30 illustrates 
a technique described in the literature (Wooden et 
al. 1996) using six equally spaced 5-MeV electron 
beams to treat a 9-cm diameter cylinder. Each beam 
is wide enough to cover the entire width of the limb 
and provide grazing radiation to all surfaces. The 

Fig. 7.29. Representation of the magnitude of the high-dose 
regions when two electron fi elds abut at the skin surface. Both 
beams are perpendicular to the skin surface. Represented are 
12-MeV electron fi elds using Varian CadPlan beam model

Fig. 7.28. Clinical examples of abutting electron fi elds in chest 
wall treatment. Dose homogeneity is acceptable at the border 
of the internal mammary chain and medial chest wall fi elds 
because central axes are parallel and fi eld widths are small. 
Dose homogeneity is unacceptable at the border of the medial 
and lateral chest wall fi elds because central axes are converg-
ing. Bottom fi gure: Dose homogeneity is improved in this 
region by moving the match line twice during treatment by 
1 cm. [Reprinted with permission from Hogstrom (2004)]
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the electron field. Since the posterior neck electron 
fields are often treated at an extended distance of 
110 cm SSD instead of the nominal 100 cm, changes 
in the electron field brought about by this increased 
distance cause the high-dose region in the photon 
fields to be larger while the coverage in the electron 
fields is decreased over what is achieved at the usual 

Fig. 7.30. Resultant dose distribution obtained for total limb 
irradiation using six equally spaced 17-cm-wide, 5-MeV elec-
tron fi elds on a 9-cm diameter phantom. [Reprinted with per-
mission from Wooden et al. (1996)]

resultant distribution shows that a surface dose of 
90% of the average maximum is delivered compared 
with 70% for a single electron beam, and that the 
depth of the 90% isodose decreases to a depth of 
8–10 mm versus 15 mm for a single beam.

7.7.6.4 
Electron–Photon Field Matching

Often in clinical situations, a combination of elec-
tron and photon fields yields a dose distribution 
superior to that obtained using electron fields exclu-
sively. Adjacent photon and electron fields are com-
monly used in treatment of the head and neck region 
and again, for postmastectomy chest wall situations. 
It is extremely challenging to treat extensive regions 
of the chest wall using electron fields alone. Fig-
ures 7.31 and 7.32 illustrate possible combinations 
of photon and electron fields to treat large regions 
of the chest wall. The use of combined photon and 
electron fields with moving junctions allows for 
the treatment of a large amount of chest wall with 
acceptable high-dose regions. This approach could 
be extended to treat the entire periphery of the chest 
wall if necessary.

Treatments of the head and neck region com-
monly use abutted photon and electron fields where 
right/left lateral 6-MV fields are used to treat the 
anterior neck, and electrons are used to treat the 
posterior neck nodes. A high-dose region is cre-
ated at the junction location in the photon field 
and a corresponding low-dose region is created in 

Fig. 7.31. Combination of tangential 6 MV photons with 
12 MeV electrons to cover a large portion of the chest wall. 
Varian CadPlan beam models

Fig. 7.32. An alternate combination of tangential 6 MV pho-
tons matched with 12 MeV electrons to treat a large portion 
of the chest wall. Varian CadPlan beam models
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100-cm electron treatment distance. This effect is 
shown in Figure 7.33.

Total scalp treatments present a particularly 
challenging situation where the entire periphery of 
the scalp needs to be treated while sparing under-
lying brain tissue. Electron beams alone have been 
used to treat this area but involve very extensive 
field matching, special lead shielding, and junc-
tioning techniques (Tapley 1976; Able et al. 1991). 
A simpler and dosimetrically superior technique 
using right/left lateral 6-MV photon fields to treat 
the rind of skin of the scalp while avoiding the brain 
plus matched electron fields to treat the lateral sur-
face of the scalp was developed at the University of 
California, San Francisco (Akazawa 1989) and later 
modified by Tung et al. (1993). Figure 7.34 shows 
the photon and electron field arrangement used for 
the technique. In the technique by Tung et al., the 
outer edge of the electron field overlaps the inner 
edge of the photon field by 3 mm to account for the 
divergence of the contralateral 6-MV photon field 
whose central axis is placed approximately in the 
middle of the brain. The border of the photon field 
is placed initially 0.5 cm interior to the inner table 
of the skull. Midway through treatment, the junc-
tion between the fields is shifted by 1 cm toward the 
central axis to improve the dose homogeneity. To 
ensure that the dose to the scalp is maximized, a 
6-mm wax bolus is used for both the photon and 
electron treatments.

7.7.7 
Intracavitary Irradiation

7.7.7.1 
Intraoral and Transvaginal Irradiation

Intracavitary radiation is performed for treatment 
of intraoral or transvaginal areas of the body. Addi-
tionally, IORT can be considered an intracavitary 
electron technique. Intracavitary electron irradia-
tion is primarily used as a boost for particular sites 
offering the advantage of delivering a high dose to a 
specific and well-defined area and allowing the spar-
ing of closely adjacent normal or sensitive tissue. In 
the case of intraoperative radiotherapy, the sensitive 
structures are exposed and then physically moved 
from the beam before delivery of the radiation. The 
use of intraoral cones for boost treatments has been 
described in the literature indicating a benefit for 
the treatment of oral lesions presenting in the floor 
of the mouth, tongue, soft palate, and retromolar 

Fig. 7.34. Combination of right–left lateral photon fi elds with 
abutting electron fi elds to treat the entire scalp region. The 
overlap between the photon and electron fi elds is approxi-
mately 3 mm. Both the photon and electron fi elds have a 
common central axis placed approximately in the center of the 
brain. [Reprinted with permission from Tung et al. (1993)]

Fig. 7.33a,b. Composite isodose distribution created by abut-
ting photon and electron fi elds. 9-MeV electron beam; fi eld 
size=10 10 cm2, 6-MV photon beam, SSD=100 cm. a Electron 
beam at standard SSD of 100 cm. b Electron beam at extended 
SSD of 120 cm. [Reprinted with permission from Johnson and 
Khan (1994)]
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trigone. Even though not a randomized prospec-
tive study, the data presented showed that intraoral 
cone electron beam boost technique was superior to 
interstitial implant and kilovoltage intraoral treat-
ments for boosting early carcinoma of the tongue 
(Wang 1989, 1991).

For all intracavitary irradiation, specially 
designed treatment cones are required. In addition, 
an adapter to attach the cone to the linear accelerator 
has to be available which should incorporate a good 
system by which to visualize the area being treated. 
Figure 7.35 shows a commercially available intra-
oral/intravaginal cone system (Radiation Products 
Design, Inc., Albertville, MN). Cones are available 
with internal diameters from 1.9 cm to 9.5 cm and 
bevel angles from no angle to 60° angulation in steps 
of 15°. In clinical practice, the cone size and bevel 
angulation are chosen to provide adequate field cov-
erage with the best contact between the end of the 
cone and the treated surface.

Special dosimetry for the electron cones has to 
be performed before initiating an intracavitary 
electron treatment program. The size of the open-
ing of the adjustable linac jaws has a large impact 
on both the output and on the flatness of the elec-
tron field emanating from the end of the cone. A 
jaw size that yields a uniform field for all available 
cones is required to be set as the default size when 
the cone adapter is inserted into the treatment head. 
For each cone to be used clinically, isodose curves in 
the direction of the beam and perpendicular to the 

beam have to be obtained. These data are required 
to determine accurately the depth of penetration of 
the beam, the depth of the 90% isodose line, and to 
ensure that the treatment field is large enough to 
cover the target with a sufficient margin. Figure 7.36 
shows 6-, 12-, and 16-MeV electron isodose curves 
for a 5-cm diameter cone designed for use in IORT. 
For comparison, isodose curves in the plane of the 
beam for a 5-cm diameter cone with a 0° and 22.5° 
bevel are shown. The depth of penetration for the 
angled beam is significantly different from the 
normally incident beam showing less penetration 
perpendicular to the skin surface (Nyerick et al. 
1991).

7.7.7.2 
Intraoperative Radiation Therapy

IORT is a very involved technique that requires a 
great deal of time and effort to create a dedicated 
program for large volumes of patients. The specif-
ics of this program development are presented in 
great detail in AAPM Task Group Report 48 (Palta 
et al. 1995). Either a dedicated linear accelerator 
room that can meet the requirements of operating 
room (OR) sterile conditions or new mobile electron 
linacs (Ellis et al. 2000) that can be transported to 
a shielded OR need to be used. Because of the need 
to have the patient under anesthesia, efficient field 
positioning and convenient dosimetry need to be 

Fig. 7.35a–d. Intraoral/intravaginal cone 
system showing an assortment of cone 
sizes and bevel angles (a), vaginal obtura-
tors to aid in insertion of the cone (b), the 
docking assembly showing the periscopic 
visualization system (mirror, light pen 
holders, periscope) (c), and cone mated 
to the periscopic attachment system (d). 
(With permission of Radiation Products 
Design, Inc., Albertville, MN)
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b

c d
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available at the time of the operation. Thus, isodose 
tables and graphs for each applicator and energy 
combination should be readily available in the OR, 
as well as output factors for each possible clinical 
condition. A clinical team needs to be assembled 
consisting of surgeons, radiation oncologists, physi-
cists, therapists, and engineering and support staff. 
Each of these members must be thoroughly familiar 
with their role and how their role affects other mem-
bers of the team. If a dedicated unit is not available 
in the OR suite, which is the usual situation, then 
the route of travel from the OR to the treatment unit 
must be chosen to minimize distance while ensur-
ing maintenance of sterility, security, and patient 
confidentiality.

7.8 
Special Electron Techniques

7.8.1 
Electron Arc Irradiation

Electron arc therapy is employed in the treatment of 
postmastectomy chest wall and of other areas of the 
body such as the ribs and limbs. This technique can 

provide an excellent dose distribution in these areas. 
It is most effective when a constant radius of curva-
ture is present for the patient to be treated since the 
isocenter needs to be placed at a constant distance 
from the surface of the patient. Electron arc therapy 
is seldom employed at the University of Minnesota 
due to the difficulty of fabricating the necessary ter-
tiary shielding, the amount of time to perform dosi-
metric verification of the technique, and competing 
techniques for covering large areas of the chest wall 
or limbs that are much easier to accomplish. In addi-
tion, the depth–dose distribution is such that the 
dose to the skin surface is significantly lower for 
electron arc treatments than for a single stationary 
electron beam. This is due to the “velocity effect” 
where a deeper point is exposed to the beam longer 
than a shallower point resulting in a higher dose at 
depth than for a static field. Because of this, a bolus 
is often required so that an adequate dose is deliv-
ered to the skin surface. Finally, treatment-planning 
computers lack the ability to perform electron arc 
calculations and the distribution has to be approxi-
mated using several stationary beams placed around 
the arc track or by direct measurement. An excellent 
and detailed description of all aspects of electron arc 
therapy is given in the AAPM 1990 Summer School 
Proceedings (Leavitt et al. 1992).

Fig. 7.36a,b. Isodose curves for a 5-cm inner diameter IORT cone for 6-, 12-, and 16-MeV electron beams angled perpendicular 
to the surface of the phantom (a) and at an angle of 22.5° (b) [Reprinted with permission from Nyerick et al. (1991)]
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For the electron arc technique, three levels of 
beam definition are required: the opening of the 
adjustable X-ray collimators, a secondary cerrobend 
insert placed below the adjustable collimators, and 
tertiary shielding placed on the patient’s surface to 
define sharply the area of treatment. The adjustable 
X-ray collimator setting is usually determined by 
the linac manufacturer and it automatically selected 
when electron arc mode is selected. The second-
ary cerrobend insert is placed at a distance from 
the patient’s surface so that it does not collide with 
the patient during the rotation of the gantry during 
arc treatment. Any field width can be used on the 
secondary cerrobend insert but geometric field 
widths of 4–8 cm at the isocenter are most suitable 
for clinical situations. It must be kept in mind that 
the smaller the field at isocenter, the lower the over-
all dose rate resulting in higher photon contami-
nation. The radius of curvature usually decreases 
superiorly from the curvature at the isocenter. This 
decreased radius of curvature leads to a higher dose 
in this region. The width of the defined field using 
the secondary collimator can be tailored to make 
the dose more uniform throughout the treatment 
region taking these changes in radius of curvature 
into account.

Since the secondary cerrobend insert is far from 
the patient’s skin surface, the dose falloff at the treat-
ment field borders is gradual relative to ordinary 
static electron fields due to air scatter. To re-estab-
lish a sharper dose falloff at the ends of the treat-
ment arc, the electron arc is extended approximately 
15° beyond each end of the treatment arc. A tertiary 
shield is fabricated to not only sharpen the edges of 
the treatment area but also protect the uninvolved 
regions that would be irradiated by the extended 
arc. Figure 7.37 shows an example of an electron 
arc distribution both with and without a lead ter-
tiary shield in place (Khan et al. 1977). Typically, 
the shield is made from sheets of lead of the requi-
site thickness. Due to the large area to be covered, 
the thickness of the shield, and the extra shielding 
needed beyond the edge of the field, the shield is not 
only time consuming to produce but also very heavy 
to use.

Calibration of the dose rate for electron arc ther-
apy can be done either by integrating stationary 
beam profiles or by direct measurement. Direct mea-
surement using an ionization chamber in a cylindri-
cal phantom of polystyrene (acrylic, or solid water) 
provides a direct means by which to determine the 
dose rate. Holes are drilled at dmax in the phantom 
to accommodate the chamber and standard correc-

tions are applied to convert the integrated charge 
into dose (Khan 2003). Thermoluminescent dosim-
eters can be placed on the surface of the phantom 
to quantify the surface dose for the treatment. For 
dosimetry, the depth of the isocenter has to be the 
same as for the treatment, even though the radius 
of curvature of the phantom need only be approxi-
mately that of the patient (Khan 1982).

7.8.2 
Craniospinal Irradiation

Craniospinal irradiation is used to manage brain 
tumors that seed along the entire length of the 
cerebral spinal fluid. Medulloblastoma, malignant 
ependymoma, germinoma, and infratentorial glio-
blastoma are all candidates for this irradiation 

Fig. 7.37. Isodose distributions showing the difference in the 
sharpness at the ends of the electron arc when lead is in place. 
Data is taken in Rando phantom using 10 MeV electrons, an 
arc length of 236° and average radius of curvature of 10 cm. 
[Reprinted with permission from Khan et al. (1977)]
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approach. Commonly employed techniques treat the 
patient in a prone position and use right/left lateral 
photon beams to treat the brain in addition to a 
posteriorly directed photon beam to treat the spinal 
cord. Replacement of the posterior photon field with 
a high-energy electron field can reduce greatly the 
exit dose to the upper thorax region, especially the 
heart, and the lower digestive tract. This is espe-
cially important for pediatric patients and results 
in reductions of both acute and late complications. 
Key challenges in the use of this technique involve 
matching of the right/left lateral photon fields with 
the posterior electron spine fields, selection of the 
proper electron energy to cover adequately the spinal 
canal all along its length, and the production of a 
posterior electron field of adequate length to treat 
the entire involved region. Techniques have been 
published addressing these concerns with conse-
quent solutions to the above-stated problems (Maor 
et al. 1985, 1986; Roback et al. 1997). The first two 
techniques using high-energy electrons employ 
conventional treatment distances for the posterior 
spine field of 110 cm and 115 cm SSD and use two 
adjacent electron fields if one field is not adequate. 
The technique of Roback et al. (1997) for production 
of a larger posterior electron field uses an extended 
SSD of approximately 120 cm. Special consider-
ations in the application of this technique hinge on 
the change in the isodose distributions exhibited 
at the extended SSD. Figure 7.39 and 7.40 show the 
difference in the sharpness of the electron field both 
with and without tertiary collimation at the depths 
of Dmax and 4 cm, respectively. This approach can be 
extended to larger treatment distances (140 cm SSD) 
providing that adequate dosimetry is performed at 
this distance.

Figure 7.38 shows the basic field arrangement for 
the M.D. Anderson technique (Maor et al. 1985). 
The lateral photon fields are rotated through an 
angle  to match the divergence of the posterior 
electron field. The central axis of the photon beams 
is placed as close to the junction region as possible 
to eliminate divergence in the superior–inferior 
direction. The superior field edge of electron field 
“e1” is not moved during the treatment but the infe-
rior border of the photon fields is shifted 9 mm to 
feather the junction location (positions y1, y2, and 
y3). To achieve the most uniform dose per fraction 
in the region of the junction, one-third of the photon 
treatments are delivered with the inferior border of 
the two photon fields coincident with the electron 
field edge. The next one-third of the photon treat-
ments are delivered with the edge of one photon field 

moved 9 mm superior to the electron field edge and 
the edge of the second photon field moved 9 mm 
inferiorly to the electron field edge. The final one-
third of the photon treatments are delivered with 
the edges of the photon fields reversed from their 
previous position. Specifically, the photon field that 
was shifted 9 mm superior to the electron field edge 
is now positioned 9 mm inferior to the electron field 
edge while the photon field edge that was 9 mm infe-
rior to the electron field edge is now 9 mm superior 
to the electron field edge.

The overall length of the cord to be treated often 
exceeds the field size that can be covered using a 
25×25 cm2 cone at either 110 cm or 115 cm SSD. A 
small increase in overall field size can be accom-
plished by rotating the collimator 45° to produce a 
field size of approximately 30–35 cm in length. If the 
entire length of the cord cannot be covered in one 
electron field, then a second posterior field must be 
abutted to the inferior border of the first electron 

Fig. 7.38. Craniospinal fi eld arrangement showing the prone 
patient treatment position and the arrangement of the right/
left lateral photon fi elds and the posterior electron fi elds. Two 
electron fi elds are shown in the diagram but some patients are 
small enough such that one posterior electron fi eld covers ade-
quately the entire spine. The lateral photon fi elds are rotated 
through an angle  to match the divergence of the posterior 
electron fi eld. The superior fi eld edge of electron fi eld “e1” is 
not moved during the treatment but the inferior border of the 
photon fi elds is shifted 9 mm to feather the junction location 
(positions y1, y2, and y3). The central axis of the photon beams 
is placed as close to the junction region as possible to elimi-
nate divergence in the superior–inferior direction. [Reprinted 
with permission from Maor et al. (1985)]
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field. The addition of this second field requires that 
the couch be rotated 90° and that the angle of the two 
electron fields be rotated by an angle  (Figure 7.38) 
to account for the divergence of each of these elec-
tron fields and to produce a common field edge 
(Maor et al. 1985).

A simulation of the patient is done to establish the 
treatment position and properly place the photon 
and electron fields and to provide documentation 

for subsequent patient treatment. A lateral radio-
graph is taken to define the depth of the cord along 
its entire length and to show the changes in the SSD 
along the length of the cord. A computerized treat-
ment plan of this sagittal plane can be done easily 
using this information.

The electron energy is selected so that the 90% 
isodose surface covers the target to be treated. 
The energy should be selected such that the 90% 
isodose should exceed the maximum depth of the 
cord by 7 mm – 4 mm to account for the increased 
absorption of bone and 3 mm for a margin of error 
to ensure coverage of the target. If the depth of the 
spinal cord or the SSD to the patient skin surface 
varies significantly, then a bolus can be added to the 
spinal cord to conform the 90% isodose surface to 
the anterior border of the cord. With modern 3D-
treatment-planning computers, the overall plan can 
be calculated before treatment is begun.

7.8.3 
Total Skin Electron Therapy

Total skin electron treatments are employed in the 
management of mycosis fungoides (Duvic et al. 
2003). Numerous techniques for treating the entire 
skin surface using electron beams have been devised 
and each has its particular advantage. For all tech-
niques, the objective is to deliver as uniform a dose 
to the entire skin surface as possible. This is quite 
a challenging goal considering the various surfaces 
and individual variations that may be encountered. 
Report 23 of the AAPM (American Association of 
Physicists in Medicine 1987) goes into great detail 
on the various techniques, the dosimetry, and the 
proper steps required to initiate successfully a total 
skin electron treatment program. At the University 
of Minnesota, many different total skin electron 
techniques have been developed (Sewchand et al. 
1979; Gerbi et al. 1989). Our preferred technique 
is the modified Stanford technique, while others 
have been devised for patients unable to stand for 
the entire course of therapy. We use 9 MeV for our 
treatments and the high-dose rate total skin elec-
tron insert for our linac which automatically sets 
the standard linac jaws to 36×36 cm2 and allows 
the unit to operate at between 800 and 900 monitor 
units per minute.

The first requirement for total skin electron treat-
ments is a uniform electron field large enough to 
cover the entire patient in a standing position from 
head to foot and in the right to left direction. This is 

Fig. 7.39. Isodose curves demonstrating therapeutic and pen-
umbra widths at the depth of dose maximum (dmax=2.5 cm). 
Top illustrations are for the fi eld without tertiary collima-
tion, while the bottom is with tertiary collimation. Data are 
for 16 MeV electrons at 120 cm SSD using Kodak XV2 fi lm. 
[Reprinted with permission from Roback et al. (1997)]

Fig. 7.40. Isodose curves demonstrating therapeutic and penum-
bra widths at the approximate deepest depth of a child’s spinal 
cord (4 cm). Top illustrations are for the fi eld without tertiary 
collimation, while the bottom is with tertiary collimation. Data 
are for 16 MeV electrons at 120 cm SSD using Kodak XV2 fi lm. 
[Reprinted with permission from Roback et al. (1997)]
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top of the head – need to be boosted with separate 
electron fields to make up for the dose deficit experi-
enced from the normal total skin treatment. In con-
trast, high-dose areas such as the finger tips, toes, 
and tops of the feet receive too much dose and need 
to be shielded for a large portion of the treatment. 
The fingers and toes receive a higher dose since they 
are irradiated by more than three of the six electron 
fields and their lack of thickness for the fingers.

Fig. 7.41. Diagram illustrating total skin electron treatment 
position. Beam angulation provides a larger superior to infe-
rior treatment fi eld, along with extended treatment distance. 
The scatter plate (3/8-inch-thick acrylic) is placed approxi-
mately 20 cm from the patient surface while the treatment 
stand is designed to place the average-height patient at about 
the middle of the overall treatment fi eld

Fig. 7.43. The six fi eld cycle for total skin electron treatments 
for the positions indicated in Fig. 7.42

Fig. 7.42a–d. Four of the six standard treatment positions for 
the modifi ed Stanford technique for total skin electron beam 
treatments. The anterior (a), left posterior oblique (c), and 
right posterior oblique (similar to C but for the right poste-
rior) are treated on day 1, while the posterior (b), left anterior 
oblique (d), and the right anterior oblique (similar to d but for 
the right anterior) are treated on day 2

b

d

a

c

accomplished by treating the patient at an extended 
distance (410 cm), angling the beams superiorly 
and inferiorly ( =±16.7º), and using a large sheet 
of plastic (3/8-inch thickness acrylic at 20 cm from 
the patient surface) to scatter the beam (Figure 7.41). 
This beam angulation not only produces a large 
treatment field but also limits the amount of photon 
contamination that is directed onto the patient. This 
is because the lateral scattering of the electrons at 
the patient surface extends beyond the edges of the 
diverging photon field. In addition, the acrylic plate 
decreases the energy of the beam from 9 MeV at the 
exit window to about 6 MeV at the surface of the 
patient. The scatter produced by the acrylic sheet 
aids in providing a more uniform dose around the 
periphery of the patient. The beam angulation of 
±16.7º is particular to this accelerator, the treatment 
distance and the thickness and distance of the scat-
terer from the patient. The optimum angulations 
have to be determined for each specific set of treat-
ment parameters.

Several different patient positions need to be used 
to ensure that the entire surface of the body is cov-
ered uniformly. This is accomplished using the six 
different patient positions indicated in Figure 7.42. 
Each of the positions is rotated at a 60° interval from 
the other. Only three of the six fields are treated 
per day to help expedite the treatment on a per day 
basis (Fig. 7.43). Thermoluminescent dosimeters are 
placed at multiple locations on the third and fourth 
treatment days to measure the dose uniformity at 
those locations. Published material (Weaver et al. 
1995; Antolak et al. 1998) gives an indication of 
the amount of variation that should be expected for 
various measurement locations. The usual areas of 
low dose – the perineum, under breast tissue, the 
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Eye shields are very often used (the tungsten/alu-
minum shields described above) for the entire treat-
ment to shield the eyes while treating the overlying 
eyelid. The eye is first anesthetized, a non-prescrip-
tion contact lens is inserted to protect the cornea 
from the shield, and then the tungsten/aluminum 
eye shield is placed under the lid. Once the eye shield 
is in place, extreme caution and constant monitor-
ing of the patient must be conducted to ensure that 
they do not lose their balance and fall from the treat-
ment stand.

Total skin electron treatments involve a substantial 
amount of time and effort on the part of the depart-
ment. Commissioning of the technique requires 
numerous hours from the physics staff while actual 
treatments require more than 30 minutes of linac time 
for the six field treatment to be completed. Once the 
boost fields are added, an hour of linac time can be 
consumed in the treatment of one patient. However, 
total skin electron beam therapy has been shown to be 
highly effective in the treatment of early-stage myco-
sis fungoides without adjuvant therapy. In addition, 
the management of relapses with local radiotherapy 
or using second total skin electron treatment is an 
effective means of treatment for this disease (Hoppe 
2003; Ysebaert et al. 2004).
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planning systems to plan higher doses and quality 
assurance to ensure that the mapped doses are accu-
rate, patient positioning becomes even more cru-
cial. The purpose of this chapter is to review devices 
and processes that allow for excellent accuracy and 
reproducibility for both intra- and inter-treatment 
stability. We will first review methods of patient reg-
istration, moving from simulation devices such as 
computed tomography (CT) scanners to treatment. 
We will also review beam shaping and modifying 
devices such as wedges and compensating filters. 
We will also examine external immobilization sys-
tems and devices for external and internal shield-
ing. Finally, we will finish with methods for treat-
ment aids for special procedures such as total body 
photon irradiation.

8.2 
Patient Registration Systems

It is vital to have accurate methods for relocating 
patients from CT simulator or conventional simula-
tors to the treatment machine. Although the treat-
ment planning system is key to migrating the patient 
information between simulation and treatment, it 
is imperative that there be a well-understood refer-
ence system and method of shifting to locate the 
isocenter, as prescribed by treatment planning. Most 
modern-day immobilization systems, and for that 
matter treatment tables, work in concert so that 
the patient is aligned within a confined system for 
scanning and simulation, and more importantly 
these devices allow positioning of the patient in the 
same location on the treatment table for subsequent 
treatments. The key is to have the immobilization 
systems lock onto the treatment table by an inter-
face device. Once the immobilization device has 
been locked (“registered”) into an ideal position, 
the patient then lies in the immobilization device – 
whether it is a body cast or a mask system – and also 
becomes registered to the treatment table (Fig. 8.1). 
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8.1 
Introduction

Patient positioning for radiotherapy is one of the most 
important components of the entire planning and 
treatment process. According to the International 
Commission on Radiation Units and Measurements 
(ICRU) Report 24 (ICRU, 1993), the planning volume 
must be irradiated uniformly and accurately within 
5% for adequate tumor control. With the advent of 
conformal therapy and more recently advancement 
of intensely modulated radiation therapy (IMRT) 
and image-guided radiation therapy (IGRT), doses 
are being escalated to control tumors often near crit-
ical organs. With increased accuracy of treatment 
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The end result is that there is now a set of coordi-
nates from the simulation that correlates to a patient 
positioning reference point (Fig. 8.2) and later to the 
treatment isocenter. During the treatment planning 
process, there are instructions on how to move from 
the reference point to the isocenter, if the reference 
point itself is not the isocenter. Care must be taken 
to understand the directionality of the movements 
to move from reference point to isocenter as the 
coordinate systems of different treatment planning 
and delivery devices are not necessarily uniform 
(Fraass et al. 1998).

8.3 
Immobilization

Immobilization systems ensure that patient posi-
tion is reproducible and that the patient does not 
move during the treatment. It has been shown that 
localization errors can be caused by patient motion 
(Haus and Marks 1973). For this reason, immo-
bilization systems are designed with specific sites 
in mind.

Fig. 8.1. a Photograph of platform that functions to register 
the immobilization device to the treatment table. The device 
locks onto the table in a fi xed position and has acrylic posts 
that join the body cast to the platform. b Photograph of inter-
face platform as appropriated to connect a head and neck 
immobilization system. c Photograph of acrylic posts ready 
to join the body cast that has been formed around the posts 
before scanning

a b

c

8.3.1 
Head and Neck Immobilization

Most head and neck immobilization is performed 
using thermoplastic masks (Klein and Purdy 
1993). These masks start as plastic sheets, which 
after placing in warm water become pliable and 
are placed over the patient’s face and head. In turn 
they are molded to the face surface while simulta-
neously adhering to locking devices peripheral to 
the head that are used daily to lock the mask in 
place (Fig. 8.3). The advantages of the thermoplastic 
masks are that they avoid having to demarcate the 
patient’s face with reference points or setup marks. 
The potential disadvantage is a potential increase 
in surface dose. However, depending on the size 
of the field and location, the area of treatment can 
be cut out from the mask. As previously described, 
these mask systems can be configured so they are 
placed daily with an interface plate that is placed 
on the treatment table at exactly the same location. 
Mask systems must be evaluated as they have been 
known to shrink or stretch to a degree that effects 
reproducibility. Another device used for head and 
neck immobilization is a bite block. The bite block 
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Fig. 8.2. a Screen captures of multiple planes indicating 
fi ducial reference points for a 3-point setup. b Patient with 
external fi ducial marks lying in a body cast that has corre-
sponding demarcationsa

b

Fig. 8.3. Patient within head and neck immobilization system. 
There is a solid foam piece placed behind the patient’s head 
to strengthen support

consists of a mold that is configured for the patient 
to latch their teeth onto. The advantage of bite block 
is that there is no buildup material on the patient’s 
surface. However, not all patients may be able to 
tolerate a device in their mouth for a long period 
of time for setup and treatment, especially after a 
few weeks of treatments and radiation effects in 
the mouth. Finally, there is an option for treating 
patients prone in a prone pillow (Fig. 8.4), which is 

a foam device that can be placed on the treatment 
table in exactly the same place everyday. These foam 
devices have openings for the patient’s eyes, nose, 
and mouth. They are quite comfortable and allow 
air access. Unfortunately, they are not as rigid as the 
mask or bite block systems. One key to these systems 
is that an ideal head position must to be chosen 
with future thought on how treatment planning 
might be affected. Therefore, neutral positions or 
extended chin positions must be considered before 
the patient’s mask or bite block is made. For head 
and neck immobilization systems custom materials 
may be used to aid immobilization. The backing 
material behind the patient’s head could be custom 
polyethylene foam if desired. It could also be stan-
dard head and neck supports that shape to the head 
with an option of arching in order to create a neutral 
or extended head position.

8.3.2 
Body Immobilization

Body immobilization systems, which can be used for 
treating the upper or lower body, come in two main 
forms. The most common form is the custom poly-
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ethylene foam with the patient lying either supine 
or prone (Bentel et al. 1997). Chemicals are mixed 
in liquid form, filled into a bag surrounding the 
patient, and as the chemicals react cooling takes 
place. The result is that the polyethylene foam forms 
around the patient rising up along the sides and in 
between legs and arms according to how the patient 
is positioned (Fig. 8.5). These custom foams are reg-
istered to the treatment table or simulation table 
with an interface device to allow for the patient reg-
istration. The other body mold type is the vacuum 
form body immobilization system. In this scenario, 
the patient lies amongst a bag filled with loose plas-
tic mini-spheres. A vacuum is applied that removes 
the air allowing the remaining mini-spheres to col-
lapse with the result of a taut bag custom fitted for 
the patient. Though this system is environmentally 
cleaner to work with, one disadvantage is that it does 
not allow for removal of sections of the body mould 
to allow visualization of beam projection on patient 
skin for some treatment sites (i.e., breast).

In the case of the foam or vacuum body forms, 
Styrofoam wedges can be placed to help angle the 
patient, such as the case for breast cancer where the 
chest wall is desired to be parallel with the treatment 
table. Other devices for immobilization include 
angle boards, such as breast boards, that can be used 
to elevate the patient and articulate arms as desired 
for treatment. Finally, there may also be the utility 
for compression devices for patients lying prone 
(Fig. 8.6) where the small bowel can be pushed out-
side of the treatment area. Another alternative to 
allow small bowel out of the treatment field is to 
allow the pannus to fall into an opening built within 
a foam cradle (Das et al. 1997) or Styrofoam block 
configuration.

Fig. 8.4. Photograph of prone pillow device used for immo-
bilization

Fig. 8.5. Patient within registered body cast on computed tomog-
raphy (CT) scanner table. Patient’s fi ducial marks were made by 
laser projections from lasers within CT scanner room

Fig. 8.6. Styrofoam wedge used for prone patients treated for 
gastrointestinal (GI) cancers. The wedge is designed to “push” 
bowel superiorly

One additional option for patient position and 
immobilization is for upright treatments in a treat-
ment chair. Investigators (Klein et al. 1995b) have 
demonstrated advantages of upright treatments for 
Hodgkin’s disease (mantle irradiation) in order to 
shrink the mediastinum and increase the width of 
lung blocking. Commercial treatment chairs are 
available to facilitate not only mantle irradiation, 
but also that of thorax and head & neck (Fig. 8.7).

8.4 
Collimation

There are three main collimation systems available 
in radiotherapy. The first and most obvious is the 
collimating jaws in the treatment head. Historically, 
these jaws moved in two independent planes and 
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had little to do with tertiary collimation. However, 
modern accelerators have integrated multileaf col-
limation (MLC) within the gantry heads, which in 
some cases have replaced jaws systems. Therefore, 
independent collimating jaws (Slessinger et al. 
1993) and MLC must be considered as complete col-
limation systems. One system for jaws and multi-
collimation is the tertiary multi-collimator that is 
installed below the independent collimating jaws. 
In this system, the collimating jaws move in either 
the longitudinal plane or the transverse plane in 
the non-rotated position. An example of this is the 
Varian collimating jaw system that places the Y-jaws 
longitudinally and the X-jaws transversely (Klein 
et al. 1995a). The Y-jaws, which are located closer 
to the beam target, are smaller and have a greater 
range where a jaw can move pass the central axis 
by as much as 10 cm. The X-jaws, which are below 
the Y-jaws and closer to the patient, have a little less 
flexibility and can move 2 cm past the isocenter. 
Again, all four jaws have the ability to move inde-
pendently. In the upper jaw replacement system, 
whereby the multi-collimator is the uppermost col-
limating system close to the target, there are backup 
diaphragms that work in concert with the multi-
leaf collimator. This system is found in the Elekta 
machine, where the leaves are placed closer to the 
target and backup diaphragms are located below 
the multi-collimating jaws (Jordan and Williams 
1994). Finally, in the lower jaw replacement system, 
such as the Siemens machine, there are independent 
jaws that move along the longitudinal plane and the 

lower jaws are replaced by a MLC system that moves 
along the X (or transverse) plane (Das et al. 1998). 
Typically, the collimating jaws found in the Varian 
System and the Siemens System, which are full col-
limating jaws, are considered to have transmissions 
on the order of six half-value layers (HVL) as they 
are made of tungsten. As the collimating jaws in all 
systems can move independently, they also have the 
ability to beam split the field if the jaws are placed 
along the central axis plane. This is important for 
matching adjacent treatment fields. The MLC sys-
tems found within these three different types of 
accelerators have similarities and also unique attri-
butes. In the upper jaw replacement system as found 
in Elekta, the leaves move perpendicular to the cen-
tral axis and are curve-ended. They have the abil-
ity to create a custom field shape up to 40×40 cm, 
although the irregularity of the field is somewhat 
limited as the leaves do not interdigitate. In the 
Varian tertiary system that falls below the colli-
mating jaws (Fig. 8.8), there are a few varieties. The 
most popular system is the 120 leaf MLC system, 
for which the central 20-cm area of the leaves is 
configured with 5-mm leaf widths projected at the 
isocenter plane. The regions outside of the central 
20 cm are collimated with 1-cm wide leaves. The 
width of the leaves is important as it allows the 
field shapes either to be smooth, as in the case of 
the 5-mm leaves, or to have larger stepping, as in 
the case of the 1-cm leaves. The Varian leaves move 
perpendicular to the central axis and therefore do 
not purely follow beam divergent as in the case of 
collimating jaws. Varian also supplies tertiary col-
limation systems that are 80-leaf systems where the 
leaf projection width is 1 cm for all leaves. The max-
imum field width that can be configured for a shape 
treatment field for Varian System is 29 cm wide due 

Fig. 8.7. Treatment-chair photograph, provided by Med-Tec, 
Inc.; facilitates upright treatments

Fig. 8.8. Graphic of tertiary multileaf collimation (MLC) system 
in confi guration with independent jaws. Leaf-span projections 
are noted by X and Y dimensions, with limits noted
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to the fact that they are limited on these tertiary 
carriage rails, limiting again the full range of the 
leaves themselves. Finally, the Siemens system is a 
lower jaw replacement and has full 40-cm capabil-
ity. These leaves also move in a pendulum fashion 
similar to the collimating jaws and therefore do 
follow beam divergence. They do however project 
to a 1-cm width across for each leaf. Beyond this, 
there are also additional tertiary multi-collimation 
systems such as those provided by BrainLab that 
have very fine resolutions as small as 3 mm and 
are idealized for stereotactic radiosurgery or radio-
therapy (Xia et al. 1999). Most MLC systems made 
of tungsten possess 5.5 HVL of absorption.

8.4.1 
Low Temperature Melting Alloy Blocks

Use of Cerrobend shielding block, otherwise 
known as Lipowitz’s metal, was first introduced 
in the 1960s (Powers et al. 1973). This metal con-
sists of bismuth, lead, tin, and cadmium. It pos-
sesses a density on the order of 9.4 g/cm3. As it is 
a molten metal alloy, it is stored in solid or liquid 
form and can be poured into custom-crafted Sty-
rofoam molds, which are cut out to allow mold-
ing of the eventual shaped alloy block (Fig. 8.9). 
The Styrofoam is cut to follow beam divergence 
so that the resulting collimating block will also 
follow beam divergence. Not only can these blocks 
be used to shape the outskirts of the field for a 
particular irregular shaped field, but also can be 
used to create internal shields, which is something 
that other collimating systems (jaws and multileaf 
collimators) cannot do. These blocks are typically 
constructed to have heights of 7.5 cm and a trans-
mission of 5 HVL. Once the blocks have been cast 
and cooled, they are mounted onto trays known as 
blocking or shadow trays that sit below the accel-
erator head in a particular slotted tray location. 
This has the disadvantage of removing some clear-
ance from the treatment head in terms of potential 
collision with patient or table.

There are some obvious differences between 
the two systems. Most notably is that the position 
of the collimating jaws with the MLC is appropri-
ated by computer control. Meanwhile, the alloy 
block system on the block tray requires manual 
placement of the blocks onto the trays. For each 
treatment field, the therapist must enter the room 
to place the correct block. With the promotion of 
dose escalation requiring more treatment fields to 

be used for patients, the low melting alloy block 
can reduce efficiency. In addition, the construc-
tion of the blocks including its ergonomic and 
environmental problems makes this system less 
desirable. However, one should not dismiss the 
fact that the Cerrobend blocks can be cut exactly 
to the shape of the field, where the MLC systems 
are limited according to the step size. This is fur-
ther limited by the fact that collimator rotation 
may orientate the leaf direction in a non-desirable 
direction.

8.5 
Compensation Systems

Photon beams leave the treatment machine homo-
geneously. There may be reason to change the f lu-
ence of the beam before it reaches the patient. The 
two main reasons for compensation are missing 
tissue and beam intersections. In the case of miss-
ing tissue, if the desire is to deliver a homoge-
neous plane of dose at depth, an irregular surface 
poses a dilemma that can be easily compensated 
with wedges or compensating filters. If the miss-
ing tissue is restricted to one plane, the wedges 
work ideally. However, if it involves missing tissue 
in two planes, then it is desired to have custom-
ized compensators. Often treatment planning leads 
to the use of wedges. Depending on the treatment 
technique, wedges counteract high dose regions. 
due to beams intersecting. We will now discuss the 
various systems.

Fig. 8.9. Photograph displaying molten alloy being poured into 
the form of shaped foam for purposes of casting a shaped 
fi eld block
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8.5.1 
Physical Wedges

Physical wedges come in the form of either tertiary 
wedges (Sewchand et al. 1978) or wedges built-in 
within the treatment head. In the case of tertiary 
wedges, such as the Varian System, the wedges are 
configured for four different angles (15°, 30°, 45°, 
60°) and are limited in the wedge plane to field sizes 
of either 20 cm or 15 cm – although in the non-wedge 
direction the field limit is 40 cm. The Varian physi-
cal wedges may be placed in any four directions, 
thereby placing the thick compensation known as 
the ‘heel’ or thin compensation known as the ‘toe’ 
along the desired plane. The other type of physical 
wedge is an internal wedge such as in the case of 
the Elekta or the Siemens System. These are limited 
to one plane of heel to toe direction. In the case of 
the Elekta System, the maximum field size in the 
wedge direction is a 30-cm symmetric field (Petti 
and Siddon 1985). Although these wedges are size 
limited they are more efficient as they do not require 
daily placement by therapist.

8.5.2 
Dynamic Wedging

There are two versions of dynamic wedges, one 
being the Varian enhanced dynamic wedge (Klein 
et al. 1998), the other the Siemens virtual wedge. The 
Varian enhanced dynamic wedge allows nominal 
wedge angles of 10, 15, 20, 25, 30, 45, or 60°. The field 
size is 30 cm, although asymmetric width is 20 cm 

toward the heel and 10 cm toward the toe with 40 cm 
in the non-wedge plane. These wedges are derived 
using a collimating jaw that moves while the beam 
is on, thereby shrinking the field during treatment 
(Fig. 8.10). This desired gradient of fluence results 
in a wedge-shaped distribution. The advantage of 
using this virtual type of wedging rather than physi-
cal wedging is that the beam energy spectrum is 
minimally affected, and that the therapists are not 
manually placing the wedges daily. The downfall is 
that the wedging direction is restricted to one plane 
in direction along the moving jaw.

8.5.3 
Compensating Systems

Physical compensators, which are configured 
depending on missing tissue, and/or can be designed 
by a treatment planning system, have the ability to 
compensate along two planes and not necessarily 
in a fixed gradient (Ellis et al. 1959). For example, 
a concavity or defect may be uniquely compensated 
for. This is quite desirable as in the case of breast 
cancer where compensation is often desired in the 
anterior/posterior and also in the superior/inferior 
aspects surrounding the breast tissue (Fig. 8.11).

8.5.4 
Bolus

The desire to pull doses close to the surface for 
either photon or electron beams is facilitated using 

Fig. 8.10. a Diagram depicting independent 
jaw motion in order to produce enhanced 
dynamic wedge fi eld on Varian treatment 
machines. b Depiction of wedge-shaped 
isodoses in reference to wedge delivery, 
where the wedge angle is defi ned by the 
isodose tilt at a 5-cm depth

ba



174 E. Klein et al.

tissue equivalent materials known as bolus. The 
most common bolus is ‘layer’, which is used over 
the entire portal (Fig. 8.12). These bolus materials 
are commercially available and have attributes, such 
as physical and electron density, very close to that 
of tissue. They are available in different sheet sizes 
and thicknesses. The thickness used depends on the 
dosimetry. For example, use of a high energy photon 
field, where dose needs to increase to underlying 
tissues, a 1-cm bolus might be used. A 5-mm-thick 
bolus may be used for tangential breast irradiation 
for inflammatory breast disease with the use of 6-
MV photons. These sheets can not only be cut into 
layers that encompass the entire treatment area of a 

patient’s surface, but can also be cut into narrower 
and custom shapes. A custom bolus may be used for 
a particular patient in order to build up the dose in 
a certain location. It may be used to fill in cavities 
or particular region of interest where the dose is 
desired to be pulled toward the surface. For tissue 
sparing, a custom bolus may be used in a portion 
of the field. This is very typical, for example with 
breast irradiation where a bolus is used to enhance 
the dose to the scar region. A bolus can also be used 
for electron beams to pull up the surface dose, as 
there is minimal (but not negligible) skin sparing 
for electron beams. However, more importantly, for 
electron beams, is the desire to use a bolus to pull 
up dose so that underlying tissue can be further 
spared.

Bolus material does not necessarily have to be 
purchased commercially, but can be in-house 
materials, such as paraffin wax. Use of custom wax 
is ideal for filling in cavities, such as nasal cavi-
ties or ear canals. However, wax can also be used 
to even surfaces, such as surgical cavities. This is 
especially used for en-face electron beams where 
cavities and surface irregularities can distort the 
isodose distribution significantly. Finally, there is 
also the potential for using non-tissue equivalent 
materials as a bolus in order to reduce the amount of 
physical thickness of the bolus material. Materials 
such as gypsum have been shown to be fully effec-
tive without introducing very high atomic number 
scattering that would unnecessarily enhance sur-
face dose.

Fig. 8.11. a Photograph of “Ellis” type-two dimensional fi lter constructed of 
brass and aluminum fi lters according to a map of missing tissue. b Photograph 
of a smooth milled two dimensional fi lter constructed of Cerrobend metal alloy 
according to a map of missing tissuea

b

Fig. 8.12. Photograph of commercially available, tissue 
equivalent layer bolus
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8.5.5 
External and Internal Shields

There are many devices that have been developed 
either in-house or commercially for reduction of 
dose by either peripheral or internal means. Two 
of the more common external shields used are for 
treatment of pregnant patients and for breast irra-
diation. If it is determined that a pregnant patient 
must be treated, there are shields that have been 
designed that situate over the patient’s stomach, ide-
ally where the fetus is located at a given time. These 
shields are most often portable with wheels and can 
be positioned in place and ideally can be used inde-
pendent of gantry angle. The AAPM Task Group 
36 Report describes some of these external shields. 
One of the most important aspects of such exter-
nal shields is the patient’s safety and ideally these 
devices should be made as solid, uniform pieces 
(Stovall et al. 1995; Mutic and Klein 2000). For 
breast irradiation, a portable shield can be wheeled 
into place to spare the contralateral breast. Again, 
these devices are designed to be safe and portable 
enough that gantry rotation will not be the cause of 
a potential collision.

Internal shields are used most often for electron 
beam irradiation. One of the most common is an eye 
shield placed often on top of, or potentially under-
neath the lid of the eye if the lid of the eye needs 
(Weaver et al. 1998) to be included in the treatment 
field (Fig. 8.13). These are typically made of lead 
with gold plating in order to reduce the scattering 
of the high atomic number lead as the gold works as 
a mediator to absorb scatter. Other internal shields 
are often placed in the oral cavity to again stop elec-
tron beams from penetrating beyond the desired 

depth in order to spare underlying tissue. For exam-
ple, treatment of the lip is often complemented by 
having an internal lead shield placed below the lip to 
spare the gums. This lead shield is again coated with 
a low density material such as wax in order to absorb 
scatter that comes off the high atomic number lead.

Finally, an important device for external shield-
ing is needed to absorb scatter, both external and 
internal, to the testes (Fraass et al. 1985). There are 
custom-made commercial devices that are meant to 
clamp around the testes in order to reduce scatter 
to them from both head leakage and internal scat-
ter (Fig. 8.14). Other devices that are implantable 
as a treatment device include gold markers. These 
gold markers, which are commercially available, are 
meant to be viewed during online portal imaging.

8.5.6 
Treatment Devices for Special Procedures

8.5.6.1 
Total Body Irradiation

Treatment devices for total body irradiation depend 
on the technique used (AAPM 1986). Total body 
irradiation patients can be treated in a fetal posi-
tion, lying on a stretcher, or standing up with sup-
port devices. Other techniques include lying flat on 
a stretcher underneath the radiation beam while 
the stretcher moves through the treatment beam 
to spread out the dose over the entire body. There-
fore, we will address treatment aids depending on 
the technique. For treatment of the patient lying on 
a couch in a fetal position using lateral total body 
irradiation beams, the stretcher itself must be able to 

Fig. 8.13. Photograph of protective eye shield composed of 
lead with a gold covering

Fig. 8.14. Testicular shields that function to surround testes 
during photon beam irradiation of nearby treatment sites
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be raised to place the patient centered in the direct 
beam from the rotated gantry. The stretcher must 
be flexible enough to elevate the patient’s back and 
also allow the patient to bring up their knees toward 
their chest to compact the patient into the field, which 
can be problematic in a small room where there may 
be only 3 m from the source to the patient, thereby 
only allowing 120×120 cm2 field size. With this lateral 
technique, there is also a need to use compensation to 
equalize the dose to the patient. Typically, compensa-
tors are used to compensate for missing tissue above 
the shoulders. There is also the option to use custom 
filters for the lower limbs. These filters are placed 
on the block tray at the gantry head location. For all 
techniques, there is often a need for scattering screen 
in front of the patient to help build up surface dosing 
without building up the skin dose itself. These are 
usually rolling devices that are placed in front of the 
patient, positioned at least 10 cm from the patient to 
prevent build up of the surface dose itself.

The other technique was the patient standing 
upright to be treated AP/PA with the gantry pointed 
in a lateral position toward the patient. As the 
patient is standing up for the entire treatment, they 
must be supported. The example shown here from 
the University of Minnesota (Fig. 8.15) is a technique 
whereby a bicycle seat is used for the patient to sit 
onto and also hand holders placed in strategic posi-
tions to allow the patients to hold onto during the 

treatments, which typically take a total of 20 min. 
This AP/PA technique facilitates use of lung blocks 
that are often desired due to the lung transmission 
for this technique. These blocks are often placed 
close the patient on a screen that works both as a 
scatter and holder of the blocks.

8.5.6.2 
Total Skin Electron Therapy

Total skin electron therapy is used for treatment 
of mucosis fungoides and Kaposi’s sarcoma. As 
the goal is to treat the skin surface and immediate 
underlying tissue, electrons are often used. In order 
to cover the entire body, an extended treatment dis-
tance is utilized. As the patients are treated in mul-
tiple positions, and altering arm and leg configura-
tions, there must be direct methods for the patients 
to be in these proper positions for treatment. The 
classic use of the Stanford technique calls for six 
different treatment positions with the patient again 
standing upright. Therefore, arm positioning and 
leg placement mats are often used to achieve the 
proper placement of arms and legs. In addition, a 
scattering screen is used to build-up surface doses 
for this electron beam therapy.

Finally, a fairly new technique for extracranial ste-
reotactic body irradiation is a self-contained immobi-
lization and positioning system. Using this technique, 
patients are scanned and treated within a self-con-
tained frame system that has (1) both fiducial coordi-
nates to localize the tumor to bring the ideal center of 
the tumor to the isocenter, (2) immobilization within 
the frame and body cast system, and (3) compression 
devices to minimize respiratory motion (Fig. 8.16).

Fig. 8.16. Patient within stereotactic body frame system. 
Peripheral scales are used to appropriate coordinates con-
fi gured during planning to be used for treatment

Fig. 8.15. Photograph, courtesy of University of Minnesota, 
showing patient treated upright for total body irradiation 
using AP/PA fi elds. Patient is supported by hand rests and the 
lungs are shielded using custom-shaped Cerrobend blocks
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9.1 
Introduction
Several technological developments have combined 
to move radiation oncology into what is now referred 
to as the three-dimensional (3D) radiation therapy 
or 3D conformal radiation therapy (3D CRT) era 
(Purdy 1996a). Modern anatomic imaging tech-
nologies, such as X-ray computed tomography (CT) 
and magnetic resonance imaging (MRI), provide 
a fully 3D model of the cancer patient’s anatomy, 
which is often complemented with functional imag-
ing, such as positron emission tomography (PET) or 
magnetic resonance spectroscopy (MRS), and now 
allows the radiation oncologist to more accurately 
identify tumor volumes and their relationship with 
other critical normal organs. Powerful X-ray CT-
simulation and three-dimensional treatment-plan-
ning systems (3D TPS) have now been commercially 
available for over a decade and have replaced the 
conventional radiation therapy X-ray simulator 
and two-dimensional (2D) dose-planning process 
in modern-day radiotherapy clinics (Meyer and 
Purdy 1996; Purdy and Starkschall 1999). In 
addition, modern day medical linear accelerators 
now come equipped with sophisticated computer-
controlled multileaf collimator systems (MLCs) 
that provide beam aperture and/or beam-intensity 
modulation capabilities that allow precise shaping 
of the patient’s dose distributions.

The 3D CRT plans generally use an increased 
number of radiation beams that are shaped using 
beam’s-eye-view (BEV) planning to conform to the 
target volume (Goitein et al. 1983; McShan et al. 
1979; Reinstein et al. 1978). To improve the con-
formality of the dose distribution, conventional 
beam modifiers (e.g., wedges and/or compensating 
filters) are sometimes used. Figure 9.1 shows com-
parison isodose clouds on the room-view display 
for a 2D anteroposterior/posteroanterior technique 
vs a 3D four-field technique utilizing wedges for a 
lung cancer patient. Note that the high-dose region 
is more conformal using the 3D technique. A more 
advanced form of conformal therapy, called inten-
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sity-modulated radiation therapy (IMRT), has 
recently evolved and is reviewed in detail in Chap-
ter 10 (IMRT 2001). In this chapter, the physics and 
clinical aspects of 3D treatment planning and con-
formal therapy are discussed.

Three-dimensional treatment planning is not just 
an add-on to the 2D radiation treatment-planning 
process. Instead, it represents a radical change in 
practice, particularly for the radiation oncologist. 
The 2D treatment-planning approach emphasizes 
the use of a conventional X-ray simulator utilizing 
bony landmarks visualized on planar radiographs 
for designing beam portals for standardized beam 
arrangement techniques. In contrast, 3D treatment 
planning emphasizes a volumetric image-based vir-
tual simulation approach for defining tumor and 
critical structure volumes for the individual patient 
(Purdy and Starkschall 1999); hence, it should 
be understood that the 3D planning process puts 
increased demands on the radiation oncologist to 
specify target volume(s) and critical structure(s) 
with far greater accuracy than before. Moreover, 
this technology also places increased demands on 
the radiation oncology physicist to insure adequate 
quality assurance measures are in place to accom-
modate the 3D CRT process, e.g., the need for 
increased precision in tumor imaging, patient set-
up reproducibility, organ motion assessment, and 
treatment-delivery verification.

It is important to further clarify the use of the 
terms 2D and 3D as descriptors for the planning pro-

cess. Planning the cancer patient’s treatment is (and 
always has been) a 3D problem (at least with regard 
to the spatial distribution of dose), and when the 
authors refer to 2D planning, we are referring to the 
process and tools used. Also, 3D treatment planning 
does not require the use of “noncoplanar” beams, 
a common misconception. The reader will be able 
to appreciate the 3D planning approach much more 
fully if they view it as a treatment-planning process, 
rather than viewing it as a particular beam configu-
ration, or considering it simply as the purchase of a 
new planning system.

9.2 
Three-Dimensional Radiation Therapy 
Treatment Planning

Three-dimensional treatment planning typically 
involves a series of procedures summarized in 
Table 9.1; these include establishing the patient’s 
treatment position, constructing a patient reposition-
ing immobilization device when needed, obtaining a 
volumetric image data set of the patient in treatment 
position, contouring target volume(s) and critical 
normal organs using the volumetric planning image 
data set, determining beam orientation and design-
ing beam apertures, computing a 3D dose distribu-
tion according to the dose prescription, evaluating 
the treatment plan, and if needed, modifying the plan 

Fig. 9.1 Simple anteroposterior/posteroanterior opposed-fi eld technique for a patient with stage-I non-small cell lung cancer 
(left panel). On the right is a 3D conformal four-fi eld technique. Red GTV, light blue PTV, green 7198 cGy isodose cloud
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(e.g., beam orientations, apertures, beam weights, 
etc.) until an acceptable plan is approved by the 
radiation oncologist. The approved plan must then 
be implemented on the treatment machine and the 
patient’s treatment verified using appropriate qual-
ity-assurance procedures. All of these tasks make up 
the 3DCRT process and are discussed herein.

9.2.1 
Patient Treatment Position/Immobilization and 
Planning CT Scan

In the initial part of the 3DCRT process (pre-plan-
ning), the proposed treatment position of the patient 
is determined, and the immobilization device to be 
used during treatment is fabricated. In should be 
clearly understood that repositioning patients and 
accounting for internal organ movement for frac-
tionated radiation therapy, in order to accurately 
reproduce the planned dose distribution, remains 
a difficult technical aspect of the 3DCRT process. 
Errors may occur if patients are inadequately immo-
bilized, with resultant treatment fields inaccurately 
aligned from treatment to treatment (interfraction). 
In addition, patients and/or their tumor volume may 
also move during treatment (intrafraction) because 
of either inadequate immobilization or physiologi-
cal activity. Accounting for all of the uncertainties in 
the 3DCRT planning and delivery process remains 
a challenge for radiation oncology and continued 
research and development is needed.

Determining the treatment position of the patient 
and construction of the immobilization device can 

be performed on a conventional radiation therapy 
simulator, but more preferably is now done in a 
dedicated radiation therapy CT-simulator facility 
(Fig. 9.2). A radiation therapy CT simulator consists 
of a diagnostic-quality CT scanner, laser patient 
positioning / marking system, virtual simulation 
3D treatment-planning software, and various hard-
copy output devices (Perez et al. 1994; Mutic et al. 
2003). The CT scanner is used to acquire a volumet-
ric planning CT scan of a patient in treatment posi-
tion, which is then used to create a virtual patient 
model for use with the virtual simulation software 
that mimics the functions of a conventional radia-
tion therapy simulator. The CT simulation is a 
complicated team process involving the radiation 
oncologist, medical physicist, medical dosimetrist, 
and radiation therapist. All team members should 

Table 9.1 The 3D treatment planning and delivery process. TPS treatment-planning system. DRR digitally reconstructed radio-
graphs

Patient treatment position, immobilization, and planning CT scan
    Position patient in proposed treatment position
    Fabricate immobilization devices
    Place radiopaque markers and mark repositioning lines on patient and immobilization devices
    Obtain topograms to check patient alignment
    Perform volumetric CT scan of patient in treatment position
    Transfer CT images to 3D TPS or virtual simulation workstation
Tumor, target volume and critical structure delineation, and dose prescription
Evaluate plan and modify, if necessary
Plan implementation and treatment verifi cation
    Evaluate plan and modify until plan is found to be acceptable
    Physician approves treatment plan
    Calculate treatment machine monitor unit setting
    Transfer patient’s plan to patient’s chart (electronic medical record) and record and verify system
    Physicist checks plan and transfer of data to record and verify system
    Verify patient position and isocenter placement on treatment machine using orthogonal DRRs against orthogonal port fi lms
    Check fi eld shapes by comparing treatment fi eld DRRs with treatment beam port fi lms
    Check fi rst-day treatment with diode measurement, and record and verify
    Periodic verifi cation checks during treatment (orthogonal DRRs/fi lms or DRRs/port fi lms, record and verify)

Fig. 9.2 Typical CT simulation suite shows the scanner, fl at 
tabletop, orthogonal laser system, virtual simulation worksta-
tion, and hardcopy output device. (Courtesy of Philips, Inc.)
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(85-cm) CT scanner developed by Marconi (now 
part of Philips, Inc.) designed specifically for radia-
tion oncology applications has largely solved this 
problem (Garcia-Ramirez et al. 2002).

The planning CT data set is typically transferred 
to a 3DTPS or virtual simulation computer worksta-
tion via a computer network. Data-transfer issues 
are discussed in more detail in a later section.

9.2.2 
Tumor, Target Volume and Critical Structure 
Delineation, and Dose Prescription

Delineation of tumor/target volume and organs-at-
risk contours using the volumetric CT data set is 
typically performed by the radiation oncologist and 
the medical dosimetrist, working as a team. The CT 
data are displayed and contours are drawn manually 
using a computer mouse on a slice-by-slice basis. 
Some organs at risk with distinct boundaries (e.g., 
skin, lung) can be contoured automatically, with 
only minor editing required; others (e.g., brachial 
plexus, optic chiasm) require the “hands-on” effort 
of the radiation oncologist. When modern 3DTPS 

Fig. 9.3 Example of immobilization repositioning system used 
for patients undergoing radiation therapy for head and neck 
cancer. (Courtesy of MEDTEC, Inc.)

be knowledgeable about the CT-simulator features 
and overall virtual simulation process.

The CT scan must be performed with the patient 
in the treatment position, as determined in the pre-
planning step. The CT topograms should be gener-
ated first and reviewed prior to acquiring the plan-
ning scan to insure that patient alignment is correct; 
adjustments are made if needed. Radiopaque mark-
ers are typically placed on the patient’s skin and the 
immobilization device to serve as fiducial marks 
to assist in any coordinate transformation needed 
as a result of 3D planning and eventual plan imple-
mentation. An example of a typical immobilization 
repositioning system used for patients undergoing 
radiation therapy for head and neck cancer is shown 
in Figure 9.3. Other aids in radiation treatment 
planning, such as the use of intravenous contrast to 
help delineate target volumes, need to be considered 
during simulation. Figure 9.4 shows chest CT images 
of a patient with a right lower lobe lung cancer 
involving hilar adenopathy. The use of intravenous 
contrast clarifies the hilar mass in this example.

Planning CT scan protocols are tumor-site 
dependent and typically range from 2- to 8-mm slice 
thicknesses and 50–200 slices. In general, a 3-mm 
slice thickness provides adequate quality digitally 
reconstructed radiographs (DRR). The planning CT 
data set provides an accurate geometric model of the 
patient as well as the electron density information 
needed for the calculation of the 3D dose distribu-
tion that takes into account tissue heterogeneities.

As shown in Figure 9.5, some complex treatment 
techniques, such as tangential breast irradiation, are 
difficult or nearly impossible to set up because of 
older CT scanner bore-size limitations. A large-bore 

Fig. 9.4. a Intravenous non-ionic contrast is helpful in distin-
guishing hilar nodes from the pulmonary artery. A CT scan of 
the chest without using intravenous contrast is shown. Note 
that the right hilar mass cannot be distinguished from the pul-
monary artery. b Same patient with intravenous contrast. Note 
that the hilar mass is easily clarifi ed using contrast

b

a

hilar node

tumor
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image segmentation software is used (Fig. 9.6), con-
touring generally takes 1–2 h depending on disease 
site; however, for some complex sites, such as head 
and neck cancer, where many organs at risk and 
complex tumor/target volumes are often the norm, 
this task can take up to 4 h.

These contours are used to generate realistic 
solid-shaded surface graphic representations of 

structures. Such 3D displays of the volumes are pow-
erful planning tools but can be confusing when large 
numbers of structures overlap; color, transparency, 
and interactive manipulation of the image help to 
clarify the planning display.

One of the most important factors that has 
undoubtedly contributed to the success of the current 
3D treatment-planning process is the standardiza-

Fig. 9.5 Complex treatment techniques, such as tangential breast irradiation, can be problematic to setup on diagnostic CT 
scanners or older CT simulators (70-cm bore) because of bore-size limitations. The modern large-bore (85-cm) CT scanner 
developed by Marconi (now part of Philips) designed specifi cally for radiation oncology applications has solved this problem.

Fig. 9.6 Three-dimensional treatment-
planning-system (TPS) image segmen-
tation software provides effective tools 
for radiation oncologists and treatment 
planners to delineate critical structures, 
tumor, and target volumes for 3D plan-
ning. The CT data are displayed and 
contours are drawn by the treatment 
planner/radiation oncologist around 
the tumor, target, and normal tissues on 
a slice-by-slice basis, as seen in the up-
per right panel. At the same time, planar 
images from both anteroposterior and 
lateral projections are displayed in the 
bottom right and left panels. Upper left 
panel shows PET scan data with over-
lying contours after image registration 
with the CT data
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tion of nomenclature and methodology for defining 
the volume of known tumor, suspected microscopic 
spread, and marginal volumes necessary to account 
for setup variations and organ and patient motion 
published in the International Commission on 
Radiation Units and Measurements (ICRU) reports 
50 and 62 (ICRU 1993a, 1999). Details on the use of 
this methodology are discussed in a later section.

9.2.3 
Designing Beam Arrangement and 
Field Apertures

Design of the beam arrangement is the next step in 
the planning process. For 3D planning, the 3D TPS 
must have the capability to simulate each of the treat-
ment machine motion functions, including gantry 
angle, collimator length, width and angle, MLC 
leaf settings, couch latitude, longitude, height, and 
angle. This ability to orient beams in 3D allows one to 
develop treatment plans that use noncoplanar beams; 
however, when noncoplanar beam arrangements are 
used, care must be taken to avoid the selection of a 
gantry and couch angles that results in table/gantry 
collisions or other treatment-room restrictions.

An essential feature in a 3D TPS is the BEV display 
(Fig. 9.7), in which the observer’s viewing point is at 
the source of radiation looking out along the axis of 
the radiation beam (Goitein et al. 1983; McShan et 
al. 1979; Reinstein et al. 1978). This type of display of 
the patient model is analogous to the simulator radio-
graph or port film. The BEV display allows the plan-
ner to easily view the critical structure volumes and 
the target volume so that shielding blocks or MLC 
apertures can be drawn using a computer mouse.

Another powerful display feature in a 3D TPS 
is the room’s eye view (REV; Fig. 9.8), in which the 
planner can simulate any arbitrary viewing location 
within the treatment room (Purdy et al. 1987, 1993). 
The REV display complements the BEV in the beam 
design phase of treatment planning, particularly in 
positioning of beam isocenter depth and in visual-
izing all, or selected, beams, to better appreciate 
the beam arrangement geometry. The REV display 
is even more valuable in the plan evaluation phase 
in which “dose clouds” are used to evaluate where 
hot or cold spots occur in the dose distribution, as 
shown in Figure 9.9.

Another powerful 3D TPS display feature is digi-
tally reconstructed radiographs (DRRs; Fig. 9.10; 
Goitein et al. 1983; Siddon 1985; Sherouse et al. 
1990). The DRRs provide planar reference images 

Fig. 9.7 A 3D-TPS beam’s-eye-view (BEV) display is useful in 
identifying the best gantry, collimator, and couch angles at 
which to irradiate target and avoid irradiating adjacent normal 
structures. Critical structures and target volumes are outlined 
on patient’s serial CT sections. Contours are seen in perspec-
tive, as though observer’s eye is at radiation source looking out 
along axis of the radiation beam. Outline of multileaf collima-
tor aperture or beam-shaping block can be displayed.

Fig. 9.8 A 3D-TPS room’s-eye-view (REV) display shows mul-
tiple beam arrangement, external skin surface, prostate plan-
ning target volume, rectum, and bladder. The REV display 
helps the treatment planner to better appreciate the overall 
treatment technique geometry and placement of the isocenter. 
(From Purdy et al. 1993)
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Fig. 9.9 A 3D-TPS REV 3D isodose sur-
face display with real-time interactivity 
is a valuable tool for evaluation of 3D 
dose distributions in terms of adequate 
coverage of target volumes and sparing 
of critical structures. The REV display 
enables radiation oncologists to view 
target volume or normal tissue volume 
with superimposed isodose surfaces or 
“dose clouds’’ from any arbitrary view-
ing angle. Shown is a two-panel REV 
display of the 73.8-Gy isodose volume, 
the prostate PTV, bladder, and rectum of 
a prostate cancer patient treated with a 
six-fi eld technique. The locations of the 
PTV region not covered by the specifi ed 
dose level are easily discernible using 
the REV display. (From Purdy 1998)

Fig. 9.10 A 3D-TPS digitally reconstructed radiograph (DRR) 
display. Orthogonal-setup DRRs of a prostate cancer patient 
are displayed with surface prostate target volume contours 
and collimator positions. Icon at lower right depicts gantry 
and treatment couch position. Icon at far lower right depicts 
patient orientation. (From Purdy 1997)
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Fig. 9.11 A 3D-TPS digital composite radiograph (DCR). The CT numbers are grouped into ranges corresponding to bone, fat, 
and muscle, and are modifi ed by a weighting factor and re-displayed to provide greater enhancement of the specifi ed tissue 
range compared with normal DRR. (From Purdy 1999)

that can be used for transferring the 3D treatment 
plan to the clinical setting; thus, their role is similar 
to that of conventional simulation radiographs used 
for treatment portal design and for verification of 
treatment delivery by comparison with port films 
or electronic portal images obtained on a treatment 
machine. The DRR, however, provides additional 
value by allowing the target volume and critical 
structure contours to be clearly shown on the com-
puted image. Modern 3D planning systems provide 
for relatively fast generation of DRRs that can be 
archived and viewed on image-viewing worksta-
tions or printed on film using laser printers and are 
stored in the patient’s film jacket.

The digitally composite radiograph (DCR; 
Fig. 9.11) is a type of DRR that allows different 
ranges of CT numbers that relate to a certain tissue 
type to be selectively suppressed or enhanced in the 
image. This is analogous to a transmission radio-
graph through a virtual patient where certain tissue 
types have been removed, leaving only the organs of 
interest to be displayed. The DCRs are very useful 
when designing treatment portals as they can allow 
for better visualization of organs of interest. Also, 
portions of an overlaying organ of interest can be 
removed entirely to further enhance organ delinea-
tion.

9.2.4 
Dose Calculation

After the initial beam geometry is designed, the 3D 
dose distribution is calculated. Dose calculation 
methods have traditionally been based on param-
eterizing radiation beams measured in water phan-
toms under standard conditions and applying cor-
rection factors to the beam representations for the 
nonuniform surface contour of the patient or the 
obliquity of the beam, tissue heterogeneities, and 
beam modifiers such as blocks, wedges, and com-
pensator; however, state-of-the-art 3D TPS now use 
more advanced models, such as the convolution/
superposition algorithm, which compute the dose 
more from first principles (Purdy 1992; Mackie et 
al. 1996). Details on dose-calculation algorithms are 
discussed in a later section.

9.2.5 
Plan Evaluation and Improvement

The 3D CRT plan evaluation/improvement pro-
cess involves an iterative, interactive approach. 
Typically, the initial beam arrangement is selected 
based primarily on clinical experience using BEV 
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and REV displays. The arrangement is then modi-
fied based on the evaluation of the dose distribu-
tion using multi-level 2D displays showing iso-
dose lines superimposed on CT images (Fig. 9.12), 
or as a spectrum of colors superimposed on the 
anatomic information represented by modula-
tion of intensity (color wash), and REV 3D dose 
clouds, shown previously. However, because of the 
large amount of dosimetric data that must be ana-
lyzed when a 3D CRT plan is evaluated, methods 
for condensing and presenting the data in easily 
understandable formats have been developed. The 
most useful data reduction tool for 3D planning is 
the dose-volume histogram (DVH), which is dis-
cussed in detail in a later section (Drzymala et 
al. 1991). The planned dose distribution approved 
by the radiation oncologist is most often one in 
which a uniform dose is delivered to the target 
volume (e.g., +7% and –5% of prescribed dose) 
with doses to critical structures held below some 
tolerance level (e.g., as given by Emami et al.) 
that has been specified by the radiation oncologist 
(Emami et al. 1991).

9.2.6 
Plan Implementation and Treatment Verification

Once the treatment plan has been designed, evalu-
ated, and approved, documentation for plan imple-
mentation must be generated. Documentation 
includes beam parameter settings transferred to 
the treatment machine record and verify system, 
hardcopy block templates for the block fabrication 
room, or MLC parameters communicated over a net-
work to the computer system that controls the MLC 
system of the treatment machine, DRR generation 
and printing, or transfer to an image database.

Quality-assurance checks used to confirm the 
validity and accuracy of the 3D CRT plan include an 
independent check of the plan and monitor unit cal-
culation by a physicist, isocenter placement check 
on the treatment machine using orthogonal radio-
graphs, field-apertures check using portal films or 
electronic portal images, and diode or MOSFET in 
vivo dosimetry check. A record and verify (R&V) 
system is now considered essential to help manage 
3D CRT treatments; however, careful scrutiny must 

Fig. 9.12 Dose distribu-
tion displays for a patient 
with prostate cancer 
shows coronal, sagittal, 
and two axial CT sec-
tions with superimposed 
color-coded isodose lines 
(73.8, 60, 50, and 40 Gy). 
Vertical and horizontal 
lines displayed on each 
CT section indicate the 
positions of each section. 
Evaluating volumetric 3D 
dose distributions using 
this type-2D display only 
is diffi cult and time-con-
suming.
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be given to insure that the input data into the R&V 
system are correct.

If a clinic is in the initial phases of implementing 
3D CRT techniques (or if implementing non-con-
ventional beam arrangements), a verification simu-
lation procedure is recommended to confirm the 
geometric validity and accuracy of the 3D treatment 
plan. The DRRs generated by the 3D TPS are used 
for comparison with the verification simulation 
radiographs to confirm the correctness of the beam 
orientations in the physical implementation. When 
a beam orientation cannot be simulated, orthogo-
nal radiographs may be taken and compared with 
similar DRRs to ensure correct isocenter position-
ing. The optical distance indicator is also useful in 
assessing the correctness of the setup of a particular 
beam. Documentation provides a depth of isocen-
ter below the skin surface on the central ray of the 
beam, which can then be compared with the isocen-
ter depth measured on the simulator or treatment 
machine after the beam is set up using the couch and 
gantry positions specified by the treatment plan.

9.3 
Volume and Dose Specification for 3D CRT

The International Commission on Radiation Units 
and Measurements (ICRU) reports 50 and 62 gave 
the radiation oncology community a consistent 
language and a methodology for image-based volu-
metric treatment planning (ICRU 1993a, 1999). For 
3D CRT planning, the physician must specify the 
volumes of known tumor, i.e., gross tumor volume 
(GTV), the volumes of suspected microscopic spread, 
i.e., clinical target volume (CTV), and the additional 
margin around the CTV/GTV necessary to account 
for setup variations and organ and patient motion, 
i.e., planning target volume (PTV).

9.3.1 
Definition of Target Volumes

To achieve accurate radiation therapy, it is necessary 
to accurately relate the positions of target volumes 
and critical structures in the patient to the positions 
and orientation of beams used for planning imag-
ing studies and for treatment. This requires the use 
of multiple coordinate systems, one directly related 
to the patient and those related to the imaging and 
treatment machines. The positions of target volumes 

and critical structures are related to anatomical ref-
erence points or alignment marks in the coordi-
nate system within the patient. The position and 
orientation of the imaging and treatment machines 
are defined in a coordinate system related to these 
machines. Reference points serve to link the patient 
and machine coordinate systems, since they can be 
defined in both patient and machine coordinates, 
and thus allow the coordinates of the target volumes 
and critical structures to be defined for treatment 
planning.

The ICRU report 50 and report 62 definitions of 
target volume are illustrated in Figure 9.13. The ICRU 
report 62 refines the GTV, CTV, and PTV concept 
by introducing the definition of an internal margin 
(IM) to take into account variations in size, shape, 
and position of the CTV, and the definition of a setup 
margin (SM) to take into account all uncertainties in 
patient-beam positioning. The IM is referenced to the 
patient’s coordinate system using anatomical refer-
ence points and the SM is referenced to the treatment 
machine coordinate system. Report 62 argues that 
identification of these two types of margins is needed 
since they compensate for different types of uncer-

Fig. 9.13 International Commission on Radiation Units and 
Measurements (ICRU) reports 50 and 62 volumes used in 
3D treatment planning. Gross tumor volume (GTV) is the 
volume(s) of known tumor. Clinical target volume (CTV) is 
the volume(s) of suspected microscopic tumor infi ltration. 
Planning target volume (PTV) is the volume containing the 
CTV/GTV with enough margin necessary to account for setup 
variations and organ and patient motion. Internal target vol-
ume (ITV) represents the movements of the CTV referenced 
to the patient coordinate system by internal and external ref-
erence points.
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tainties and refer to different coordinate systems. The 
IM uncertainties are due to physiological variations 
(e.g., filling of rectum, movements due to respiration, 
etc.) and are difficult or almost impossible to control 
from a practical viewpoint. The SM uncertainties are 
related largely to technical factors that can be dealt 
with by more accurate set up and immobilization of 
the patient and improved mechanical stability of the 
machine. The volume formed by the CTV and the IM 
is defined as the internal target volume (ITV) and 
represents the movements of the CTV referenced to 
the patient coordinate system by internal and exter-
nal reference points, which preferably should be rig-
idly related to each other through bony structures. 
The volume formed by the CTV and the IM and SM 
combined is the PTV, as previously defined; however, 
exactly how mathematically these margins should 
be combined is not rigidly defined. Simple linear 
addition of the two margins will generally lead to 
an excessively large PTV that does not reflect the 
actual clinical consequences. This point will be dis-
cussed further, but for now it should be understood 
that the selection of an overall margin and delinea-
tion of the border of the PTV involves a compromise 
that requires the experience and the judgment of the 
radiation oncologist and the physicist.

Using the ICRU definitions, one sees that the GTV 
is the gross extent of the malignant growth as deter-
mined by palpation or imaging studies. The terms 
GTVprimary and GTVnodal (or GTV-T and GTV-
N) are typically used to distinguish between pri-
mary disease and other areas of macroscopic tumor 
involvement, such as involved lymph nodes, that 
are visible on imaging studies. The GTV together 
with this surrounding volume of local subclinical 
involvement constitutes the primary CTV and can 
be denoted as CTV-T. It is noteworthy that even 
if the GTV has been removed by radical surgery, 
and radiation therapy to the tumor bed is consid-
ered necessary for the tissues close to the site of the 
removed GTV, the volume should be designated as 
CTV-T. Additional volumes with presumed sub-
clinical spread may also be considered for therapy, 
e.g., regional lymph nodes. These may be designated 
CTV-N (and if necessary CTV-N1, CTV-N2, etc.). 
Adding the letter T, N, or M to identify the volumes, 
may help better clarify their clinical significance. In 
specifying the CTV, the physician must not only con-
sider microextensions of the disease near the GTV, 
but also the natural avenues of spread for the par-
ticular disease and site including lymph node, peri-
vascular, and perineural extensions. The GTV and 
CTV are anatomical–clinical concepts that should 

be defined before a choice of treatment modality 
and technique is made.

Once GTV/CTV(s) are contoured, margins around 
the CTV must be specified to create the PTV, in 
order to account for geometric uncertainties. These 
margins do not form the block aperture. The PTV 
is a static, geometrical concept used for treatment 
planning, including dose prescription. Its size and 
shape depend primarily on the GTV, the CTV, and 
the effects caused by internal motion of organs and 
the tumor as well as the treatment technique (beam 
orientation and patient fixation) used. The PTV can 
be considered a 3D envelope, fixed in space, in which 
the tumor and any microscopic extensions reside. 
The GTV/CTV can move within this envelope, but 
not through it. Also, the penumbra of the beam(s) is 
not considered when delineating the PTV; however, 
when designing the beam apertures, the width of the 
penumbra is taken into account and the beam size 
must be enlarged accordingly to insure dosimetric 
coverage of the PTV.

In addition to the GTV, CTV, ITV, and PTV defi-
nitions, the ICRU defines two other volumes that 
are not anatomic, but instead are based on the 
dose distribution: (a) the treated volume, which is 
the volume enclosed by an isodose surface that is 
selected and specified by the radiation oncologist as 
being appropriate to achieve the purpose of treat-
ment (e.g., 95% isodose surface); and (3) the irra-
diated volume, which is the volume that receives a 
dose considered significant in relation to normal 
tissue tolerance (e.g., 50% isodose surface). These 
volumes are used mainly for plan optimization and 
plan evaluation.

9.3.2 
Definition of Organs at Risk

The ICRU reports 50 and 62 define organs at risk 
(ORs) as those normal critical structures (e.g., spinal 
cord) whose radiation sensitivity may significantly 
influence treatment planning and/or prescribed 
dose. Report 62 introduces the concept of the plan-
ning organ at risk volume (PRV), in which a margin is 
added around the OR to compensate for that organ’s 
spatial uncertainties. The PRV margin around the 
OR is analogous to the PTV margin around the CTV. 
The use of the PRV concept is even more impor-
tant for those cases involving IMRT because of the 
increased sensitivity of this type of treatment to geo-
metric uncertainties. The PTV and the PRV may 
overlap, and often do so, which implies searching 
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for a compromise in weighting the importance of 
each in the treatment-planning process.

9.3.3 
Dose Reporting and Dose Prescription

The ICRU reports 50 and 62 define a series of doses, 
including the minimum, maximum, mean dose, and 
ICRU reference dose (defined at the ICRU reference 
point) for reporting dose. The ICRU reference point 
for a particular treatment plan should be chosen 
based on the following criteria: (a) be clinically rel-
evant and can be defined in an unambiguous way; 
(b) be located where the dose can be accurately 
determined; and (c) be located in a region where 
there are no steep dose gradients. In general, this 
point should be in the central part of the PTV. In 
cases where the treatment beams intersect at a given 
point, it is recommended that the intersection point 
be chosen as the ICRU reference point.

It is noteworthy that ICRU reports 50 and 62 do 
not make strict recommendations regarding dose 
prescription; instead, ICRU states that “...the radia-
tion oncologist should have the freedom to prescribe 
the parameters in his/her own way, mainly using 
what is current practice to produce an expected 
clinical outcome of the treatment” (ICRU 1993b).

With regard to dose homogeneity, ICRU report 50 
does recommend that the dose coverage of the PTV 
be kept within specific limits, namely +7% and –5% 

of the prescribed dose (ICRU 1993b).This level of 
dose homogeneity may not be achieved in all cases 
(particularly for current IMRT techniques), and the 
reader is reminded that ICRU report 50 explicitly 
states that if this degree of homogeneity cannot be 
achieved, it is the responsibility of the radiation 
oncologist to decide whether the dose heterogeneity 
can be accepted or not, pointing out that in those 
parts of the PTV where the highest malignant cell 
concentration may be expected, i.e., GTV, a higher 
dose may even be an advantage.

9.3.4 
Using the GTV, CTV, and PTV Concepts

Some limitations and practical issues must be clearly 
understood when the ICRU report 50/62 methodol-
ogy is adopted (Purdy 1996b,c, 2000). Firstly, the 
physical treatment-planning process is dependent 
on the delineation of the three volumes (GTV, CTV, 
and PTV) and the prescription of the target dose. 
The GTV, CTV, and PTV must be specified by the 
radiation oncologist independent of the dose distri-
bution: the GTV in terms of the patient’s anatomy, 
the CTV in terms of the patient’s anatomy or as a 
quantitative margin to be added to the GTV, and the 
PTV in terms of a quantitative margin to be added to 
the CTV to account for positional uncertainties.

When the GTV is delineated, it is important to 
use the appropriate CT window and level settings 

Fig. 9.14 A CT slice for a lung cancer patient shows that the appropriate CT window and level settings (right frame) must be 
used to determine the maximum dimensions of the gross tumor volume (GTV). Note that a much smaller GTV would have 
been contoured with the settings used in the left frame. (From Purdy 1997)
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to determine the maximum dimension of what is 
considered to be potential gross disease (Fig. 9.14). 
Defining the CTV is even more difficult and must 
be performed by the radiation oncologist based on 
clinical experience because current imaging tech-
niques cannot be used to directly detect subclini-
cal tumor involvement. Radiation oncologists who, 
when first using a 3D TPS, are unfamiliar with defin-
ing target volumes and normal tissue on axial CT 
slices, should seek assistance from a diagnostic radi-
ologist. Image-based cross-sectional anatomy train-
ing should be an essential component in radiation 
oncology residency training programs as the radia-
tion oncologist needs to become much more expert 
in cross-sectional tissue anatomy and gross tumor 
changes to accurately define GTVs and CTVs.

The PTV margin is specified by the radiation 
oncologist, in consultation with the radiation oncol-

ogy physicist, and is also based on clinical experi-
ence. Unfortunately, data for internal organ motion 
and setup error are lacking for most sites, although 
uncertainty studies addressing these issues for some 
sites (e.g., prostate) are increasingly being reported 
(Langen and Jones 2001). The radiation oncologist 
specifies the PTV margin as an estimate based on 
clinical experience, taking into account published 
literature and intramural uncertainty studies. When 
defining the PTV, the radiation oncologist should 
account for the asymmetric nature of positional 
uncertainties. For example, it is now recognized 
that prostate organ motion and daily setup errors 
may be anisotropic (side-to-side or rotational shifts 
of patients are likely to be different from movement 
in the anteroposterior direction); thus, the PTV 
margin around a CTV generally should not be uni-
form (Fig. 9.15).

Fig. 9.15 The CT images of prostate cancer patient shows the contour outlines for the GTV, PTV, 
bladder, and rectum. The physician made the decision that no additional margin around the prostate 
for the CTV was required, i.e., CTV=GTV. Note that a non-uniform margin around the GTV/CTV 
was used to defi ne the PTV in the region of the rectum (see middle frame). Also note the additional 
PTV contours needed to cap the GTV/CTV (upper left and lower right frame). (From Purdy 1998)
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When the beam portal is defined, additional 
margin beyond the PTV is still needed to obtain 
dose coverage because of beam penumbra and treat-
ment technique. Some physicians (and physicists) 
have confused this margin in the past by consider-
ing the PTV boundary as the required beam edge. 
Treatment portal margins needed around the PTV 
must be set according to the dosimetric charac-
teristics of the beams being used. Typically, a 7- to 
9-mm margin (port edge to PTV) is a good start-
ing point, but one must determine the appropriate 
characteristics of the actual beams used to make 
this starting point determination. An additional 
point to understand is that in the case of coplanar 
treatment techniques, the margins required across 
the plane of treatment and the margins orthogonal 
to this plane will be different. To clarify this point, 
consider a four-field axial technique as an example. 
Portions of the lateral aspects of the PTV which are 
in the low-dose regions (near the penumbra) of the 
anteroposterior and posteroanterior fields will be 
in the high-dose regions (well away from the beam 
penumbra) of the lateral fields; however, the supe-
rior and inferior aspects of the PTV will always be in 
the same low-dose regions of all four fields, so there 
will be no dose filling from any other fields. This 
results in the need to have a larger portal margin in 

the inferior–superior dimension to ensure that the 
95% isodose from all beams contains the PTV, while 
the lateral and anterior–posterior portal margins for 
each field may be reduced due to the other beams 
filling in the dose. The size of the margins will also 
be affected by the relative beam weighting; hence, 
making hard rules about margin sizes is impossible 
and requires some planning iteration to find the 
right mix of superior–inferior and lateral margins.

Another point of concern is the fact that some 
3D TPS still do not possess accurate methods for 
providing a true 3D margin around the GTV/CTV 
(Bedford and Shentall 1998). The problem is 
illustrated in Figure 9.16. Typically, the margin 
expansion is drawn or specified in 2D around the 
GTV/CTV contour to get the PTV. For large contour 
differences in neighboring slices this will yield mar-
gins that are too small in the cranial–caudal direc-
tion (Bedford and Shentall 1998).

When a PTV overlaps with a contoured normal 
structure, a quandary is created as to which volume 
the overlapping voxels should be assigned for DVH 
calculations. Planning systems should have the fea-
ture that allows the planner to assign the overlap-
ping voxels to both volumes. This ensures that the 
clinician is made aware of the potential for the high-
dose region to include the normal structure as well 

Fig. 9.16 a Multiple 2D margins around a prostate GTV in a transverse CT slice may yield margins that are too small in the 
cranio-caudal directions, as shown in a sagittal reconstruction (b). The 3D margins may appear too large in a transverse CT 
slice (c) but are actually correct as shown in a sagittal reconstruction (d). (From Purdy 1999)

a b

c d
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as the PTV when reviewing the DVHs. In addition, 
most 3D TPS cannot account for a PTV contour that 
extends outside the skin surface. In those cases, the 
PTV should coincide with the surface, but the treat-
ing physician should be acutely aware of this approx-
imation when setting or approving field margins.

Finally, one must understand that the PTV con-
cept treats all points within the PTV as equally 
likely for the CTV to occupy all of the time, and this 
obviously does not occur in practice. A probabilistic 
approach, in which the positional uncertainties are 
convolved mathematically with the dose calculation, 
will likely evolve; however, until that time, the ICRU 
reports 50/62 PTV methodology provides the most 
practical way to account for positional uncertainties 
to ensure coverage of the CTV.

9.4 
Integration of Multimodality Image Data 
for 3D Planning

While CT is the principal source of image data for 
3D planning, there is a growing demand to incorpo-
rate the complementary information available from 
magnetic resonance imaging (MRI). The sharply 
demonstrated tumor–soft tissue interface often seen 
on an MRI scan, in tumors such as those in the 
brain, can be used to better define the GTV. Several 
groups have also demonstrated the value of MRI in 
distinguishing the prostate gland from surround-
ing normal structures (Lau et al. 1996; Roach et 
al. 1996). Also, functional imaging modalities, such 
as single photon emission computed tomography 
(SPECT) and positron emission tomography (PET), 
are proving to be important in both the target defi-
nition phase of treatment planning and also in the 
follow-up studies needed to assess efficacy (Austin-
Seymour et al. 1995). For example, Marks et al. 
(1995, 1997) have reported on the use of SPECT lung 
perfusion scans to determine functioning regions of 
the lung. The functional lung volume data are used 
in calculating DVHs rather than the CT-defined 
anatomy, and are referred to as functional DVHs. 
Radiation beams are planned that minimize irra-
diation of these functioning areas. Similarly, PET 
imaging is increasingly being used to aid in defin-
ing the patient’s lung cancer GTV/CTV (Erdi et 
al. 2002). Mah et al. (2002) have recently reported 
on the impact of 18F-fluoro-deoxy-2glucose hybrid 
(FDG)-PET on target and critical organs in CT-based 
treatment planning of patients with poorly defined 

non-small-cell lung carcinoma. They found that co-
registration of planning CT and FDG-PET images 
made significant alterations to patient management 
and to the PTV. A recent review summarizes the 
current literature of PET-based treatment planning 
in lung cancer (Bradley et al. 2004).

The accurate co-registration of the MR, SPECT, or 
PET imaging studies with the planning CT is a crucial 
step in the use of multimodality imaging in 3D plan-
ning. This requires calculation of a 3D transforma-
tion that relates the coordinates of a particular imag-
ing study to the planning CT coordinates. A variety of 
quantitative methods have been developed to deter-
mine transformation parameters, including point 
matching, line or curve matching, surface matching, 
and volume matching. Qualitative methods that rely 
on manual alignment of the data sets are also com-
monly used. Details on these methodologies are given 
by Kessler and Li (2001), Rosenman et al. (1998), 
and Hill et al. (2001). Once determined, the 3D trans-
formation is used to integrate or “fuse” information, 
such as anatomic structure contours, from the imag-
ing study with the planning CT.

9.5 
Three-Dimensional Dose Calculation 
Algorithms

In 2D TPS, the dose calculations are typically done 
assuming that all tissue densities are those of water. 
The change in dose due to the presence of tissue 
inhomogeneities, such as the lungs, bony structures, 
air cavities, and metal prostheses, is related to the 
perturbation of the transport of primary and scat-
tered photons and that of the secondary electrons 
set in motion from photon interactions. Depending 
on the energy of the photon beam, the shape, the 
size, and the constituents of the inhomogeneity, the 
resultant change in dose can be substantial.

Perturbation of photon transport is more 
noticeable for the lower-energy beams, as appreci-
ated by their larger mass attenuation coefficients. 
Usually, an increase in transmission, and there-
fore dose, occurs when the beam traverses a low-
density inhomogeneity. The reverse applies when 
the inhomogeneity has a density higher than that 
of water. The change in dose usually is lessened, 
however, because of the concomitant decrease or 
increase in the scatter dose. For a modest lung 
thickness of 10 cm, the increase in the dose to the 
lung for 6-mV X-rays would be about 15%, and be 
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reduced to about 5% for 18-mV X-rays (Mackie 
et al. 1985a).

When there is a net imbalance of electrons leav-
ing and entering the region near an inhomogeneity, 
a condition of electron disequilibrium is created. The 
effects are similar to those in the build-up region, 
near a beam edge, or in a small beam. Because elec-
trons have finite travel, the resultant change in dose 
usually is local to the vicinity of the inhomogeneity 
and may be large. The effects are more noticeable 
for the higher photon energy beams because of their 
increased energy and range. Near the edge of the 
lungs and air cavities, the reduction in dose can be 
>15% (Young and Kornelsen 1983). For inhomoge-
neities with density greater than water, an increase in 
dose occurs locally simply because of the generation 
of more electrons. Most dense inhomogeneities, how-
ever, have atomic numbers higher than that of water 
such that the resultant dose perturbation is com-
pounded further by the perturbation of the multiple 
coulomb scattering of the electrons. Near the inter-
face between a bony structure and water-like tissue, 
large hot and cold dose spots can be present.

In the past, dose calculation methods have tradi-
tionally been based on parameterizing dose distribu-
tions measured in water phantoms under standard 
conditions and applying correction factors to the 
beam representations for the nonuniform surface 
contour of the patient or the obliquity of the beam, 
tissue heterogeneities, and beam modifiers such as 
blocks, wedges, and compensator; however, in the 
past decade, several more advanced models have 
been developed for 3D TPS that compute the dose 
more from first principles and only use a limited set 
of measurements to obtain a better fit of the model. 
Examples of the more advanced type algorithms 
include the superposition/convolution method 
developed by Mackie et al. (1985b) and the differ-
ential pencil-beam method developed by Mohan et 
al. (1986). The reader is referred to reviews for the 
rigorous mathematical formalism of dose calcula-
tion algorithms, as only a brief review is presented 
here (Ahnesjö and Aspradakis 1999).

These 3D TPS methods utilize convolution energy 
deposition kernels that describe the distribution of 
dose about a single primary photon interaction site. 
The convolution kernels are most often obtained by 
using the Monte Carlo method to interact monoen-
ergetic primary photons at the origin in a phantom 
and to transport the charged particles and scattered 
and secondary photons that are set in motion. The 
energy that gets deposited about the primary photon 
interaction site is tabulated and stored for use in 

the convolution method. In addition to describing 
how scattered photons contribute to dose absorbed 
at some distance away from the interaction site of 
primary photons, the convolution kernels take into 
account charged particle transport. This informa-
tion can be used to compute dose in electronic dis-
equilibrium situations such as occurs in the build-
up region and in the beam penumbra.

Eventually, the direct use of Monte Carlo simula-
tions will likely be the preferred method for 3D TPS 
dose computation. It is the only method capable of com-
puting the dose accurately near interfaces of materials 
with very dissimilar atomic numbers, as, for example, 
near metal prostheses. Researchers are actively work-
ing on reducing the computation time to make this 
approach practical (Cygler et al. 2004; Fraass et al. 
2003; Liu 2001; Hartmann Siantar et al. 2001).

9.6 
Dose-Volume Histograms

The large amount of dosimetric data that must 
be analyzed when a 3D CRT plan is evaluated has 
prompted the development of new methods of con-
densing and presenting the data in more easily 
understandable formats. One such data-reduction 
tool is the DVH (Drzymala et al. 1991). Two types 
of DVHs, differential and cumulative, are used in 
3D CRT planning.

9.6.1 
Differential Dose-Volume Histograms

Figures 9.17 and 9.18 illustrate how a differential DVH 
is generated for a defined volume that is subjected 
to an inhomogeneous dose distribution. Firstly, the 
volume under consideration is divided into a 3D 
grid of volume elements (voxels), the size of which 
is small enough so that the dose can be assumed 
to be constant within one voxel. The volume’s dose 
distribution is then divided into dose bins and the 
voxels grouped according to dose bin without regard 
to anatomic location. A plot of the number of voxels 
in each bin (x-axis) vs the bin dose range (y-axis) 
is, by definition, a differential DVH. The size of the 
dose bins determines the height of each bin of the 
differential DVH. For example, if the bin widths 
were increased, the heights of the histogram bins 
generally would increase because more voxels would 
fall into any given bin; thus, it should be clearly 
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Fig. 9.17 Dose grid for a hypothetical plan. In this plan, an irradiated organ has been divided into 100 5-cm3 

voxels, each of which receives 0–7.5 Gy. The number of voxels receiving a given dose range is indicated. For 
example, 22 voxels received ≥1 Gy but <2 Gy. (From Lawrence et al. 1996)
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Fig. 9.18 Differential dose-volume histogram display of the 
voxels shown in Fig. 9.17. The abscissa shows the 1-Gy bin 
sizes. The ordinate is expressed in a variety of equally valid 
units: number of voxels (directly from Fig. 9.11–9.5), volume 
(cm3; equal to the voxel number ×5 cm3 per voxel), and volume 
(%; equal to the fraction of the total volume in that bin). For 
instance, 11 voxels (or 60 cm3 or 11% of the organ) received 
2 Gy or more but <3 Gy. (From Lawrence et al. 1996)

understood that the detailed shape of a differential 
DVH depends on the bin choice, even though the 
underlying dose-volume data are not different.

9.6.2 
Cumulative Dose-Volume Histograms

A cumulative DVH is a plot in which each bin repre-
sents the volume, or percentage of volume (y-axis), 
that receives a dose equal to or greater than an 
indicated dose (x-axis). An example of a cumulative 
DVH is shown in Figure 9.19, in which the value at 
any dose bin is computed by summing the number of 
voxels of the corresponding differential DVH to the 
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Fig. 9.19 Cumulative dose-volume histogram (DVH) display of 
the voxels shown in Fig. 9.11–17. This fi gure contains the same 
data as shown in Fig. 9.11–18, but now displayed as a cumula-
tive DVH. For instance, 71 voxels (or 350 cm3 or 71% of the 
organ) received Gy or more. (From Lawrence et al. 1996)
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the PTV and ORs for the dose distribution under 
review, or superimpose DVHs for a specific PTV or 
OR from several competing plans on one plot and 
compare them directly. The DVH display effectively 
points out the ORs that are overdosed as well as any 
target volume(s) that may be underdosed. It is useful 
to generate a DVH for what is called “unspecified 
tissues” (those voxels within the skin contour that 
are not contained within contours for which DVHs 
have been generated). The unspecified tissue DVH 
helps prevent the radiation oncologist from over-
looking high-dose information that may be clini-
cally significant.

While a set of DVHs provides a complete sum-
mary of the entire 3D dose matrix showing the 
amount of target volume or critical structure receiv-
ing more or less than a specified dose level, it does 
not provide any spatial information; thus, the DVH 
can only complement, and not replace, spatial dose-
distribution displays.

Sometimes the differences between the DVHs 
of all of the volumes of interest of two compared 
plans are clear (Fig. 9.20a), and one can easily 
determine which is the better plan; however, this 
is not the case between DVHs for a normal tissue 
that crosses over in mid-range (Fig. 9.20b), with 
one being higher than the other at low doses and 
lower at high doses. This difficulty has prompted 
the development of the biological indices for plan 
evaluation, which are discussed in the next sec-
tion.

right of that dose bin. The volume value for the first 
bin (dose origin) is the full volume of the structure 
because the total volume receives at least zero dose, 
and the volume for the last bin is that which receives 
the maximum dose bin.

9.6.3 
Dose-Volume Statistics

Explicit values of dose-volume parameters can 
be extracted from the DVH data and are called 
dose-volume statistics, or simply, dose statistics. 
Examples include maximum point dose, minimum 
point dose, mean dose, percentage volume receiv-
ing greater than or equal to the prescription dose 
for target volumes and maximum point dose, mean 
dose, and percentage volume receiving greater than 
or equal to an established tolerance dose for organs 
at risk. There is some question as to whether point 
doses are meaningful clinically, and perhaps maxi-
mum dose should be reported for the dose averaged 
over a small but clinically significant volume.

9.6.4 
Plan Evaluation Using Dose-Volume Histograms 
and Dose-Volume Statistics

The DVH is an essential tool used for 3D CRT plan 
evaluation. The planner can review the DVHs for 
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Fig. 9.20 a Cumulative DVHs of a normal tissue produced by two different plans in which one is completely to the left of the 
other. If these two plans give the same tumor coverage, then plan 2 will surely cause less toxicity. b Cumulative DVHs of normal 
tissue produced by two different plans in which the DVHs cross. In this example, when compared with plan 2, plan 1 treats less 
normal tissue with a low dose, but more normal tissue with a high dose. Plan 1 is typical of two opposed fi elds, whereas plan 2 
represents multiple noncoplanar beams. The less toxic plan is not obvious. (From Lawrence et al. 1996)
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NTCP t dt= −
−∞∫

1
2

2
1 2exp( / ) ,

where

V V Vref= / ,

t D TD v m TD v= − ⋅( ( )) /( ( ))50 50 ,

and

TD TD v V n
50 501( ) ( )= ⋅ −

TD50(1) is the tolerance dose for 50% complica-
tions for uniform whole-organ irradiation, whereas 
TD50(v) is the 50% tolerance dose for uniform par-
tial-organ irradiation to the partial volume V. The 
arbitrary variables m and n are found by fitting tol-
erance doses for uniform whole and uniform par-
tial-organ irradiation, where m characterizes the 
gradient (slope) of the dose-response function at 
TD50 and n characterizes the effect of volume. When 
n is near unity, the volume effect is large; conversely, 
when n is near zero, the volume effect is small. When 
NTCP is plotted against dose, the NTCP equation 
demonstrates a sigmoid shape.

Two methods are currently used to extend this 
method to nonuniform organ irradiation. The 
interpolation method, proposed by Lyman and 
Wolbarst (1989), modifies the DVH to one in which 
the organ receives an effective dose, Deff, which is 
less than or equal to the maximum organ dose. The 
effective volume method, proposed by Kutcher 
and Berman (1989), modifies the DVH to one in 
which a fraction of the organ, veff, receives the maxi-
mum organ dose. With this method, a uniformly 
irradiated dose equivalent is calculated for each 
tissue that contains dose heterogeneities (Fig. 9.21). 
For example, each step in the histogram of height 

9.7 
Biological Models

Because 3D CRT plans provide both dose and volume 
information, the traditional practice of determin-
ing the best plan is proving extremely difficult. For 
example, it is not clear what degree of dose unifor-
mity in the PTV can be tolerated as dose levels are 
escalated using 3D CRT or how high of a dose can be 
tolerated by a small portion of a normal structure. In 
the past, class solutions based on clinical experience 
were used because quantitative 3D dose-volume data 
were not available. Researchers are now develop-
ing biophysical models that attempt to translate the 
dose-volume information into estimates of biologic 
impact, i.e., tumor control probability (TCP) and 
normal tissue complication probability (NTCP) 
models. Presently, most agree that the TCP and 
NTCP models developed thus far are not accurate 
to the extent that the absolute values can be used 
to predict response, but they can be used to com-
pare rival plans. In any case, such biological indices 
should be used only under protocol conditions until 
their utility has been firmly established for routine 
clinical use.

9.7.1 
Normal Tissue Complication Probability

Currently, there are two different approaches in 
modeling normal tissue complication probability 
(NTCP): the empiric model introduced by Lyman 
and Wolbarst (1987, 1989), and the functional 
models based on the functional subunit (FSU) 
concept (Källman et al. 1992; Olsen et al. 1994; 
Withers et al. 1988).

The Lyman model can be expressed by an error 
function of dose and volume:

Fig. 9.21 The effective-volume DVH reduction scheme. For a differential DVH (a), volume elements at one dose level are transposed 
to an effective volume at the reference dose level through use of the power-law relationship. This results in the single-step DVH (b), 
predicted to yield NTCPs identical to the original nonuniform irradiation DVHs. (Modifi ed from Kutcher and Berman 1989)
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∆Vi and extension Di is assumed to satisfy a power-
law relationship so that it adjusts to one of smaller-
volume Veff and extension Dmax using

V V V D D
n

V d D
neff i i= + + +max max max( / ) ( / ) ...1 1

2 2

where n is a size parameter.

Other NTCP models include the critical volume 
model proposed by Niemierko and Goitein (1991), 
which they applied to the appearance of nephritis. 
Its form is similar to that of Lyman and Wolbarst 
(1987) but includes additional terms to account for 
the radiosensitivity of FSUs in the kidney. The group 
at the University of Michigan has proposed a simple 
phenomenological model for normal tissue compli-
cation, based on the sigmoid relationship derived by 
Goitein (1987). In their model, however, they have 
nested the sigmoid cell-killing function into another 
sigmoid relationship describing complication or 
functional damage of an organ.

9.7.2 
Tumor Control Probability

Tumor control probabilities have been modeled by 
Brahme (1984) and (Goitein 1987), who proposed 
that, for a uniform dose within a tumor volume, TCP 
may be computed using the following equation:

TCP
Dose
D

K
=

+
⎛

⎝
⎜

⎞

⎠
⎟

⎛

⎝
⎜
⎜

⎞

⎠
⎟
⎟

−

1

1
50 ,

where

K = 4 / ,

and Γ=slope of the dose response curve at 50% 
cell death. For a nonuniform dose distribution, the 
total volume is reduced to smaller volumes having 
“uniform” doses within. The TCPs are computed for 
each volume element and are then weighted accord-
ing to their volume fractions and summed accord-
ing to the following equation:

1 1
0

0n TCP V
V

n TCP V D x y z( , ( , , )) ,

where V0=total tumor volume, and ∆V=volume ele-
ment of dose D.

When TCP is plotted against dose, the TCP equa-
tion demonstrates a sigmoid shape.

9.7.3 
Equivalent Uniform Dose

Equivalent uniform dose (EUD) is a concept intro-
duced by Niemierko (1997a) for use in evaluating 
and reporting inhomogeneous dose distributions. 
This concept assumes that any two dose distribu-
tions are equivalent if they cause the same radio-
biological effect and appears well suited for use in 
evaluating 3D CRT plans; however, McGary et al. 
(1997, 2000) has pointed out that there are conditions 
in which EUD is not adequate as a single parameter 
to report or analyze inhomogeneous dose distribu-
tions, e.g., when the minimum dose is significantly 
lower than the mean dose (Niemierko 1997b).

In summary, and as stated previously, the bio-
logical models developed thus far for 3D TPS are not 
accurate to the extent that the absolute values can be 
used to predict response; however, they can be used 
to compare rival plans.

9.8 
Management of Three-Dimensional 
Treatment Planning Data

To perform the steps involved in 3D CRT, several 
forms of patient imaging and other data must be 
acquired, displayed, manipulated, and stored. Typ-
ically, patient image data acquired from several 
imaging subsystems must be communicated to a 
3D TPS to permit these images to be used for treat-
ment planning. Several software components also 
must be integrated so that the output of one pro-
cessing step can be made available for use as input 
to the next step. The issues in data management in 
3D CRT are complex and continue to be somewhat 
problematic.

It is important to understand that nontrivial dif-
ferences exist in the way various 3D TPS describe 
the details of radiation treatment, including units 
of measure and coordinate systems for specifying 
the geometric relationship between the patient and 
treatment beams. Efforts are underway to define a 
consistent set of data objects and a representation 
for these objects that can be used to design, evalu-
ate, execute, and verify a 3D CRT plan; these include 
the Radiation Therapy Oncology Group Tape/Net-
work Format for Exchange of Treatment Planning 
Information (Harms et al. 1997), which is based on 
work of Baxter et al. (1982). This data exchange 
specification defines seven data objects: CT scans 
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(3D images); structures (volume contours); beam 
geometries; digital film images (simulation images, 
portal images, and DRRs); dose distributions 
(3D array); DVHs; and comments (free text).

Another significant approach uses the framework 
of the American College of Radiology (ACR)/NEMA 
DICOM 3.0 standard for representing and com-
municating digital medical image (Bennett and 
McIntyre 1993). Image and treatment planning 
data are modeled as DICOM information objects, 
and services that act on these information objects 
(e.g., storage or printing) are identified. DICOM 
information objects are used to represent CT scans, 
structures, treatment plan specifications, dose dis-
tributions and DVHs, 2D radiographs, and treat-
ment verification information.

Patient CT images are the basic input data for 
3D TPS and dominate the storage requirements for 
data that support the treatment-planning process. 
The image data must be transferred from the imag-
ing systems where they are acquired into the 3D TPS 
before any planning can take place. The image trans-
fer process generally entails data transfer and format 
conversion. Transferring these data to a 3D TPS can 
be accomplished by several means, including physi-
cal media (disk or tape) exchange, point-to-point 
connection, or network communication. Because of 
their efficiency, flexibility, and low cost, computer 
networks have become the method of choice for com-
municating digital data into the 3D TPS.

Several hardware technologies exist for con-
necting computers together in a local area network 
(LAN). Ethernet, originally developed by Xerox 
Corp., is without question the most popular LAN 
technology used to interconnect 3D TPS worksta-
tions.

The rules governing the transmission of data 
over a network are referred to as a protocol. Sev-
eral protocols have been developed to support 
the transfer of data files between computers. File 
Transfer Protocol (FTP) was developed for data file 
transport between computers on the Internet and is 
part of the Transmission Control Protocol/Internet 
Protocol suite of network protocols. The FTP client 
and server software has been implemented for a 
wide range of computer hardware and operating 
systems. Because of its f lexibility, FTP has found 
application both locally (e.g., to transfer data files 
between a CT scanner computer and the main 3D 
TPS file server) and between computers at widely 
separated sites on the Internet (e.g., to exchange 
3D TPS data for multi-institutional clinical studies; 
Purdy et al. 1996).

Once image data have been acquired and trans-
ferred from the imaging system to the 3D TPS work-
station, two important steps still remain. Firstly, the 
image data must be converted into a format that can 
be used by the 3D TPS software, and secondly, the 
image data must be associated with the related, non-
image information that is needed to interpret it.

If the format of image files is known, format con-
version is a fairly straightforward task. Particular 
attention must be directed to correct interpreta-
tion of image header information and translation of 
image data values. Numeric representations of image 
pixel values vary from machine to machine. In addi-
tion, some manufacturers use compression schemes 
to reduce the space required to store images. In such 
cases, images must first be decompressed before 
they can be reformatted for use with the 3D TPS.

Non-image information that must be associated 
with the image comes from the image acquisition 
process as well as from the clinical environment. An 
example of the former is calibration information that 
permits interpretation of image pixel values, such 
as the CT values representing air and water and the 
size of image pixels. Clinical information includes 
patient identification and demographics, as well as 
the date and time of acquisition and identification of 
the image acquisition system.

Data compression can be used to reduce the size 
of files because managing the large volumes of data 
that must be stored is a major issue in 3D CRT. The 
amount of storage space saved by compressing files 
is strongly data dependent; however, readily avail-
able file compression utilities yield compression 
ratios of 2:1 (savings of 50%) or greater for many 
3D TPS data files. The disadvantage of compressing 
data is that the cost of decompressing the file must 
be addressed when access is needed.

Another useful technique is the archiving of 
data on removable media, such as magneto-optical 
disks. Jukebox systems, which combine storage slots 
for several magneto-optical disk platters, a robotic 
changer, and a disk drive mechanism can be used to 
gain automated access to any of the disks. Experi-
ence with such a system has indicated that, because 
the overhead of swapping disks is costly, concurrent 
access to multiple disk platters in the jukebox should 
be avoided; thus, these systems are probably best 
regarded as off-line storage: data should be copied 
to faster magnetic disks before they are processed 
by 3D TPS software.

The protection of data security and the mainte-
nance of data consistency in the presence of con-
current access are two of the issues driving a trend 
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toward the use of database management systems 
(DBMS) rather than simple file systems to store 3D 
CRT data. DBMS, long used for hospital information 
management, are now finding application in man-
aging treatment planning and treatment verifica-
tion data.

Access to database contents can be controlled 
with more precision than is permitted by operat-
ing-system file access permissions, and database 
systems generally provide superior control of con-
current data accesses. Formal data models sup-
ported by many DBMS allow explicit representa-
tion of data entities and the relationships among 
them. Additionally, the ability to support queries 
that link 3D CRT image and treatment planning 
data to other clinical information has important 
benefits both for managing the care of patients and 
for investigating the relationship between treat-
ment and outcome.

9.9 
Summary and Conclusion

The use of 3D CRT treatment planning and treat-
ment has had a major impact on the practice of 
radiation therapy. There are very few tumor types 
whose treatment has not been radically impacted 
by its use. For the most part this impact has been of 
major importance and benefit. But as with any major 
technical advance, the requirements for its use have 
had a major impact on the requirement for enhanced 
quality assurance from all members of the treatment 
team. If one carefully reads the previous sections 
related to the quality-assurance demands made on 
the entire treatment team, it is obvious that a great 
deal more time is required from all involved in the 
quest to achieve precise and increased dose to the 
tumor PTV, and to minimize the dose to the normal 
organs at risk PRV.
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10.1 
Introduction

The 1990s saw dramatic changes in radiation therapy 
treatment planning and treatment delivery, driven 
largely by advances in computer hardware and 
software. These advances inspired the development 

of sophisticated three-dimensional (3D) radiation 
therapy treatment planning (3D RTTP) and delivery 
systems, making practical the implementation of 3D 
conformal radiation therapy (3D CRT). The purpose 
of 3D CRT was to conform the prescribed dose dis-
tribution to the 3D target volume (cancerous cells) 
shape while simultaneously minimizing the dose 
to neighboring normal patient structures (Meyer 
and Purdy 1996). Conventional 3D CRT delivery 
was implemented by conforming the incident-beam 
portal outlines to the target volume projections for 
a user-specified set of beam directions or during 
rotational beam delivery. The radiation beams had 
uniform intensity, or where appropriate, the inten-
sity was varied by beam modifiers such as compen-
sating filters or wedges. This treatment method was 
referred to as conventional 3D CRT.

3D CRT provides excellent conformation of the 
dose distribution with the tumor targets. By match-
ing the radiation portal shape to the projected tumor 
shape, the radiation beams produces a dose distribu-
tion that encompasses the tumor shape. Because the 
radiation dose distribution is being delivered by rel-
atively homogeneous fluences, the common practice 
is to assign the dose delivered by each single beam as 
the dose delivered by that beam at the linear accel-
erator isocenter. The isocenter point of each beam 
is placed at a common location within the patient’s 
tumor. This allows a straightforward mechanism 
for categorizing the dose delivered to the patient, 
namely the sum of the individual radiation beam 
isocenter doses. This process helps to make the pre-
scription and monitor unit calculation protocols 
relatively straightforward.

Even though conventional radiation beams are 
labeled as homogeneous, the dose distribution 
has slight variations throughout the portal, with a 
rapid drop-off near the projected portal boundary. 
When coupled with variations in the patient’s sur-
face contours and internal heterogeneities (defined 
as variations in the patient’s electron density distri-
bution relative to water), the total dose delivered to 
the target is heterogeneous. Prescription protocols, 
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therefore, often identify dose distribution variation 
limits, including the maximum acceptable dose hot 
spot and the minimum acceptable dose. Another cri-
terion includes the percentage of the target encom-
passed covered by the prescription (isocenter) dose. 
This prescription method is often so rigid that the 
selection of radiation beam locations and orienta-
tions is constrained to keep the beam isocenters in a 
common location.

The 3D-CRT treatment planner has a few degrees-
of-freedom with respect to developing the treatment 
plan. They can typically select from two or more 
beam energies, affecting the overall penetration 
of the beam, the depth of the build-up region, and 
the width of the beam-edge penumbra. They can 
select from a continuous spectrum of gantry angles 
and treatment couch angles to preferentially align 
the radiation beam within the patient’s anatomy. 
They can select the number of beams that are used 
and their weights (typically expressed as the dose 
to isocenter delivered by each beam), and can use 
off-the-shelf beam-fluence modification tools such 
as wedges or simple custom-designed surface-com-
pensation filters (Ellis and Miller 1944; Ellis et 
al. 1959). Wedges are designed to tilt the radiation 
beam dose distribution relative to the central axis to 
compensate for abnormal incidence on the patient’s 
surface or for the dose distribution caused by inter-
secting radiation beams. In many tumor sites, e.g., 
in the treatment of prostate cancer, class solutions 
are developed by clinics to improve efficiency in the 
treatment planning process.

In 3D CRT, while the radiation targets are able 
to be covered, there is no mechanism for selectively 
avoiding critical structures. These 3D-CRT dose dis-
tributions have convex surfaces and cannot “wrap 
around” critical structures. Simply shielding the 
projection of a critical structure by a radiation block 
or multileaf collimator produces heterogeneities in 
the resulting dose distribution that are impossible 
to compensate for by adjusting the other radiation 
portals. The relatively strict limitations on target 
dose distribution homogeneity precludes the partial 
blocking of the radiation portals. Solutions to this 
problem include limiting the target dose and mixing 
radiation beam modalities, such as photon and 
high-energy electron treatments. For head and neck 
treatments, lateral photon beams can adequately 
irradiate the target tissues but would over-irradiate 
the spinal cord. The treatment is typically divided 
into two courses: firstly, the spinal cord is irradiated 
along with the target tissues until the cord toler-
ance is reached. Then, the photon beam is blocked 

to avoid the cord and electron beams are patched 
to the photon beams. The electron beam energy is 
selected so that the cord lays beyond the practical 
range of the electron beam (Fig. 10.1). Even with this 
level of sophistication, these treatments irradiate the 
salivary glands causing significant morbidity and a 
degradation in the quality of life.

Fig. 10.1 Setup diagram shows a hot match of photon fi eld and 
electron fi eld on skin

Electron field

Photon field

Hot match 
on skin

Almost immediately after the introduction of 
3D CRT, the radiation therapy physics community 
began to understand that the radiation dose distribu-
tion shape could be significantly altered to conform 
to target shapes while selectively avoiding critical 
structures. The underlying technology required was 
to remove the restriction of homogeneous incident 
fluences and allow the fluences to vary throughout 
the radiation portal, with selection of the fluence 
intensities typically made using sophisticated algo-
rithms. This process is sometimes referred to as the 
“inverse problem” or “inverse method” of treatment 
planning (Fig. 10.2). While the use of fluence modu-
lation does not remove radiation from critical struc-
tures, it does limit the dose to the structures directly 
within the beam’s path. The resulting cold regions 
within the tumor are compensated by increasing the 
fluence from the other radiation beams. The addi-
tion of fluence modulation leads to the term inten-
sity-modulated radiation therapy (IMRT) as the 
name for this modality.

The use of IMRT requires that the fluences be 
adjustable within the constraints of the dose-deliv-
ery technology. There are two general delivery tech-
nologies that can deliver IMRT dose distributions, 
both of which have hundreds to thousands of indi-
vidual fluence elements (bixels) that require adjust-
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ment. The bixel intensities require adjustments that 
are too complex for individual treatment planners to 
conduct. The modification of single bixel intensity is 
coupled with the bixel intensities from other beams 
that intersect its path. With this level of complexity, 
the optimization of bixel intensities can only be con-
ducted by computers, and the field of inverse plan-
ning is developed.

The change in radiation therapy treatments 
has been profound. For the first time, radiation 
doses could be developed that wrapped around 
the target volumes, selectively, avoiding criti-
cal structures. The radiation oncologists, physi-
cists, and dosimetrists could describe their intent 
based on dose and the geometry of the target and 
organs, rather than by the delivery geometry. 
Of course, the radiation beam energy and inci-
dent angles have an effect on the resulting dose 
distribution, but the tone of the communication 
between these professionals changed from a tech-
nology- to a dose-based one. This revolution in 
treatment planning did not come without a price. 
The compensation of f luence reduction across 
critical structures was not perfect. This led to 
larger dose heterogeneities within the target than 
was customarily seen with 3D CRT. While treat-
ment planners were comfortable with hot spots of 
a few percent, they now had to consider allowing 
hot spots of 10 15%, depending on the complexity 
of the dose distribution, the beam geometry, and 
the treatment-planning system. Cold spots were 
also often more severe and treatment planners 
often had to compromise their previous experi-
ences. Tools to selectively modify and adjust these 

dose heterogeneities are now available (ActiveRx, 
Corvus, Cranberry Township, Pa.), but their ulti-
mate utility has not been proven.

Two methods for delivering the optimized flu-
ences have been developed (see later). For the pur-
poses of this discussion, their principal feature is that 
the radiation beam is delivered using a sequence of 
relatively small and complex portals. Before IMRT, 
there was significant scientific discussion regard-
ing the accuracy of dose distribution calculation 
protocols for such fields. For example, the calibra-
tion and quality assurance of small fields used in 
stereotactic radiation therapy required specialized 
equipment and techniques to make sure that the 
measurements did not suffer from volume averaging 
due to the rapid variations of dose as a function of 
position. For conventional therapy, approximations 
were made in modeling the sources of the radiation 
fluences exiting the linear accelerator. For example, 
while most of the X-ray radiation comes from the 
electron beam target, the flattening filter, as well as 
the primary and secondary collimators, also provide 
radiation fluence. For larger fields, the influence of 
these different radiation sources is straightforward 
to model. For smaller fields, the relative contribu-
tion of these sources is more complex and requires 
more sophisticated methods for modeling the dose 
delivered from the linear accelerator head. In IMRT, 
the radiation fields can extend from relatively large 
to extremely small, all within the same treatment. 
This stretches dose modeling and verification mea-
surement techniques to the limit.

The two delivery mechanisms differ by their 
method for temporally delivering the computer-

Fig. 10.2 Conventional and intensity-
modulated radiation therapy (IMRT) dose 
distribution to a complex target volume 
(hatched) and critical structure geometry. 
The upper four fi gures indicate the dose 
distribution using conventional planning 
and delivery. The lower four fi gures indi-
cate fi xed-beam and arc-based IMRT with 
different optimization criteria

Parallel opposed beam therapy Arc therapy Four field box therapy Conformation therapy

Non uniform beam radiotherapy

Three field
technique

Minimal mean dose
outside target volume

Specified maximum dose
to organ at risk

Minimal dose
to organ at risk
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optimized radiation fluences. The first, termed 
tomotherapy (Carol et al. 1996; Grant and Cain 
1998; Low 1998), uses a geometry similar to that of a 
computed tomography scanner. A narrow fan beam 
is generated using a linear accelerator mounted to the 
gantry such that its central axis is aligned with radii 
extending from the gantry rotation axis. The fan 
beam is oriented such that the wide extent is paral-
lel to the plane of rotation. The fluence is modulated 
along the wide direction using a collimator, which 
is pneumatically operated. The collimation leaves 
move into and out of the beam in the direction paral-
lel to the gantry axis of rotation. The delivery system 
moves the leaves into and out of the beam to provide 
the fluence modulation as the gantry is rotated. It is 
important to note that for any single treatment, the 
gantry moves at a constant rotation rate with the 
linear accelerator operating at a constant fluence 
rate. This causes a sequence that provides a constant 
fluence rate per angle bin. The modulation is con-
ducted by subdividing the gantry angles into small 
bins (e.g., 5° bins) and leaving a leaf open a fraction 
of that angle bin corresponding to the requested rela-
tive fluence from that gantry angle. The first com-
mercial application of this technique was produced 
by the Nomos Corporation and was called the Pea-
cock system. It had the unique characteristic of being 
an add-on system to conventional linear accelerators. 
The system included the collimator and a treatment-
planning system. By rotating the collimator around 
the patient using the linear accelerator gantry, the 
system delivered an intensity-modulated dose dis-
tribution to two nearly 1-cm-thick regions (often 
termed “slices”). When the tumor extended beyond 
the limit of the collimator, it was treated using mul-
tiple passes, moving the couch precisely to abut the 
dose distributions within the patient.

While the Peacock system was an add-on system 
to conventional linear accelerators, Tomotherapy, 
Inc., has produced a stand-alone tomotherapy linear 
accelerator (Mackie et al. 1999, 2003). The accelera-
tor (Fig. 10.3) looks like a conventional CT scanner. 
The radiation beam is produced using a 6-mV linear 
accelerator mounted to a CT gantry. The accelerator 
is aimed at the rotation axis of the gantry. A pneu-
matic MLC is used to modulate the radiation fluence 
in a method similar to the Peacock system. Unlike 
the Peacock system, the Tomotherapy system moves 
the patient couch at the same time the gantry is 
rotated, providing a delivery geometry that is heli-
cal in nature, rather than the serial delivery pro-
vided by the Peacock system. An added feature of 
the Tomotherapy system is an imaging system that 
is placed opposite the radiation source. This allows 
the Tomotherapy system to be used as a megavoltage 
CT system for on-board patient imaging. Because 
the radiation source is high energy (they detune the 
linear accelerator to approximately 4 mV), the radia-
tion interaction is primarily through Compton scat-
tering, so high-Z materials (contrast agents, dental 
fillings, and metal implants) do not cause image 
artifacts.

The second delivery process took advantage of 
the hardware on existing linear accelerators. For 
the “2D” and 3D conformal therapy processes, the 
method of conforming radiation to the tumor had 
been to fabricate custom-designed high-density 
metal collimators called blocks. Linear accelera-
tor manufacturers marketed multileaf collimators 
(MLCs) to replace these custom-fabricated blocks. 
The use of MLCs provided a more efficient treat-
ment process because the therapist did not have to 
enter the room between each portal to change the 
block. The MLC leaves (typically projecting to 1 cm 

Fig. 10.3 The helical tomotherapy unit installed 
at the University of Wisconsin. The left panel is 
with a cover open. The right panel is looking 
along the CT table into the ring gantry bore.
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at the linear accelerator isocenter plane) were com-
puter controlled, in that they were each separately 
controlled and operated by the linear accelerator 
computer system. Implementation of IMRT required 
the delivery of the nonuniform optimized fluence 
distributions. With conventional linear accelera-
tors, the most flexible modulation technique was to 
fix the gantry and collimator and deliver the fluence 
using a programmed set of portals such that the total 
fluence was equal to the desired fluence. The linear 
accelerators had not been designed to deliver dozens 
to hundreds of portals for each treatment, so during 
the early implementation, delivery of the fluence 
distribution took as long as 40 min. Current linear 
accelerators are capable of delivering these complex 
fluence distributions in 1 2 min per portal.

The main consequence of the conventional linear 
accelerator implementation of IMRT is that the 
radiation field geometry is similar to that in con-
ventional conformal therapy in that relatively few 
beam directions are employed for each treatment. 
The selection of those directions has changed, how-
ever. Treatment planners often decide on portal 
directions more to spread the fluence than to avoid 
specific critical structures. The assumption is that 
the fluence modulation will take care of the normal 
structure dose limits.

The introduction of IMRT has changed the 
radiation therapy treatment-planning process. For 
2D, the physician localizes therapy using bony and 
cavity anatomy, implanted markers, and contrast 
agents. The portals are selected based on the ability 
to define such anatomical references. For example, 
anteroposterior and lateral beams are preferred 
because the anatomical references are straight-
forward to identify. Wedges and compensating 
filters are used to homogenize the radiation dose 
of intersecting beams. Confirmation of the portal 
positioning and shape is conducted using kilovolt-
age X-ray simulator systems or using images of the 
treatment portals taken with the linear accelera-
tor beam. With 3D, the beams are defined by the 
projections of targets in the 3D model of the tumor 
and normal anatomy provided, typically using 
CT. The negative dose distribution consequences 
of the interactions of these portals are still over-
come with wedges and compensating filters. The 
connection of the portal orientation and the abil-
ity to verify the portal position began to be broken 
as clinics realized that the use of non-conventional 
beam angles provides significant improvements in 
some treatment sites. This led to the disconnection 
between portal shape verification and placement 

verification. As long as a common isocenter was 
used, portal placement verification could be con-
ducted using only the portals that provided useful 
anatomical references. Some clinics completely 
separated the portal and patient positioning veri-
fication, defining portals that were used only for 
positioning verification.

The dose prescription also changed with the 
introduction of the 3D treatment process. With a 
quantitative model of the tumor shape and size, and 
an accurate model of the linear accelerator, the clini-
cian could be provided with a comprehensive review 
of the planned dose distribution and could deter-
mine if the selected beam orientations, energies, 
portal shapes, and relative intensities provided an 
adequate delivered dose distribution. The process of 
prescribing dose became more sophisticated, with 
maximum and minimum dose constraints along 
with the nominal prescription dose.

These trends continued with the introduction of 
IMRT. No longer could the portal dosimetry even be 
qualitatively determined by examining the portal 
orientation. Portals often overlapped the critical 
structures they were intended to protect. The physi-
cian’s prescription was now an input to the planning 
process, rather than simply a manual feedback for 
the plan quality. The use of IMRT reduced the influ-
ence that portal orientations and energies had on the 
resulting treatment plan. The prescription criteria, 
however, had a profound influence on the treat-
ment-plan quality, and each clinic had to develop 
appropriate dose-prescription criteria to enter into 
their treatment-planning system. In fact, the pre-
scription criteria were often adjusted not to match 
the ultimate desired dose, but in order to force the 
planning system’s optimization software to develop 
an adequate dose distribution.

10.2 
Basic Physical Principles of IMRT

IMRT generates dose distributions that conform 
to complex target volume geometries in all three 
dimensions. The dose distributions can be consid-
ered to be produced by a superposition of individ-
ual beamlets, each consisting of a narrow incident 
photon beam (Fig. 10.4). Ideally, all beam entry 
angles and positions would be available for use, but 
limitations of the dose delivery devices constrain 
the incident radiation beam-fluence distributions 
to two types.
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For IMRT delivery, the f luence is modulated as 
a function of entry angle for each point within the 
target volume. The dose at any point within the 
patient is generated by a series of beamlets incident 
on that point, each with a unique entry angle. Cur-
rently, treatment accelerators are capable of simul-
taneously delivering f luence across a broad sur-
face area of the patient in the form of a cone beam, 
with a unique patient entry angle for each position 
within the cone beam. The radiation f luence can be 
modulated within the cone beam using a physical 
modulator, a scanning dynamic MLC, a scanning 
“bremsstrahlung” photon beam, or a combination 
of these techniques (Convery and Rosenbloom 
1992; Mackie et al. 1993; Chui et al. 1994; Grant 
and Bellezza 1994; Spirou and Chui 1994; Stein 
et al. 1994; Svensson et al. 1994; Carol 1995; Yu 
1995; Yu et al. 1995; Geis et al. 1996; van Santvoort 
and Heijmen 1996; Hounsell and Wilkinson 
1997; Richter et al. 1997; Stein et al. 1997; Webb 
et al. 1997); for each of these, significant time is 
required to deliver the incident f luence distribu-
tion. To limit the treatment to practical delivery 
times, the number of incident cone beams is lim-
ited at most to a dozen. The beamlet distribution 
at each point within the patient when cone-beam 
IMRT is used is therefore limited principally in 
number, rather than in direction. Alternatively, the 
accelerator can be operated using dynamic motion 
of one or more of the angular degrees of freedom 
(couch, collimator, and gantry); of these, only 
dynamic gantry motion is currently being investi-
gated (Mackie et al. 1993; Yu 1995; Carol et al. 
1996). When dynamic motion of the gantry is used, 
there is insufficient time to arbitrarily adjust the 
f luence at each gantry angle using standard MLC; 

however, the f luence can be arbitrarily modulated 
along a one-dimensional array of beamlets using a 
rapidly actuating MLC (Woo et al. 1994; Carol et 
al. 1996; Webb and Oldham 1996). The collimator 
modulates the f luence by alternately opening and 
closing each leaf as the gantry rotates. This tech-
nique is termed fan-beam IMRT delivery. The f lu-
ence is modulated in time by opening and closing 
each of the multileaves over the course of a narrow 
gantry angle range. In this manner, modulated 
beams of 50 or more gantry angles are delivered 
to a roughly cylindrical volume with the cylinder 
thickness corresponding to the leaf opening size. 
A commercial MLC is designed using two adjacent 
independently actuated leaf banks, so two adjacent 
cylindrical volumes are simultaneously irradiated 
(Carol 1995; Wu et al. 1996; Low 1997). After the 
dose is delivered to the first volumes, the patient is 
precisely moved and the next two cylindrical vol-
umes treated. The couch angle can also be adjusted 
to allow a broad range of entry angles. The beam-
let distribution for each point within the patient 
is limited principally by incident angular distri-
bution (the beamlets are coplanar) rather than by 
number.

Standard MLCs can also be employed when 
using dynamic gantry motion (Yu 1995). The MLC 
is moved during arc rotation such that an open 
field of predetermined shape is delivered for each 
gantry angle. To modulate the beam intensity for 
each beamlet, multiple arcs are delivered, each with 
a different portal shape such that the modulated 
final f luence is delivered. The beamlet distribution 
is similar to that of the fan-beam geometry.

In traditional radiation therapy, the photon 
beam energy selection is used to modify shallow 
doses and to limit dose heterogeneities along the 
beam path. In megavoltage therapy, shallow and 
deep tumors are treated with low and high beam 
energies, respectively; however, when beam-inten-
sity modulation is used, much of the dose hetero-
geneity due to the depth dose can be removed by 
modulating nearly orthogonal beams (similar to 
the concept of a wedged pair); therefore, the need 
for higher energy beams (>10 mV), with their 
associated neutron contamination, may be lim-
ited. In addition, the conformation of dose within 
the patient relies on each beamlet independently 
depositing dose within the patient, which requires 
that the secondary electron range be small with 
respect to the beamlet size. Studies have so far 
concluded that the ideal beam energy for intensity 
modulation is between 4 and 10 mV.

Fig. 10.4 Sketch of beamlet-generated dose distribution
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10.3 
Inverse Treatment Optimization (Cost Func-
tion and Search Algorithm)

As indicated previously, IMRT requires a computer 
optimization method of determining the nonuni-
form beam-fluence profiles. Early attempts at auto-
mated plan optimization methods were conducted 
by several groups, including Hope and Orr (1965), 
Redpath et al. (1976), and McDonald and Rubin 
(1977), but with limited acceptance. With the devel-
opment of 3D CRT and the corresponding increase 
in image and graphic data, interest in computer opti-
mization and automation has been renewed. Inves-
tigation of computer optimization has intensified 
because of the requirement for determining opti-
mal nonuniform beam fluences for IMRT (Brahme 
1988; Lind and Kallman 1990; Gustafsson et al. 
1995).

In 1982, Brahme et al. developed the concept of 
determining the modulated radiation field fluence 
distribution necessary to produce a desired dose 
distribution. An analytic solution of the beam-flu-
ence profile required to treat a circularly symmet-
ric target with a critical structure at its center was 
developed. In 1987, Cormack (1987; Cormack and 
Cormack 1987) extended this approach by extend-
ing it to targets with an axis of symmetry. In 1990, 
Barth further developed this approach by describ-
ing a mathematical solution for a target of arbitrary 
shape by circular component target decomposi-
tion. For general mathematical solutions, the opti-
mized incident fluence profiles contained nega-
tive fluence beamlets, an unphysically realizable 
result (Cormack and Quinto 1989). Application 
of the non-negativity constraint has been included 
in recent efforts to develop numerical solutions to 
calculate the incident fluence profiles. Reported 
methods include: (a) exhaustive search (Barth 
1990); (b) gradient techniques (Xing and Chen 
1996; Spirou and Chui 1998; Bortfeld 1999; Seco 
et al. 2002; Zhang et al. 2004); (c) image recon-
struction approaches (Brahme 1988; Brahme et 
al. 1988; Bortfeld et al. 1990; Holmes et al. 1991); (d) 
quadratic programming (Djordjevich et al. 1990); 
(e) simulated annealing (Webb 1989; Mohan et al. 
1992; Djajaputra et al. 2003); (f) superposition 
algorithm (Scholz et al. 2003); (g) matrix inver-
sion (Goldman et al. 2005); (h) genetic algorithm 
(Cotrutz and Xing 2003; Hou et al. 2003); and (i) 
adaptive control algorithm (Lof et al. 1998).

The task of generating an optimal plan can be 
separated into two parts: (a) specification of an opti-

mization criterion, and (b) the optimization algo-
rithm used. The optimization criterion is expressed 
as a mathematical entity in the form of an objective 
or cost function. The objective function defines a 
plan’s quality and is to be maximized or minimized, 
as appropriate, to satisfy a set of mathematical 
constraints. The objective function yields a single 
numerical value (sometimes referred to as a score) 
for the plan that is used for evaluating a set of com-
peting treatment plans. Often an iterative computer 
search is made of the fluence distributions, with 
guidance by the objective function. Several types of 
objective functions have been investigated and have 
been shown to be useful in some, but not all, clini-
cal situations (Starkschall 1984; Schultheiss 
and Orton 1985; Langer and Leong 1987; Langer 
et al. 1990; Mohan et al. 1992; Niemierko 1992; 
Niemierko et al. 1992; Rosen et al. 1992; Langer 
et al. 1993; Sodertrom and Brahme 1993; Jain et 
al. 1994; Djajaputra et al. 2003; Lian et al. 2003; 
Yan et al. 2003; Beaulieua et al. 2004; Yang and 
Xing 2004; Arrans et al. 2005; Lee et al. 2005). His-
torically, most objective functions use dose-based 
or dose-volume-based criteria, but recent efforts are 
examining the use of biologically based indices (e.g., 
tumor control probability and normal tissue com-
plication probability; Niemierko 1992, 1997, 1998; 
Brahme 1995; Graham et al. 1996; Deasy et al. 
2002; Wu et al. 2002; Stavrev et al. 2003).

Once the optimization criteria have been selected, 
an algorithm is used to automatically determine a 
set of plan parameters that optimizes the chosen 
objective function. There are a number of IMRT 
treatment-planning optimization algorithms under 
investigation. If the objective function and con-
straints can be described by linear or quadratic 
functions of the plan parameters, efficient math-
ematical optimization techniques can be used that 
are guaranteed to find the best score (Langer and 
Leong 1987; Djordjevich et al. 1990; Langer et al. 
1990; Rosen et al. 1992). If the objective function is 
not linear or quadratic as a function of the optimi-
zation parameters, non-linear optimization tech-
niques must be used (Cooper 1978; Xiao et al. 2004; 
Yang and Xing 2004; Olafsson et al. 2005). Other 
optimization approaches being used for IMRT are 
adopted from computed tomography (CT) image 
reconstruction techniques, with filtered back pro-
jection being the principal technique (Holmes et al. 
1991; Gustafsson et al. 1994; Holmes and Mackie 
1994). If these techniques are used in an unmodi-
fied form, the optimized fluence distribution will 
have negative fluences. Non-negativity constraints 
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impact on the quality of the resulting distribution, 
so iterative techniques are often also required. One 
iteration method is a stochastic technique termed 
“simulated annealing,” originally developed from 
statistical mechanics for finding the global minima 
of non-linear objective functions (Metropolis et 
al. 1953; Kirkpatric 1985). Webb (1989) applied 
this approach to radiation therapy plan optimiza-
tion. Since then, several other researchers, as well 
as a commercial system, have used this method 
(Morrill et al. 1990, 1991; Webb 1991a,b, 1992; 
Mohan et al. 1992; Mageras and Mohan 1993; 
Mohan et al. 1996; Sauer et al. 1997). The gradient 
techniques (Xing and Chen 1996; Spirou and Chui 
1998; Bortfeld 1999; Seco et al. 2002; Zhang et 
al. 2004), which require less computation time than 
simulated annealing, are also used in several com-
mercial systems.

Optimization criteria and mathematical search 
algorithms are being investigated vigorously. As the 
capabilities of computers continue to improve, the 
time required to conduct an optimization search 
may become shorter. The biggest challenge may be 
the development of optimization criteria that will 
be appropriate for a wide variety of cancer sites and 
histologies and be able to account for individual 
physician preferences.

10.4 
IMRT Treatment Delivery Systems

10.4.1 
Historical Review

Early IMRT concepts were pioneered several decades 
ago. Seminal contributions were made by Takahashi 
and colleagues (1965). Their work illustrated some 
of the important concepts in both 3D CRT and 
IMRT treatment delivery. Dynamic treatments were 
planned and delivered by Takahashi et al.’s group 
using what may have been the first MLC system. The 
MLC used a mechanical control system to conform 
the beam aperture to the projected target shape as 
the machine was rotated around the patient.

In the late 1950s, another pioneering effort in 
IMRT was conducted by the group at the Massa-
chusetts Institute of Technology Lahy Clinic, who 
independently developed an asynchronous portal-
defining device similar to that of Takahashi et al. 
(Wright et al. 1959; Proimos 1960, 1966; Trump et 
al. 1961). The Royal Northern Hospital in England 

also pioneered a 3D CRT effort (Green 1965). The 
group developed a series of cobalt-60 teletherapy 
machines in which the patient was automatically 
positioned during rotational therapy by moving the 
treatment couch and gantry during the radiation 
delivery using electromechanical systems. This was 
called the “Tracking Cobalt Project” because the 
planning and delivery system attempted to track 
around the path of disease spread and subsequently 
to conform the dose distribution. The work was 
extended in the 1970s and 1980s by Davy and Brace at 
the Royal Free Hospital in London (Davy et al. 1975; 
Davy and Brace 1979; Brace et al. 1981a,b; Brace 
1982, 1985; Davy 1985), The 1970s saw important 
advances in IMRT from the Harvard Medical School 
by Bjarngard, Kijewski, and others (Bjarngard and 
Kijewski 1976; Bjarngard et al. 1977; Kijewski et 
al. 1978; Chin et al. 1981, 1983). Unfortunately, com-
puter technology had not yet advanced to the capac-
ity required for practical implementation of tradi-
tional 3D CRT and IMRT. This work and that of the 
previous researchers led the way for modern IMRT.

The recent introduction of commercially avail-
able MLCs (Boyer et al. 1992; Webb 1993; Klein 
1994; Mohan et al. 1996) and the simultaneous 
development of medical accelerator computer con-
trol systems (Brahme 1987; Fraass 1994; Boyer 
1995; Fraass et al. 1995; Mohan et al. 1996) assisted 
the rapid and widespread development of practical 
IMRT. Until recently, medical accelerators were 
produced with relatively primitive beam collima-
tion systems consisting of opposed jaw pairs that 
were constrained to move symmetrically to provide 
square or rectangular beam apertures. A low melting 
point lead alloy was used to fabricate a customized 
beam block for each radiation portal to provide static 
conformal field shaping (Powers et al. 1973). This 
system was relatively inefficient, in that the radia-
tion therapist was required to enter the treatment 
room and manually change the aperture block for 
each treatment portal. A limited improvement came 
when the collimator jaws were allowed to move inde-
pendently, allowing the fabrication of lighter blocks. 
A rudimentary form of dynamic intensity modula-
tion, the dynamic wedge, was developed using inde-
pendent jaws (Kijewski et al. 1978; Leavitt et al. 
1990, 2000; Klein et al. 1995, 1998; Leavitt et al. 
1997; Edlund et al. 1999; Kubo and Wang 2000). 
The MLC replaced (or supplemented, depending on 
the accelerator manufacturer) the rectangular jaw 
system with a set of independently adjustable, rela-
tively narrow, tungsten leaves (typically projecting 
to 1 or 1.25 cm wide at isocenter). The leaves were 
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placed under computer control and were there-
fore able to create custom-shaped beam apertures 
and allow the change of portal shapes without the 
requirement of room entry by the radiation thera-
pist. The computer control system was often used 
to automatically rotate the gantry (and collimator), 
position the treatment table, and control dose rate.

The IMRT delivery is made practical by using a 
MLC in a dynamic mode similar to dynamic wedge 
(i.e., moving each pair of MLC leaves with the beam 
on while at a fixed gantry angle or during a gantry 
rotation). This method, and three others, for deliv-
ering IMRT are discussed in the following sections.

10.4.2 
Arc-Based Fan-Beam Dynamic MLC IMRT

A commercial implementation of a fan-beam approach 
to IMRT (tomotherapy) uses a mini-MLC system that 
is mounted to an unmodified linear accelerator, and 
treatment is delivered to a narrow slice of the patient 
during arc rotation (Carol 1992, 1995a,b; Carol et 
al. 1996; Low 1997; Verellen et al. 1997; Low 1998a-
c; Al-Ghazi et al. 2001; Saw et al. 2001a,b). The beam 
is collimated to a narrow slit and beamlets are turned 
on and off by driving the mini-MLC leaves out and 
in the beam path, respectively, as the gantry rotates 
around the patient. A complete treatment is accom-
plished by sequential delivery to adjoining slices. 
As previously indicated, this type of IMRT system 
(Peacock, Nomos Corp., Pittsburgh, Pa.) was the first 
broadly implemented IMRT planning and delivery 
system (Woo et al. 1994).

The helical version of tomotherapy was developed 
by Mackie et al. and is commercially available from 
Tomotherapy, Inc. (Mackie et al. 1993a,b, 1997, 
1999; Welsh et al. 2002; Jeraj et al. 2004). The dose 
is delivered using a narrow MLC and small linear 
accelerator mounted in a modified CT scanner 
gantry. The radiation is delivered while the patient 
is moved through the gantry in the same way that 
a helical CT study is conducted (Fang et al. 1997; 
Mackie et al. 1997).

10.4.3 
Fixed Portal Cone-Beam Dynamic MLC

Other IMRT researchers have concentrated on using 
the MLC to provide a full-field or cone-beam modu-
lation technique (Kallman et al. 1988; Convery and 
Rosenbloom 1992; Galvin et al. 1993; Bortfeld et 

al. 1994; Svensson et al. 1994; van Santvoort and 
Heijmen 1996; Webb et al. 1997). For IMRT, the 
MLC is operated in a dynamic mode where the gap 
formed by each opposing leaf sweeps under com-
puter control across the target volume to produce 
the desired fluence profile. The technique for setting 
the gap opening and its speed for each MLC leaf pair 
was first determined by a technique introduced by 
Convery and Rosenbloom (1992) and extended by 
Bortfeld et al. (1994) and Spirou and Chui (1994). 
The Memorial Sloan Kettering Cancer Center was 
one of the first centers to adopt a variation of this 
technique (Ling et al. 1996). Because of its imple-
mentation on conventional linear accelerators, this 
technique currently treats the greatest number of 
IMRT patients worldwide (Burman et al. 1997; de 
Neve et al. 1999; Ma et al. 1999; Mott et al. 1999; 
Wu et al. 2000; Budgell et al. 2001; Chui et al. 2001; 
Low et al. 2001).

10.4.4 
Fixed-Portal X-ray Compensating Filter IMRT

The original and common use of compensating fil-
ters is to account for missing tissue deficits while 
maintaining the skin-sparing benefit of megavolt-
age photon beams. Filters designed using 3D RTTP 
are capable of compensating for not only the miss-
ing tissue deficit, but also for internal tissue het-
erogeneities. Filters can be designed by calculat-
ing a thickness along a ray line using an effective 
attenuation coefficient for the filter material and 
dose-ratio parameters for effective depths may 
consider scattered radiation from the filter. The 
filter construction process can be automated using 
numerically controlled milling machines, and can 
be extended for use when inverse treatment plan-
ning is employed, fabricating the compensation 
filter that generates the desired IMRT fluence pro-
file when the filter is placed in the radiation beam. 
A carousel or stack device could be supplied to hold 
multiple filters that would be automatically moved 
into the beam under computer control. Being rela-
tively simple, this method of delivering IMRT may 
prove to be the easiest to clinically implement. Com-
parisons of IMRT dose distributions delivered using 
physical modulators and MLC-based approaches 
are under investigation, with indications that the 
dose distributions provided by these modalities are 
similar (Stein et al. 1997). Stein et al. (1997) have 
developed a method for producing physical modu-
lators by stacking layered filters up to 1.6 cm thick. 
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The filters are fabricated using low-melting-point 
alloy poured into foam molds, which are cut using 
a computer-controlled cutter. Other authors have 
also investigated the use of physical filters for IMRT 
(Low et al. 1996a,b).

10.5 
IMRT Quality Assurance 
(Commissioning and Clinical)

As with all treatment modalities, verification and 
characterization measurements are required before 
clinically implementing of IMRT. Dosimetric verifi-
cation traditionally includes a comparison of mea-
sured and calculated dose distributions for selected 
test treatment plans. Acquisition of benchmark qual-
ity dose distributions for static-beam therapy relies 
on ionization chambers, which measure doses at indi-
vidual points. Acquisition of isodose distributions 
relies on the assumption that the dose distribution 
being delivered during the measurements is constant 
in time (at least to within an overall constant dose 
rate, monitored by a reference ionization chamber), 
and that the chamber can be scanned throughout the 
dose distribution during the measurement. Dynamic 
IMRT dose distributions are delivered using a tempo-
ral sequence of incident fluences, so this assumption 
does not hold. As a consequence, the measurement 
of dose at a single point using an ionization cham-
ber requires that the entire fluence delivery sequence 
be delivered, requiring measurement times as long 
as 20 min. Similar difficulties are seen with all elec-
tronic point dosimeters (e.g., diodes). Stand-alone 
integrating point dosimeters, such as thermolumi-
nescent dosimeters (TLDs), allow the simultaneous 
measurement of dose at numerous locations, but with 
the additional workload required for off-line read-
out. Practical application of real-time point dosim-
eters provide, at most, dozens of measurement points 
within the treatment volume.

Characteristics of IMRT dose distributions include 
complex 3D treatment volume geometries and steep 
spatial dose gradients. The precise characteriza-
tion of these distributions using only point dosim-
eters is not practical. To obtain the large quantity 
of dose measurements necessary for the description 
of the dose distributions, at least planar dosimeters 
are necessary. Currently, the only practical planar 
dosimeter is film, either radiographic or radio-
chromic. Benchmark-quality dose distributions for 
megavoltage beams cannot be acquired using radio-

graphic film due to its energy response and relative 
dosimetric characteristics (Williamson et al. 1981; 
Hale et al. 1994; van Battum and Heijmen 1995; 
Mayer et al. 1997; Dogan et al. 2002; Zhu et al. 
2002). Radiochromic film uses a tissue-equivalent 
dye that changes color when irradiated (Stevens et 
al. 1996; Zhu et al. 1997, 2002; Niroomand-Rad et 
al. 1998; Dogan et al. 2002; Esthappan et al. 2002). 
Early implementations of radiochromic film had sig-
nificant difficulties with response homogeneity and 
poor dose sensitivity. Current radiochromic film 
has homogeneous response (better than 5%) and 
sufficient sensitivity to use for single-fraction IMRT 
quality assurance. The cost of the film was also sig-
nificantly reduced such that the cost of the film may 
be less than the cost of radiographic film when the 
processor purchase and maintenance is considered. 
The new radiochromic film is sufficiently novel that 
its full impact on IMRT quality assurance has not 
been determined.

Even considering the dosimetric limitations of 
radiographic film, it is at least capable of accurately 
localizing regions of steep spatial dose gradients. For 
example, in a region of a 5% mm-1 dose gradient, an 
error of 5% in the relative dose measurement results 
in a spatial error in the localization of that gradient 
region of only 1 mm. Radiographic film therefore 
provides an opportunity for accurately localizing 
the edges of a complex dose distribution within the 
2D measured area.

To determine the spatial accuracy of the treat-
ment planning and delivery system, the spatial loca-
tion of the measured and calculated doses must be 
accurately and independently determined. Most 
treatment-planning systems use a Cartesian coor-
dinate system to localize the calculated dose dis-
tribution. For example, many planning systems tie 
the coordinate system directly to treatment deliv-
ery. Before acquisition of the volumetric CT scan 
of noninvasively immobilized patients, radiopaque 
markers are placed on the immobilization system 
(e.g., thermoplastic masks), corresponding to the 
lateral and anterior (for supine patients) projection 
of a selected point, typically the treatment isocenter. 
During treatment planning, the isocenter location is 
identified on the CT-scan data set. Verification mea-
surements need to be conducted having a quantita-
tive alignment with the treatment plan isocenter.

The treatment-planning system may provide 
instructions to offset the patient position in a speci-
fied direction and distance to place the accelerator 
isocenter at the optimal location for treatment. Veri-
fication measurements should be made in the same 
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way. Localization wires are placed on the dosimetry 
phantom identifying the projected origin. The wires 
are visualized on the CT-scan data set to determine 
the isocenter location within the phantom. The 
dosimeter position locations are determined rela-
tive to the origin using physical measurements or 
machine drawings of the phantom.

10.5.1 
Dosimetry System

There is no one dosimetry system that conveniently 
measures all of the dose information necessary for 
quality assurance. Systems that balance thorough 
dosimetric measurements with labor and complex-
ity have been developed in many academic centers 
(Klein et al. 1998; Chao 2002; Olch 2002; Higgins 
et al. 2003; Agazaryan et al. 2004; Letourneau et 
al. 2004; Moran et al. 2005; Wiezorek et al. 2005; 
Winkler et al. 2005; Yan et al. 2005); these exploit 
the optimal characteristics of point dosimeters (e.g., 
ionization chambers) and planar dosimeters. Radio-
graphic film is used to measure the spatial position 
of the dose distribution (by aligning the steep-dose 
gradient regions) and ionization chambers are used 
to measure the absolute dose in relatively shallow 
dose-gradient regions.

Careful dosimetry phantom design is impor-
tant to commissioning and quality assurance pro-
cedures. Anthropomorphic phantoms offer the 
advantage that they are shaped and sized similarly 
to patients; however, if the treatment-planning 
system does not accurately consider internal hetero-
geneities, determination of the cause of discrepan-
cies between measured and calculated doses may be 
difficult, especially within and near bony anatomy. 
While TLDs provide convenient single-point mea-
surements, the spacing between locations for TLD 
chips may be larger than desired. Film preparation 
is made more difficult with anthropomorphic phan-
toms due to irregular external contours. Radiogrphic 
film preparation may require careful cutting in the 
darkroom to conform the film shape to the phantom 
outline. Homogeneous cuboid dosimetry phantoms 
do not share these limitations.

Multipoint planar dosimeters, such as electronic 
portal imaging devices (EPIDs) and diode system 
(Sun Nuclear), have been developed that can greatly 
assist in the quality assurance process (McCurdy et 
al. 2001; van Esch et al. 2001, 2004; Chang et al. 2003, 
2004; Letourneau et al. 2004; Baker et al. 2005; 
Wiezorek et al. 2005). Rather than measure dose 

within a phantom, the dosimeter system is placed at 
isocenter and irradiated using the delivered beams. 
A prediction of the incident dose from each beam is 
made by the treatment planning system and com-
pared against the measurement. Typically, the com-
parisons are made port by port, but some planning 
systems are also capable of computing the summed 
dose, i.e., the dose delivered from all beams using a 
common gantry angle. While this does not reflect 
the delivered dose, gross delivery or planning errors 
would be detected by such a system. One of the great-
est challenges of using these dosimeters is the selec-
tion of acceptance criteria. Because the dose delivered 
to these planar dosimeters does not reflect the dose 
to the patient, developing pass fail criteria based on 
the total delivered dose is not possible. The user can 
only compare the measured planar dose with the cor-
responding calculated planning dose distribution, 
for the same beam and depth. For this purpose, two 
main analysis tools are used: overlay comparison of 
calculated and measured dose profiles; and 2D plot 
of measurement points that fail both measures of a 
two component user-selected criteria consisting of 
distance to agreement (DTA) and dose difference 
(percentage of dose difference; Low 1998; Low and 
Dempsey 2003). Commonly, the passing criteria are 
set at 3 mm for DTA and 3% for dose difference. The 
DTA criteria would then fail any measured dose point 
for which a corresponding point could not be found 
in the calculated distribution, with the same dose, 
within a 3-mm radius. A point measurement would 
fail the percentage of dose-difference criteria if the 
difference in dose between the measured point and 
the equivalent  point in the calculated distribution 
was greater than 3%.

An ideal dosimeter would be capable of provid-
ing dose measurements in a 3D volume, with an 
energy response similar to that of water or muscle. 
BANG (bis, acrylamide, nitrogen, and gelatin) 
and other polyacrylamide gels have been investi-
gated for use in dynamic IMRT dose-distribution 
measurements (Maryanski et al. 1994, 1996a,b, 
1997; Gore et al. 1996; Low et al. 2000; Islam et 
al. 2003). The dosimeters operate on the principal 
that monomers can be made that cross-link when 
irradiated by ionizing radiation. There is a subse-
quent increase in the solvent proton relaxation in 
the presence of the polymer. The increased proton 
relaxation rate (R2=1/T2) can be imaged using mag-
netic resonance imaging (MRI). The gel is irradi-
ated using IMRT delivery and subsequently imaged 
using a clinical MRI unit. T1- and T2-weighted 
scans are obtained for each gel and the volumetric 
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distribution of R2 is determined using these scans. 
A monotonic relationship exists between R2 and 
absorbed dose, but because the gel radiation sensi-
tivity is batch dependent, some gels are irradiated 
to known doses and scanned to obtain a dose cali-
bration curve. A measurement of the full 3D dose 
distribution is provided when this medium is used, 
with measurement voxels as small as 1×1×2 mm3. 
The requirement of MRI for readout has limited 
the use of this detector medium to a few dosimetry 
studies. In addition to its MRI properties, the gel 
is normally transparent and becomes opaque on 
irradiation. Optical absorption imaging has also 
been investigated as a method for extracting the 
dose (Maryanski et al. 1996a,b; Kelly et al. 1998; 
Wolodzko et al. 1999), but gels have not enjoyed 
widespread clinical implementation.

10.5.2 
Commissioning

The core of a treatment-planning system commis-
sioning procedure is the comparison of calculated 
and measured dose distributions. Traditional com-
missioning procedures investigate beams incident 
on a water phantom for a variety of field sizes, block-
ing geometries, beam modulators (wedges), and inci-
dent angles. However, IMRT dose distributions are 
generated using a superposition of complex fluence 
distributions; therefore, commissioning of these 
systems relies on developing dose distributions and 
fluence-delivery sequences for a series of selected 
target and critical structure volume geometries. 
The volumes are selected based on expected sizes 
and shapes of clinical target volumes. Neighboring 
critical structures can also be defined to provide 
complex target geometries. Treatment plans used 
for commissioning should include a variety of target 
sizes, shapes, and locations within the test phantom, 
as well as at least one test using phantoms of differ-
ent sizes. The test target volume can be cylindrical 
to simplify preparation and subsequent description 
of the target geometry. Both diameter and length of 
the targets should span the range of sizes used for 
clinical cases. Experiments should also include a 
broad range of optimization parameters.

Each commissioning experiment will include 
both film and absolute dose measurements (ioniza-
tion chamber and/or TLDs, and possibly the use of 
radiochromic film). The results should be tabulated 
to show the dosimetric and spatial accuracy of the 
system.

10.5.3 
System Quality Assurance

The accurate delivery of IMRT dose distributions 
depends on thorough accelerator- and delivery-
system QA programs. A description of all accelerator 
QA procedures is beyond the scope of this chapter. 
A thorough review was published by the American 
Association of Physicists in Medicine (Kutcher et 
al. 1994). Some of the specialized procedures spe-
cific to IMRT are mentioned in this chapter.

The accurate localization of the accelerator iso-
center relative to the patient alignment fiducial 
markers is important for noninvasively immobi-
lized patients. The isocenter position within the 
patient is aligned to the accelerator using the posi-
tioning lasers. As in all external beam therapy, if the 
lasers are not correctly aligned, the localization of 
the dose distribution within the patient will suffer. 
For IMRT treatment planning and delivery, dose 
distributions are generated using fluence distribu-
tions incident on the patient from a series of direc-
tions. The superposition of the fluence distributions 
generates the planned dose distribution, and the 
planning system assumes that the orientation and 
position of each beam angle is accurate. Dose-deliv-
ery errors can occur due to excessive gantry sag and 
gantry and collimator angle misalignments. Qual-
ity assurance tests have been developed that check 
beam and isocenter alignment.

For indexed sequential arc therapy, accurate 
patient positioning between arcs is extremely impor-
tant. Carol et al. (1996) determined that an incor-
rect placement of the patient between successive arc 
treatments will cause a 10% mm–1 dose heterogene-
ity in the abutment region. Consequently, the accu-
racy of the patient immobilization and placement 
system is critical to accurate dose delivery. Periodic 
testing of patient indexing system accuracy should 
be conducted. One method is to place a film at the 
plane of isocenter and irradiate it using the open col-
limated portal.

The film is then moved using the same appara-
tus as used in patient treatments, and the process is 
repeated six to ten times. Ideally, the film will have 
a homogeneous rectangular irradiated region, with 
no evidence of high- or low-dose regions. Overlaps 
or underlaps can serve to identify problems with 
either the positioning system or the treatment couch 
support structure or bearings. Tests are also being 
developed for the QA of dynamic MLC delivery 
(Chui et al. 1996) and helical tomotherapy (Yan et 
al. 2005).
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The implications of incorrect treatment setup 
are being investigated. Studies (Convery and 
Rosenbloom 1995; Low 1997; Ahmad et al. 2005; 
Hong et al. 2005; Siebers et al. 2005) have shown 
that variations in the delivered-dose distribution 
can arise when the gantry, collimator, or couch angle 
are incorrectly set.

10.5.4 
Monitor Unit Verification

A manual or simple computer calculation has been 
found useful to double check the monitor unit of a 
treatment in 3D CRT. In IMRT the treatment-plan-
ning system provides the MUs for each field. The 
MUs are verified either by direct measurement (Low 
1998; Xing et al. 1999; Li et al. 2001) or by an inde-
pendent calculation system (Boyer et al. 1999; Chen 
et al. 2000; Kung et al. 2000; Ma et al. 2000, 2003; 
Xing et al. 2000; Pawlicki and Ma 2001; Chen et al. 
2002; Yang et al. 2005). Independent computation 
is more efficient and less manpower intensive than 
direct measurement. The most accurate computation 
methods proposed for IMRT verification are based 
on Monte Carlo simulation (Ma et al. 2000, 2003; 
Pawlicki and Ma 2001; Yang et al. 2005). Other 
computation methods include convolution of pencil 
beams (Boyer et al. 1999), self-consistent monitor 
unit and isocenter point-dose calculation (Chen et 
al. 2002), scatter-summation algorithm (Xing et al. 
2000), ray tracing (Chen et al. 2000), and modified 
Clarkson integration (Kung et al. 2000).

10.5.5 
Clinical Quality Assurance

The delivery of IMRT is similar in most respects to 
the delivery of standard conformal radiation therapy. 
The principal difference lies in the requirement to 
keep the patient stationary during the entire course 
of treatment. For traditional conformal therapy, the 
motion of the patient during treatment will result 
in minor dose variations within the portal outlines 
and a major dose variation near the portal bound-
aries; however, margins are typically applied to the 
tumor volumes to account for an expected amount 
of motion so that the targets will generally remain 
within the portal boundary. The exception to this 
rule is when compensating filters or wedges are used. 
In these cases, patient motion during treatment will 
alter the doses within the beams an amount propor-

tional to the lateral fluence gradient. For example, 
the dose gradient for a 45  wedge is typically 4
5% cm-1, so movement within the portal boundary 
of 5 mm will result in a dose-delivery error of only 
2 3%, respectively.

In IMRT, the dose distribution is due to a deliv-
ery sequence of incident fluences, each with a poten-
tially large lateral fluence gradient. Yu et al. (1997) 
showed that the fluence delivery error can be as high 
as a factor of two when dynamic-MLC delivery is 
coupled with breathing motion; however, Bortfeld 
et al. (2002, 2004) have shown that, under certain 
assumptions, the dose-delivery errors in realistic 

Fig. 10.5 a A digitally reconstructed radiograph of lateral pro-
jection depicts a representative arc through nasopharynx and 
sphenoid sinus. b A double-exposure portal fi lm taken at the 
same geometry from the linear accelerator corresponds to the 
digitally reconstructed radiograph.
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treatments is significantly less and averages out 
over multiple fractions such that the overall effect of 
tumor motion is to blur the resulting dose distribu-
tion. Clearly these two results appear contradictory, 
and the truth in actual clinical cases probably lies 
between the two. More research is necessary using 
more sophisticated simulations before the actual 
effects are understood using four-dimensional tech-
niques. Until then, clinicians are cautioned to avoid 
using IMRT for tumors that move due to breathing, 
and to provide good immobilization techniques for 
all patients (Yu et al. 1997; Bortfeld et al. 2002, 
2004; Engelsman et al. 2005).

One consequence of IMRT is the lack of a conve-
nient open portal for image-based patient position 
and treatment verification. In IMRT, the two con-
cepts must be separated: the patient position is veri-
fied separately from the treatment delivery. Patient 
positioning verification can be conducted using 
orthogonal portal films using fixed open fields and 
comparing against digitally reconstructed radio-
graphs (DRRs) or simulator films. Figure 10.5 shows 
examples of the DRRs and portal films for a head 
and neck patient (Chao et al. 2000). Determination 
of patient positioning accuracy is made by manu-
ally marking bony landmarks and overlaying the 
portal films and DRRs on a light box. Treatment 
verification can be conducted using measurement 
phantoms. The use of in vivo dosimetry may be lim-
ited to intracavitary dosimetry. Engler et al. (1997) 
used in vivo TLD dosimetry placed beneath bolus on 
the patient’s skin to verify the delivered dose to arc-
based fan-beam treatments; however, the acceptable 
dose tolerances were by necessity large due to the 
high spatial dose gradient near the patient surface.

10.5.6 
Tolerance Levels

The consensus in the radiation therapy community 
is that the dose delivered to the tumor volume should 
be within 5% of the prescribed dose (Dische et al. 
1993). The more complex IMRT systems have dif-
ficulty in meeting the 2% in relative dose accuracy 
in shallow-dose gradients or 2-mm spatial accuracy 
in regions with steep-dose gradients recommended 
by the International Commission of Radiation Units 
and Measurements (van Dyk et al. 1993). Palta et 
al. (2003) proposed a set of more appropriate criteria 
for IMRT plan validation. The over-uncertainty in 
delivered dose should be less than 5%. The pro-
posed confidence limits for relative dose difference 

in treatment planning are 3% for regions with high 
dose and shallow-dose gradient, 10% or 2 mm DTA 
(distance to agreement) for regions with high dose 
and steep-dose gradient, 4% for regions with low 
dose and shallow-dose gradient, and 2 mm DTA for 
dose fall-off regions. The proposed tolerance limits 
for delivery systems with MLC are: 1 for SMLC and 
0.5 mm for DMLC for leaf position accuracy; 0.2 mm 
for leaf position reproducibility and for gap width 
reproducibility; 0.75 mm for isocenter; 2% for SMLC 
and 3% for DMLC for low MU (<2 MU); and 2% for 
low MU symmetry.

10.5.7 
Doses of Irradiation Outside the Treatment 
Volume

Followill et al. (1997), based on the observation 
that with IMRT some form of X-ray attenuation to 
modulate intensity is required, suggested that the 
number of MUs used to deliver a given treatment 
is increased over that used for conventional radia-
tion therapy, resulting in the likelihood of increased 
whole-body dose to the patient by leakage and scat-
tering of X-rays and, for higher energies, leakage 
of neutrons through the collimation and treatment 
head assemblies of the linear accelerator. These 
authors made estimates of the leakage neutron dose 
equivalent or photon dose at isocenter in the patient 
plane at a point 5 cm away from the central axis 
of a pelvic field, and estimated the whole-body X-
ray dose equivalent contribution for 50 cm from the 
center of a 20×20-cm treatment field based on previ-
ously measured data (Stovall et al. 1995). They also 
calculated the MUs required to deliver a treatment 
with conventional X-rays (wedged or unwedged) and 
with beam-intensity modulated irradiation from 
two different systems (Varian MLC or Nomos Pea-
cock MLC). Average total MUs derived from treat-
ment plans for six patients are shown in Table 10.1. 
The unwedged 6-mV beam required 20% more MUs 
than the 18-mV beam. With wedges, the 6-mV-beam 
MUs increased by 60% over that for 18 mV. With the 
Nomos Peacock system the total number of MUs per 
fraction increased with the number of arcs used. The 
total whole-body dose equivalent to a point 50 cm 
from the center of the pelvic field, when 70 Gy was 
delivered, was significantly higher with the inten-
sity-modulated plans (Table 10.2). The authors also 
calculated the estimated risk of any fatal secondary 
cancer associated with scattered dose from the pre-
scribed treatment as a percentage increase in likeli-
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hood in non-irradiated populations. The smallest 
increased risk was 0.4% for the 6 mV unwedged 
conventional technique, and the greatest risk was 
24.4% with the tomotherapy technique using 25 MV 
X-rays. The authors caution against the use of 25 MV 
X-rays with intensity-modulated techniques, which 
may carry a seriously high risk of secondary can-
cers, and recommend that the use of X-ray energies 
greater than 10 MV for beam-intensity modulated 
conformal therapy should not be attempted until the 
X-ray and neutron leakage dose and risks associated 
with the treatment have been carefully evaluated 
in long-term studies. At our institution Mutic and 
Low (1997) also measured whole-body irradiation 
doses from arc-based IMRT to the head and neck 
region using a water-equivalent plastic block whole-
body phantom and a polystyrene phantom, placing 
TLDs in multiple locations arranged into orthogonal 
linear arrays. To assess the leakage dose component, 
the MLC leaves remained closed during treatment 
delivery. The total midplane whole-body dose from 
internal scatter and leakage was approximately 2.5% 
of the total target dose, decreasing to 0.5% at 30 cm 

from the target. The whole-body dose was entirely 
due to head irradiation leakage. The internal scat-
ter dose was significant near the target but became 
negligible beyond 15 cm from the target in relation 
to the leakage dose; therefore, the total-body dose 
was proportional to the total MUs used to deliver a 
given treatment.

10.6 
Clinical Studies with IMRT

Recently, Guerrero Urbano and Nutting (2004) 
presented two reviews on clinical use of IMRT in 
tumors of the head and neck region, central ner-
vous system, lung, and in prostate, gynecological, 
breast, and gastrointestinal malignancies, as well 
as in other issues related to the clinical use of this 
new technique. The main indications at every site 
have been dose escalation and acceptable or reduced 
normal tissue toxicity. In general, a better dose 
distribution by IMRT has been well documented, 

Table 10.1 The MU/cGy and total MU to deliver conventional and modulated beam-intensity 
radiotherapy. MLC multileaf collimator

Beam 
energy 
(mV)

Conventional Beam-intensity modulated

Unwedged Wedged Varian MLC 
modulated

Nomos MLC 
tomotherapy

(MU/cGy) (MU/cGy) (MU/cGy) (MU/cGy)

MU per dosea 6 1.2 2.4 3.4 9.7

18 1.0 1.5 2.8 8.1

25 1.0 1.5 2.8 8.1

(MU) (MU) (MU) (MU)

Total MUb 6 8,400 16,800 23,800 67,900

18 7,000 10,500 19,600 56,700

2.5 7,000 10,500 19,600 56,700

aThe number of MU needed for the indicated technique to deliver 1 cGy to isocenter
bThe total MU needed, using the indicated technique and energy, to deliver 70 Gy to isocenter

Table 10.2 The estimated total whole-body dose equivalent (mSv) from a total delivered dose of 
70 Gy at isocenter

6 mV 18 mV 25 mV

No wedges Wedges No wedges Wedges No wedges Wedges

Conventional 67 134 326 488 602 903

MLC modulated 190 -- 911 -- 1686 --

Tomotherapy 543 -- 2637 -- 4876 --
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whereas its correlations with better clinical outcome 
or improved sparing and/or improvements in qual-
ity of life have not been evaluated on a large scale. 
Most available reports are small phase-I or phase-II 
trials. Although the data are promising, randomized 
clinical trial data are important to support its use. 
The authors concluded that IMRT delivery should 
remain in the context of clinical trials until such 
time as these improved dose distributions have 
proved clinical benefits for patients. Some clinical 
studies of IMRT for tumors in head and neck and in 
prostate are summarized below.

10.6.1 
Head and Neck

Kam et al. (2003) compared IMRT with 2D RT and 
3D CRT treatment plans in three patients with dif-
ferent stages of nasopharyngeal carcinoma (NPC). 
The NPC has been a challenge to radiation oncolo-
gists because of its unique histological features, stra-

tegic location, and high radiosensitivity. A split-field 
technique with seven coplanar beams separated at 
50° apart was used for IMRT planning with Helios 
(Varian Medical Systems). A dynamic multileaf col-
limation (DMLC) technique was used for treatment 
delivery (Varian 600 CD or 2300 CD). Figure 10.6 
shows that IMRT produced the best target cover-
age, target conformity, and dose homogeneity. The 
IMRT target dose conformed most accurately to the 
concave target, while a rapid dose fall-off was seen 
around the ear canals, temporomandibular joints, 
and parotid glands. Figure 10.7 shows the dose-
volume histogram (DVH) curves for the gross tumor 
volume (GTV) and OARs. The mean parotid dose 
and Dmax for the temporomandibular joints were 
significantly lower in the IMRT plan. The Dmax 
for brain stem and temporal lobes was similar for 
the three plans; however, the volume receiving 
low-dose RT was greater with IMRT. Similar dose 
advantages were seen in the other two patients. The 
authors concluded that for early-stage disease IMRT 
provides better parotid gland sparing, whereas in 

Fig. 10.7a-f. Dose-vol-
ume histogram curves 
of a gross tumor volume 
(GTV), b brain stem, c 
spinal cord, d left temporal 
lobe, e right parotid, and f 
right temporomandibular 
(TM) joints with three 
different plans in T1N0M0 
NPC
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locally advanced disease, IMRT offers better tumor 
coverage, normal organ sparing, and room for dose 
escalation.

The same IMRT technique was used to treat 
63 NPC patients in a subsequent study (Kam et 
al. 2004). The results showed a very high rate of 
locoregional control and favorable toxicity profile. 
Another important observation was that dose esca-
lation above 66 Gy of IMRT-based therapy was a sig-
nificant determinant of progression-free survival 
and distant metastasis-free survival for advanced 
T-stage tumors.

A system for patient immobilization, setup veri-
fication, and dose optimization of parotid sparing 
was implemented for tomotherapy-based IMRT at 
our institution (Chao et al. 2000). The IMRT was 
delivered with a serial tomotherapy device on a 
6  MV linear accelerator. To optimize the two com-
peting goals of minimum dose to targets and maxi-
mum allowable dose to normal structures, several 
parameters, such as structure weights (from 0–2) 
and target priority, were specified for the treatment 
optimization. Figure 10.8 compares six plans where 
plans A C (no target priority with increasing order 
of parotid weight) had significantly poorer coverage 
of the target volume than plans D–F (target prior-
ity with increasing order of parotid weight); how-
ever, the trade-off for better target coverage was 
a bigger volume of the parotid gland receiving a 
higher dose. For example, plan D provided the best 
target coverage (<2% of target receiving <95% of 
prescription dose); however, nearly 50% of parotid 

Fig. 10.8 A composite magni-
fi ed view of the resulting iso-
dose curves in the junctional 
region indicates that the best 
plan (Plan C) with respect 
to parotid sparing yields the 
worst target coverage. Plan F 
seems to be the best compro-
mise.

glands received more than 30 Gy. In contrast, plan C 
spared the parotid gland most effectively (only 14% 
of parotid glands received more than 30 Gy), but 
7% of the target volume received less than 95% of 
the prescribed dose. The area of undercoverage was 
usually located in the junction of the target and 
parotid volume where the dose transition took place. 
This dose gradient at the edge of the target volume 
and the adjacent critical normal tissue is a common 
feature of IMRT dosimetry. The best compromise 
seemed to be achieved by plan F, which yielded one 
of the lowest target underdose volumes (3.3±0.6%), 
with a relatively low fractional volume of parotid 
gland being overdosed (27±8%).

The same IMRT technique was used to treat 
postoperatively 14 patients and definitively without 
surgery 12 patients with carcinoma of the orophar-
ynx (Chao et al. 2001). The conventional radiation 
therapy (CRT) was used to treat preoperatively 109 
patients, postoperatively 142 patients, and defini-
tively 153 patients. The 2-year locoregional control 
values for the three CRT groups and the two IMRT 
groups were 78, 76, 68, 100, and 88%, respectively. 
The 2-year disease-free survival values were 68, 74, 
58, 92, and 80%, respectively. The authors concluded 
that the dosimetric advantage of IMRT did translate 
into a significant reduction of late salivary toxicity 
in patients with oropharyngeal carcinoma.

Nutting et al. (2001) performed a planning 
study for six patients with thyroid carcinoma with 
Corvus system (Corvus v3.0, Nomos Corporation, 
Pittsburgh, Pa.). Figure 10.9 shows typical dose dis-
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tributions produced by CRT, 3D CRT, and nine-field 
IMRT. In this study, 3D CRT reduced normal tissue 
irradiation compared with conventional techniques, 
but it did not improve planning tumor volume (PTV) 
or spinal cord doses. The IMRT improved the PTV 
coverage and reduced the spinal cord dose. In addi-
tion, the authors showed that simultaneous inte-
grated boost technique with IMRT improved dose 
distribution (Fig. 10.10), although its clinical effect 
was uncertain.

10.6.2 
Prostate

Many researchers have reported improved tumor 
control through dose escalation using 3D CRT or 
IMRT for localized prostate cancers. Doses of 75 Gy 
and higher were considered favorable to a lower dose 
for local disease control. On the other hand, a higher 
dose is susceptible to high incidence of treatment-
related toxicity; therefore, a high radiation dose 
may be used only when the amount of proximal 
critical structures (bladder and rectum) exposed 
to specific marker dose remains low. This requires 
more precise conformity and tighter normal dose 
constraints, both characteristics for which IMRT has 
proven useful.

Zelefsky et al. (2000) compared high-dose 
radiation (81 Gy) for prostate cancer delivered by 
3D CRT for 61 patients and IMRT for 171 patients. 
Figure 10.11 shows the beam arrangements and dose 
distributions for a typical patient. For 3D CRT, the 
patients were treated with six-field coplanar beam 
arrangement to 72 Gy followed by a 9-Gy boost 
using a separate multi-field coplanar plan in which 
the rectum was blocked in each field. For IMRT, 
an isocentric five-field technique was used and the 
parameters included dose uniformity (100%) to the 
PTV, and limits of 40 and 58% of the prescription 
dose to the rectal wall and bladder wall, respectively. 
The isodose distributions indicated that the IMRT 
plan provided improved tumor coverage with 81 Gy. 
The DVH for the target (Fig. 10.12) in this patient 
showed that while 99% of the CTV received 81 Gy 
with IMRT, the same dose was delivered to only 94% 
of the CTV with the conventional plan. Figure 10.12 

aa

bb

cc

Fig. 10.9a-c. Typical dose distributions at the level of the iso-
center produced by a conventional RT, b 3D CRT, and c nine-
fi eld IMRT techniques are shown for the single-phase thyroid-
bed technique. The prescribed dose was 60 Gy to the isocenter: 
90, 76, and 20% isodoses are shown. The spinal cord dose was 
constrained at 46 Gy (76%).

Fig. 10.10 The SIB using IMRT. The prescribed dose was 60 Gy 
to the boost region and 46 Gy to the loco-regional nodes: 90, 
76, and 20% isodoses are shown. The spinal cord dose was 
constrained at 46 Gy (76%).
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also demonstrates that IMRT reduced the volume 
of the rectal wall carried to doses between 50 and 
77 Gy, the bladder wall between 55 and 85 Gy, and of 
the femoral heads between 25 and 60 Gy. The authors 
concluded, based on comparison of 20 patients, that 
significantly larger volumes received the prescribed 
dose of 81 Gy with IMRT relative to the conventional 
3D-CRT plan (p<0.01). Furthermore, whereas 100% 
of the CTV received 75 Gy in both plans, 98±2% 
of the CTV received 81 Gy in the IMRT plan com-
pared with 95±2% in the conventional 3D CRT plan 
(p<0.01). For the normal tissues, the percentages 
of the rectal wall and bladder wall volumes carried 
to 75 Gy were significantly decreased with IMRT 
(p<0.01). For all patients, acute and late urinary 
toxicities were not significantly different for the 
two methods; however, the combined rates of acute 
grade-1 and grade-2 rectal toxicities, and the risk of 
late grade-2 rectal bleeding, were significantly lower 
in the IMRT patients. The 2-year actuarial risk of 
grade-2 bleeding was 2% for IMRT and 10% for con-
ventional 3D CRT (p<0.001).

Zelefsky et al. (2002) further reported the tox-
icity and biochemical outcome in 772 patients 
with clinically localized prostate cancer treated 
with high-dose (81.0 Gy for 698 patients, 86.4 Gy 
for 74 patients) IMRT. The median follow-up time 
was 24 months. The results are summarized in 
Tables 10.3 and 10.4. High-dose IMRT was well tol-
erated acutely. As shown in Table 10.3, 35 patients 
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Fig. 10.11 Dose distributions of treatment plans designed for a 
prostate cancer patient. The fi gure shows the composite dose 
distribution. Planning was carried out as described in the ma-
terials and methods. Note the improved conformality of the 
planning tumor volume coverage by the 75- and 81-Gy isodose 
lines in the IMRT plan. Also note that the 50-Gy isodose line 
avoids the femoral heads in the IMRT plan.

Fig. 10.12 Dose-volume histograms 
of the CTV, rectal wall, bladder 
wall, and femoral heads displayed 
for the treatment plans shown in 
Fig. 10.11. Inset for the DVH of the 
CTV demonstrates the high-dose 
region.
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(4.5%) developed acute grade-2 rectal toxicity, and 
no patient experienced acute grade-3 or higher 
rectal symptoms. Two hundred seventeen patients 
(28%) developed acute grade-2 urinary symptoms, 
and one experienced urinary retention (grade 3) 
toward the end of his treatment course. The rates of 
late complications are shown in Table 10.4. Eleven 
patients (1.5%) developed grade-2 rectal bleeding 
at a median of 9 months after completion of IMRT. 
Four patients (0.5%) developed grade-3 rectal tox-
icity requiring one or more transfusions or a laser 
cauterization procedure. No grade-4 rectal com-
plications were observed. The 3-year actuarial PSA 
relapse-free survival outcomes for favorable-, inter-
mediate-, and unfavorable-risk-group patients were 
92, 86, and 81%, respectively. These data suggest that 
the PSA outcome after high-dose IMRT is not infe-
rior to what can be achieved with conventional 3D-
CRT techniques.

As precise targeting is essential in IMRT, two 
approaches have been adopted to address the pros-
tate motion issue. The first approach was the develop-

ment of an accurate daily localization method using 
ultrasound, CT, or implanted marker imaging; the 
other was immobilization of the prostate with the 
use of an inflatable rectal balloon. Teh et al. (2001) 
evaluated the relationship between dose-volume 
effects and acute toxicity in 100 patients immobi-
lized with the latter approach. The Peacock system 
(Nomos Corp., Sewickley, Pa.) with the multivane 
intensity-modulating collimator (MIMiC) was used 
for treatment planning and delivery. A mean dose 
of 76 Gy was prescribed to the 85% isodose line for 
full coverage of the prostate. Figure 10.13 shows the 
dose distributions illustrating coverage of the pros-
tate gland and seminal vesicles as well as dose deliv-
ered to surrounding normal structures. Figure 10.14 
shows a representative DVH from a patient depict-
ing two treatment targets (prostate and seminal 
vesicles) and two dose-limiting normal structures 
(bladder and rectum). This study showed that IMRT 
leads to decrease in treatment-related toxicity for 
prostate cancer. There was reduction in the volume 
of the critical avoidance structures receiving high-

Fig. 10.13 Axial CT image 
(with the patient in the 
prone position) shows 
the rectal balloon (green) 
immobilizing prostate 
(brown with red border) 
against pubis (light blue). 
Also note the isodose 
coverage of the prostate.

Table 10.3 Acute toxicity IMRT (n=772)

Toxicity grade Gastrointestinal Genitourinary

0 568 (74%) 258 (33%)

1 169 (22%) 296 (38%)

2 35 (4%) 217 (28%)

3 0 1

Table 10.4 Late-toxicity IMRT (n=772)

Toxicity grade Gastrointestinal Genitourinary

0 688 (89%) 570 (74%)

1 69 (9%) 121 (16%)

2 11 (1.5%) 76 (9.5%)

3 4 (0.5%) 5 (0.5%)
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dose radiation and lower radiation dose delivered 
to the normal structures; however, the relationship 
between acute toxicity and mean dose to rectum and 
bladder or DVH was not statistically significant.

In another study, Teh et al. (2001) reported their 
experience on postprostatectomy (PPI) IMRT, and 

compared the acute genitourinary (GU) toxicity 
to primary (PI) IMRT for 40 patients with prostate 
cancer. Nine patients had adjuvant radiotherapy, 
while 31 patients had salvage radiotherapy. One dif-
ficulty in postoperative radiotherapy is that the shape 
of the target (prostate fossa) is irregular for which 
IMRT is an ideal solution. The PPI was initiated when 
the patient’s urinary continence reached a plateau, 
usually within 3 months after radical prostatectomy. 
A dose of 60–66 Gy (mean dose 64–72 Gy) was pre-
scribed using a 2-Gy daily fraction. The dose was 
prescribed to the 86% (84–89%) isodose line for cov-
erage of the target volume. Figure 10.15 shows a typi-
cal dose distribution for PPI. The acute GU toxicity 
profile is more favorable in the PPI group with 82.5% 
of grade 0–1 and 17.5% of grade-2 toxicity compared 
with 59.2 and 40.8%, respectively, in the PI group 
(p<0.001). There was no grade-3 or higher toxicity in 
either group. The author concluded that PPI can be 
delivered with acceptable acute GU toxicity, and the 
favorable acute GU toxicity in PPI might be related 
to a combination of lower mean and maximum doses 
and smaller bladder volumes receiving >65 Gy.

Fig. 10.15a,b. The IMRT dose distribu-
tion in a axial plane (superior level). Note 
that the patient was treated in the prone 
position with an air-fi lled rectal balloon 
in place. Also note the “butterfl y”-shaped 
target volume covering surgical clips. b 
Sagittal plane. Note rectal balloon posteri-
orly. Brown: prostatic fossa; green: rectum; 
light blue: pubic bone; dark blue: femoral 
head; pink: bladder

Fig. 10.14 Dose-volume histograms of prostate, seminal vesi-
cle, bladder, and rectum
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10.7 
Discussion and Summary

The process of 3D-CRT planning is significantly dif-
ferent from traditional 2D treatment planning and 
requires the retraining of the radiation oncologist 
and treatment planner. Most of the difference lies in 
the additional tasks of identifying target volumes and 
critical structures in three dimensions. The introduc-
tion of IMRT significantly changes the roles of the 
radiation oncologist and treatment planner, princi-
pally because of the inverse-planning method. With 
inverse planning, the physician prescribes the optimal 
dose distribution using tools provided by the software 
manufacturer; these may be simple text descriptions of 
minimum target doses and maximum critical struc-
ture doses, or they may include the specification of 
ideal DVHs. The algorithms may have additional input 
parameters that specify the relative importance of 
sparing critical structures vs providing the requested 
target doses. While the process of inverse planning ide-
ally removes the need for multiple plan development 
and evaluations, the lack of robust objective functions 
will continue to necessitate the execution of multiple 
plans, at least for the foreseeable future.

The IMRT has the potential for delivering more 
conformal dose distributions, treating complex 3D 
target volumes while sparing critical structures, and 
therefore improving the quality of radiation ther-
apy; however, there are numerous clinical issues that 
remain unanswered in IMRT. Most important are the 
radiobiological consequences of non-standard dose 
fractionation caused by having multiple dose pre-
scription levels simultaneously delivered. With IMRT, 
there is significantly greater dose heterogeneity within 
the target than for conventional conformal therapy. 
The premise that the ideal dose distribution includes 
a homogeneous dose within the target will require 
reevaluation.

The dosimetry instrumentation used for both treat-
ment delivery and QA needs to undergo reevaluation 
for IMRT. The IMRT delivery places significant con-
straints on the design and operational characteristics 
of dosimetry equipment. The dynamic dose delivery 
and deficiencies of traditional QA techniques will leave 
many potential users cynical of this exciting develop-
ment. Significant evidence of the clinical advantages 
and safeguards will be required before IMRT becomes 
routine clinical practice. Although significant efforts 
remain, the introduction of IMRT has been successful. 
The number of patients treated using commercial and 
developmental implementations of this modality will 
continue to increase.

The introduction of multi-institutional trials 
using IMRT is essential to document any clinical 
advantages. In the future, the further development 
of CT-based simulation, inverse-planning systems, 
and linear accelerator systems designed to deliver 
IMRT-based dose distributions will likely reduce the 
overall cost of radiation therapy.

10.8 
Additional Challenges for IMRT Implemen-
tation

The use of IMRT presents some unique challenges 
for radiation therapy. Commercial treatment-plan-
ning systems assume that the patient geometry and 
position relative to the linear accelerator is the same 
during treatment as in the computer model. Varia-
tions of the internal position and shape of the tumor 
can cause misalignments between the tumor and 
the high dose gradient, although accurately defined 
target margins should limit underdoses caused by 
the variations. Similarly, the complex dose distribu-
tions provided by IMRT can avoid critical structures 
using steep dose gradients, but the efficacy of this 
avoidance can be compromised by misalignment 
of the patient or by internal shifting of the critical 
structures. Again, robust margin definitions should 
alleviate these problems; however, if tight confor-
mance is required, e.g., due to proximity between 
critical structures and the tumor, accurate patient 
positioning becomes critical. While this has always 
been true to some extent, the complex 3D structure 
of the dose distribution makes alignment more dif-
ficult than for traditional therapies.

Another challenge is for the irradiation of tumors 
that lie near the skin. When there is a combination 
of en-face and tangential beams, the dose build-up 
of the en-face beams will be compensated for by 
additional fluence from the tangential beams; how-
ever, when the patient is misaligned, the dose build-
up follows the patient, while the fluence modulation 
is fixed to the room coordinates. This can lead to 
unintended hot spots if the deeper portions of the 
tumor overlap the compensating increased fluence 
of the tangential beams. Similarly, the tangential 
beams may not extend beyond the projected skin 
outline. A shifting of the patient towards the flash 
direction may cause some of the tumor to miss the 
projected tangential beam, causing a cold spot. Most 
planning systems are incapable of compensating for 
this uncertainty.
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11.1 
Introduction

Radiation therapy has evolved in a number of ways 
over the past 50 years to be able to deliver specific 
doses of ionizing radiation with great conformality 
in single or multiple fractions to a wide variety of 
body sites. Advances in medical imaging, computer 
technology, and software tools have enabled two of 
these techniques, stereotactic radiosurgery and ste-
reotactic radiotherapy, to now be widely used around 
the world to deliver highly focal radiation treatments 
to both intracranial and extracranial sites. Through 
anatomically accurate imaging and restriction of 
target motion, or radiation-beam sequencing to 
correct for target and normal organ motion inside 
the body, such highly conformal treatment strate-
gies are being incorporated into the multimodality 
management of cancer. The procedures are more 
complex than standard radiotherapy providing a 
high level of precision and accuracy with greater 
sparing of normal tissues. This chapter provides a 
clinical overview of the main techniques and devices 
available currently for stereotactic radiosurgery and 
radiotherapy.

11.2 
Origins of Radiosurgery

Lars Leksell, a Swedish neurosurgeon, developed 
the first commercially available dedicated radio-
surgical device called the “Gamma Knife” in 1968. 
This machine made it possible to precisely deliver 
a single, large dose of highly conformal radiation 
to any number of intracranial sites using 201 fixed 
cobalt sources aimed at a center point. This provided 
an alternative treatment to certain neurosurgical 
procedures which were then associated with signif-
icant morbidity (Leksell 1951, 1971). Conditions 
thought to be appropriate for radiosurgery included 
acoustic schwannomas, intracranial arteriovenous 
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malformations, pituitary adenomas, metastatic 
tumors, and skull base meningiomas, in addition 
to certain functional disorders such as intractable 
pain, trigeminal neuralgia, and essential tremor 
(Leksell 1968). Once the efficacy of this approach 
was demonstrated, sources of radiations other than 
fixed 60Co sources were incorporated into stereotac-
tic systems, not only for single but also for fraction-
ated intracranial treatments (Dunbar et al. 1994). 
Additional methods for localization and treatment 
of a number of extracranial sites have since been 
developed. The principles of and several practical 
methods for stereotactic irradiation are presented.

11.3 
Descriptive Overview

Both stereotactic radiosurgery and stereotactic radio-
therapy require patient immobilization and reposi-
tioning with either an invasive frame, a non-invasive 
frame, or a frameless system to direct precise radia-
tion beam targeting. Whereas stereotactic radiosur-
gery requires positioning accuracy of < 1mm, ste-
reotactic radiotherapy is usually accurate to about 
2 mm. The Gill-Thomas-Cosman (GTC) frame has 
been frequently used for linac-based radiosurgery as 
well as stereotactic radiotherapy (Kooy et al. 1994). 
It has been modified by some to allow treatment of 
extracranial head and neck tumors involving the 
skull base, nasopharynx, and paranasal sinuses 
(Kassaee et al. 2003). It can also be used with an 
eye fixation device to permit stereotactic radio-
therapy of choroidal melanomas, e.g., giving 70 Gy 
in five fractions over 10 days (Emara et al. 2004). 
A standard thermoplastic mask system (BrainLAB) 
has also been used for this purpose (Dieckmann et 
al. 2003). This mask system was used to treat larger 
cavernous sinus meningiomas employing CT–MRI 
image fusion and conventional-size radiation doses 
(Selch et al. 2004). Hypofractionated stereotactic 
radiotherapy has also been applied, using nonin-
vasive skull fixation and a dose schedule of 35 Gy 
in four fractions to the isocenter over 4–6 days 
(Aoyama et al. 2003), or 40 Gy in five fractions on 
consecutive days (Lindvall et al. 2005) as an alter-
native approach for treating larger metastases and 
to avoid the discomfort of repeat invasive fixation 
for metachronous metastases. The possibility of 
less toxicity was suggested as the advantage of this 
technique over single-fraction stereotactic radio-
surgery. A similar technique, using the Laitinen 

stereoadapter and a conventional linac, has been 
used for treatment of arteriovenous malformations 
and (AVMs; Lindvall et al. 2003), using a synthetic 
thermoplastic mask custom fitted and attached to 
a metal base frame and the Brown-Roberts-Wells 
(BRW) localizing ring, for fractionated treatment of 
acoustic schwannomas (Williams 2002, 2003). Sim-
ilarly, Kim et al. (2003) reported a mean isocenter 
accuracy within 0.53 mm for frameless stereotactic 
radiotherapy in 43 patients using three 2-mm gold 
markers implanted in the cranium.

Extracranial stereotactic radiotherapy poses 
several different challenges for patient immobili-
zation and tumor localization. For example, large 
body areas need to be accommodated and inter-
nal organ and target motion limited or tracked 
accurately. Both framed and frameless systems 
have been employed for this purpose, using both 
internal and external fiducials. A body cast and 
head mask system with a stereotactic body frame 
was developed at the German Cancer Research 
Center and used for stereotactic radiotherapy of 
paramedullary tumors in the thoracic and lumbar 
spine. An analysis of setup accuracy showed that 
this system allowed an overall mean three-dimen-
sional vectorial patient movement, and therefore 
mean overall accuracy of <3.6 mm (Lohr et al. 
1999). This group has also treated liver tumors 
with single-dose stereotactic irradiation using a 
vacuum pillow and an abdominal compression 
plate to reduce liver movement. They reported 
that deviations of the body in the cranio-caudal 
direction were always less than the CT slice thick-
ness (<5 mm) but advocated that a control CT 
scan be performed immediately before therapy 
to confirm setup accuracy and prompt necessary 
corrections, which were required on 16 of 26 occa-
sions (Herfarth et al. 2000).

For lung cancer, a frameless approach to stereo-
tactic radiotherapy using the FOCAL unit, a com-
bination of linac, CT scanner, X-ray simulator, and 
carbon table has been reported. Shallow breath-
ing with an oxygen mask and an abdominal com-
pression belt, if necessary, allowed intrafractional 
tumor motion to generally be <5 mm (Uematsu et 
al. 2001).

Finally, prostate cancers have been stereotacti-
cally treated using implanted fiducials, ultrasound 
localization, and computed tomography imaging 
of the pelvis for daily targeting. This stereotactic 
radiotherapy technique, using three fiducial mark-
ers placed in the apex, base, and mid-gland, has 
been reported to limit average prostate deviation 
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from its planned position to 2 mm or less (Madsen 
et al. 2003).

Stereotactic procedures in modern radiation 
therapy thus require a stereotactic device, medical 
imaging, computer treatment planning, and a radia-
tion source. The radiation modalities in use include 
high-activity 60Co sources, photons from low to 
medium energy linear accelerators, and proton 
beams. As indicated previously, stereotactic proce-
dures in radiation therapy are divided into stereotac-
tic radiosurgery (SRS) and stereotactic radiotherapy 
(SRT). This division is based on the radiobiological 
intent of the therapy. The intent of SRS is radioabla-
tion, an attempt to inactivate the growth potential 
of cells within a target volume using a single, high-
dose fraction of irradiation. Stereotactic radiother-
apy attempts to preserve the function of normal cells 
within the target volume and surrounding normal 
tissues by the use of multiple, smaller dose fractions, 
while using very tight margins around the intended 
target. In both cases, highly accurate positioning of 
radiation beams and rapid dose fall-off outside the 
target volume are of prime importance; the former 
is achieved through the use of a stereotactic device; 
the latter is accomplished either with secondary 
collimation close to the patient (Fig. 11.1) or with a 
micro-multileaf collimator (Benedict et al. 2001; 
Cosgrove et al. 1999).

Although the techniques of SRS and SRT depend 
greatly on the equipment used, the specific steps 
of the procedures have much in common (see flow 
chart in Fig. 11.2). Firstly, the stereotactic device is 
attached to the patient before images are obtained. 
The images are verified with respect to their spatial 
accuracy and transferred to a computerized treat-
ment-planning system. The location of the stereo-
tactic device is identified in the images to estab-
lish the spatial relationship of the image set with 

respect to the stereotactic coordinate system. The 
planning system is used to determine the desired 
amount, location, and shape of the dose distribu-
tion, in real time, intended to maximize dose in the 
target volume and minimize dose to surrounding 
tissues, through specifying the arrangement, size, 
shape, and weight of the beams utilized. The com-
puter specifies the plan in the stereotactic coordi-
nate system and calculates the irradiation time or 
monitor units needed for its execution. Evaluation 
of the treatment plan is performed by collaboration 
between the radiation oncologist, neurosurgeon, 
and medical physicist, who most often constitute the 
stereotactic team. Consideration is given to the type 
of target treated, conformity of dose to the target, 
and dose to nearby tissue using both dose volume 
histograms and isodose contours. Typically the goal 
is to cover >95% of the volume with the prescription 
dose. The “conformity index” is the volume of tissue 
in the matrix containing the target which receives 
the prescription dose divided by the target volume 
(Monk et al. 2003). Generally, it should be less than 
2:1 according to the model for variables contributing 
to acute or chronic grade 3,4, or 5 toxicity in RTOG 
protocol 90-05 corresponding to the PIV/TV (a mea-
sure of dose conformity of the treatment relative 
to the target where PIV is the prescription isodose 
volume (in mm3) and TV the tumor volume (in mm3; 
Shaw et al. 1996). In addition to periodic mainte-
nance quality assurance (QA), appropriate tests on 
treatment day are required to verify the alignment 
and proper function of the treatment device prior to 
treatment. Finally, the patient is treated according 
to the plan on a chair or treatment couch under the 
guidance of the stereotactic device, monitored by the 
stereotactic team. In the United States, the Nuclear 
Regulatory Commission requires the presence of an 
authorized medical physicist and authorized user 
(radiation oncologist) throughout treatment (CFR 
Part 35) with a Gamma Knife unit.Fig. 11.1 Extended collimator used with linac radiosurgery

Example Stereotactic Timelines
SRS SRT

 Stereotactic frame placement 
 (30 min)

 Pre-Tx imaging (30–90 min)
 Tx planning (15–120 min)
 Patient treatment 

 (15–150 min, 1 Fx)

 Imaging and Tx planning 
 (Day 1: 60 min and 360 min, 
 respectively)

 Pre-Tx imaging 
 (Days 4, 7, 9: 45 min per Fx)

 Tx isocenter adjustment 
 (5–15 min per Fx)

 Patient treatment 
 (30–45 min per Fx)

Fig. 11.2 Example of stereotactic time lines. a Stereotactic ra-
diosurgery (SRS). b Stereotactic radiotherapy (SRT)

ba
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11.4 
Equipment Required for Stereotactic Radio-
surgery and Stereotactic Radiotherapy

11.4.1 
Stereotactic Devices

The term, “stereotaxy,” and its adjectival forms, ste-
reotaxic and stereotactic, have a Greek and Latin 
etymology, in which stereo refers to three dimen-
sions in space and taxis which means “to arrange.” 
In this context, the word implies the use of a device 
that can precisely direct the radiation interven-
tion to a specific site within the body. In the usual 
approach to stereotactic radiosurgery, a mechanical 
device, called the stereotactic frame (Leksell 1951), 
is attached to the patient’s body. When fixed to the 
skull, the frame can immobilize the patient as well. 
Less invasive mechanical, optical, and radiographic 
methods, developed more recently, can be reliably 
reapplied for fractionated treatment (Ashamalla 
et al. 2003). Such optical and radiographic methods 
are designated “frameless” stereotactic techniques. 
The stereotactic devices in these cases may include a 
bite block that can be located in space with a stereo-
optical camera (Bova et al. 1998; Kai et al. 1998), a 
stereo-pair of kilo voltage fluoroscopy units (Chang 
and Adler 2001), or a combination of various imag-
ing and tracking methods (Yin et al. 2002). In each 
case, the basic purpose of the stereotactic device 
is to provide an accurate coordinate system within 
which to direct a radiation beam to the target. The 
targeting precision for a stereotactic procedure is 
assumed to be on the order of 1 mm (Lutz et al. 
1988); however, sub-millimeter precision may be 
achieved with the use of many current stereotactic 
devices (Bova et al. 1998).

11.4.2 
Medical Imaging

Stereotactic procedures are image based, employing 
computed tomography (CT), magnetic resonance 
(MR) imaging, bi-plane angiography, positron emis-
sion tomography (PET), or other medical imaging 
modalities such as MR spectroscopy. Selection of 
the appropriate imaging modalities is of paramount 
importance to visualize patient anatomy. The cli-
nicians use these images to define the anatomic 
volume to treat, differentiating it from surround-
ing normal tissues, and to determine the stereotactic 
coordinates at which the radiation beams will focus. 

In many cases, a combination of imaging modalities 
is useful for computerized treatment planning and 
quality assurance (QA) checks (Lefkopoulos et al. 
2001); the latter are covered in another section.

The imaging modality employed limits the accu-
racy of target volume and normal structure local-
ization with respect to the stereotactic coordinate 
system. This may be a result of poor resolution, such 
as MR spectroscopy or spatial distortions, as may 
be found with MRI due to internal artifacts or poor 
shim of the imager’s magnet. Furthermore, a major 
consideration for extracranial applications is the 
ability of the imaging modality to adequately rep-
resent the internal motion of the target and normal 
structures, especially for treatments in the thorax, 
abdomen, and pelvis. With the advent of 4D CT 
imaging (Pan 2005), much progress has been made 
in recording the movement of internal anatomy as a 
function of breathing. This is feasible for motion that 
occurs over a few seconds. Similarly, changes result-
ing from repositioning inaccuracies or from bladder 
and rectum filling can be adequately measured by 
imaging the patient on each treatment day.

11.4.3 
Computerized Treatment-Planning Systems

A computerized treatment-planning system with 
software customized for the radiation source and 
its stereotactic device is usually sold as part of the 
SRS or SRT equipment package. There are common 
features of SRS and SRT treatment-planning systems 
that should be noted. In addition to the common 
peripherals found on radiotherapy treatment-plan-
ning systems, the stereotactic treatment-planning 
system must have the appropriate software and hard-
ware needed to fully take advantage of the superior 
anatomic localization provided by the stereotactic 
device and multimodality medical imaging, while 
accomplishing the planning tasks in the shortest 
amount of time. As a stereotactic radiosurgery treat-
ment is given in one session, usually on the same day 
as the imaging, there must be sufficient computing 
power and sufficient graphics capability to calculate 
isodose distributions and display them within a few 
seconds. Disk space must allow storage of data for a 
reasonable number of patients who typically require 
80 MB each. Furthermore, convenience demands 
that the treatment-planning computer be connected 
to the diagnostic imagers via a PACS system or other 
network for rapid transfer of images. Most present 
radiotherapy-planning systems can accept transfer 
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of images that are formatted using the ACR-NEMA 
DICOM standard (Low et al. 1995; Neumann 2002; 
Warrington et al. 1994).

Commissioning the treatment-planning system 
requires entry of beam data that is specific to the 
radiotherapy device being used. The vendor may 
provide the beam data for such a device that is pro-
duced under tight quality control, especially if its 
radiation beam has invariant characteristics, such 
as the Gamma Knife. Only further spot checks of the 
data may be necessary. The vendor may perform this 
analysis as part of the installation included in the 
purchase price. Data for a linac-based device can be 
more variable and typically requires the customer 
to measure the appropriate data, especially if the 
system is assembled with components from multiple 
vendors.

The type of dosimetric data required for the 
treatment-planning system depends on the algo-
rithm used. An algorithm that is frequently used for 
intracranial SRS treatment planning may be very 
simple. Since the head appears quite homogeneous 
to a megavoltage beam, tissue density correction is 
not necessary. The algorithm utilizing the ratio of 
tissue phantom ratios and off-axis ratio corrections 
(RTPROAR) to each point in the dose calculation 
matrix is simple and fast. The RTPROAR is therefore 
best used for SRS and SRT in the brain. Extracra-
nial stereotactic treatments, however, require more 
complex algorithms that apply tissue density cor-
rections and account for target motion, especially 
when treating tumors in the lung. A discourse on 
heterogeneity correction algorithms for computer-

ized treatment planning is beyond the scope of this 
chapter. We therefore confine our discussion to the 
RTPROAR algorithm.

The RTPROAR algorithm calculates dose to each 
point in a volume of interest according to the follow-
ing formalism:

where, Dose Rate is the output at the reference point 
under calibration conditions, fs is the field size, SPD 
is the radiation source to point distance, d is depth 
from the surface, TPR is the tissue-phantom ratio, 
and OAR is the dose rate at an off-axis point relative 
to the central axis.

The subscripts, cal and p, refer to the calibration 
reference point and the arbitrary point under treat-
ment conditions, respectively. An inspection of the 
formalism shows that the beam data needed for com-
missioning the RTPROAR algorithm is threefold for 
each collimator used: tissue-phantom ratios over the 
range of clinical depths, profiles taken orthogonally 
with respect to the central axis of the beam over the 
range of clinical depths, and the dose rate at the 
beam specification point. One beam energy (Co-60 

-rays or 6-MeV X-rays) is usually commissioned for 
SRS and SRT; therefore, the amount of data required 
may not be too extensive. Examples of TPRs and 
OARs for the 6-MeV X-ray beam of a linac is shown 
in Figure 11.3. The TPR data contains within it the 
radiation scatter and attenuation properties of the 
beam, with water density typically assumed, whereas 

Fig. 11.3 Graphical representations of a tissue phantom ratios (TPR) and b dose rate at an off-axis point relative to the central 
axis (OAR)

a b
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the OAR data results from the flatness and symme-
try of the radiation beam as well as the penumbra 
defined by the secondary collimator.

Since SRS and SRT field sizes can be as small as 
0.4 cm, measurement of the calibrated dose rate 
can be a challenge. The use of finite size ionization 
chambers and the lack of lateral equilibrium have an 
impact on accurate calibration. Dosimeters have been 
used including radiochromic film (Kellermann 
et al. 1998; Mack et al. 2003; Ramani et al. 1994), 
radiographic film (Robar and Clark 1999), micro-
chambers (Duggan and Coffey 1996; Li et al., 
2004), diodes (Fidanzio et al. 2000; McKerracher 
and Thwaites 1999; Somigliana et al. 1999), BANG 
gel (Ertl et al. 2000; Foroni et al. 2000; Oldham et 
al. 2001; Scheib and Gianolini 2002), and 1-mm3 
thermoluminescent dosimeters (Ertl et al. 1996). 
We recommend that the output of each collimated 
field size be calibrated with a sensor of the high-
est spatial resolution and sensitivity available and 
by more than one method, if possible. Figure 11.4 

shows typical dose rates obtained for the conven-
tional linac with a stereotactic collimation system 
and the Gamma Knife.

11.5 
Specific Treatment Techniques

11.5.1 
Converging Arc Technique

One of the first methods developed for linac or 
particle beam radiosurgery was the converging 
arc technique. The method utilizes a combina-
tion of couch and gantry arc angles about one or 
more isocenters placed within the target volume. 
For equally weighted and uniform arc lengths in 
combination with equally spaced couch angles, the 
result is an ellipsoidal isodose distribution centered 
at the isocenter. Figure 11.5a shows the combination 
of five arcs, 100  each and at the following couch 
angles: ±0 ; ±20 ; and ±40 . Since most tumors are 
not spherical, varying the couch angles and arc 
weights allows one to better conform dose to the 
tumor shape (see Fig. 11.5b: some arcs of the previ-
ous example weighted to zero). The use of multiple 
isocenters provides additional control over the dose 
distribution, albeit with an increase in dose hetero-
geneity in the target volume. Figure 11.5c shows a 
multi-isocentric plan for the same target volume as 
in Fig. 11.5a and b.

11.5.2 
Montreal (Dynamic Rotational Arc) Technique

At McGill (Podgorsak et al. 1988), a linac was also 
used for stereotactic treatment, while synchronizing 
the rotations of the couch and gantry. This resulted 
in a looping beam trajectory about the isocenter, 
similar in form to a baseball seam, which created 
a spheroidal dose distribution. Advantages of this 
method include: (a) no parallel-opposed beams 
which sharpens the dose fall-off outside the treated 
volume; (b) fewer entries into the treatment room 
by the therapist, since fewer arcs are required to 
achieve the desired dose distribution; and (c) shorter 
treatment times because of more efficient dose deliv-
ery. Various combinations of isocenter positions, 
collimator sizes, and treatment times can readily 
conform the dose distribution to the shape of a non-
spherical target.Fig. 11.4 Relative output vs fi eld size. a Linac. b Gamma Knife

a

b
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Fig. 11.5 a Isodose distribution from nine arc 
linac plans. b Modifi ed linac arc plan. c Multi-
isocentric plan for the same target volumes as 
in a and b

b

a

c
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11.5.3 
Gamma Knife

The Gamma Knife was designed to provide highly 
accurate radiation treatment of intracranial targets 
(Leksell 1968). The manufacturer specifies an over-
all treatment accuracy of 0.3 mm. The system has 
three basic components: a spherical source housing; 
four collimator helmets; and a couch with electronic 
controls (see image of the model C in Fig. 11.6). Dif-
ferent models of the Gamma Knife developed over 
the years vary mainly in the pattern of the source 
distribution within the housing, the couch path, 
hydraulic or electric motor driven couch movement, 
and whether the treatment is computer controlled 
with automatic patient positioning.

The source housing contains the 201 Co-60 
gamma-ray emitting sources distributed in a quasi-

hemispherical arrangement. The emitted photons 
have an average energy of 1.25 MeV and decay with a 
half-life of 5.26 years; therefore, the sources are usu-
ally exchanged every 5 years; otherwise, treatment 
times become overly long. Each source is constructed 
so that the Co-60 pellet is encapsulated within a 
welded stainless steel tube, which is enclosed in a 
stainless steel jacket and bushing (see image of dis-
assembled source in Fig. 11.7). The radiation beam 
from each source converges to the “unit center point 
(UCP)” which is 40 cm away from each source. The 
UCP is analogous to the isocenter of a linac and is the 
location where the target volume must reside during 
treatment. This is accomplished by the three-axis 
coordinate system on the Leksell frame. Each source 
has an activity of approximately 30 Ci, when newly 
installed, and the 201 sources combined provide a 
dose rate of about 300 cGy/min at the UCP.

Fig. 11.6 Gamma Knife, 
Model C, cutaway sche-
matics

Fig. 11.7 a Disassembled and b assembled Gamma Knife source in bushing

a b

Helmet

Couch

Source Housing

Patient Portal Doors

Co-60 Beam Trajectories
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Along the path to the UCP, the radiation beam 
from each source is collimated twice, once by a pri-
mary collimator and then by one of four secondary 
collimator helmets. For each helmet, 201 tungsten 
collimators define circular apertures that project a 
specific beam diameter of either 4, 8, 14, or 18 mm 
at the UCP. Not until the primary and secondary 
collimators align, when the couch docks the helmet 
in the source housing, does a therapeutic radiation 
dose reach the patient. In order to conform the radi-
ation dose to the shape of the target in the patient, 
various combinations of aperture diameters, aper-
ture blocking (plugging), irradiation times, and 
head positions, are utilized. Head positions must 
allow placement of the target at the UCP and include 
specification of the three axial coordinates (x, y, and 
z) and neck flexion or extension that is given by the 
gamma angle. A specific combination of these four 
parameters defines a “shot” in Gamma Knife termi-
nology.

Although the Gamma Knife is well suited for 
targets in the cranium, the device does not have 
sufficient room within the helmet to provide extra-
cranial treatments, with the exception of a few supe-
riorly located head and neck sites. Furthermore, 
the Gamma Knife requires the use of the Leksell 
stereotactic frame, which is invasively fixed to the 
patient’s skull. It is therefore not designed to provide 
fractionated treatments with the device (Walton et 
al. 2000).

A major advance in the Gamma Knife design has 
been made recently with the introduction of com-
puter control of the treatment steps. The automatic 
positioning system (APS) is a pair of computer-
driven motors with feedback monitoring that moves 
the patient’s head into the proper location prior to 
irradiation (see Fig. 11.8 for a close up view of the 
APS motors). Since target volumes for SRS and SRT 
are relatively small, the patient can be positioned 
without human intervention in many cases; however, 
when multiple target volumes are widely separated, 
which can occur when treating multiple metastases, 
the controlling software requires the therapist to 
observe the patient within the room during long tra-
verses. Computerization of the Gamma Knife also 
permits integration of a record-and-verify system. 
For example, the Gamma Knife model C, with its 
current software version, monitors various treat-
ment parameters: helmet aperture, patient position 
including gamma angle, and treatment time. Cur-
rently there is only manual checking of helmet plug-
ging.

11.5.4 
Linear Accelerator

As indicated previously, an SRS or SRT treatment 
system may be based on a linear accelerator (linac; 
Das et al. 1996; Delannes et al. 1990), a special-
ized device employing multiple fixed 60Co sources 
(Walton et al. 2000; Yamamoto 1999),or a par-
ticle-beam source. The equipment usually produces 
low-energy megavoltage radiation beams in the 
range 1–6 MeV converging via multiple trajecto-
ries to a common point in space. An exception is 
the CyberKnife (Chang et al. 1998; Gerszten et 
al. 2002; Gerszten and Welch 2004; Ishihara et 
al. 2004; Kuo et al. 2003; Murphy 2004; Rock et al. 
2004), which employs a compact linac on a robotic 
arm and does not require a defined isocenter by 
design. A discussion of the other device used for 
stereotactic irradiation, the charged-particle accel-
erator, is beyond the scope of this chapter, and the 
reader is referred to other resources on this topic 
(Levy et al. 1999).

In order to provide sub-millimeter beam-point-
ing accuracy, the mechanical tolerance of the ste-
reotactic linear accelerator’s isocenter must be 
tighter than that specified for a conventional radia-
tion therapy linac. The radiation beam’s central ray 
and the gantry rotation axis must remain aligned 
with the couch rotation axis to within a fraction of 
a millimeter over all rotational angles that are used 
clinically. In order to achieve this level of mechani-
cal accuracy for the conventional linac, realign-
ment and modifications may be necessary (Lutz 
et al. 1988).

Fig. 11.8 Close-up of the Gamma Knife model C APS motors
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11.6 
Intracranial Stereotactic Radiosurgery 
Devices

11.6.1 
Conventional Linac

The conventional linac is the most commonly avail-
able source for SRS and SRT by virtue of its ubiqui-
tous presence in the radiation therapy department; 
however, special stereotactic accessories must be 
obtained and fitted to the conventional linac for 
SRS or SRT; these include a secondary collimator 
system, a patient positioning and immobilization 
system, and a stereotactic device.

Figure 11.9a shows a conventional linear acceler-
ator with stereotactic accessories attached. Observe 
the secondary collimator housing that hangs from 
the wedge slot and the BRW stand pinned to the 
couch bearing. Figure 11.9b shows a detailed view of 
the commercially available collimation system fab-
ricated by BrainLAB, Inc. Note that the collimator 
inserts have circular apertures. The aperture diam-

Fig. 11.9a,b. Linac collimators a in place and b various sizes

a

Fig. 11.10 Independent stereotactic frame support on the linac 
radiosurgery

eters range from 10 to 30 mm in 2-mm increments 
for this set of inserts. During treatment, an insert 
resides in the collimator housing that is approxi-
mately 25 cm from the linac isocenter. This arrange-
ment can provide a sharper penumbra than would 
be otherwise given by a block placed at a larger dis-
tance, while maintaining sufficient clearance, so 
that the housing will not collide with the patient.

With the system shown in Figure 11.10, the patient 
lies on the couch with the head independently sup-
ported by a stand attached to the couch bearing via 
the stereotactic frame; thus, the stand rotates with 
the couch. Since the patient’s head is supported inde-
pendently from the body, one must ensure that the 
couch cannot collapse under the patient. Additional 
couch supports have been used as a preventive mea-
sure (Fig. 11.11; Drzymala et al. 1994). Collision of 
the gantry with the stand is also a concern and limit 
switches prevent such movements (Fig. 11.12: switch 
panel on Clinac 600C).

In order to obtain a more precise isocenter when 
using a conventional linac, the University of Flor-
ida team developed an additional gantry to house 
the stereotactic collimators (Friedman and Bova 
1989). The gantry rests on the floor with the col-
limator housing attached by a gimbal bearing to 
the linac gantry head, which also drives its motion. 
Figure 11.13 shows the gantry designed and fabri-
cated at the University of Florida. Its inventors claim 

b
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Fig. 11.11 Linac couch support legs to prevent ac-
cidental collapse during treatment

Fig. 11.12 Linac safety control panel for restricting motion 
couch gantry and collimator motion

Fig. 11.13 The independent gantry support devel-
oped at the University of Florida

beam-convergence precision comparable to that of 
the Gamma Knife (Friedman and Bova 1989).

Additional accessories are now available that 
allow for stereotactic treatments on the conventional 
linac. The BrainLAB m3 high-resolution multileaf 
collimator (MLC) attachment (Benedict et al. 2001) 
replaces the circular aperture collimation system 
and allows for field shaping with a combination of 
3-mm-thick inner leaves for tumors smaller than 
3 cm, and 5-mm outer-leaf widths for field sizes up 
to 10 cm2 (Fig. 11.14). The m3 is designed to attach to 
a Varian Medical Systems C-series linac.

11.6.2 
Other Dedicated Stereotactic Treatment Units

The BrainLAB Novalis system (Novalis, Heim-
stetten, Germany) was a cooperative development 
project between Varian Medical Systems, Inc. and 
BrainLAB, AG. Novalis integrates the BrainLAB m3 
MLC collimator into the head of a Varian 600C linac 
(see Fig. 11.15). As with the stand-alone m3, Novalis 
is limited to 10 cm2 radiation field, which must be 
patched together in order to obtain larger field sizes. 
Because of the integrated m3, Novalis can provide 

Fig. 11.14 The BrainLab m3 collimator for Varian linac sys-
tems
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dynamic intensity-modulated radiotherapy as well. 
The Novalis system is more than a radiation device, 
however. Included with the system are various posi-
tioning, tracking, and immobilization devices for 
the patient, such as on-board stereoscopic kilovolt-
age X-ray imaging with additional infrared and 
video motion-tracking systems (Verellen and 
Soete 2003; Yan 2003). The manufacturer claims an 
overall treatment accuracy of 1–2 mm. A specialized 
treatment-planning system is also included (Grebe 
2001; Grosu 2003; Hamm 2004; Solberg 2001).

11.6.2.1 
CyberKnife

The CyberKnife, manufactured by Accuray, Inc. 
(Sunnyvale, Calif.), is a significant departure 
from the typical linac SRS/SRT system. The design 
couples an X-band, 6-mV linear accelerator to a 
robotic arm (Fig. 11.16). The robotic arm is capable 
of movement with 6  of rotational freedom, thereby 
allowing a radiation beam to approach up to 100 
locations in the patient from up to 12 trajectories 
for each location without the need of a mechani-
cal isocenter (Fig. 11.17). The manufacturer states 
an overall spatial treatment accuracy of 0.95 mm. 
The CyberKnife system uses frameless image guid-
ance to locate the patient relative to the radiation 
beam. A patient lies on the couch with the ana-
tomical region of interest positioned between two 
orthogonally placed f luoroscopic detectors (see 
Fig. 11.18). Two kilovoltage X-ray tubes reside in 
the ceiling and each X-ray beam projects upon flat-
panel detector on the opposite side of the patient. 
With this arrangement the patient's position can 

Fig. 11.15 The Novalis treatment system Fig. 11.16 The CyberKnife treatment system

Fig. 11.17 Multiple-beam trajectories using the CyberKnife

be monitored “live” any time before or during 
the treatment. Internal fiducials are sometimes 
placed to facilitate tracking. The “live” images 
are compared with pre-computed digitally recon-
structed radiographs to detect patient movement. 
The vendor claims that extracranial targets, such 
as lung tumors, can be monitored using Dynamic 
Tracking Software during treatment to compensate 
for breathing motion, thereby potentially allowing 
for smaller radiation margins around the target 
volume.

A description of the installation and initial evalu-
ation of the use and functionality of the CyberKnife 
at the University of Southern California has been 
published. A price tag of $3.2 million USD for pur-
chase plus $0.5–0.74 million USD for site setup has 
been quoted (Kuo et al. 2003).
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shows orthogonal views of the isodoses resulting 
from a single 14-mm shot. Adjusting the gamma 
angle rotates the axial plane of the isodose dis-
tribution relative to anatomical structures. This 
is useful for avoiding the optic chiasm during a 
pituitary treatment (Fig. 11.21) or for directing the 
major axis of the ellipsoid along the trigeminal 
nerve (Fig. 11.22). Adjusting the gamma angle is 
also helpful to avoid collisions between the skull 
or stereotactic frame and the inside of the colli-
mator helmet. The computerized treatment plan-
ning system specific to the Gamma Knife, Gamma 
Plan, allows the selection of the collimator aper-
ture sizes, shot positions, treatment times, and 
plugging patterns (see below) appropriate for each 
patient.

Aperture plugging is a unique feature of the 
Gamma Knife, which allows some of the 201 colli-
mators in a helmet to be replaced with solid tungsten 
plugs to block the radiation in appropriate patterns. 
With this technique, one can distort the ellipsoidal 
isodose distribution of the unplugged helmet in a 
variety of directions. This can increase isodose dis-
tribution conformality to the target shape or avoid 
organs at risk adjacent to the target. A comparison 
of an unplugged helmet (left) with a plugging pat-
tern that shapes the isodose distribution into a but-
terfly shape (right) in the coronal plane is shown in 
(Fig. 11.23). This plugging pattern reduces dose to 
the optic chiasm and nerves.

Conforming the dose to target shape is best 
accomplished through the use of multiple shots 
with the Gamma Knife. Each shot may have its own 
position, collimator aperture size, treatment time, 
gamma angle, and plugging pattern. Figure 11.24 
shows a multiple shot plan for a meningioma. The 

Fig. 11.18 CyberKnife component layout: 1 X-ray tubes; 2 fl at 
panel imagers; 3 modulator cabinet; and 4)linear accelerator

11.6.2.2 
Varian Trilogy System

Another system that has stereotactic potential is the 
Varian Trilogy system (see Fig. 11.19). Components 
of Trilogy include on-board kilovoltage imaging 
orthogonal to its megavoltage imaging system and 
the Millennium 120 multileaf collimator. Imaging 
during rotation of the gantry can provide a cone-
beam reconstruction of the treatment volume for 
final positioning of the patient on the treatment 
couch. The manufacturer claims stereotactic accu-
racy with Trilogy.

11.6.2.3 
Gamma Knife Technique

A single shot by the Gamma Knife results in an 
elliptical isodose distribution similar to an oblate 
spheroid. This is because the sources are not 
evenly distributed over a hemisphere. Figure 11.20 

Fig. 11.19 The Trilogy sys-
tem with on-board imager
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Fig. 11.20 Gamma Knife isodose distribution from a 14-mm pituitary shot with the gamma angle set to 
110

Fig. 11.21 Gamma Knife isodose distribution using the 14-mm helmet on a pituitary target with the gam-
ma angle set to avoid the optic structures
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Fig. 11.22 Isodoses 
from the Gamma 
Knife using a 4-
mm shot for tri-
geminal neuralgia

Fig. 11.23 A Gamma Knife plan for a pituitary treat-
ment when using plugging
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Fig. 11.24 A multi-shot 
Gamma Knife plan treat-
ing a meningioma

results are similar when using a conventional linac 
with a circular or oval stereotactic collimator. The 
CyberKnife uses its robotic arm to pour the dose 
into the target volume with multiple-beam trajecto-
ries. The approach can result in a high degree of con-
formity of the dose to the target through “inverse 
planning.” Figure 11.25 shows the dose distribu-
tion from a CyberKnife treatment. Because of its 
mini-multileaf collimator, the Novalis system can 
combine beamlet-based IMRT (see Chap. 10 for a 
description of IMRT) with stereotaxy. This results 
in high-dose conformity with sharp dose gradients 
as shown in Fig. 11.26.

11.7 
Extracranial Stereotactic Radiotherapy 
Devices

The conventional linac, the Novalis system, the 
CyberKnife, and the Varian Trilogy can also pro-
vide stereotactic treatment of extracranial targets. 
Tumors in any region of the body can be treated, 
such as the lung, paraspinal regions, liver, and 
pelvis. Typically, a special stereotactic frame or an 
imaging device localizes the target in the patient 

during planning and treatment. A mold immobi-
lizes the patient’s body in the region of interest. 
The Novalis and CyberKnife systems use their on-
board imaging systems in conjunction with CT or 
MR images.

A special device available for the conventional 
linac that facilitates extracranial stereotactic treat-
ments is the Elekta stereotactic body frame (SBF; 
Elekta, Stockholm). Figure 11.27 shows a picture 
of the SBF. The SBF consists of a wooden box with 
honeycomb walls. Within the SBF a vacuum mold 
bag helps to immobilize the patient. A laser system 
attached to the SBF allows for repositioning of the 
patient during a fractionated treatment regimen. 
Panels with copper strips attached to the sidewalls 
of the SBF appear as fiducial markers when the 
patient is imaged using CT. The fiducial marker 
pattern is spatially related to rulers attached to the 
exterior of the SBF. These rulers serve as the coordi-
nates to align with treatment room lasers, thereby 
positioning the SBF relative to the radiation beam of 
the linac. To restrict the effects of breathing motion, 
a diaphragm-compression device may be attached 
to the SBF. Alternatively, a breathing-control device 
can also be used (Cheung et al. 2003; Denissova 
et al. 2005; Onishi et al. 2004; Remouchamps et al. 
2003).
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Fig. 11.25 An acoustic schwannoma treatment plan using the CyberKnife

Fig. 11.26 Multimodality image fusion using BrainLab treatment planning software
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11.8 
Quality Assurance

Maintaining the highest accuracy for stereotactic 
radiosurgery and stereotactic radiotherapy requires 
careful assessment of error at each step in the treat-
ment process. This includes assessing the integrity 
of the stereotactic device, spatial accuracy of the 
imaging modality, accuracy of the computerized 
treatment-planning system, radiation beam char-
acteristics and alignment accuracy of the treat-
ment machine, and the positional accuracy of the 
patient in the radiation beam. Final accuracy of the 
treatment is ultimately the combination of all these 
potential sources of error. Each stereotactic system 
is different and requires the expertise of a board-cer-
tified medical physicist to develop the appropriate 
quality-assurance program. Guidelines have been 
developed by the American Association of Physicists 
in Medicine and are published in Task Group Report 
no. 42 (Schell et al. 1995). Although written in 1995, 
the report remains applicable at present.

11.8.1 
Periodic checks

Periodic checks of the treatment machine, its 
accessories, and associated procedures, should be 
performed daily, weekly, monthly, or annually, 
depending on the criticality of the issue and the 
time between expected failure.

Fig. 11.27 The Elekta Stereotactic Body Frame

For example, in order to assure that each treat-
ment have sub-millimeter imaging accuracy, the 
images used to localize the target should be checked 
for spatial accuracy on a per-treatment-day basis. As 
the CT or MR scanner used for SRS and SRT target 
localization may not be under the supervision of the 
physicist in the radiation oncology department, if 
the radiology department does not specify the tight 
spatial tolerances needed for stereotactic imaging, 
good quality control may be hard to maintain. One 
simple solution to this problem is to compare the 
consistency of fiducial marker positions in patient 
treatment images with that expected from a model 
of the stereotactic localization frame; another is to 
fuse a suspect image set of the patient on MRI with 
one that is highly accurate, such as CT, and to check 
their co-registration. A more detailed analysis can 
be performed using an anthropomorphic phantom 
on an annual basis (Drzymala and Mutic 1999). 
Frameless stereotactic techniques are dependent on 
imaging during treatment and may require sophis-
ticated image quality and alignment tests on a fre-
quent basis.

11.8.2 
Mechanical Checks

If the radiation device is not dedicated to stereo-
tactic procedures and the accessories are reassem-
bled prior to treatment, as is the case for a conven-
tional linac, alignment of the radiation beam with 
the patient-positioning system or lasers will need 
confirmation prior to treatment. A radiographic 
alignment-verification procedure has been pub-
lished for the conventional linac (Low et al. 1995; 
Warrington et al. 1994).

11.8.3 
Safety Procedures

An important tool for quality assurance of patient 
treatment is a quality checklist. A list of critical items 
and the sequence in which these are to be performed 
is invaluable for maintaining efficiency and rigor-
ous adherence during treatment (Drzymala et al. 
1994). An understanding of the role of each member 
of the stereotactic treatment team in the overall 
procedure is of paramount importance. In-depth 
knowledge requires specific training and periodic 
drills for team members. This is especially true for 
emergency procedures where speed is essential.
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11.9 
Conclusion

Stereotactic radiosurgery and radiotherapy are 
two valuable and increasingly applied techniques 
combining sophisticated brain or body imaging 
with stereotactic guidance and computer treatment 
planning for precise radiation treatment programs 
given either as a single large, small number of mod-
erately large, or multiple conventional size doses 
with maximal sparing of adjacent normal tissues. 
Several devices and treatment schedules have been 
tested and reported on in the literature, substanti-
ating the validity of these approaches. They have 
substantially increased our knowledge of tumor 
response and normal tissue tolerance in a very quan-
titative sense, and have provided useful alternative 
and complimentary treatments for a number of 
conditions. Further progress is eagerly anticipated 
in combining these techniques with other targeted 
therapies to enhance our increasingly sophisticated 
anti-cancer armamentarium.
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12.1 
Introduction

Brachytherapy is the use of sealed radioactive 
sources placed in close proximity to the treatment 
target volume, either by directly inserting them 
into the tumor, or by loading them into instru-
ments (applicators) which were previously inserted 
into cavities inside the body at close distance to 
the tumor. Brachytherapy may be used as a sole 
radiation treatment of the tumor, such as in the 
case of early-stage prostate and breast cancers. It 
is also often used in combination with external 
beam radiation therapy to deliver a boost radiation 
dose to the tumor, as in the case of gynecological 
tumors, later-stage prostate cancer, and many head 
and neck cancers. Following the surgical removal 
of the gross tumor, brachytherapy may be used to 
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delivery a tumoricidal radiation dose to the tumor 
bed, where microscopic diseases remain. Due to the 
rapid falloff of dose away from the sources, brachy-
therapy allows the delivery of greater tumor doses 
than external beam radiation therapy, while retain-
ing excellent sparing of neighboring critical organs.  
Compared with surgery, brachytherapy does not 
create a tissue deficit, thereby allowing potentially 
better cosmetic results.

12.2 
Classifications of Brachytherapy

Brachytherapy modalities can be classified according 
to various criteria, including implant duration, the 
approach used to insert the sources into the patient, 
the technique used to load the sources, and the rate at 
which radiation dose is delivered to the target. These 
classifications hold significance not only as medical 
terms, but also in the selection of radioactive sources 
for a given brachytherapy treatment.

12.2.1 
Permanent Versus Temporary Implants

Permanent brachytherapy implants are those where 
the sources are inserted into the patient, remain-
ing permanently in the patient. Common permanent 
brachytherapy procedures include treatment of the 
prostate, head and neck cancers, lung, and sarco-
mas. I-125 and Pd-103 seeds are commonly used 
for permanent implants (Nag et al. 1999, 2000), 
although Au-198 seeds have also been used occa-
sionally (Crusinberry et al. 1985; Hochstetler et 
al. 1995). As is discussed later, sources used for per-
manent implants need to have low energy, short half-
lives, or a combination of both, so that the radiation 
exposure received by people that have either frequent 
or close contact with the patient is limited.

Temporary brachytherapy implants are those 
where the sources are implanted in the patient for 
a pre-determined length of time and then removed. 
Treatment times of temporary implants range from 
a few minutes, when the high dose rate afterload-
ing technique is used, to a few days, for common 
low dose rate treatments. Patients may need to be 
admitted into the hospital for the duration of the 
treatment. Radiation exposure to hospital workers 
is therefore a significant concern when temporary 
implants are employed.

12.2.2 
Interstitial, Intracavitary/Intraluminal, 
Topical/Mold

Depending on the approach used to insert the 
brachytherapy sources into the patient, brachyther-
apy can be classified into interstitial, intracavitary/
intraluminal or topical/mold treatments.

In interstitial brachytherapy treatments, brachy-
therapy sources are introduced into the tissue, often 
with the use of needles and catheters of small diam-
eters, used to minimize trauma to the normal tissue. 
Correspondingly, brachytherapy sources used for 
interstitial treatment need to have small dimen-
sions to fit into the needles and catheters. Intersti-
tial treatments are used for tumors such as prostate 
cancer, breast cancer, and sarcomas.

In intracavitary brachytherapy treatments, 
sources are loaded into applicators, which are posi-
tioned into cavities within the human anatomy 
adjacent to the target tissue. Treatment site-spe-
cific applicators are designed to fit into cavities and 
place the sources near the target tissues.  Examples 
include  the tandem and ovoid applicators for treat-
ment of cervical cancer, the cylinder applicator for 
treatment of vaginal cancer, and the nasopharyngeal 
applicator for treatment of cancer of the nasophar-
ynx. The applicators remain in the patient during 
the treatment and are removed at the completion of 
the treatment, so intracavitary brachytherapy  treat-
ments are usually temporary treatments.

12.2.3 
Hot Loading, Manual Afterloading, 
and Remote Afterloading

Depending on the timing of source insertion rela-
tive to the surgical procedure to insert the applica-
tors and/or needles, brachytherapy can be divided 
into hot loading, in which the sources are inserted 
in the operation room (OR) immediately after the 
applicators are inserted; manual afterloading, where 
the applicators are inserted into the patient in the 
OR, and sources are loaded after the patient’s return 
from the recovery room to the patient’s room; and 
remote afterloading, in which a computer-con-
trolled device is used to load the sources automati-
cally, thus eliminating manual handling of radioac-
tive sources altogether. Hot loading is rarely used 
currently due to the high radiation exposure to OR, 
recovery room, and transportation personnel when 
compared against afterloading. Permanent implant 
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treatments are typically hot-loaded, as are pre-fab-
ricated eye plaque applicators containing 125I or 
103Pd seeds for treatment of ocular melanoma. Use 
of afterloading techniques, either manual or remote 
(computer controlled), minimizes radiation exposure 
to hospital personnel, in addition to providing an 
opportunity for the treatment planner to optimize 
the source strength and loading distribution based 
on a retrospective review of the applicator position-
ing relative to the target tissue.

12.2.4 
Low Dose Rate, High Dose Rate, Medium Dose 
Rate, and Pulse Dose Rate

Brachytherapy treatments can also be classified 
according to the dose rate at which brachytherapy 
treatments are delivered:
1. Low dose rate (LDR): D

.
 < 120 cGy/h

2. Medium dose rate (MDR):
 120 cGy/h D

. 
 <1200 cGy/h

3. High dose rate (HDR): D
.  

≥ 1200 cGy/h

Much of the existing clinical brachytherapy expe-
rience was for treatments delivered using the classic 
LDR regimen, at D

. 
≈45 cGy/h. The biological effec-

tiveness of brachytherapy treatment depends sig-
nificantly on the dose rate at which the treatment 
is delivered. Much effort has been spent, therefore, 
on the biological effect of brachytherapy delivery 
at higher dose rates, such that a dose biologically 
equivalent to previous LDR treatments can be deliv-
ered. Remote afterloading HDR units, equipped 
with a high-activity 192Ir source, can deliver an 
entire treatment fraction in minutes. At such high 
dose rates, the advantage of normal tissue repair 
associated with LDR is lost, so HDR treatments must 
be fractionated, delivering a smaller total dose rela-
tive to their LDR counterparts. This has led to the 

Table 12.1 Common brachytherapy sources and their physical characteristics. (From Williamson 1998b). LDR low dose rate, 
HDR high dose rate

Element Isotope Energy 
(MeV)

Half-life HVL-
lead 
(mm)

Exposure 
rate con-
stant ( )a

Source form Clinical application

Obsolete sealed sources of historic significance
Radium 226Ra 0.83 (avg) 1626 years 16 8.25b Tubes and needles LDR intracavitary and interstitial
Radon 222Rn 0.83 (avg) 3.83 days 16 8.25b Gas encapsulated in 

gold tubing
Permanent interstitial; temporary 
molds

Currently used sealed sources
Cesium 137Cs 0.662 30 years 6.5 3.28 Tubes and needles LDR intracavitary and interstitial
Iridium 192Ir 0.397 (avg) 73.8 days 6 4.69 Seeds in nylon ribbon; 

metal wires; encapsu-
lated source on cable

LDR temporary interstitial; HDR 
interstitial and intracavitary

Cobalt 60Co 1.25 5.25 years 11 13.07 Encapsulated spheres HDR intracavitary
Iodine 125I 0.028 59.6 days 0.025 1.45 Seeds Permanent interstitial
Palladium 103Pd 0.020 17 days 0.013 1.48 Seeds Permanent interstitial
Gold 198Au 0.412 2.7 days 6 2.35 Seeds Permanent interstitial
Strontium 90Sr–90Y 2.24 βmax 28.9 years – – Plaque Treatment of superficial ocular 

lesions
Developmental sealed sources
Americium 241Am 0.060 432 years 0.12 0.12 Tubes LDR intracavitary
Ytterbium 169Yb 0.093 32 days 0.48 1.80 Seeds LDR temporary interstitial
Californium 252Cf 2.4 (avg) 

neutron
2.65 years – – Tubes High-LET LDR intracavitary

Cesium 131Cs 0.030 9.69 days 0.030 0.64 Seeds LDR Permanent implants
Samarium 145Sm 0.043 340 days 0.060 0.885 Seeds LDR temporary interstitial

Unsealed radioisotopes used for radiopharmaceutical therapy
Strontium 89Sr 1.4 βmax 51 days – – SrCl2, IV solution Diffuse bone metastases
Iodine 131I 0.61 βmax

0.364 MeV γ
8.06 days – – Capsule NaI oral solu-

tion
Thyroid cancer

Phosphorus 32P 1.71 βmax 14.3 days – – Chromic phosphate 
colloid instillation; 
Na2PO2 solution

Ovarian cancer seeding; peri-
toneal surface; PVC, chronic 
leukemia

a No filtration in units of R × cm2 × mCi–1 × hr–1      b 0.5-mm platinum filtration; units of R/cm2/mCi–1/hr
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development of the pulsed dose rate delivery, in 
which the overall treatment time is equivalent to a 
traditional low dose rate treatment at 40–80 h. The 
sources, however, are only inserted into the patient 
for minutes during each hour of treatment, resulting 
in higher instantaneous dose rate, through the same 
dose delivered within each hour as a traditional LDR 
treatments. Several authors (Brenner et al. 1996, 
1997; Chen et al. 1997; Visser et al. 1996) have dem-
onstrated biological equivalence of PDR relative to 
LDR treatments.

12.3 
Physical Characteristics of Brachytherapy 
Sources

A brachytherapy source is characterized by the rate 
at which its strength decays (half-life), by how much 
radioactivity can be obtained for a given mass of 
the radioactive source (specific activity), and by the 
energies and types of the radiation particles that 
are emitted from the source (energy spectrum). 
These physical brachytherapy source characteristics 
will guide the clinical utilization. Table 12.1 lists the 
common radioactive sources used in brachytherapy, 
together with their physical characteristics.

12.3.1 
Half-Life

The strength of a radiation source decays exponen-
tially. Let the strength of the source at time 0 be A0. 
The strength of the source A(t) at time t is then given 
by the equation

A(t) = A0 × e–µt, (1)

where µ is the decay constant. µ describes the rate 
at which the source strength decays. Of particular 
use in brachytherapy is the time it takes for the 
source strength to decay to half of its initial value, 
i.e., A(T1/2) = A0 /2, where T1/2 is the half-life of the 
source. Substituting into Eq. (1), we obtain

A(T1/2) = A0 /2 = A0 × e–µΤ1/2 ; (2)

or

                . (2a)

A source’s half-life is a fundamental quantity 
of the radioactive nuclide of the source. Common 
brachytherapy sources have half-lives ranging from 
days to years. The length of a given brachytherapy 
source’s half-life determines its shelf life, namely, 
whether a source can be stored and used repeatedly 
over a long period of time. Sources with shorter half-
lives, such as 125I and 103Pd sources, need to be pur-
chased and received with an accurate knowledge of 
the source strength relative to the intended implant 
procedure date, so that the source strength on the 
day of implant is as prescribed, and that the desired 
initial dose rate (in terms of cGy/h or cGy/day) is 
achieved. Sources with longer half-lives, such as 
137Cs and 192Ir sources, can be used for treatment of 
multiple patients before replacement, thereby reduc-
ing the cost of each treatment.

A source’s half-life, together with its average 
energy, determines its suitability for use in perma-
nent or temporary implants. When brachytherapy 
sources are permanently inserted into a patient  and 
the patient is released from the hospital, the radia-
tion exposure around the patient can pose a risk 
to people that are present within short distances 
from the patient. Sources with shorter half-lives can 
reduce these risks because the radiation exposure 
around the patient decreases rapidly with time.  If 
necessary, the patient can be hospitalized in a pri-
vate room for a short period of time.

The half-life of a brachytherapy source also 
impacts the implant dose calculation.  The decay of 
the source may not need to be explicitly accounted 
for if the source has a suffi ciently long halfl ife. For 
example, 137Cs sources, with a half-life of 30 years, 
may be assumed to hold a constant source strength 
during the treatment period of a few days, whereas 
the dose calculation of an implant using 125I sources, 
with a half-life of 59.8 days, needs to consider the 
decay of the sources during the implant.

12.3.2 
Specific Activity

The strength of a brachytherapy source for practical 
applications is limited by its specific activity. The spe-
cific activity is the ratio of activity contained within 
a unit mass of the source. When a parent nuclide is 
activated within a neutron flux field, the number 
of radioactive nuclides per unit mass that may be 
obtained is limited by the neutron flux field strength, 
the parent nuclide’s neutron cross section, and the 
source half-life. This is important for HDR intersti-
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tial brachytherapy applications, which require small 
source dimensions as well as high source strengths. 
The popularity of the 192Ir source in modern brachy-
therapy is partly due to its high specific activity and 
high neutron cross section, thereby making it suitable 
as an HDR remote afterloading source.  The small size 
of the source makes it useful for both interstitial and 
intracavitary brachytherapy treatments.

12.3.3 
Average Energy

The average energy of a brachytherapy source deter-
mines the penetrability of the photon particles 
emitted from the source. The high-energy photon 
sources allow higher radiation dose to tissues at 
larger distances to the sources, such as the pelvis 
nodes in the treatment of cervical cancer. On the 
other hand, the high-energy photons require thicker 
shields for protection of hospital personnel. Perma-
nent brachytherapy treatments often use low-energy 
photon emitting sources, such as 125I and 103Pd, as 
the photons from these sources are mostly atten-
uated by the patient tissue, resulting in very low 
radiation exposure rates around the patient. Patients 
treated with these sources can be released from the 
hospital without violating federal regulations on 
radiation exposure to members of the public from 
the implanted sources. When high-energy sources, 
such as 198Au, are used for permanent implants, the 
patient needs to be confined in the hospital until 
the source strength decays to a suitable value, such 
that the radiation exposure from the sources out-
side the patient satisfies the limits of these regula-
tions. For these reasons, 222Rn and 198Au are the only 
sources useful for permanent brachytherapy implant 
because their short half-lives of approximately 3 days 
allow adequate source decay during the patient’s 
hospital stay. 125I and 103Pd sources, however, can 
be easily shielded by a thin lead foil, making them 
useful for treatments of shallowly located or super-
ficial tumors such as ocular melanoma.

12.4 
Sources Used in Brachytherapy

The use of radioactive sources for treatment of malig-
nancies started shortly after the discovery of radium 
in 1898 by Madame Curie. 226Ra, sealed in platinum 
tubes or needles, was used for interstitial and intra-

cavitary temporary treatments. 222Rn, the daughter 
product of 226Ra, in a gas form sealed within a gold 
seed, was later used for permanent implants, due to 
its short half-life. While neither sources are currently 
used clinically, much of the current brachytherapy 
treatments derive the dose specification and pre-
scription parameters from the earlier clinical experi-
ences using 226Ra and 222Rn sources. Their historical 
importance therefore cannot be ignored.

12.4.1 
High-Energy Photon Emitters

The following information is given about high-
energy photon emitters:
1. Radium-226: 226Ra was the fi rst radionuclide iso-

lated, and the fi rst used in brachytherapy treat-
ments. Radium-226 has a half-life of 1620 years. 
The -rays from radium and its decay products 
range in energy from 0.05 to 2.4 MeV, with an 
average energy of about 0.8 MeV. The active 226Ra 
sources consist of a radium salt (sulfate) mixed 
with fi ller (usually barium sulfate), which is encap-
sulated in platinum cylinders to form radium tubes 
or needles. Radium tubes have a platinum wall 
thickness of 0.5 mm, are typically 22 mm long, 
and contain from 5 to 25 mg of radium in 15-mm 
active lengths. Radium tubes have a wall thickness 
of 1.0 mm and are often classifi ed their strengths 
per centimeters of length. Full-intensity needles 
typically have 0.66 mg of radium per centime-
ter of length; half-intensity needles have 0.33 mg 
of radium per centimeter, and quarter-intensity 
needles have 0.165 mg of radium per centimeter.

2. Radon-222: 222Rn, with a half-life of 3.83 days and 
average energy of 1.2 MeV, is a gas produced when 
radium decays. The radon gas was extracted and 
encapsulated in gold seeds, which were used for 
permanent brachytherapy. Both 226Ra and 222Rn 
have been replaced by newly developed isotopes 
for clinical brachytherapy, as discussed below.

3. Cesium-137: 137Cs, a fi ssion by-product, is a 
po pular radium substitute because of its 30-year 
half-life. Its single -ray (0.66 MeV) is less pen-
etrating (HVLPb=0.65 cm) than the -rays from 
radium (HVLPb=1.4 cm) or 60Co (HVLPb=1.1 cm). 
Modern 137Cs intracavitary tubes have been the 
mainstay for intracavitary treatment of gyneco-
logical malignancies. The radioactive material 
is distributed in insoluble glass microspheres, 
which produce far less hazard from ruptured 
sources than does the radon gas in a radium 
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tube. The active source material is then sealed in 
stainless steel encapsulation cylinders. Modern 
137Cs tubes usually have about a 2.65 mm exter-
nal diameter with lengths of about 20 mm and 
active lengths between 14 and 20 mm, depend-
ing on the vendor’s design. In addition, min-
iaturized sources equivalent to 10 mg Ra with 
external diameters of about 1.25 mm attached 
to the end of long metal stems (Heyman-Simon 
sources) are used to treat endometrial cancer. 
Cesium-137 needles were used as replacements 
for 226Ra needles in interstitial implants; how-
ever, their use has been diminishing in favor of 
more popular remote afterloading systems.

4. Cobalt-60: 60Co: is produced from thermal neu-
trons captured by 59Co. The subsequent decay to 
60Ni releases two highly energetic -rays (1.17 and 
1.33 MeV), but 60Co has a relatively short half-life 
(5.26 years). Cobalt-60 tubes and needles were 
used for brachytherapy during the 1960s and 
1970s. Because of its high specifi c activity, 60Co 
spherical pellets are used for HDR intracavitary 
therapy in some centers.

5. Iridium-192: 192Ir, which has a 74-day half-life 
and lower-energy -rays (average -ray energy, 
0.4 MeV), is the most widely used source for tem-
porary interstitial implants. In Europe, 192Ir is 
used in the form of a wire containing an iridium–
platinum radioactive core encased in a sheath of 
platinum. In the United States, 192Ir is available as 
seeds (0.5-mm diameter by 3 mm long) with an 
active 192Ir core cylinder contained in stainless 
steel or platinum encapsulation. The seeds are 
encapsulated in a 0.8-mm-diameter nylon ribbon 
and are usually spaced at 0.5 cm or 1 cm center-
to-center intervals. 192Ir ribbons and wires can 
be trimmed to the appropriate active length for 
each catheter. Finally, high-intensity 192Ir sources 
are used in the latest-generation single stepping 
source HDR remote afterloading devices.

6. Gold-198: Insoluble 198Au seeds, with a 2.7-day 
half-life and a 0.412 MeV -ray, are available for 
use as a radon seed substitute to perform perma-
nent implants. Gold-198 seeds are 2.5 mm long 
and 0.8 mm in outer diameter, and have 0.15-
mm-thick platinum encapsulation.

12.4.2 
Low-Energy Photon Emitters

The following information is given about low-energy 
photon emitters:

1. Iodine-125: 125I seeds emit -rays and X-rays 
with energies below 0.0355 MeV, has a half-life 
of 59.7 days, and are readily shielded by a few 
tenths of a millimeter of lead (HVLPb=0.002 cm). 
Many designs of 125I seeds are currently avail-
able, all having external dimensions similar to 
the Oncura model 6711 seed, with an outer cylin-
drical encapsulation of titanium shell of 4.5 mm 
in length and 0.8 mm in diameter, as shown in 
Fig. 12.1. Iodine-125 seeds are used mostly for 
permanent implant treatments of cancers of the 
prostate, lung, sarcomas, as well as the tempo-
rary implant treatment of ocular melanoma when 
affi xed in an eye plaque.

2. Palladium-103: 103Pd, produced from thermal 
neutron capture in 102Pd, is an alternative to 
125I for permanent implants. 103Pd emits 20- to 
23-keV characteristic X-rays and has a shorter 
half-life (16.9 vs 59.7 days). Because of the much 
higher dose rates at which 103Pd doses are deliv-
ered, 103Pd is thought to have a greater biologi-
cal effect than 125I (Ling 1992; Ling et al. 1995; 
Nath et al. 2005; Antipas et al. 2001; Wuu et al. 
1996; Wuu and Zaider 1998). On the other hand, 
implants that use 103Pd may be more sensitive to 
errors in source positioning due to the reduced 
penetration of the low-energy x rays.  These errors 
primarily affect the target tissue, and in cases such 
as prostate cancer implants where seed insertion 
errors are a few millimeters, the dose errors can 
be substantial (Dawson et al. 1994; Nath et al. 
2000). Figure 12.2 shows a diagram of the Thera-
genics model 200 103Pd seed.

End weld
Silver rod with 125I 
adsorbed to surface Titanium capsule

4.6 mm

0.8 mm

Fig. 12.1 Nycomed Amersham model 6711 125I seed. (From 
Rivard et al. 2004)

0.8 mm

4.5 mm

Titanium 
end cup

Titanium 
capsule

Lead marker Laser weld 
both ends

Graphite pellets 
with 103Pd coating

Fig 12.2 Theragenics model 200 103Pd seed. (From Rivard et 
al. 2004)
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3. Cesium-131: 131Cs has an average energy of 31 keV 
and a half-life of 9 days, and is thought to com-
bine the advantages of higher energy of 125I and 
the high dose rate of 103Pd for permanent implants 
(Murphy et al. 2004; Yue et al. 2005). Cesium-131 
seed sources, with external dimensions similar to 
125I and 103Pd seed sources, have recently become 
available for permanent implant treatments.

12.4.3 
Emerging Sources

Interest in use of ytterbium-169 as a brachytherapy 
sources dates back to the early 1990s (Mason et al. 
1992; Perera et al.1994; Das et al. 1995). Ytterbium-
169 has an average energy of approximately 90 keV, 
with a half-life of 31 days. The average energy of 
169Yb falls within a region of Compton scattering 
interaction in tissue, where the ratio of scattered 
photon energy to primary photon energy is nearly at 
a maximum. The 169Yb sources can therefore deliver 
a higher dose to points distant from the source in 
comparison with traditional brachytherapy sources, 
such as 137Cs and 192Ir, which is considered an advan-
tage for gynecological cancer treatments. At the 
same time, radiation shielding for 169Yb require-
ments is much easier than for 137Cs and 192Ir, due to 
its lower energy and smaller half-value-layer value 
in lead (see Table 12.1).

12.5 
Dose Calculations in Brachytherapy

12.5.1 
The Superposition Principle

The clinical calculation of dose distribution from 
brachytherapy sources, as is currently practiced, is 
based on the superposition principle, i.e., the total 
dose distribution, at a given point of interest, from a 
group of brachytherapy sources is equal to the sum 
of the dose to that point by each of the brachytherapy 
sources in the group, or

where D
. 

i(x, y, z) is the dose contribution from the 
ith source to point of interest (x,y,z).

The superposition principle assumes that 
the dose distribution to a point of interest is not 

affected by the presence of other sources. In real-
ity, this assumption is only an approximation. 
The accuracy of this assumption, or the so-called 
interseed effect, depends on the average energy of 
the sources, as well as the distances of the points 
of interest to the sources. For low-energy sources, 
such as 125I and 103Pd seeds used in permanent pros-
tate implants, this assumption has been shown to 
underestimate dose by several percent (Meigooni 
et al. 1992; DeMarco et al. 1995; Zhang et al. 2005; 
Chibani et al. 2005). Similar effects have also been 
demonstrated for intravascular brachytherapy 
applications, where high-energy beta emitting 
sources are used to deliver a prescription dose to 
points located within 2 mm from the center of the 
sources, an extremely short distance in brachy-
therapy applications (Patel et al. 2002). For high-
energy photon emitting sources, such as 137Cs and 
192Ir, the interseed effect is negligible.

Assuming that the superposition principle holds 
for a clinical application, the brachytherapy dose cal-
culation problem reduces to the calculation of single 
sources. i.e., calculation of the radiation dose distri-
bution around a single brachytherapy source. Once 
such dose distribution parameters are obtained, 
they can be tabulated for a manual calculation or 
for computerized isodose distribution calculation 
for an implant using a group of sources.

12.5.2 
Source Strength Units

Brachytherapy source specifi cation protocols have 
evolved since its inception. The earliest unit for 
brachytherapy source strength was based on the 
mass of radium, which was used to define the unit 
of Curie (Ci) for activity:

1 g radium = 1 Ci = 3.7 1010 disintegrations/s.

While the unit of Ci, as defined in terms of ele-
mental disintegration rate, is a measurable physical 
quantity, it cannot be easily applied to brachyther-
apy source strength specifications because the dose 
distribution around an encapsulated brachytherapy 
source depends on the attenuation and scattering of 
the photons by the encapsulation material. Speci-
fication of source strength based on the elemental 
disintegration rate is therefore usually referred to 
as contained activity in brachytherapy literature, 
and holds little interest to brachytherapy physicists 
except in the case of regulatory compliances, where 
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the federal and state governments in the United 
States require accounting of radioactive material 
possession in terms of this quantity.

Brachytherapy source strength specifications, 
therefore, are usually based on what can be mea-
sured outside of the encapsulated source. The fol-
lowing units are often encountered in brachyther-
apy literature:
1. Milligram-radium-equivalent (mgRaEq): High-

energy brachytherapy sources with average 
energy higher than 300 keV have dose distribu-
tion characteristics similar to that of radium. 
They are usually referred to as radium substi-
tute sources; 1 mgRaEq of the radium substitute 
source is defi ned to be the amount of the radium 
substitute source that gives the same output as 
a 1 mg radium source encapsulated in 0.5 mm 
platinum in the same output measurement geom-
etry. The measurement geometry specifi cation 
includes a large distance between the source and 
the dosimeter, such that the radiation distribution 
is equivalent to a point source; that the dosim-
eter should be placed on the transverse axis of 
the source; and air attenuation and scattering 
should be corrected. The output quantity of a 
brachytherapy source used in the determination 
of mgRaEq is exposure, with units in Roentgen 
(R). An amount of 1 mgRaEq of a radium substi-
tute source therefore will have the same exposure 
as 1 mg of radium with 0.5-mm platinum encap-
sulation, or 8.25 R cm-2 h.

 The quantity mgRaEq has a long use history in 
clinical brachytherapy. The product mgRaEq 
and the implant time, mgRaEq h, has been used 
as a prescription quantity for many temporary 
implants, such as in tandem and ovoids implant 
for the treatment of cervical cancer.

2. Apparent activity (A): Apparent activity is 
defi ned similarly to mgRaEq, with the exception 
that the encapsulated radium source is replaced 
by an unshielded source of the specifi ed isotope 
and has the unit of Ci. A 1-Ci apparent activity of 
an encapsulated radioisotope source is defi ned to 
be the amount of encapsulated source that gives 
rise to the same output, or exposure in air, as an 
unencapsulated source of the same isotope of 1 Ci 
[contained] activity. Apparent activity, due to its 
not being based on radium sources, is applicable 
to non-radium-substitute sources such as 125I and 
103Pd sources.

3. Air-kerma strength (Sk): Both milligram-radium-
equivalent and apparent activity in mCi have 
served the brachytherapy community for a long 

time and hold historical signifi cance by their 
association with the clinical experiences accu-
mulated over the years. They are both limited, 
however, in their applications, and are associated 
with historical variations in their conversion to 
exposure in air through the use of the exposure 
rate constant. In addition, for the calculation of 
dose in water, as is required for brachytherapy 
applications, an additional conversion factor 
between exposure in air and dose in water is 
required. The AAPM therefore recommended the 
use of air-kerma strength (Sk), defi ned as the dose 
in free air along the transverse axis of an encap-
sulated source, measured at a large distance from 
the source such that the source can be approxi-
mated by a point source. Air-kerma strength has 
the unit of cGy cm2 h-1, and is represented by the 
symbol U.

12.5.3 
Single Source Dosimetry

12.5.3.1 
Point Source Dosimetry

The dose distribution surrounding a point brachy-
therapy source will decrease with the square of the 
distance r from the source such that the dose rate 
D
.  

∝ 1/r2. Because the source strength specifications 
are defined for an output in air (exposure or air-
kerma), a conversion factor from the quantity in 
air to dose in water is required. This is represented 
by the fmed factor for use with exposure or dose-rate 
constant for use with Sk. The dose falloff is also 
affected by the attenuation and scattering of photons 
in media. When these factors are combined, the dose 
rate at a distance of r centimeters away from a point 
brachytherapy source is

.

This dose rate equation is appropriate for source 
strengths specifi ed in apparent activity, where A is 
the source activity, (Γδ)x is the exposure rate con-
stant (converting the source strength to exposure 
in air), with δ specifying the lower limit of photon 
energy included in the determination of the expo-
sure rate constant (photons with energy lower than δ 
are absorbed near source surface and do not contrib-
ute to doses at clinically significant target locations), 
and x specifying the isotope. The factor fmed has 
units of cGy/R and is specific to photon energy. The 
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tissue attenuation and scatter factor, T(r), accounts 
for the attenuation and scattering of photons from 
the source as they traverse the medium.

12.5.3.2 
Line Source Dosimetry

Clinical brachytherapy sources have finite physical 
dimensions, typically in the shape of a cylinder, and 
are encapsulated in a metal shell of stainless steel, 
platinum, or titanium. Dose calculations around 
such sources therefore must include considerations 
of the geometric distribution of the source within 
the encapsulated source, as well as the attenuation 
and scattering of the encapsulation materials.

Sievert Integral. In its simplest form, the Sievert 
integral (Williamson et al. 1983; Williamson 
1996; Karaiskos et al. 2000) only considers the 
effect of active source geometric distribution within 
the encapsulated source on the dose distribution 
around the source by integrating over the active 
source particles. For a source that can be approxi-
mated by a line of length L and without encapsula-
tion, the Sievert integral takes the form of

, 

where r→ is the vector between a segment dl on the 
line source and the point of interest P, as shown in 
Fig. 12.3.

When the attenuation and scattering of the pho-
tons by the active source and the encapsulation 
materials are considered, as shown in Fig. 12.4, the 
dose at point P becomes

,

where t1 and t2 are the thicknesses of active source 
and encapsulation materials along the vector r→ to 
point P, and µ1 and µ2 represent the average linear 
attenuation coefficients for the average energy of the 
source photon spectrum in the active source and 
encapsulation materials, respectively.

The use of attenuation coefficients for the aver-
age energy of the source photon spectrum in Sievert 
integral has been shown to be highly accurate with 
some high-energy sources such as Cs-137 tubes 
(Williamson 1996), allowing its implementation 
in commercial brachytherapy treatment-planning 
systems; however, for sources with complex photon 
energy spectra, such as Ir-192, and low-energy 

sources, such as I-125 and Pd-103, Sievert integral 
results in significant dose calculation errors. Modi-
fied forms of Sievert integral have been proposed to 
improve the accuracy of Sievert integral for Ir-192 
sources (Williamson 1996; Karaiskos et al. 2000), 
although those are at the present time not available 
in commercial treatment-planning systems.

For high-energy sources with minimal active 
source and encapsulation thicknesses, the attenua-
tion and scatter of photons in the source material and 
in the medium can be assumed to minimally affect 
the dose distribution. The terms of T( r→ ), e–µ1×t1, and 
e–µ2×t2 can then be removed from the integral. For 

Fig. 12.3 Unfi ltered Sievert line source integral. The contribu-
tions to dose at point P by each source segment dl are integrat-
ed over the entire active source length L without considering 
the attenuation and scattering of active source materials and 
source encapsulation.

L

P

r
�

dl

h = treatment depth

r
�

L

dl

P

t1

t2

Source plane

Fig. 12.4 Integration over source segments dl through the en-
tire active source length, taking into account of active source 
and source encapsulation attenuation by segments t1 and t2 
in a Sievert Integral
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a point of interest located on the transverse axis of 
the source, this yields the following unfiltered line 
source approximation of Sievert integral:

, 

where x is the distance of the point of interest to the 
center of the source along its transverse axis. The 
unfiltered line source integral is often adequately 
accurate for certain clinical applications, such as 
in the manual calculation of dose at a point on the 
transverse axis of the source, for the purpose of 
double-checking a computer-generated dose distri-
bution for a group of sources arranged in a line.

Away-Along Tables. While Sievert integral provides 
adequate calculation accuracy for high energy 
sources, the integration cannot be quickly done 
manually. A look-up table summarizing the dose 
distribution surrounding a line source has been a 
powerful tool for quality assurance. A point in an 
away-along table is identifi ed by its distance away 
from the source projected to the transverse axis of 
the source, and its distance along the longitudinal 
axis of the source and projected to the source lon-
gitudinal axis. Table 12.2 shows such a table for the 
3M model 6500 Cs-137 source. Clinically, the away 
and along distances of a point of interest relative to 

a source can be measured off a radiograph of the 
implant and the dose contribution of the source to 
this point looked up on the table. This process is 
then repeated for all sources in the implant to obtain 
the total dose to the point of interest.

TG43 Formalism. The line source dose calculation 
formalisms discussed thus far, the Sievert integral 
and away-along tables, have served traditional 
brachytherapy dose calculation needs adequately for 
226Ra, 137Cs, and 198Au sources. Attempts have been 
made to apply these formalisms to newer brachy-
therapy sources such as 192Ir, 125I, and 103Pd seeds. 
The use of Sievert integral for dose calculation of 
these sources has proven to be challenging, due to 
this source’s complex photon emission spectrum 
(Williamson 1996; Karaiskos et al. 2000), while 
computational errors increase rapidly due to inter-
polation for points near the sources and between 
the away-along table entries. In 1995, the American 
Association of Physicists in Medicine (AAPM) Radi-
ation Therapy Committee Task Group 43 published 
its report (Nath et al. 1995) entitled “Dosimetry of 
Interstitial Brachytherapy Sources,” subsequently 
revised in 2004 in the updated TG43 report (Rivard 
et al. 2004). This report introduced a dose calcu-
lation formalism, commonly referred as the TG43 
formalism. The TG43 formalism is based on using 

Table 12.2 Away-along dose distribution table for 3M model 6500 Cs-137 source. Unit of the entries is cGy × h–1/(µGy × m2 × h–1) 
source strength. (From Williamson 1998a)

Distance 
along 
(cm)

Distance away (cm)

0.00 0.25 0.50 0.75 1.00 1.50 2.00 2.50 3.00 3.50 4.00 5.00 6.00 7.00

7.00 0.0193 0.0189 0.0184 0.0180 0.0179 0.0178 0.0176 0.0170 0.0164 0.0156 0.0147 0.0129 0.0111 0.0094
6.00 0.0269 0.0263 0.0254 0.0249 0.0248 0.0247 0.0241 0.0231 0.0218 0.0204 0.0189 0.0160 0.0134 0.0112
5.00 0.0397 0.0386 0.0370 0.0365 0.0365 0.0359 0.0344 0.0322 0.0297 0.0272 0.0247 0.0201 0.0162 0.0131
4.00 0.0638 0.0614 0.0586 0.0584 0.0582 0.0559 0.0517 0.0468 0.0416 0.0367 0.0323 0.0249 0.0193 0.0151
3.50 0.0848 0.0811 0.0774 0.0773 0.0766 0.0719 0.0648 0.0570 0.0495 0.0428 0.0369 0.0276 0.0209 0.0162
3.00 0.118 0.112 0.107 0.107 0.105 0.0949 0.0824 0.0700 0.0591 0.0497 0.0420 0.0304 0.0226 0.0172
2.50 0.176 0.164 0.159 0.156 0.149 0.128 0.106 0.0863 0.0702 0.0575 0.0475 0.0332 0.0241 0.0181
2.00 0.290 0.265 0.257 0.246 0.225 0.178 0.137 0.106 0.0827 0.0657 0.0530 0.0359 0.0257 0.0189
1.50 0.580 0.516 0.489 0.427 0.360 0.249 0.176 0.128 0.0957 0.0737 0.0581 0.0383 0.0268 0.0196
1.00 – 1.580 1.135 0.799 0.582 0.34 0.217 0.149 0.107 0.0807 0.0625 0.0403 0.0278 0.0202
0.50 – 6.569 2.468 1.345 0.852 0.426 0.252 0.165 0.116 0.0855 0.0654 0.0415 0.0284 0.0205
0.00 – 7.806 3.039 1.594 0.973 0.462 0.266 0.171 0.119 0.0872 0.0664 0.042 0.0286 0.0206
–0.50 – 6.566 2.466 1.343 0.851 0.425 0.252 0.165 0.116 0.0855 0.0654 0.0416 0.0285 0.0205
–1.00 – 1.590 1.136 0.803 0.584 0.340 0.217 0.149 0.108 0.0807 0.0625 0.0403 0.0278 0.0202
–1.50 0.547 0.498 0.489 0.428 0.360 0.249 0.176 0.128 0.0958 0.0738 0.0582 0.0384 0.0269 0.0196
–2.00 0.273 0.251 0.256 0.247 0.226 0.178 0.137 0.106 0.0828 0.0657 0.0530 0.0360 0.0256 0.0189
–2.50 0.166 0.154 0.155 0.156 0.149 0.129 0.106 0.0863 0.0702 0.0575 0.0475 0.0333 0.0241 0.0181
–3.00 0.112 0.106 0.104 0.106 0.104 0.0949 0.0824 0.0701 0.0591 0.0497 0.0420 0.030393 0.0226 0.0172
–3.50 0.0802 0.0767 0.0745 0.0759 0.0760 0.0719 0.0648 0.0571 0.0495 0.0428 0.0369 0.027559 0.0209 0.0162
–4.00 0.0604 0.0582 0.0561 0.0570 0.0575 0.0557 0.0517 0.0468 0.0416 0.0367 0.0322 0.024838 0.0193 0.0151
–5.00 0.0376 0.0366 0.0352 0.0353 0.0358 0.0357 0.0344 0.0323 0.0298 0.0271 0.0246 0.019982 0.0161 0.0131
–6.00 0.0255 0.0250 0.0242 0.0239 0.0242 0.0244 0.0240 0.0231 0.0218 0.0204 0.0189 0.016003 0.0134 0.0111
–7.00 0.0183 0.018 0.0175 0.0172 0.0173 0.0175 0.0174 0.0170 0.0164 0.0156 0.0147 0.012847 0.0111 0.0094
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air-kerma strength for source strength specifi cation 
and is described by the following equation:

,

using the coordinate system shown in Fig. 12.5, 
where Sk is the source strength specified in air-kerma 
strength, in units of U=cGy cm2 h-1. Clinically used 
brachytherapy sources should have their strength 
directly or secondarily traceable to a calibration 
standard established by the National Institute of 
Standards and Technology (NIST).

Λ is the dose rate constant of the source in water, 
in unit of cGy h-1 U-1. It is defined to the dose rate at 
1 cm from a source of 1 U strength, along the source 
transverse axis, give by Λ = D(r0,θ0)/Sk. The dose 
rate constant for a given source must be evaluated 
carefully, using either well-validated calculation 
methods, such as Monte Carlo calculations, or mea-
sured using appropriate dosimeters, such as ther-
moluminescent dosimeters (TLD).

GL(r,θ) is the geometry function that describes 
the effect of the active source material distribution 
within the source on the dose distribution out-
side the source, and is by the inverse square law 
1/r2. The geometry function therefore can be cal-
culated by integrating the inverse-square law over 
all active source particles within an encapsulated 
brachytherapy source. In practice, it is common to 
approximate the active source material distribu-
tion within a brachytherapy source by an idealized 
geometry such as a line. The values of the geom-
etry function can then be analytically calculated, 
thereby avoiding interpolation errors at short dis-
tances to the source as may occur with the use of 
away-along tables. It is, however, crucial that the 
assumptions made in calculating the geometry 
function, such as the length of the idealized source 
distribution be consistent between the source 
dosimetry parameter derivation and the clinical 
applications of these parameters. Disagreement in 
the values of these assumptions may lead to sig-
nifi cant dose calculation errors at points close to 
the source. The updated TG43 report emphasizes 
this point by using a subscript L in the symbol for 
the geometry function, indicating the use of a line 
source assumption for the calculation of geometry 
function values.

g(r), the radial dose function, accounts for the 
effect of photon absorption and scattering on the 
dose distribution along the source transverse axis.

F(r,θ) is the anisotropy function, which describes 
the effect of anisotropic photon attenuation, either 

by the source materials (active source core and 
source encapsulation) or at locations away from the 
source transverse axis.

12.5.3.3 
Total Delivered Dose Calculations

Given the half-life value of a radioactive isotope and 
the initial dose rate D

.
0(r) at point r from the source, 

the total dose delivered to point r in the time interval 
[0, t1] can be calculated to be

,

using the relation given in Eq. (2a).
For short treatments using sources with large 

half-lives, the term

 can be adequately approximated by 
(1 – ln(2) × t1 / T1/2), resulting in D(r) = D

.
0(r) × t1. 

This assumption, however, does not apply to some 
brachytherapy treatments using short half-lived 
isotopes, such as 125I or 103Pd seeds. Of particular 
interest is the use of these sources for permanent 
implants, where the total doses delivered to a point 
of interest is given by

D(r) = D
.

0(r) × 1.433 × T1/2 ,

Because of the special importance of the term 
1.433 × T1/2 , it is defined to be the average life of an 
isotope, i.e., Tavg = 1.433 × T1/2.

t

P(r ,θ0)

r  = 1cmθ
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Fig. 12.5 Coordinate system of TG43 dose calculation formal-
ism. (From Rivard et al. 2004)
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12.6 
Gynecological Intracavitary Implant

12.6.1 
Applicators

Brachytherapy implants are an integral part of the 
treatment of many gynecological cancers, includ-
ing the cervix, uterine body, and vagina. Applicators 
are used to hold the brachytherapy sources in clini-
cally defined configurations, or loading patterns. 
The applicators used for cervical and uterine cancer 
treatments typically include a tandem, to be inserted 
into the uterus, and two ovoids, to be positioned in 
the vaginal vault abutting the cervix. The Fletcher-
Suit-Delclos applicator is one of such applicator sets 
commonly in clinical use in the United States (see 
Fig. 12.6). This applicator set has tandems of sev-
eral curvatures to conform to the patient’s anatomy, 
as well as ovoids of diameters of 2, 2.5, and 3 cm, 
with the larger diameters achieved by fitting plastic 
caps outside the 2-cm-diameter ovoids. Internally, 
the ovoids have tungsten shields in the anterior and 
posterior aspects of the ovoids, as shown in Fig. 12.7, 
to provide dose attenuation and reduced doses to the 
bladder and rectum.

12.6.2 
Dose Specification for Cervical Cancer 
Treatments

In the United States, cervix cancer treatments using 
brachytherapy implants are typically prescribed by 
one of two methods: the total exposure method, as 
represented by the product of the total strength of 
sources implanted and the total source dwell time; and 
the point-A prescription method. The total exposure 
method is used at Washington University at St. Louis, 
where a typical prescription for a course of low-dose 
rate cervical cancer treatment includes two insertions 
to deliver nominally 8000 mgRaEq h exposure, with 
the actual delivered exposure modified based on the 
length of the tandem and the diameters of the ovoids 
(Williamson 1998b). It is noteworthy that, when pre-
scription by total exposure is chosen for a treatment, 
the pattern of source loading, or the distribution of 
source strengths in the tandem and ovoids applica-
tors, should adhere to institutional rules. Williamson 
(1998b) explained these rules in detail.

The traditional Manchester system for cervical 
cancer brachytherapy specifies the prescription dose 
at point A, defined to be the paracervical points at 

2 cm superior to the vaginal fornix, and 2 cm lateral 
from the uterine canal. The system also specifies 
point B, located at the same superior–inferior level 
as point A, but at 5 cm lateral from the patient’s mid-
line, intended to represent dose to the parametria. It 
is noted that point A is related to the orientation of 
the cervical canal, as localized by the tandem in a 
radiograph. Lateral distension of the cervical canal 
results in the corresponding shift of point A.

12.6.3 
ICRU Report 38 Recommendations

The International Commission on Radiation Units 
and Measurements (ICRU) made several recommen-
dations (ICRU 1985) on the reporting of cervix cancer 
brachytherapy treatment dosimetry, including the 
volume included by the 60 Gy isodose line, estimated 
by the product of the length, width, and height of this 
isodose line. In addition, ICRU report 38 clarified the 
reporting of bladder and rectum doses. The bladder 
dose is measured at the posterior-most aspect of a 
7-cc Foley balloon in the bladder, pulled back such 
that the balloon is located on the bladder trigone. 
The rectum point is defined by the point bisecting the 
ovoid sources supero-inferiorly, and at 5 mm poste-
rior to the posterior vaginal wall. Figure 12.8 shows 
the ICRU report 38 definitions of the bladder and 
rectal points, together with the Manchester system 
point-A and point-B definitions.

12.6.4 
Volumetric Image-Based GYN Brachytherapy

The treatment planning of GYN tandem and ovoids, 
to date, are still often based on planar images, 

Fig. 12.6 Fletcher-Suit low-dose-rate cervix applicator set (Best 
Medical, Springfi eld, Virginia)
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unable to reap the benefits of volumetric images in 
target and critical organ definitions. This lack of 
progress has largely been due to the lack of shielded 
ovoid applicators that are free of CT and MR imag-
ing artifacts. Conventional ovoid applicators, with 
their tungsten rectal and bladder shields, create so 
many imaging artifacts that accurate critical organ 
and target segmentation are impossible. In addi-
tion, the progress of volumetric image-based GYN 
brachytherapy has been limited by CT’s low specific-
ity for delineating abdominal tumors.

Weeks and Montana (1997) developed the first 
CT-compatible ovoid applicators with afterloadable 
shields. The rest of the applicators are made of alu-
minum, producing little CT imaging artifacts. The 
CT images of the implants using these applicators 
may be acquired first, before the shields and the 
sources are inserted. The applicators have large-
diameter handles for the shields to pass through. 
Martel and Narayana (1998) used these appli-
cators to perform 3D treatment planning of GYN 
tandem and ovoids implants, and obtained the 
first set of 3D dose distribution data, especially 
for the rectum and bladder, to show that the maxi-

mum doses that these critical organs receive in a 
tandem and ovoid implant are significantly higher 
than estimated by the ICRU report 38 rectal and 
bladder points. Commercial CT and MR compat-
ible HDR tandem and ovoids, made of carbon fiber 
or titanium, are now available for use in volumet-
ric image-based GYB tandem and ovoid implants, 
although those still suffer from the absence of 
high-density rectal and bladder shields, making 
it difficult to translate the large amount of clini-
cal experience in GYN tandem and ovoid implants, 
established using applicators with rectal and blad-
der shields, into the implementation of this new 
technology.

Magnetic resonance imaging has been used 
recently for the target and critical organ delineation 
in tandem and ovoid implants. Compared with CT, 
MR imaging provides significantly higher specificity 
for tumor delineation, while preserving the ability to 
allow critical organ segmentation. For these reasons, 
the ABS has recommended its use for image-based 
GYN brachytherapy (Nag et al. 2004). Modifying 
the International Commission on Radiation Units 
and Measurements (ICRU) report 50 nomenclature 
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(ICRU 1993), the ABS defines the following target 
volumes for image-based GYN brachytherapy:
1. GTV(I): tumor visible in imaging
2. GTV: GTV(I) + clinically visible or palpable tumor 

(including parametria)
3. GTV+cx: GTV plus the entire cervix
4. pCTV (primary CTV)
 a. For external beam, GTV+cx; entire uterus; 

parametria; and upper 2 cm of vagina
 b. For brachytherapy, GTV+cx plus 1-cm margin
5. rCTV (regional CTV) for external beam: pCTV 

plus regional lymph nodes
6. CTV for external beam: combination of pCTV for 

external beam and rCTV

Note that, in the above, separate target volumes 
have been defined for treatment planning using 
external beam techniques and brachytherapy treat-
ments, respectively. The ABS further recommends 
that individual MR imaging sessions be performed 
prior to the initiation of external therapy treat-
ments, and before each fraction of brachytherapy 
treatments following the insertion of brachytherapy 
applicators, as the tumor regresses through therapy, 
and as its shape and location are affected by the 
insertion.

Positron emission tomography (PET) has recently 
received increased attention for use in GYN brachy-
therapy (Mutic et al. 2002; Malyapa et al. 2002; 
Wahab et al. 2004; Lin et al. 2005). The PET imag-
ing has the potential to identify biologically active 
tumor regions, and, when co-registered with CT 
images, allows for biologically determined tumor 
delineation and anatomically segmented critical 
organs. The PET images, acquired prior to each 
brachytherapy fraction with the applicators inserted, 
demonstrate clearly tumor regression through the 
course of radiotherapy treatment, and allow intri-
cate sculpting of the tumor, as represented by high-
uptake regions on the PET images for planning of 
optimized HDR brachytherapy treatments.

12.7 
Interstitial Implant Dosimetry Systems

Brachytherapy treatments using interstitial tech-
nique insert brachytherapy sources within the target 
volume, in order to deliver a prescribed target dose 
with acceptable dose distribution homogeneity. 
Prior to the development of computerized treatment-
planning techniques, several classical implant sys-
tems were developed to calculate, for a given target 
volume, the total activity of the sources, number 
of sources, and the source distribution within the 
target volume, for a given prescription dose. The 
relation between the target dimensions and the total 
activity were given in tabular form for a nominal 
prescription dose, whereas the rules of source distri-
bution were specified separately. While the impor-
tance of these classical systems has been reduced 
with the use of computerized treatment planning, 
they remain fundamental in the planning of inter-
stitial brachytherapy treatments, both to help guide 
the pattern of source distribution within the target 
volume for improved dose distribution homoge-
neity, and to ensure the technical consistency of 
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treatment delivery for all patients. In addition, the 
classical implant systems are often used as tools of 
independent quality assurance checks of the com-
puter treatment plans.

12.7.1 
Paterson–Parker (Manchester) System

The Paterson–Parker system, developed by Paterson 
and Parker in 1934, aims to deliver a uniform dose 
(±10% from the prescribed or stated dose) on the plane 
or surface of treated volume. The sources are distrib-
uted non-uniformly following specific rules, based 
on the size of the target volume, with more source 
strength concentrated in the periphery of the target 
volume. Such non-uniform distribution of source 
activities may be achieved either by use of sources of 
non-uniform strengths, or by varying the spacing of 
sources of uniform strengths. The Patterson–Parker 
dose tables give the cumulative source strength 
required to deliver 860 cGy, using current factors and 
dose units, as a function of the treated area (planar 
implants) or volume (Williamson 1998b).

Regarding single-plane implants, source cathe-
ters, arranged in a single plane at 1-cm spacing, can 
be used to deliver a prescribed dose to a target plane 
at 0.5 cm away and parallel to the source plane, as 
shown in Figure 12.9. Cross-end needles may be used, 
in which case the lengths of the needles in the plane 
may be reduced by 10% for each cross-end needle. 
The fractions of source strengths in the periphery 
of the implant depends on the total treated area: for 
areas less than 25 cm2, two-thirds of the total activi-
ties are implanted in the periphery; changing to 
one-half for total areas between 25 and 100 cm2 and 
one-third for total areas larger than 100 cm2, respec-
tively. The total activity is further increased for non-
rectangular target areas. For thicker slabs of target, 
up to 2.5 cm thick, the needles may be arranged in 
two parallel planes. The total activity needed for 
double-plane implants are looked up using a single 
plane implant table, followed by application of a 
correction factor depending on the thickness of the 
target tissue. The total activities are then distributed 
between the two source planes in proportion to their 
relative areas.

Regarding volume implants, the Patterson–
Parker system for volume implant is similar to the 
planar implant, in that the total activity is non-uni-
formly distributed between the periphery and the 
core (center) of the target volume. Typically, with all 
sides of a target volume implanted, the total activity 

is divided into eight parts, with only two parts of 
the total eight parts in the core volume of the target. 
The lengths of the implant needles may be reduced 
if cross-end needles are used, by 7.5% for each end of 
the volume implanted with cross-end needles.

12.7.2 
Quimby System

This system, developed by Quimby in 1932, is 
based on a uniform distribution of source strength, 
allowing a higher dose in the center of the treat-
ment volume than near the periphery. Typically, for 
equal dose delivery to similar size planar or volume 
implants, the total source strength required when 
using the Quimby system will be much greater than 
what is required by the Patterson–Parker system.

12.7.3 
Paris System

The Paris system is used primarily for single- and 
double-plane implants using parallel, equidistant 
needles arranged in triangular or rectangular shapes 
when viewed on the needles’ ends. All sources used 
in a Paris system-based implant are to have the 
same linear strength, although it is possible that 
sources of different lengths may be used. A central 
implant plane is defined that approximately bisects 
all implanted parallel needles. The prescribed dose 
is a percentage, typically 85%, of the average doses 
at minimum dose points within the central plane, or 
the so-called basal dose points. Geometrically, these 
minimum dose points are approximated by points 
equidistant to neighboring needles. The lengths 
and spacing of the needles are therefore depen-
dent on the target thickness and width. Due to the 

h = Treatment  
 depth

Source plane

Treatment plane

Fig. 12.9 Planar implant of Paterson-Parker system
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use of no more than two-plane-implants, the Paris 
system may treat a target of typically no more than 
2.2 cm thickness, before the local hot spots within 
the implanted volume becomes unacceptable. The 
dimensions of these local hot spots, at 200% of the 
prescription dose, may be measured on a computer-
ized treatment plan. Typically they should not have 
diameters >1 cm.

12.7.4 
ICRU Report 58 Recommendations

In 1998 the ICRU published its report no. 58 on the 
specification and reporting of interstitial brachy-
therapy (ICRU 1998). Continuing the conceptual path 
set forth by the ICRU report no. 50 (ICRU 1993), the 
report defines the gross target volume (GTV) as the 
tumor volume visible on imaging or clinically pal-
pable target volume, and the clinical target volume 
(CTV) as the volumes of potential tumor spread or 
microscopic diseases. For brachytherapy treatments, 
the planning target volume (PTV) is considered to be 
identical to the CTV, as no source positioning uncer-
tainties within the target volume is included. The 
report defines dosimetric concepts similar to those 
used in the Paris system, renaming the basal dose 
points as central dose points. It expands on the Paris 
system by allowing for use of multiple central planes 
when the implant is such that one central plane may 
not interest all implanted needles. Furthermore, 
it recommends the reporting of the low-dose (LD) 
volume, defined as the volume of the CTV receiv-
ing <90% of the prescription dose, and the high-
dose (HD) region, defined to be the tissue receiving 
greater than 150% of the mean central dose (MCD), 
or the average of the doses to the central dose points. 
The ICRU report 58 also recommends reporting of 
the dose homogeneity index (DHI) of the implant, 
defined to be the ratio of the minimum target dose 
(MTD) to the MCD, echoing the Paris system concept 
of implanting a target such that 85% of the average 
basal dose should cover the target and therefore be 
used as the prescription dose.

12.8 
Process of Brachytherapy Treatment 
Planning and Delivery

The successful delivery of a brachytherapy treat-
ment is a coordinated effort among hospital person-

nel across a wide spectrum of expertise, including 
the radiation oncologist, surgical oncologist, radia-
tion physicist, medical dosimetrist, radiation thera-
pist, the nursing staff of radiation oncology, surgery, 
recovery, and hospital floor units, and other support 
personnel. Careful planning, scheduling, and com-
munication for a brachytherapy treatment are the 
keys to its successful completion. Various pre-surgery 
patient tests and exams must be performed before the 
patient is considered eligible for the surgical insertion 
of brachytherapy applicators. The results of such tests 
must be communicated to the radiation oncologist 
and radiation physicist in a timely manner, such that 
adequate time remains for the ordering, shipping, 
and receipt of the sources to be used for the patient. In 
an institution that provides a large number of brachy-
therapy treatments, such as permanent prostate 
implant or HDR partial breast treatment, it is often 
helpful to have a radiation oncology staff member 
designated for the overall scheduling of the patient. 
Such a person must coordinate with the surgical 
oncologist and the operating room (OR) staff for the 
coordination of the surgery aspects of the treatment, 
in addition to coordinating the activities germane to 
the brachytherapy aspects of the treatment as listed 
below. A checklist can be helpful to document the 
timely completion of each of the landmark events in 
the overall brachytherapy treatment, identifying the 
information required and its recipients at the comple-
tion of these landmark events.

12.8.1 
Preplanning

The goal of preplanning for a brachytherapy treat-
ment is to determine the applicators and sources 
required for the treatment. Given a specific treat-
ment site, preplanning allows the identification of 
the appropriate applicators, applicator insertion 
technique, sources required, and their distribu-
tion patterns for the brachytherapy treatment. For 
transrectal ultrasound (TRUS)-guided permanent 
prostate implant treatments, the preplanning typi-
cally includes the acquisition of treatment-planning 
ultrasound images, or volume study, and an isodose 
plan based on these images specifying the number 
of needles and sources, source strength, and source 
and needle distribution pattern. Adequate time must 
be left between preplanning and surgery to allow for 
the ordering, shipping, and receipt of the sources.

While preplanning does not always result in a 
physical isodose plan for the intended treatment, 
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the underlying principles of an isodose plan, i.e., 
establishment of the relation between sources and 
the dose distribution, is always a part of the pre-
planning. For example, the preplanning for an HDR 
interstitial treatment would estimate the number of 
catheters required for the treatment, as well as the 
spatial distribution and arrangement of the cath-
eters. Such specifications of catheter number and 
distribution are typically based on one of the clas-
sical implant systems as previously discussed (Man-
chester, Quimby, and Paris), which establishes pre-
dictable relations between the catheter distributions 
and the resultant dose distributions.

12.8.2 
Source and Applicator Preparation

The applicators and sources specified in preplan-
ning are subsequently prepared. Such preparation 
may be as simple as making sure that the tandem 
and ovoids applicators, the associated surgical 
instruments such as dilation sets and sounding 
rules (a pliable ruler used to measure uterine depth 
and angle), and the sources are available. Custom 
applicators and templates may need to be fabricated 
or acquired for the more complex treatments. In all 
cases, the applicators and instruments are collected 
and sterilized so as to be ready for the procedure. A 
member of the nursing or radiation therapist staff 
should be designated for this task.

Many interstitial brachytherapy treatments require 
acquisition of sources as specified in the preplanning 
for the treatment. The federal government requires 
that an institution’s radioactive material license be on 
file with a source vendor before the vendor may ship 
the sources to the institution. The radiation physicist 
or radiation safety officer should ensure that this has 
been done prior to source ordering.

A secure room must be available for temporary 
storage of the sources, equipped with a shielded 
source safe, an L-block shield, source handling tools, 
and source assay instruments, as source preparation 
is typically performed in this room. During source 
receipt and preparation, the radiation physicist per-
forms source packaging radiation contamination 
tests to ensure its integrity. These tests include an 
inspection of the physical condition of the packag-
ing, removable radiation contamination wipe tests, 
and measurement of radiation exposure rates at 
package surface and 1 m away from the package. 
Records of the results of these tests must be main-
tained.

The custody of the sources, upon receipt in the 
institution and through to final source disposal, 
should be ensured. Regulatory bodies at both the 
federal and state levels require that the chain of 
custody for radioactive materials be maintained, 
and the location of sources is known at all times. A 
source inventory is performed at the receipt of the 
sources in comparison with the source order. Any 
discrepancies must be investigated through com-
munication with the vendor, and, in the event that a 
source is deemed to have been lost, reported to reg-
ulatory authorities immediately. Source accounting 
is further performed through the entire process of 
source preparation, with the locations of the sources 
and the times when the sources are moved between 
locations documented.

The strengths of the sources must be confirmed 
to be in agreement with the values ordered and the 
values used for treatment planning. The AAPM rec-
ommends that the institution perform an indepen-
dent source strength assay, using a dosimetry system 
with secondary traceability to the NIST/ADCL stan-
dard (Kutcher et al. 1994; Nath et al. 1997). Source 
strength assay is typically performed using a well-
type ionization chamber and electrometer system. 
This system should be calibrated at the ADCL every 
2 years, and its constancy verified using a long-half-
life source, such as a 137Cs source, at the beginning 
of each day when the system is to be used for source 
strength assay.

12.8.3 
Applicator and Catheter Insertion

The insertion of applicators is usually performed in 
an OR or a procedure room under sterile or clean 
conditions. Accuracy of applicator positioning is 
crucial in realizing the preplanned dose distribu-
tion, and every effort should be made to ensure that 
the applicators are inserted into the preplanned 
locations, especially for complex treatments such 
as interstitial implants using multiple catheters. 
The radiation oncologist and physicist involved 
in the brachytherapy treatment should discuss in 
detail the catheter insertion procedure prior to per-
forming the procedure, and ensure that each step 
of the procedure is well understood by all persons 
in the OR to minimize miscommunications and 
to achieve maximum efficiency for the successful 
insertion of the catheters. The aspects of catheter 
insertion procedure in the OR usually include the 
following:
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1. Having the preplan available in the OR where 
applicable. The physicist should ensure that a 
preplan for a multiple catheter implant be avail-
able in an easily interpretable format in the OR, 
so that the position and depth of each catheter 
can be looked up quickly and without ambigu-
ity. In addition, the physicist should be prepared 
to evaluate the positioning accuracy of catheters 
as they are inserted, such that their dosimetric 
effect may be estimated, and additional catheters 
may be inserted to achieve desired dose distribu-
tion.

2. Confi rmation of target and critical organ local-
ization. Surgical clips, markers, or other target 
localization media, such as contrast solution in a 
lumpectomy cavity for breast implant, should be 
placed in the target volume, such that they can be 
used to assess the adequacy of applicator inser-
tion by imaging later. Similarly, markers may be 
placed near critical organs, such as blood vessels 
and nerves, such that radiation doses to these 
critical organs may be minimized.

3. Determination of catheter insertion approach on 
skin. For sarcoma and other interstitial implants, 
the catheter insertion approach may depend on 
the surgical approach for gross tumor removal. 
The entrance and exit points of the catheters 
should be evaluated to allow accurate catheter 
insertion, to minimize the number of catheters 
used, and to facilitate ease of source loading. If 
the treatment is to be delivered on an outpatient 
basis in multiple fractions, the termination of 
catheters should allow for easy securing of the 
catheters to avoid their movement within the 
tissue, and to minimize the possibility of their 
damage between treatment fractions. After the 
catheter insertion approach has been selected, 
a ruler should be used to measure the catheter 
entrance and exit points on skin to facilitate the 
accurate and effi cient catheter insertion.

4. Assessment of catheter insertion accuracy. As 
the procedure proceeds, the accuracy of catheter 
insertion should be periodically reviewed, using 
imaging techniques appropriate for the proce-
dure, including fl uoroscopic X-rays, ultrasound, 
and other imaging techniques, such as CT or 
MRI, for CT/MRI-guided procedures. Catheters 
deviating signifi cantly from preplanned positions 
should be re-inserted, or additional catheters 
inserted, so that the desired dose distribution as 
preplanned may be achieved. At the completion 
of applicator insertion, a set of images should be 
obtained and reviewed, to confi rm that the all 

catheters are correctly inserted, and to serve as 
guidance for later dosimetry calculations. For 
treatments delivered in multiple fractions, the 
initial images of applicator and catheter position-
ing are often useful to evaluate the positioning of 
applicator and catheter insertion of subsequent 
treatment fractions. Deviations of subsequent 
applicator and catheter insertion from the initial 
images should be evaluated.

12.8.4 
Source/Applicator Localization

Except for cases where the implant images obtained 
in the OR are used directly for dose distribution 
calculations, such as in intra-operative high dose 
rate prostate treatments (Kini et al. 1999), the dose 
distributions of the implant are usually calculated 
based on either planar X-ray images or volumetric 
CT or MR images acquired after the completion of 
applicator insertion. For multiple catheter implants, 
the individual catheters are labeled by identifica-
tion numbers prior to imaging. As appropriate for 
the imaging modality used, radio-opaque markers 
are inserted into the catheters. Coded radio-opaque 
markers are commonly used for planar X-ray imag-
ing. The correspondence between the radiographic 
markers and the catheter numbering should be 
recorded for reference during treatment planning.

Patient images, either volumetric or planar, need 
to be acquired to permit accurate applicator and 
catheter localization and dose calculations. For each 
type of brachytherapy implant, an imaging proto-
col should be developed and adhered to, with the 
parameters of these protocols chosen to minimize 
imaging artifacts, and to allow accurate applicator, 
target, and critical organ localization. Breathing 
artifacts in CT scans or orthogonal radiographs will 
significantly increase the uncertainties in applicator 
and catheter localization accuracy, as well as in the 
delineation of treatment target and critical organs. 
Figure 12.10 shows an orthogonal pair of radio-
graphs for the HDR treatment of bile duct, where 
the patient breathing motion artifact caused up to 
1-cm differences in the y-coordinates of the X-ray 
markers. The physicist needs to evaluate the dosi-
metric consequences of such imaging artifacts, and 
communicate with the treating physician to arrive at 
the optimal actions to be taken in the patient’s treat-
ment. 

When volumetric imaging is used for brachy-
therapy treatment planning, the field of view (FOV), 
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slice thickness, table pitch, and gantry angle of the 
scans need to be reviewed to assure that they con-
form to the scanning protocol established for the 
particular brachytherapy treatment. Deviations 
from the established scanning parameters may 
reduce the accuracy of applicator, target and critical 
organ localization, and could result in significantly 
increased dose calculation uncertainties. 

When orthogonal or other types of planar radio-
graphs are used, the isocenter of the radiographs 
should be placed near the center of the target 
volume. The magnification factors of the radio-
graphs and gantry angles need to be confirmed. The 
coordinate system used on the simulator, such as a 
Varian Ximatron unit, may be different from the IEC 
coordinate system used in some treatment-planning 
systems such as the Nucletron Plato TPS. The con-
version of gantry angles between the two coordinate 
systems must be done correctly to avoid significant 
source localization errors. The filming technique 
used should allow clear and unambiguous recogni-
tion of applicators, surgical clips and radiographic 
markers on the film.

The quality of simulation images directly impacts 
the accuracy of subsequent dose distribution calcu-
lations. It is therefore important that treatment-site-
specific imaging protocols be developed, and that a 
physicist or dosimetrist familiar with the treatment 
be present during the simulation process for com-
plex, multiple-catheter implants.

12.8.5 
Treatment Planning and Quality Assurance 
Review of Brachytherapy Treatment Plan

The simulation images of the brachytherapy 
implant, once approved by the treating physician, 
are used for calculation of dose distribution and 
treatment planning of the implant. The source 
applicators and source positions are localized on 
the images, and dose distributions are calculated 
based on the superposition principle as previ-
ously discussed. It is critical that the numbering 
of catheters on the images and the sources to be 
inserted into the catheters be accurately identified 
in the treatment plan, as miscorrelations in these 
parameters results in significant dose-calculation 
errors. The source strengths and their spatial dis-
tributions may be selected such that the calculated 
dose distributions are optimized to conform the 
prescribed isodose to the target, and to minimize 
critical organ doses. While this selection process 
is done manually through an iterative process for 
most of the low dose rate brachytherapy treatments, 
treatment planning for high dose rate remote after-
loading treatments are typically performed on a 
treatment-planning system with automatic and 
semi-automatic optimization capabilities, thereby 
significantly improving the efficiency of treatment 
planning and quality of the resulting treatment 
plans.

Fig. 12.10a,b. Breathing motion artifacts in the X-ray images of a bile-duct brachytherapy treatment. The catheter positions 
differ by up to 1 cm between the two anteroposterior/posteroanterior images supero-inferiorly. a Anteroposterior image of bile 
duct HDR treatment, patient free breathing. b Same image as a, except with patient holding breath. (From Li 2005)

a b
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Following the completion of dose distribution 
calculation for a brachytherapy implant, the treat-
ment plan should be reviewed by a medical physicist 
for its appropriateness for the treatment, accuracy, 
and dose distribution quality (Li 2005). During this 
review, the treatment prescription is reviewed for 
appropriateness for the treatment by comparison 
with institutional treatment protocols or national 
treatment guidelines. The treatment-plan input 
parameters, including imaging parameters, source 
localization accuracy, and source dosimetric param-
eters, are evaluated for appropriateness and accuracy. 
The dose distribution is reviewed for homogeneity, 
adequate target dose coverage, and acceptable criti-
cal organ doses. Automatic optimization algorithms 
and parameters, when used, should be reviewed for 
the appropriateness of their selections.

12.8.6 
Source Loading and Treatment Delivery

Depending on the complexity of the implant design, 
source loading may occur either before or after treat-
ment planning is completed. In either case, the load-
ing of sources into applicators and catheters starts 
delivery of the brachytherapy treatment. In the United 
States, federal and state regulations require that a 
written directive for the treatment must be completed 
by a physician authorized by the relevant regulatory 
bodies prior to start of the treatment. Throughout the 
treatment delivery process, the number of sources, 
source loading pattern, source strengths, and source 
dwell times must be verified to be in agreement with 
the prescription. A record of the sources removed 
from brachytherapy source storage room, and the 
time of source removal, must be kept as required 
by regulations and to ensure that all brachytherapy 
sources be accounted for at all times. Appropriate 
radiation surveys need to be performed, following the 
loading of brachytherapy sources, to ensure that all 
areas in close proximity to the patient room be free 
of radiation risk to both patient care personnel and to 
visitors to the hospital. The results of these radiation 
surveys, together with appropriate warning signs and 
instructions, should be posted. A shielded radioac-
tive source container, together with source-handling 
tools, need to be kept in the patient room for handling 
of sources that may have dislodged from patient.

When the treatment is completed, the sources are 
removed from the applicators and catheters, making 
sure that all implanted sources are accounted for. 
The applicators and catheters are subsequently 

removed. A radiation survey of the treatment room 
is performed to ensure that all radiation sources 
have been removed. The sources are returned to the 
brachytherapy source room, and the appropriate 
source inventory documentation is completed for 
regulatory compliance.

12.9 
Transrectal Ultrasound-Guided Permanent 
Prostate Brachytherapy

Transperineal permanent brachytherapy implant, 
using low-energy sources such as 125I and 103Pd 
seed sources and guided by real-time visualization 
of the prostate and its surrounding organs using 
transrectal ultrasound imaging (TRUS), has become 
a widespread option in the management of early-
stage prostate cancer. It offers the advantages of a 
relatively minor surgical procedure compared with 
prostatectomy, and the convenience of a single out-
patient procedure compared with external-beam 
irradiation, which typically requires up to 8 weeks of 
daily treatments. First introduced by Holm (1997), 
it has become one of the most-often performed 
brachytherapy procedures in the United States. The 
American Association of Physicists in Medicine 
(AAPM) published a report (Yu et al. 1999) that 
provided detailed discussions on the physical and 
clinical aspects of TRUS-guided permanent prostate 
brachytherapy.

12.9.1 
Dosimetric Goals of a Permanent Prostate 
Brachytherapy Treatment

The American Brachytherapy Society (ABS) rec-
ommended that the prescription doses for perma-
nent prostate implants be 144 and 115–120 Gy for 
seeds-alone treatment using 125I and 103Pd seeds, 
respectively (Nag et al. 2000). For boost treatments, 
where the brachytherapy implant is delivered after 
40–50 Gy of external-beam radiotherapy, the pre-
scription doses should be reduced to 100–110 Gy and 
80–90 Gy for 125I and 103Pd treatments, respectively. 
Additional dosimetric parameters to be reviewed 
in permanent prostate brachytherapy dose distribu-
tions include the volume of prostate receiving larger 
than 150% of the prescription dose (V150 of the pros-
tate), and critical organ doses such as doses to the 
urethra and rectum.
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12.9.2 
Equipment

A portable ultrasound unit, together with a tran-
srectal probe capable of visualizing organs at up to 
7- to 8-cm depths from probe surface, is an integral 
part of TRUS-guided permanent prostate brachy-
therapy. The probe is rigidly fixed to a stepper device 
mounted on a stabilizer such that during the brachy-
therapy procedure the probe may be moved longi-
tudinally at desired step sizes, and no unintended 
motion of the probe is allowed. A template, shown 
in Fig. 12.11, with needle holes at 0.5-cm spacing, 
arranged in a rectangular fashion and labeled both 
vertically and horizontally, is mounted securely to 
the stabilizer. The TRUS unit displays an array of 
markers on the ultrasound image identical to the 
template holes, so that a corresponding relation is 
established between the internal anatomical geom-
etry with the template. During volume study as well 
as the implant procedure, the patient is placed in an 
extended lithotomy position, requiring the use of a 
set of stirrups. Needle loading boxes are required for 
use with the preloaded needle technique, in which 
the sources are inserted into stainless steel implant 
needles at pre-calculated spacing. Alternatively, a 
Mick applicator may be used to insert the radioac-
tive seeds into the planned positions one by one. A 
brachytherapy treatment-planning system capable 
of both pre-treatment planning and post-implant 

dosimetry calculations is necessary. Newer versions 
of such systems are capable of interfacing directly 
with the TRUS probe position sensors on the stepper 
device for real-time treatment planning in the OR 
(Nag et al. 2001; Lee and Zaider 2003; Matzkin et 
al. 2003; Potters et al. 2003; Raben et al. 2004). 

For the quality assurance testing throughout a 
TRUS-guided permanent prostate implant proce-
dure, a well-type source calibration chamber and an 
electrometer, both with traceability to the National 
Institute of Standards and Technology (NIST) or 
the Accredited Dosimetry Calibration Laborato-
ries (ADCL) of the AAPM, are used to verify the 
strengths of the seeds to be implanted. Additionally, 
ion-chamber survey meters and solid-state scintil-
lation survey meters are used to measure the radia-
tion exposure rates around the patient to ensure the 
safety of releasing the patient from the hospital with-
out exceeding federal or state regulatory limits, and 
are used to locate a misplaced low-energy photon-
emitting source.

12.9.3 
Volume Study

Volume studies are to permanent prostate implants 
what simulations are to other radiation therapy 
modalities, i.e., a patient anatomy model is con-
structed, and the dose distribution calculated from 
this model, to be delivered to the patient. A set of 
TRUS images of patient’s prostate and surrounding 
anatomy is obtained in the volume study, and the 
locations of sources to be inserted into the pros-
tate are selected from all possible combinations of 
rows, columns, and insertion depths available, such 
that an optimized dose distribution satisfying the 
dosimetric goals of the treatment is achieved. It is 
therefore important that the volume study be per-
formed under identical conditions as those to be 
used for treatment delivery. In addition, the patient 
setup and TRUS image acquisition should be such 
that they are easily reproducible in the OR The TRUS 
probe should be positioned such that the entire pros-
tate, with adequate margins as desired, is encom-
passed by the grid pattern on the TRUS image, as no 
needle holes exist to guide the insertion of needles 
outside the grid pattern. The urethra should be 
placed in the center of the TRUS image whenever 
possible, and should not travel across the lateral 
direction of the image, as such travels prohibit the 
use of needle holes lateral to the urethra for source 
implantation and increase the possibility of insert-

Fig. 12.11 Transperineal TRUS-guided permanent prostate 
implant template
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ing sources into the urethra. The posterior surface 
of the prostate should be at adequate distance away 
from the posterior-most row of needle holes, so as to 
allow implantation of sources in the posterior aspect 
of the prostate while maintaining safe distances of 
the seeds from the rectum.

12.9.4 
Treatment Planning 

During treatment planning, the prostate capsule 
as visualized on the TRUS images is segmented as 
the GTV. A margin of 3–5 mm around the prostate, 
except for the posterior aspect, is then added to the 
GTV to obtain a planning target volume (PTV). 
The goals of treatment planning are therefore to 
calculate a dose distribution to provide adequate 
prescription dose coverage of the PTV (e.g., 95% or 
higher), while maintaining adequately low doses to 
the urethra and the rectum. In addition, the source 
arrangement of the treatment plan should be such 
that it is easily implementable in the OR and helps 
to minimize source implantation errors, such as 
having needles laterally symmetric and requiring 
minimal needle/TRUS probe retractions during the 
procedure. It is also often preferred for an institu-
tion to establish policies regarding the seed strength 
and average number of seeds per needle, such that 

the chances of using sources of wrong strengths are 
minimized, and that treatment plans do not require 
excessively high numbers of implant needles.

The distribution patterns of sources in a per-
manent prostate implant can be divided into uni-
form loading, in which all sources are arranged at 
1-cm spacing without conforming to the outline 
of the prostate capsule; modified uniform load-
ing, in which the peripheral sources are arranged 
to achieve conformality with the prostate capsule, 
while maintaining 1-cm spacing for sources in the 
center region of the prostate; and peripheral load-
ing, which improves upon the modified loading by 
reducing the number of sources in the center region 
of the prostate, thereby providing a degree of sparing 
of the urethra. A comparison of the uniform source-
loading scheme and the peripheral source-loading 
scheme is shown in Figure 12.12. Modern perma-
nent prostate brachytherapy typically uses a form of 
the peripheral-loading scheme, optimizing on PTV 
dose coverage while reducing urethra and rectum 
doses as well as dose distribution inhomogeneity, 
either by manually iterative optimization or by use 
of automatic optimization algorithms (Edmundson 
et al. 1995; Pouliot et al. 1996; Yu and Schell 1996; 
Gallagher and Lee 1997; Yang et al. 1998; Chen et 
al. 2000; D’Souza et al. 2001; Lee and Zaider 2003; 
Sumida et al. 2004). Optimized dose distributions 
for permanent prostate implant will therefore have 

a b

Fig. 12.12a,b. Comparison of uniform loading and peripheral loading schemes in permanent prostate implants, with prescribed 
dose of 16,000 cGy. a Uniform loading scheme, with high-dose region in the central part of the prostate, and less than conformal 
prescription isodose coverage (green isodose line) of the prostate. b Peripheral loading scheme, with reduced central region 
doses and improved conformality of prostate dose coverage
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lower doses near the urethra and the region anterior 
to the urethra, and higher doses in the peripheral 
zones of the prostate, particularly if such regions 
are positive for tumor presence according to biopsy 
results.

Conventional dose calculation for permanent 
prostate implants use only the point-source approx-
imation model of the TG43 formalism, or its tradi-
tional equivalents. In addition, the calculation does 
not consider the inter-seed attenuation effect on 
the overall dose distribution. While this has been 
adequate for clinical treatments so far, it has been 
shown that such approximation, compared with 
calculations done using a version of the line source 
models of the TG43 report, results in erroneous esti-
mates of urethra dose and volume of hotspots of the 
treatment plan (Lindsay et al. 2001; Chibani et al. 
2005). In addition, the interseed attenuation effect 
(Dawson et al. 1994; DeMarco et al. 1999; Chibani 
et al. 2005) has been shown to decrease the overall 
prostate dose coverage by several percentage points 
as compared with the conventional calculations. 
Recent studies have shown that the Monte Carlo cal-
culation method (Chibani et al. 2005; Zhang et al. 
2005), where all photon particles emitted from all 
the sources are tracked and their energy deposition 
within the treated volume accumulated, is able to 
provide more accurate dose calculations. It is pos-
sible that such more accurate calculation algorithms 
will become available clinically in the near future.

12.9.5 
Treatment Plan Review and Pretreatment 
Quality Assurance Tests

The treatment plan of a permanent prostate implant 
should be reviewed, prior to implantation, for its 
accuracy and suitability for treatment. It is impor-
tant to verify that the prescribed dose is appropriate 
for the treatment, as discussed previously, based on 
the brachytherapy source isotope used and whether 
the patient has received previous external beam 
radiation therapy treatments. The dose calculation 
accuracy and total activity used for the implant can 
be checked by performing an independent calcula-
tion using a nomogram, an equation relating the 
total activity required for a permanent prostate 
brachytherapy implant relative to the volume or 
average linear dimensions of the target, the isotope 
used, and the prescribed dose. It is of particular 
importance that an institution’s permanent pros-
tate brachytherapy program maintains consistency 

across all patient treatments, even if an individual 
institution’s treatment plans differ from published 
nomograms by a significant margin, as long as the 
dose calculation accuracy has been confirmed, and 
that acceptable clinical outcome has been achieved. 
Cohen et al. reported the use of nomograms for 
the independent calculation check of prostate-seed 
implants (Cohen et al. 2002). With davg as the aver-
age distances between pre-planned needles/seeds 
in the lateral, anterior–posterior and superior–infe-
rior directions, the authors reported the following 
nomograms:

for 125I seed implants with a prescription dose of 
144 Gy, treated to the prostate volume with a 5-mm 
margin in all directions except posterior, and
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for 103Pd seed implants with a prescription of 140 Gy. 
Compared with computerized treatment plans 
generated using a genetic algorithm, the authors 
reported agreement of better than 10% in the total 
activity required.

Once the treatment plan for a permanent pros-
tate implant has been reviewed and approved by a 
medical physicist, the seeds may be ordered. Many 
institutions order 10% more seeds than prescribed 
by the treatment plan, to be implanted to perceived 
cold spots, or areas with larger than planned seed 
spacing, estimated intraoperatively using ultra-
sound and X-ray imaging.

Upon receipt of the seeds, their strengths are 
assayed using a NIST or ADCL traceable well cham-
ber and electrometer system as described previously. 
The seeds are then sterilized, loaded into sterile nee-
dles for the preloaded needle technique, or kept in 
sterile cartridges for the Mick-applicator technique. 
The glass vial holding the seeds should be plugged 
with gauze, so that the seeds do not escape from the 
vial during sterilization.

For treatments using preloaded needles, the accu-
racy of needle loading should be verified. Needle-
loading devices of various designs are commercially 
available to facilitate such verifications as the nee-
dles are loaded. Alternatively, an autoradiograph of 
the loaded needles may be obtained, paying atten-
tion to maintain the sterility of the loaded needles. 
The number of seeds loaded into a needle, as well 
as their spacing, can be readily verified on such an 
autoradiograph, as shown in Fig. 12.13.
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12.9.6 
Implant Procedure

During a permanent prostate seed implant proce-
dure, the patient is anesthetized and set up in a 
position reproducing that used during the volume 
study. All other aspects of the volume study are 
reproduced as well, including the use of Foley cath-
eters. Radio-opaque contrast is injected into the 
bladder or the Foley balloon, whichever applicable, 
to help visualize the bladder neck. The positions 
of the prostate, urethra, and rectum as seen on the 
volume study ultrasound images are reproduced by 
proper adjustment of the ultrasound probe. Stabili-
zation needles may be inserted to hold the prostate 
in position during the implant (Feygelman et al. 
1996; Tascherau et al. 2000). The seed implanta-
tion may then start, in the order that needles with 
the deeper insertion depths are implanted first. The 
ultrasound probes are therefore set to be at the base 
of the prostate first, retracted to the correct depth 
as the needle insertion depth decreases.

The transrectal ultrasound unit is used during 
the needle insertion to visualize the tip of the 
needle. For a needle inserted through a given hole 
on the template, its tip should appear at the corre-
sponding grid position on the ultrasound image. 
Deviations larger than 2 mm typically require re-
insertion of the needle. Many preloaded needles 
are designed with a beveled tip, with the opening of 
the tip marked on the hub of the needle. The bevel 
may be used to steer the needle, such that the needle 
travels toward the bevel opening direction, as can 
be identified by the mark on the needle hub. The tip 
of the needle is also visualized simultaneously on 
the fluoroscopy image, such that its position rela-
tive to the bladder neck is maintained. The person 
inserting the implant needles needs to take into 
consideration residue prostate motion, caused by 
the friction of needles with the prostate tissue, as 
well as the accuracy of seed deposition, typically at 
locations inferior to the intended ones. Needles that 

are intended to deposit seeds at the base of the pros-
tate are therefore often inserted to a distance past 
the intended position, then retracted a correspond-
ing distance, before the seeds are deposited, either 
needle by needle in the preloaded needle technique, 
or one by one in the Mick-applicator technique. The 
sagittal view mode of the TRUS unit is often used to 
confirm deposition of seeds at the base of the pros-
tate and to verify the spacing of seed positioning. 
The fluoroscopy unit should also be used to visual-
ize the deposition of sources as it occurs, such that 
any seeds misplaced may be immediately identified, 
and additional seeds may be placed along the same 
needle track, if necessary.

When all planned seeds are implanted, a review 
of the seed positions, using both ultrasound and 
fluoroscopy X-ray images, is performed. Combined 
with intraoperative notes taken during the insertion 
of each implant needle, the regions of the prostate 
requiring additional seeds may be identified. While 
such evaluation of the needs for additional seeds 
is at best qualitative, it has proved to be useful in 
achieving acceptable dose distribution, as seen in 
post-implant dosimetry evaluations.

At the conclusion of the procedure, a cystos-
copy is performed to identify and remove any seeds 
implanted into the patient’s urethra or bladder. 
Patient radiation exposure and room radiation sur-
veys are subsequently performed. The patient radia-
tion survey, measuring the radiation exposure level 
at 1 m from the patient, confirms regulatory com-
pliance for releasing the patient from the hospital 
without the need to hospitalize the patient due to 
radiation levels higher than 1 mrem/h at 1 m from 
the patient. The room radiation survey confirms 
absence of misplaced brachytherapy sources in the 
OR, so that the room may be released for house-
keeping and preparation for next case. Results of 
these radiation surveys are recorded for regulatory 
compliance as well. Any seeds left unimplanted are 
brought back to the brachytherapy source room, 
and a final source count is performed to assure that 
all sources are accounted for.

12.9.7 
Post-Implant Dosimetry

The dose distribution of a permanent prostate 
implant is evaluated by performing the post-
implant dosimetry calculations, 2–4 weeks follow-
ing the procedure. While planar films were the 
major modality of post-implant dosimetry imag-

Fig. 12.13 Autoradiograph fi lm of preloaded permanent pros-
tate implant needles. The number of seeds in a given needle, as 
well as the seed spacing, can be readily visualized on the fi lm
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ing, they have been replaced by volumetric CT or 
MR imaging modalities, as it is possible to visualize 
the prostate and calculate its dose coverage with 
these latter modalities. Following the acquisition of 
the CT or MR images, the prostate is segmented, 
and the sources are identified. A set of CT or MR 
images of the patient’s pelvic region is obtained, on 
which the prostate is segmented. The 125I or 103Pd 
sources are identified, using either manual or auto-
matic methods (Brinkman and Kline 1998; Li et 
al. 2001; Tubic et al 2001; Liu et al. 2003; Tubic and 
Beaulieu 2005). Dose distribution of the implant is 
then calculated using the superposition principle as 
previously described. 

The post-implant dosimetry of a permanent pros-
tate implant provides an indication of the quality of 
the treatment, although its interpretation remains 
somewhat unclear. Outcome studies have shown 
that various dosimetric criteria, including D100, D90, 
and D80, i.e., the dose covering 100, 90 and 80% of 
the prostate, respectively, may be useful in evalua-
tion of the quality of a permanent prostate implant 
based on post-implant dosimetry studies. The ABS 
(Nag et al. 2000) recommends that the reporting 
of post-implant dosimetry for permanent prostate 
implant include the following:
1. The values of D100, D90, and D80, (the dose that 

covers 100, 90, and 80% of the prostate, respec-
tively)

2. The values of V200, V150, V100, V90, and V80, (the 
fractional volume of the prostate that receives 
200, 150, 100, 90, and 80% of the prescribed dose, 
respectively)

3. The total volume of the prostate (in cc) obtained 
from post-implant dosimetry

4. The number of days between implantation and 
the date of the imaging study used for dosimetric 
reconstruction

5. The urethral and rectal doses

It is likely that significant underdosage of the 
prostate, as identified from post-implant dosimetry, 
especially combined with pathological findings on 
the disease, may be used to guide remedial therapy, 
such as re-implantation of the underdosed region, or 
the addition of external-beam therapy.

The timing of performing post-implant dosim-
etry scans depends on the isotope used, as well as 
the speed at which the post-implant edema of the 
prostate resolves. The CT scans acquired for post-
implant dosimetry, as well as the dose calculations 
based on these images, provide only a snapshot of a 
time-varying dose distribution, due to source decay, 

in a spatially varying organ, due to the edema and 
its resolution. After a review of existing data on the 
effects of edema on post-implant dosimetry, the 
ABS concluded that the most reproducible dosi-
metric results would be obtained if post-implant CT 
scans for dosimetry were obtained at 1 month post-
implant (Nag et al. 2000), although it acknowledged 
that this recommendation might not be practical 
for all patients, and that the clinical significance of 
having reproducible post-implant dosimetric results 
was not well understood.

The volume of the prostate segmented on CT scans 
should be compared with the prostate volume prior to 
treatment calculated from ultrasound images. It has 
been reported that prostate volumes from CT scans 
are often between 20 and 40% larger than those cal-
culated from ultrasound images (Nag et al. 2000). 
Factors contributing to this large discrepancy may 
include the effect of prostate swelling post-implant, 
and the accidental inclusion of paraprostatic tissue 
into the prostate volume on CT scans; the latter can 
be alleviated by outlining the prostate volume to a 
few millimeters inside the higher-density visible 
prostate volume on CT scans.

12.10 
High Dose Rate Remote-Afterloading 
Brachytherapy

High dose rate (HDR) remote-afterloading technol-
ogy, using high activity 192Ir sources and a computer-
controlled mechanism to drive the source into a set 
of implanted applicators and catheters sequentially, 
has become well accepted for delivery of brachy-
therapy treatment for cancers of the cervix, breast, 
prostate, and other sites. The HDR treatments, com-
pared with manually loaded brachytherapy treat-
ments, offer the advantages of significantly lowered 
radiation risk to patient care personnel, because the 
radiation source is housed in a shielded source safely 
built into the remote afterloader unit located in a 
shielded treatment room, and is only driven out of 
the safe for patient treatment and machine qual-
ity assurance tests, while all patient care personnel 
are safely outside the treatment room. The radiation 
sources for HDR units are typically of small dimen-
sions, an example of which is shown in Figure 12.14. 
During a treatment, the source is driven out of the 
HDR unit, and steps through pre-determined dwell 
positions within each treatment catheter, stopping 
at each dwell position for a pre-calculated length 
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of time, called dwell time, to deliver the planned 
treatment dose distribution. The HDR technology 
therefore offers significant flexibility in customiz-
ing the source dwell times at all dwell positions, 
equivalent to using a large number of sources of 
various strengths, to achieve optimized dose dis-
tribution for the treatment. In addition, various 
automatic optimization algorithms are available in 
all HDR treatment-planning systems that greatly 
facilitate the custom sculpting of dose distribution 
for a treatment (Edmundson 1994; Van der Laarse 
1994; Lessard and Pouliot 2001; Milickovic et 
al. 2002; Lahanas et al. 2003). It is noted, however, 
that while the flexibility of source dwell time and 
position optimization in HDR treatments, especially 
with the help of automatic optimization algorithms, 
provide unprecedented capabilities in sculpting dose 
distributions, they are fundamentally limited by the 
physical limits of applicator and catheter locations, 
and cannot be relied upon to correct applicator and 
catheter positioning errors. The use of optimization 
techniques to achieve acceptable dose distributions 
in an HDR treatment should be done with the utmost 
care, and the resulting dose distributions should be 
reviewed in detail for dose distribution homogene-
ity, especially for the presence of large-volume hot 
spots. Repositioning of the applicators and inser-
tion of additional catheters are sometimes the only 
remedy for an implant to achieve acceptable dose 
distributions.

The widespread use of HDR technology in brachy-
therapy treatments has also been limited by the rela-
tive lack of clinical experiences with the increased 
biological effects of radiation dose delivery at higher 
than conventional dose rates (Brenner and Hall 
1991; Orton 2001). It is therefore important that 

institutional and/or national treatment guidelines 
be followed for the implementation of a new HDR 
treatment technique so as to assure its safety and 
efficacy.

12.10.1 
Equipment and Operating Principles

A typically HDR remote afterloading unit comprises 
a high-activity (up to 12 Ci) 192Ir source, a shielded 
source safe, a stepping motor to drive the source out 
of the safe to positions in applicators at sub-mil-
limeter accuracy for pre-calculated dwell times, an 
emergency motor, and a backup battery for retrac-
tion of the source into the shielded safe in emergen-
cies, even in the presence of a power failure. A check 
cable, driven by a separate motor, is usually included 
for testing the integrity of the applicator/catheters 
and their secure connection to the machine, prior to 
driving the active source out of the source safe. Mul-
tiple applicators and catheters, depending on the 
machine design, may be connected to the indexer of 
an HDR unit, which automatically selects the cur-
rent channel of source travel based on the treatment 
plan. Transfer tubes of various designs specific to 
the applicator/catheter in use connect to the indexer 
and serve as source conduits between the HDR unit 
and the applicators. Multiple safety interlocks are 
integrated into the system to perform additional 
tests on source travel speed and position accuracy, 
and retract the source into the source safe in the 
event of unexpected source travel speed and posi-
tions, to prevent the source from being stuck within 
damaged applicators and catheters. 

An HDR system usually is equipped with its 
own treatment-planning system, such that custom-
ized source dwell-time calculation algorithms can 
be used, and to allow the calculated source dwell 
positions and times to be digitally transferred to 
the treatment delivery unit. While a conventional 
brachytherapy treatment planning system may be 
modified to calculate the dose distributions from 
given HDR source dwell positions and dwell times, 
they usually lack the capabilities of automatic 
source dwell position and dwell-time optimization 
and digital interface with the HDR delivery unit, 
and are therefore unable to fully take advantage of 
the flexibilities afforded by a modern HDR-specific 
treatment-planning systems.

Because of the high-activity source used, HDR 
units must be housed within a shielded treatment 
room, such that the radiation exposure outside the 

Fig. 12.14. An example of the 192Ir source. The source capsule 
is welded to a fl exible steel ribbon
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treatment room during source-out sessions are 
below regulatory limits. The HDR treatment rooms 
may be either dedicated for HDR treatments or 
shared with an external-beam radiation treatment 
room. In the former case, the HDR treatment room 
may be designed to allow outpatient surgical proce-
dures to further improve the efficiency of applica-
tor insertion, simulation, and treatment delivery, 
by installation of appropriate surgical and imaging 
equipment.

12.10.2 
Clinical Application of HDR Brachytherapy: 
Interstitial Accelerated Partial Breast Irradiation

Accelerated partial breast irradiation (APBI) has 
recently gained significant acceptance for the treat-
ment of early-stage localized breast cancer (Vicini 
and Arthur 2005). This treatment modality deliv-
ers a total dose of 32–40 Gy to the treatment target 
in a breast cancer patient following resection of the 
tumor by lumpectomy, in no more than ten fractions 
delivered over 4–5 days, significantly reducing the 
number of days in a treatment course as required by 
a conventional external-beam whole-breast irradia-
tion, which requires typically 6 weeks. In addition, 
APBI delivers a prescription dose to a target within 
the breast that may be significantly reduced from 
the conventional target of the entire breast, thereby 
offering the advantage of reduced normal tissue and 
critical organ doses. The techniques used to deliver 
APBI include conformal external-beam irradiation 
(Vicini et al. 2003), intracavitary brachytherapy 
irradiation using an implanted inflatable bal-
loon (Keisch 2005), and multi-catheter interstitial 
brachytherapy (Kuske et al. 1994). An overview of 
interstitial APBI procedures practiced at Washing-
ton University is presented as follows:
1. Dosimetric goals of interstitial APBI: At the 

present time, there has been a lack of nationally 
agreed-upon dosimetric end points of intersti-
tial APBI. Such goals may include parameters 
on percent target (clinical target volume) cov-
erage by prescription dose; skin dose tolerance; 
dose distribution homogeneity as represented by 
the dose homogeneity index (DHI), or the ratio 
of prescription dose to the mean central dose, 
as defi ned by ICRU report 58; dose conformal-
ity index, defi ned as the ratio of total volume of 
tissue receiving prescription dose to that of the 
CTV; and volumes of high-dose regions of the 
entire implant, such as the volume receiving 

150 and 200% of the prescription dose (V150 and 
V 200 of the treated volume). A commonly used 
set of dosimetric goals, as described by an on-
going clinical trial by the NSABP and the RTOG, 
include the following (NSABP/RTOG, 2005): (a) 
D100 of the CTV, or percent of CTV volume receiv-
ing prescription dose, larger than 90%; (b) V150 of 
treated tissue less than 70 cc; (c) V200 of treated 
tissue less than 20 cc; and (d) a volume dose inho-
mogeneity index (DHI), defi ned by (1 – V150/V100), 
larger than 0.75.

 In addition, the DHI of the radio of prescrip-
tion dose and the mean central dose, as defined 
by the ICRU report 58, should be reviewed and 
maintained to be larger than 0.70. The diameters 
of volumes receiving 200% of prescription dose 
should be evaluated and maintained to less than 
1 cm in diameter, following the Paris Implant 
System.

2. Equipment. Single-leader fl exible catheters of 
1.9-mm outer diameter are used in interstitial 
APBI. Many such catheters are available from 
different vendors. The catheters need to be up to 
30 cm long to allow insertion of catheters to the 
deep aspect of the breast near the chest wall. As 
CT imaging is used for interstitial APBI at Wash-
ington University, CT-compatible buttons that 
are non-radio-opaque are used. One button is 
fi xed to the non-leader end of the catheter, while 
one additional button per catheter is available for 
fi xation of the catheter at completion of the pro-
cedure. The buttons are designed to fi t the cath-
eters snugly, and do not require suturing to skin 
for fi xation. Stainless steel needles of 17-G diam-
eter are used for introduction of the catheters. 
The catheters, buttons, and needles are steril-
ized before implantation. A set of CT-compatible 
radiographic markers are used in CT imaging. 
Compared with conventional high-density X-ray 
markers, the CT-compatible markers are made of 
aluminum so as to minimize the imaging arti-
facts and improve source-localization accuracy. 
Figure 12.15 shows a set of such catheters, but-
tons, CT-compatible radiographic markers, and 
needles.

3. Catheter implantation. The implantation of 
catheters for interstitial APBI is guided by X-ray 
images or ultrasound images. At the University 
of Wisconsin, a template custom manufactured 
for APBI is for use together with a stereotactic 
mammography unit for X-ray-guided catheter 
implantation (Das et al. 2004). Alternatively, a 
free-ultrasound-guided technique is used for 
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catheter implantation. The lumpectomy cavity 
is identifi ed via the ultrasound imaging, with its 
boundaries outlined on patient skin. Catheters 
arranged in multiple planes, at 1.0- to 1.5-cm 
catheter spacing and up to 2.0-cm plane spacing, 
are planned for the implant, depending on the 
dimensions of the CTV, defi ned to be the lumpec-
tomy cavity plus a 2.0-cm margin in all direc-
tions except when the CTV approaches the skin 
and the pectoral muscle. In the latter cases, the 
CTV is drawn to leave a 5-mm margin from skin 
surface, and to not include the pectoral muscle. 
The planned catheter locations are thus selected 
to cover the entire CTV. The orientations of the 
catheters are selected such that the implanted 
catheters will be minimally interfering with 
patient’s normal motions, and to allow easy cath-
eter wrapping, between treatment fractions.

 Under ultrasound guidance, the stainless steel 
needles are inserted following the entrance and 
exit points marked on skin. The leader of the 
single-leader catheters are then inserted through 
the hollow needles, and pulled through the breast 
tissue, bringing the needles out of the tissue with 
them, as shown in Figure 12.16. The catheters are 
thus implanted plane by plane, as visualized on 
ultrasound imaging, until all planned catheters 
are implanted. An additional snug-fi t CT-com-
patible button is subsequently threaded onto each 
catheter and pushed against skin to prevent their 
motion. At the end of the procedure, the catheters 
are wrapped in gauze for their protection.

4. CT Simulation. The CT imaging simulation for 
interstitial APBI is typically performed on the 
day following catheter implantation so as to allow 
resolution of tissue swelling due to the implanta-
tion. Prior to the imaging session, the catheters 

are cleaned and labeled with numbered tags. They 
are cut open using wire strippers so as to withdraw 
the plastic core stiffeners inside the catheters and 
to allow insertion of the CT-compatible radio-
graphic markers. When cutting the catheters, it 
is important to leave adequate lengths of the cath-
eters outside of skin, both to allow connection of 
HDR transfer tubes and for easier wrapping of the 
catheters between treatment fractions. The total 
lengths of each catheter-transfer tube combina-
tion are measured, for example, using a source 
simulator as shown in Figure 12.17. The measured 
lengths are recorded for use during treatment 
planning. Digital photographs are taken of the 
catheters, preferably in both anteroposterior (AP) 
and lateral directions, to be used for guiding cath-
eter reconstruction during treatment planning, 
as shown in Figure 12.18. In addition, drawings 
of the AP and lateral views of the catheters are 
obtained as backups to the digital photographs. 
The snugness of catheter buttons and their prox-
imity to skin surface are confi rmed, and radio-
graphic contrast solution are injected into the 
lumpectomy cavity as necessary to help visual-
ization of the cavity on CT images. CT-compatible 
radiographic markers are inserted into the cath-
eters, making sure that the markers are inserted 
to the ends of the catheters.

Fig. 12.15 Catheter, buttons, needle, and CT-compatible radio-
graphic marker used for HDR interstitial accelerated breast 
irradiation

a

c

b

d

Fig. 12.16 a–d Technique used to insert fl exible catheters for 
interstitial accelerated breast irradiation. (From Hilaris et 
al.1988)
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 During CT imaging for simulation of the intersti-
tial APBI treatment, the patient is placed on the 
CT table, sometimes at slightly tilted orientation 
relative to the table motion direction, so as to min-
imize the occurrences of catheters falling parallel 
with the CT scan plane for ease of catheter local-
ization and reduce the potential positional errors 
caused by catheters falling in between the CT scan 
slices. A CT slice thickness of 2 mm is chosen to 
further reduce such potential errors. The CT scan 
is planned with 2- to 3-cm margins in the supe-
rior and inferior directions of the catheters and 
are acquired with a whole-body FOV. The patient 
is instructed to breathe shallowly to minimize 
motion artifacts, and the images are reviewed as 
they are acquired to confirm the absence of signif-
icant breathing motion artifacts. The CT images 
are reviewed at the end of simulation before the 
patient is taken off the table, and the images trans-
ferred to the treatment-planning system for con-
touring and planning. The inner stiffening cores 
of the catheters are re-inserted into the catheters 
for their protection before treatment starts. Occa-
sionally, larger than desired catheter separations 
or potentially inadequate catheter coverage of the 
CTV are observed on the CT images. In such cases, 
additional catheters are inserted and CT images 
are re-acquired for final treatment planning. 

5. Treatment planning for interstitial APBI. Once 
the CT images are available, the gross target 
volume (GTV) can be segmented. For APBI, the 
GTV includes the entire lumpectomy cavity, as 
represented by the seroma or contrast solution 
if available. The clinical target volume (CTV) is 
then defi ned based on the GTV, by expanding 
the GTV with a 2-cm margin. The automatically 
expanded CTV is revised to maintain a 5-mm 
distance between the CTV and the skin surface, 
if possible, except where the GTV is closer to the 
skin. In addition, the initial CTV is revised so as 
to not include the pectoral muscle.

 The catheters are identifi ed and reconstructed 
on the CT images, by tracing the CT-compat-
ible radiographic markers, either starting from 
the tip or the connector ends of the catheters, 
although it is crucial that a consistent tracing 
pattern be maintained across all catheters. The 
numbering of the catheters in the treatment-
planning system must be identical to those on 
the digital photographs and the hand-prepared 
drawings. As catheter reconstruction proceeds, 
the reconstructed catheters should be reviewed 
periodically to confi rm that they appear smooth, 
without sudden direction changes between slices, 
as these indicate signifi cant breathing motion 
artifacts, and may require re-acquisition of CT 
scans. A three-dimensional view of the catheters 
is often helpful in this confi rmation, as shown 
in Figure 12.19. The indexer lengths, as measured 
using the source simulator device, are entered for 
each catheter.

 The dosimetry planning of interstitial APBI at 
Washington University starts with selection of 
active dwell positions and placement of dose nor-
malization points. The active dwell positions are 
chosen such that, together, they enclose the CTV 
with a 1- to 2-cm margin, either via manual or 
automatic activation. Similar to the Paris Implant 
System and following ICRU report 58 recommen-
dations, central dose points, located in a central 
plane perpendicular to the catheters and geomet-

Fig. 12.17 Source simulator used to measure total lengths of 
catheter and transfer tube combinations for interstitial HDR 
brachytherapy, together with a wire-stripper used to cut fl exible 
catheters open without cutting their inner stiffening cores

Fig. 12.18 Digital photograph of interstitial accelerated partial 
breast irradiation implants (APBI) for use during catheter lo-
calization in treatment planning
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rically equidistant to neighboring catheters, are 
used for normalization of the dose distribution, 
with the prescribed dose as a percentage of the 
mean central dose, i.e., the average dose values at 
the central dose points. The catheters are rotated 
on the treatment-planning system to allow iden-
tifi cation of a central catheter, and the central 
dose points are selected manually, as shown in 
Fig. 12.20.

 The dose optimization for interstitial APBI is 
done by fi rst calculating a geometrically opti-
mized dose distribution to optimize over the 
entire implant (Edmundson 1994). This opti-
mization algorithm assigns dwell times for all 
source dwell positions based on their respective 
distances to each other, such that the a dwell posi-
tion at larger distances from other dwell positions 
receive larger dwell times, to compensate for the 
reduced dose contribution from the other dwell 
positions. While use of this automatic optimiza-
tion algorithm does not assure adequate target 
coverage and minimal skin dose, it has served 
as an excellent fi rst guess as to whether adequate 
dose distribution homogeneity is possible. The 
dose distribution homogeneity parameters, such 
as volume of high-dose (150 and 200% of pre-
scription dose) regions, should be calculated for 
later comparison. Further manual and automatic 
optimization of the dose distributions may then 
proceed, using the tools available in a given treat-
ment-planning system, such as graphic optimiza-
tion, which allows manual dragging and drop-
ping of isodose lines to desired locations, and 

inverse planning, similar to algorithms available 
for external-beam intensity modulated radia-
tion therapy (IMRT) optimization algorithms. 
In either case, the optimized dose distribution 
must be carefully reviewed, especially if manual 
optimization is used, as dwell time changes for 
optimized dose distribution locally may create 
unexpected dose distribution inhomogeneity in 
other parts of the implant. This optimization 
process is repeated until the dosimetric goals of 
the implant are met. The completed plan is then 
reviewed by an authorized medical physicist and 
the authorized treating physician, using tools 
including natural, differential, and cumulative 
dose volume histograms (Li 2005), as shown 
in Figure 12.21, before the plan parameters are 
transferred to the HDR treatment unit.

6. Pretreatment quality assurance. The goals of pre-
treatment quality assurance tests for interstitial 
APBI should include both a dosimetric evalua-
tion of the accuracy of computerized treatment 
plan, and its geometric accuracy. An independent 
manual calculation of the relation between the 
target volume and the total exposure, expressed 
either in milligram–hours or Ci–seconds, i.e., the 
product of the source strength and the total treat-
ment time, may be calculated and compared with 
the values obtained from traditional implant sys-
tems such as the Paterson-Parker system (Das et 
al. 2004). Signifi cant deviations between the TPS 
calculated total exposure and that predicted by 
the traditional implant system should be evalu-
ated before the plan is deemed acceptable for 
treatment. 

 The geometric accuracy of the treatment plan 
is crucial in the delivery of interstitial APBI 
treatments. Aspects affecting a treatment plan’s 
geometric accuracy include the accuracy of the 
indexer length settings, the dwell position step 
sizes (distance between dwell positions), the total 
active length of each catheter, and the correct 
correspondence of numbering between planned 
and implanted catheters. A good tool for a com-
prehensive evaluation of the geometric accuracy 
of an interstitial HDR treatment plan is the auto-
radiograph, in which all the treated catheters 
are connected to a fi lm holder, and the fi lm is 
irradiated using the treatment plan geometric 
parameters, leaving a fi lm with high-density 
spots indicating the source dwell positions. The 
fi lm is indexed such that the indexer lengths of 
all catheters can be measured and compared with 
the treatment plan to ensure that they are error-

Fig. 12.19 Three-dimensional view of reconstructed catheters 
in interstitial APBI. The catheters should be reviewed for ac-
curacy in numbering and for absence of sudden directional 
changes between CT slices to rule out breathing motion ar-
tifacts
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free. In addition, the total active lengths, as well 
dwell position step sizes, may be measured from 
the autoradiographs. As geometric errors are 
among the most prevalent type, and perhaps the 
most devastating, errors in HDR brachytherapy, 
every effort should be made to ensure that a treat-
ment plan be free of such errors before treatment 
starts.

7. Treatment delivery. The delivery of HDR inter-
stitial ABPI treatments are typically done in a 
twice-a-day fractionation scheme. Prior to the 
initiation of each treatment, the implant should 
reviewed to ensure that the buttons be pushed 
against skin, as loose buttons may allow catheter 
longitudinal movements and result in geometric 
errors of treatment delivery. The connection of 
catheters to the treatment unit should be done in 
a systematic manner and under peer review, to 
prevent catheter misconnections. The numbering 
of the catheters should be reviewed, and replaced 
if necessary, using the digital photographs as 

guides. For treatments using a large number of 
catheters that exceeds the number of channels 
available on the treatment unit, the treatment 
may be divided into multiple parts to be deliv-
ered sequentially. A procedure should be devised 
to ensure that the correct parts be recalled from 
computer memory for the treatments.

12.11 
Radiation Protection and Regulatory 
Compliance in Brachytherapy

Significant radiation protection issues exist with 
the clinical practice of brachytherapy due to its use 
of radioactive materials, which, unlike electrically 
activated radiation machines, cannot be turned off 
at will. Radioactive materials implanted in patients 
produce radiation exposures around the patient 
that must be limited, so as to avoid high radiation 

Fig. 12.20 Orthogonal views of the implanted catheters. The transverse view (lower left) allows selection of central dose points 
(green dots) for plan normalization. A 3D display of high-dose volumes (200% prescription dose) allows quick identifi cation 
of unacceptably large hot spots
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exposures to the public and to patient care person-
nel. The sources need to be under strict control to 
prevent their misplacement and subsequent accident 
radiation exposure. Significant errors in dose cal-
culation and deviations in treatment delivery from 
prescription and treatment plan may cause irrepa-
rable harm to the patient. For these reasons, the use 
of brachytherapy sources is under strict government 
regulatory control.

In the United States, the use of nuclear reactor 
by-product radioactive materials falls under the 
jurisdiction of the Nuclear Regulatory Commis-
sion (NRC), created by the Congress in 1954 under 
the Atomic Energy Act. Regulation of non-reactor-
produced radioactive materials is governed by state 
agencies, although the brachytherapy application of 
such materials is limited to, in most cases, accelera-
tor-produced isotopes such as 103Pd seeds. The NRC 
has entered into agreements with state agencies to 
delegate its authority to the individual states, such 
states called the “agreement states.” The agreement 
states exercise their authorities in compliance with 
NRC regulations, although such states often create 
regulations that apply uniformly to all therapeutic 
radioactive materials. Title 10, part 35 of the Code of 
Federal Regulations (10CFR35), available from the 
NRC, details the federal regulation requirements on 
the medical use of by-product radioactive materials, 
including brachytherapy sources.

12.11.1 
Licensing, Authorization, and Report of Medical 
Events 

A radioactive materials license is required for the 
possession of brachytherapy sources. This license 
is granted by the NRC or the agreement states after 
the applicant institution has established radiation 
protection procedures that satisfy requirements of 
the NRC or the agreement states. Depending on 
the type of license being applied for, i.e., general 
scope or limited scope, the regulatory requirements 
include identification of a radiation safety officer 
or the establishment of a radiation safety commit-
tee, with members including representatives from 
institution administration, authorized users, and 
other interested parties in the institution’s radia-
tion protection program. The radioactive isotopes, 
the maximum amounts, and their clinical uses are 
specified in the license. 

The NRC and the agreement states require that 
all brachytherapy treatments be performed under 

Fig. 12.21a–c Natural, differential, and cumulative dose-vol-
ume histograms (DVH) of an interstitial APBI HDR treatment 
plan. a Natural DVH. b Differential DVH. c Cumulative DVH. 
(From Li 2005)
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the supervision of an authorized user for the spe-
cific modality of brachytherapy treatment, includ-
ing general manually loaded brachytherapy, as well 
as low dose rate and high dose rate remotely after-
loading brachytherapy. Furthermore, the technical 
aspects, such as source strength calibration and 
machine quality assurance review, must be done 
under the supervision of authorized medical physi-
cists. The NRC specifies training requirements for 
authorized users and authorized medical physicists, 
depending on the modality of authorization being 
applied for, including didactic classroom training 
and practical clinical training. Delivery of brachy-
therapy treatments without the supervision of an 
authorized user or an authorized medical physicist, 
whichever applicable, constitutes violation of federal 
or state regulations, and may result in investigations 
by these agencies and subsequent civil penalties, up 
to revocation of the institution’s license to provide 
brachytherapy treatment. 

The regulations consider it a significant error 
in dose calculation or delivery in a brachytherapy 
treatment when, for example, there is a devia-
tion of delivered dose by larger than 20% from the 
prescribed dose. This is termed a medical event. 
Detailed definitions of medical events are listed in 
10CFR35. When a medical event occurs, the regula-
tions require reporting to the appropriate govern-
ing bodies, the NRC or the appropriate agreement 
state agency, as well as the patient or the patient’s 
referring physician, via telephone, within 24 h of 
the identification of the event. A written report is 
required within 15 days of the identification of such 
events. The occurrence of a medical event may trig-
ger an investigational visit by the regulatory agency, 
during which the root cause of, as well as the pro-
posed corrective actions for, the medical event are 
reviewed. Such an investigational visit often reviews 
the entire relevant radiation protection program at 
the institution, including, for example, all modali-
ties of brachytherapy treatments, in order to iden-
tify other potential weaknesses of the program.

12.11.2 
Radiation Safety Concerns in Permanent 
Implants

For permanent brachytherapy treatments, a primary 
concern is the radiation exposure produced by the 
radioactive sources that remain in the patient. As it 
is often impractical to keep such patients hospital-
ized under strict radiation-protection control, the 

NRC permits release of patients with permanently 
implanted brachytherapy sources, as long as the 
radiation exposure levels from the sources near the 
patients are sufficiently low. For prostate implants, 
radiation exposure levels at less than 1 mrem/h 
at 1 m from the patient is sufficient for release of 
the patient, with written instructions given to the 
patient on how to minimize radiation exposures to 
his family members. Such written discharge instruc-
tions typically explain the radiation exposure risk 
associated with the sources implanted in the patient, 
and ask the patient to take precautions to further 
minimize such risks, such as sleeping in a separate 
bed from his spouse for a given period of time; keep-
ing a safe distance (>1 m) from pregnant women and 
from children, except for short periods (e.g., 30 min) 
per day of close contact; and handling of discharged 
sources, i.e., seeds that may have migrated out of 
the prostate and into the bladder, and subsequently 
discharged in urine.

All brachytherapy sources for permanent pros-
tate implants are encapsulated in thin titanium 
shells, making them easily damaged. Damaged 125I 
seeds are of particular radiation protection concern, 
as they may release radio-iodine into the environ-
ment. Such seed sources must be handled with care, 
using tools such as reverse-action tweezers instead 
of sharp objects. For seeds embedded in absorbent 
sutures, such as the RapidStrand, extreme care must 
be exercised to avoid damaging the seeds when cut-
ting the seed sutures.

With the heightened security measures in recent 
years, radiation monitors have been installed in 
transportation checkpoints and public access areas. 
The radioactive materials implanted in patients 
receiving permanent prostate implant have the 
potential to activate such monitors. It is therefore 
advisable that the patient be given a card, listing 
the procedure performed on the patient, the radio-
isotope, the total activity administered, its half-life, 
and contact telephone number of the radiation ther-
apy center.

12.11.3 
Safety and Regulatory Issues in 
HDR Brachytherapy

The HDR brachytherapy treatments, due to its use of 
high-activity radiation sources, are under even greater 
regulatory oversight by the NRC and the agreement 
states. The regulations require detailed daily and 
periodic quality assurance tests of the treatment unit 



288 Z. Li

performance, as well as associated radiation safety 
control interlocks and equipment. Authorized users, 
authorized medical physicists, as well as treatment 
unit operators are required to undergo annual radia-
tion safety in-service training, which includes aspects 
of the HDR source characteristics, machine operating 
principles, and emergency procedures in cases where 
the source is stuck inside a treatment applicator or 
catheter. The records of such annual training must 
be maintained. The treatment-planning system must 
be tested for its functioning and its dose-calculation 
accuracy, and an independent calculation check of a 
treatment plan must be performed for each patient 
planned on the treatment-planning system. At the 
initiation of an HDR treatment, the physical pres-
ence of an authorized user, as well as an authorized 
medical physicist, is required. Once the treatment 
has started, the authorized user may be replaced by 
a physician trained in the emergency removal of the 
treatment applicators.
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molecules in the cell, particularly water, to produce 
free radicals that can diffuse far enough to reach 
and damage DNA. This is referred to as the indirect 
action of radiation. A free radical is a free (not com-
bined) atom or molecule that carries no electrical 
charge, but has an unpaired electron in the outer 
shell. This state is associated with a high degree of 
chemical reactivity. The most important radical pro-
duced from the interaction of radiation with water 
is the hydroxyl radical (OH•). There is evidence to 
support the notion that any OH• radicals produced 
within a cylinder of diameter of about 4 nm around 
the DNA double helix is able to diffuse to the DNA 
and cause damage (Fig. 13.1). About two-thirds of 
the biological damage caused by X-rays is mediated 
via free radicals. This has been described in more 
detail by Hall (2000).

13.2 
DNA Damage and Strand Breaks

DNA consists of two strands that form a double helix. 
Each strand is composed of a series of deoxynucleo-
tides, the sequence of which contains the genetic 
code. Sugar moieties and phosphate groups form the 
backbone of the double helix. The bases on oppo-
site strands must be complementary; adenine pairs 
with thymine, while guanine pairs with cytosine. 
When cells are irradiated with X-rays, many breaks 
of a single strand occur. These can be observed and 
scored as a function of dose if the DNA is dena-
tured and the supporting structure stripped away. 
In intact DNA, however, single-strand breaks are of 
little biological consequence as far as cell killing is 
concerned because they are readily repaired using 
the opposite strand as a template (Fig. 13.2). If the 
repair is incorrect (misrepair), it may result in a 
mutation. If both strands of the DNA are broken, 
and the breaks are well separated (Fig. 13.2), repair 
again occurs readily since the two breaks are han-
dled separately.
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13.1 
Absorption of Radiation

When X-rays or γ-rays are absorbed in biological 
material, the first step is that part or all of the photon 
energy is converted into the kinetic energy of fast-
moving electrons.

A fast-moving electron may interact directly with 
DNA causing an excitation or ionization; this is 
called the direct action of radiation (Fig. 13.1). It is 
the dominant process for high linear energy trans-
fer (LET) radiations, such as α-particles. Alterna-
tively, the electron may interact with other atoms or 
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By contrast, if the breaks in the two strands are 
opposite one another, or separated by only a few 
base pairs (Fig. 13.2), this may lead to a double-
strand break (DSB); that is, the piece of chromatin 
snaps into two pieces. This picture of DNA damage 
has been described eloquently by Ward (1981, 1988). 
A DSB is believed to be the most biologically impor-
tant lesion produced in chromosomes by radiation; 
the interaction of two DSBs may result in cell killing, 
mutation, or carcinogenesis.

In practice, the situation is probably much more 
complicated than this, since both free radicals and 
direct ionizations may be involved. In particular, 
other base damage may be involved with the DSB to 
form a multiply damaged site (Ward 1988).

13.3 
Chromosomal Aberrations

When cells are irradiated with X-rays, DSBs occur 
as described above. The broken ends appear to be 
“sticky” and can rejoin with any other sticky end. 
It would appear, however, that a broken end cannot 
join with a normal, unbroken chromosome end 
(Evans 1962). Once breaks are produced, different 
fragments may behave in a variety of ways:
1. The breaks may restitute, that is, rejoin in their 

original confi guration. In this case, of course, 
nothing amiss will be visible at the next mitosis.

2. The breaks may fail to rejoin and give rise to an 
aberration, which will be scored as a deletion at 
the next mitosis.

3. Broken ends may re-assort and rejoin other broken 
ends to give rise to chromosomes that appear to 
be grossly distorted when viewed at the following 
mitosis.

The aberrations seen at metaphase are of two 
classes: chromosome aberrations and chromatid 
aberrations. Chromosome aberrations result if a cell 
is irradiated early in interphase, before the chromo-
some material has been duplicated. In this case, the 

Fig. 13.1. Direct and indirect actions of radiation. The struc-
ture of DNA is shown schematically; the letters S, P, A, T, G, 
and C represent sugar, phosphorus, adenine, thymine, guanine, 
and cytosine, respectively. In direct action, a secondary elec-
tron resulting from absorption of an X-ray photon interacts 
with the DNA to produce an effect. In indirect action, the sec-
ondary electron interacts with a water molecule to produce a 
hydroxyl radical (OH•), which in turn diffused to the DNA to 
produce damage. The DNA helix has a diameter of about 2 nm. 
It is estimated that free radicals produced in a cylinder with 
a diameter double that of the DNA helix can affect the DNA. 
Indirect action is dominant for sparsely ionizing radiation, 
such as X-rays. [Redrawn from Radiobiology for the Radiolo-
gist (Hall 1994)]

Fig. 13.2a–d. Diagrams of single- and double-strand DNA 
breaks caused by radiation. a Two-dimensional representa-
tion of the normal DNA double helix. The base pairs carrying 
the genetic code are complementary (i.e., adenine pairs with 
thymine, guanine pairs with cytosine). b A break in one strand 
is of little signifi cance because it is readily repaired, using the 
opposite strand as a template. c Breaks in both strands, if well 
separated, are repaired as independent breaks. d If breaks 
occur in both strands and are directly opposite or separated 
by only a few base pairs, this may lead to a double-strand break 
(DSB) where the chromatin snaps into two pieces. [Drawn to 
illustrate concepts described by Dr. John Ward (1981, 1988)]

b

a

c

d
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radiation-induced break will be in a single strand 
of chromatin; during the DNA synthetic phase that 
follows, this strand of chromatin will lay down an 
identical strand next to itself and will replicate the 
break that had been produced by the radiation. If, 
however, the dose of radiation is given later in inter-
phase, after the DNA material has doubled and the 
chromosomes consist of two strands of chromatin, 
then the aberrations produced are called chromatid 
aberrations.

Three types of aberrations are lethal to the cell, 
namely the dicentric and the ring, which are chro-
mosome aberrations, and an anaphase bridge, 
which is a chromatid aberration. For simplicity, we 
will describe in detail the formation of a dicentric; 
similar considerations apply to rings and anaphase 
bridges.

The formation of a dicentric is illustrated 
(Fig. 13.3). This aberration involves an interchange 
between two separate chromosomes. If a break is pro-
duced in each one early in interphase and the sticky 
ends are close to one another, they may rejoin in an 
illegitimate way, as shown. This bizarre interchange 

Fig. 13.3. The steps in the formation of a dicentric by irra-
diation of prereplication (i.e., G1) chromosomes. A break is 
produced in each of two separate chromosomes. The “sticky” 
ends may join incorrectly to form an interchange between 
the two chromosomes. Replication then occurs in the DNA 
synthetic period. One chromosome has two centromeres – a 
dicentric. The other is an acentric fragment, which will be lost 
at a subsequent mitosis, since, lacking a centromere, it will not 
go to either pole at anaphase. [Redrawn from Hall (2000), 
Radiobiology for the Radiologist]

Fig. 13.4. The frequency of interchange-type chromosomal 
aberrations (dicentrics and rings) is a linear-quadratic func-
tion of dose because the aberrations are the consequence of 
the interaction of two separate breaks. At low doses, both 
breaks may be caused by the same electron; the probability of 
an exchange aberration is proportional to dose (D). At higher 
doses, the two breaks are more likely to be caused by separate 
electrons. The probability of an exchange aberration is then 
proportional to the square of the dose (D2). [Redrawn from 
Radiobiology for the Radiologist, Hall 2000 (1)]

will replicate during the DNA synthetic phase, and 
the result will be a grossly distorted chromosome 
with two centromeres (hence, dicentric). There will 
also be a fragment that has no centromere (acen-
tric fragment). The dose – response relationship 
for exchange-type chromosomal aberrations, such 
as dicentrics, is a linear quadratic function of dose 
since they result from an interaction between breaks 
in two different chromosomes (Lea 1956). The linear 
component is a consequence of the two breaks result-
ing from a single charged particle. If the two breaks 
result from different charged particles, the probabil-
ity of an interaction will be a quadratic function of 
dose. The dose – response relationship for the forma-
tion of dicentrics is shown in Figure 13.4.

13.4 
Cell Survival Curves

A cell survival curve describes the relationship 
between the radiation dose and the proportion of 
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cells that survive. What is meant by “survival”? Sur-
vival is the opposite of death! For differentiated cells 
that do not proliferate – such as nerve, muscle, or 
secretory cells – death can be defined as the loss of 
a specific function. For proliferating cells, such as 
hematopoietic stem cells or cells grown in culture, 
loss of the capacity for sustained proliferation – that 
is, loss of reproductive integrity – is an appropriate 
definition. This is sometimes called reproductive 
death, and a cell that survives by this definition is 
said to be clonogenic because it can form a clone 
or colony.

This definition is generally relevant to the radio-
biology of whole animals and plants and their tis-
sues. It has particular relevance to the radiotherapy 
of tumors. For a tumor to be eradicated, it is only 
necessary that cells be “killed” in the sense that 
they are rendered unable to divide and cause further 
growth and spread of the malignancy.

The classic mode of cell death following exposure 
to radiation is “mitotic death”. Cells die in attempt-
ing to divide because of chromosomal damage, such 
as the formation of a ring or a dicentric that causes 
loss of genetic material and prevents the clean segre-
gation of DNA into the two progeny. Death does not 
necessarily occur at the first mitosis following irra-
diation; cells can often manage to complete several 
divisions, but death is inevitable if chromosomal 
damage is severe.

The other form of cell death is programmed cell 
death or apoptosis, first described by Kerr and 
colleagues (1972). This is an important form of cell 
death during the development of the embryo and 
is implicated, for example, in the regression of the 
tadpole tail during metamorphosis. Is it also impor-
tant in many facets of biology including cell renewal 
systems and hormone-related atrophy. Apoptosis 
is characterized by a sequence of morphological 
events; cells condense and the DNA breaks up into 
pieces of discrete size before the cells are phagocy-
tosed and removed. The DNA “laddering”, which is 
so characteristic of a cell undergoing apoptosis, is 
shown in Figure 13.5. In radiation biology, apoptosis 
is a dominant mode of radiation-induced cell death 
in cells of lymphoid origin, but of variable impor-
tance in other cell types.

Most cell survival curves have been obtained by 
growing cells in vitro in petri dishes. Many cell lines 
have been established from malignant tumors and 
from normal tissues taken from humans or labo-
ratory animals. If cells are seeded as single cells, 
allowed to attach to the surface of a petri dish, and 
provided with culture medium and appropriate con-

ditions, each cell will grow into a macroscopic colony 
that is visible by eye in a period of a few weeks. If, 
however, the same number of cells are placed into a 
parallel dish and exposed to a dose of radiation just 
after they have attached to the surface of the dish, 
some cells will grow into colonies indistinguishable 
from those in the unirradiated dish, but others will 
form only tiny abortive colonies because the cells 
die after a few divisions. The surviving fraction is 
the number of macroscopic colonies counted in the 
irradiated dish divided by the number on the unir-
radiated dish. This process is repeated so that esti-
mates of survival are obtained for a range of doses; 
surviving fraction is plotted on a logarithmic scale 
against dose on a linear scale. The result is the solid 
line shown in Figure 13.6.

Qualitatively, the shape of the survival curve 
can be described in relatively simple terms. At “low 
doses”, the survival curve starts out straight on the 
log-linear plot with a finite initial slope; that is, the 
surviving fraction is an exponential function of 
dose. At higher doses, the curve bends. This bend-
ing or curving region extends over a dose range of a 
few Gy. At very high doses, the survival curve often 

Fig. 13.5. Illustrating the “laddering” of DNA as it breaks up 
into pieces of discrete sizes during the process of cell death by 
apoptosis. (Courtesy of Dr. Eileen Rakovitch)
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tends to straighten again; in general, this does not 
occur until doses are in excess of 10 Gy.

The linear quadratic model is nowadays the 
model of choice for cell survival curves. This model 
assumes that there are two components to cell kill-
ing by radiation, one that is proportional to dose and 
one that is proportional to the square of the dose. 
The notion of a component of cell inactivation that 
varies with the square of the dose reflects the fact 
that cell death is due largely to complex chromo-
somal exchange-type aberrations that are the result 
of breaks in two separate chromosomes as previ-
ously described (Fig. 13.6).

By this model, the expression for the cell survival 
curve is:

s = e−αD−βD2

S is the fraction of cells surviving a dose D, and α 
and β are constants. The components of cell killing 
that are proportional to dose and to the square of the 
dose are equal when:

αD = ΒD2,
or
D = α/β

This is an important point that bears repeating: 
the linear and quadratic contributions to cell kill-
ing are equal at a dose that is equal to the ratio of 
α/β (Fig. 13.7). The ratio is a measure of the “curvi-
ness” of the survival curve; if α/β is small, the sur-
vival curve is very curvy; if α/β is large, the survival 
curve tends to be straighter and less curvy.

13.5 
The Dose-Rate Effect

For X-rays or γ-rays, dose rate is one of the principal 
factors that determines the biological consequences 
of a given absorbed dose. As the dose rate is lowered 
and the exposure time extended, the biological effect 
of a given dose is generally reduced. Continuous low 
dose-rate (CLDR) irradiation may be considered to 
be an infinite number of infinitely small dose frac-
tions; consequently, the survival curve under these 
conditions would also be expected to have no shoul-
der and to be shallower than for single acute expo-
sures at high dose rate (HDR), as illustrated by the 

Fig. 13.6. Relationship between chromosome aberrations and 
cell survival. Cells that suffer exchange-type chromosome 
aberrations (such as a dicentric) are unable to survive and 
continue to divide indefi nitely. At low doses, the two chromo-
some breaks are the consequence of a single electron set in 
motion by the absorption of X-rays or γ-rays. The probability 
of an interaction between the breaks is proportional to dose; 
this is the linear portion of the survival curve. At higher doses, 
the two chromosome breaks may result also from two separate 
electrons. The probability of an interaction is then propor-
tional to (dose)2. The survival curve bends when the quadratic 
component dominates

Fig. 13.7. Shape of survival curve for mammalian cells exposed 
to radiation. The fraction of cells surviving is plotted on a 
logarithmic scale against dose on a linear scale. For α-particles 
or low-energy neutrons (said to be densely ionizing) the dose–
response curve is a straight line from the origin (i.e., survival 
is an exponential function of dose). The survival curve can 
be described by just one parameter, the slope. For X-rays or 
γ-rays (said to be sparsely ionizing), the dose–response curve 
has an initial linear slope, followed by a region that curves. 
The experimental data are fi tted to a linear-quadratic function. 
There are two components of cell killing: one is proportional 
to dose (αD), while the other is proportional to the square of 
the dose (βD2). The dose at which the linear and quadratic 
components are equal is the ratio α/β. The linear-quadratic 
curve bends continuously but is a good fi t to experimental 
data for the fi rst few decades of survival
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dashed line in Figure 13.8. This is easy to understand 
in terms of the repair of chromosome damage. The 
linear component of cell damage will be unaffected 
by dose rate since the two chromosome breaks that 
interact to form a lethal lesion are caused by a single 
electron track. The quadratic component, however, 
is caused by two separate electron tracks; if there 
is a long time interval between the passage of the 
two electron tracks, then the damage caused by the 
first may be repaired before the second arrives. In 
this case an exchange-type aberration would not be 
caused and the cell would survive. Under these cir-
cumstances, the high dose component of the dose–
response relationship is simply an extrapolation of 
the initial linear slope of the HDR survival curve as 
illustrated in Figure 13.8. Sub-lethal damage repair, 
in this model, equates to repair of one double-strand 
chromosome break. This idea has its origins in a 
hypothesis of Gray, published in 1944, who wrote:

“It is postulated that in order to produce the bio-
logical effect under consideration, there must co-
exist in a considerable proportion of the irradiated 
cells two separate injuries, each produced by a sepa-
rate ionizing particle and each capable of restitution. 
In advancing this postulate we have of course type 
C chromosome aberrations particularly in mind” 
(Gray 1944).

The magnitude of the dose-rate effect from the 
repair of sublethal damage varies enormously among 
different types of cells. Cells characterized by a sur-
vival curve for acute exposures that has a small initial 
shoulder exhibit a modest dose-rate effect. This is to 
be expected, since both are expressions of the cell’s 
capacity to accumulate and repair sublethal radia-
tion damage. Cell lines characterized by a survival 
curve for acute exposures which has a broad initial 
shoulder exhibit a dramatic dose-rate effect. Survival 
curves for HeLa cells cultured in vitro over a wide 
range of dose rates – from 7.3 Gy/min to 0.535 cGy/
min – are summarized in Figure 13.9, taken from the 
early work of Hall and Bedford (1964). As the dose 
rate is reduced, the survival curve becomes shallower 
and the shoulder tends to disappear (i.e., the survival 
curve becomes an exponential function of dose). The 
dose-rate effect caused by repair of sublethal damage 
is most dramatic between 0.01 Gy/min and 1 Gy/min. 
Above and below this dose-rate range, the survival 
curve changes little, if at all, with dose rate.

Continuing to view the huge variation among dif-
ferent types of cells, HeLa cells are characterized by a 
survival curve for acute exposures that has a small ini-
tial shoulder, which goes hand in hand with a modest 
dose-rate effect. Again, this is to be expected, since 

both are expressions of the cell’s capacity to accu-
mulate and repair sublethal radiation damage. By 
contrast, Chinese hamster (CHO) cells have a broad 
shoulder to their acute X-ray survival curve and show 
a corresponding large dose-rate effect. This is evident 
in Figure 13.10 (redrawn from the work of Bedord 
and Mitchell 1973), where a clear-cut difference 
in biological effect is demonstrated, at least at high 
doses, among dose rates of 1.07, 0.3 and 0.16 Gy/min.

Fig. 13.8. Cell killing by radiation is due largely to aberrations 
caused by breaks in two chromosomes. The dose–response 
curve for high-dose rate irradiation (HDR) is linear-quadratic; 
the two breaks may be caused by the same electron (dominant 
at low doses) or by two different electrons (dominant at higher 
doses). For low-dose rate irradiation (LDR), where radiation is 
delivered over a protracted period, the principal mechanism 
of cell killing is by the single electron. Consequently, the LDR 
survival curve is an extension of the low-dose region of the 
HDR survival curve

Fig. 13.9. Survival curves for HeLa cells exposed to X-rays at 
high dose-rate and low dose-rate. [Redrawn from the data of 
Hall and Bedford (1964)]
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This difference in shoulder size and correspond-
ing magnitude of the dose-rate effect correlates with 
the dominant mechanism of cell death. CHO cells 
(Fig.13.5), like many cell lines selected to grow in 
culture, have an abrogated p53 status and do not 
die an apoptotic death (Lowe et al. 1993). However, 
apoptosis is an important (but not the only) form 
of radiation-induced lethality in HeLa cells. This 
accounts for the smaller shoulder to the survival 
curve and the less dramatic dose-rate effect.

Figure 13.11 shows survival curves for 40 different 
cell lines of human origin, cultured in vitro and irradi-
ated at HDR and LDR taken from Hall and Brenner 
(1992). At LDR, the survival curves “fan out” and show 
a greater variation in slope because, in addition to the 
variation of inherent radiosensitivity evident at HDR, 
there is a range of repair times of sublethal damage. 
Some cell lines repair sublethal damage rapidly, some 
more slowly, and this is reflected in a fanning out of 
the survival curves at LDR.

13.6 
The Inverse Dose-Rate Effect

In cells of human origin, an inverse dose-rate effect 
is often seen over a narrow range of dose rates, 
whereby decreasing the dose rate actually increases 
the efficacy of cell killing. This was first reported 
by Mitchell, Bedford and Bailey (1979) for HeLa 
cells. This is illustrated in Fig. 13.12. Decreasing the 
dose rate for this cell line from 1.53 Gy/h to 0.37 Gy/h 

increases the efficiency of cell killing, so that this 
LDR is almost as effective as an acute exposure. 
The explanation of this phenomenon is illustrated in 
Fig. 13.13, taken from Hall (1985; Henschke Memo-
rial Lecture 1984). At about 0.3 Gy/h, cells tend to 

Fig. 13.10. Survival curves for Chinese hamster (CHO) cells 
grown in vitro and exposed to X-rays at various dose-rates. 
[Redrawn from the data of Bedford and Mitchell (1973)]

Fig. 13.11. Dose survival curves at high dose rate (HDR) and 
low dose rate (LDR) for a large number of cells of human 
origin cultured in vitro. Note that the survival curves fan out 
at low dose rate because, in addition to a range of inherent 
radiosensitivities (evident at HDR), there is also a range of 
repair times of sublethal damage. [Redrawn from Hall and 
Brenner (1992)]

Fig. 13.12. The inverse dose-rate effect. A range of dose rates 
can be found for HeLa cells such that lowering the dose rate 
leads to more cell killing. At 1.54 Gy/h, cells are “frozen” in the 
various phases of the cycle and do not progress. As the dose 
rate is dropped to 0.37 Gy/h, cells progress to a block in G2, a 
radiosensitive phase of the cycle. [Redrawn from the data of 
Mitchell et al. (1979)]
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Fig. 13.13. Explanation of the inverse dose rate effect. A range 
of dose rates can be found, at least for many cells of human 
origin, that allows cells to progress through the mitotic cycle to 
a block in late G2. Under continuous low dose-rate irradiation, 
an asynchronous population becomes a population of radio-
sensitive G2 cells. [Redrawn from Hall (1985)]

Fig. 13.14. The dose-rate effect due to repair of sublethal damage, 
redistribution in the cycle, and cell proliferation. The dose–response 
curve for acute exposures is characterized by a broad initial shoul-
der. As the dose rate is reduced, the survival curve becomes progres-
sively shallower as more and more sublethal damage is repaired but 
cells are “frozen” in their positions in the cycle and do not progress. 
As the dose rate is lowered further and for a limited range of dose 
rates, the survival curve steepens again because cells can progress 
through the cycle to pile up at a block in G2, a radiosensitive phase, 
but still cannot divide. A further lowering of dose rate allows cells 
to escape the G2 block and divide; cell proliferation may then occur 
during the protracted exposure, and survival curves become shal-
lower as cell birth from mitosis offsets cell killing from the irradia-
tion. (Based on the ideas of Dr. Joel Bedford)

progress through the cycle and become arrested in 
G2, a radiosensitive phase of the cycle. At higher dose 
rates they are “frozen” in the phase of the cycle they 
are in at the start of the irradiation; at lower dose 
rates they continue to cycle during irradiation.

13.7 
The Dose-Rate Effect Summarized

Figure 13.14 summarizes the entire dose-rate effect. 
For acute exposures at HDR, the survival curve has 
a significant initial shoulder. As the dose rate is low-
ered and the treatment time protracted, more and 
more sublethal damage can be repaired during the 
exposure. Consequently, the survival curve becomes 
progressively shallower, and the shoulder tends to 

disappear. A point is reached at which all sublethal 
damage is repaired, resulting in a limiting slope. In 
at least some cell lines, a further lowering of the dose 
rate allows cells to progress through the cycle and 
accumulate in G2. This is a radiosensitive phase, and 
so the survival curve becomes steeper again. This is 
the inverse dose-rate effect. A further reduction in 
dose rate will allow cells to pass through the G2 block 
and divide. Proliferation may then occur during the 
radiation exposure if the dose rate is low enough 
and the exposure time is long compared with the 
length of the mitotic cycle. This may lead to a fur-
ther reduction in biological effect as the dose rate is 
progressively lowered, because cell birth will tend to 
balance cell death.

13.8 
Early- and Late-Responding Tissues

Clinical and laboratory data suggest that there is 
a consistent difference between early- and late-
responding tissues in their response to changes in 
the time course over which radiation is delivered.

The dose–response relationship for late-respond-
ing tissues is more curved than that for early-
responding tissues as first described by Withers et 
al. (1982). In terms of the linear-quadratic relation-
ship between effect and dose, this translates into a 
larger α/β-ratio for early than late effects. The dif-
ference in the shapes of the dose–response relation-
ships is illustrated in Figure 13.15. The α/β ratio is 
the dose at which cell killing by the linear (α) and 
quadratic (β) components are equal. This difference 
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in shape translates into a difference in response to 
changes in fractionation or dose rate. Late-effect tis-
sues, characterized by a very curvy dose–response 
relationship, show a much greater sparing in a multi-
fraction or CLDR regime than do early-responding 
tissues, which include tumors

Consequently, it can be concluded that LDR results 
in the maximal differential in response between 
late-responding normal tissues and tumors. This is 
a significant biological advantage for brachytherapy, 
to be added to the physical advantage of good dose 
distribution resulting from the direct implantation 
of the tumor.

13.9 
The Dose-Rate Effect and Clinical Data

Interstitial implants and intracavitary treatments 
typically involve the range of dose rates where 
laboratory data would suggest that the biological 
effect should vary critically with dose rate. However, 
reports in the literature have been controversial.

Fig. 13.15. For X-rays, late-responding tissues have a much 
more curved dose–response relationship and consequently 
show a much greater sparing in a multifraction regimen than 
early-responding tissues. Low dose-rate (LDR) is, effectively, 
an infi nite number of infi nitely small doses. LDR therefore 
gives the maximum differential in sparing late-responding 
normal tissues compared with early-responding tissues, which 
includes tumors

Fig. 13.16. Dose equivalent to 60 Gy (6000 rads) in 7 days as 
proposed by Paterson (1963) and Ellis (1968) based on clini-
cal observation of normal tissue tolerance, or calculated from 
radiobiological principles based on α/β ratios and t1/2 values 
characteristic of early- and late-responding tissues. [Redrawn 
from Radiobiology for the Radiologist (Hall 1994)]

It was pointed out by Paterson in the 1960s, that the 
dose-limiting factor in the case of interstitial implants 
is the tolerance of normal tissues (Paterson 1963). 
His philosophy was to push to the maximum dose 
tolerated by the normal tissues in order to maximize 
tumor control. Paterson published a curve relat-
ing total dose to overall time, with limiting normal 
tissue tolerance as the endpoint. Regarding 60 Gy in 
7 days as the standard, he proposed that an implant 
of shorter duration should have a lower dose, and an 
implant of longer duration an augmented dose. The 
published curve represented his considerable clini-
cal experience accumulated over many years and 
was unequivocally based on equalizing late effects in 
normal tissues. The experience was based on treat-
ment with radium needles implanted according to 
the Manchester system. Ellis proposed an essentially 
identical scheme for use in clinical practice (Ellis 
1968); the curve of Paterson and Ellis is reproduced 
in Figure 13.16, together with theoretical curves 
relating equivalent dose to overall time based on 
radiobiological data for early- and late-responding 
tissues, normalized to 60 Gy in 7 days. It is interest-
ing to note that the calculated curve based on the 
radiobiological parameters for late-responding tis-
sues is virtually indistinguishable from the curves of 
Paterson and of Ellis who unequivocally based their 
judgment on obtaining equal late effects. The curve 
relating equivalent dose and overall time is steeper 
for late than for early-responding tissues because of 
the smaller value of α/β.
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The introduction of iridium-192 as a substitute 
for radium needles in interstitial brachytherapy 
allowed greater flexibility and patient comfort, but 
also resulted in a much larger variation of dose rate 
between individual implants. Two factors contribute 
to this:
1. As a consequence of the relatively short half-life of 

iridium-192 (74 days), the linear activity will vary 
signifi cantly during the period of several months 
that the wires may be used or re-used.

2. The “Paris” system of dosimetry (Pierquin 1971) 
developed for iridium-192 implants, where all 
sources have the same linear activity with vary-
ing separation between wires for different lengths 
(i.e., greater separation for larger wires) results in 
a wider range of dose rates than was characteris-
tic of radium implants using the Parker-Paterson 
dosimetry system, where internal needles had 
half or two-thirds of the linear activity of outer 
needles. Because all wires in an iridium-192 
implant have the same linear activity, there is a 
correlation between implanted volume and dose 
rate, with larger volumes being associated with 
higher dose rates. The combination of those two 
factors results, in practice, in a three-fold varia-
tion in the overall irradiation time for the deliv-
ery of a given tumor dose. Nevertheless, Pierquin 
and his colleagues (1973) came to the conclusion 
that, in iridium-192 implants, the time factor – 
and therefore the dose rate – was unimportant. 

Consequently, the Paris school recommended the 
same prescribed dose irrespective of overall time 
within the range 3–8 days. They were careful to 
point out that their conclusions were preliminary, 
but nevertheless concluded:

 “We can, however, say with certainty that the varia-
tion in overall treatment time for the same tumor 
dose from 3 days to 8 days does not appear to infl u-
ence the frequency of recurrence of necrosis.”

Based on this conviction, many hundreds of 
patients were treated with iridium-192 implants 
using standard doses uncorrected for treatment 
time or dose rate, despite the fact that this conflicts 
with the previously published clinical experience of 
Paterson and of Ellis, and does not agree with the 
experimental radiobiological data that would pre-
dict a substantial dose-rate effect over the dose-rate 
range in question.

13.10 
Dose-Rate Effects from a Retrospective 
Analysis of the Iridium Implant Data

The large series of patients treated in Paris with 
iridium wire implants have been followed care-
fully over the years, and two important papers 
have appeared describing a retrospective analysis 
of these data. In the first, Mazeron and colleagues 
(1991b) studied the incidence of local tumor control 
and necrosis in T1 and T2 squamous cell carcinoma 
of the mobile tongue and floor of mouth treated 
with interstitial iridium-192. The data are shown in 
Figure 13.17 and compare tumor control and necro-
sis in patients treated at dose rates above or below 
0.5 Gy/h. Two principal conclusions can be drawn 
from this analysis.
1. There is little or no difference in local control 

between the two dose-rate ranges provided a suf-
fi ciently high total dose is used (65–70 Gy), but 
there is a clear separation at lower doses (around 
60 Gy) with the lower dose rate being signifi cantly 
less effective.

2. Over the entire range of doses used, there was a 
higher incidence of necrosis associated with the 
higher dose rate range.

The clinical data are in line with the predictions 
that would be expected based on radiobiological 
considerations, particularly the more critical depen-
dence on dose rate of late-responding tissues.

Fig. 13.17. Local tumor control and necrosis rate at 5 years as 
a function of dose in patients treated for T1-2 squamous cell 
carcinomas of the mobile tongue and the fl oor of the mouth 
with interstitial iridium-192 implants. The patients were 
grouped according to whether the implant was characterized 
by a high dose rate (above 0.5 Gy/h) or low dose rate (below 
0.5 Gy/h). The necrosis rate is higher for the higher dose rate 
at all dose levels. Local tumor control did not depend on dose 
rate provided the total dose was suffi ciently large, but did vary 
with dose rate for lower total doses. [Redrawn from the data 
of Mazeron et al. (1991b)]
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In a second study, Mazeron and colleagues 
(1991a) analyzed data from a large group of patients 
with carcinoma of the breast who received an 
iridium-192 implant as a boost to external beam 
radiotherapy. A fixed standard total dose was used, 
regardless of the dose rate, and there is a clear cor-
relation between the proportion of recurrent tumors 
and the dose rate, as illustrated in Figure 13.18. For a 
given total dose, a clear difference in tumor control 
could be seen between 0.3 Gy/h and 0.9 Gy/h, as pre-
dicted from radiobiological experiments with cells 
in vitro.

13.11 
The Bias of Tumor Size and Dose Rate

A complication and confounding variable in the 
interpretation of these clinical data relating dose to 
produce an equivalent effect to implant time (and 
therefore to dose rate) is the fact that, for interstitial 
implants, the dose rate tends to increase as the size 
of the implant increases. This correlation is particu-
larly true for implants using iridium-192 wires, as 
used in the Paris system, which are all of the same 
linear activity, but less so when there is a variation in 
linear activity, as in the Parker and Paterson system 
(Meredith 1967). The bias of larger tumors and 
larger volumes being associated with higher dose 
rates, while smaller tumors and smaller treatment 
volumes are associated with lower dose rates, was 
pointed out by Pierquin and his colleagues (1973). 
Larger tumors of course require a larger dose for a 
given level of local control, while the maximum dose 
that can be tolerated by normal tissues decreases 
as the volume implanted increases. This will tend 
to flatten the isoeffect curve for tumor control and 
steepen the isoeffect curve for normal tissue toler-
ance.

Based on these considerations, then, it is clear 
why the Paris school and the Paterson/Ellis school 
differed so radically in their prescriptions for deal-
ing with dose-rate changes. First, the Paterson/Ellis 
recommendations were based on equalizing only 
late effects, where there is a clear change of equi-
effect dose with dose rate (solid curves in Fig. 13.16). 
However, the Paris recommendations were based on 
an attempt to equalize late and early effects (with 
hindsight, it is clear that when the dose rate changes 
it is not possible to match both late and early effects). 
Second, the Paterson/Ellis recommendations were 
made based on data from the era of radium needles 

when there was less correlation between volume 
and dose rate. However, the Paris recommendations 
were based on iridium wire implants where there is 
strong correlation between tumor volume and dose 
rate, which would tend to make the equi-effect curve 
for tumor control vary even less with dose rate.

13.12 
Rationale for LDR Brachytherapy

There are three factors that contribute to the efficacy 
of LDR brachytherapy.
1. The dose distribution is favorable because the 

radioactive sources are either implanted directly 
into the tumor or contained in a body cavity 
close to the tumor. This allows a larger dose to be 
delivered to the tumor for a given dose to limiting 
normal tissues. It is interesting to note that this 
advantage for an implant was suggested by Alex-
ander Graham Bell as early as 1903 in a letter to 
American Medicine. He wrote; Correspondence, 
American Medicine, Aug. 15th, 1903.

 “Dear Dr. Sowers:
 I understand from you that the Röntgen rays and 

the rays emitted by radium, have been found to 
have a marked curative effect upon external can-
cers, but that the effects upon deep-seated cancers 
have not thus far proved satisfactory. 

Fig. 13.18. Percentage of patients who showed no local recur-
rence as a function of dose rate in patients treated for breast 
carcinoma by a combination of external-beam irradiation 
plus iridium-192 interstitial implant. The implant was used 
to deliver a constant dose of 37 Gy; the dose rate varied by a 
factor of three owing to different linear activities of the irid-
ium-192 wire and to different size volumes implanted. [Drawn 
from the data of Mazeron et al. (1991a)]
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 It has occurred to me that one reason for the 
unsatisfactory nature of these latter experiments 
arises from the fact that the rays have been applied 
externally, thus having to pass through healthy 
tissues of various depths in order to reach the 
cancerous matter.

 The Crookes’ tube from which the Röntgen rays 
are emitted is of course too bulky to be admitted 
into the middle of a mass of cancer, but there is 
no reason why a tiny fragment of radium sealed 
up in a fi ne glass tube should not be inserted into 
the very heart of the cancer, thus acting directly 
upon the diseased, material. Would it not be worth 
while making experiments along this line?”

(signed) Alexander Graham Bell

2. LDR is effectively an infi nite number of infi nitely 
small dose fractions; this exploits to the full the 
difference between tumors and late-responding 
normal tissues that are a consequence of their 
different α/β ratios.

3. Brachytherapy is usually delivered over a shorter 
overall time period than conventional external 
beam radiotherapy; it constitutes accelerated 
treatment par excellence.

13.13 
Pulsed Brachytherapy

A major innovation in brachytherapy during the 
past decade has been the introduction of pulsed 
dose-rate brachytherapy (PDR), first described by 
Brenner and Hall (1991b). The principle of PDR 
is to replace the many individual wires, ribbons or 
sources in a conventional implant or intracavitary 
treatment by a single iridium-192 source of about 
37 GBq. This source, under computer control from 
a remote afterloading device, steps through the 
implanted catheters with dwell times tailored to pro-
duce the dose distribution required. The principle 
is illustrated in Figure 13.19. Based on an analysis 
of a large body of data from cell lines of human 
origin, Brenner and Hall (1991b) came to the con-
clusion that a 10-min pulse delivering 40–60 cGy 
and repeated every hour would adequately mimic 
CLDR irradiation at 40–60 cGy/h. They concluded 
that, as long as the dose/pulse is kept low, a reason-
able equivalence would be achieved in terms of both 
early and late effects. Between individual pulses, the 
source is returned to the safe. This simple strategy 
leads to several important advantages.

1. Improved radiation safety – since there is no indi-
vidual source preparation beforehand, and during 
an implant the source can be returned to the safe 
while the patient is nursed, examined or visited.

2. A substantial cost saving – since only one source 
needs to be replaced instead of a whole inventory 
of sources.

3. Improved optimization of the dose distribution 
– due to a stepping source under computer con-
trol, with variable dwell time in each position.

4. The average dose rate can be kept constant for 
implants of different sizes and the iridium-192 
source decays by the simple expedient of varying the 
pulse length. This is illustrated in Figure 13.20.

The pulsing schedule recommended by Brenner 
and Hall (1991b) was very conservative and primar-
ily designed to be “safe” for almost any conceivable 
set of biological response parameters characteristic 
of the relevant target tissues – whether early or late 
responding. For this reason, the proposed schedule 
maintained the same overall dose in the same over-
all time as the CLDR that the PDR replaced, and sug-
gested frequent pulses with small doses per pulse. 
In this way, the technical advantages offered by 
the new generation of computer-controlled remote 
afterloaders could be combined with the true and 
trusted advantages of LDR.

13.14 
Experimental Validation of the PDR Concept

Conditions for the equivalence of PDR and CLDR 
irradiation have been investigated by a number of 
groups, always with a view to discover the limits 

Fig. 13.19. Illustrating the concept of replacing continuous low 
dose-rate irradiation by a series of short pulses, so-called PDR
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of fraction number and dose per fraction where 
the equivalence breaks down, bearing in mind that 
fewer, more widely spaced fractions, would be logis-
tically more convenient.

The first published experimental test of PDR was 
by Armour and colleagues (Armour et al. 1992) 
using 9L rat gliosarcoma cells cultured in vitro. In 
this cell line, no difference in cell survival could 
be detected between CLDR at 0.5 Gy/h and pulsed 
schedules up to 3 Gy every 6 h. The equivalence 
broke down for a pulse schedule of 6 Gy every 12 h.

A later in vitro study by Chen and colleagues 
compared PDR and CLDR using three cell lines of 
human origin, one derived from a cervical carci-

noma and two from breast carcinomas (Chen et al. 
1997). There was no significant difference in cell 
survival between PDR and CLDR for any of the cell 
lines, when a pulse interval of 1 h (and a dose per 
pulse of about 0.6 Gy) was used, supporting the ini-
tial conservative recommendation of Brenner and 
Hall (1991b). As the pulse interval was increased, 
PDR became progressively more effective than 
CLDR, for a given dose, and there were significant 
differences for pulse intervals of 6 h and 12 h, cor-
responding to large doses/pulse.

A comparison of CLDR and PDR was also pub-
lished by Mason and colleagues from the MD 
Anderson Hospital (Mason et al. 1994) scoring 
regenerating crypts in the mouse jejunum – an in 
vivo early-responding end point. They found an 
hourly PDR schedule to be indistinguishable from 
CLDR at 0.7 Gy/h, whether the pulse was delivered 
in 10 min or 1 min. This is an important demonstra-
tion in vivo that agrees with the more extensive in 
vitro studies.

Brenner and colleagues (1996) used a model 
late-effect system, namely cataract formation in the 
ocular lens of the rat, to compare PDR and CLDR. 
This is a true late effect, though not one that is gen-
erally dose limiting in radiation therapy. They found 
that, for the same total dose in the same overall time 
there was no difference in cataractogenic potential 
between CLDR and hourly pulses (0.62 Gy/pulse) or 
pulses repeated every 4 h (2.48 Gy/pulse). The likely 
explanation of the fact that fewer larger pulses are 
still equivalent to CLDR in this system (whereas they 
were not in in vitro experiments) lies in a relatively 
slow rate of repair of sub-lethal damage in this late-
responding tissue. There is good evidence from the 
clinic that sublethal damage responsible for late 
effects in the human also repairs relatively slowly. 
This has previously been discussed (Brenner et al. 
1994).

Armour and colleagues (1997) later used late 
rectal stenosis in the rat as an endpoint to evaluate 
PDR. This is probably a “consequential” late effect, 
but highly relevant to intracavitary brachytherapy 
where late rectal damage can be dose limiting. They 
found that CLDR (0.75 Gy/h) was indistinguishable 
from pulsed regimes consisting of 0.375 Gy every 
0.5 h, 0.75 Gy every 1 h, or 1.5 Gy every 2 h. However, 
a 3-Gy pulse every 4 h was slightly more damaging 
while a 6-Gy pulse every 8 h was much more damag-
ing than CLDR to the same total dose in the same 
overall time.

In summary, these experimental studies confirm 
the conservative recommendations of Brenner and 

Fig. 13.20. Illustrating the principle of pulsed brachytherapy. 
Continuous low-dose-rate irradiation at (for example) 60 cGy/h 
is replaced by a relatively high dose rate pulse of 60 cGy deliv-
ered once per hour. The pulse, during which the single irid-
ium-192 source steps through the implant, would take about 
12 min, depending on the activity of the source and the size 
of the implant. Over a period of months as the activity of the 
iridium-192 source decays, the dose per pulse and, therefore, 
the average dose rate per hour, can be maintained by simply 
increasing the pulse length. After one half-life of the radio-
nuclide, which is 70 days, the pulse length would be doubled 
to 24 min in each hour. [Redrawn from Hall and Brenner 
(1992)]
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Hall (1991b) that small pulses repeated every 1 h 
(or possibly 2 h) is indistinguishable from CLDR, 
but that bigger doses per pulse, with a longer sepa-
ration between pulses, produce more severe biologi-
cal damage. This is equally true for cells cultured in 
vitro and for tissues in vivo.

13.15 
Practical Clinical Schedules for PDR

Whilst PDR prospered in Europe and elsewhere, in 
the US it foundered for some time on the Nuclear 
Regulatory Commission requirement that a physi-
cist and/or radiotherapist (or some other suitably 
qualified person) be present throughout the treat-
ment (that is, day and night) to deal with the possi-
ble, if unlikely, eventuality that the source becomes 
lodged inside the patient. This restriction has now 
been removed. A popular option is to restrict treat-
ment pulses to “office hours”, when the need for the 
presence of a physicist and/or radiation oncologist 
is not a problem. This can only be done by dropping 
the constraint that was considered prudent in the 
original paper on this topic (that both the total dose 
and overall treatment time must be the same as the 
conventional CLDR brachytherapy treatment) – and 
instead allowing somewhat longer overall treatment 
times.

In addition, in order for the PDR to be equiva-
lent to the CLDR, in terms of both early- and late-
responding tissues, it must be assumed that the rate 
of repair of sub-lethal damage is slower in late than 
in early-responding tissues. There is some evidence 
for this from animal experiments as well as from 
clinical data (Moulder and Fish 1992; Thames et 
al. 1984; Turesson and Thames 1989; van Rongen 
et al. 1993). The existing data summarizing repair 
half times in normal tissues are summarized in 
Tables 13.1 and 13.2. If these various assumptions 
are made, it is possible to design PDR schedules in 
which pulses are given only during “office hours”. 
An extreme example of this is the protocol of Visser 
and colleagues (1996) who proposed pulses at 3-h 
intervals only during the working day. This is illus-
trated in Figure 13.21, which also shows how the 
overall pulsed schedule must be of longer duration 
than the CLDR protocol it replaces in order to achieve 
equivalence. Their early reports indicate no worse 
late effects in the patients treated with PDR, but 
since the implant was a “boost”, with the majority of 
the total dose being delivered in highly fractionated 

external beam radiotherapy, this is not really a criti-
cal test of the idea. Harms et al. (2005) described a 
day-time PDR regime, consisting of 0.5 Gy per pulse 
per hour, continued for 10 h per day, delivered on an 
out-patient basis for previously irradiated patients 
with recurrent esophageal cancer.

The total clinical experience with PDR to date is 
still limited. The first patient was treated in 1992 
at the University of California at San Francisco. A 
survey conducted by Mazeron et al. (1997) con-
cluded that, by the end of 1995, over 1100 patients 
had been treated with PDR in 20 centers in North 
America, Europe, and Australia. More recent appli-
cations of PDR have involved re-treatment of areas 
that have already received a substantial dose of radi-
ation. Resch et al. (2002) described the use of post-
operative PDR for patients who had small recurrent 
breast carcinomas after initially undergoing breast-
conserving therapy, which included surgery and 
post-operative radiation therapy. Additional PDR 
systems have become available in recent years as 
well as improved dosimetry (Karaiskos et al. 2003; 
Perez-Calatayud et al. 2001). Advantages of the 

Table 13.1. Early- and late-responding skin damage 
(Turresson and Thames 1989)

t1/2 slow (min) t1/2 fast (min)

Early 75 25
Late 250 25

Table 13.2. Values of α,β, α/β and t1/2 for late-responding 
normal tissues evaluated in vivo

Endpoint α
Gy–1

  β
Gy–2

α/β
Gy

t1/2
min

Skin telangiectasia
  Fast repair 0.1 0.024 4.1 24
  Slow repair 0.1 0.024 4.1 210
Mouse lung
 (late damage)

0.31 0.072 4.3 39

Rat spinal cord
 (paralysis)

0.066 0.019 3.4 93

Fig. 13.21. To illustrate the PDR scheme proposed by Visser 
and colleagues (1996)
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new technology, cited by the most frequent users, 
included:
• Better quality of treatment
• Technical verifi cation
• Patient care during treatment
• Radiation protection

13.16 
HDR Versus LDR

The move towards HDR brachytherapy has been 
fueled by a combination of many factors, including 
patient convenience, cost, radiation protection, and 
dose optimization made possible by the new genera-
tion of computer-controlled afterloading devices.

Since tumors are characterized in general by large 
α/β ratios (from 10 Gy to ∞), while late-respond-
ing normal tissues have smaller α/β ratios (closer 
to 2 Gy), it is simply impossible to replace a CLDR 
schedule with a HDR schedule consisting of a few 
fractions while preserving both local tumor control 
and normal tissue late effects. If doses are matched 
to produce the same tumor control, then late effects 
will inevitably be worse; if, on the other hand, doses 
are matched to result in equivalent normal tissue late 
effects, then tumor control will be jeopardized. This 
is an inevitable consequence of the biology involved. 
If the HDR is divided into a sufficient number of 
fractions (20 or more) to allow an approximate 
equivalence of both early and late effects, then all the 
advantages of patient convenience and cost would be 
lost. Fowler (1989) summed it up well saying:

“There is, therefore, a certain loss of therapeutic 
ratio when regimes of logistic convenience (that is, 
HDR) are used”.

What then is the place for HDR? There are two 
quite different situations where the convenience and 
cost savings associated with HDR can be exploited:
a) The implants as a boost. When the brachytherapy 

implant constitutes only one-third to one-half of 
the total radiation treatment, with the remainder 
of the treatment being delivered as highly frac-
tionated external beam radiotherapy, then a few 
HDR fractions are tolerated. This has been the 
approach, for example, of Levendag and his col-
leagues in the Netherlands (Visser et al. 1996). 
The HDR dose should be calculated to be equiva-
lent to the CLDR regime it replaces for tumor con-
trol; the normal tissues are suffi ciently “forgiv-
ing” that the slightly worse late effects will not be 
a problem because of all the other advantages of 

brachytherapy – limited volume, good dose dis-
tribution, etc.

b) Intracavitary brachytherapy for carcinoma of the 
uterine cervix. What makes this situation differ-
ent from almost all others is that the radiation 
dose that produces unwanted late sequelae is sig-
nifi cantly less than the treatment dose prescribed 
to the tumor. This is because the dose-limiting 
organs at risk (rectum and bladder) are some 
distance away from the brachytherapy sources, 
in contrast to the more usual situation in which 
the dose-limiting normal tissue is adjacent to 
the treatment volume. A further factor must be 
considered, namely that the short treatment time 
characteristic of HDR allows packing and retrac-
tion of the sensitive normal tissues estimated by 
Orton (1989; Orton et al. 1992) to result in a 
further 20% reduction in dose to bladder/rectum 
compared with that associated with conventional 
LDR treatments.

Orton and colleagues (1992) analyzed clinical 
data from a survey of 56 centers treating more than 
17,000 cervical cancer patients with HDR. A wide 
range of doses and number of fractions were used. 
The average fractionation regime consisted of about 
five fractions of about 7.5 Gy each to point A, regard-
less of the stage of the disease. Fractionation of the 
HDR treatments significantly influenced toxicity. 
Morbidity rates were significantly lower for point A 
dose/fraction less than or equal to 7 Gy compared 
with greater than 7 Gy. This was true for both mod-
erate and severe complications. The effect of dose/
fraction on cure rates was equivocal. Some findings 
of the Orton survey are summarized in Table 13.3. 
Finally, the data showed that for conversion from 
LDR to HDR, the total dose to point A was reduced 
on average by a factor 0.54+/–0.06. The overall con-
clusion of the survey was that HDR resulted in a 
5-year survival figure and complication rates that 
were at least as good as historical controls from the 
same centers treated with CLDR; however, none of 
these studies was a prospective randomized trial.

Table 13.3. Survey of high dose-rate schedules (Orton et al. 
1991)

>7 Gy per 
fraction

<7 Gy per 
fraction

Mean no. of fractions 03.8 05.6
Mean total dose (Gy) 35 30
Mean 5-year survival 66.2-2.2 56.8-2.1
Complication rate (%) 09.8 08.6
Severe complications (%) 03.4 01.4
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Several critiques of the Orton study have been 
published, as well as a summary of the benefits of 
conventional LDR by Eifel (1992). In summary, 
Eifel pointed out that HDR therapy can be expected 
to produce comparable results to LDR therapy only 
in situations where the dose to organ at risk for late 
complications is lower than the prescribed tumor 
dose. This leads to one of the clear guidelines as 
to when HDR is indicated as a good alternative to 
LDR.

The optimal number of fractions and the dose 
per fraction for an HDR treatment are still a matter 
of debate. Using the linear quadratic formalism 
and biological data from a battery of almost 40 cell 
lines of human origin, Brenner and Hall (1991a) 
calculated HDR schemes that were designed to be 
equivalent to many of the LDR protocols in common 
use. Distributions of HDR doses predicted to yield 
comparable acute effects to 60 Gy in two conven-
tional LDR treatments are shown in Figure 13.22. 
The arithmetic mean of these dose distributions as 
a function of the number of fractions is plotted in 
Figure 13.23. The radiobiological predictions would 
suggest a dose per fraction of about 7.5 Gy if five 
fractions are used, which is in remarkable agree-
ment with the average of the Orton survey.

A system has been described by Stitt and col-
leagues (1992)and Thomadsen and colleagues 
(1992) which provides a set of dose schedules and 
dose specification points for treatment of carcinoma 
of the cervix with HDR brachytherapy plus external 
beam radiotherapy. These various protocols, based 
on sound radiobiological principles have been used 
to treat hundreds of patients. Local tumor control 
and complication rates are reported to be similar to 
LDR treatments, but these conclusions are based on 
historical controls.

The radiobiological principles summarized in 
this chapter lead to clear guidelines for the use of 
HDR brachytherapy for the uterine cervix.
1. When the dose to the dose limiting normal tissues 

is less than 75% of the prescribed tumor dose, for 
equal tumor control, HDR results in late effects 
that are comparable to and no worse than for 
LDR.

2. For patients in whom the dose to the bladder/
rectum is comparable to the prescribed dose, 
HDR is contra-indicated.

3. HDR protocols, comparable to LDR, should be 
designed based on matching early rather than late 
effects.

Fig. 13.23. Dose/fraction as a function of the number of 
HDR treatments to achieve equal biological effect. The points 
plotted are the arithmetic means of the distributions shown 
in Fig. 13.22 from the calculations of Brenner and Hall 
(1991a)

Fig. 13.22. Distribution of doses delivered in 1–12 HDR frac-
tions, equivalent to two LDR treatments of 30 Gy in 60 h, 
based on data from cell lines of human origin as calculated 
by Brenner and Hall (1991a)



Radiobiology of Low- and High-Dose-Rate Brachytherapy 307

References

Armour E, Wang Z, Corry P, Martinez A (1992) Equivalence of 
continuous and pulse simulated low dose rate irradiation 
in 9L gliosarcoma cells at 37° and 41°C. Int J Radiat Oncol 
Biol Phys 22:109–114

Armour E, White A Jr, Armin A, Lorry P, Coffey M, Dewitt 
C, Martinez A (1997) Pulsed LDR brachytherapy in a rat 
model; dependence of late rectal injury on radiation pulse 
size. Int J Radiat Oncol Biol Phys 38:825–834

Bedford JS, Mitchell B (1973) Dose-rate effects in synchronous 
mammalian cells in culture. Radiat Res 54:316–327

Bell AG (1903) Correspondence. American Medicine
Brenner DJ, Hall EJ (1991a) Fractionated high dose-rate versus 

low dose-rate brachytherapy of the cervix. I. General con-
siderations based on radiobiology. Br J Radiat 64:133–141

Brenner DJ, Hall EJ (1991b) Conditions for the equivalence 
of continuous to pulsed low dose rate brachytherapy. Int J 
Radiat Oncol Biol Phys 20:181–190

Brenner DJ, Hall EJ, Huang Y, Sachs RK (1994) Optimizing 
the time course of brachytherapy and other accelerated 
radiotherapeutic regimes. Int J Radiat Oncol Biol Phys 
29:893–901

Brenner DJ, Hall EJ, Randers-Pehrson G, Huang YP, John-
son GW, Miller RW, Wu B, Vazquez ME, Medvedovsky C, 
Worgul BV (1996) Quantitative comparisons of continuous 
and pulsed low dose-rate regimens in a model late-effect 
system. Int J Radiat Oncol Biol Phys 34:905–910

Chen CZ, Huang Y, Hall EJ, Brenner DJ (1997) Pulsed brachy-
therapy as a substitute for continuous low dose rate: an in 
vitro study with human carcinoma cells. Int J Radiat Oncol 
Biol Phys 37:137–143

Eifel PH (1992) High-dose-rate brachytherapy for carcinoma 
of the cervix: High tech or risk risk? Int J Radiat Oncol 
Biol Phys 24:383

Ellis F (1968) Dose time and fractionation in radiotherapy. In: 
Howard EM (ed) Current topics in radiation research, vol 
4. Amsterdam, North Holland, pp 359–397

Evans HJ (1962) Chromosome aberrations induced by ioniz-
ing radiation. Int Rev Cytol 13:221–321

Fowler JF (1989) Dose rate effects in normal tissues. In: Mould 
RF (ed) Brachytherapy 2. Nucletron, The Netherlands, p 26

Gray LH (1944) Dose-rate in radiotherapy. Br J Radiol 17:327–
335

Hall EJ (1985) The biological basis of endocurie therapy. The 
Henschke Memorial Lecture 1984. Endocurie Hypertherm 
Oncol 1:141–151

Hall EJ (2000) Radiobiology for the radiologist, 5th edn. Lip-
pincott, Williams and Wilkins, Philadelphia

Hall EJ, Bedford JS (1964) Dose-rate: its effect on the sur-
vival of HeLa cells irradiated with gamma-rays. Radiat Res 
22:305–315

Hall EJ, Brenner DJ (1992) The 1991 George Edelstyn Lecture: 
needles, wires and chips - advances in brachytherapy. Clin 
Oncol 4:249–256

Harms W, Krempien R, Grehn C, Berns C, Hensley FW, Debus 
J (2005) Daytime pulsed dose rate brachytherapy as a new 
treatment option for previously irradiated patients with 
recurrent oesophageal cancer. Br J Radiol 78:236–241

Karaiskos P, Angelopoulos A, Pantelis E, Papagiannis P, Sake-
lliou L, Kouwenhoven E, Baltas D (2003) Monte Carlo 
dosimetry of a new 192Ir pulsed dose rate brachytherapy 
source. Med Phys 30:9–16

Kerr JFR, Wyllie AH, Currie AR (1972) Apoptosis: a basic bio-
logical phenomenon with wide ranging implications in 
tissue kinetics. Br J Cancer 26:239–257

Lea DEA (1956) Actions of radiations on living cells, 2nd edn. 
Cambridge University Press, Cambridge

Lowe SW, Schmitt EM, Smith SW, Osborne BA, Jacks T (1993) 
P53 is required for radiation-induced apoptosis in mouse 
thymocytes. Nature 362:847–849

Mason KA, Thames HD, Ochran TG, Ruifrok AC, Janjan N 
(1994) Comparison of continuous and pulsed low dose rate 
brachytherapy: biological equivalence in vivo. Int J Radiat 
Oncol Biol Phys 28:667–671

Mazeron JJ, Simon JM, Crook J et al (1991a) Influence of dose-
rate on local control of breast carcinoma treated by exter-
nal beam irradiation plus iridium-192 implant. Int J Radiat 
Oncol Biol Phys 21:1173–1177

Mazeron JJ, Simon JM, Le Pechoux C, et al (1991b) Effect of 
dose-rate on local control and complications in definitive 
irradiation of T1-2 squamous cell carcinomas of mobile 
tongue and floor of mouth with interstitial iridium-192. 
Radiother Oncol 21:39–47

Mazeron JJ, Boisserie G, Baltas D (1997) Pulsed dose rate 
brachytherapy: a survey. Curr Oncol 4 [Suppl 1]:S4–S6

Meredith WJ, Editor (1967) Radium dosage: the Manchester 
system, 2nd edn. Livingstone, Edinburgh

Mitchell B, Bedford JS, Bailey SM (1979) Dose-rate effects in 
plateau-phase cultures of S3 HeLa and V79 cells. Radiat Res 
79:520–536

Moulder JE, Fish BL (1992) Repair of sublethal damage in the 
rat kidney (abstract). In: Chapman, Dewey JD, Dewey WC, 
Whitmore GF (eds) Radiation research: a twentieth-cen-
tury perspective, vol 1. Academic Press, San Diego CA

Orton CG (1989) Remote afterloading for cervix cancer: the 
physicist’s point of view. In: Martinez AA, Orton, DG, 
Mould RF (eds) Brachytherapy HDR and LDR. Proceed-
ings of brachytherapy meeting on remote afterloading: 
state of the art, Dearborn, Michigan May 1989. Nucletron, 
The Netherlands

Orton CG, Seyedsadr M, Somnay A (1991) Comparison of high 
and low dose rate remote afterloading for cervix cancer 
and the importance of fractionation. Int J Radiat Oncol Biol 
Phys 21:1425–1434

Paterson R (1963) Treatment of malignant disease by radio-
therapy. Williams and Wilkins, Baltimore

Perez-Calatayud J, Ballester F, Serrano-Andres MA, Puchades 
V, Lluch JL, Limami Y, Casal F (2001) Dosimetry character-
istics of the Plus and 12i Gammamed PDR 192Ir sources. 
Med Phys 12:2576–2585

Pierquin B (1971) Dosimetry: the relational system. Pro-
ceedings of a conference on afterloading in radiother-
apy. US Department of Health, Education and Welfare. 
Publication number (FDA) 72–8024, Rockville, New 
York, pp 204–227

Pierquin B, Chassagne D, Baillet F et al (1973) Clinical observa-
tions on the time factor in interstitial radiotherapy using 
iridium-192. Clin Radiol 24:506–509

Resch A, Fellner C, Mock U, Handl-Zeller L, Biber E, Seitz 
W, Potter R (2002) Locally recurrent breast cancer: pulse 
dose rate brachytherapy for repeat irradiation following 
lumpectomy - a second chance to preserve the breast. Radi-
ology 225:713–718



308 E. J. Hall and D. J. Brenner

Stitt JA, Fowler JF, Thomadsen BR et al (1992) High dose rate 
intracavitary brachytherapy for carcinoma of the cervix: 
the Madison system. I. Clinical and radiological consider-
ations. Int J Radiat Oncol Biol Phys 24:335–348

Thames Jr HD, Withers HR, Peters LJ (1984) Tissue repair 
capacity and repair kinetics deduced from multifraction-
ated or continuous irradiation regimens with incomplete 
repair. Br J Cancer 49:263–269

Thomadsen BR, Shahabi S, Stitt JA et al (1992) High dose rate 
intracavitary brachytherapy for carcinoma of the cervix: 
the Madison system. II. Procedural and physical consider-
ations. Int J Radiat Oncol Biol Phys 24:349–357

Turesson I, Thames HD (1989) Repair capacity and kinetics 
of human skin during fractionated radiotherapy: erythe-
nam desquamation, and telangiectasia after 3 and 5 year’s 
follow-up. Radiother Oncol 15:169–188

Van Rongen E, Thames HD, Travis EL (1993) Recovery from 

radiation damage in mouse lung: interpretations in terms 
of two rates of repair. Radiat Res 133:225–233

Visser AG, van den Aardweg JM, Levendag PC (1996) Pulsed 
dose rate and fractionated high dose rate brachytherapy: 
choice of brachytherapy schedules to replace low dose rate 
treatments. Int J Radiat Oncol Biol Phys 34:497–505

Ward JF (1981) Some biochemical consequences of the spatial 
distribution of ionizing radiation produced free radicals. 
Radiat Res 86:185–195

Ward JF (1988) DNA damage produced by ionizing radiation 
in mammalian cells: identities, mechanisms of formation 
and repairability. Prog Nucleic Acids Mol Biol 35:95–125

Withers HR, Thames HD, Peters LJ (1982) Differences in the 
fractionation response of acutely and late-responding 
tissues. In: Karcher KH, Kolgelnik HD, Reinartz G (eds) 
Progress in radio-oncology, vol II. Raven, New York, pp 
287–296



Clinical Applications of Low Dose Rate and Medium Dose Rate Brachytherapy 309

14 Clinical Applications of Low Dose Rate 
 and Medium Dose Rate Brachytherapy
 Carlos A. Perez, Robert D. Zwicker, and Zuofeng Li

C. A. Perez, MD
Professor, Department of Radiation Oncology, Washington 
University Medical Center, 4511 Forest Park Boulevard, Suite 
200, St. Louis, MO 63108, USA
R. D. Zwicker, PhD
Department of Radiation Oncology, University of Kentucky 
Medical Center, 800 Rose Street, Lexington, KY 40536, USA
Z. Li, DSc
Associate Professor, Division of Radiation Physics, Washing-
ton University Medical Center, 4921 Parkview Place, Campus 
Box 8224, Saint Louis, MO  63110, USA

This chapter is an update of a similar chapter pub-
lished in Principles and Practice of Radiation Oncol-
ogy, 4th edn., Lippincott Williams Wilkins (Perez 
et al. 2004).

CONTENTS

14.1 Introduction 310
14.2 Radionuclides 310
14.3 Afterloading Interstitial Brachytherapy 311
14.3.1 Afterloading Iridium-192 Wires or Ribbons 311
14.3.2 Through-and-Through Plastic Tubing 
 Technique 311
14.3.3 Suturing of Needles or Guides or 
 Plastic Buttons 312
14.3.4 Removable Iridium-192 Hairpin Technique 313
14.3.5 Removable Iodine-125 Plastic Tube Implants 313
14.3.6 Permanent Interstitial Iodine-125 Implants 314
14.4 Templates 314
14.4.1 Syed/Neblett Templates 314
14.4.2 Martinez Universal Perineal Interstitial 
 Template 315
14.5 Molds 316
14.6 Remote Control Afterloading 316
14.6.1 Pulsed Dose Rate 317
14.6.2 Financial Considerations 319
14.7 Implantation Techniques 319
14.7.1 Anesthesia 319
14.7.2 Preoperative and Postoperative Orders 320
14.7.3 Radiation Safety in the Operating Room 320
14.7.4 Removal of Implants 320
14.7.5 Feeding the Patient with a 
 Head and Neck Implant 321
14.8 Low Dose Rate Brachytherapy Techniques for 
 Specific Sites 321
14.8.1 Interstitial Brain Implants 321
14.8.2 Implants with Multiple Iridium-192 Sources 322
14.8.3 Eye 324
14.8.3.1 Episcleral Plaque 324
14.8.3.2 Pterygium 326
14.8.4 Head and Neck 327
14.8.4.1 Maxillary Sinus 327

14.8.4.2 Nasal Vestibule 328
14.8.4.3 Skin and Lip 329
14.8.4.4 Nasopharynx 329
14.8.4.5 Oral Cavity 331
14.8.4.6 Tongue and Floor of Mouth 331
14.8.4.7 Base of Tongue 333
14.8.4.8 Tonsillar Region Including Faucial Arch 
 (Oropharynx) 334
14.8.5 Breast 335
14.8.6 Lung and Mediastinum 339
14.8.7 Esophagus 339
14.8.8 Pancreas 340
14.8.9 Biliary Tree 341
14.8.10 Soft Tissue Sarcomas 343
14.8.11 Uterine Cervix 345
14.8.11.1 Applicators for Carcinoma of the Cervix 347
14.8.12 Endometrium 352
14.8.13 Iridium-192 Interstitial Brachytherapy for 
 Locally Advanced or Recurrent Gynecological 
 Malignancies 353
14.8.14 Vagina, Vulva, and Female Urethra 353
14.8.14.1 Vaginal Cylinders 353
14.8.14.2 Carcinoma In Situ 355
14.8.14.3 Stage I 355
14.8.14.4 Stage II 356
14.8.14.5 Stages III and IV 356
14.8.14.6 Tumors of the Rectovaginal Septum 356
14.8.14.7 Lesions of the Bladder or 
 Proximal Female Urethra 357
14.8.14.8 Tumors of the Vulva or Distal Urethra 358
14.8.15 Anal Canal and Rectum 358
14.8.16 Penis and Male Urethra 360
14.8.17 Prostate 361
14.8.17.1 Transperineal I-125 Implants 362
14.8.17.2 Palladium 103 Implants 366
14.8.17.3 Removable Interstitial Implants with 
 Iridium-192 366
14.8.17.4 Interstitial Irradiation and Hyperthermia 367
14.10 Quality Assurance and Radiation Safety in 
 Brachytherapy 367
14.10.1 Safety Regulations in the United States 367
 References 370



310  C. A. Perez et al.

14.1 
Introduction

After decades of use of radium sources and radon 
seeds, reactor-produced isotopes became available 
for brachytherapy, including 198Au, 60Co, 137Cs and 
192Ir, as well as 125I and 252Cf a few years later, and, 
more recently, 241Am, 103Pd, 169Yb, 75Se, and 145Sm 
(Iyer and Shanta 1994). The combined administra-
tion of interstitial thermoirradiation in a variety of 
lesions has been reported (Emami and Perez 1991).

Medical imaging and computers have enhanced 
the ability to generate precise dosimetric calcula-
tions and to improve dose distribution in patients 
treated with brachytherapy. Hall and Brenner 
(1992) published excellent reviews on the biological 
basis of brachytherapy and clinical implications of 
dose rate, including pulse dose rate (PDR).

The widespread use of remote afterloading 
devices has enhanced the clinical applications 
of brachytherapy and has practically eliminated 
radiation exposure to the operators. Furthermore, 
in many parts of the world, high dose rate (HDR) 
brachytherapy has supplanted low dose rate (LDR), 
with equivalent clinical results.

According to the International Commission 
on Radiation Units (ICRU) Report No. 38 (1985), 
dose rates of 0.4–2 Gy/h are referred to as LDR, 
those in the range of 2–12 Gy/h as medium dose rate 
(MDR), and those greater than 12 Gy/h as HDR. PDR 
will be defined later in the chapter.

The distribution of dose around radioactive 
sources depends on the physical properties of the 
isotopes, including the encapsulation and activity 
of the sources, and the inverse-square law. At dis-
tances greater than three times the physical length 
of a source, the inverse-square law applies within 
practical approximation; at closer distances, the 
dosimetry is more complex.

Giap and Massulo (1999) used the linear-qua-
dratic model based on Dale’s formalism to derive the 
brachytherapy dose rate at which biological effec-
tiveness is equivalent to that of external beam irra-
diation based on therapy relative effectiveness, dose 
rate, alpha/beta ratios, and implant duration. The 
isoeffect dose rate depends on the dose per fraction, 
sublethal damage repair constant, and the implant 
duration, but it does not depend on alpha/beta ratio. 
For sufficiently long implant duration greater than 
10–15 h, the value for isoeffect dose rate approaches 
a constant value at approximately 40–50 cGy/h. 
However, Dale and Jones (2000) caution that such 
studies should be based on an averaged biologically 

effective dose (BED) representative of the entire 
treated volume rather than the lower prescribed 
dose at the surface.

14.2 
Radionuclides

To meet all clinical situations, a variety of radionu-
clides must be available. The Amersham 137Cs stain-
less-steel encapsulated sources have been widely 
used in LDR brachytherapy with manual or remote 
afterloading. Casal et al. (2000) presented Monte 
Carlo calculations of absolute dose rate in water 
around this source using a Monte Carlo code in the 
form of along-away tables and in the TG43 formal-
ism, which can be used as benchmark data to verify 
treatment-planning-system calculations or directly 
as input data for treatment planning.

Zhang et al. (2004) recently reviewed the use of 
the American Association of Physicists in Medicine 
(AAPM) TG-13 dose formalism applied to a 137Cs 
source modeled after the Nuclear Associates 67-809 
series stainless-steel jacketed tube sources used for 
gynecological implants. The dose rate distribution 
through the center of the source using the AAPM 
TG-43 dose formalism was compared with the cal-
culations obtained using the Sievert summation and 
Monte Carlo simulation. The three methods resulted 
in an agreement within less than 5%, or an isodose 
rate line agreement within 2 mm.

Afterloaded 192Ir wires or seeds (in nylon strands) 
have been used in many sites. Iridium-192 has a rela-
tively short half-life (72 days); thus, the wires must 
be calibrated often.

Anderson et al. (1985) developed a nomographic 
planning guide to be used for planar implants of 
192Ir seeds in ribbons. Planar interstitial dosimetry 
systems have also been described by Zwicker et 
al. (1985, 1994) and Kwan et al. (1983). A simpli-
fied dosimetry system for 192Ir volume implants was 
designed by Olch et al. (1987). Dose parameters of 
192Ir and 125I seeds have been reported by Weaver 
et al. (1989). Karaiskos et al. (2001) evaluated the 
AAPM Task Group 43 dosimetric formalism for 192Ir 
wires used as interstitial sources in LDR brachy-
therapy applications and presented them in look-up 
tables that allow interpolation for dose rate calcula-
tions around all practically used wire lengths, with 
accuracy acceptable for clinical applications.

As longer iridium wires have become available, 
the necessity for crossing one or both ends of the 



Clinical Applications of Low Dose Rate and Medium Dose Rate Brachytherapy 311

implant has almost disappeared. Sources of 0.4–
0.5 mCi Ra eq/cm are used for single-plane arrange-
ments, and sources of 0.25–0.35 mgRaEq/cm linear 
intensity or seeds of equivalent activity are typically 
used for multiple-plane or volume implants. The 
two intensities have been combined for complex 
implants (Delclos 1984).

125I seeds are widely used for permanent implants 
in the prostate and in less accessible areas and for 
tumors that require surgical exposure at laparotomy 
or thoracotomy, such as the pancreas or lung. Other 
isotopes, such as palladium-103 (103Pd), americium-
241 (241Am), and californium-152 (152Cf), were intro-
duced in clinical practice.

14.3 
Afterloading Interstitial Brachytherapy

The flexible carrier method was first used with 
radon seeds by Hames (1937) in 1937. Afterloading 
was systematized by Henschke et al. (1963) and 
Suit and Fletcher (Delclos 1982a).

In the early 1960s, Pierquin et al. (1971) popular-
ized the Henschke techniques with modifications 
and contributed the use of “hairpins” for afterload-
ing with thicker iridium wires (0.5 mm diameter), 
mainly for lesions of the oral cavity and oropharynx.

Kolotas and Zamboglou (2001) recently 
reviewed the current status of interstitial brachy-
therapy. Modern techniques involve the use of 192Ir in 
computer-controlled remote afterloading machines, 
which can deliver HDR, PDR or LDR brachytherapy. 
Treatment planning is undertaken with computers 
and anatomical cross-section images using com-
puted tomography (CT), ultrasound, or magnetic 
resonance imaging (MRI). Several reports in the 
literature describe techniques and instrumentation 
for the use of afterloading interstitial therapy with 
other isotopes, such as tantalum wires (Meerwaldt 
et al. 1989), 125I seeds, and 103Pd (Allt and Hunt 
1963; Henschke 1956; Morphis 1960).

14.3.1 
Afterloading Iridium-192 Wires or Ribbons

Removable implants are performed with either 
stainless-steel needles or semi-flexible Teflon or 
nylon catheters with metallic guides.

Stainless-steel or Teflon 16-gauge tubing (1.6 mm 
in outer diameter) is cut into the desired length. The 

distal end of the tubing is beveled at a 30- or 45-
degree angle and is crimped but not closed to hold 
the afterloaded iridium insert in place, still allow-
ing for repositioning should it be required. A nylon 
or Teflon ball or a metallic button is fitted snugly 
at the proximal end (Delclos 1980). In this Teflon 
ball, a further development of the glass ball used by 
Hames (1937), or metallic button, a hole is inserted 
to thread the suture, and a lead bead is added for 
X-ray localization. Figure 14.1 shows the procedures 
followed for insertion and afterloading of the rigid 
guides in tumors approachable from one side only 
(e.g., tumors of the columella and nasal septum, base 
of the tongue, female urethra, and anal margin). 
This technique can also be used to treat the parotid 
gland, involved lymph nodes in the neck, or for pri-
mary breast cancer.

14.3.2 
Through-and-Through Plastic Tubing Technique

This technique is used when a tumor can be trans-
fixed from both sides (e.g., lower and upper lip, 
buccal mucosa, breast, or neck masses). In locations 
in which the guide can be placed through the tumor 
or normal tissues, the 16-gauge metallic guides are 
inserted at the appropriate distances to achieve the 
desired distribution (Fig. 14.2). With the guides in 
place, the narrow leads of the nylon tubes into which 
the 192Ir ribbons will be loaded are inserted into the 
guides. The metallic guides and leads are then pulled 
through and out of the tissue, leaving the nylon tubes 
in their place. The tubes are then secured at the lead 
end by crimped metal buttons, Teflon ball washers, 
or similar means. When all of the nylon tubing has 
been implanted, the desired length of the active wire 
or nylon ribbon with seeds is measured by using a 
“dummy” wire (to 0.5 cm below the skin at the oppo-
site end) and cut a few centimeters longer so that it 
will protrude beyond the skin and will be easier to 
manipulate. After localization images are taken with 
inactive wires (or seeds) used to determine the length 
and position of the tubes, the 192Ir active sources are 
prepared and inserted, and the proximal end of the 
tubing is crimped with a metallic button. We iden-
tify each dummy and corresponding active source 
or wire with different color threads and buttons and 
specific radiopaque patterns to determine the posi-
tion of each tube or loading on the patient or the 
implant radiographs.

Afterloading of the active sources with either 
stainless-steel needles or flexible guides can be done 
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Fig. 14.2. One-end implant technique for tumors 
approached from one side. (1) Insertion of empty 
stainless-steel needle with nylon button. The needle is 
sutured to the skin or mucosa through a hole in the 
nylon button. (2) The iridium wire mounted in plastic 
tube carrier is introduced into the stainless-steel needle. 
(3) The open end is crimped to close it. The plastic tube 
carrier is cut, leaving approximately 0.5 cm protruding 
to facilitate removal of the iridium wire when indi-
cated. To remove it, one can either cut the suture and 
remove the needle with the iridium inside, then deposit 
it in the leaded carrier for transportation and further 
manipulation in the laboratory, or uncrimp the end 
of the stainless-steel needle with a specially designed 
uncrimper and pull out the plastic tube carrier with 
the iridium insert inside (Delclos 1980)

after the patient is back in the hospital room. Radia-
tion exposure within the operating and recovery 
rooms is thereby avoided (Perez et al. 1998).

14.3.3 
Suturing of Needles or Guides or Plastic 
Buttons

Needles or guides are sutured to the implanted tis-
sues in various ways (Fletcher and MacComb 
1962). Separate 2-0 silk or cotton sutures perma-

nently attached to a half-circle taperpoint needle, 
which is threaded through the loop of the color-
coded silk before insertion, are preferred.

Color-coded silk threads are used to identify the 
different lengths and strengths of the radioactive 
sources. This facilitates both the selection of sources 
at the time of the implant and the orderly removal of 
the implant.

Needles or buttons holding the catheters should 
be sutured systematically. For a double-plane 
implant, all suturing is done outside the needle rows 
to simplify removal.

Fig. 14.1. a Stainless-steel afterloadable needle with 
plastic, Tefl on, or nylon buttons. The needles are 
made to any desired length. b Tefl on or nylon tube, 
closed-end variety, used for the through-and-through 
technique. A stainless-steel guide of the same outside 
diameter is inserted fi rst (Delclos 1982b)

a b
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14.3.4 
Removable Iridium-192 Hairpin Technique

The physical characteristics of the Paris technique 
have been described. Metallic gutter guides have 
been constructed to facilitate insertion of the irid-
ium wires (Fig. 14.3) (Pierquin et al. 1987a). The 
usual separation of the legs is 1.2 cm, although 0.9-
cm or 1.5-cm separation can be used. The standard 
gutter length is 2.5, 3, 4, or 5 cm. Iridium wire ends 
are inserted along the gutters and held in place with 
a fine-tip clamp while the gutter guide is removed 
(Fig. 14.4). Gutter guides should allow for a predict-
able insertion of the hairpin, which will result in an 
acceptable geometry and homogeneous dose distri-
bution of the implant (Fig. 14.5). The gutter guide 
technique is used primarily in smaller tumors of the 
oral cavity and in the anal region.

14.3.5 
Removable Iodine-125 Plastic Tube Implants

Clarke et al. (1989) described a temporary remov-
able 125I plastic tube implant technique. 125I seeds 
were 4.5 mm in length, and the interseed spacing 
within the ribbons (from seed center to seed center) 
ranged from 4.5 mm (seeds back to back) to 12.5 mm 
(8-mm spacers). The operative technique, using 
hollow stainless-steel 18-gauge trocars, is identi-
cal to the 192Ir implant procedure. 125I dosimetry 
is somewhat more complex, since iodine-seed dose 
distributions are more anisotropic, fall off more rap-
idly with distance, and are more sensitive to tissue 
heterogeneities than 192Ir sources. However, the 125I 
tubes must have a greater diameter to house the 125I 
seed ribbons, which are larger than the 192Ir ribbons. 

a b

Fig. 14.3. a Hairpins of different sizes and iridium wire (center). b Diagram of gutter guide used by Pierquin and small hook to 
hold the iridium wire in place while the guide is being removed with a clamp (Pierquin et al. 1987b)

Fig. 14.4. Diagram showing basic design of gutter guide and 
technique for insertion of the iridium wire and subsequent 
removal of the guide while holding the wire with clamp

The seed ribbons are prepared by loading loose seeds 
into the hollow ribbons; the seeds are separated by 
spacers and held in position by a “pusher.” The open 
end of the seed ribbon is heated for sealing. The 
seed separation varies depending on the activity, the 
geometry of the implant, and the desired dose rate, 
which is individualized for each patient and deter-
mined after the procedure in the operating room is 
completed. The most common clinical applications 
of temporary 125I seeds are episcleral plaque therapy 
for ocular melanoma, volume implants in the brain, 
and occasionally for breast implants.

Compared with the 192Ir implants, use of the 
125I seed ribbons requires additional physicist or 



314  C. A. Perez et al.

14.3.6 
Permanent Interstitial Iodine-125 Implants

With the widespread popularity of permanent 125I 
prostate implants in recent years, there has been a 
remarkable increase in the number of providers for 
seeds and peripheral equipment for this modality. 
The Radiological Physics Center at M.D. Anderson, 
in conjunction with the AAPM, maintains a list of 
125I seeds for which they consider the dosimetric 
characterization to be complete and reliable.

In circumstances in which the supplied  surgical 
needle is unsuitable, it can be replaced by a tie-on 
needle (e.g., a French spring-eye needle). The place-
ment of the strands and spacing of the seeds should 
follow appropriate dosimetric considerations. The 
absorbable carrier material and 125I seeds are 
implanted in the tumor tissues by successive advanc-
ing of the needle and gentle pulling of the carrier.

The carrier material is absorbed by body tissue; 
the rate depends on the nature of the implanted 
tissue. Intramuscular implantation studies in rats 
showed that the absorption of the carrier is mini-
mal until the 40th postoperative day. Absorption is 
essentially complete between 60 days and 90 days.

Goffinet et al. (1985) reported on 64 intraopera-
tive 125I implants with absorbable Vicryl suture car-
riers performed in 53 patients with head and neck 
cancers, many of them recurrent after initial defini-
tive radiation therapy.

A variation of this technique was described by 
Greenblatt et al. (1987), who sewed the 125I suture 
material through Gelfoam, which in turn was 
secured to the tumor bed with special clips.

14.4 
Templates

A variety of templates have been designed in an 
attempt to more easily place interstitial sources and 
to obtain more homogeneous doses with implants.

14.4.1 
Syed/Neblett Templates

Several Syed/Neblett templates are primarily used 
for gynecological tumors. They consist of two Lucite 
plates joined by six screws, which tighten to grasp 
as many as 38 afterloading, hollow, stainless-steel 
needles. An additional six needles fit into grooves 

Fig. 14.5a–c. Diagrams illustrating dosimetry principles of 
Paris system. a For implants containing more than one plane, 
equidistant radioactive lines imply that the intersections of the 
lines with the central plane will be arranged as the apices of 
equilateral triangles or as the corners of squares. Calculation 
of basal dose rate (BD) is made at various points. Dose is speci-
fi ed along an isodose surface defi ned as a given proportion 
of the basal dose rate calculated inside the implant volume 
(reference isodose, which should encompass target volume 
as closely as possible). In practice, the value of the reference 
isodose is fi xed at 85% of the basal dose rate. b Geometry of 
acceptable implant. c Geometry of unacceptable implant

a

c

b

dosimetrist time to assemble and disassemble the 
ribbons. However, this is offset by a compensatory 
decrease in other tasks that are required for the 
preparation of the 192Ir seeds or wires. Because of 
the lower energy of 125I, shielding is easily accom-
plished, which increases safety during the opera-
tion and decreases exposure to nurses caring for the 
patient.
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of a 2-cm diameter plastic vaginal cylinder, which 
is placed inside an opening in the middle of the 
template. These needles are arranged in concentric 
circles or arcs with a spacing of 1 cm between adja-
cent needles (Aristizabal et al. 1985). A 4×10-cm 
area can be implanted in a butterfly distribution. 
The 18-gauge needles supplied with the templates 
are 20-cm long, but they can be shortened to treat 
more shallow areas. The vaginal cylinder has a cen-
tral opening for placement of a tandem if desired.

A rectal template is similar to the one just 
described, but the two plates contain three concen-
tric circular rings with a total of 36 needles with 1-
cm spacing. Cylindrical volumes with diameters of 
2, 4, or 6 cm can be implanted. A rectal tube can be 
placed in the central hole if necessary, but this hole 
can be left open if the template is placed in an area 
not covering the anus, such as the vulva.

Syed et al. (1983a) described a prostate template 
used to guide the insertion of metallic source guides 
transperineally. The template consists of two con-
centric rings with radii of 1 cm and 2 cm, contain-
ing 6 and 12 guide holes, respectively (Fig. 14.6) 
(Puthawala et al. 1985; Syed et al. 1983a). Up to 18 
metallic source guides (18-gauge, 20-cm-long nee-
dles) are inserted transperineally through the pros-
tate and seminal vesicles as indicated. The tips of the 
guides are usually 1 cm above the level of the bladder 
neck. The template is fixed to the perineum by “00” 
silk sutures, and the space between the perineum 
and the template is filled with gauze soaked in anti-
biotic cream.

The urethral template has two concentric rings 
with a total of 18 needles with the same 1-cm spac-
ing as the rectal template. A cylindrical volume with 
either a 2- or 4-cm diameter is implanted with this 
template. This is a single plate with no machine 

screws to other plates. A Foley urethral catheter is 
inserted through the central opening to drain the 
urinary bladder.

Höckel and Muller (1994) described a modi-
fied Syed/Neblett-type perineal template for HDR 
interstitial brachytherapy of gynecological malig-
nancies. The template can easily be disassembled 
after insertion of the central needles into the pelvis, 
allowing cystoscopic and rectoscopic control of the 
needle positions. Needles penetrating the bladder or 
the rectum can be repositioned before reassembling 
the template, eliminating a high-irradiation zone in 
tumor-free bladder and rectum walls.

14.4.2 
Martinez Universal Perineal Interstitial Template

The Martinez universal perineal interstitial template 
(MUPIT) was designed to treat locally advanced or 
recurrent tumors in the prostatic, anorectal, peri-
neal, or gynecological areas. The device consists of 
two acrylic cylinders, one that can be placed in the 
vagina and the other in the rectum, an acrylic tem-
plate with an array of holes that allows placement of 
the metallic guides in the tissues to be implanted, 
and a cover plate (Fig. 14.7) (Martinez et al. 1985b). 
The cylinders are placed in the vagina, rectum, or 
both and fastened to the template so that a fixed 
geometric relationship among the tumor volume, 
normal structures, and source placement is pre-
served throughout the course of the implantation. 
When the MUPIT interstitial template is used, no 
central intracavitary sources are inserted, except 
in some patients requiring an intrauterine tandem 
(beyond the volume treated with the interstitial 
sources).

Fig. 14.6. a Syed/Neblett prostate template (Syed et al. 1983a). b Example of different intensity sources used with Syed template 
to decrease doses to urethra, bladder, and rectum (Puthawala et al. 1985)

a b
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sists of preparing an adequate size and thickness of 
Gelfoam and fixing it to the implant site. Catheters 
with 125I seeds inserted into the Gelfoam are placed 
at 1-cm intervals. The absorbable Gelfoam mesh is 
sutured with catgut absorbable material, and both 
are absorbed over 6 weeks.

Acrylic molds have been used for the treatment 
of vaginal or uterine cervix lesions. Lichter et al. 
(1978) described the use of thermoplastic vaginal 
molds for this purpose. The locations of the chan-
nels for insertion of the sources and for the central 
tandem (if desired) are determined by the topogra-
phy of the tumor. The central tandem can be placed 
in the uterus or the vagina, through the vaginal 
mold, and locked into position.

14.6 
Remote Control Afterloading

Remote afterloading brachytherapy for interstitial 
and intracavitary applications is used for both LDR 
and HDR implants. Glasgow (1996) reviewed the 

Fig. 14.7. a Martinez Universal Perineal Interstitial Template 
(MUPIT). (Courtesy of Dr. Alvaro Martinez, William Beaumont 
Hospital, Detroit, Michigan.) b Diagrammatic representation 
in coronal and sagittal planes of same template (Martinez 
et al. 1985b)

a

b

14.5 
Molds

Molds have been used for the treatment of patients 
with skin cancer of the face or hands or other 
anatomic locations and for lesions of the lip and 
oral cavity (Patterson 1963). The mold can be 
constructed from plastic or acrylic, after initially 
obtaining the configuration of the anatomic area 
to be molded with a liquid plaster cast to form a 
negative plaster mold. Computations for the dose 
desired are carried out, and optimal placement of 
the sources is determined. Small holes are drilled 
in the mold to contain the nylon ribbons or cath-
eters with the radioactive sources or the rigid cesium 
needles. These techniques were extensively used by 
Patterson (1963) and Fletcher (1980).

Marchese et al. (1984) described a technique 
using 125I sources embedded in Gelfoam to perma-
nently implant small residual tumors or tumor mar-
gins in anatomic locations where standard implant 
techniques may not be feasible, for instance, at sites 
involving tissues adjacent to major blood vessels, the 
vertebral column, or the brain. The technique con-
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developmental aspects of remote afterloading and 
described the characteristics of several commer-
cially available systems.

LDR units use 137Cs or 192Ir, while HDR systems are 
built for either 60Co or 192Ir sources. Shielded rooms 
equivalent to 60Co are necessary for HDR procedures.

The advantages of LDR remote control afterload-
ing include:
• Radiation exposure to hospital personnel virtu-

ally eliminated
• Improved control of isodose distributions
• Low probability of misplacing or losing sources
• Less source preparation work for the source curator
• Medical and nursing staff not rushed; no fear of 

exposure while caring for the patient
• Source loading, unloading, and recording per-

formed automatically

After the unloaded applicators are placed in the 
patient, the sources are loaded under pneumatic or 
mechanical control through hollow tubes connected 
to the applicators by a remotely activated system. A 
sorting and selection device and transport train for 
the sources are available. Safety mechanisms for 
checking correct connection of the applicator and 
the position of the sources are integral components 
of the system (Williamson 1991; Williamson et al. 
1995). These units produce a hardcopy of the treat-
ment technical parameters at completion of the pro-
cedure. Equipment for remote control afterloading 
brachytherapy is available for multiple anatomic 
sites and applications.

A special problem with remote afterloading equip-
ment for gynecological use is reproduction of the 
isodose distributions obtained with standard 2-cm 
cesium tubes and the Fletcher-Suit-Delclos tandem, 
ovoids, and vaginal cylinders. A fixed source train 
decreases flexibility unless several source trains are 
in inventory. A system of active and inactive pellets 
(Nucletron Selectron) require the compilation of a 
dose-distribution atlas to duplicate the standard 
2-cm cesium tube dose distribution of the Fletcher-
Suit applicators (Grigsby et al. 1992).

Orton et al. (1991), Scalliet et al. (1993), Fu 
and Phillips (1990), and Petereit et al. (1999) 
compared HDR and LDR in gynecological brachy-
therapy, particularly regarding the conversion of 
LDR total dose into equivalent HDR dose per frac-
tion and total dose. The reported clinical experience 
with HDR is equivalent to that of classic LDR. Treat-
ment with LDR has proven to be quite tolerant to a 
lack of absolute precision, something that would be 
disastrous with HDR techniques.

14.6.1 
Pulsed Dose Rate

PDR was proposed (Brindle et al. 1989) to exploit 
the advantages of HDR computer-controlled remote 
afterloading technology. By varying the dwell times 
of the stepping source, dose optimization could be 
achieved, maintaining the potential biological bene-
fits of LDR with improved radiation protection. The 
inactive source times, when the sources are in the 
safe between pulses, should allow for better nursing 
care and visiting of the patients. A stepping source of 
1 curie carries a sphere of “HDR” of a radius 20 mm 
within its track through tissue. The pulse initially 
delivers approximately 0.6 Gy per 10-min exposure 
every hour. As the dose rate gradually decreases 
because of radioactive decay of the source, some-
what longer periods of pulsed times are required 
(Fig. 14.8) (Hall and Brenner 1992).

High ratios of PDR/LDR effect can be avoided by 
keeping dose per pulse below 1 Gy. Approximately 

Fig. 14.8. Principles of pulsed brachytherapy. A continuous 
low-dose rate of 0.6 Gy/h, for example, is replaced by a pulse 
of 0.6 Gy delivered in 10 min. As the single 192Ir source decays 
with a half-life of 74 days, the pulse length is adjusted to main-
tain the dose per pulse to precisely 0.6 Gy. Thus, the average 
dose rate is maintained, and the overall treatment time for a 
given total dose remains fi xed (Hall and Brenner 1992)
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75% of the total dose is delivered at HDR in a PDR 
implant of moderate volume, reducing to 40% as a 
source decays from 1 curie to 0.3 curies. Even so, 
restricting the dose per pulse to 0.5 Gy or 0.6 Gy 
should avoid ratios of increased effect larger than 
approximately 10%. It appears that PDR delivered 
by stepping source might behave more like HDR 
than LDR, particularly for tissues with a substantial 
component of repair of very short half-life (t1/2)

Linear quadratic formalism, in which the late 
normal tissue damage and tumor control were 
assumed by Brenner et al. (1997) to be deter-
mined primarily by the level of cellular survival, 
was used. PDR schedules were designed in which 
pulses are delivered during “extended office 
hours” (0800 hours to 2000 hours) with no irra-
diation overnight. Generally, the proposed PDR 
regimes last the same number of treatment days 
as the corresponding LDR regimen, but the PDR 
treatment lasts longer on the final day. The proto-
cols could allow the patient to go home overnight 
or to stay overnight in an adjacent medical inn or 
hospital-associated hotel, rather than in a hospital 
bed, which has major economic benefits. In such 
an economic situation, an extra treatment day for 
the daytime PDR could well be considered, which 
would virtually guarantee an improved clinical 
advantage relative to LDR.

Using the linear-quadratic formula, Brenner 
and Hall (1991) determined the pulse lengths and 
frequencies based on radiobiological data that were 
equivalent to conventional continuous LDR irradia-
tion. They noted that for a regimen of 30 Gy in 60 h, a 
1-h period between 10-min pulses might produce up 
to a 2% increase in late effects probability.

Visser et al. (1996) described a radiobiologi-
cal model and equations to determine the HDR or 
PDR schedules equivalent to certain LDR schedules, 
similar to that proposed by Brenner and Hall 
(1991), by applying probable ranges for the values 
for ∂/ß ratio and repair time. They concluded that 
eight fractions of 1–1.5 Gy per 24 h, up to 3 h apart, 
would be equivalent to commonly used LDR treat-
ment schedules.

Erickson and Shadley (1996), using in vitro 
irradiation experiments on rodent tumor cell lines, 
showed that there was a slight increase in cell killing 
with PDR relative to continuous LDR irradiation of 
hourly 5-, 10-, or 20-min pulses, or a 20-min pulse 
every 2 h. In no case were the increases statistically 
significant, and they did appear to be clinically 
indistinguishable as determined by the Brenner 
and Hall criteria.

Narayana and Orton (1999) developed a gener-
alized extrapolated response dose (ERD) equation 
based on the linear quadratic model to account for 
the variation in the dose rate to maximize the thera-
peutic advantage (TA). They noted that with a care-
ful choice of pulse length and frequency and using 
the ERD bioeffect dose model, TA values greater 
than 1 might be possible, depending upon the repair 
rate constants assumed for the tissues involved. 
Furthermore, for PDR treatments, the dose rate 
at a point of interest during each pulse is not uni-
form, since the treatment involves a single stepping 
source. Narayana and Orton (1999) calculations 
indicated that PDR performed with 40 pulses in 
120 h with an irradiation time of 30 min per pulse 
with a delay time of 2.5 h is the best replacement for 
a LDR treatment that delivers 60 Gy in 120 h.

Fowler and van Limbergen (1997) explored the 
possible increase of radiation effect in tissues irradi-
ated by pulsed brachytherapy for local tissue dose 
rates between those “averaged over the whole pulse” 
and the instantaneous high dose rates close to the 
dwell position. Increased effect is more likely for 
tissues with short half-times of repair, of the order 
of a few minutes, similar to pulse durations. Cal-
culations were done assuming the linear quadratic 
formula for radiation damage, in which only the 
dose-squared term is subject to exponential repair. 
A constant overall time of 140 h and a constant 
total dose of 70 Gy were assumed throughout, the 
continuous LDR of 0.5 Gy/h providing the unitary 
standard effects for each PDR condition. Effects of 
dose rates ranging from 4 Gy/h to 120 Gy/h (HDR 
at 1 Gy/min) were studied, covering the gap in an 
earlier publication. Four schedules were examined: 
doses per pulse of 0.5, 1, 1.5, and 2 Gy given at rep-
etition frequencies of 1, 2, 3, and 4 h, respectively, 
each with a range of assumed half-times of repair 
of 4 min to 1.5 h. Ratios as high as 1.5 can be found 
for large doses per pulse (2 Gy) if the half-time of 
repair in tissues is as short as a few minutes. The 
major influences on biological effect are doses per 
pulse, half-time of repair in tissues, and – when t1/2 
is short – the instantaneous dose rate. Maximum 
ratios of PDR/LDR occur when the dose rate is such 
that pulse duration is approximately equal to t1/2 As 
dose rate in the pulse is increased, a plateau of effect 
is reached for most t1/2s, above 10–20 Gy/h, which is 
radiobiologically equivalent to the highest HDR.

In an editorial, Hall and Brenner (1996) noted 
that although the linear-quadratic model has been 
widely used and accepted, it has not been tested in 
extreme cases and that the biological data needed 
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for the model calculations are not very well known. 
They also pointed out that Visser et al. (1996) 
showed that the more different the proposed regi-
men is from continuous LDR the longer the overall 
treatment time needs to be extended to preserve the 
therapeutic ratio.

While PDR has prospered in Europe and Asia, 
unfortunately in the United States, it has floundered 
because the Nuclear Regulatory Commission (NRC) 
requires that a physicist and/or radiation oncolo-
gist (or other suitably qualified person) be present 
throughout the treatment, which is almost impos-
sible to accomplish in a long treatment schedule in a 
hospital setting. Williamson et al. (1995) described 
the procedures and quality assurance regulations for 
PDR brachytherapy. The NRC has recently revised 
its position on the use of PDR units, requiring only 
that an authorized medical physicist and a trained 
physician be available on-call during PDR treat-
ments. It is possible that the use of PDR techniques 
will become more widespread.

Swift et al. (1997) at University of California, San 
Francisco, CA, described results in 65 patients who 
underwent 77 PDR brachytherapy procedures as 
part of their treatment for pelvic malignancies. PDR 
brachytherapy showed no significant increased tox-
icity above that seen with the standard continuous 
low dose rate approach. Further trials will need to 
be carried out to determine if larger doses per pulse 
and shorter total treatment times have comparable 
therapeutic ratios.

De Pree et al. (1999) reported on 43 patients 
treated with PDR interstitial brachytherapy (24 with 
pelvic, 18 with head and neck, and 2 with breast 
cancer). Of 14,499 source and 14,399 dummy source 
transfer procedures, 3 technical machine failure 
events were observed (0.02%). Grade 3–4 late com-
plications were observed in 4 of 41 (9.8%) patients.

Peiffert et al. (2001) prospectively evaluated 
PDR brachytherapy in 30 patients and concluded 
that PDR is feasible in patients with head and neck 
tumors but necessitates improvement of the quality 
of the plastic tubes.

14.6.2 
Financial Considerations

Jones et al. (1994) compared the costs of HDR and 
LDR treatment (capital, maintenance, source, and 
operating costs) for Nucletron intracavitary equip-
ment under alternative assumptions (three HDR frac-

tions compared with one LDR fraction). The LDR-3 
(Nucletron) was the most cost effective, practical 
machine for up to 40 patients per year; however, HDR 
would be recommended for more than 40 patients a 
year for practical reasons. Similarly, for 5 HDR com-
pared with two LDR fractionations, LDR-3 was rec-
ommended for up to 20 patients per year and HDR for 
a greater number of patients. Recommendation was 
based on no cost sharing with other sites.

Bastin et al. (1993) compared HDR treatment 
cost with LDR intracavitary brachytherapy for gyne-
cological malignancy. General anesthesia was used 
in 95% of applications with tandem and ovoid and 
in 31% for ovoid-only placement. Differences among 
private and academic practice respondents were 
minimal. At their institution, a 244% higher overall 
charge for LDR treatment was noted, primarily due 
to hospitalization and operating room expenses. In 
addition to its ability to save thousands of dollars 
per patient, HDR therapy generated a “cost-shift,” 
increasing radiation therapy departmental billings 
by 438%. Capital investment, maintenance require-
ments, and depreciation costs for HDR brachyther-
apy are lower, since it is an outpatient procedure.

Grigsby and Baker (1995) reviewed the socioeco-
nomic aspects of remote afterloading for both LDR 
and HDR, including required resources, reimburse-
ment, cost-effectiveness, and a pro-forma analysis of 
a new facility and conversion of an existing facility.

14.7 
Implantation Techniques

14.7.1 
Anesthesia

Small implants can be done under local anesthe-
sia (with or without monitored sedation); general 
anesthesia is sometimes preferable for good visu-
alization and palpation of the tumor and for the 
patient’s comfort.

General anesthetic is administered by nasotra-
cheal intubation for implants of the oral cavity and 
lips. An elective tracheostomy is usually performed 
in patients with extensive oral cavity lesions requir-
ing large implants and for all tumors of the glos-
sopalatine sulcus, base of the tongue, or vallecula, 
because the associated edema may cause serious 
breathing difficulties (Delclos 1984).

Breast implants are done with local or general 
anesthesia.
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For brachytherapy procedures in the pelvis, gen-
eral or spinal anesthesia is administered. Occasion-
ally a pudendal nerve block may be used.

Wallner (2002) used local anesthesia for pros-
tate brachytherapy without anesthesia personnel in 
attendance in 600 patients. The patient was brought 
into the simulator suite in the radiation oncology 
department, IV lines were started, a cardiac monitor 
was attached, and a urinary catheter was inserted. 
The patient was then placed in the lithotomy posi-
tion, using stirrups. A 6- to 8-cm patch of perineal 
skin and subcutaneous tissue was anesthetized by 
local insertion of 1% lidocaine. The transrectal 
ultrasound (TRUS) probe was inserted and posi-
tioned to reproduce the planning images. A 3.0-inch 
22-gauge spinal needle was used to inject the lido-
caine up to the prostatic apex, in a pattern around 
the periphery of the prostate. Once the pelvic floor 
and prostatic apex were anesthetized, a 7.0-inch 
22-gauge spinal needle was inserted through an 18-
gauge 3-inch spinal needle in the peripheral planned 
needle tracts, monitored by TRUS. As the needles 
were advanced to the prostatic base, approximately 
1.0 cc of lidocaine solution was injected in the intra-
prostatic track. A total of 200–500 mg of lidocaine 
was used. Patients tolerated brachytherapy under 
local anesthesia surprisingly well.

14.7.2 
Preoperative and Postoperative Orders

The radiation oncologist must assess the condition 
of the patient before the brachytherapy procedure 
is performed and log in the chart detailed instruc-
tions for nursing personnel, including tests results 
to be obtained, medications to be administered, 
preparation procedures for the operating room, and 
radiation safety measures. After the procedure is 
completed, a description of it should be recorded 
in the chart, including a diagram illustrating the 
exact location and pattern of placement as well as 
characteristics of the sources (length, strength, etc.). 
Clear postoperative orders are necessary, including 
time of removal of radioactive sources, appropriate 
medications, and special precautions.

14.7.3 
Radiation Safety in the Operating Room

If high-energy radioactive sources such as 192Ir or 137Cs 
are prepared in the operating room (rarely done in 

the United States today), a workbench with shielding 
should be placed in one corner of the room so no one 
except the brachytherapy technician preparing them 
is exposed to radiation. The workbench is designed 
with a frontal working area with an L-shaped lead 
screen to protect the trunk, lower extremities, and 
medial aspect of the arms. In addition, a leaded-glass 
screen reduces exposure to the eyes.

Behind the barrier, there should be a lead well to 
store the remaining radioactive material while the 
individual needles, wire, grains, or seeds are being 
prepared for insertion into the patient. The bench is 
covered with sterile drapes.

Sterilization of the radioactive sources is done by 
soaking the cesium needles in a germicidal solution 
such as Cydex. Gold-grain magazines and iridium 
wires are sterilized by gas.

When using radioactive sources, the operating 
physician, assistants, and anesthesiologist should 
work behind individual lead barriers. Exposure 
to the eyes and hands can be reduced only by dis-
tance and by dexterity gained through experience. 
All radioactive sources should be handled with long 
instruments. Because most procedures are per-
formed with afterloading techniques, exposure to 
the fingers during manipulation is minimal. After 
insertion of the sources and removal of the patient, 
the remaining sources should be carefully inven-
toried and the operating room surveyed using a 
Geiger–Müller detector.

The details of protective procedures used during 
the preparation and transportation of radioactive 
materials and the regulations governing them have 
been described. Compliance with NRC procedures 
and regulations is mandatory in the United States.

14.7.4 
Removal of Implants

Interstitial needle sources can generally be removed 
in the patient’s room. For patients with standard nee-
dles directly implanted in the posterior tongue and 
for less-than-cooperative patients, it is preferable, and 
sometimes essential, to remove the implant in the 
operating room, at times with the patient under gen-
eral anesthesia; thus, adequate lighting, suction, and 
assistants are available. Bleeding at the time of needle 
removal is infrequent, but when it occurs, it may cause 
the patient or the assisting staff to panic. Firm and 
steady pressure with a finger on a compress over the 
bleeding point for several minutes usually is adequate 
treatment; occasionally, suturing of the blood vessel 
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area with absorbable catgut may be necessary. It is not 
uncommon for the needle thread to be accidentally cut 
instead of the suture, and finding the needle requires 
an optimal surgical environment, because the task is 
complex and time-consuming. Radiographic localiza-
tion of the needle may be required before the needle 
base can be surgically exposed.

The afterloading nylon tubing is more easily 
removed. For the sake of radiation protection, it is 
advisable, initially, to uncrimp the metallic buttons 
and carefully remove the radioactive sources, which 
are accounted for and immediately placed in a por-
table safe or shielded cart. After this is done, each 
individual tube is removed by freeing one end. For 
oral cavity or oropharynx implants, we prefer to cut 
the two ends of the tubing at the skin and pull them 
out through the oral cavity. A previously tied silk 
thread inside the cavity on the nylon tube loop is 
very helpful in this maneuver.

After all needles or tubes are removed, the 
implanted site may be gently palpated to verify 
that all implant materials have been removed. The 
patient and, after the radioactive sources are taken 
out of the room, the room should be surveyed with a 
Geiger–Müller counter or other radiation detector to 
make sure that there is no residual radioactivity.

Appropriate notes in the patient’s chart, isotope 
form, and radiation survey form should be com-
pleted to record all procedures performed.

14.7.5 
Feeding the Patient with a Head and Neck 
Implant

Although some patients undergoing head and neck 
implants can be allowed to sip a liquid formula 
through a straw, most are fed through a nasogas-
tric tube. This is a strict necessity when the lips 
have been sutured together for implants involving 
the buccal commissure.

14.8 
Low Dose Rate Brachytherapy Techniques 
for Specific Sites

14.8.1 
Interstitial Brain Implants

Brachytherapy may allow delivery of interstitial 
radiation “boosts” to primary brain tumors after 

conventional external radiation therapy or may 
be used to treat recurrent brain tumors. At some 
institutions, permanent implants have been used; 
however, removable implants are more popular. In 
our opinion, the advantages of removable implants 
include: (1) greater control of the irradiation dose, 
since the source placement can be rearranged to 
improve dose distribution, and the time is con-
trolled by the operator; (2) decreased possibility of 
migration of the radioactive sources by necrosis or 
fibrosis; (3) easy removal of the sources if emer-
gency decompressive surgery is required; (4) less 
exposure to the patient’s family and others coming 
in close proximity after hospital discharge; and (5) 
provision of dose rates greater than 0.3 Gy per h, 
which are necessary to treat fast-growing malignant 
brain tumors as suggested by some data (Gutin et 
al. 1981).

Several techniques have been used for interstitial 
irradiation of the brain, some using multiple planar 
implants and 192Ir wires or seeds and others with 
higher-intensity 125I sources.

Sneed et al. (1997) noted that LDR brachytherapy 
(60–100 Gy given at 0.05–0.10 Gy/h) has been used 
for low-grade gliomas, resulting in 5- and 10-year 
survival of 85% and 83% for pilocytic astrocytomas 
and 61% and 51% for grade-II astrocytomas. Only 
2.6% of patients had symptomatic radiation necrosis. 
For faster-growing high-grade gliomas, temporary 
implants delivering about 60 Gy at 0.40–0.60 Gy/h 
are generally used. Reported median survival times 
after brachytherapy are 12–13 months for recurrent 
malignant gliomas and 18–19 months for primary 
glioblastomas treated with external beam radiation 
therapy and brachytherapy boost. It is well known 
that higher irradiation doses may significantly 
increase risk of brain necrosis; over 50% of patients 
who undergo brachytherapy for malignant gliomas 
require reoperation for tumor progression and/or 
radiation necrosis. Strategies are under development 
to improve local tumor control without increasing 
radiation toxicity (Sneed et al. 1997).

Leibel et al. (1989) updated basic concepts on 
these techniques. They selected supratentorial, well-
circumscribed lesions up to 6 cm in diameter for 
implants. They originally used the Leksell stereo-
taxic system but later changed to the Brown–Rob-
erts–Wells frame. The procedure was performed 
with local anesthesia in adults and general anesthe-
sia in children. The outer catheters were implanted 
in the tumor with stereotactic and CT-scan guid-
ance through a small skin incision and burr holes 
or transcutaneous twist drill perforations. Implants 
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were performed with 192Ir- or 125I-encapsulated 
sources encased in afterloading silicone catheters. 
Doses of 50–200 Gy were delivered with perma-
nently implanted sources.

Prados et al. (1992) reported results in 56 patients 
with glioblastoma multiforme and 32 patients with 
anaplastic glioma treated with temporary 125I inter-
stitial implants and external irradiation (median, 
59.4 Gy); most received concomitant hydroxy-
urea. Of the patients, 8 (14%) survived 3 years or 
longer, and 16 (29%) survived 2 years or longer. A 
second operation was necessary in 50% of patients 
to remove symptomatic necrosis produced by the 
implant. Prolonged steroid administration was used 
in many patients.

Larson et al. (2004) updated reports on tumor 
resection and permanent, low-activity 124I brachy-
therapy in 38 patients with progressive or recurrent 
glioblastoma multiforme and compared results with 
those of similar patients treated previously with 
temporary brachytherapy without tumor resec-
tion. Selection criteria were Karnofsky performance 
score greater than or equal to 60, unifocal, con-
trast-enhancing, well-circumscribed progressive or 
recurrent glioblastoma multiforme that was judged 
to be completely resectable, and no evidence of lep-
tomeningeal or subependymal spread. The median 
brachytherapy dose 5 mm exterior to the resection 
cavity was 300 Gy (range, 150–500 Gy). Median sur-
vival was 52 weeks from the date of brachytherapy. 
Age, Karnofsky performance score, and preimplant 
tumor volume were all statistically significant on 
univariate analyses. Multivariate analysis for sur-
vival showed only age to be significant. Both univar-
iate and multivariate analysis of freedom from pro-
gression showed only preoperative tumor volume to 
be significant. Comparison to temporary brachy-
therapy patients showed no apparent difference in 
survival time. Chronic steroid requirements were 
low in patients with minimal postoperative residual 
tumor.

Saw et al. (1989) evaluated the difference in dose 
distribution with various interstitial implant ste-
reotactic techniques used at four institutions on 
an idealized tumor phantom 5 cm in diameter and 
5 cm in length. Either 4 or 6 sources of 125I or 9 or 
24 192Ir catheters were used with different numbers 
of sources (Table 14.1) (Saw and Suntharalingam 
1988). Quantitative evaluation of dose homoge-
neity using three volumetric irradiation indexes 
indicated that the dose homogeneity improved as 
the number of catheters and number of sources 
increased (Fig. 14.9). Dose volume histograms (area 

under the histogram is target volume) demonstrated 
inhomogeneous irradiation. Institution A tech-
nique (4 catheters and 20 125I seeds) showed a highly 
inhomogeneous dose distribution compared with 
more homogeneous irradiation obtained with the 
technique from institution D (24 catheters and 140 
192Ir seeds). The dose homogeneity of the implants 
from institutions B and C were between the others. 
The dose gradient outside the target volume was 
believed to be more dependent on the geometry of 
the implant than on the type of radionuclide. At dis-
tances beyond the first centimeter, the dose rate falls 
off at a lower rate for implants using 192Ir sources 
than with 125I.

Viola et al. (2004) described a method for veri-
fication of the position of implanted catheters with 
125I seeds after brachytherapy of brain tumors with 
fusion of the CT images used at planning and after 
the implantation of the catheters. The tumor volume 
covered by the prescribed dose and the normal 
tissue volume covered by the prescribed dose were 
compared between the plan and the actual result. 
The image fusion was performed by the Brain-
Lab-Target 1.19 software on an Alfa 430 (Digital) 
workstation. The position of 16 of the 116 catheters 
(13.8%) required adjustment after the fusion of con-
trol images in the 70 cases studied.

14.8.2 
Implants with Multiple Iridium-192 Sources

The technique described here was developed at 
Washington University using radioactive sources 
placed in Teflon catheters inserted into the brain 
under direct CT monitoring.

A radiolucent ring frame immobilizes the 
patient’s head on the CT table top (Fig. 14.10a). 
Multiple burr holes are made in the brain at 1-cm 
intervals (patient under local anesthesia). The loca-
tions of the burr holes are determined by a template, 

Table 14.1. Characteristics of brain implants from four insti-
tutions

Institution A B C D

Source type 125I 125I 192Ir 192Ir
No. of catheters used 4 6 9 24
No. of seeds used 20 42 36 140/28*
Seed spacing (cm) 0.95 1.0 1.5 1.0
Activity (mCi/seed) 30 12 2 0.79/0.54*

*The implant consisted of 140 and 28 seeds with seed activity 
of 0.79 mCi and 0.54 mCi, respectively (Saw et al. 1989)
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a b

c d

Fig. 14.9. a Dose distributions of brain implant at Institution A in two orthogonal planes. (a) the transverse plane and (b) the 
longitudinal plane, both bisecting the implant. Isodose rates in 0.1 Gy/h are labeled. b Dose distributions of the implant at 
Institution B in two orthogonal planes: (a) the transverse plane, taken 0.5 cm above the central plane, and (b) the longitudinal 
plane. Isodose rates in 0.1 Gy/h are labeled. c Dose distribution of the implant at Institution C in two orthogonal planes: (a) the 
transverse plane, bisecting the implant, and (b) the longitudinal plane. Isodose rates in 0.1 Gy/h are labeled. d Dose distribu-
tions of the implant at Institution D in two orthogonal planes: transverse plane and the longitudinal plane, both bisecting the 
implant. Isodose rates in 0.1 Gy/h are labeled (Saw et al. 1989)

which is attached to a stereotactic frame and to the 
patient’s head. The template used is a thick acrylic 
block containing a 7×7-cm array of 49 holes spaced 
at 1-cm intervals. The holes along the diagonal axis 
of the template have slightly larger diameters to pro-
vide a method of orientation for each CT slice. The 
tumor is outlined on the CT screen with the aid of 
intravenously administered contrast material. The 
template is placed against the scalp at the site allow-
ing best access to the tumor, usually a lateral surface. 
Intravenous contrast is administered and scanning 
performed with the scan plane parallel to the rows 
of the template. The target volume for the implant is 
the contrast-enhancing ring seen on CT scans, with 
a 1.0-cm margin. The number of catheters required 
to encompass the target at each level is determined 
at the CT console and 5/64-inch drill holes are made 
through the scalp, skull, and dura according to the 
matrix determined at the CT scan console. Next, 17-
gauge catheters, 15 cm long, and calibrated at 1-cm 
intervals are then placed through the template into 
the brain to the desired depths with CT monitoring. 
Following the grid pattern, under CT observation, 
the Teflon Angiocath catheters with a metallic stylet 
are inserted through the burr holes into the brain 

substance to ensure straight and parallel insertion 
(Fig. 14.10b).

After the tumor volume is implanted, the length 
of the radioactive sources is determined, and films, 
with the distribution of the catheters, are obtained 
for dosimetry calculations. Dummy seeds and rib-
bons are loaded in each of the catheters. Once the 
catheters are secured, the patient is transferred to 
the intensive care unit, where the dummy sources 
are replaced by ribbons of active 192Ir seeds with a 
specific activity of about 0.6 mCi per seed. Metal 
buttons are attached to the catheters to fasten them 
to the scalp (Fig. 14.10c). Careful records are main-
tained of the position and length of all the cathe-
ters.

Computer-generated isodose calculations are 
used to determine the dose and distribution in the 
implant volume (Fig. 14.10d). The dose rate ranges 
from 0.5Gy/h to 0.8 Gy/h at 0.5 cm to 1 cm. In gen-
eral, the implant duration is 70–100 hours, to deliver 
60–70 Gy total dose to the entire tumor. Verifica-
tion dosimetry with thermoluminescent dosim-
eters placed in catheters disclosed an agreement 
of ±5–10% between the computer calculations and 
the actual doses at any point within the irradiated 
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volume (Abrath et al. 1986). This method has been 
used in over 70 patients at Washington University, 
most of them with glioblastoma multiforme, some-
times recurrent after external irradiation, and in 
a few patients with solitary brain metastasis. Fatal 
intracranial bleeding has been rare (<5%), and 
edema is not severe enough to represent a signifi-
cant management problem. Brain necrosis has been 
observed in approximately 25% of patients.

14.8.3 
Eye

14.8.3.1 
Episcleral Plaque

Episcleral plaque therapy is a cost-effective approach 
to treat localized intraocular malignancies such 
as retinoblastoma and choroidal melanoma. The 
technique consists of fabricating a small, spheri-

cally curved plaque containing radioactive sources, 
immobilizing the patient’s eye, and suturing the 
plaque onto the sclera opposite the tumor, where it 
remains for 3–10 days. Because of the close proxim-
ity of the radioactive sources to the tumor, a highly 
localized and intense dose of irradiation is delivered 
to the tumor, which spares more normal tissue than 
is possible by conventional external-beam tech-
niques and is competitive with the precision of heavy 
particle therapy. An interinstitutional randomized 
clinical trial through the Collaborative Ocular Mela-
noma Study (COMS) compares eye plaque therapy to 
enucleation with survival and preservation of vision 
as endpoints.

Historically, plaque therapy was delivered using 
the 60Co plaque system originally developed by 
Stallard (1961) for treatment of retinoblastoma. 
These plaques were available in a limited range of 
sizes (8–12 mm diameter), with both circular and 
semicircular notched configuration, for treatment 
of posterior lesions abutting the optic nerve.

Fig. 14.10. a Patient on computed tomography (CT) scanner in position for 192Ir brain implant. Stereotactic ring and plastic 
template to direct placement of catheters are shown. b Insertion of afterloading plastic catheter with metallic guide into the 
brain through small burr holes in the skull. A plastic template is used to determine exact positioning of catheters. c Patient 
after implant is fi nished, demonstrating metallic buttons sewn to scalp to secure catheters in place. d CT scan of skull with 192Ir 
sources in place and isodose curve

a b

c d
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Packer et al. (1984) used 125I seeds as a substitute 
for 60Co plaques in the treatment of ocular mela-
noma. In the COMS clinical trial, 125I seeds are being 
used in conjunction with standardized gold-alloy 
plaques ranging from 12 mm to 20 mm in diam-
eter (Chiu-Tsao 1995). Each plaque is accompanied 
by a Silastic insert with precut channels for repro-
ducibly positioning the seeds in concentric circles 
(Fig. 14.11) (Hilaris et al. 1988b). After the seeds 
are positioned in the insert, it is securely glued to the 
plaque so that the seeds are “sandwiched” between a 
1-mm-thick layer of plastic and the gold backing of 
the plaque. A COMS plaque can be assembled within 
30 min, almost entirely eliminates the possibility of 
seed loss during treatment, fixes the seeds in a rigid 
geometry, and retains a high degree of individual-
ization. Notched or noncircular plaques can be fab-
ricated using dental casting techniques.

Luxton et al. (1988) and Chiu-Tsao et al. (1988) 
demonstrated that 125I plaques give dose distribu-
tions very similar to those of 60Co plaques. 125I plaque 
therapy delivers retinal surface doses of 270–400 Gy 
for a prescribed dose of 100 Gy to the tumor apex 
(Fig. 14.12) (Luxton et al. 1988). 125I plaques offer 
several dosimetric advantages over 60Co plaques. 
The 0.5-mm-thick gold plaque almost completely 
attenuates 125I primary X-rays, providing a high 
degree of protection (95%) to tissue posterior to the 
eye. The 2.5- to 3.3-mm-high lip of the COMS plaque 
produces limited collimation of the 125I X-rays, which 
reduces the area of the retina treated to a high dose. 
Moreover, a thin lead foil (0.2-mm thick) placed over 
the patient’s eye affords substantial radiation pro-
tection, making it possible to treat with plaques on 
an outpatient basis. Intraoperative ultrasound local-
ization has been used to help improve the position-

ing accuracy of eye plaques, potentially minimizing 
treatment failures (Tabandeh et al. 2000; Harbour 
et al. 1996; Finger et al. 1998).

When using 125I plaques, physicists and clinicians 
should be aware that Williamson (1988), Weaver 
et al. (1989), and Nath et al. (1990) showed that 
conventional 125I data overestimate the dose rate in 
water at 1 cm from a model 6711 seed by 13–20%. 
The American Association of Physicists in 
Medicine (1995) has incorporated these differences 
into a new interstitial brachytherapy dosimetry pro-
tocol applicable to all tumor sites. Weaver (1986) 
demonstrated that the gold backing of the plaque, 
which significantly reduces the volume of tissue 
contributing scatter dose to tissue anterior to the 
plaque, may reduce doses to points on the plaque 
axis by an additional 5–8%. Chiu-Tsao et al. (1986) 
have shown that the 1-mm-thick Silastic insert, 
which has an effective atomic number (11.2) higher 
than that of tissue, may reduce doses on the central 
axis of the plaque by 10%. Because currently used 
dosimetry algorithms and data take none of these 
effects into account, minimum tumor doses deliv-
ered by COMS plaques are probably no greater than 
75% of the normally prescribed values (Chiu-Tsao 
1995).

Prior to plaque fabrication, all relevant imag-
ing studies should be examined to define the basal 
dimensions and location of the tumor. A-mode 
ultrasound studies are used to define the maximum 
height of the tumor. Fluorescein angiograms are 
often helpful in determining the posterior bound-
ary of the tumor. The fundus view diagram, used by 
the ophthalmologist to record clinical impressions, 
represents a polar plot of the surface anatomy of the 
retina with its origin at the macula. When the ante-

Fig. 14.11. Drawings and photograph 
of the gold-alloy plaques used in the 
Collaborative Ocular Melanoma Study. 
A Silastic plastic insert, containing 
seed receptacles on its outer surface, is 
glued inside the plaque, which positions 
the 125I seeds against the gold backing 
and maintains a treatment distance of 
1.4 mm from seed to center to outer sur-
face of the sclera (Hilaris et al. 1988b)
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rior margin of the tumor is anterior to the equator, 
every attempt should be made to localize this margin 
relative to the ora serrata using transillumination. 
After the basal diameters, height, and location of 
the tumor are defined, a plaque is fabricated such 
that its diameter is 4–8 mm larger than the assumed 
diameter of the tumor. A dummy plaque of identical 
size is used to define the plaque position in the oper-
ating room using transillumination as the definitive 
guide to tumor localization and size. A small caliper 
should be available for measuring the orthogonal 
dimensions and location of the tumor relative to the 
ora serrata. These data should be used as the basis 
for the final treatment plan. Both fundus view iso-
dose curves, which give the dose distribution on the 
retinal surface, and conventional transverse views 
are useful.

Damato and Lecuona (2004) reported on con-
servation of eyes in 1632 patients with choroidal 
melanoma treated with a multimodality approach of 
primary enucleation (35%), brachytherapy (31.3%), 
proton beam radiotherapy (16.7%), transscleral 
local resection (11%), endoresection (3.7%), trans-
pupillary thermotherapy (2.5%), and photocoagu-
lation (0.1%). Logistic regression showed the main 
predictive factors for primary enucleation to be: age 
more than 60 years [odds ratio (OR), 2.4], reduced 
visual acuity (OR, 2.5), posterior extension close to 
or involving the optic disc and fovea (OR, 3.5), cir-
cumferential spread around the ciliary body, iris, or 
angle (OR, 3.1), basal tumor diameter (OR 3.5), or 
tumor height (OR, 6.3).

The COMS group (2004) reported on 994 patients 
of 1003 enrolled in the COMS trial of preenucleation 
radiation and 1296 patients of 1317 enrolled in the 
COMS trial of 125I brachytherapy. At 5 years after 
enrollment, 1307 of 2290 fellow eyes were examined; 
358 eyes were examined 10 years after enrollment. 
Mean changes in visual acuity of fellow eyes from 
baseline to each examination was one letter (0.2 
lines) or less. Cumulative 5-year incidence rates of 
cataract surgery and visually significant cataract 
in initially phakic eyes with good visual acuity and 
no lenticular opacity were 8% in both trials; 10-year 
rates were 18% in the trial of pre-enucleation and 
15% in the trial of 125I brachytherapy.

Puusaari et al. (2004) calculated radiation 
doses to intraocular tissues in 125I brachytherapy 
for uveal melanoma in 96 patients, using a plaque 
simulator and a collimating plaque design, replac-
ing the actual plaque with the modified one in each 
model. Median doses to tumor apex and base were 
81 (range, 40–158 Gy) and 384 (range, 188–1143) Gy, 

respectively, and median dose rates at these points 
were 53 cGy/h and 289 cGy/h, respectively. Median 
doses to the lens, macula, and optic disc were 69, 79, 
and 83 Gy, respectively. Dose to the lens was associ-
ated with cataract [hazard ratio (HR) 1.15 for each 
10-Gy increase, P=0.002], and dose to the optic disc 
with optic neuropathy (HR 1.08, P=0.001). Dose to 
the macula predicted a low vision (HR 1.06, P=0.025) 
and blindness (HR 1.10, P=0.001).

14.8.3.2 
Pterygium

After surgical resection of the pterygium, because 
of the high recurrence rate (20–69%), it was, for 
many years, common practice to administer radia-
tion therapy (Cooper 1978; van den Brenk 1968; 
Zolli 1979). In most institutions, a 90Sr β-ray appli-
cator is used for treatment of these patients. The 
overall diameter of the applicator is 12.7 mm; the 
center is a circular radioactive disk 5 mm in diam-
eter, containing the isotope. The dose rate is gen-
erally approximately 5 Gy/min. In some models, a 
Lucite disk on the shaft of the applicator shields 
the operator’s hands (Fig. 14.13a) (Pierquin et al. 
1987b). A stainless-steel cover is available for some 
designs of the eye applicator and must be removed 
before the applicator is to be used for treatment. 

Fig. 14.12. Isodose curves in the transverse plane of the eye for 
a 12-mm diameter plaque. The solid lines indicate isodoses 
arising from the CKA-4 60Co plaque; whereas, the dashed 
lines on the right and left denote isodose curves arising from 
192Ir and 125I seeds, respectively. All isodoses are normalized 
to 100% on the central axis 5 mm from the plaque surface 
(Luxton et al. 1988)
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Failure to remove this cover will result in severely 
diminished radiation dose to the pterygium. A set of 
steel collimators may also be available to shape the 
radiation field to conform to the irregular shape of 
the lesion. In the United States, the NRC has required 
that a Sr-90 eye applicator must be calibrated at an 
accredited calibration laboratory prior to its clinical 
use and that an authorized medical physicist must 
perform all decay calculations. Irradiation is begun 
within 24 h after resection, since failure increases 
with greater time delays (van den Brenk 1968).

The patient is placed in a comfortable supine 
position, with the head slightly tilted for optimal 
positioning of the medial portion of the eye. A 
lid retractor is inserted to hold the eye open. The 
cornea and conjunctiva are anesthetized with a few 
drops of 0.5–1% lidocaine. After 30 s to 1 min, to 
allow for the anesthetic to take effect, the applica-
tor is carefully applied on the surface of the resected 
sclera (Fig. 14.13b). Doses of approximately 10 Gy 
are delivered. The application is repeated in three 
consecutive weekly fractions for a total of 30 Gy. If 
a larger area of resection is to be irradiated, it may 
require application to two contiguous areas, each 
receiving the same dose. The lens, which is located 
at the depth of 3.5–5 mm from the surface, receives 
less than 5% of the dose (Greenberg 1987).

Monteiro-Grillo et al. (2000) reported on 94 
patients (100 eyes) treated with 90Sr beta radiation; 
37 eyes for primary and 63 for recurrent pterygium. 
Radiation doses were 30 Gy per 3 fractions for 5 days 
in 17 patients, 60 Gy per 6 fractions for 6 weeks in 
80, and 20 Gy per 1 fraction in 3 patients. Of the 100 
eyes treated, 14% developed a recurrence of the pte-
rygium. The 5-year local control rates were 94% for 

patients with primary and 76.9% for patients with 
recurrence. No late sequelae have been observed.

Conill et al. (2004) evaluated interstitial 192Ir 
brachytherapy in 24 carcinomas involving the eyelid 
tarsal structure in 23 patients (in the lower eyelid 
in 22 cases and in the upper eyelid in 2). The mean 
tumor size was 1.3 cm. Of the 24 tumors, 79.2% were 
basal cell carcinoma, 16.7% were squamous cell car-
cinoma, and 4.2% were adenocarcinoma. The total 
radiation dose was 40 Gy delivered to 20-mm depth 
(mean dose rate, 73 cGy/h). With a follow-up of 
43 months, local control was obtained in 22 (91.6%) 
tumors. Good functional results were achieved in all 
patients.

14.8.4 
Head and Neck

Brachytherapy may provide a useful method for the 
primary treatment or retreatment of patients with 
recurrent, persistent, or second primary head and 
neck malignant tumors in a previously irradiated 
region. Fontanesi et al. (1989) recommend a dose 
rate of 0.42 Gy/h or less to deliver total doses of 
50–60 Gy to these lesions.

14.8.4.1 
Maxillary Sinus

Rosenblatt et al. (1996a) described the use of a 
surgical obturator made of vinyl polysiloxane as a 
carrier for afterloading 192Ir seed ribbons to treat 
patients with maxillary antrum tumors after partial 

Fig. 14.13a,b. Patient undergoing 90Sr application with eyelids retracted. Applicator has plastic shielding to protect operator’s 
hands (Pierquin et al. 1987b)

a b
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or total maxillectomy. An impression was made of 
the maxillary cavity 2 weeks after the surgical pro-
cedure, and the obturator mold was built. Multiple 
nylon catheters were inserted, depending on the 
geometry and dosimetry of the implant. The inner 
aspect of the impression was coated with a sheet of 
VLC denture material, the obturator was placed in 
an oven for 5 min, and the device was trimmed and 
polished. After the obturator was inserted in the 
patient, isodose distributions were obtained. Pre-
scribed doses were 45–70 Gy (modal dose of 60 Gy) 
at 0.5 cm from the outermost source plane. Iridium 
seed activity was 0.7–1 mg Ra eq per seed. The obtu-
rator mold previously loaded with 192Ir was carefully 
coated with acryl-methacrylate resin to secure it in 
place and prevent disturbance of the dosimetry once 
inserted in the surgical cavity. The approximate 
dose rate per day was 10–15 Gy.

14.8.4.2 
Nasal Vestibule

Small lesions of the nasal vestibule can be ade-
quately treated with either external or interstitial 
irradiation; whereas, more advanced lesions require 
a combination of both modalities. Irradiation is an 
excellent alternative to surgery in the treatment of 

these tumors, since tumor control can be very good 
and cosmetic results are better than with surgery 
(Mendenhall et al. 1984, 1987). These tumors 
are implanted with single- or double-plane tech-
niques using cesium needles or 192Ir nylon tubing 
techniques. According to Mendenhall and associ-
ates (Mendenhall et al. 1991), the distal vertical 
needles (perpendicular to the dorsum of the nose) 
in each plane may be mounted in a nylon bar to 
stabilize the distal needles and adequately cover the 
tumor involving the opening of the nasal vestibule 
(Fig. 14.14) (Parsons et al. 1994).

Langendijk et al. (2004) described the results 
of primary radiation therapy for squamous cell 
carcinoma of the nasal vestibule in 56 patients 
with stage-T1 and -T2 tumors (Wang classifica-
tion) treated with external beam radiation ther-
apy with or without a boost using endocavitary 
brachytherapy (32 treated with radiation therapy 
and an additional boost with intermediate-dose-
rate brachytherapy and 9 with external-beam 
radiation therapy alone). The local tumor control 
at 2 years was 80%. Most failures could be success-
fully salvaged with surgery, with an ultimate local 
control rate of 95%. No statistically significant 
differences were noted among the different treat-
ment approaches. Of the 56 patients, 12% devel-
oped lymph-node metastases.

Fig. 14.14. a The basic interstitial treatment plan for nasal 
septum tumors consists of multiple planes of needles (usually 
two to four) inserted through the skin and cartilage of the nose 
perpendicular to the nasal bridge. Crossing needles parallel to 
the fl oor of the vestibule or bridge of the nose are necessary to 
ensure homogeneous irradiation of the tumor volume. One or 
two needles are also implanted in the upper lip even when it is 
clinically uninvolved (Million et al. 1989) b Treatment con-
sisted of a radium needle implant with three planes of needles 
perpendicular to the nasal bridge plus two crossing needles in 
the upper lip and one needle in the fl oor of the nose; the dose 
was calculated to be 65 Gy in 130 h (Million et al. 1984)

a

b
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14.8.4.3 
Skin and Lip

Brachytherapy for treatment of skin and lip tumors 
was popular before the advent of external irradia-
tion techniques. Interstitial single- or double-plane 
implants could be performed to encompass the 
tumor with a safe margin, following the basic prin-
ciples of brachytherapy (Paterson–Parker, Quimby, 
or Paris technique). Doses of 50–70 Gy are delivered 
in 5–7 days. Carcinoma of the skin has been treated 
with surface molds or interstitial brachytherapy 
(Marchese et al. 1984). Jorgensen et al. (1973) 
reported on 869 patients with squamous cell carci-
noma of the lip for whom irradiation was the initial 
form of treatment in all but 25. Radium implants were 
used in 766 patients, with local tumor control rates of 
93% in T1, 87% in T2, and 75% in T3 tumors. Similar 
results were described by Pigneux et al. (1979).

Tombolini et al. (1998) described the technique 
and results in 57 patients with squamous cell carci-
noma of the lower lip treated with LDR interstitial 
brachytherapy. The median tumor dose was 62 Gy 
(range, 44–96 Gy). The clinical N+ cases were irradi-
ated to total doses of 65–70 Gy on the involved station. 
Actuarial disease-free survival at 10 years was 81%. 
Actuarial local tumor control was 90% at 3 years and 
5 years, rising to 94% with salvage surgery.

14.8.4.4 
Nasopharynx

Erickson and Wilson (1993) summarized the tech-
niques for management of patients with carcinoma 
of the nasopharynx (Table 14.2). Some authors have 
used interstitial techniques, which are more labori-
ous to carry out because of difficulty in positioning 
the applicator in the tumor area, dosimetric prob-
lems related to the irregular mucosal surface of the 
nasopharynx, and limitation of effective depth dose 
versus surface dose (Erickson and Wilson 1993). 
Palatal fenestration may be required in patients with 
lesions in the superior and high posterior nasopha-
ryngeal walls, which are more difficult to reach 
through the nasal or oral cavities (Erickson and 
Wilson 1993; Harter et al. 1975). Scott (1975) 
described temporary interstitial techniques tra-
versing the lesion with sutures containing iridium 
seeds accessed through the oropharynx and subse-
quently removed. The use of 103Pd seeds for perma-
nent implant of nasopharyngeal tumors has been 
described by Porrazzo et al. (1992).

Wang (1987) described use of intracavitary 
brachytherapy alone or combined with external 
irradiation to boost the dose to the nasopharynx, 
in conjunction with external-beam irradiation. Two 
pediatric endotracheal tubes with inner and outer 
diameters of 5 mm and 6.9 mm, respectively, each 
loaded with two 20 mg Ra eq 137Cs sources were used. 
Local anesthesia of the nasal cavity was achieved 
with cocaine. The endotracheal tubes were intro-
duced through the nares into the nasopharynx with 
the head hyperextended. Under fluoroscopic con-
trol on the simulator, the tips of the cesium sources 
were placed at the free edge of the soft palate pos-
teriorly and behind the posterior wall of the maxil-
lary sinus anteriorly. A 5-cc balloon attached to the 
distal end of the endotracheal tube was inflated for 
anchoring purposes and to improve the dose to the 
nasopharynx (by increasing the distance from the 
source). The dose reference point was 0.5 cm below 
the mucosa of the nasopharyngeal vault; the dose 
rate is approximately 1.2 Gy/h.

Denham et al. (1988) used intracavitary irradia-
tion of the nasopharynx with afterloading catheters 
of different curvatures, which were introduced into 
the nasopharynx via the nasal cavity, with appro-
priate anesthesia. The major difficulty with this 
technique was the successful rigid anchoring of the 
catheters to prevent movements that could be poten-
tially injurious to the nasal cavity or nasopharynx. 
For this purpose, a special plastic face mask was 
constructed with adjustable universal joint fittings 
for rigid attachment of the catheters with minimal 
discomfort to the patient. Because of asymmetry of 
the nasopharynx, different angle catheters can be 
used (22.5, 40, or 50 degrees).

Levendag et al. (1997) designed an inexpensive, 
re-usable and flexible silicone applicator, tailored 
to the shape of the soft tissues of the nasopharynx, 
which can be used with either LDR brachytherapy or 
HDR (pulsed) controlled afterloaders. The applica-
tor proved to be easy to introduce, patient friendly, 
and can remain in situ for the duration of the treat-
ment (2–6 days).

Lee et al. (2002) used intracavitary brachyther-
apy as a boost in both primary and recurrent naso-
pharyngeal carcinoma in 55 patients treated with 
megavoltage external beam radiation (43 patients 
treated for initial disease and 12 for recurrence). 
Brachytherapy was routinely used for early cases 
of T1 and T2 lesions and selected cases of more 
advanced lesions, as well as recurrent lesions. Of 
the patients, 18 had concurrent chemotherapy. The 
brachytherapy applicators used were Rotterdam 
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(n=24), balloon (n=16), ovoid (n=14), and ribbon 
(n=1). The dose rate was high (n=24), low (n=29), 
or pulsed (n=2). External beam doses ranged from 
54 Gy to 72 Gy for primary disease and to 42 Gy for 
recurrent disease. Brachytherapy doses ranged from 
5 Gy to 7 Gy for HDR and 10 Gy to 54 Gy for LDR. 
With a median follow-up of 36 months in those who 
were treated for primary carcinoma, the year esti-
mate of local tumor control was 89%, and overall 
survival estimate was 86%. Recurrent patients had a 
median follow-up of 50 months; the 5-year estimate 
of local tumor control was 64%, and the overall sur-
vival estimate was 91%.

14.8.4.5 
Oral Cavity

The oral cavity should be kept dry with adequate 
preanesthesia medication, including scopolamine, 
and suction. It is desirable to outline the tumor with 
gentian violet, Castellani’s paint, or a surgical marker 
before starting the implantation of sources. A metric 
ruler should always be on the implant tray. When 
rigid needles are being implanted in the oral cavity, 
one assistant retracts the patient’s lips and another 
either pulls or depresses the tongue while the operat-
ing radiation oncologist performs the implant.

The anterolateral needles of an implant of the oral 
cavity should be kept away from the thin mucous 
membrane that covers the bone in the upper and lower 
gum, as well as from the periosteum, teeth, and bone. 
To increase and maintain the distance, a regular fluo-
ride carrier is thickened on the inside by one to four 
layers (one layer=2 mm) to increase the distance so 
that the unavoidable “hot spot” around each needle is 
kept away from the adjacent normal mucosa.

Miura et al. (1998) reported on 103 patients with 
T1 or T2 tongue carcinoma treated by a single-plane 
implantation of iridium (192Ir) pins (60 treated by 
brachytherapy alone, and the rest were combined 
with external irradiation and/or chemotherapy); 48 
and 55 patients were given brachytherapy with and 
without a spacer, respectively. Spacers were indi-
vidually made of acrylic resin according to a pros-
thetic technique to obtain the thickness of 7–10 mm 
at the lingual part of the implanted side. The spacer 
reduced approximately 50% of the absorbed dose 
at the lingual side surface of the lower gingival to 
that in the absence of a spacer. Absolute incidence 
of mandibular osteonecrosis was 2.1% (1 of 48) and 
40.0% (22 of 55), with and without a spacer, respec-
tively (P=0.0004).

14.8.4.6 
Tongue and Floor of Mouth

Lesions beneath the tongue, or in the floor of the 
mouth, are usually implanted through the dorsum 
of the tongue, if standard needles (or substitutes) 
are used. The anterolateral needles emerge from the 
undersurface of the tongue and are reinserted into 
the floor of the mouth. The implants should extend 
beyond the visible or palpable tumor by at least 1 cm 
in all directions. A popular technique of intersti-
tial implants with nylon tubing and 192Ir sources 
for lesions of the oral tongue or floor of the mouth 
uses a submental or submaxillary approach for the 
insertion of metallic guides into the oral cavity with 
one hand. The exit points of the guides in the oral 
cavity are carefully verified with the index finger of 
the other hand (through-and-through technique).

The major nylon tubing is threaded through the 
metallic guides and looped around the dorsum of 
the tongue and exits through a parallel metallic 
guide. The metallic guides are pulled out externally, 
and the nylon thread is secured by crimping with a 
metallic button at one end. The procedure contin-
ues as described previously, leaving the other end 
open momentarily for insertion of the radioactive 
sources. To facilitate removal, we prefer to tie a silk 
thread on the loop of each nylon tube inside the oral 
cavity.

After position of the sources is verified on X-ray 
films using radiopaque inactive dummy sources, the 
appropriate 192Ir wires (or seeds in nylon tubing) are 
inserted, and the other end of the larger nylon tube 
is crimped.

The sequence of needle implantation for lesions 
involving the oral tongue and the anterior floor of 
the mouth is illustrated in Figure 14.15.

Mendenhall et al. (1991) described a template 
for floor of the mouth implants made of aluminum, 
stainless steel, or nylon that is individually custom-
ized to fit the lesion of each patient (Marcus et al. 
1980). The device is inserted into the floor of the 
mouth under general anesthesia and is secured by 
one suture through the submental area, which is 
tied to a cotton cigarette roll. The active ends of the 
cesium needles may be positioned above the level 
of the mucosa to ensure an adequate surface dose. 
Crossing is accomplished by placing a needle par-
allel to the mucosal surface on the implant device. 
The system is not afterloaded, but the procedure can 
be performed rapidly with predictable geometry, so 
that irradiation exposure to the operating staff is 
lower than with the hairpin technique. According to 
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the authors, the advantage of this technique over use 
of iridium hairpins is that all needles with the tem-
plate are rigidly fixed in relationship to one another, 
and the isodose distributions can be calculated 
before the procedure or can be modified if necessary 
by adjusting the arrangement of the needles.

Implantation with rigid needles of the posterolat-
eral border of the tongue via the oral cavity requires 
pulling the tongue forward to start the implant at 
the base of the tongue. The first needle is inserted 
pointing posteriorly and inferiorly at approximately 
45 degrees; a lesser angle is used for successive 
needles. At the end of the implant, when the tongue 
returns to its normal position, the implant needles 
adopt a vertical position.

At the University of Florida, a technique has 
been used with radium or cesium needles mounted 
on rigid bars made of stainless steel or nylon; the 
number of needles depends on the diameter of the 
lesion (Mendenhall et al. 1991). A crossing needle 
is usually added to one or both bars to ensure ade-
quate irradiation dose to the dorsal mucosal surface 
of the tongue.

Superficial spacers may be used to ensure suffi-
cient dose to the dorsal tongue (Schmidt-Ullrich 
et al. 1991).

Another technique described by Baillet et al. 
(1987) uses the 192Ir hairpin technique. Inactive 
gutter guides are placed into the tongue, and under 
fluoroscopic control it is verified that the gutter 
guides are parallel. The iridium hairpins are after-
loaded into the guides, which are removed at that 

time. A suture is used to secure each hairpin to the 
tongue. A cotton roll sutured between the tongue 
and the mandible with either technique displaces 
the tongue medially and decreases the irradiation 
given to the mandible.

The advantage of the iridium hairpin technique 
over the radium or cesium rigid needles is that the 
overall source length is shorter for the same active 
length because of the 6-mm inactive tips at either 
end of the rigid needles. Furthermore, there are only 
two vertical sources per hairpin as opposed to three 
or four radium or cesium needles on each bar, so 
that it is easier to position the hairpins in the tongue 
(Fig. 14.16) (Parsons et al. 1992). This is particularly 
helpful in patients with small mouths, trismus, or 
full dentition, where it is very difficult to adequately 
position the rigid needles.

Bourgier et al. (2004) treated 279 patients with 
T1,2-N0 carcinoma of the mobile tongue using LDR 
192Ir brachytherapy alone or with neck dissection. 
A guide gutter or plastic tube technique was used 
to deliver a median dose of 60 Gy (median dose rate 
0.5 Gy/h 192Ir activity 0.59–1.6 mCi/cm). At 2 years, 
local tumor control was 79.1%, and complication 
rate was 16.5% (grade III, 2.9%).

An effort should be made to reduce treatment 
morbidity. Lozza et al. (1997) noted mandibu-
lar necrosis in 10 of 100 patients with oral cancer 
treated with LDR brachytherapy; median follow-
up was 38 months. No significant incidence of this 
complication was observed when tumor site (mobile 
tongue versus floor of mouth), dental status, or total 

Fig. 14.15a–c. Diagram illustrating submental or submaxillary approach for insertion of Tefl on catheters with metallic guides 
(for 192Ir) into oral cavity for lesions for the fl oor of the mouth or lateral border of the tongue. a Metallic guides are introduced, 
with one hand guiding the position of the guide inside the oral cavity. b Introduction of nylon strand for placement of the 192Ir 
wire or seeds, looped over dorsum of the tongue. c Various nylon tubes in position on dorsum of the tongue. At this point, the 
metallic guides have been withdrawn from the submaxillary region. After position of the radioactive sources is radiographi-
cally determined using dummy sources, active sources are inserted, and the ends of the plastic tubes are crimped with metallic 
buttons

ba c
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physical dose was considered. A significant correla-
tion between the incidence of bone necrosis and two 
main parameters was found, i.e., dose-rate (P<0.02) 
and reference volume (P<0.05). A threshold value 
may be suggested both for dose-rate (50 cGy/h) and 
reference volume (25,000 mm3).

14.8.4.7 
Base of Tongue

Because of the possibility of airway obstruction, it is 
advisable to perform an elective temporary trache-
ostomy before the implant procedure is initiated.

Implantation of the base of the tongue (and some-
times the posterolateral border of the oral tongue) is 
best accomplished by using long metallic or Teflon 
catheters with guides inserted through the submax-
illary/subdigastric region, with the index finger 
of the other hand in the oropharynx to verify the 
position of the guide at the exit point, the base of 
the tongue. As described earlier, the nylon thread 
is inserted through the tubing into the orophar-
ynx, looped around, and brought out through the 
opposite guide, thus providing the equivalent of a 
“crossing needle” in the cephalad end of the implant 
(Fig. 14.17a). The metallic guides are withdrawn 
from the submental region (Fig. 14.17b–d), and the 
nylon tubes are secured externally with metallic 
buttons as described earlier. Occasionally, it is not 

Fig. 14.16a,b. Roentgenograms of 192Ir hairpin implant for carcinoma of the left side of the oral tongue, stage T2N0, measuring 
3.5×2.0×2.0 cm, with submucosal extension to within 0.5 cm of the midline of the tongue. Treatment consisted of 30 Gy in ten frac-
tions, followed by an 192Ir implant using the gutter-guide technique with the patient in a sitting position. A gauze pack was secured 
onto the lateral fl oor of the mouth to displace the tongue medially away from the mandible. The implant delivered a 40-Gy tumor 
dose to the area of gross disease (0.55 Gy/h). The patient remained free of disease at 36 months (Parsons et al. 1992)

a b

Fig. 14.17a–d. Diagram illustrating the use of stainless-steel 
guides inserted through the submaxillary region for patients 
with carcinoma of the left base of the tongue. a, b The nylon 
tubing is looped around the dorsum of the tongue, the stainless-
steel guides are removed (c), and dummy and later radioactive 
sources are inserted and secured with metallic buttons (d)

b

d

a

c
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possible to open the oral cavity adequately, and 
the only recourse is to perform a submandibular 
implant with metallic guides and afterloading 192Ir 
(Fig. 14.18). Double-plane or volume implants can 
be easily performed. After implant localization, 3-D 
imaging with dummy sources are taken, afterload-
ing 192Ir wire or seeds in nylon threads are inserted 
into the nylon tubing or metallic guides, and iso-
dose distributions are obtained using 3-D dosimetry 
(Fig. 14.19).

Leborgne et al. (2002) compared local tumor 
control and complications of external beam radia-
tion therapy with or without interstitial 137Cs needle 
brachytherapy boost doses in 201 patients with 
locally advanced (T3-T4) cancer of the tongue and 
floor of the mouth treated with definitive external 
beam irradiation with (n=78) or without (n=123) 
LDR interstitial brachytherapy. External beam irra-
diation was administered with conventional frac-
tionation in 105 patients and administered with 
accelerated hyperfractionation in 96 patients. Grade 
3–5 late effects were 25% and 35% for patients with 
and without brachytherapy, respectively (not statis-
tically significant), although the incidence of man-
dibular radiation osteonecrosis was 10% and 1.6%, 
respectively (P=0.001).

14.8.4.8 
Tonsillar Region Including Faucial Arch 
(Oropharynx)

Fletcher and MacComb (1962) described a double-
plane pterygomaxillary implant with radium nee-
dles to boost the dose in patients with carcinoma of 
the faucial arch or tonsillar region with extension 

into the tongue. 192Ir hairpin or plastic tube tech-
niques have been used by Pierquin et al. (1987c) and 
Mazeron et al. (1986). The nylon tube technique 
may also be used to implant the soft palate (Esche 
et al. 1988). The iridium hairpin technique is used 
with one gutter guide placed in the soft palate in 
the transverse plane and additional gutter guides 
placed vertically into the anterior tonsillar pillars, 
depending on the extent of the lesion. Iridium hair-
pins are afterloaded into the gutter guides, which are 
removed as described earlier. If the uvula is involved 
by tumor, it should be amputated before implanta-
tion (Esche et al. 1988).

Mendenhall et al. (1991) reviewed the techniques 
for implantation of the anterior tonsillar pillars, soft 
palate, or tonsillar region using two nylon bars, each 
containing three full-intensity, 2- to 3-cm active-
length radium or cesium needles implanted into the 
anterior tonsillar pillar and the other 1 cm medial to 
the tonsillar pillar bar, in the base of the tongue. A 
crossing needle was sometimes included in the ante-
rior pillar bar to ensure adequate mucosal dose.

Levendag et al. (2004) used brachytherapy in 
104 patients with carcinoma of the tonsil and/or 
soft palate combined with external irradiation. At 
5 years, local tumor control was 88%, and disease-
free survival was 57%. Mucosal ulceration was 
observed in 39% of the patients and trismus in 1%.

Cano et al. (2004) treated 18 patients with locally 
advanced base of tongue carcinoma using external 
beam radiation therapy (54 Gy to primary tumor and 
59.4 Gy to neck nodes) followed by a LDR brachy-
therapy 192Ir implant in 52% of patients (24 Gy to 
primary tumor and 17.5 Gy to neck nodes); 68% of 
all patients received induction or concurrent che-
motherapy. Local tumor control at 5 years was 89%; 

Fig. 14.18. Submandibular implant with metallic guides in which it was not possible to “loop around” nylon strands over the 
base of the tongue (one-end technique). The nylon tubing is cut to fi t desired tumor volume to be implanted, and metallic but-
tons are used to secure nylon tubes and guides in position. The buttons are sutured to the skin to ensure the placement of the 
stainless-steel guides
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there was a 4% incidence of soft tissue necrosis and 
5% osteonecrosis. The 5-year disease-free survival 
rate was 67%, and overall survival was 52%.

14.8.5 
Breast

Interstitial brachytherapy has long been in use as 
boost therapy after the whole breast has been given 
external beam irradiation, usually at 45–50 Gy. 
More recently, brachytherapy has been investi-
gated as sole radiation therapy in conjunction with 
conservation surgery (Kuske et al. 1994; Vicini et 
al. 1997), although this approach remains contro-
versial. A phase-I/II Radiation Therapy Oncology 
Group (RTOG) trial evaluating the use of brachy-
therapy alone following lumpectomy in stage-I and 
-II breast cancer patients was completed (Kuske et 
al. 1998), and several preliminary results of partial 
breast irradiation have been reported (Kuske et al. 
1998; Vicini et al. 1997; Arthur et al. 2003). The 
American Brachytherapy Society (ABS) has pub-
lished detailed recommendations for both boost and 
sole modality partial breast brachytherapy (Nag et 
al. 2001b).

Selection of patients for breast brachytherapy is 
limited to those with adequate breast volume and 

lesions less than 4 cm in diameter. The ABS recom-
mendations limit the use of sole modality brachy-
therapy to patients with T1 or T2, N0 disease with 
a lesion less than 3 cm in size, treated with lumpec-
tomy and axillary dissection. In this chapter, only 
interstitial LDR implants using 192Ir seeds or wires 
will be described, although 125I seeds have also been 
used for this application.

Preplanning of the implant provides important 
information on the target geometry and required 
placement of the source guides, information criti-
cal in achieving acceptable target coverage, critical 
structure avoidance, and dose uniformity through-
out the irradiated volume. A variety of modalities 
have been used for identification of the target volume 
in preparation for the implant. These include the use 
of surgical clips, ultrasound, CT, MRI, and intra-
operative visualization of the lumpectomy cavity. 
DeBiose et al. (1997) reviewed 60 patients with early 
stage breast cancer, a portion of whom underwent 
ultrasonography (US)-assisted interstitial brachy-
therapy needles. The lumpectomy cavity was out-
lined in all dimensions, and corresponding skin 
marks were placed for reference at time of implan-
tation. These dimensions were compared with the 
physician’s clinical estimate of the location of the 
lumpectomy cavity, the patient’s presurgical mam-
mograms, and the position of the scar. In the intra-

Fig. 14.19a,b. Position of stainless-steel guides for implantation of large T3 epidermoid carcinoma of the base of the tongue to 
deliver 30 Gy in approximately 65 h. Patient received 45 Gy with external-beam irradiation before the 192Ir implant. AP (a) and 
lateral (b) radiographs illustrate positions of the dummy sources in base of tongue

ba
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operative setting, the dimensions of the lumpectomy 
cavity were obtained, and the placement of the deep 
plane of interstitial needle was verified using US. 
The full extent of the lumpectomy cavity was under-
estimated by clinical examination (physical exam, 
operative report, mammographic information, and 
location of the scar) in 33 of 38 patients (87%). The 
depth of the chest wall was also incorrectly esti-
mated in 34 patients (90%) when compared with US 
examination. Intraoperatively, US was performed on 
9 patients and was useful in verifying the accurate 
placement of the deepest plane of interstitial brachy-
therapy needles. In 7 of the 9, the posterior extent 
of the lumpectomy cavity was visualized using the 
intraoperative US.

RTOG 95-18 required that at least six radiopaque 
clips be left in the cavity at the time of surgery to 
define the maximal extent of the cavity in three 
dimensions. Visualization of the clips under fluo-
roscopy allows the determination of an advanta-
geous direction of approach for the source guides, 
which may achieve the most conformal coverage 
of the target volume with the minimum number of 
source ribbons or wires. Skin marks are then placed 
to guide the needle insertions. CT, MRI, or US can 
be used for the same purpose, with even better 
visualization of the excision cavity geometry. The 
volume used for planning treatment after the cavity 
has been delineated is somewhat controversial. In 
the RTOG study (Kuske et al. 1998), a 2-cm margin 
was added to the cavity in directions parallel to the 
implanted source planes, and a 1-cm margin was 
added perpendicular to the planes. The ABS recom-
mends a 2-cm margin all around the excision cavity 
but restricts the superficial margin to a depth of at 
least 0.5 cm under the skin and the deep margin to 
the surface of the chest wall.

After the clinical target volume has been decided 
and the optimal source guide approach determined, 
the number and placement of sources should be 
planned. Coverage of the target can usually be accom-
plished with a two-plane implant, although single- 
and multi-plane configurations are not uncommon. 
The spacing between source-bearing catheters in 
each plane should be between 1.0 cm and 1.5 cm. 
The closer spacing helps to avoid cold spots at the 
periphery of the target volume and can contribute 
to improved dose uniformity. The implants are 
typically carried out with seeds of uniform activ-
ity, but mixed activities can be used where deemed 
advantageous. For two-plane implants and uniform 
seed activities, the optimal interplanar spacing for 
conformal irradiation can be determined as a func-

tion of the target thickness from tables provided by 
Zwicker (Zwicker and Schmidt-Ullrich 1994; 
Zwicker et al. 1985) or by computer simulation. For 
multiplane implants, computer preplanning should 
be carried out to optimize the source geometry. 
The ABS recommends that sources should extend 
1–2 cm outside the target volume in the direction 
of the source planes, but this is often not possible, 
as sources must never be placed closer than 0.5 cm 
to the skin. A minimum depth of 1–2 cm under the 
skin is recommended by the ABS to minimize the 
risk of hyperpigmentation and telangiectasia (Nag 
et al. 2001b).

The implant procedure may be performed with the 
patient under either general or local anesthesia. The 
implant can be carried out in conjunction with resec-
tion of the primary tumor (and when indicated, the 
axillary dissection) or as a separate operating room 
procedure. The former approach has the advantage 
of reducing the cost of treatment and allowing the 
surgeon and radiation oncologist to interact closely 
in determining the extent and location of the tumor 
but reduces the time available for planning the place-
ment of the sources and requires the use of available 
source activities (Waterman et al. 1997a). Follow-
ing the skin marks placed at the time of preplanning, 
(Fig. 14.20a) the guide needles (or Teflon catheters 
with rigid stylets) are inserted into the breast, pass-
ing through the tumor excision site until the end of 
the guide reaches the planned marks on the oppo-
site portion of the breast (Fig. 14.20b). In general, if 
a double-plane implant is carried out, the guides for 
the deeper plane are inserted first, followed by those 
for the superficial plane. Next, the leads on the nylon 
afterloading catheters are inserted through the 
hollow guide needles, and the needles and leads are 
pulled though the breast, with the catheters follow-
ing and remaining in the breast (Fig. 14.20b). The 
distal end of the each catheter may contain a button, 
which will secure the catheter against the breast, or 
the end may be secured by crimping metallic but-
tons against the skin (Fig. 14.20c). The proximal 
ends of the catheters are left open for the insertion 
of the sources but may be partially secured by means 
of tight-fitting plastic washers, which slide over the 
catheters to the level of the skin.

After the patient recovers from the anesthesia, 
radiopaque dummy sources are inserted in the cath-
eters (Fig. 14.20d), and, if film planning is intended, 
orthogonal or stereo films of the breast are obtained. 
The ideal planning geometry is obtained with the 
film planes at 45 degrees and 135 degrees to the 
source planes, as this will help avoid extensive over-
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transverse to the direction of catheter insertion, for 
other planes parallel to the central transverse plane, 
for the central plane parallel to the implant source 
planes, and for a plane perpendicular to this and to 
the central transverse plane. Coverage of the target 
volume can be estimated to some extent from the 
positions of the surgical clips. Some means of quan-
tifying dose uniformity should also be included in 
the calculations. In the RTOG 95-18 protocol (Kuske 
et al. 1998), the average of local dose minima in the 
central transverse plane (i.e., the basal dose of the 
Paris system) was calculated, and the dose unifor-
mity was judged to be acceptable if the prescription 
dose was at least 75% of this value.

Image-based treatment planning has substantial 
advantages in visualizing the target volume and sur-
rounding structures and should be used whenever 
possible. For this application, the slice thickness 
and interval should be no greater than 0.5 cm, small 
enough to localize individual seeds. Correlation of 
the images with films can be useful in identifying 

Fig. 14.20. a Drawing of lines on surface of breast for implant. 
b Placement of metallic or plastic guides for breast implant. 
c Plastic tubes are secured at the skin surface using metallic but-
tons. d Sources are inserted in proximal end of tubing

a b

c

d

lap of sources on either of the two films. However, 
the range of useful film angles may be limited by 
the presence of underlying bony structures. Films 
parallel and perpendicular to the implant plane may 
also be helpful in visualizing the target volume and 
the locations of the chest wall and the skin overlying 
the sources. Radiopaque markers should be placed 
on the skin, especially in surgical defects or other 
regions that appear close to the superficial source 
plane. The lengths of the catheter sections inside 
the breast are found by measuring the lengths of the 
dummy seed ribbon sections inside the catheters 
and subtracting from this the length of catheter pro-
jecting outside the breast. From the measurement, 
the maximum length of 192Ir seed ribbon or wire for 
each catheter can be determined, keeping in mind 
that no source should approach closer than 0.5 cm 
to the skin, and greater margins are strongly recom-
mended.

For film-based treatment planning, isodose 
curves are typically generated for the central plane 
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individual dummy seeds. The clinical target volume 
should be outlined and isodose curves generated on 
each slice to assess target coverage. A dose–volume 
histogram of the target will yield information on the 
fractional target volume receiving the full prescrip-
tion dose (V100) and other dose levels of interest.

For LDR breast brachytherapy, the ABS has rec-
ommended a total dose of 45–50 Gy, recognizing 
that the dose has traditionally been given at approx-
imately 10 Gy/day, with a range of approximately 
30–70 cGy/h. Source positioning should be such that 
the maximum skin dose is no higher than the pre-
scription dose. For brachytherapy used as a boost 
following 45–50 Gy of external beam radiation, a 
total dose of 10–20 Gy is recommended, also at a 
rate of 30–70 cGy/h. Typical maximum skin doses 
for boost implants are approximately 50% of the 
prescription dose.

A number of variants of the breast implant tech-
nique have been described in the literature. In some 
centers, templates are used to control the spacing 
of the guide needles. Delclos (1984) used only one 
point of entrance for the guide needles to improve 
the cosmetic results.

Mansfield et al. (1994) described an intraopera-
tive technique placing four or five plastic tubes, 2 cm 
apart, in each of two planes separated by 2 cm at the 
time of the breast tumor excision. 192Ir seeds spaced 
0.5 cm and with activity of 0.5 mCi per seed per 1 cm 
were inserted after the wound was closed, and the 
position of the dummy sources was determined on 
localization radiographs. The plastic tubes were 
loaded with the active sources within 6 h of surgery. 
The dose rate was 0.3–0.5 Gy/h; usual dose was 20 Gy 
delivered in 50–60 h. Breast irradiation was begun 
10 days later, with tangential fields, 6-MV photons, 
to deliver 45 Gy at 1.8 Gy per day. The 10-year local 
tumor control rates for stage T1 and T2 were 93% 
and 87%, respectively, and the 10-year disease-free 
survival rates were 82% and 75%, respectively.

Mazeron et al. (1991) used interstitial brachy-
therapy in the breast with rigid metallic needles 
inserted through a template in single or double 
planes after breast irradiation (45 Gy in 25 frac-
tions). A boost to the primary tumor was pre-
scribed at the 85% basal dose rate (Paris system). 
Intersource spacing varied from 1.5 cm to 2 cm. 
Implanted volume was adapted to tumor extent by 
varying the number of sources and active length 
according to the Paris system rules. Linear activity 
ranged from 1.3 mCi/cm to 1.8 mCi/cm. Mean dose 
rates were 0.53 Gy/h for patients with local recur-
rence and 0.56 Gy/h for recurrence-free patients 

(P<0.01). Of the patients, 58 were treated with 
single-plane and 340 with two-plane implants. The 
local tumor control rates at 15 years were 76% for 
T1 and T2a and 70% for T2b and T3 lesions. Local 
tumor control correlated with dose rate and tumor 
size (Mazeron et al. 1991).

Similar observations were reported by Deore et 
al. (1993) in 118 T1 and 181 T2 lesions of the breast 
treated with radiation therapy after conservative 
surgery. External irradiation (43 Gy) was delivered 
with either 2.5 Gy or 1.8 Gy per fraction. A boost 
dose of 15–30 Gy was given to the primary tumor, 
using interstitial implants; dose rate varied between 
0.2 Gy/h and 1.6 Gy/h. The local failure rate was 
significantly increased, with implant dose rate less 
than 0.3 Gy/h (P<0.05). The incidence of late normal 
tissue complications and poor cosmetic outcome was 
significantly higher in patients treated with implant 
dose rate greater than 1 Gy/h (P<0.05). This study 
indicates that the implant dose rate should be main-
tained between 0.3 Gy/h and 0.7 Gy/h to maximize 
local tumor control and reduce late normal tissues 
injury.

Vicini et al. (1997) used permanent 125I seed 
implants after local tumor excision in 60 patients 
with breast cancer. In 18 patients, an intraopera-
tive implant was performed, and the post-exci-
sion cavity was outlined with multiple radiopaque 
clips. In 42 patients, the implant was performed 
post-operatively with a closed cavity. Ultrasound 
was used to delineate the cavity, and the boundar-
ies were marked on the skin. A preimplant virtual 
simulation was performed using a CT scan. Using 
a template, afterloading stainless-steel needles or 
later plastic catheters were introduced in the breast, 
and 125I seeds were implanted. Seeds were kept at 
5–7 mm from the skin surface. A dose of 50 Gy at 
0.52 Gy/h was prescribed.

Sminia et al. (2001) proposed PDR brachyther-
apy every hour for breast cancer patients; an office 
hours scheme was designed using radiobiological 
parameters, which included an alpha/beta value of 
3 Gy for normal tissue late effects and 10 Gy for early 
normal tissue or tumor effects. Tissue repair half-
time ranged from 0.1 h to 6 h. The reference LDR 
dose rate of 0.80 Gy/h was obtained from analysis 
of patients’ data. The patient brachytherapy proto-
col (Sminia et al. 2002) consisted of two treatment 
blocks separated by a night break; dose delivery 
was 20 Gy in two 10-Gy blocks and, for application 
of the 15-Gy boost, one 10-Gy block plus one 5-Gy 
block. The dose per pulse was 1.67 Gy applied within 
approximately 1.5 h.
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14.8.6 
Lung and Mediastinum

The group at Memorial Sloan–Kettering Cancer 
Center has published several reports (Hilaris and 
Martini 1988) on the use of 125I seeds and 198Au 
grains for permanent perioperative brachytherapy 
in patients with persistent or recurrent broncho-
genic carcinoma after external irradiation or for 
residual disease after surgical resection. The radio-
active seeds or grains are directly implanted in the 
tumor at the time of thoracotomy under general 
anesthesia.

Temporary removable implants of the mediasti-
num with or without resection followed by a moder-
ate dose of postoperative external irradiation (35–
40 Gy) have been used alone or combined with 125I 
implantation of the known primary tumor (Hilaris 
et al. 1985).

Chobe et al. (1996) treated 76 patients with LDR 
192Ir implants. In some patients, laser tumor debulk-
ing was performed before the brachytherapy inser-
tion. Active sources were endoscopically placed in 
the bronchi with a manual technique. Active length 
of the sources ranged from 4 cm to 12 cm with a 5-
mm space between sources. After radiographs were 
obtained and the placement of the dummy sources 
was believed to be satisfactory, the active 192Ir 
sources were inserted through an afterloading cath-
eter, which was secured as earlier described. A dose 
of 25–30 Gy was prescribed at an average depth of 
1 cm. They compared results in 43 patients treated 
with HDR and 6 treated with both HDR and LDR 
therapy. Of 119 patients, 74 received external-beam 
irradiation. Tumor response was 74% in the LDR 
and 86% in the HDR groups. There was no differ-
ence in survival between the two groups. Morbidity 
of therapy was not reported.

Lo et al. (1995) described results in 110 patients 
(group 1) treated with LDR brachytherapy (133 pro-
cedures) and 59 patients (group 2) treated with HDR 
brachytherapy (161 procedures). In group 1, patients 
were treated with one or two sessions of 30–60 Gy 
each calculated at a 1-cm radius. In patients in group 
2, three weekly sessions of 7 Gy each calculated at 
a 1-cm radius were used. External-beam radiation 
therapy had previously been given to 88% of patients 
in group 1 and to 85% of patients in group 2. Laser 
bronchoscopy was performed in 36% of patients in 
group 1 and in 24% of patients in group 2 before 
brachytherapy. Clinical or bronchoscopic improve-
ment was noted in 72% of patients in group 1 and in 
85% of patients in group 2 (P>0.05). Survival and 

complication rates, which were low, were equivalent 
in both groups.

Raben and Mychalczak (1997) reviewed the 
indications, techniques, and results of brachyther-
apy in the treatment of non-small cell lung cancer 
and selected chest neoplasms. Various isotopes and 
techniques are used to place radioactive sources 
directly into a tumor, tumor bed, or the chest with 
permanent interstitial volume or planar implants 
(radioactive sources permanently imbedded into 
the tumor or tumor bed) or temporary interstitial 
or endoluminal implants (where radioactive sources 
irradiate a tumor bed over a certain length of time 
and then are removed).

14.8.7 
Esophagus

Irradiation, both external beam and intracavitary, 
has been used in the curative and palliative treat-
ment of patients with esophageal cancer, either alone 
or combined with surgery. LDR intracavitary inser-
tions have been performed using 226Ra, 60Co, 137Cs, 
or 192Ir sources. Flores et al. (1989) outlined the 
advantages of intracavitary brachytherapy: radia-
tion sources can be easily placed and removed at the 
desired tumor site; normal anatomy is preserved; 
radiation dose to the tumor is higher than to the adja-
cent tissues; and, with remote afterloading, radiation 
exposure to the staff can be eliminated. The inser-
tion technique can be performed as an outpatient 
procedure under local anesthesia, usually xylocaine 
spray (1–2%), or mild sedation. A soft rubber bougie 
or French catheter (No. 24–26) is inserted, preferably 
through the nose. The rubber tube is removed, and 
a 260-cm Teflon-coated guidewire in a 60-cm FA-f10 
cut-end feeding tube is inserted to the stomach. The 
cut-end feeding tube is removed, and the esophageal 
stricture is dilated to f32 by a balloon dilator (2 min-
utes required). The balloon dilator is removed, and 
the esophageal bougie containing dummy markers 
for intracavitary treatment is placed and secured 
in the desired position using fluoroscopy. After the 
position of the dummy sources is verified on radio-
graph, the patient is taken to the treatment room, 
where the remote-controlled afterloading device is 
connected for treatment. If LDR sources are used, 
the usual dose rate is 0.4 Gy/h at 0.5–1 cm. Depend-
ing on the external-beam dose given, the total intra-
cavitary dose is prescribed to complete 65–70 Gy to 
the tumor volume. With higher dose rates, corre-
sponding lower treatment times and total doses are 
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used. Isoeffect curves are illustrated in Figure 14.21 
(Flores et al. 1989).

Syed et al. (1987) described a comparable tech-
nique used in 47 patients with carcinoma of the 
esophagus (37 with primary and 10 with recurrent 
lesions). After completion of external irradiation, 
patients received intraluminal brachytherapy to 
deliver 30–40 Gy at 0.5 cm from the surface of the 
applicator in two applications, 2 weeks apart. In 
patients with minimum residual tumor, only one 
application was used to deliver 20–25 Gy minimal 
tumor dose. Most patients also received concomi-
tant 5-fluorouracil infusion. Intraluminal applica-
tion was performed with a Syed–Puthawala–Hedger 
esophageal applicator consisting of a special tube 
made of silicon rubber (outer diameter 1 cm) with 
a conical smooth tip for easy insertion. The central 
nasogastric tube has six longitudinally placed after-
loading catheters to accommodate various radionu-
clide sources. The total length of the applicator is 
65 cm. Marked rings are present at 10-cm intervals 
from the tip of the applicator for identification on 
localization films. The central nasogastric tube can 
be used for both feeding and suction.

The procedure was performed under either gen-
eral anesthesia or deep sedation and local anesthesia. 
Determination was made of the proximal and distal 
end of the tumor from the level of the incisor teeth, 
on endoscopy, and on review of the initial barium 
swallow X-ray films. A Robinson catheter (size 14 or 
16) was inserted through one of the nostrils, and its 
tip was brought out through the mouth. The tip of the 
esophageal applicator was sutured to the proximal 
end of the Robinson catheter using “00” silk sutures 
(Fig. 14.22a). The Robinson catheter was pulled 
through the mouth until the tip of the esophageal 
applicator entered the oral cavity. The suture was cut, 
and the Robinson catheter was discarded, while the 

tip of the esophageal applicator was inserted into the 
oropharynx and guided along the hypopharynx and 
esophagus into the stomach (Fig. 14.22b). The esoph-
ageal applicator was secured in position by “00” silk 
sutures through the nasal septum and around the 
applicator or adhered by adhesive tape. Orthogonal 
anteroposterior and lateral X-ray films of the chest 
were obtained after inactive dummy sources had 
been inserted into the afterloading catheters in the 
applicator. The location of the tumor was marked on 
the X-ray films, and appropriate margins were deter-
mined to carry out the dose calculations. Radioac-
tive sources were spaced 0.5–1 cm, and margins of 
3 cm above and below the tumor were allowed. When 
the dose calculations were completed, the treatment 
with the active sources was initiated (Fig. 14.22c). 
A total of 74 procedures were performed. Average 
survival was 13 months in patients with primary 
tumors. There were two esophageal strictures, and 
one patient died of tracheoesophageal fistula (tumor 
invaded trachea before treatment).

Gaspar et al. (2000) reported on an RTOG study 
delivering 50 Gy external beam irradiation (25 frac-
tions in 5 weeks) followed 2 weeks later with esopha-
geal brachytherapy, either HDR (6 Gy during weeks 
8, 9, and 10, for a total of 18 Gy) or LDR (20 Gy during 
week 8) in patients with esophageal cancer; 45 (92%) 
had squamous histology and 4 (6%) had adenocar-
cinoma. Chemotherapy was given during weeks 1, 
5, 8, and 11, with Cisplatin (75 mg/m2 and 5-fluoro-
uracil (1000 mg/m2 per 24 h in a 96-h infusion); 47 
patients (96%) completed external beam irradiation 
plus at least two courses of chemotherapy, whereas 
34 patients (69%) were able to complete external 
beam radiation and at least two courses of chemo-
therapy. The estimated survival rate at 12 months 
was 49%. Life-threatening toxicity or treatment-
related death occurred in 12 (24%) and 5 (10%) 
patients, respectively. Treatment-related esopha-
geal fistulas occurred in 6 cases (12% overall, 14% 
of patients starting esophageal brachytherapy) at 
0.5–6.2 months from the first day of brachytherapy, 
leading to death in 3 cases.

The ABS has published a set of consensus guide-
lines on the use of brachytherapy for esophageal 
cancer (Gaspar et al. 1997).

14.8.8 
Pancreas

Interstitial irradiation, most frequently using 125I 
permanent implants, has been used in patients with 

Fig. 14.21. Isoeffect curves correlated with dose rates (Flores 
et al. 1989)
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Fig. 14.22a–c. a The tip of the applicator is sutured to the Robinson catheter. 
b Esophageal applicator is being guided into the hypopharynx and the esophagus. 
c Radioactive sources shown against the tumor (Syed et al. 1987)

ba

c

locally advanced unresectable carcinoma of the pan-
creas (Dobelbower et al. 1986; Shipley et al. 1980; 
Syed et al. 1983a). With the patient under general 
anesthesia, after the tumor is exposed by the sur-
geon, and biopsies are performed, tumor volume is 
evaluated, and biliary and/or gastric bypasses are 
performed as required. Multiple seeds are implanted 
in the pancreas with 125I implantation techniques 
(with a device such as the Mick applicator), usually 
at 0.5- or 1-cm intervals, depending on the volume 
to be implanted and intensity of the sources. After 
localization X-ray films are obtained by the stereo-
shift or orthogonal technique, computer dose cal-
culations to determine the minimal peripheral dose 
are obtained.

In 98 patients described by Peretz et al. (1989), the 
mean peripheral dose was 136.6 Gy, the mean activity 
of the implant was 35 mCi, and the mean volume was 
53 cm3. Of the patients, 10 (10%) survived more than 
18 months, and 3 patients were long-term survivors 
(18, 19, and 45 months). Significant pain relief was 
observed in 37 of 57 patients (65%). Of the patients, 
19 (20%) experienced postoperative complications: 
1 patient died with a pancreatic fistula and general-
ized sepsis, and 8 patients (8%) experienced major 
complications that included fistula formation, gas-
trointestinal bleeding, gastrointestinal obstruction, 
and intraabdominal abscess. Similar survival results 
in groups of 12–18 patients have been reported by 
Mohiuddin et al. (1988), Shipley et al. (1980), and 
Syed et al. (1983a). Because of putative potential 
biological disadvantages of 125I (long half-life and 
low dose rate), Peretz et al. (1989) introduced Pal-

ladium 103 (half-life of 18 days and 20–23 KeV) as a 
new isotope for pancreatic implants.

14.8.9 
Biliary Tree

Erickson and Nag (1998) reviewed the use of intra-
luminal brachytherapy as definitive treatment for 
unresectable bile duct tumors or as adjuvant therapy 
after resection. External beam irradiation (45–50 Gy) 
is generally given. Brachytherapy can be given using 
LDR or HDR via an in-dwelling biliary drainage 
catheter to boost external beam doses. Brachyther-
apy alone is reserved for palliative therapy.

An increasingly popular technique is the inser-
tion of radioactive sources in Teflon catheters in 
the biliary tree under fluoroscopic conditions. The 
main objective is to drain bile and palliate obstruc-
tive jaundice. Because these tumors have a tendency 
to spread to the periductal tissues and regional 
lymph nodes, intracatheter irradiation is considered 
a “boost,” administered as a supplement to external 
irradiation to a larger volume.
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A transhepatic cholangiogram is initially per-
formed; in patients who have undergone a surgical 
procedure, the cholangiogram can be performed 
through the T-tube. In patients not treated surgi-
cally, a percutaneous cholangiogram is carried out 
under fluoroscopic control.

After the site of obstruction is identified, flexible 
catheters are inserted into the biliary tree to appro-
priate depths, under fluoroscopic control. A dual-
lumen catheter or two separate catheters should be 
inserted, one for lodging the radioactive sources 
and the other for bile drainage. The patency of the 
biliary tree is monitored with injection of radioac-
tive material under fluoroscopic control. Special 
care must be taken to maintain biliary drainage. 
Otherwise, the patient will develop pain and fever 
as a result of obstructive cholangitis. The catheter 
is sutured to the skin. Radiographs are obtained to 
determine the length of active radioactive sources 
to be inserted and the exact position of the catheter 
for dosimetric purposes (Fig. 14.23). Doses of 20–
30 Gy are delivered at 1 cm from the catheter. This 
is combined with external irradiation (45–50 Gy) 
to encompass the periductal tissues and regional 
lymph nodes. If only intracavitary irradiation alone 
is used, the doses with this modality are 60–65 Gy at 
1 cm (Fields and Emami 1987).

Meerwaldt et al. (1989) reported on 42 patients 
with bile duct tumors treated with one or two 
brachytherapy sessions and external irradiation. A 
dose of 15 Gy was delivered at each of two sessions 
or 25 Gy in one session, calculated at 1 cm from the 

wire, combined with external irradiation (40 Gy in 
16 fractions). Of patients, 14% survived for 2 years 
or more. Fever occurred shortly after the insertion 
of the 192Ir wire in 6 of 38 brachytherapy sessions; it 
was usually controlled with antibiotics.

Alden and Mohiuddin (1994) evaluated intra-
luminal 192Ir brachytherapy in 48 patients with 
cancer of the extrahepatic bile duct. Of the patients, 
24 received a combined-modality approach, using 
external beam irradiation (46 Gy), brachytherapy 
implant, and chemotherapy, and 24 did not receive 
irradiation in the course of treatment. The implant 
was performed with 192Ir ribbon sources (aver-
age activity, 29 mCi; active source length, 6 cm) to 
deliver a mean dose of 25 Gy at 1 cm. Chemotherapy 
consisted of 5-FU alone or combined with doxoru-
bicin or mitomycin C. Patients treated with external 
irradiation had a 2-year survival of 30% (median, 
12 months) versus 18% in the no-irradiation group 
(median, 5.5 months) (P=0.01). Those treated to 
more than 55 Gy experienced an extended 2-year 
survival of 48% (median, 24 months) versus 0% for 
those receiving less than 55 Gy (median, 6 months) 
(P=0.0003).

Ishii et al. (2004) reported on 25 patients with 
unresectable hilar or distal cholangiocarcinoma 
treated by external beam irradiation (30 Gy or 50 Gy) 
followed by intraluminal LDR brachytherapy (24–
40 Gy). The biliary drainage tubes were removed 
from the patients who responded, and stenting was 
not performed in these patients. Full patency was 
achieved at the treated lesion in 19 (76%) patients, 

Fig. 14.23. a Radiograph of 
192Ir afterloading implant 
in common bile duct. b 
Biliary tree with contrast 
materialba
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and they were tube free thereafter. The tube-free 
survival time in these patients ranged from 7 days 
to 468 days (median, 76 days). Cholangitis and gas-
troduodenal ulcer developed in 10 (40%) and 2 (8%) 
patients, respectively, as adverse events after the 
combined radiotherapy.

14.8.10 
Soft Tissue Sarcomas

External radiation therapy in soft tissue sarcomas 
combined with limb-preservative surgery has been 
successful in achieving the same results as obtained 
with radical surgical resection. Interstitial brachy-
therapy also eradicates microscopic or minimal mac-
roscopic residual sarcomas. The theoretic advantages 
of such a combination include: (1) less extensive sur-
gery; (2) synchronous brachytherapy, which allows 
aggressive treatment of residual malignant cells at a 
time when these cells are still oxygenated and before 
they are embedded in scar tissue; (3) placing of the 
implant plane(s) on the residual tumor (bed), which 
ensures that this target will receive the highest irradi-
ation dose; (4) short treatment (4–5 days) completed 
before the discharge of the patient from the hospital, 
which presents a considerable medical, psychologi-
cal, and economic advantage; and (5) feasibility even 
when surgery and external-beam irradiation have 
previously failed (Hilaris et al. 1988a).

The ABS has published guidelines for the use 
of brachytherapy for patients with soft tissue sar-
coma (Nag et al. 2001c), including patient selection 
criteria for both adjuvant monotherapy and boost 
brachytherapy. The ABS recommends brachyther-
apy as sole radiation therapy only for patients with 
completely resected intermediate- or high-grade 
sarcomas of the extremity or superficial trunk, with 
negative margins. Contraindications for sole therapy 
include inability to cover the entire target volume, 
normal tissue tolerance concerns, positive margins, 
or skin ulceration indicating extensive cutaneous 
spread via lymphatics. Brachytherapy as a boost to 
wide-field external beam therapy is recommended 
for patients with intermediate- or high-grade sar-
coma with either negative or positive margins, and 
can be considered for patients with low-grade sar-
coma and post-operatively for patients with small 
lesions having positive or uncertain margins, pos-
sible surgical field contamination, or deep lesions 
(Nag et al. 2001c).

192Ir seeds or wire are usually used for soft tissue 
sarcoma implants, but 125I has also been used and 

may be advantageous, as doses to surrounding 
normal tissues are critical. Basic or sealed-end tem-
porary implant technique can be used to implant 
these lesions, depending on the location of the 
tumor. After surgical removal of the tumor, the 
overlying skin and soft tissues collapse onto the 
underlying structures. This composite slab of tissues 
forms the clinical target volume (CTV). Radiopaque 
markers such as surgical clips should be placed at 
the time of surgery to identify the extent of the CTV 
radiographically. The dimensions of the area to be 
implanted should be measured and recorded. Usu-
ally a single-plane implant is satisfactory to cover 
the CTV.

To ensure a proper implant, the points of needle 
insertion are marked on the skin with a sterile pen. 
The guide needles are inserted through the normal 
skin (at least 1 cm from the incision) after surgical 
resection, but before completion of any reconstruc-
tion and wound closure. The parallel needles are 
spaced uniformly at 1.0–1.5 cm apart and embed-
ded in the depth of the operative field. If pre-ordered 
seeds or wires of known activity are to be used, the 
needle spacing required to deliver a dose of approxi-
mately 10 Gy per day to the CTV can be estimated 
using the Anderson planar implant nomogram or 
comparable dosimetry system (Thomadsen et al. 
1997). There is currently no universal agreement 
on the extent of margins to be added to the CTV 
to ensure adequate coverage of suspected disease, 
but the ABS recommends that catheter placement 
should extend at least 1–2 cm outside the CTV in the 
direction lateral to the catheters and 2–5 cm along 
the catheter length (Nag et al. 2001c).

After placement of the guide needles, the closed 
end of each afterloading catheter (in the sealed end 
technique) is threaded through the needle until it 
emerges from the opposite end of the needle. The 
needle is withdrawn while holding the catheter in 
place until the needle is out of the skin. The process 
is repeated for the total planned number of after-
loading tubes. Each catheter is secured in proper 
position in the tumor bed with no. 2 or no. 3 absorb-
able suture material.

Radiopaque clips are placed near the blind end 
of each afterloading catheter for later identification 
of this end on localization radiographs. The cath-
eters are individually secured to the skin by means 
of a stainless-steel button that is threaded over the 
catheter, fixed to it by crimping, and anchored to 
the underlying skin by silk sutures. A plastic hemi-
spheric bead cushions the button on the skin, pro-
tecting it from undue pressure.
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Because of the anticipated effects of the radiation, 
wound closure requires extra planning and care to 
avoid undue tension predisposing to wound break-
down. To further diminish wound complications, 
the ABS recommends that the loading of the radio-
active sources should be delayed at least 5 days after 
surgery for implants used as sole radiotherapy but 
that loading may take place within 2–3 days of sur-
gery if a brachytherapy dose less than 20 Gy is to be 
given as a supplement to external beam therapy.

After the surgical procedure is completed, orthog-
onal radiographs of the CTV with dummy seeds 
inserted in the catheters are obtained for treatment-
planning purposes. If available, CT or MRI images 
can provide more detailed information for treat-
ment planning. Isodose curves should be generated 
in planes approximately perpendicular to the source 
ribbons at intervals of 1.0 cm or less. The CTV should 
be drawn on the isodose planes, and the isodose line 
giving satisfactory coverage of the CTV on all planes 
should be selected as the prescription. Sources can 
be specially ordered with activities selected to scale 
the prescription dose rate to deliver 10 Gy per day 
(or any other desired dose rate), or, if pre-ordered 
sources are used, the calculated prescription dose 
rate must be used to determine the required treat-
ment time. For LDR brachytherapy as sole adjuvant 
radiotherapy, the ABS recommends a dose of 45–
50 Gy delivered over 4–6 days. For implants provid-
ing a boost to an external beam dose of 45–50 Gy at 
1.8–2.0 Gy per day, a boost dose of 15–25 Gy should 
be delivered in 2–3 days. For correlation of implant 
quality with clinical outcome, the ABS encourages 
the calculation of dose volume histograms for the 
CTV and suggests that the dose covering 90% and 
100% of the CTV should be recorded along with the 
percentage of the CTV receiving 100%, 150%, and 
200% of the prescribed dose (Nag et al. 2001c). For 
additional technical details, the reader is referred to 
the textbook by Hilaris et al. (1988a).

Pisters et al. (1995) reported on 164 patients 
with soft tissue sarcomas randomized to receive 
or not receive brachytherapy after complete wide 
local tumor resection (78 and 86 patients in either 
group, respectively). A target region in the tumor 
bed was identified by adding 2 cm to the superior 
and inferior dimensions and 1.5–2 cm in the medial 
and lateral directions. Afterloading catheters were 
placed approximately 1 cm apart and were fixed in 
treatment position with absorbable sutures secured 
to the skin at the catheter exit site with buttons and 
nonabsorbable sutures. Implant dose was 42–45 Gy 
over 4–6 days using 192Ir. Sources were loaded on the 

fifth or sixth postoperative day to decrease interfer-
ence with wound healing. There were 13 local recur-
rences in 78 patients (16%) receiving brachytherapy 
and 25 in 86 patients (29%) treated with surgery 
only. Actuarial estimates of local recurrence at 
60 months were 18% in the brachytherapy and 31% 
in the no irradiation group. It is highly likely that 
the prescribed dose of irradiation was not adequate 
to eliminate microscopic disease, and higher doses 
(55–60 Gy) would have been more effective.

LDR intraoperative brachytherapy has been used 
as a boost in primary tumors. The mean brachy-
therapy dose was 20 Gy and external beam irradia-
tion dose 45 Gy. Delannes et al. (2000) reported 
on a group of 58 patients with primary sarcomas 
treated by a combination of conservative surgery, 
intraoperative brachytherapy, and external irradia-
tion. Most of the tumors were located in the lower 
limbs (46 of 58, 79%). Median size of the tumor was 
10 cm, most of the lesions being stages T2–T3. With 
a median follow-up of 54 months, the 5-year actu-
arial survival and actuarial local control rates were 
64.9% and 89%, respectively. Wound healing prob-
lems occurred in 20 of 58 patients, late side effects 
in 16 of 58 patients (7 neuropathies G2 to G4). No 
amputation was required.

Potter et al. (1995) reported on 12 patients 
with soft-tissue sarcomas treated with HDR or 
PDR brachytherapy. Brachytherapy was part of the 
recurrence treatment in 8 patients and part of the 
primary treatment alone or combined with exter-
nal-beam irradiation in 4 patients. With HDR, a 
dose of 15–43 Gy was delivered in 3–16 fractions, 
and, with PDR, 13–36 Gy in fractions of 1 Gy/h were 
used. In 6 patients with Ewing’s sarcoma, brachy-
therapy was performed intraoperatively as a boost 
treatment after external-beam therapy (50–55 Gy), 
if no wide resection could be achieved. A dose of 
10–12 Gy was applied in one fraction to a limited 
volume (20–50 cm3) at the time of surgery. With a 
median follow-up of 21 months, all patients are dis-
ease free, and perioperative and subacute morbidity 
were not increased.

Brachytherapy (15–20 Gy with LDR) was com-
bined with external irradiation (45–50 Gy) either 
pre- or postoperatively by Schray et al. (1990) in 
patients with soft tissue sarcomas; 3-D reconstruc-
tion of the tumor or tumor bed was accomplished 
using CT scan or MRI. Margins beyond the tumor 
were 5–10 cm axially or along tissue planes and 
2–4 cm radially or perpendicular to tissue planes. 
Brachytherapy was performed with standard nylon 
afterloading tubes positioned to encompass the boost 
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volume with a 2- to 4-cm margin. The boost volume 
was considered to be the tumor bed after preopera-
tive irradiation and the surgical bed and incision if 
no previous irradiation had been given. With rare 
exceptions (distal extremities, groin), needles were 
placed transversely to the incision (and axis of the 
extremity) under direct visualization of the tumor 
bed and with entry and exit points outside the tumor 
and surgical bed. Needles were commonly placed in 
contact with bone and neurovascular structures and 
were maintained in place by skin fascia and muscle; 
sutures were rarely used. After the implant was in 
place, skin was closed with sutures. Implants were 
loaded postoperatively with 192Ir 72–96 h later; the 
sources were placed 1-cm deep to the skin surface 
along the tube axis. Average implant activity was 
107 mCi, and a portion of the implants used two or 
more planes. The average dose rate was 48.6 cGy/
h, average time was 44.2 h, and dose was 20.52 Gy. 
In 63 patients, 65 brachytherapy procedures were 
performed. With a median follow-up of 20 months, 
there were two local failures in 56 patients (4%) ini-
tially treated and in 3 of 9 patients treated for recur-
rent tumors. Of 40 implants, 2 (5%) performed at 
initial resection followed by postoperative irradia-
tion led to wound complications, in contrast to 4 of 
16 implants (25%) performed at resection after pre-
operative external irradiation.

14.8.11 
Uterine Cervix

Fletcher (1953) illustrated the importance of 
selecting the appropriate diameter for cylinders or 
colpostats and the length for intrauterine tandems. 
Use of a colpostat or vaginal cylinder with the larg-
est clinically indicated diameter will yield the high-
est tumor dose at the depth, for a given mucosal 
dose. It is extremely important to keep in mind the 
surface dose, because excessive irradiation to the 
vaginal mucosa (maximum 150 Gy total dose to the 
proximal and 90 Gy total dose to the distal vagina) 
may result in severe mucosal atrophy, fibrosis, and 
vaginal stenosis or necrosis (Hintz et al. 1980). 
Similarly, longer tandems will result in improved 
doses delivered to the lateral parametrium and 
pelvic lymph nodes.

Intracavitary insertions in carcinoma of the 
cervix are performed under general, spinal, or 
local (block) anesthesia. The patient is placed in 
the lithotomy position, and a complete bimanual 
pelvic and rectal examination is performed. After 

adequate preparation, sterile fields are draped, the 
cervix is grasped with a tenaculum, and the uterus 
is sounded carefully to prevent a perforation. If the 
cervical os/canal is not identified, a small metallic 
probe may be used. Bimanual pelvic examination 
is extremely helpful in determining the position of 
the uterus and the probe or sound. In most patients, 
dilatation and curettage is performed at the time of 
the first intracavitary insertion (if not performed at 
initial workup). Mayr et al. (1998) described the use 
of osmotic dilators (laminarias) for gradual non-
traumatic dilation of the cervical canal for brachy-
therapy in gynecological cancer patients without 
the use of general/regional anesthesia. Discomfort 
is minimal in all cases. Radiopaque markers (lead 
shots or metallic clips) are placed in the anterior and 
posterior lips of the cervix. The tandem is inserted in 
the uterus to the appropriate depth (as determined 
by a stopper), and, subsequently, each ovoid is gently 
inserted to prevent injury to the vaginal mucosa.

If ideally inserted in the patient, the tandem should 
be in the midline or as nearly as possible equidis-
tant from the lateral pelvic wall, and the vaginal col-
postats should be symmetrically positioned against 
the cervix in relation to the tandem (Fig. 14.24a). The 
tandem should be kept along the sagittal axis of the 
pelvis, equidistant from the pubis, sacral promon-
tory, and lateral pelvic wall (Fig. 14.24b) as allowed 
by the geometry of the patient and the tumor to 
avoid overdosage to the bladder, rectosigmoid, or 
either ureter. Corn et al. (1994), in a retrospective 
evaluation of the technical quality of brachytherapy 
procedures with respect to ovoid and tandem place-
ment, demonstrated a significantly worse outcome 
for patients whose implants were judged to be unac-
ceptable.

After the tandem and colpostats positions are 
judged to be correct, careful packing of the vagina 
with iodoform gauze should be performed. A small 
mount of packing in front and behind the colpostats 
(making sure overpacking will not separate the 
cervix from the colpostats) will decrease the dose to 
the bladder base and the anterior rectal wall.

An indwelling Foley catheter should be inserted 
in the bladder; 7 ml of radiopaque contrast material 
in the Foley balloon will aid in determining a point 
dose to the bladder neck (ICRU 1985). After the 
patient recovers from anesthesia, anteroposterior 
and lateral X-ray films of the pelvis are obtained to 
document the position of the applicator, and isodose 
curves are generated.

Corn et al. (1993), in a prospective study of 15 
patients with cervix cancer treated with external 
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vical canal and 2 cm lateral to the tandem. Batley 
and Constable (1967) illustrated how these modifi-
cations to the basic conventions affected the dose to 
point A because of the different definitions.

The two most vulnerable points in the pelvis were 
thought to be the vaginal mucosa and the rectovagi-
nal septum, opposite the cervix. No more than 40% 
of total dose at point A could be delivered safely 
through the vaginal mucosa. The rectal dose should 
be 80% or less of the dose at point A; this rectal dose 
can usually be achieved by careful packing.

Point B was established at the same level as point 
A, 5 cm from the midline; this point was near the 
obturator lymph nodes and gave an indication of the 
lateral throw-off dose.

Nag et al. (2002) published the ABS recommen-
dations for LDR brachytherapy for carcinoma of the 
cervix. The ABS strongly recommends that radiation 
treatment for cervical carcinoma (with or without 
chemotherapy) should include brachytherapy as a 
component. Precise applicator placement is essential. 
Doses given by external beam irradiation and brachy-
therapy depend upon the initial volume of disease, the 
ability to displace the bladder and rectum, the degree 
of tumor regression during pelvic irradiation, and 
institutional practice. Intracavitary brachytherapy is 
the standard technique for cervical carcinoma; inter-
stitial brachytherapy should be considered for patients 
with disease that cannot be optimally encompassed by 
intracavitary brachytherapy. The ABS recommends 
completion of treatment within 8 weeks, since pro-
longing total treatment duration can adversely affect 
local tumor control and survival. Suggested dose and 
fractionation schemes for combining the external 
irradiation with LDR brachytherapy for each stage of 

irradiation and brachytherapy on whom pelvic 
radiographs were obtained before afterloading and 
after removal of the 137Cs sources (median duration 
of insertion, 56.5 h), documented an average 3-mm 
shift of the applicator. The changes in median dose 
resulting from source movement were 1.4% to point 
A, 1.7% to point B, 0.9% to pelvic lymph nodes, 1.9% 
to the bladder, and 2.6% to the rectum. Thus, appli-
cator movement during LDR brachytherapy does not 
result in significant dose changes that could have an 
impact on tumor control or complication rate.

Brachytherapy Systems for Carcinoma of the Cervix
Initially, three systems for LDR brachytherapy in 
carcinoma of uterine cervix were developed: the 
Paris, the Swedish, and the Manchester systems 
(Fig. 14.25) (Meredith 1967; Moss et al. 1979). 
The systems differ in the type of applicator used, 
strength of the source, and time of administration 
(Moss et al. 1979). In the United States, most systems 
used are derivations of the Manchester technique.

The Manchester intracavitary system, introduced 
by Tod and Meredith (1938) in 1938, used a dosi-
metric field quantity, total exposure at point A, to 
prescribe treatment rather than milligram hours. 
Point A was defined as being 2 cm above the mucous 
membrane of the lateral vaginal fornix and 2 cm 
lateral to the center of the uterine canal. Allegedly, 
this area corresponded to the paracervical triangle, 
in the medial edge of the broad ligament, where 
the uterine vessels cross the ureter. A subsequent 
arbitrary convention defined point A as being 2 cm 
above the external cervical os and 2 cm lateral to the 
midline. Yet another definition located point A 2 cm 
above the distal end of the lowest source in the cer-

Fig. 14.24. a Anteroposte-
rior view of intracavitary 
insertion for carcinoma of 
the uterine cervix. b Lat-
eral view of same implant. 
Isodose curves (cGy/h) 
are superimposed

a b
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Fig. 14.25. a The Stockholm system. The intrauterine rod-shaped applicator is loaded with 53–88 mg of radium (74 mg in the 
example shown). The vaginal applicator usually consists of a fl at box containing 60–80 mg of radium (70 mg in the example 
shown), but in special cases other forms of vaginal applicators may be used. Classically, the two applicators are not fi xed to 
each other, but fi xed or semifi xed combinations have been developed. The vaginal applicator is held against the cervix and 
lateral fornices by careful and systematic gauze packing. Typically, two or three applications are given with 3-week intervals, 
each application lasting for 27–30 h (Walstam 1954). b The Paris system. Typical radium application for a treatment of cervix 
carcinoma consisting of three individualized vaginal sources (one in each lateral fornix and one central in front of the cervi-
cal os), one intrauterine source made of three radium tubes (in so-called tandem position). The active length of the sources 
is usually 16 mm, their linear activity is between 6 mg/cm and 10 mg/cm, and their strength is 10–15 mg of radium. The total 
activity is one of the lowest in use for such treatments and implies a typical duration of the application of 6–8 days. Typically, 
the ratio of the total activity of the vaginal sources to the total activity of the uterine sources should be 1 (with variations 
between 0.66 and 1.5) (Pierquin 1964). c The Manchester system. Defi nitions of points A and B in the classic Manchester 
system are found in the text. In a typical application, the loading of intrauterine applicators varies between 20 mg and 35 mg 
of radium and between 15 mg and 25 mg of radium for each vaginal ovoid. The resultant treatment time to get 8000 R at point 
A is 140 h (Meredith 1967)

ba c

disease are presented. Dose rates of 0.50–0.65 Gy/h 
are suggested for intracavitary brachytherapy. Dose 
rates of 0.50–0.70 Gy/h to the periphery of the implant 
are suggested for interstitial implant. Use of differen-
tial source activity minimizes excessive central dose 
rates. The dose prescription point (point A) is defined 
for intracavitary insertions. The ABS recommends 
reporting the following parameters.

For intracavitary insertions:
• The prescription, including the prescribed dose to 

point A
• Dose rate
• Implant duration
• Radionuclide used
• Sources’ strengths and loading pattern
• Type of applicator used
• Doses to vaginal dose points Vs & Vd
• Doses to rectal and bladder points
• Dose to the pelvic wall, Point PW

For interstitial implants:
• The prescription, including the prescribed dose, 

dose rate, implant duration, radionuclide used, 
sources’ strengths, and loading patterns

• Type of applicator used
• Volume encompassed by the prescribed isodose 

surface
• Maximum signifi cant dose
• Rectal and bladder doses if assessed

Considerations for future image-based dosimetry 
are also noted. They emphasize that the responsibil-
ity for medical decisions ultimately rests with the 
treating radiation oncologists.

14.8.11.1 
Applicators for Carcinoma of the Cervix

Applicators used to insert intracavitary sources in 
the uterus and vagina included rubber catheters and 
ovoids developed by French researchers, metallic 
tandems and plaques designed in Sweden, and plas-
tic tandems and ovoids of the Manchester system. 
Fletcher (1953) designed a preloadable colpostat, 
which Suit et al. (1963) modified and made after-
loading.

Intracavitary vaginal colpostats typically incor-
porate internal shielding to reduce dose to the blad-
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der and rectum. Markman et al. (2001) evaluated 
the dosimetric effects of inhomogeneities in brachy-
therapy using Monte Carlo calculations to model 
dose distributions about both a Fletcher-Suit-Del-
clos (FSD) LDR system and the microSelectron HDR 
remote afterloading system. Errors were largely 
dominated by the primary photon attenuation and 
were largest behind the shields and tandem. For the 
FSD applicators, applicator superposition showed 
differences ranging from a mean of 2.6% at high 
doses (greater than Manchester point A dose) to 
4.3% at low doses (less than Manchester point A 
dose) compared with the full geometry simulation. 
Source-only superposition yielded errors higher 
than 10% throughout the dose range. For the HDR 
applicator system, applicator superposition induced 
errors ranging from 3.6% to 6.3% at high and low 
doses, respectively. Source superposition caused 
errors of 5–11%. These results indicated that pre-
calculated applicator-based dose distributions can 
provide an excellent approximation of a full geom-
etry Monte Carlo dose calculation for gynecological 
implants.

Plastic caps placed posteriorly over the 2.0-cm 
ovoids increase the diameter to 2.5 cm or 3 cm; typi-
cally the 2-cm diameter ovoids have a surface dose 
of 6.3 cGy/mgh and are loaded with 20 mg sources. 
If plastic caps are used with the regular ovoids, the 
surface dose with 2.5-cm ovoids is 4.2 cGy/mgh and 
3.0 cGy/mgh with 3-cm ovoids. Therefore, 25-mg or 
30-mg sources, respectively, are inserted.

Rosenblatt et al. (1996b) modified the Fletcher–
Suite applicator with two small inflatable balloons 
attached to the posterior end of each colpostat. The 
balloons are connected to catheters that emerge 
from the vagina attached to the colpostat’s handles. 
The balloons were affixed to the colpostats with a 
plastic adaptor and are inserted empty. The balloons 
are filled with radiological contrast material and on 
lateral film typically shows a significant posterior 
displacement of the anterior rectal wall away from 
the vaginal sources. In 90 brachytherapy applica-
tions using this device for cervical cancer and vagi-
nal applications for endometrial carcinoma follow-
ing total abdominal hysterectomy, on average, the 
ICRU rectal point was displaced 14 mm posterior 
from the colpostats, reducing the dose rate by 60% 
and resulting in an average dose sparing of approxi-
mately 10 Gy to the anterior rectal wall.

The Fletcher tandems, about 6 mm in diameter, 
are available in three curvatures. A flange or stopper 
is used to keep the uterine tandem in the selected 
position; a keeled flange can be used to avoid rota-

tion of the tandem. A special yoke was designed 
to maintain the position between the intrauterine 
tandem and the colpostats (Delclos 1984). In gen-
eral, the loading in the tandem is with 20-10-10 mg 
Ra eq 137Cs sources.

It is extremely important when applicators are pur-
chased to examine the design, to obtain radiographs 
to identify the position of the shielding (Delclos et 
al. 1978), and to take dosimetric measurements after 
determining the diameter and thickness of the walls 
of the applicator to exactly determine the dose dis-
tribution around the applicators (Haas et al. 1985).

The total number of milligram hours prescribed 
depends on total dose (in Gy) desired at point A 
(according to tumor stage or volume), number and 
strength of sources inserted in the tandem and vag-
inal colpostats, number of insertions (one or two) 
performed, and whole-pelvis dose delivered with 
external irradiation.

14.8.11.1.1 
Minicolpostats

Minicolpostats have a diameter of 1.6 cm and a flat 
inner surface to allow their insertion in patients 
on whom the only alternative would be a protrud-
ing vaginal source in the tandem (Delclos et al. 
1978). Some miniovoids have no shielding. Due to 
the smaller diameter, its surface dose is significantly 
higher than with the regular ovoids (at Washington 
University, with 3M cesium sources, the surface dose 
is 9.8 cGy/mgh with the miniovoids in contrast to 
6.3 cGy with the 2-cm diameter ovoids), and they are 
usually loaded with 10-mg sources. The 3M mini-
ovoids have internal shielding. However, phantom 
measurements did not demonstrate a significant 
decrease in dose for the newer minicolpostats with 
rectal shielding for a source separation of 3 cm, 
which potentially could allow undue user confi-
dence in the doses delivered.

Kuske et al. (1988), in dosimetry studies with 
thermoluminescent dosimeters in phantom, showed 
that the measured dose to point A, bladder, and 
rectum with the minicolpostats is approximately 
10% higher than with the regular ovoids. Because of 
the decreased capacity of the vaginal vault, packing 
may be more difficult, which results in the bladder 
and rectum being in closer proximity to the cesium 
sources. With 10-mg Ra eq sources in the miniovoids, 
the tandem in the minicolpostat system contributes 
6–8% higher dose to point A and the surrounding 
structures than with regular colpostats. Evaluating 
the results of therapy in 99 patients with carcinoma 



Clinical Applications of Low Dose Rate and Medium Dose Rate Brachytherapy 349

of the cervix treated with miniovoids, Kuske et al. 
(1988) noted a 15% incidence of grade-3 complica-
tions compared with 8% in a group of 194 patients 
treated during the same period with regular (2 cm) 
colpostats (P=0.08).

14.8.11.1.2 
Henschke Applicator

The Henschke and other applicators are commer-
cially available (Delclos et al. 1978). The basic 
configuration of the ovoids is hemispheres that are 
inserted parallel to the lateral wall of the vaginal 
vault and the intrauterine tandem. Three ovoid diam-
eters and various tandems are available. Although 
this applicator’s configuration conforms better to 
a narrow vaginal vault, the radioactive sources are 
placed parallel to the long axis of the bladder and 
the rectum and do not have any shielding, thus 
potentially delivering a higher dose to these organs. 
Users should familiarize themselves with the dosi-
metric aspects of these devices. Delclos et al. (1978) 
emphasized that the dosimetry with the Fletcher col-
postats is unique and that treatment techniques and 
tables derived for this applicator should not be used 
with other applicators, because this might result in 
significantly higher doses to the vagina, bladder, or 
rectum. Delclos et al. (1978) illustrated the differ-
ences in doses delivered to the bladder or rectum 
with the Fletcher or the Henschke applicator for a 
normalized dose of 70 Gy to point A. Appropriate 
source loading and dose prescription will produce 
satisfactory clinical results.

14.8.11.1.3 
Interstitial Implants for Cervical Carcinoma

Metallic needles containing 137Cs or, more recently, 
afterloading metallic guides or Teflon catheters for 
insertion of 192Ir wires or seeds have been implanted 
in the parametrium or cervix, using a transvagi-
nal or transperineal approach (sometimes in lieu 
of intracavitary insertions when the cervical canal 
cannot be identified), frequently with the aid of tem-
plates (Prempree 1983).

The procedure is similar to that followed for 
intracavitary insertions. The operator should keep 
in mind the expected anatomic location of the major 
pelvic vessels, especially veins (since arteries are 
more difficult to pierce). The cervix should always 
be held firmly with a tenaculum. For implants in 
the cervix itself, the needles or nylon catheters with 
metallic guides (5- to 6-cm long) are inserted straight, 

approximately 1.2 cm apart, following the position of 
the uterus (which can be verified with a finger in the 
rectum) in a single- or double-circle arrangement. 
If a single circle is used, full-intensity sources are 
required. If a double circle is implanted, the cen-
tral one should have half-intensity sources (usually 
four), and the periphery should have full-intensity 
sources. At Washington University, the parametrial 
Teflon catheters (with metallic guides), usually 12–
15 cm long, are inserted through the vaginal forni-
ces. A double-plane or volume implant usually can 
be placed in each parametrium. The catheters are 
implanted starting at 1 o’clock on the patient’s left 
side and at 11 o’clock on the right, directed parallel 
to the coronal plane of the patient and 5–10 degrees 
lateral toward the pelvic wall. The peripheral planes 
should be placed 1.2–1.5 cm lateral to the more 
medial planes, and the catheters should be inserted 
in the same fashion, approximately 10 degrees diver-
gent in the cephalad direction from the midline.

Insertion of the needles into the bladder should 
be avoided, unless it is necessary to cover the tumor 
volume.

When the uterosacral ligament area is to be 
implanted, the catheters are directed 5–10 degrees 
posteriorly. In general, 6–10 catheters can easily 
be implanted in each parametrium. We prefer to 
implant the interstitial catheters alone, without vagi-
nal colpostats or cylinders, to prevent displacement 
or enhanced penetration of the needles (Fig. 14.26). 
Gentle packing with iodoform gauze will keep the 
needles in place. Cystoscopy and a careful rectal 
examination at the completion of the procedure will 
help identify any misplaced needles, which should be 
withdrawn or replaced immediately. A digital rectal 
examination is performed (with a second glove, to be 
discarded) to ensure that there are no catheters where 
radioactive sources would be placed in the rectum.

Aristizabal et al. (1985), Martinez et al. 
(1985b), and Syed et al. (1983b) have popularized 
the use of interstitial implants, using perineal tem-
plates for guidance of spacing and alignment, with 
introduction of long metallic guides through the 
perineum into the parametrial tissues (Fig. 14.27). 
192Ir seeds or 137Cs microspheres in nylon tubes are 
inserted in an afterloading fashion after X-ray films 
are obtained with dummy sources for dosimetry 
computations. Aristizabal et al. (1985) modified 
their technique by deleting three anteriorly and 
three posteriorly placed needles in the central row; 
the central tandem was also omitted in an effort to 
decrease an initial high incidence of vesicovaginal or 
rectovaginal fistula. The authors reported approxi-



350  C. A. Perez et al.

Fig. 14.26a,b. Anteroposterior (a) and lateral (b) radiographs of the pelvis illustrating bilateral 
parametrial implant (with sources extending into vaginal walls) for extensive carcinoma of the 
uterine cervix. The upper radiopaque marker indicates the position of the cervix. The lower radi-
opaque marker denotes the distal margin of vaginal tumor extension

a b

Fig. 14.27. a Martinez Universal Perineal Interstitial 
Template applicator and metallic guides in place. b 
Anteroposterior radiograph of the pelvis shows the 
position of the guides in the parametriuma

b

mately 75% pelvic tumor control in 118 patients with 
stage-IIB and -III carcinoma of the uterine cervix. 
The major complication rate was 6% with less than 
4500 mgh, 16% with 4500–4999 mgh, 28% with 
5500 mgh, and 87% with higher intracavitary doses 
(combined with 45–50 Gy to the whole pelvis).

Martinez et al. (1985b) described results in 104 
patients with locally advanced or recurrent pelvic 
tumor using a universal perineal template com-
bined with external irradiation (36 Gy to the whole 
pelvis and 14 Gy to the pelvic sidewall with midline 

block using four-field techniques, 4- or 10-MV pho-
tons). Local tumor control was obtained in 82% of 
63 patients with gynecological lesions. The major 
complication rate was 3.2%.

Hughes-Davies et al. (1995) reported on 139 
patients treated with transperineal template inter-
stitial brachytherapy for locally advanced or recur-
rent pelvic cancer. Most patients received external 
pelvic irradiation (median dose, 42 Gy) followed 
by an implant (median dose, 30 Gy, 48 h). The dose 
rate was 0.4–1 Gy/h. Implant geometry was based 



Clinical Applications of Low Dose Rate and Medium Dose Rate Brachytherapy 351

on CT scan or MRI studies. An acrylic template 
was sutured in place, and a bladder catheter was 
inserted. Blind-ended hollow plastic afterloading 
catheters were inserted in the pelvic tissues. With 
median follow-up of 57 months in the survivors, the 
5-year local tumor control rate was 25%, and the 
disease-free survival rate was 22%. Of the patients, 
18 (13%) developed fistula. Late bladder complica-
tions were observed in 18 patients (12%), and bowel 
complications were seen in 28 patients (20%). In 
addition, 2 patients developed pathological fracture 
of the pubic ramus.

Nag et al. (1998a) used fluoroscopy to guide 
the needles for interstitial brachytherapy with 192I 
using a Syed template to treat various gynecological 
malignancies. The brachytherapy dose (prescribed 
to the periphery of the implant) was 40–55 Gy when 
used alone (15 patients) and 22–40 Gy when used 
as a boost, combined with 34.2–59.4 Gy of pelvic 
external-beam radiotherapy. Nag et al. (1998b) also 
reported on 31 patients with carcinoma of the cervix 
and 8 patients with vaginal carcinoma treated with 
external beam radiation therapy and fluoroscopic-
guided interstitial brachytherapy. Clinical indica-
tions for interstitial brachytherapy were extensive 
parametrial involvement in 22 patients, extensive 
vaginal involvement in 10, and poor vaginal anat-
omy in 7. With a median follow-up of 36 months, 
16 patients (51%) with cervical carcinomas and 5 
patients (62.5%) with vaginal carcinomas had local 
tumor control. Only 1 patient experienced grade-3 
complications (2.5%).

Results reported by several authors using tem-
plates in locally advanced uterine carcinoma are 
shown in Table 14.3.

14.8.11.1.4 
Other Brachytherapy Techniques in Carcinoma of the 
Cervix

A report by Sherrah-Davies (1985) illustrates the 
importance of variations in techniques when new 
devices are introduced into clinical use. At the 
Christie Hospital, it was customary to deliver 75 Gy 
to point A using 226Ra sources in two insertions 
of 70 h each, with a week-interval between inser-
tions, without supplemental external irradiation in 
patients with stage-I and -IIA disease. In 1979, the 
sources were changed to 137Cs, and patients were 
given one brachytherapy fraction of 37.5 Gy to point 
A with 226Ra and a second insertion of 35 Gy with 
137Cs (to account for 10% higher dose rate for cesium 
sources). Subsequently, 12 patients were treated with 

two 137Cs insertions for a dose of 70 Gy to point A. 
After the short pilot study, patients were randomly 
allocated to be treated with 75 Gy with 226Ra or 75 Gy 
to point A with 137Cs sources. At the same time, 
patients received external irradiation using two 
techniques, one with wedges and the other with four 
hexagonal fields, with different doses of irradiation. 
The reader is referred to the original article for more 
technical details. The incidence of bowel damage 
in patients treated with 137Cs alone was 27% (7 of 
26 patients) compared with 3% (1 of 33) with 226Ra 
alone or in the group combined with 137Cs intracavi-
tary insertion. It was concluded that dose rate may 
have contributed to the increased morbidity with 
the cesium sources, but to a smaller extent than 
radiobiology predicted. The author ascertained that 
bowel damage seemed to be associated with use of 
long (6 cm) intrauterine tubes in 98% of patients 
treated with 137Cs to 75 Gy to point A. With new 40-
degree angle tubes, less use of the long tubes, and a 
decreased dose to 65–70 Gy to point A, the incidence 
of bowel damage was reduced to 0.5%.

Leborgne et al. (1999) reported their experi-
ence with dose fractionation schedules using MDR 
brachytherapy (1–12 Gy/h) in 42 patients with stage-
IB, -IIA, and -IIB carcinoma of the cervix. External 
irradiation with a central block was given to the pelvis 
(40 Gy at 2 Gy per fraction), and patients with stage-
IIB disease received an additional 20 Gy to the whole 
pelvis without central shielding. The MDR group was 
treated at 1.6–1.7 Gy/h to point A; treatment factors 
are summarized in Table 14.4 (Leborgne et al. 1999). 
A control group of 102 patients was treated with LDR 
brachytherapy (average dose rate was 0.44 Gy/h, two 
32.5-Gy fractions to point A in 74 h each, 2 weeks 
apart). Grade-2 and -3 sequelae at 2 years were noted 
in 1% of patients treated with LDR brachytherapy and 
in 2.4% treated with MDR. The average nominal BED 
for the various groups ranged from 78 Gy to 124 Gy. 
The incidence of late rectal complications was zero 
for patients receiving rectal BED of less than 50 Gy, 
24–36% (53 of 184) for 50 Gy to 199 Gy, and 67% 
(4 of 6) for doses of 200 Gy BED or greater. The authors 

Table 14.3. Results with external beam irradiation and tem-
plate for locally advanced (stage IIb and IIIb) cervix cancer

Author No. of 
patients

Local 
recurrence

Compli-
cations

Aristizabal et al. (1985) 118 30 (25%) 25 (21%)
Martinez et al. (1985b) 037 06 (16%) 02 (5.4%)
Gaddis et al. (1983) 051 18 (33%) 08 (16%)
Ampuero et al. (1983) 024 09 (38%) 07 (29%)

Total 265 76 (29%) 45 (18%)
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concluded that the safest schedule was to deliver 
18 Gy to the whole pelvis with external irradiation, 
with brachytherapy delivering a dose rate to point A 
of 1.6 Gy/h, in six fractions of 8 Gy, two in each treat-
ment day, 10 days apart. Two fractions are given on a 
single day, 6 h apart, to reduce the number of inser-
tions to three. This study emphasizes the importance 
of conducting prospective dose-fractionation studies 
based on sound biological data.

14.8.12 
Endometrium

Carcinoma of the endometrium may grow irregu-
larly into the uterine cavity and produce deformity 
of the lumen from exophytic tumor, thickening of 
the uterine wall caused by myometrial infiltration, 
or uterine enlargement. It is important to determine 
the size and shape of the uterus; this can be accom-
plished by rotating the uterine sound and measuring 
the width and depth of the uterine cavity as well as 
by bimanual palpation or hysterogram. Special care 
should be taken to avoid a perforation because, if 
this occurs, packing with Heyman capsules should 
not be performed at that time. However, a carefully 
inserted tandem may be used, avoiding the site of 
perforation. Ultrasound may help in ascertaining 
the exact position of the tandem. Rutledge and 
Delclos (1980) also cautioned against rupture 
(splitting) of the cervix, which may be caused by 
excessive careless dilatation.

Uterine packing with capsules was originally 
described by Heyman et al. (1941). The practice of 
introducing as many capsules as possible to stretch 
the wall of the uterus has several advantages, as out-
lined by Rutledge and Delclos (1980): a bulky 
tumor can be flattened out, allowing the base of the 
lesion to be more effectively irradiated; stretching 
of the uterine wall to make it thinner permits higher 
doses to be delivered to the serosa of the organ; and a 
more uniform distribution of the radiation is deliv-
ered to the entire myometrium.

Afterloading Heyman–Simon capsules have been 
available in 6-, 8-, and 10-mm diameters and 2–
3 cm length. Inactive metallic guides and later 137Cs 
sources are inserted.

When capsules are used, it is convenient to insert 
an afterloading tandem to cover the lower uterine 
segment, because this permits more flexibility in the 
loading to obtain improved coverage of this portion 
of the uterus and the cervical canal. Afterloading 
colpostats should be routinely used to irradiate the 
vaginal cuff. A technical problem with the after-
loading Heyman–Simon capsules is the relatively 
large thickness of the stems, which requires contin-
ued dilatation of the cervical canal (Hegar dilators) 
after a few capsules have been inserted.

It is critical to record the order of insertion of the 
capsules (by numbers that are printed on each cap-
sule), so that removal is done in the reverse order 
of insertion. Otherwise, the capsules may become 
jammed, making removal more difficult. Ideally, a 
minimum of four capsules should be inserted. If fewer 
are allowed by the size of the endometrial cavity, it 
may be better to insert an afterloading tandem.

The dose of irradiation delivered with this system is 
somewhat empirically derived. In general, in preoper-
ative insertions (currently rarely used), we have used 
3500 mgh in the uterine cavity; however, cavities larger 
than 8 cm received doses of approximately 4000 mgh. 
Doses of approximately 65 Gy to the mucosal surface 
of the vagina are delivered (1900–2000 mgh) with 
2-cm diameter vaginal ovoids. Grigsby et al. (1991) 
reported higher survival and fewer pelvic recurrences 
and distant metastases in patients with stage-I poorly 
differentiated endometrial carcinoma when doses 
higher than 3500 mgh were delivered in the uterus. A 
lesser beneficial impact was noted in moderately dif-
ferentiated tumors.

In patients treated with radiation therapy alone 
(because of medical condition), higher intracavitary 
doses (in the range of 8000 mgh) are given in two 
or three insertions. This is combined with external 
irradiation (20 Gy whole pelvis and an additional 
30 Gy to the parametria with midline shielding).

Table 14.4. Treatment factors in low dose rate or medium dose rate brachytherapy. Leborgne et al. (1996)

Low dose rate Medium dose 
rate 1

Medium dose 
rate 2

Medium dose 
rate 3

Medium dose 
rate 4

Dose rate (median Gy/h) 0.44 1.68 1.65 1.64 1.61
Brachytherapy fractions 2 2 2 3 6
Mean dose/fraction 32.6 31.3 24.1 15.3 7.7
Brachytherapy total dose 65.1 62.5 48.2 46.0 46.2
External dose to point A (two fractions) 15.2 18.9 10.0 12.4 9.3
Total dose to point A, coefficient of variation 
(=SD/mean)%

80.3, 13% 80.4, 10% 58.2, 18% 58.4, 22% 55.5, 21%
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For postoperative irradiation in endometrial car-
cinoma, if no preoperative irradiation was delivered, 
in the past we used afterloading colpostats or cylin-
ders to deliver 60–70 Gy to the vaginal mucosa (1900–
2000 mgh) with LDR brachytherapy in patients with 
poorly differentiated tumors even in the absence of 
deep myometrial invasion. When there is deep myo-
metrial invasion (>50%), regardless of the histologi-
cal features, the intracavitary therapy is combined 
with external irradiation (20 Gy whole pelvis and 
additional 30 Gy to parametria with midline shield-
ing). If a preoperative implant was performed, only 
external irradiation is administered postoperatively, 
as outlined. Well-differentiated or moderately differ-
entiated tumors with less than 50% myometrial inva-
sion do not benefit from postoperative irradiation. In 
many institutions, LDR has been replaced by HDR 
brachytherapy, with appropriate dose adjustments.

Nag et al. (1997b, 1998a) treated 15 patients with 
locally recurrent endometrial adenocarcinoma with 
perineal template interstitial irradiation with LDR 
brachytherapy (192Ir or 137Cs). Of the 7 previously 
unirradiated patients, 5 received pelvic external 
beam radiation therapy of 45–50 Gy, with standard 
fractionation followed by an interstitial brachyther-
apy boost dose of 30 Gy (range 25–35 Gy); the other 
2 patients received only palliative brachytherapy 
(40–50 Gy). Eight previously irradiated patients 
received only brachytherapy of 50–55 Gy. After a 
median follow-up of 47 months, the actuarial local 
tumor control rate was 66.6% (with interstitial irra-
diation only was 64.3% with interstitial irradiation 
and external irradiation, 100%). Toxicity has been 
minimal, with 6 patients complaining of vaginal/
rectal (RTOG) grade 1–3 complications (5 patients 
grade 1–2, 1 patient grade 3).

14.8.13 
Iridium-192 Interstitial Brachytherapy for 
Locally Advanced or Recurrent Gynecological 
Malignancies

Gupta et al. (1999) assessed treatment outcome in 
69 patients with either locally advanced or recurrent 
malignancies of the cervix, endometrium, vagina, 
or female urethra treated using the MUPIT with (24 
patients) or without (45 patients) interstitial hyper-
thermia. Of the patients, 54 had no prior treatment 
with radiation and received a combination of exter-
nal beam irradiation and an interstitial implant. 
The combined median dose was 71 Gy (range 5–
99 Gy), median external beam irradiation dose was 

39 Gy (range 30–74 Gy), and the median implant 
dose was 32 Gy (range 18–40 Gy). In addition, 15 
patients with prior radiation treatment received 
an implant alone. The total median dose, includ-
ing previous external beam irradiation, was 91 Gy 
(range 70–130 Gy), and the median implant dose 
was 35 Gy (range 25–55 Gy). With a median follow-
up of 4.7 years in survivors, the 3-year actuarial 
local control, disease-specific survival, and overall 
survival for all patients was 60%, 55%, and 41%, 
respectively. The clinical complete response rate 
was 78%, and, in these patients, the 3-year actuarial 
local control, disease-specific survival, and overall 
survival was 78%, 79%, and 63%, respectively. On 
univariate analysis for local tumor control, tumor 
volume and hemoglobin levels were found to be 
statistically significant. On multivariate analysis, 
however, only tumor volume remained significant 
(P=0.011). The grade-4 complication rate (small 
bowel obstruction requiring surgery, fistulas, soft 
tissue necrosis) for all patients was 14%. With a dose 
rate less than 70 cGy/h, the grade-4 complication 
rate was 3% versus 24% with dose rate greater or 
equal to 70 cGy/h (P=0.013).

14.8.14 
Vagina, Vulva, and Female Urethra

Indications for and techniques of interstitial therapy 
for carcinoma of the vagina, vulva, and urethra have 
been described (Perez et al. 1988, 2004). Use of inter-
stitial implants ideally should be limited to a volume 
encompassing 75% or less of the circumference of 
the vagina, particularly when the lesion involves the 
posterior wall and rectovaginal septum. The remain-
ing normal tissues should be kept away from the 
implanted area as much as possible, with the judi-
cious use of gauze packing, cylinders, or templates. 
Two rolls of gauze are placed on top of and between 
the thighs, so that when the legs are brought down 
from the lithotomy position (in which the implant is 
done), the inside surfaces of the thighs are separated 
as much as possible from the radioactive sources.

14.8.14.1 
Vaginal Cylinders

Afterloading vaginal cylinders have a central, hollow 
metallic cylinder, in which the sources are placed, 
and plastic rings of varying lengths and diameters 
are inserted over the cylinder. Domed cylinders are 
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used to irradiate the vaginal cuff homogeneously, 
when indicated. Delclos et al. (1980) recommended 
that a short cesium source be used at the top to 
obtain a uniform dose around the dome because a 
lower dose is noted at the end of the linear cesium 
sources. In some instances, the cylinders have lead 
shielding to protect selected portions of the vagina. 
A flange with a keel is placed over the tandem after 
the last plastic cylinder has been inserted to secure 
the system in place and avoid rotation.

The Bloedorn applicator consisted of a device 
incorporating the configuration of vaginal colpostats 
or a single midline ovoid and vaginal cylinders. 
Although extensively used, it was never described in 
detail; the Bloedorn applicator was later adapted for 
afterloading (Delclos et al. 1980).

Perez et al. (1990) designed a vaginal applicator 
that incorporated two ovoid sources and a central 
tandem that can be used to treat the entire vagina 
(alone or in combination with the uterine cervix). 
The applicator has vaginal apex caps and additional 
cylinder sleeves that allow for increased dimen-
sions. The dosimetry and dose specifications for 
this applicator have been published (Slessinger 
et al. 1992), showing that the applicator delivers 
1.1–1.2 Gy/h to the vaginal apex and 0.95–1 Gy/h 
to the distal vaginal surface when loaded with 
20 mgRaEq 137Cs tubes in each ovoid and 10, 10, 
and 20 mgRaEq tubes in the vaginal cylinder 
(Fig. 14.28). The tandem in the uterus can be used 
when clinically indicated with standard loadings, 

depending on the depth of the uterus (20-10-10 or 
20-10 mg Ra eq). When the tandem and vaginal 
cylinder are used, the strength of the sources in the 
ovoids should always be 15 mg Ra eq. The vaginal 
cylinder or uterine tandem never carries an active 
source at the level of the ovoids.

Armadur et al. (1997) described a simple, inex-
pensive custom-made applicator for irradiation 
of localized areas of the vagina with intracavitary 
brachytherapy, which allowed the higher dose to be 
limited to the portion of the vagina at risk for resid-
ual disease. The applicator was fabricated from a 
clear case acrylic (Lucite) rod, 3.5 cm diameter×5 cm 
long. The applicator contained 11 parallel grooves, 
each 1.8 mm deep×2.2 mm wide, machined along 
the surface of the cylinder parallel to its long axis at 
1.0-cm increments. Plastic needles (15 gauge) were 
inserted into the grooves along the surface of the 
acrylic cylinder and held in place with heat shrink 
tubing. The applicator was easily inserted and posi-
tioned without anesthesia. Standard LDR 192Ir rib-
bons were inserted into the plastic needles after 
positioning the applicator in the vagina. Fabrication 
of this applicator requires a few weeks’ notice, is a 
routine task for a workshop with a milling machine, 
and costs approximately US$150.

Ryan et al. (1992) described a vaginal obtura-
tor used in combination with implanted catheters 
to deliver microwave hyperthermia and brachy-
therapy to the vulva and vaginal wall. The obtura-
tor was modified to provide grooves for the mount-

Fig. 14.28a–c. Anteroposterior (a) and lateral (b) radiographs depicting position of MIRALVA applicator for treatment of patient 
with vaginal recurrence of carcinoma of uterine cervix previously treated with a radical hysterectomy. c Isodose curves of the 
MIRALVA applicator (Perez et al. 1990)

ca b
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ing of interstitial catheters into the outer wall and 
was matched with a template for circumferential 
implants. Two obturator catheters along with two 
freestanding catheters formed the obturator array. 
Four freestanding catheters formed the nonobtura-
tor array. Therapeutic heating was measured in the 
catheters on the obturator between antennas in con-
tact with the vaginal mucosa.

Kucera et al. (2001) compared the role of remote 
afterloaded HDR brachytherapy in 80 patients and 
110 patients treated with intracavitary LDR brachy-
therapy (with or without external beam therapy). 
No significant differences were found between the 
two groups. Overall, actuarial 3-year survival and 
disease-specific survival rates for all patients in the 
HDR series were 51% and for LDR 66%, respectively. 
Complications were equivalent in the two groups.

Because there is substantial individualization in 
the management of patients with vaginal carcinoma, 
the treatment guidelines at Washington University 
are summarized for each stage.

14.8.14.2 
Carcinoma In Situ

An intracavitary application with a vaginal cylin-
der or similar applicator (i.e., Burnett, Delclos, 
Miralva) delivering approximately 75–80 Gy to the 
mucosa with LDR brachytherapy is adequate to con-
trol carcinoma in situ. Higher doses of irradiation 
may result in significant vaginal fibrosis and steno-

sis. Because of the multicentric nature of this tumor, 
the entire vaginal mucosa must be treated.

14.8.14.3 
Stage I

The most superficial tumors are treated with an 
intracavitary insertion alone, usually with a cylin-
der 2.5–3 cm in diameter covering the entire vagina. 
If the lesion is thicker, a single-plane needle implant 
is used in addition to the intracavitary cylinder. 
This has the advantage of increasing the tumor 
depth dose without delivering excessive irradiation 
to the uninvolved vaginal mucosa, which receives 
60–65 Gy. The gross tumor is treated with 65–70 Gy 
calculated 0.5 cm beyond the plane of the implant; 
the vaginal mucosa in this area receives an esti-
mated 80–120 Gy, depending on size of lesion and 
tumor dose prescribed (Fig. 14.29).

Choo et al. (2004), in a study of pathology biopsy 
slides, demonstrated that 95% of the lymphatics of 
the vagina are located within a 3-mm depth from 
the vaginal surface; thus, the dose prescription at 
0.5 cm may be adequate for most patients with stage-
I tumors.

At Washington University, more extensive tumors 
were treated with intracavitary and interstitial ther-
apy supplemented with external-beam irradiation 
(whole pelvis dose of 10 Gy or 20 Gy, with additional 
parametrial dose with a midline block, to deliver a 
total of 45–50 Gy to the lateral pelvic wall). When 

Fig. 14.29a,b. Anteroposterior (a) and lateral (b) radiographs of the pelvis illustrate interstitial implant performed in a patient 
with carcinoma of right vaginal wall (intracavitary cylinder omitted)

a b
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external irradiation is used, the brachytherapy dose 
is adjusted downward, adding it to the whole pelvis 
to achieve the prescribed total vaginal tumor dose.

14.8.14.4 
Stage II

Patients with more advanced paravaginal tumors 
without extensive parametrial infiltration (stage-II 
lesions) were always treated with a greater external 
irradiation dose (20–40 Gy to the whole pelvis) and 
an additional parametrial dose with midline block, 
to deliver a total of 50–60 Gy to the lateral pelvic 
wall. In these patients, intracavitary LDR brachy-
therapy should also be used to deliver a total of 
65 Gy to the entire vaginal mucosa and an intersti-
tial implant to administer approximately 70 Gy to a 
volume 0.5–1 cm around the palpable tumor (dose 
includes whole pelvis external-beam contribution). 
Because of the more extensive tumor, double-plane 
or volume implants are frequently necessary.

14.8.14.5 
Stages III and IV

For stage-III and -IV tumors, 40 Gy to the whole 
pelvis and a total of 55–60 Gy parametrial dose 
with a midline block are administered. As in stage-
IIA tumors, a vaginal cylinder and an interstitial 
implant have been used with LDR sources to com-

plete total doses of 75–80 Gy to the tumor volume 
and 65–70 Gy to the uninvolved vaginal mucosa. If 
the tumor is located in the middle or lower third of 
the vagina, it is possible to combine the insertion of 
a cylinder with the 192Ir implant along the vaginal 
walls in one procedure. However, if the tumor is in 
the upper third or involves the parametrium, we 
prefer to perform two procedures, because of con-
cern that the cylinder will displace the interstitial 
catheters and distort the geometry of the implant. 
In patients with parametrial infiltration, in addi-
tion to the above doses, it is advisable to deliver 
an additional 15–20 Gy with an interstitial implant 
(Fig. 14.30).

14.8.14.6 
Tumors of the Rectovaginal Septum

When the catheters and needles are inserted in the 
thin rectovaginal septum, one finger (covered with 
a second glove) should be inserted in the rectum to 
ensure that the catheters do not protrude beyond the 
rectal mucosa. If this occurs, the catheters should 
be withdrawn and reinserted in a satisfactory posi-
tion.

When needles or stainless-steel guides are 
implanted for tumors of the posterior vaginal wall, 
the rectal ampulla is kept distended for the dura-
tion of the implant with a 30-ml Foley double-lumen 
catheter to minimize irradiation to the lateral and 
posterior rectal walls.

Fig. 14.30. a Cross-section (perineal) view of source arrangement for interstitial and intracavitary implant in a patient with 
involvement of the right and left lateral vaginal walls and paravaginal tissues. b Coronal illustration of interstitial and intra-
cavitary implant for same patient

a b
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14.8.14.7 
Lesions of the Bladder or Proximal Female 
Urethra

An open-bladder implant may be necessary for 
lesions of the bladder or proximal portion of the 
female urethra that extend into the bladder neck. 
This procedure also allows direct visualization of 
tumor extension into the bladder (Delclos 1982a). 
If the tumor has extended beyond the vesical wall, 
the implant procedure is stopped, and external irra-
diation is used.

In a series of 160 patients, the mean hospitaliza-
tion was 36 days after the operation. In 10% of the 
patients, the abdomen had to be reopened to remove 
one or more needles (Batterman and Boon 1988; 
Batterman and Szabol 1989).

Van der Werf-Messing et al. (1983) used 
radium implants in 328 patients with T2 and 63 
patients with T3 bladder tumors after preoperative 
irradiation (3.5 Gy for three fractions). The recur-
rence rates were 16% for the T2 and 28% for the T3 
tumors. Disease-free survival rates were 75% and 
62%, respectively. Battermann and Tierie (1986), 
using a similar technique, obtained local tumor con-
trol in 69 of 85 patients (81%) with T2 tumors and 
a 10-year disease-free survival rate of 56%. Subse-
quently, van der Werf-Messing and van Putten 
(1989) used 40 Gy external irradiation followed by 
137Cs implants in 48 patients with T2 and 42 patients 
with T3 bladder cancer. The 5-year disease-free sur-
vival rate was 70%.

A different method using iridium wires was 
designed in France and modified by Battermann 
and Boon (1989) to overcome most of the disad-
vantages of the rigid needle technique. After a 
lower abdominal incision, the bladder is opened 
to visualize the tumor area. Plastic carriers con-
sisting of a hollow part and a thinner leading end 
are inserted 1.5 cm apart. The tubes penetrate 
the abdominal wall, are tunneled in the bladder 
muscle through the tumor and out of the bladder, 
and penetrate the abdominal wall again. The cath-
eters should be placed in such a way that removal 
is feasible without a second laparotomy, although 
in more complex cases, this may be necessary. 
Dummy sources are introduced in the carriers to 
visualize the length of the source to be used while 
the bladder is still open. After the position of the 
sources is checked, the bladder is closed, and sub-
sequently the abdomen is closed. A Foley catheter 
is placed for drainage. After film localization, the 
dose distribution is determined. The carriers are 

connected to the MicroSelectron, and the radioac-
tive phase of the procedure is started. The tubes 
are well tolerated and, after completion of irradia-
tion, can be removed easily. All patients receive 
preoperative external irradiation to prevent tumor 
seeding during operation (30 Gy). A dose of 40 Gy 
is given by brachytherapy at a dose rate of 0.3–
0.5 Gy/h.

Gerard et al. (1989) reported a technique involv-
ing a combination of external irradiation (10.5 Gy in 
three fractions in 3 days), external iliac lymph-node 
dissection, and partial cystectomy to remove the 
tumor, in addition to an 192Ir implant using a nylon 
thread technique or a specially designed curved 
needle to implant the nylon thread. Radiopaque 
markers help to accurately position the 192Ir wires, 
which are 5–9 cm in length, with a linear activity of 
1.2–2 mCi/cm. The thickness of the treated volume 
depends on the spacing of the wires (6–10 mm). The 
dose is calculated using the Paris system (40–50 Gy 
specified on the 85% isodose of the basal dose). The 
brachytherapy application lasts 2–5 days, depending 
on the dose desired, and removal is simply accom-
plished by pulling the plastic tubes. Somewhat 
comparable brachytherapy techniques for treat-
ment of carcinoma of the bladder were described by 
Moonen (1989), Maat and Venselaar (1989), and 
Wijnmaalen et al. (1989).

Straus et al. (1988) also used preoperative 
external irradiation (10–15 Gy for tumors less than 
3 cm or 36–50 Gy for tumors 3–5 cm) and 192Ir 
afterloading implants. Mazeron et al. (1988) used 
preoperative irradiation (8.5 Gy in a single frac-
tion), partial cystectomy, and 192Ir implants in the 
adjacent resection margins in 32 patients with T2 
and 5 with T3 tumors. The 5-year disease-free sur-
vival rate in 20 patients with T2 tumors was 55%, 
and in 4 patients with T3 cancer, only 1 was alive 
and free of disease.

An interstitial implant was used for 46 patients 
with stage-T1 or -T2 and 1 with stage-T3 cancer of 
the urinary bladder (Lybeert et al. 1994). Before 
implantation, 1 patient received no external radia-
tion therapy; the other 46 patients were treated with 
either a low dose (40 patients, 12 Gy median) or an 
intermediate dose (6 patients, 38–40 Gy) of external 
irradiation. Locoregional relapse was observed in 14 
of 47 patients (30%). The sites of locoregional relapse 
were the bladder in 11 patients and the immediate 
vicinity of the bladder in 3 patients. Only 4 patients 
died of uncontrolled locoregional disease. A salvage 
cystectomy was performed in five patients. Ulcer-
ation of the bladder mucosa was observed in 9 of 46 
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(19.6%), and bladder stone formation occurred in 3 
of 46 patients (6.5%).

Wijnmaalen et al. (1997) evaluated the results 
of transurethral resection, external beam radio-
therapy, and interstitial radiation with iridium-192, 
using afterloading technique in 66 patients with 
primary, solitary muscle invasive bladder cancer, 
aiming at bladder preservation. Immediately prior 
to interstitial radiation, 42 patients underwent a 
lymph-node dissection, and, in 16 cases, a partial 
cystectomy was performed. For interstitial radia-
tion, two of five catheters were used, and intersti-
tial radiation was started within 24 h after surgery. 
The majority of patients received 30 Gy with inter-
stitial radiation (mean dose rate of 0.58 Gy/h). In 3 
patients, additional external irradiation was applied 
following interstitial radiation. Follow-up consisted 
of cystoscopies, mostly done jointly by urologist and 
radiation oncologists, with urine cytology routinely 
performed. With a median follow-up of 26 months, 
the probability of remaining bladder-relapse-free 
at 5 years was 88%, and the bladder was preserved 
in 98% of the surviving patients. The 5-year overall 
and distant relapse-free survival rates were 48% and 
69%, respectively. Surgical correction of a persist-
ing vesicocutaneous fistula was necessary in two 
patients. Serious late toxicity (bladder, RTOG Grade 
3) was experienced by only one patient.

Pos et al. (2004) treated 40 patients with T1G3 
and T2 bladder carcinoma with 30 Gy external beam 
irradiation followed by interstitial HDR brachyther-
apy (32 Gy in ten sessions of 3.2-Gy fractions in two 
fractions daily with a 6-hour interfraction interval). 
The HDR schedule was designed to be biologically 
equivalent to the previously used LDR schedule with 
the linear-quadratic model. The local tumor control 
rate and toxicity were compared with a historical 
group of 108 patients treated with 30 Gy external 
beam radiation therapy followed by 40-Gy inter-
stitial LDR brachytherapy. The local tumor control 
rate at 2 years was 72% for HDR versus 88% for LDR 
brachytherapy (P=0.04). In the HDR group, 5 of 30 
evaluable patients had serious late toxicity; 4 devel-
oped a contracted bladder (<100 ml), and 1 patient 
required cystectomy because of a painful ulcer at the 
implant site. In the LDR group, only 2 of 84 patients 
developed serious late toxicity (one vesicocutaneous 
fistula and the other a urethral stricture). The dif-
ference in late toxicity for HDR and LDR was statisti-
cally significant (P=0.005). The increased late toxic-
ity with the HDR schedule compared with the LDR 
schedule suggests a short repair half-time of 0.5–1 h 
for late-responding normal bladder tissue.

14.8.14.8 
Tumors of the Vulva or Distal Urethra

Vulvar or distal urethral tumors can be treated with 
similar brachytherapy techniques. Erickson (1996) 
published a historical review of interstitial implants 
for vulvar carcinoma.

The patient is placed in a lithotomy position, and 
single, double-plane, or volume implants can be 
designed around the urethra or in the vulvar labia. 
We prefer to carefully place a no. 8 or no. 10 Hegar 
dilator in the urethra during the procedure for ori-
entation of the planes of the implant. If the proximal 
urethra is involved, the radioactive sources must be 
inserted reaching the bladder. When the procedure 
is completed, the Hegar dilator is withdrawn; cys-
toscopy is performed to ascertain the position of the 
catheters in the bladder, and an indwelling three-way 
catheter is inserted. If there is intravesical bleeding, 
periodic irrigation of the bladder is necessary while 
the implant is in place, and it is preferable to leave 
a three-way catheter in place for a few days (up to 
1 week) to facilitate bladder irrigation and avoid clot 
formation with bladder neck obstruction. When the 
vulva is involved, the sources must protrude into 
the perineum. If the tumor extends into the vagina, 
an intravaginal cylinder with some sources may be 
necessary to increase the dose to the vaginal mucosa 
(Fig. 14.31).

The design of the implant, placement of the radio-
active sources, and tumor doses are similar to those 
for comparable lesions in the vagina.

14.8.15 
Anal Canal and Rectum

Interstitial and intracavitary techniques have been 
used for many years for the treatment of anorectal 
carcinoma. Ideally, implants should be restricted to 
lesions that require implantation of no more than 
half the circumference of the anal canal for preser-
vation of sphincter function. Single, double-plane, 
or volume implants may be necessary, depending 
on the extent of the tumor.

The catheters are inserted through the peri-
anal area in the central plane 0.5 cm away from 
the anal or rectal mucosa with one finger (double 
gloved) in the rectum to verify appropriate place-
ment. Peripheral planes are placed at 1- to 1.5-cm 
spacing. The anal canal is kept distended with a 
custom-designed rectal plug, which reduces the 
dose to the opposite side of the canal to less than 
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15% of the minimum tumor dose at the implanted 
area (Delclos 1982a).

Although a colostomy may be avoided with dili-
gent care of the implanted area, this is not always 
practical. It may be necessary to precede the implant 
with a temporary diverting colostomy, regardless of 
tumor size or lack of bowel constriction.

It is important to decrease irradiation of the adja-
cent buttock and thighs, as described in the section 
on vagina, vulva, and urethra. Ivalon or gauze is 
placed in the intergluteal space.

The MUPIT applicator has been used in the treat-
ment of anorectal tumors with satisfactory results 
(Martinez et al. 1985b).

Kin et al. (1988) used a template for insertion of 
hollow steel needles to place the 192Ir and a rubber 
drain for treatment of patients with carcinoma of the 
anal canal, in some patients combined with exter-
nal-beam irradiation. A ring-shaped template with 
the appropriate number and lengths of radioactive 

hollow steel needles was placed over the anus, and 
the needles were successfully implanted through the 
corresponding holes (about 1-cm apart) into the anal 
or rectal wall. The template and rubber drain were 
carefully withdrawn while the needles were main-
tained in place. The needles were secured, and the 
whole applicator was held in place by suturing the 
drain and the template to the perianal skin. Later 
orthogonal X-ray films were obtained, and dose 
calculations were performed. The total tumor dose 
from the external beam and interstitial irradiation 
ranged from 54 Gy to 80 Gy (mean 64.2 Gy). Of 32 
patients treated, 24 (74%) had local tumor control. 
Of the patients, 4 had severe complications (two 
radionecrosis, one atony of the sphincter, and one 
severe rectitis); 1 patient required colostomy and 
another abdominoperineal resection. Of the other 
patients, 14 had less severe complications. The prob-
ability of preserving good or acceptable anal func-
tion was 69% (22 of 32).

a

b c

Fig. 14.31. a Patient at completion of interstitial implant and 
intracavitary insertion with stainless-steel guides for 192Ir 
tubing and Delclos vaginal cylinder. A bladder catheter is in 
place. The metallic buttons on the plastic catheters are being 
sutured to the skin to secure the position of the implant. 
Anteroposterior (b) and lateral (c) radiographs of implant 
for urethral tumor with left paraurethral extension
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Papillon et al. (1989) reported on 221 patients 
with epidermoid carcinoma of the anal canal 
treated with a combination of external irradiation 
(35 Gy) combined with 5-fluorouracil and mitomy-
cin-C, followed by an 192Ir implant 2 months later. 
The implants were performed with either a plastic 
template or a steel fork, using four to eight wires, 
5–7 cm long, adapted to the tumor extent covering 
the quadrants of the anal circumference involved by 
the tumor. A minimum dose of 15–20 Gy was deliv-
ered in 15–28 h. Of 189 patients followed for 5 years, 
118 (65.9%) were alive and well, and 110 (61.4%) had 
anal preservation. In patients with tumors less than 
4 cm, 50 of 66 (75.7%) were alive with anal preserva-
tion at the time of the report, and only 5 (7.5%) died 
of cancer.

Papillon et al. (1989) also reported on 90 patients 
with T1 or T2 rectal carcinoma treated with con-
tact X-ray endocavitary therapy followed by 192Ir 
implant with an iridium fork. Doses were simi-
lar to those administered to the patients with anal 
carcinoma. The 5-year survival rate was 77.8%; 67 
(74%) were alive with anal preservation, and only 10 
(11.1%) died of cancer. They also reported on a third 
group of patients with more advanced, moderately 
infiltrating low-lying T2 or T3 tumors, who would 
have been treated by abdominoperineal resection 
but, because of age or poor operative risk, were 
treated with radiation therapy, including interstitial 
implants. At 4 years, 37 of 62 patients (59.6%) were 
alive, and 36 (58%) had anal preservation. Only 9 
patients (14.5%) died of cancer; 3 had unresectable 
lesions, and 1 died after major surgery.

Price et al. (1988) described 44 patients with 
inoperable anorectal carcinoma treated with inter-
stitial implants using 226Ra or 137Cs needles to doses 
of 50–60 Gy (in 5 patients preceded by external 
irradiation). They recommended a dose of 60 Gy at 
0.5 cm when external irradiation is not used. Local 
tumor control was achieved in 16 of 31 patients (52%) 
assessed for response. Late morbidity was observed 
in 12 patients: 5 experienced occasional bleeding or 
diarrhea; 1 had mucoid discharge; 3 developed stric-
ture requiring surgery; and 3 had necrosis requiring 
surgery. Most patients who developed complications 
received total tumor doses above 80 Gy.

Interstitial implants with 10- to 15-cm nylon cath-
eters for 192Ir ribbons are used to treat patients with 
recurrent carcinoma of the rectum in the perineal 
and presacral fossa after abdominoperineal resec-
tion. Care should be exercised to direct the metallic 
guides initially inserted or catheters with a posterior 
orientation (5–10 degrees from the horizontal plane). 

In many instances, the needles find resistance from 
the sacrum; occasionally, the sources are inadver-
tently placed in the bladder. We have performed 
intraoperative implants at the time of resection of 
the recurrent tumor, which allows for better identi-
fication of the volume to be treated and placement of 
the catheters (Fig. 14.32).

A technique with intraoperative permanent 125I 
brachytherapy was used in 29 patients for colorec-
tal cancers recurrent in the pelvis and paraortic 
nodes (Martinez-Monge et al. 1998). All patients 
had undergone prior surgery; 72% had prior exter-
nal beam radiation therapy. The implanted residual 
tumor volume was microscopic in 38% and gross in 
62%. The implanted area (median 25 cc) received 
a median minimal peripheral dose of 140 Gy. An 
omental pedicle was used to minimize irradiation 
of the bowel. Of the patients, 5 received additional 
postimplant external beam radiation therapy (20–
50 Gy; median 30 Gy). The 4-year actuarial local-
regional control rate was 18%. Overall survival was 
better for patients with smaller volume implants 
(P=0.007), with a lower total activity implanted 
(P=0.0003), with a smaller number of implanted 
sites (P=0.004), and with microscopic residual dis-
ease (P=0.01). Patients receiving additional external 
beam radiation therapy also had a better prognosis 
(P=0.005). Of the patients, 13 (45%) experienced 15 
toxic events, including 3 patients (10%) with enteric 
fistula.

14.8.16 
Penis and Male Urethra

Carcinoma of the penis is rare in the United States; 
therefore, experience in its treatment is scarce. Inter-
stitial therapy with single- or double-plane implants 
has been used for small lesions of the glans or distal 
penis. Doses of 60–70 Gy are delivered in 6–7 days 
with a dose rate of approximately 0.45–0.5 Gy/h. 
Molds have been used, particularly in earlier years 
in Europe, but tumor control and functional results 
were not as satisfactory as with other irradiation 
techniques (Jackson 1966).

Small tumors of the proximal urethra can be 
treated with an intraurethral catheter containing 
radioactive sources, whereas distal urethral lesions 
are irradiated with techniques similar to those for 
penile tumors. Tumors larger than 2 cm should be 
treated with a combination of external irradiation 
and intracavitary or interstitial techniques or with a 
surgical procedure.
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visualization of the prostate in three dimensions 
and is usually performed using a combination of 
US and fluoroscopy. Special circumstances that 
necessitate neoadjuvant hormonal therapy include 
interference from the pubic arch and large volume 
glands. Potency is preserved in greater than 80% of 
patients. Patient selection criteria include the pre-
treatment prostate-specific antigen (PSA) level, 
tumor grade (Gleason), stage of disease, and pres-
ence or absence of bilateral positive biopsies and/
or perineural invasion. We have divided patients 
with prostate cancer into good-, intermediate-, and 
poor-risk groups. We recommend brachytherapy 
as the sole procedure for good-risk patients, and 
a combination of external beam radiation therapy 
and brachytherapy for the intermediate-risk group. 
Selection criteria for permanent implants are sum-
marized in Table 14.5 (Nag et al. 1999). Currently, 

Fig. 14.32a–c. Anteroposterior (a) and lateral (b) radiographs of intersti-
tial implant performed intraoperatively with plastic catheters and 192Ir in 
a patient with recurrent carcinoma of the rectum in the posterior pelvis. 
The patient had received 45 Gy preoperatively a year earlier. c Cross-section 
isodose curves of implant showing dose rate of approximately 40 cGy/h. 
Additional 50 Gy was administered with the interstitial implant

a b

c

14.8.17 
Prostate

The older retropubic techniques have been replaced 
by ultrasound or CT-guided transperineal tech-
niques. Prostate brachytherapy may be tempo-
rary or permanent, and the planning techniques 
for either approach are similar. Nori and Moni 
(1997) briefly discussed the advantages and limita-
tions of each. Temporary techniques may be used 
with LDR or HDR applications. The basic steps 
include assessing prostate volume by any diagnos-
tic modality (CT or US), determining total activ-
ity needed to encompass the gland and deliver the 
appropriate minimum peripheral dose, and deter-
mining the pattern of placement of seeds within 
the gland. Preplanning may be done either by US 
or by CT. The operative technique requires the 
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125I or 103Pa are used for permanent implants 
(Table 14.6).

Since publication of the AAPM Task Group No. 
43 Report in 1995 (TG-43), both the utilization of 
permanent source implantation and the number of 
low-energy interstitial brachytherapy sources com-
mercially available have dramatically increased 
(Rivard et al. 2004). The National Institute of Stan-
dards and Technology introduced a new primary 
standard of air-kerma strength, and the brachy-
therapy dosimetry literature has documented both 
improved dosimetry methodologies and dosimetric 

characterization of particular source models. In 
response to these advances, the AAPM Low-Energy 
Interstitial Brachytherapy Dosimetry Subcommittee 
presented an update of the TG-43 protocol for cal-
culation of dose-rate distributions around photon-
emitting brachytherapy sources, TG-43U1, which 
includes (a) revised definition of air-kerma strength, 
(b) elimination of apparent activity for specification 
or source strength, (c) elimination of the anisotropy 
constant in favor of the distance-dependent one-
dimensional anisotropy function, (d) guidance on 
extrapolating tabulated TG-43 parameters to longer 
and shorter distances, and (e) correction for minor 
inconsistencies and omissions in the original proto-
col and its implementation. In addition, the report 
recommends a unified approach to comparing ref-
erence dose distributions derived from different 
investigators to develop a single critically evaluated 
consensus dataset as well as guidelines for perform-
ing and describing future theoretical and experi-
mental single-source dosimetry studies.

LDR brachytherapy is being used extensively for 
the treatment of prostate cancer. As of September 
2003, there are a total of 13 125I and 7 103Pd sources 
that had calibrations from the National Institute 
of Standards and Technology and the Accredited 
Dosimetry Calibration Laboratories of the AAPM 
(DeWerd et al. 2004).

Holm et al. (1983) developed the transperineal 
implant technique for prostate cancer. Blasko et al. 
(1991) popularized the technique in the USA. Nag 
et al. (1997a) and Potters (2000) have reviewed the 
current status of permanent prostate brachytherapy.

14.8.17.1 
Transperineal I-125 Implants

Several authors, including Blasko et al. (1987), Holm 
et al. (1983), and Wallner et al. (1991), described the 
technique for 125I or 103Pd implants of the prostate 

Table 14.5. Selection criteria for permanent brachytherapy of 
the prostate. Modified from Nag et al. (1999). PSA prostate-
specific antigen, EBRT external beam radiation therapy

Brachytherapy as monotherapy:
  Stage T1 to T2a and
  Grade: Gleason sum 2–6 and
  PSA <10 ng/ml
Brachytherapy as a boost to EBRT:
  Stage clinical T2b, T2c or
  Grade: Gleason sum 7–10 or
  PSA >10 ng/ml
Brachytherapy (including boosting EBRT) in conjunction 
with androgen deprivation
  Patients with initially large prostate (>60 cc) that have 
downsized sufficiently
Clinical exclusion criteria:
  Life expectancy <5 years
  Large or poorly healed transurethral resection of the pros-
tate defect
  Unacceptable operative risks
  Distant metastases
Relative contraindications for brachytherapy
Patients not ideal candidates for brachytherapy, but never-
theless have been successfully implanted. Beginners should 
not implant these patients at increased risk of developing 
complications:
  Large median lobes
  High American Urological Association score
  History of multiple pelvic surgeries
  Severe diabetes with healing problems
Technical difficulties which may result in inadequate dose 
coverage:
  Gland size >60 cc at time of implantation
  Positive seminal vesicles

Table 14.6. Radioisotopes used for prostate brachytherapy. Modified from Porter et al. (1995). EBRT external beam 
radiation therapy

Energy 
(keV)

Half-life 
(days)

Initial dose rate 
(cGy/h)

Mean activity 
per seed (mCi)

Monotherapy 
dose (Gy)

Dose (Gy) combined 
with EBRT

Permanent:
  Iodine 125 27 60 8 0.42 145 110
  Palladium 103 21 17 20 1.3 125 100
  Gold 198 412 2.7 64 60
Temporary:
  Iridium-192 340 70 Highly variable Variable 

(about 60)
20–25
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using a transperineal approach under TRUS. Implants 
are recommended for patients with prostate volume 
less than 60 cm3, no severe pubic arch interference, 
no severe urinary obstructive symptoms, clinically 
intraprostatic disease, and prior transurethral resec-
tion of the prostate has been discouraged. However, 
Moran et al. (2004) recently used brachytherapy 
in 171 patients with stage T1a–T2b who had prior 
transurethral resection of the prostate (TURP). Of 
the patients, 100 (60%) returned complete surveys. 
Time of TURP before implant ranged from 2 months 
to 300 months (median, 6.5 years). Mean patient 
age was 74±5.2 years, follow-up time after implant 
ranged from 6.1 months to 50.9 months. Multivariate 
analysis revealed higher pretreatment International 
Prostate Symptom Scores have significant negative 
impact (P=0.001) on urinary function and bother 
scores. With accurate ultrasound identification of 
the urethral defect and precise dosimetry, brachy-
therapy could be performed in selected patients who 
have had prior TURP with resultant low impact on 
urinary function and bother scores. The ABS has 
issued a detailed set of guidelines for transperineal 
prostate implants (Nag et al. 1997a, 1999).

The standard technique for TRUS-guided pros-
tate implants involves a two-step approach. The ini-
tial step is a volume study of the prostate obtained 
for treatment-planning purposes. For this purpose, 
the patient is placed in the lithotomy position, and a 
rectal ultrasound probe is inserted. The probe is part 
of a larger positioning system, which includes a spe-
cial needle-guidance template, which will be locked 
into a fixed position relative to the probe during the 
implant procedure (Fig. 14.33). The projected posi-
tion of the template relative to the prostate images is 
shown on the US screen. After a near-central trans-
verse image of the prostate is obtained, the probe 
can be repositioned with the aim of centralizing the 
prostate in the image and minimizing distortion 
by the probe. Further images can be obtained and 
repositioning carried out to ensure that through the 
course of images the urethra position does not move 
significantly, relative to the template guide holes, 
which could obstruct the placement of needles in 
critical locations. After positioning is completed, a 
set of transverse images is recorded at 5-mm incre-
ments from the base to the apex (Fig. 14.34a). The 
patient is released, and treatment planning is car-
ried out. Using the projected guide-hole locations as 
constraints, a seed distribution is generated, which 
is optimized in terms of prostate coverage, while 
limiting the doses to the urethra and rectum. This 
will generally require that a large percentage of the 

seeds be placed at the periphery of the prostate cap-
sule (Fig. 14.34b). Recommended prescribed doses 
for 125I prostate implants are 145 Gy for implants 
used as the sole radiotherapy and 100–110 Gy for 
implants used as a boost to 40–50 Gy of external 
beam radiation. Seeds of the required number and 
activity to deliver the prescribed dose are ordered 
and, on receipt, calibrated and loaded in sterile 
needles (typically 18 gauge) along with absorbable 
spacers, according to the treatment plan. Sterile 
bone wax or other biodegradable material is used to 
stopper the ends of the needles.

At the time of the implant, the patient is again 
placed in the lithotomy position, usually under 
spinal epidural anesthesia, and after appropriate 
sterilization of the skin and sterile draping, the 
rectal ultrasound probe is inserted and moved as 
nearly as possible to the same position used for the 
volume study. The template is locked into position 
against the perineum, and special fixation needles 
are inserted (through guide holes not planned for 
use in the implant) to hold the prostate in position 
during the implant. With the US probe imaging the 
cephalad portion of the target volume first, loaded 
needles that have been planned to reach that depth 
are inserted one at a time, their position verified 
under US, and then withdrawn while holding the 
stylet in place to leave the seeds and spacers behind 
in the prostate. The probe is then withdrawn to 
the next image plane (usually 5 mm), and needles 
reaching that depth are inserted. The procedure is 
repeated until the entire prostate is filled with seeds 
according to the treatment plan.

Fig. 14.33. Prostate implant system, including ultrasound unit 
with rectal tube, stepper unit controlling probe movement, and 
perineal template (Perez et al. 2004)
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and number of periurethral needle manipulations 
42 (range, 17–65). The only significant association 
between urinary toxicity and these variables was 
the number of periurethral needle manipulations 
(P=0.025).

Fig. 14.34. a Ultrasound volume study for preimplant dosimetry. The prostate is contoured I white, and the planning target 
volume margin is in black. The margin larger at the prostate base and apex to account for three-dimensional changes in the 
gland contours. Posteriorly, there is no margin because the ultrasound probe contacts the rectal wall and prostate directly. b 
A preplant treatment plan using the modifi ed uniform loading technique described by Merrick et al. (2000). Isodose curves 
displayed are 150% and 100%. Source positions are represented by the points on the grid. Alternate slices are loaded heavily or 
peripherally. The periurethral sources have been removed to decrease the dose to that organ (Perez et al. 1999)

a

b

Eapen et al. (2004) noted in 28 patients an associ-
ation between the degree of prostate trauma during 
prostate 125I brachytherapy and development of 
acute urinary toxicity. Median values were pros-
tate volume 33 cc, number of needles per patient 32, 
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C-arm fluoroscopy is often used to check seed 
positions during and upon completion of the planned 
implant. Extra seeds are sometimes inserted at this 
point to avoid underdosing in regions that appear to 
be deficient in seeds, possibly due to needle bending 
or unintended movement of the prostate during the 
implant. A few seeds may be placed in the urethra, 
and they are usually expelled within 24 h, necessi-
tating urine collection and monitoring after implan-
tation. Merrick et al. (2000) reported that approxi-
mately 10% of seeds lost from the pelvis were found 
to embolize to the lungs. The use of stranded seeds 
has minimized seed loss (Reed et al. 2004). A cys-
toscopy is carried out after the implant is completed 
to remove misplaced seeds and detect other possible 
problems.

Many variants of the transperineal implant tech-
nique have been introduced, including the use of 
the Mick applicator for seed insertion instead of 
pre-loaded needles. Wallner et al. (1991) described 
a CT method for transperineal implants that is inte-
grated with transrectal ultrasound for verification 
of correct needle placement at implantation.

A more recent development features an intra-
operative approach in which the volume study, 
treatment planning, applicator preparation, and 
implantation are carried out in a single operating 
room procedure. This technique offers a number of 
advantages over the two-step procedure. In addition 
to sparing the patient a second US probe insertion, 
it also eliminates the requirement for accurate repo-
sitioning of the patient and probe in the planned 
position prior to the implant. It further allows for 
possible modification of the treatment plan in 
response to needle divergence and other problems 
arising during the implant procedure. Zelefsky et 
al. (2000) noted significant improvement in target 
coverage using this technique. An ABS report on 
intraoperative planning and dosimetry for prostate 
implants has been published by Nag et al. (2001a). 
An intraoperative technique carried out under MRI 
has been described (Cormack et al. 2000; D’Amico 
et al. 1998). MRI offers the advantages of excellent 
soft tissue resolution with arbitrary imaging planes, 
although seed imaging with MRI is generally infe-
rior to CT. A technique using magnetic resonance 
spectroscopy imaging has also been proposed for 
prostate implants (Zaider et al. 2000). This tech-
nique introduces the possibility of identifying and 
applying elevated doses to small, localized high-risk 
areas within the prostate capsule.

Postimplant-image-based dosimetry is usually 
performed on every patient. For this purpose, the 

patient returns a few weeks after the implant for an 
imaging procedure, usually CT and/or orthogonal 
films. The films may be used for planning but are 
more useful for seed count and position verification 
when CT or MRI planning is used. The CT images 
should include all relevant critical structures and 
seeds in proximity to the prostate. ABS guidelines 
(Nag et al. 2000) recommend that a margin of at 
least 2 cm should be added to the superior and infe-
rior aspects of the prostate.

The optimal time interval between the implant 
procedure and postimplant dosimetry has not 
been resolved at this time. Postoperative edema 
appears to resolve with a half-life of approximately 
10 days (Nag et al. 2000). It has been suggested that 
the most reproducible dosimetric results can be 
obtained with a postoperative interval of 1 month 
for implants using 125I seeds (Waterman et al. 
1997b; Yue et al. 1999). After the seeds have been 
identified on the cross-sectional images, isodose 
curves are generated on all slices imaging the pros-
tate. The original ABS guidelines for transperineal 
prostate implants (Nag et al. 1999) recommended 
that the items to be recorded and correlated with 
outcome were the prescribed dose, the maximum 
permissible dose, the dose covering 90% of the 
prostate volume (D90), and the percentage of the 
prostate volume receiving the prescription dose or 
greater (V100). The later ABS report on postimplant 
dosimetry (Nag 2000) suggested a much more elab-
orate reporting scheme, based on detailed informa-
tion from dose volume histograms, and included 
urethral and rectal doses.

Several technical details may have an impact on 
tumor control of prostate cancer treated with brachy-
therapy. Because of patient anatomy, the pubic bone 
can interfere with the direct placement of sources 
in the interior prostate, and this can potentially 
cause underdosing. Roy et al. (1991) recommend 
that needles be placed at oblique angles to cover the 
anterior prostate adequately. However, unless dif-
ferential loading of source activity is used, it is pos-
sible that high doses may be delivered to the central 
and anterior portions of the gland (D’Amico and 
Coleman 1996). However, rapid dose fall-off in the 
most peripheral portion of the gland may result in 
underdosing of posterior, peripheral prostate cancer 
or overdosing of the anterior rectal wall. Roy et al. 
(1993), in an analysis of 10 prostate implants with 
CT-planned and fluoroscopically guided radioac-
tive 125I seed placement, found that the 150 Gy pre-
scription isodose line encompassed only 78–96% of 
the total prostate volume.
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Wallner et al. (1995), in review of 65 patients 
treated with transperineal 125I implants for T1 and T2 
prostatic carcinoma, noted that a greater incidence 
of urinary grade-2 and -3 morbidity was associated 
with maximum central urethral dose, length of ure-
thra that received more than 400 Gy, and large pros-
tate volume. Rectal ulceration was associated with 
irradiation of the rectal wall to doses of more than 
100 Gy. Efforts should be made to keep the central 
urethral dose below 150% of the prescribed minimal 
peripheral dose and rectal surface dose below 80% 
to decrease toxicity.

14.8.17.2 
Palladium 103 Implants

103Pd seeds are physically similar to 125I seeds, so the 
equipment and implant techniques used with 125I 
can also be used with 103Pd. The main differences 
are that the 103Pd seed has a slightly lower photon 
energy (21 keV versus 28 keV for 125I) and a signifi-
cantly shorter half-life at 18 days (compared with 
60 days for 125I). These differences in energy and 
half-life require corresponding changes in dose pre-
scription and planning techniques, because tissue 
tolerance is a function of dose rate as well as total 
dose. Radiobiological modeling suggests that a pre-
scription dose of 125 Gy with 103Pd should be equiva-
lent to the 145 Gy prescribed with 125I for implants 
alone. For implants used as a boost to 40–50 Gy of 
external beam therapy, a 103Pd prescription dose 
of 90–100 Gy is recommended (Blasko et al. 2000; 
Nag et al. 1999; Nath et al. 1992). Because of its 
shorter half life, a higher initial activity of 103Pd 
must be used, resulting in a typical initial dose rate 
of approximately 18–20 cGy/h for 103Pd used as sole 
therapy, compared with approximately 7 cGy/h for 
125I. At 5 weeks after implantation, the 103Pd will 
have delivered approximately 76% of the total dose, 
while a 125I implant will have delivered only 33% of 
its intended total dose.

The lower photon energy of 103Pd results in a 
greater degree of attenuation of the dose relative to 
125I. This difference in dose fall-off becomes more 
pronounced as the distance from the seed increases 
and must be taken into consideration in treatment 
planning for 103Pd implants (Blasko et al. 2000; 
Nath and Meigooni 1989; Nath et al. 1992). ABS 
guidelines recommend a seed spacing no greater 
than 1.7 cm when 103Pd is used (Nag et al. 1999).

Because of the more rapid dose delivery with 
103Pd, this isotope has been more commonly used 

for higher grade malignancy (Gleason score >6), 
while 125I is preferred for lower grades (Prestidge 
et al. 1998). While some studies have found a greater 
effectiveness of 103Pd in poorly differentiated tumors 
(Nag et al. 1996), other reports (Potters et al. 2004) 
showed comparable outcome with either 125I or 
103Pd.

14.8.17.3 
Removable Interstitial Implants with Iridium-192

Charyulu (1980), Syed et al. (1983a), and 
Puthawala et al. (1985) described an interstitial 
implant technique using removable 192Ir sources 
with a transperineal template for the treatment of 
carcinoma of the prostate. Activity of the iridium 
sources in the central guides was approximately 
0.25–0.3 mg Ra eq and in the outer 12 guides, 0.4–
0.5 mg Ra eq per seed. Dose rate per hour is 0.7–
0.9 Gy, with the bladder neck and rectum receiving 
only 0.3–0.4 Gy/h. The implant was removed after 
30–35 Gy was delivered (40–45 h).

Martinez et al. (1985a) and Brindle et al. (1989), 
in an update of the initial publication, described 
implantation of the prostate with a perineal tem-
plate (MUPIT). The implant dose was 33 Gy com-
bined with external irradiation (5 Gy in one dose 
before the implant and 30 Gy in 18 fractions after 
the implant).

Nickers et al. (2000) evaluated the feasibility of 
combining external beam radiation therapy and 
LDR brachytherapy in 71 patients with prostate 
cancer in a dose escalation trial from 74 Gy to 85 Gy 
performed in four groups. Shifting from intraopera-
tive placement of source vectors (group I) to posi-
tioning under ultrasound controls (groups II–IV), 
improving the implantation shape and optimizing 
radiation delivery to urethral bed reduced the total 
dose to rectal wall under 65 Gy and to urethra under 
100 Gy. Rectal/prostate dose ratio was lowered 
from 0.7 (groups I–II) to 0.58 (groups III–IV) while 
avoiding problems resulting from pelvic bone arch 
interference, prostate volume, or seminal vesicles 
location. The mean and median follow-up periods 
were 28 months and 18 months. In Groups III and 
IV, 85% of patients without hormonotherapy treated 
with 80–85 Gy had normalized PSA under 1 ng/ml 
within 6 months. No severe late effect was noted 
for patients implanted under echographic control. 
Longer follow-up, however, is needed, but the dose 
delivered up to 85 Gy was not expected to induce 
prohibitive side effects.
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14.8.17.4 
Interstitial Irradiation and Hyperthermia

Bagshaw et al. (1993) reported a combination of 
192Ir and hyperthermia in 13 of 32 patients treated 
with brachytherapy. The technique is similar to that 
described by other authors, except for the introduc-
tion of the hyperthermia trocars, which are energized 
with 0.5 MHz microwave radiofrequency for 45 min 
to achieve 42–44.5˚C throughout the prostate.

14.10 
Quality Assurance and Radiation Safety in 
Brachytherapy

It is extremely important in the use of brachytherapy 
to formulate and strictly observe radiation safety 
procedures at each institution in compliance with 
U.S. NRC regulations.

The safety of personnel, patients, and visitors is 
based on three factors: time of radiation exposure 
as short as possible, distance as great as practically 
allowed between the radioactive sources and the 
operator, and shielding to diminish radiation expo-
sure to all concerned.

Careful quality control procedures should be fol-
lowed in the prescription and calculation of doses, 
preparation, calibration, and handling of radio-
active sources, as well as verification of treatment 
parameters. If promptly discovered, an error in 
brachytherapy can be corrected, but it is more dif-
ficult to do than in external-beam irradiation.

At Washington University, formal procedures for 
brachytherapy have been established to minimize 
treatment errors. For temporary implants, source 
loadings are usually prescribed after the physician 
has reviewed the orthogonal dummy-source local-
ization radiographs. The prescription is written on a 
form that is given to the brachytherapy-source cura-
tor, specifying the configuration of source strengths 
for intracavitary treatment or the array of active 
lengths and linear activity if iridium wires or seed 
ribbons are used for interstitial techniques. Treat-
ment duration is generally determined after review-
ing the computer planar isodose rate distributions 
and is double-checked with “hand calculations.” 
The source curator documents the preparation of 
sources in a treatment logbook, on a source inven-
tory sheet that is to be posted on the patient’s door, 
and also on a magnetic source inventory board in 
the radioactive source room. If iridium is used, the 

vendor’s lot identification code is also documented. 
A well-type re-entrant ion chamber is used to 
verify the source activity in accord with the recent 
AAPM recommendations (American Association 
of Physicists in Medicine 1994; Williamson 
1991). The U.S. NRC requires that all brachytherapy 
sources are calibrated using equipment traceable to 
an accredited national calibration laboratory, either 
at the user institution or by the vendors, and that all 
source calibration documents must be reviewed by 
an authorized medical physicist.

When manual intracavitary afterloading is used, 
for the sake of prompt patient loading, the various 
cesium tubes are color-coded. The attending phy-
sician or resident (after verifying the source load-
ing) and the source curator load the applicator in 
the patient. The loading time is documented by the 
physician, and the curator or physicist measures the 
radiation exposure levels around the patient and 
arranges lead shields appropriately. The nursing 
division is also actively involved in checking every 
3–4 h that applicators or sources do not become 
dislodged over the course of treatment. For further 
discussion of LDR brachytherapy quality assurance 
techniques and programs, the reader is referred to a 
review by Williamson (1991) and published AAPM 
recommendations (1993, 1994, 1995).

The physician’s orders sheet contains the home 
telephone number and the beeper number of at least 
two physicians who can be contacted in an emer-
gency if source removal is required. The attending 
physician or resident is responsible for the unload-
ing of the implant. The physician counts the sources 
as they are removed and places them in a lead car-
rier. After removal of the sources, the patient is sur-
veyed to ensure that no sources remain in the patient 
or in the patient’s room. The time of unloading is 
documented, and all radiation warning signs are 
removed from the patient’s door. The source cura-
tor checks that all sources have been recovered and 
returns the sources to their designated storage area. 
The magnetic inventory board is revised to show 
that the sources have been returned to their storage 
area. Additionally, source recovery is documented 
in the source logbook.

14.10.1 
Safety Regulations in the United States

The U.S. NRC and states that have negotiated agree-
ments with NRC regulate the use and safety of all 
reactor by-product materials (excluding naturally 
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occurring radionuclides such as 226Ra and electroni-
cally generated radiation). The basic NRC functions 
such as exposure control standards are outlined in 
Title 10 Code of Federal Regulations, Part 20 (10 
CFR 20).

For the brachytherapy applications discussed in 
this chapter, the NRC requires that a written direc-
tive is prepared before initiating each treatment. The 
NRC further mandates that institutional written 
procedures be implemented to provide high confi-
dence that: (1) the patient’s identity is verified before 
brachytherapy treatment; (2) it is verified that the 
treatment is delivered according to the treatment 
plan and the written directive; and (3) both manual 
and computer-generated dose calculations are 
checked. The written directive is to be retained for 
3 years. When a brachytherapy treatment is deliv-
ered with greater than 20% error, or 50% error in an 
HDR fraction, to the wrong patient, using the wrong 
isotope, to an unintended area resulting in greater 
than 50 cGy and greater than 50% of the dose that 
the area would have received in a correct treatment, 
or using a leaking source, the NRC considers it a 
“medical event”. Medical events are to be reported 
to the NRC within 24 h of the detection of the event 
verbally, followed by a written report within 15 days. 
The patient and the referring physician should be 
informed verbally within 24 h and by written report 
within 15 days, or if informing the patient is medi-
cally harmful, a relative or friend of the patient must 
be selected to receive this information. For HDR pro-
cedures, the NRC requires the presence of an autho-
rized radiation oncologist and an authorized medi-
cal physicist to be present when starting a treatment. 
An authorized medical physicist and a training phy-
sician must be present during the entire HDR treat-
ment. For PDR procedures, the NRC requires that 
an authorized medical physicist and a training phy-
sician be physically present during the initiation of 
the treatment, and an authorized medical physicist 
and a trained physician must be available on-call 
through the treatment.

10CFR35.41: 
Procedures for administrations requiring a written directive
a. For any administration requiring a written direc-

tive, the licensee shall develop, implement, and 
maintain written procedures to provide high 
confi dence that:
1. The patient’s or human research subject’s iden-

tity is verifi ed before each administration; and
2. Each administration is in accordance with the 

written directive.

b. At a minimum, the procedures required by para-
graph (a) of this section must address the follow-
ing items that are applicable to the licensee’s use 
of byproduct material:
1. Verifying the identity of the patient or human 

research subject;
2. Verifying that the administration is in accor-

dance with the treatment plan, if applicable, 
and the written directive;

3. Checking both manual and computer-gener-
ated dose calculations; and

4. Verifying that any computer-generated dose 
calculations are correctly transferred into the 
consoles of therapeutic medical units autho-
rized by § 35.600.

c. A licensee shall retain a copy of the procedures 
required under paragraph (a) in accordance with 
§ 35.2041

In addition, the NRC has eliminated the terms of 
misadministration and recordable events, replac-
ing it with “medical events”. The following defines a 
medical event and discusses the actions to be taken 
when a medical event occurs:

10CFR35.3045:
Report and notification of a medical event
a. A licensee shall report any event, except for an 

event that results from patient intervention, in 
which the administration of byproduct material 
or radiation from byproduct material results in:
1. A dose that differs from the prescribed dose 

or dose that would have resulted from the pre-
scribed dosage by more than 0.05 Sv (5 rem) 
effective dose equivalent, 0.5 Sv (50 rem) to an 
organ or tissue, or 0.5 Sv (50 rem) shallow dose 
equivalent to the skin; and
I.  The total dose delivered differs from the 

prescribed dose by 20% or more;
II.  The total dosage delivered differs from 

the prescribed dosage by 20% or more or 
falls outside the prescribed dosage range; 
or

III. The fractionated dose delivered differs 
from the prescribed dose, for a single 
fraction, by 50% or more.

2. A dose that exceeds 0.05 Sv (5 rem) effective 
dose equivalent, 0.5 Sv (50 rem) to an organ or 
tissue, or 0.5 Sv (50 rem) shallow dose equiva-
lent to the skin from any of the following:
I.  An administration of a wrong radioactive 

drug containing byproduct material;
II.  An administration of a radioactive drug 



Clinical Applications of Low Dose Rate and Medium Dose Rate Brachytherapy 369

containing byproduct material by the 
wrong route of administration;

III. An administration of a dose or dosage to 
the wrong individual or human research 
subject;

IV. An administration of a dose or dosage 
delivered by the wrong mode of treat-
ment; or

V.  A leaking sealed source.
3. A dose to the skin or an organ or tissue other 

than the treatment site that exceeds by 0.5 Sv 
(50 rem) to an organ or tissue and 50% or more 
of the dose expected from the administra-
tion defi ned in the written directive (exclud-
ing, for permanent implants, seeds that were 
implanted in the correct site but migrated out-
side the treatment site).

b. A licensee shall report any event resulting from 
intervention of a patient or human research sub-
ject in which the administration of byproduct 
material or radiation from byproduct material 
results or will result in unintended permanent 
functional damage to an organ or a physiologi-
cal system, as determined by a physician.

c. The licensee shall notify by telephone the NRC 
Operations Center3 no later than the next calen-
dar day after discovery of the medical event.

d. By an appropriate method listed in § 30.6(a) of 
this chapter, the licensee shall submit a written 
report to the appropriate NRC Regional Offi ce 
listed in § 30.6 of this chapter within 15 days after 
discovery of the medical event.
1. The written report must include:

I.  The licensee’s name;
II.  The name of the prescribing physician;
III. A brief description of the event;
IV. Why the event occurred;
V.  The effect, if any, on the individual(s) 

who received the administration;
VI. What actions, if any, have been taken or 

are planned to prevent recurrence; and
VII. Certifi cation that the licensee notifi ed the 

individual (or the individual’s responsible 
relative or guardian), and if not, why not.

2. The report may not contain the individual’s 
name or any other information that could lead 
to identifi cation of the individual.

e. The licensee shall provide notifi cation of the 
event to the referring physician and also notify 
the individual who is the subject of the medical 
event no later than 24 h after its discovery, unless 
the referring physician personally informs the 
licensee either that he or she will inform the indi-

vidual or that, based on medical judgment, telling 
the individual would be harmful. The licensee is 
not required to notify the individual without fi rst 
consulting the referring physician. If the refer-
ring physician or the affected individual cannot 
be reached within 24 hours, the licensee shall 
notify the individual as soon as possible thereaf-
ter. The licensee may not delay any appropriate 
medical care for the individual, including any 
necessary remedial care as a result of the medi-
cal event, because of any delay in notifi cation. 
To meet the requirements of this paragraph, the 
notifi cation of the individual who is the subject 
of the medical event may be made instead to that 
individual’s responsible relative or guardian. If 
a verbal notifi cation is made, the licensee shall 
inform the individual, or appropriate responsible 
relative or guardian, that a written description of 
the event can be obtained from the licensee upon 
request. The licensee shall provide such a written 
description if requested.

f. Aside from the notifi cation requirement, noth-
ing in this section affects any rights or duties of 
licensees and physicians in relation to each other, 
to individuals affected by the medical event, or to 
that individual’s responsible relatives or guard-
ians.

g. A licensee shall:
1. Annotate a copy of the report provided to the 

NRC with the:
I.  Name of the individual who is the subject 

of the event; and
II.  Social security number or other identifi -

cation number, if one has been assigned, 
of the individual who is the subject of the 
event; and

2. Provide a copy of the annotated report to the 
referring physician, if other than the licensee, 
no later than 15 days after the discovery of the 
event.

Review should include all recordable events and 
misadministrations and an audit of representa-
tive sample cases treated. For HDR or PDR proce-
dures, the NRC requires the presence of an autho-
rized radiation oncologist and physicist at all times 
when a procedure is being performed. Imaging or 
techniques must be in place to verify source posi-
tion and accuracy before performing a procedure. 
A physicist must verify the accuracy of plan input 
data, dose calculation, and information transfer. 
Before treatment, the technologist verifies treatment 
site, isotope, total dose, dose per fraction and treat-
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ment modality, program sequence of source posi-
tions, and dwell times, which must agree with the 
treatment plan calculation; the technologist must 
also verify that HDR treatment channels are cor-
rectly connected to corresponding applicators. After 
treatment, the attending physician must review the 
record and sign forms as required.

For other (non-HDR) brachytherapy procedures, 
there are similar requirements. In addition, for 
manual afterloading intracavitary sources color 
coding or serial number must identify the sources; 
ideally a second person should verify the correct 
loading of the applicator. For 192Ir, 103Pd, 125I, or 
other radionuclides, verification of batch number 
and a pot calibration check must be performed.

Misadministrations with remote afterloading 
devices occur, although fortunately they are rare. 
These devices and their operation are complex, and a 
mishap may have severe or fatal complications. To pre-
vent these, strictly followed safety and quality assur-
ance procedures are mandatory (Glasgow 1996).
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It is expected that the use of HDR brachytherapy 
will greatly expand over the next decade and that 
refinements will occur primarily in the integration 
of imaging (computed tomography, magnetic reso-
nance imaging, intraoperative ultrasonography) and 
optimization of dose distribution. It is anticipated 
that better tumor localization and normal tissue 
definition will help to optimize dose distribution to 
the tumor and reduce normal tissue exposure. The 
development of well-controlled randomized trials 
addressing issues of efficacy, toxicity, quality of life, 
and costs versus benefits will ultimately define the 
role of HDR brachytherapy in the therapeutic arma-
mentarium.

15.2 
Introduction

Brachytherapy has the advantage of delivering a 
high dose of radiation to the tumor while sparing 
the surrounding normal tissues. Brachytherapy pro-
cedures were previously performed by inserting the 
radioactive material directly into the tumor (“hot” 
loading), thereby giving high radiation exposure to 
the physicians performing the procedure. Manually 
afterloaded techniques were introduced to increase 
accuracy and reduce the radiation hazards. In 
afterloaded techniques, hollow needles, catheters, 
or applicators are first inserted into the tumor then 
loaded with radioactive materials. The introduction 
of remote-controlled insertion of sources eliminated 
radiation exposure to visitors and medical person-
nel. In this technique, the patient is housed in a 
shielded room, and the radiation therapist controls 
the treatment from outside the room. Hollow appli-
cators, needles, or catheters are inserted into the 
tumor and connected by transfer tubes to the radio-
active material, which is stored in a shielded safe 
within the HDR afterloader. The radiation source is 
driven through the transfer tubes and into the tumor 
by remote control.
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15.1 
Abstract

Brachytherapy has the advantage of delivering a high 
dose to the tumor while sparing the surrounding 
normal tissues. With proper case selection and deliv-
ery technique, high-dose-rate (HDR) brachytherapy 
has great promise, because it eliminates radiation 
exposure, allows short treatment times, and can be 
performed on an outpatient basis. Additionally, use 
of a single-stepping source allows optimization of 
dose distribution by varying the dwell time at each 
dwell position. However, when HDR brachytherapy 
is used, the treatments must be executed carefully, 
because the short treatment times do not allow any 
time for correction of errors, and mistakes can result 
in harm to patients. Hence, it is very important that 
all personnel involved in HDR brachytherapy be 
well trained and constantly alert.
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Remote controlled brachytherapy can be per-
formed using low-dose-rate (LDR), medium-dose-
rate (MDR), or HDR techniques. The usual dose rate 
employed in current HDR brachytherapy units is 
about 100–300 Gy/h. The use of remote-controlled 
brachytherapy (whether it is LDR, MDR, or HDR 
brachytherapy) eliminates the hazards of radiation 
exposure. The use of HDR has the added advantage 
of the treatments taking only a few minutes, allow-
ing them to be given on an outpatient basis with 
minimal risk of applicator movement and minimal 
patient discomfort. Additionally, use of a single-

stepping source, as used in most modern HDR 
afterloaders, allows optimization of dose distribu-
tion by varying the dwell time at each dwell posi-
tion. However, it should be emphasized that while 
optimization can improve the dose distribution, it 
should not be used to substitute for a poorly placed 
implant. Nag and Samsami (2000) have provided 
examples of inappropriate optimization strategies, 
which can lead to suboptimal dosimetry plans and 
clinical problems. The advantages and disadvan-
tages of HDR in comparison with LDR are enumer-
ated in Table 15.1.

Table 15.1. Advantages and disadvantages of high-dose-rate (HDR) compared with low-dose-rate (LDR) brachytherapy

Advantages Disadvantages

1. Radiation protection

– HDR eliminates radiation exposure hazard for caregivers 
and visitors. Caregivers are able to provide optimal patient 
care without fear of radiation exposure

– HDR eliminates source preparation and transportation
– Since there is only one source, there is minimal risk of 

losing a radioactive source

2. Allows shorter treatment times

– There is less patient discomfort, since prolonged bed rest is 
eliminated

– It is possible to treat patients who may not tolerate long 
periods of isolation and those who are at high risk of pul-
monary embolism due to prolonged bed rest

– There is less risk of applicator movement during therapy
– There are reduced hospitalization costs, since outpatient 

therapy is possible
– HDR may allow greater displacement of nearby normal 

tissues (by packing or retraction), which could potentially 
reduce morbidity

– It is possible to treat a larger number of patients in institu-
tions that have a high volume of brachytherapy patients but 
insufficient in-patient facilities (e.g., in some developing 
countries)

– Allows intraoperative treatments, which are completed 
while patient is still in the operating room

3. HDR sources are of smaller diameter than the Cesium 
sources that are used for intracavitary LDR

– This reduces the need for dilatation of the cervix and there-
fore reduces the need for heavy sedation or general anesthesia

– High-risk patients who are unable to tolerate general anes-
thesia can be more safely treated

– HDR allows for interstitial, intraluminal and percutaneous 
insertions

4. HDR makes treatment dose distribution optimization possible

– Variations of the dwell times of a single stepping source 
allow an almost infinite variation of the effective source 
strengths, and the source positions allow for greater control 
of the dose distribution and potentially less morbidity

1. Radiobiological

– The short treatment times do not allow for the repair of 
sublethal damage in normal tissue, the redistribution of 
cells within the cell cycle, or reoxygenation of the tumor 
cells; hence, multiple treatments are required

2. Limited experience

– Few centers in the United States have long-term (greater 
than 20 years) experience

– Until recently, standardized treatment guidelines were not 
available; however, the American Brachytherapy Society 
has recently provided guidelines for HDR at various sites 
(Arthur et al. 2002; Nag et al. 2000a; Nag et al. 2000b; Nag 
et al. 2000e; Nag et al. 2001a; Nag et al. 2001b; Nag et al. 
2001c; Rodriguez et al. 2001)

3. The economic disadvantage

– The use of HDR brachytherapy, compared with manual 
afterloading techniques, requires a large initial capital 
expenditure, since the remote afterloaders cost approxi-
mately $300,000

– There are additional costs for a shielded room, and person-
nel costs are higher, as the procedures are more labor inten-
sive

4. Greater potential risks

– Since a high activity source is used, there is greater poten-
tial harm if the machine malfunctions or if there is a cal-
culation error. The short treatment times, compared with 
LDR, allow much less time to detect and correct errors
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The advantages listed above have led to increased 
use of HDR worldwide; however, training and exper-
tise is required for proper administration of these 
treatments. Scientific Societies, including the Ameri-
can Brachytherapy Society (ABS), have recently pub-
lished guidelines and recommendations for the use 
of HDR at various sites (Gaspar et al. 1997; Nag et 
al. 2000a,b,e, 2001a,b,c, 2002, 2004a, Rodriguez et al. 
2001; Arthur et al. 2002). While this chapter incor-
porates many of these recommendations, the reader 
should refer to the original publications for details.

15.3 
How to Design a New HDR Protocol

Most radiation oncologists are familiar with LDR 
brachytherapy. LDR (at 30–50 cGy/h) can be added 
to external beam radiation therapy (EBRT) doses 
(at 2 Gy/day) to obtain equivalent total doses. HDR 
brachytherapy is a relatively new modality that is 
distinct from LDR brachytherapy, and radiation 
oncologists who are accustomed to LDR techniques 
must realize that experience in LDR cannot be 
automatically translated into expertise in HDR. It 
is important to review the current literature and 
survey the experiences of centers that have been per-
forming HDR. When converting from LDR to HDR, 
one must keep the other parameters (chemotherapy, 
EBRT field/dose, dose-specification point, applica-
tors, patient population, etc.) the same, changing 
only the LDR to HDR.

Fractionation schemes for HDR are widely vari-
able, and many radiation oncologists are not very 
familiar with the resultant biological effects. Empir-
ical methods such as the nominal standard dose, 
time–dose factor, or a dose reduction factor of 0.6 
have been used in the past to convert HDR doses to 
LDR equivalent doses. The linear-quadratic (LQ) 
equation (Barendsen 1982) can be used to guide 
development of HDR doses and fractionation sched-
ules. However, the LQ mathematical calculations 
are tedious and may not be practical on a day-to-
day basis. Hence, a simplified computer program 
was developed by Nag and Gupta (2000) to obtain 
the biologically equivalent doses for HDR. The cli-
nician needs only to enter the EBRT total dose and 
dose/fraction, HDR dose, and the number of HDR 
fractions. The computer program will automatically 
calculate the equivalent doses for tumor and normal 
tissue effects. Equivalent doses are expressed in clin-
ically familiar terms (as if given at 2 Gy per fraction) 

rather than as biologically equivalent doses, which 
are unfamiliar to clinicians. Furthermore, a dose-
modifying factor (DMF) is applied to the normal 
tissues to account for the fact that doses to normal 
tissues are different from the doses to the tumor, 
thus providing a more realistic equivalent normal 
tissue effect. This program can be used to deter-
mine HDR doses that are equivalent to LDR brachy-
therapy doses used to treat various cancers. Alter-
natively, the program may be used to express the 
equivalent dose of different HDR dose-fractionation 
regimes, as shown for cervical cancer in Table 15.2. 
It is remarkable that the equivalent doses for tumor 
effects for the various fractionation regimes used for 
early-stage cervical cancers are so similar, ranging 
from 82 Gy to 85 Gy, while those used for advanced 
cancers are about 90 Gy (Table 15.2). The equivalent 
dose for normal tissue late effects depends on the 
assumed DMF (0.6, 0.7, or 0.9). For the fractionation 
scheme shown in Table 15.2, row 1, the equivalent 
late effect on normal tissue (bladder or rectum) 
would be 59.5, 71, or 98 Gy, respectively, if the doses 
to normal tissues were 60, 70, or 90% of the pre-
scribed dose to point A.

Although the LQ biomathematical model can 
be helpful in determining equivalent doses, it has 
many limitations that must be kept in mind when 
using the program. The L-Q model accounts for the 
repair of sublethal damage and does not account for 
reoxygenation of hypoxic cells, reassortment within 
the cell cycle, or repopulation of tumor cells. These 
factors are generally small under normal circum-
stances. However, large doses per fraction do not 
allow reoxygenation of hypoxic tumor cells or reas-
sortment of tumors from radioresistant S-phase. 
Hence, a large radiation dose will preferentially 
kill radiosensitive cells, leaving a high number of 
hypoxic, radioresistant cells. Therefore, the com-
puter program will overestimate the tumor effect of 
a single large dose per fraction (unless a resensitiza-
tion factor is introduced).

The LQ equation does not take into account the 
proliferation of tumor cells. This factor is small if 
the treatments are performed over a short duration. 
However, if the treatments are highly protracted 
(e.g., there is a long time interval between EBRT and 
HDR), or in cases of tumors with high proliferation 
rates, the LQ model will overestimate the actual 
tumor effect. It also must be noted that individual 
α/β values are very variable. The α/β values for early 
reactions vary from 6 to 13 (the default in the pro-
gram is set at 10); the α/β values for late reactions 
vary from 1 to 7 (default being set at 3), while α/β 



382  S. Nag

values for tumors vary from 0.4 to 13 (the default 
being set at 10). However, α/β values for a particu-
lar patient are not known and may vary even within 
the same tissue. The equivalent doses obtained will, 
therefore, depend on the α/β values used for that 
particular calculation. The LQ model assumes com-
plete repair between fractions. If the time interval 
between fractions is too short (<6 h) or the half-time 
of repair is very long, the repair of normal tissues 
will be incomplete, and the LQ formula will underes-
timate the biological effect. Hence, it is important to 
have a sufficient time interval (at least 6 h) between 
treatment fractions.

The infinite variation of the dwell times that is 
possible with HDR (or pulsed dose rate) allows better 
optimization of the doses than can be achieved with 
LDR. Better packing or retraction of normal tissues is 
possible with HDR, due to the short treatment dura-
tion. This factor is not usually taken into account in 
the LQ model (unless the DMF is altered). Another 
difference not accounted for in the LQ model is 
that the dose stated in brachytherapy is generally 
the minimum tumor dose. The doses within the 
tumor are much higher. Hence, the effective dose 
(for tumor control probability) is much higher for 
brachytherapy than for EBRT.

In view of the many limitations of the LQ model, 
it must be stressed that, as with any mathematical 
model, the LQ model should be used judiciously as 
a guide only and should always be correlated with 
clinical judgment and outcome results. Caution is 
especially warranted whenever large fraction sizes 
are used, since their clinical results have not been 
well studied.

15.4 
Common Uses of HDR Brachytherapy

Although HDR brachytherapy has been used in 
almost every site in the body, it is most commonly 
used to treat cancers of the cervix, endometrium, 
lung, and esophagus. Less common treated sites for 
HDR include the prostate, bile duct, breast, brain, 
rectum, head and neck, skin, soft tissues, and blood 
vessels (coronary and peripheral arteries). HDR is 
generally used as a component of a multi-modality 
treatment that includes EBRT and/or chemotherapy 
and surgery. A summary of the clinical uses of HDR 
at various sites is included this article.

15.4.1 
Carcinoma of the Cervix

Brachytherapy is a necessary component in the 
curative treatment of cervical cancers (Nag et al. 
2000b). HDR has gained popularity in the U.S. over 
the last decade due to the advantages alluded to ear-
lier, specifically the possibility of therapy on an out-
patient basis, avoidance of long-term bed rest, and 
avoidance of cervical dilation. Additionally, greater 
sparing of the rectum and bladder by temporary 
retraction, dose optimization, and integration with 
EBRT to the pelvis are possible. These advantages 
must be counterbalanced with the greater number of 
treatments required (typically five or six treatments 
lasting approximately 10–15 min each).

The ABS recommends keeping the total duration 
of treatment (EBRT and HDR) to less than 8 weeks, 

Table 15.2. American Brachytherapy Society suggested doses of external beam radiation therapy (EBRT) and high-dose-rate 
(HDR) brachytherapy to be used in treating early and advanced cervical cancer. The α/β ratio assumed for tumor equals ten. 
The α/β ratio assumed for normal tissue late effects equals three. DMF = dose modifying factor

Total EBRT dose (Gy) 
@ 1.8 Gy/fraction

No. of HDR 
fractions

HDR 
dose/fraction 
(Gy)

Equivalent dose 
(Gy) for tumor 
effects

Equivalent dose 
(Gy) for late 
effects with 
DMF=0.6

Equivalent dose 
(Gy) for late 
effects with 
DMF=0.7

Equivalent dose 
(Gy) for late 
effects with 
DMF=0.9

Early cervical cancer
19.8 6 7.5 85.1 59.5 71.0 98.0
19.8 7 6.5 82.0 56.7 67.1 91.5
19.8 8 6.0 83.5 57.0 67.4 91.6
45 5 6.0 84.3 67.0 73.4 88.6
45 6 5.3 84.8 66.8 73.1 87.7

Advanced cervical cancer
45 5 6.5 88.9 70.1 77.6 95.0
45 6 5.8 90.1 70.3 77.6 94.7
50.4 4 7.0 89.2 72.6 79.4 95.3
50.4 5 6.0 89.6 72.1 78.6 93.7
50.4 6 5.3 90.1 72.0 78.3 92.9
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since prolongation adversely affects local control 
and survival (Nag et al. 2000b). Because the over-
all treatment duration would be unduly prolonged 
if HDR treatments (generally five or six fractions 
given once a week) were begun after completion of 
EBRT, the HDR is commonly given concurrently 
during the course of EBRT (but note that EBRT 
is not given on the day of HDR brachytherapy). 
The combined EBRT and HDR dose to point A (or 
point H) is an LDR equivalent of 80–85 Gy for early 
stage disease and 85–90 Gy for advanced stage (Nag 
et al. 2000b). Early disease is defined as non-bulky 
stage I/II less than 4 cm in diameter; advanced dis-
eased is defined as stage I/II greater than 4 cm in 
diameter or stage IIIB. The pelvic side-wall dose 
recommendations are 50–55 Gy for smaller lesions 
and 55–60 Gy for larger ones. The HDR dose is 
dependent on the stage of the disease and the dose of 
EBRT. Most centers use a schedule of approximately 
6–8 Gy per fraction in four to six fractions, although 
two or three fractions of 8–10 Gy have been used (a 
smaller number of fractions is used by those using 
larger doses per fraction) (Fu and Phillips 1990; 
Orton et al. 1991; Nag et al. 2000b; Sood et al. 2002; 
Nakano et al. 2005; Patel et al. 2005).

As mentioned earlier, HDR doses can be obtained 
from the LDR equivalent using the linear-quadratic 
equation. While recognizing that many efficacious 
HDR fractionation schedules exist, the ABS sugges-
tions and the equivalent doses are given in Table 15.2 
as a guide. The recommended HDR dose per fraction 
may vary by ±0.25 Gy. It is emphasized that extra care 
must be taken to ensure adequate bladder and rectal 
packing if high dose (>7 Gy) per fraction is used.

In certain difficult clinical situations (e.g., a 
narrow fibrotic vagina, bulky tumors, the inability to 
enter the cervical os, extension to the lateral parame-
tria or pelvic side wall, lower vaginal extension and 
suboptimal applicator placement), the normal tissue 
tolerance may be exceeded if the above doses are 
used. In these situations, the HDR fraction size can be 
decreased (which requires an increase in the fraction 
number) or the EBRT dose increased while decreas-
ing the HDR total dose. Alternatively, an interstitial 
implant (either LDR or HDR) may be used.

LDR brachytherapy has been used with good 
results in carcinoma of the cervix for almost 
100 years. Hence, it is important to critically ana-
lyze whether the results obtained with HDR brachy-
therapy, which has a much shorter history, compare 
with those obtained with LDR. Unfortunately, most 
of the published reports have been non-random-
ized studies. Although large, multi-institutional, 

randomized trials are not available, the available 
data from single-institution randomized trials, ret-
rospective analyses and meta-analyses suggest that 
survival, local control, and morbidity of HDR treat-
ments are equivalent to that of LDR (Shigematsu et 
al. 1983; Fu and Phillips 1990; Orton et al. 1991; 
Arai et al. 1992; Patel et al. 1993; Petereit et al. 
1999; Lorvidhaya et al. 2000; Hareyama et al. 
2002; Nakano et al. 2005; Patel et al. 2005).

15.4.2 
Carcinoma of the Endometrium

HDR brachytherapy is commonly used for adjuvant 
treatment of the vaginal cuff after hysterectomy in 
patients with intermediate and high risk for vaginal 
recurrence (high-grade, deep myometrial invasion, 
or advanced stage). Additionally, brachytherapy 
may be used for primary treatment in inoperable 
endometrial carcinoma and for treatment of recur-
rences after hysterectomy.

Patients at high risk for vaginal recurrences after 
hysterectomy (deep myometrial invasion, high his-
tological grade and stage, cervical or extra-uterine 
spread, squamous cell or papillary histology) should 
receive adjuvant radiation therapy. There is con-
troversy regarding the best method. Pelvic EBRT, 
vaginal vault brachytherapy or a combination can 
be used depending on the extent of pelvic lymph 
node dissection and whether chemotherapy will be 
added. EBRT has the advantage of irradiating the 
pelvic lymph nodes but takes approximately 5 weeks 
to perform and has some morbidity. Brachytherapy 
is more convenient and has low morbidity, but does 
not treat the lymph nodes. Hence, some centers 
combine both EBRT and brachytherapy, although it 
has not been proven that the combination yields any 
superior results. Others prefer “watchful waiting” 
and use salvage irradiation if there is a recurrence, 
since the final survival rate is not compromised. 
However, in cases of recurrence, a combination of 
pelvic EBRT and brachytherapy is required.

If pelvic EBRT is used, the dose is usually 
40–45 Gy in 20–25 treatments (Nag et al. 2000a). 
A vaginal cylinder is commonly used to deliver 
HDR brachytherapy. The largest diameter cylinder 
that comfortably fits the vagina should be used to 
increase the depth dose. The length of vaginal vault 
treated varies. Some treat the superior 3 cm or 5 cm, 
while others treat the superior half or two-thirds 
of the vagina (Mandell et al. 1985; Lybeert et al. 
1989; Sorbe and Smeds 1990; Nori et al. 1994; Nag 
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et al. 2000a; Alektiar et al. 2005). For serous and 
clear cell histologies, treatment of the entire vagi-
nal canal should be considered. The dose distribu-
tion should be optimized to follow the curvature of 
the dome of the cylinder to deliver the prescribed 
dose either at the vaginal surface or at 0.5 cm depth, 
depending on the institutional policy. Regardless of 
the prescription point, doses to both of these points 
should be reported (Nag et al. 2000a). The ABS 
dose suggestions (Nag et al. 2000a) for HDR alone 
or in combination with 45 Gy EBRT are given in 
Table 15.3. Since some institutions specify the dose 
to the vaginal surface and others specify the dose at 
0.5 cm depth, suggested HDR doses have been given 
for both specification methods.

The 5-year survival rates of HDR therapy vary 
from 72% to 97%, depending on the stage, grade, 
and depth of myometrial invasion (Mandell et al. 
1985; Lybeert et al. 1989; Sorbe and Smeds 1990; 
Nori et al. 1994; Alektiar et al. 2005). The severe 
(grades III or IV) late complication rate is usually 
less than 1% and depends on the dose per fraction 
(Mandell et al. 1985; Lybeert et al. 1989; Sorbe 
and Smeds 1990; Nori et al. 1994; Alektiar et al. 
2005). The incidence of vaginal shortening is also 
very much dose dependent, reportedly as high as 
70% when 9 Gy per fraction was prescribed at 1 cm 
depth to 31% when the dose was reduced to 4.5 Gy 
per fraction (Sorbe and Smeds 1990). Other factors 
that increase morbidity include the use of a small 
(2 cm) diameter vaginal cylinder, the addition of 
pelvic EBRT, and dose specification point beyond 
0.5 cm (Mandell et al. 1985).

A combination of pelvic EBRT and brachytherapy 
is generally used to treat recurrences at the vaginal 
cuff. With distal vaginal recurrences, the entire 
vagina and medial inguinal nodes are included in 
the EBRT field. Intracavitary vaginal brachyther-
apy should be used only for non-bulky recurrences 
(thickness less than 5 mm after the completion of 
EBRT) (Nag et al. 2000a). Interstitial brachyther-
apy is to be used for bulky recurrences (thickness 
>5 mm after the completion of EBRT) and for previ-
ously irradiated patients. The ABS suggested doses 
for HDR brachytherapy (in combination with 45 Gy 
EBRT) are provided in Table 15.4 (Nag et al. 2000a).

Patients with adenocarcinoma of the endome-
trium who are not candidates for surgery because 
of severe medical problems are treated with radia-
tion therapy. A combination of pelvic EBRT beam 
and brachytherapy is preferred whenever possible. 
However, many of the conditions that do not allow 
surgery in these cases are also relative contraindica-

tions for EBRT and for LDR brachytherapy. These 
patients may be treated with HDR alone.

Numerous applicators can be used for treatment 
of primary endometrial cancer. A tandem and col-
postat is often used; however, this applicator will 
not irradiate the uterine surface homogeneously. 
Others have used a curved tandem, turning it to the 
left and right in alternate insertions. A “Y”-shaped 
applicator irradiates the fundus more evenly. Other 
possibilities include modified Heyman capsules 
or multiple tandems. The dose is commonly speci-
fied at 2.0 cm from the source, although computed-
tomography-based treatment planning to ensure a 
more homogeneous dose to the entire myometrium 
is preferred. The dose per fraction has ranged from 
5 Gy to 12 Gy, and four to six fractions are commonly 
employed (Sorbe and Frankendal 1989; Rouanet 
et al. 1993; Nag 1996; Nag et al. 2000a). The dose 
and/or the dose per fraction is reduced if EBRT is 
added. The ABS-suggested doses for HDR brachy-
therapy alone or in combination with 45 Gy EBRT 
are given in Table 15.5 (Nag et al. 2000a). The sur-
vival at 5 years for stage I is approximately 70–80%, 
which is slightly lower than that obtained by sur-
gery. The toxicity is higher (about 7%) when patients 
are treated with high doses per fraction (Sorbe and 
Frankendal 1989).

Table 15.3. American Brachytherapy Society suggested doses 
of high-dose-rate (HDR) brachytherapy alone or in combina-
tion with external beam radiation therapy (EBRT) to be used 
for adjuvant treatment of post-operative endometrial cancer

EBRT (Gy) @ 
1.8 Gy/fraction

No. of HDR 
fractions

HDR dose per 
fraction (Gy)

Dose specifica-
tion point

00 3 07.0 0.5 cm depth
00 4 05.5 0.5 cm depth
00 5 04.7 0.5 cm depth
00 3 10.5 Vaginal surface
00 4 08.8 Vaginal surface
00 5 07.5 Vaginal surface
45 2 05.5 0.5 cm depth
45 3 04.0 0.5 cm depth
45 2 08.0 Vaginal surface
45 3 06.0 Vaginal surface

Table 15.4. American Brachytherapy Society suggested doses 
of high-dose-rate (HDR) brachytherapy to be used in combi-
nation with pelvic external beam radiation therapy (EBRT) for 
treating vaginal cuff recurrences from endometrial cancer

EBRT (Gy) @ 
1.8 Gy/fraction

No. of HDR 
fractions

HDR dose per 
fraction (Gy)

Dose specifica-
tion point

45 3 7.0 0.5 cm depth
45 4 6.0 0.5 cm depth
45 5 6.0 Vaginal surface
45 4 7.0 Vaginal surface
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15.4.3 
Endobronchial Radiation

The use of HDR brachytherapy is well established for 
palliation of cough, dyspnea, pain, and hemoptysis 
in patients with advanced or metastatic lung cancer. 
The use of brachytherapy as a boost to EBRT in 
curative cases should be restricted to a select group 
of patients who have predominantly endobronchial 
disease, are medically inoperable, or have small/
occult carcinomas of the lung.

An initial bronchoscopy is performed to evaluate 
the airway and locate the site of obstruction. While 
the proximal site of obstruction is usually easily 
visualized, the distal extent of the obstruction may 
have to be estimated. Either a 5- or 6-French catheter 
(inserted through the brush channel of the bron-
choscope) can be used to deliver the brachytherapy. 
The catheter (with a radiopaque wire in the lumen) 
is passed through the obstructed segment and 
lodged into the distal bronchus. The bronchoscope 
is removed, leaving the catheter in position. Fluo-
roscopic guidance helps catheter positioning and 
minimizes inadvertent catheter dislodgment during 
bronchoscopic removal. The length to be irradiated 
usually includes the endobronchial tumor and 1.0- 
to 2.0-cm proximal and distal margins. If a single 
catheter is used, and there is minimal curvature of 
the catheter in the area to be irradiated, it is possible 
to minimize the treatment planning time using pre-
planned dosimetry. For example, Ohio State Univer-
sity has pre-calculated treatment plans for 3-, 5-, 7-, 
and 10-cm lengths to be irradiated to 5 Gy or 7.5 Gy 
at 1 cm from the source using equal dwell times. This 
allows the treatment to be performed without any 
delay if standard lengths and doses are used. Indi-
vidualized image-based treatment planning must be 
performed if multiple catheters are used.

Candidates for palliative endobronchial brachy-
therapy include (Mehta et al. 1992; Mehta et al. 
1997; Gaspar 1998; Speiser 1999; Nag et al. 2001a):
1. Patients with a signifi cant endobronchial tumor 

component that causes symptoms such as short-
ness of breath, hemoptysis, persistent cough, 
and other signs of post-obstructive pneumoni-
tis. Tumors with a predominantly endobronchial 
component are considered suitable, as opposed 
to extrinsic tumors that compress the bronchus 
or the trachea. Endobronchial brachytherapy can 
generally give quicker palliation of obstruction 
than EBRT. Furthermore, brachytherapy can be 
more convenient than 2–3 weeks of daily EBRT.

2. Patients who are unable to tolerate any EBRT 
because of poor lung function.

3. Patients with previous EBRT of suffi cient total 
dose to preclude further EBRT.

A variety of doses have been successfully used by 
various centers. Total doses ranging from 15 Gy to 
47 Gy HDR in 1–5 fractions calculated at 1.0 cm have 
been reported (Mehta et al. 1997; Gaspar 1998; Nag 
et al. 2001a). The ABS suggests using three weekly 
fractions of 7.5 Gy each or 2 fractions of 10 Gy each 
or 4 fractions of 6 Gy each prescribed at 1.0 cm 
when HDR is used as the sole modality for pallia-
tion (Nag 2001a). These fractionation regimes have 
similar radiobiological equivalence using the linear 
quadratic model, and there is no evidence of superi-
ority for one regime over the other. The benefits of 
fewer bronchoscopic applications should be weighed 
against the risks of a higher dose per fraction. Addi-
tional treatments or doses higher than those sug-
gested can be considered for unirradiated patients 
or those who have received limited radiation. When 
HDR is used as a planned boost to supplement palli-
ative EBRT of 30 Gy in 10–12 fractions, the ABS sug-
gests using 2 fractions of 7.5 Gy each or 3 fractions 
of 5 Gy each or 4 fractions of 4 Gy each (prescribed at 
1.0 cm) in patients with no previous history of tho-
racic irradiation (Nag 2001a). The interval between 
fractions is generally 1–2 weeks. The brachytherapy 
dose should be reduced when aggressive chemo-
therapy is given. Concomitant chemotherapy should 
be avoided during brachytherapy, unless it is in the 
context of a clinical trial.

The results from various centers show clinical 
improvement from 50% to 100% and bronchoscopy 
response from 59% to 100% (Mehta et al. 1997; 
Gaspar 1998; Nag 2001a). Comparison of these 
results is difficult because of the differences in 
patient populations and the variability in dose and 

Table 15.5. American Brachytherapy Society suggested doses 
of high-dose-rate (HDR) brachytherapy alone or in combina-
tion with external beam radiation therapy (EBRT) for treat-
ment of inoperable primary endometrial cancer

EBRT (Gy) @ 
1.8 Gy/fraction

No. of HDR 
fractions

HDR dose per 
fraction (Gy)*

45 2 8.5 Gy
45 3 6.3 Gy
45 4 5.2 Gy
00 4 8.5 Gy
00 5 7.3 Gy
00 6 6.4 Gy
00 7 5.7 Gy

*HDR doses are specified at 2 cm from the midpoint of the 
intrauterine sources
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fractionation employed. Radiation bronchitis and 
stenosis may occur after endobronchial brachyther-
apy (Speiser and Spartling 1993a), necessitating 
close follow-up.

Another more serious complication is fatal hemop-
tysis. The hemoptysis could be a radiation therapy 
complication resulting from the high dose delivered 
to the area of the pulmonary artery, or it could rep-
resent the failure of treatment due to the progression 
of disease (Speiser and Spartling 1993b). Multiple 
courses of brachytherapy, a high previous EBRT dose, 
a left upper lobe location, or long-irradiated segments 
increase the rate of hemoptysis (Khanavkar et al. 
1991; Bedwinek et al. 1992). Incidence of fatal hemop-
tysis varies from 0% to 50%, with a median value of 
8% (Mehta et al. 1997).

The standard, definitive therapy for unresectable 
lung cancer is a combination of chemotherapy and 
EBRT. Select patients with predominantly endo-
bronchial tumor may benefit from endobronchial 
brachytherapy as a boost to EBRT (Aygun et al. 
1992; Mehta et al. 1992; Huber et al. 1997). In cases 
of post-obstructive pneumonia or lung collapse, 
brachytherapy can be used to open up the bronchus 
and aerate the lung, which allows some sparing of 
normal lung from the EBRT field. Endobronchial 
brachytherapy alone with curative intent is indi-
cated in patients with occult carcinomas of the lung 
confined to the bronchus or trachea who are medi-
cally inoperable because of decreased pulmonary 
function, advanced age, or refusal of surgery (Perol 
et al. 1997; Huber et al. 1997; Furuta et al. 1999; 
Marsiglia et al. 2000; Saito et al. 2000). Marsiglia 
et al. reported a survival rate of 78% with a median 
follow-up of 2 years in 34 patients treated with a 
HDR dose of 30 Gy in six fractions (5 Gy fractions 
given once a week) (Marsiglia et al. 2000).

Endobronchial brachytherapy can be used as 
adjuvant treatment in cases with minimal residual 
disease after surgical resection. Macha et al. (1995) 
reported tumor-free survival up to 4 years in 19 
patients with doses of 20.0 Gy delivered in four frac-
tions at 1 cm from the source axis.

The ABS suggests a HDR dose of three 5-Gy frac-
tions or two 7.5-Gy fractions as a boost to EBRT 
(either 60 Gy in 30 fractions or 45 Gy in 15 fractions) 
(Nag et al. 2001a). The HDR dose should be pre-
scribed at a distance of 1.0 cm from the central axis 
of the catheter and given weekly. If endobronchial 
brachytherapy is used alone (in previously unirra-
diated patients), HDR doses of five 5-Gy fractions 
or three 7.5-Gy fractions prescribed to 1 cm may be 
used (Nag et al. 2001a).

15.4.4 
Cancer of the Esophagus

The results of treatment for advanced cancer of the 
esophagus are dismal (5-year survival=6%); hence, 
treatment is essentially palliative. HDR brachy-
therapy can be used either alone or in combination 
with EBRT in the treatment of esophageal cancer 
(Hishikawa et al. 1987; Gaspar et al. 1997; Sur et al. 
1998; Sur et al. 2002; Sur et al. 2004). Brachytherapy 
is relatively simple to perform, since a single catheter 
is used for the treatment. A nasogastric tube or a 
specially designed esophageal applicator is used to 
deliver the treatments. The largest diameter appli-
cator that can be inserted easily (either intraorally 
or intranasally) should be used to minimize the 
mucosal dose relative to the dose at depth. The site 
to be irradiated, which includes the tumor and a 
margin of 2–5 cm, can be confirmed by fluoroscopy 
or endoscopy. The ABS recommends a HDR dose of 
10 Gy in two fractions, prescribed at 1 cm from the 
source, to boost 50-Gy EBRT (Gaspar et al. 1997). 
HDR brachytherapy can be given before, concurrent 
with, or after EBRT. The advantage of giving brachy-
therapy after EBRT is that a more uniform dose can 
be delivered to the residual tumor after it has been 
reduced using EBRT. Brachytherapy given initially 
provides rapid relief of dysphagia. HDR brachyther-
apy at doses of 16 Gy in two treatments have been 
used without additional EBRT to palliate esophageal 
cancers (Sur et al. 1998; Sur et al. 2002).

Retrospective studies as well as prospective, ran-
domized clinical trials show that there is improved 
local control and survival when HDR brachytherapy 
is added to EBRT and that HDR brachytherapy alone 
can be used for palliation of advanced esophageal 
cancers (Hishikawa et al. 1987; Gaspar et al. 1997; 
Sur et al. 1998; Sur et al. 2002; Sur et al. 2004). Since 
a high dose is delivered to the esophageal mucosa, 
side effects may include ulcerations, fistulae, and 
esophageal strictures.

15.4.5 
Carcinoma of the Prostate

Currently, permanent implantation of iodine-125 
or palladium-103 seeds is the most common type 
of prostate brachytherapy. However, several centers 
have used HDR brachytherapy, usually as a boost 
to EBRT for the treatment of prostate cancer, with 
encouraging results (Borghede et al. 1997; Dinges 
et al. 1998; Martinez et al. 2000; Martinez et 
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al. 2001; Galalae et al. 2004; Astrom et al. 2005; 
Demanes et al. 2005). One of the major advantages 
of HDR is that the dose distribution can be intra-
operatively optimized by varying the dwell times at 
various dwell positions (Edmundson et al. 1995), 
potentially allowing reliable and reproducible 
delivery of the prescribed dose to the target volume 
while keeping the doses to normal structures, i.e., 
rectum, bladder, and urethra, within acceptable 
limits. Another potential advantage of HDR brachy-
therapy in prostate cancer is the theoretical consid-
eration that prostate cancer cells behave more like 
late-reacting tissue with a low alpha–beta ratio and 
they should, therefore, respond more favorably to 
higher dose fractions rather than to the lower dose 
rate delivered in LDR brachytherapy (Duchesne 
and Peters 1999; Fowler et al. 2001).

Standard fractionation EBRT (39.6–50.4 Gy) is 
given concurrent with or within 2 weeks before or 
after HDR brachytherapy. The minimum volume 
treated should include the entire prostate and semi-
nal vesicles with margin, with or without pelvic 
lymph nodes. The HDR dose is given in multiple 
fractions in one or two implant procedures. A vari-
ety of dose and fractionation schemes have been 
used for same-stage disease as shown in Table 15.6 
(Borghede et al. 1997; Dinges et al. 1998; Martinez 
et al. 2000; Martinez et al. 2001; Galalae et al. 
2004; Astrom et al. 2005; Demanes et al. 2005;). The 
HDR fractions are generally given twice a day with a 
minimum of 6 h between fractions. The most com-
monly encountered acute genito-urinary morbidi-
ties include urinary irritative symptoms, hematuria, 
hematospermia, and/or urinary retention, similar 
to LDR permanent implants. HDR brachytherapy 
has also been used as monotherapy in a few cen-
ters, but long-term results are awaited. HDR doses 
of 38 Gy delivered in four fractions, two times daily 
for 2 days or 54 Gy in nine fractions given twice a 
day over 5 days have been reported (Grills et al.; 
Yoshioka et al. 2003).

15.4.6 
Head and Neck Cancers

Brachytherapy, especially using manually afterloaded 
iridium-192, has been widely used to treat head and 
neck cancers. HDR brachytherapy has been used 
in selected cases to reduce radiation exposure and 
permit optimization as summarized in Table 15.7 
(Donath et al. 1995; Inoue et al. 1996; Lau et al. 
1996; Yu et al. 1996; Dixit et al. 1997; Leung et al. 
1998; Nag et al. 2001). However, these advantages are 
offset by the need for multiple fractionation, since the 
head and neck area does not tolerate high doses per 
fraction. The nasopharynx is a site within the head 
and neck area that is easily accessed by an intracavi-
tary HDR applicator (Gao et al. 1992; Levendag et al. 
1994). Doses of 18 Gy in six fractions are delivered by 
a special nasopharynx applicator to boost 46–60 Gy 
of EBRT (Levendag et al. 1994).

The use of HDR brachytherapy catheters incor-
porated in removable dental molds allows repeated, 
highly reproducible, fractionated outpatient brachy-
therapy of superficial (less than 0.5-cm thick) tumors 
without requiring repeated catheter insertion into 
the tumor (Jolly and Nag 1992). Suitable sites for 
mold therapy include the scalp, face, pinna, lip, buccal 
mucosa, maxillary antrum, hard palate, oral cavity, 
external auditory canal, and the orbital cavity after 
exenteration. HDR can be used as the sole modal-
ity or in conjunction with EBRT. A total HDR dose 
equivalent to approximately 60 Gy LDR (prescribed 
at 0.5-cm depth) is recommended when used as the 
sole modality (Nag et al. 2000e). The HDR can also be 
used as a boost to 45–50 Gy EBRT, in which case, the 
HDR doses are appropriately reduced to LDR equiva-
lent doses of 15–30 Gy. The actual HDR dose per frac-
tion and number of fractions can be varied to suit 
individual situations (including site and treatment 
volume). Biomathematical (linear-quadratic) model-
ing can be used to assist in the conversion of LDR to 
HDR (Nag and Gupta 2000).

Table 15.6. Dose fractionation and equivalent doses (as if given at 2 Gy per fraction) of common com-
bined external beam radiation therapy (EBRT) and high-dose-rate (HDR) doses used for treating prostate 
cancer

EBRT dose 
(Gy)

Total HDR 
dose (Gy)

HDR dose/
fraction (Gy)

No. of HDR 
fractions

Equivalent dose 
(Gy)* (α/β=1.5)

Equivalent dose 
(Gy)* (α/β=5)

Equivalent dose 
(Gy)* (α/β=10)

39.6 22 5.5 4 81 72 67
45 18 6 3 81 72 68
39.6 26 6.5 4 97 81 75
50.4 19.5 6.5 3 92 81 76
46 19 9.5 2 106 85 77
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is limited to 18–25 Gy in 4–7 fractions. An alterna-
tive technique not widely available is intraoperative 
HDR brachytherapy (HDR-IORT) (Alektiar et al. 
2000). A HDR-IORT dose of 12–15 Gy is given to the 
tumor bed in a single fraction intraoperatively to 
boost EBRT doses of 45–50 Gy. Nerve tolerance to 
high dose per fraction is poor, and HDR should be 
used with caution when catheters have to be placed 
in contact with neurovascular structures. The ABS 
suggests the following interventions to minimize 
morbidity in soft tissue sarcomas (Nag et al. 2001):
1. When brachytherapy is used as adjuvant mono-

therapy, the source loading should start no 
sooner than 5–6 days after wound closure. How-
ever, the radioactive sources may be loaded ear-
lier (as soon as 2–3 days after surgery) if doses of 
less than 20 Gy are given with brachytherapy as 
a supplement to EBRT.

2. Minimize dose to normal tissues (e.g., gonads, 
breasts, thyroid, skin) whenever possible, espe-
cially in children and patients of childbearing 
age.

3. Limit the allowable skin dose – the 40-Gy isodose 
line (LDR) to less than 25 cm

2
 and the 25-Gy iso-

dose line to less than 100 cm
2
.

15.4.8 
Pediatric Tumors

LDR brachytherapy has been used in children to 
reduce the deleterious effects of EBRT (Flamant et 
al. 1990). However, LDR brachytherapy is difficult 
to perform in young children and infants because 
they require prolonged sedation and immobiliza-
tion with close monitoring, which increases the risk 
of radiation exposure to nursing staff and parents. 
HDR is, therefore, very appealing for infants and 
younger children and is currently undergoing trials 
at Ohio State University (Nag et al. 1995, 2003; Nag 
and Tippin 2003). The recommended dose for HDR 

Table 15.7. High-dose-rate (HDR) brachytherapy for head and neck cancers. LC local control, EBRT external beam radiation 
therapy

Author EBRT dose (Gy) Fraction size (Gy) No. fractions Equivalent dose* (Gy) No. of patients LC

Dixit et al. 1997 0 3 20 65 03 00–
Lau et al. 1996 0 6.5 07 63 27 053%
Inoue et al. 1996 0 6 10 80 14 100%
Donath et al. 1995 0 4.5–5 10 54–63 13 090%
Leung et al. 1998 0 5.5–6 10 71–80 13 100%
Yu et al. 1996 50 2.7 06 67 12 079%
Dixit et al 1997 40–48 3 07 63–71 18 080%

*Equivalent dose for tumor effects as if given at 2 Gy/day using the linear quadratic model with an α/β ratio of 10 (Nag and 
Gupta 2000)

Another innovative approach is the use of intra-
operative HDR brachytherapy, which permits 
normal tissues to be retracted or shielded during 
brachytherapy. Intraoperative HDR brachytherapy 
can reach many sites in the head and neck area that 
are difficult to treat or are inaccessible by either 
LDR brachytherapy or intraoperative electron beam 
radiation. The catheters are removed immediately 
after the single dose of radiation, hence, minimiz-
ing inconvenience and permitting the use of brachy-
therapy in areas such as the base of skull (Nag et al. 
2004b; Nag et al. 2005). Doses of 7.5–15.0 Gy are given 
when EBRT of 45–50 Gy can be added. In recurrent 
tumors where no further EBRT can be given, a single 
intraoperative dose of 15–20 Gy can be given.

15.4.7 
Soft Tissue Sarcomas

Excellent results are obtained with a combination 
of wide excision of the tumor and adjuvant EBRT. 
However, irradiation of large volumes after surgery 
gives rise to morbidity, especially normal tissue 
fibrosis. A few centers have used LDR brachytherapy 
to minimize morbidity and improve local control 
(Harrison et a. 1992; Alektiar et al. 2002). The 
major problem with LDR brachytherapy of large vol-
umes is the radiation exposure involved. Hence, a 
few centers are investigating the use of HDR brachy-
therapy for soft tissue sarcomas (Alekhteyar et al. 
1994; Crownover et al. 1997; Koizumi et al. 1999; 
Alektiar et al. 2000). HDR brachytherapy cath-
eters are implanted approximately 1 cm apart along 
the tumor bed, and radio-opaque clips indicate the 
margins. A 2- to 5-cm margin proximally and dis-
tally is used after gross excision of tumor. Opti-
mized treatment planning can be used to deliver 
a more homogeneous dose. Doses of 40–50 Gy are 
given in 12–15 fractions if the HDR is given alone. 
If EBRT (45–50 Gy) is added, the brachytherapy dose 



Clinical Applications of High-Dose-Rate Brachytherapy 389

as monotherapy is 36 Gy in 12 fractions given at 
3 Gy (prescribed at 0.5 cm) twice a day (Nag et al. 
2001c; Nag and Tippin 2003). The interval between 
fractions is at least 6 h. There are no published dose 
recommendations for HDR as a boost to EBRT. The 
linear-quadratic model (Nag and Gupta 2000) can 
be used to calculate a fractionation scheme equiva-
lent to that of a LDR implant boost-dose of 15–25 Gy 
(prescribed at 0.5 cm). The recommended dose for 
intraoperative HDR brachytherapy is 10–15 Gy (pre-
scribed at 0.5 cm), as a boost to 30–40 Gy EBRT, 
depending on the extent of residual disease (Nag et 
al. 1998; Merchant et al. 1998; Nag et al. 2001c,d). 
Although the long-term morbidity of HDR brachy-
therapy in young children is not fully known, one 
may expect preservation of organ function similar 
to that seen with LDR brachytherapy (Flamant et 
al. 1990). Due to the complexities involved in pedi-
atric HDR brachytherapy, it is recommended that 
the use of HDR brachytherapy in pediatric tumors 
be limited to centers that have experience with pedi-
atric implants (Nag et al. 2001c).

15.4.9 
Breast Cancer

EBRT is the standard radiation modality used after 
lumpectomy in the conservative management of 
breast cancer. Recently, there has been interest in 
using brachytherapy as the sole modality of treat-
ment (Kuske et al. 1998; Polgar et al. 2004; Shah et 
al. 2004; Strand et al. 2004) to decrease the 6-week 
treatment duration required for a course of EBRT to 
approximately 5 days. Table 15.8 lists the patients 

in whom an accelerated (4–5 days) brachytherapy 
treatment course can be an attractive alternative to 
6 weeks of EBRT (Nag et al. 2001b). The ABS recom-
mends a total dose of 34 Gy in ten fractions to the 
clinical target volume when HDR brachytherapy is 
used as the sole modality (Nag et al. 2001b). The 
HDR treatments of 3.4 Gy are generally given at two 
fractions per day separated by at least 6 h. This was 
also the dose used in a Phase-II Radiation Therapy 
Oncology Group trial (Kuske et al. 1998). Depending 
on the selection criteria, final pathological assess-
ment is necessary to completely evaluate a patient 
for partial breast brachytherapy, and, therefore, 
the ABS does not advocate intraoperative treat-
ment delivery at this time (Arthur et al. 2002). 
The use of a single-channel Mammosite applicator 
has simplified the brachytherapy procedure (Shah 
et al. 2004). Further clinical studies are required to 
further define the most appropriate candidates for 
breast brachytherapy as a sole modality treatment.

Brachytherapy has been used to boost the EBRT 
dose in select high-risk patients (Manning et al. 
2000; Poortmans et al. 2004; Romestaing et al 
1997). Because brachytherapy is an invasive pro-
cedure, it should be used selectively as a boosting 
technique. Situations in which brachytherapy may 
be advantageous as a boost are listed in Table 15.8. 
The brachytherapy boost can be given before or 
after EBRT, usually with a 1- to 2-week gap between 
EBRT and brachytherapy. The ABS recommends 
a dose fractionation scheme that yields early and 
late effects approximately equivalent to those of 
10–20 Gy LDR following 45–50 Gy EBRT (Nag et 
al. 2001b). Biomathematical models are often used 
to estimate equivalent HDR regimens (Barendsen 

Table 15.8. Brachytherapy in the conservative management of breast cancer. EBRT external beam radiation therapy, CTV clini-
cal target volume

Indications for brachytherapy 
as the sole modality

Selection criteria for brachytherapy 
as the sole modality

Indications for brachytherapy 
as a boost to EBRT

1. The patient lives a long distance 
from radiation oncology treatment 
facilities

2. The patient lacks transportation
3. The patient is a professional whose 

schedule will not accommodate a 
6-week course of therapy

4. The patient is elderly, frail, or in 
poor health and therefore unable 
to travel for a prolonged course of 
daily treatment

5. The patient’s breasts are suffi ciently 
large that they may have unaccept-
able toxicity with EBRT

1. All patients should be appropriate 
candidates for standard breast con-
servation therapy

2. Unifocal, invasive ductal carcinoma
3. ≤3 cm in size
4. Negative microscopic surgical mar-

gins of excision
5. Axillary node negative by level I/II 

axillary dissection or sentinel node 
evaluation

1. For patients with close, positive, or 
unknown margins

2. For patients with extensive intra-
ductal component

3. For younger patients
4. For deep tumor location in a large 

breast
5. For CTV of irregular thickness
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et al. 1982; Nag and Gupta 2000). For example, a 
HDR regimen of five fractions of 310 cGy per frac-
tion should approximate the early and late effects of 
20 Gy LDR delivered at 0.5 Gy/h. Although biomath-
ematical models can be used to estimate the appro-
priate dose, there is no standardized HDR fraction-
ation schedule that can be recommended for the 
use of HDR as a boost. Controlled clinical studies 
are required to further define the most appropriate 
doses to be used for boost treatment.

15.4.10 
Skin Cancer

The widespread availability of HDR remote after-
loading brachytherapy units allows the use of sur-
face molds as an alternative to electron beam and, 
for cases where surface irregularity, proximity to 
bone, or poor intrinsic tolerance of tissues do not 
allow for satisfactory treatment using electron 
beam. For most cases, a satisfactory mold can be 
made from 5-mm-thick sheets of wax, with the HDR 
catheters spaced 1-cm apart. A simpler alternative 
is to use commercially available surface template 
applicators (e.g., Freiburg flab from Nucletron Cor-
poration, Columbia, MD and HAM applicator from 
Mick Radionuclear Instruments Inc, Bronx, NY), 
which are used for intraoperative HDR brachyther-
apy (Svoboda et al. 1995; Nag et al. 1999; Guix et 
al. 2000).

There is a wide range of recommended doses 
and fractionation schemes for treating skin cancer. 
Doses in the range of 3500 cGy in five fractions to 
5000 cGy in ten fractions have been used with suc-
cess in HDR molds. Standard, more prolonged frac-
tionation schemes with 180–200 cGy daily or twice 
daily fractions can also be used. The linear quadratic 
radiobiological model can be used to determine the 
total dose for a given fractionation scheme (Fu and 
Phillips 1990; Nag and Gupta 2000).

15.5 
Discussion

Brachytherapy has gradually evolved over the past 
century. Initially, it was performed by inserting the 
radioactive sources directly into the tumor (“hot” 
loading), which exposed personnel to high doses of 
radiation, and hence, brachytherapy did not gain 
much popularity. Manual afterloaded procedures, 

in which hollow catheters are initially inserted into 
the tumor and then loaded with radioactive materi-
als after proper positioning, significantly reduced 
radiation exposure to personnel. In remote after-
loading, an operator outside the room loaded the 
radioactive material into the catheters using remote 
control. In HDR brachytherapy, the elimination of 
the radiation exposure and the short treatment 
times allow for outpatient brachytherapy. Intraop-
erative HDR brachytherapy allows a single dose of 
radiation to be delivered during surgery. Doses of 
10–20 Gy are usually given as a single fraction over 
10–60 min. The advantages of intraoperative HDR 
brachytherapy over perioperative brachytherapy or 
electron beam IORT are listed in Table 15.9. Unfor-
tunately, the relative scarcity of shielded operating 
rooms has currently limited its availability to just a 
few centers (Merchant et al. 1998; Nag et al. 1999, 
2004b; Nag and Hu 2003).

Although brachytherapy is a very effective 
modality, case selection and proper patient evalua-
tion are essential. If the tumor is very large or widely 
metastatic, one is doomed to fail due to the phys-
ics of dose distribution in the former case and due 
to the biology of the tumor in the latter case. There 
are some differences between the various brachy-
therapy modalities (Table 15.9). These differences 
should be kept in mind when selecting the brachy-
therapy modality in a particular situation.

HDR has special relevance for developing coun-
tries, where resources may be scarce. In this regard, 
the International Atomic Energy Agency has recently 
issued recommendations for the use of HDR brachy-
therapy in developing countries (Nag et al. 2002). A 
brief summary is given here; however, readers inter-
ested in the details are referred to the original arti-
cle. A HDR treatment system should be purchased 
as a complete unit that includes the 

192
Ir radioactive 

source, source loading unit, applicators, treatment 
planning system, and control console. Infrastruc-
ture support may require additional or improved 
buildings and procurement of or access to new 
imaging facilities. A supportive budget is needed for 
quarterly source replacement and the annual main-
tenance necessary to keep the system operational. 
The radiation oncologist, medical physicist, and 
technologist should be specially trained before HDR 
can be introduced. Training for the oncologist and 
medical physicist is an ongoing process, as new tech-
niques or sites of treatment are introduced. Proce-
dures for quality assurance of patient treatment and 
the planning system must be introduced. Emergency 
procedures with adequate training of all associated 
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personnel must be in place. The decision to select 
HDR in preference to alternate methods of brachy-
therapy is influenced by the ability of the machine to 
treat a wide variety of clinical sites. In departments 
with personnel and budgetary resources to support 
this equipment appropriately, economic advantage 
becomes evident only if large numbers of patients 
are treated. With HDR, it is possible to treat a large 
number of patients in institutions that have a high 
volume of brachytherapy patients but insufficient 
in-patient facilities for LDR brachytherapy or insuf-
ficient finances for the purchase of iodine-125 or 
palladium seeds for permanent implants. Intangible 
benefits of source safety, personnel safety, and easy 
adaptation to fluctuating demand for treatments 
also require consideration when evaluating the need 
to introduce this treatment system.

When HDR brachytherapy is used, the treatments 
must be executed carefully, because the short treat-
ment times do not allow any time for correction of 
errors, and mistakes can result in harm to patients. 
Hence, it is very important that all personnel involved 
in HDR brachytherapy be well trained and be con-
stantly alert. However, with proper case selection and 
delivery technique, HDR brachytherapy has great 
promise and convenience, because it eliminates radi-
ation exposure, allows short treatment times, and can 
be performed on an outpatient basis.

It is expected that the use of HDR brachytherapy 
will greatly expand over the next decade and that 
refinements will occur primarily in the integra-
tion of imaging (computed tomography, magnetic 
resonance imaging, intraoperative ultrasonogra-
phy) and optimization of dose distribution (Li et al. 
2003; Nag et al. 2004a). It is anticipated that better 
tumor localization and normal tissue definition will 
help to optimize dose distribution to the tumor and 
reduce normal tissue exposure (Nag et al. 2004a). 
The development of well-controlled randomized 
trials addressing issues of efficacy, toxicity, qual-
ity of life, and costs versus benefits will ultimately 

define the role of HDR brachytherapy in the thera-
peutic armamentarium.
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16.1 
Introduction

Dose precision in radiation therapy is expected to 
be on the order of ±5%, based on the fact that cer-
tain tumors and normal tissues exhibit steep dose 
response curves (Herring and Compton 1971). 
Delivery of radiation with this criterion places great 
demands on the entire process, although such a level 
is believed to be achievable (ICRU 1976).

Uncertainties in treatment are due to many fac-
tors including: (a) dose calibration at a point in 
phantom; (b) patient-specific data used for treat-
ment planning; (c) dose calculation in the patient; 
(d) transfer of the treatment plan to the radiation 
therapy machine; and (e) day-to-day variations in 
patient positioning and internal motion of tumor 
volume and organs at risk. These uncertainties may 
be categorized as systematic and random. Random 
uncertainties vary in magnitude and sign and 
cannot be totally controlled (e.g., the position of the 
radiation field on the patient may vary from day to 
day by a few millimeters). Moreover, the degree with 
which treatments can be reproduced differs among 
clinical sites and between institutions. Systematic 
uncertainties maintain their magnitude and direc-
tion over a period of time. For example, the use of an 
incorrect factor in the calibration of a treatment unit 
would have the same effect on the dose delivered to 
all patients. Systematic errors, in principle, should be 
controllable: for example, the degree of misregistra-
tion of field defining apertures can be reduced with 
periodic review of beam localization films; however, 
many systematic errors remain, e.g., the approxima-
tions used in dose calculation algorithms.

We first need to establish some definitions. Qual-
ity assurance (QA) is defined as the set of policies 
and procedures instituted to ensure the proper and 
safe delivery of the prescription dose to the patient. 
Quality control constitutes the actual tests taken to 
maintain and improve the quality of the treatment. 
We must also understand that a QA program is an 
interdisciplinary effort involving radiation oncolo-
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gists, radiation physicists, dosimetrists, and radia-
tion therapists. Although medical physicists and 
radiation therapists are more involved in the tech-
nical aspects of QA, and radiation oncologists in the 
medical aspects, the efforts of each group substan-
tially overlap.

Material presented in this chapter relies heavily 
on recommendations given in various AAPM Task 
Groups, including TG 35 Report on Medical Acceler-
ator Safety Considerations (Purdy et al. 1993), TG 40 
Report on Comprehensive QA for Radiation Oncol-
ogy (Kutcher et al. 1994), World Health Organiza-
tion (WHO 1988), American College of Radiology 
(ACR 2004), American College of Medical Physics 
(ACMP) (9), government regulations (NRC 2003), 
and the authors’ previous QA reports (Parrino and 
Purdy 1983; Purdy 1983, 1991a,b; Purdy et al. 1986, 
1995; van Dyk and Purdy 1999).

16.2 
Goals and Structure of a QA Program

A series of publications known as the “Blue Book” 
have provided a strong rationale for the development, 
purpose, and need for QA in radiation oncology. Five 
such reports were published over the period 1968 
to 1991 including: A Prospect for Radiation Therapy 
in the United States (1968); A Proposal for Integrated 
Cancer Management in the United States: The Role 
of Radiation Oncology (1972); Criteria for Radiation 
Oncology in Multidisciplinary Cancer Management 
(1981); Radiation Oncology in Integrated Cancer 
Management (1986); and Radiation Oncology in 
Integrated Cancer Management (1991). The 1991 
version published by The Inter-Society Council for 
Radiation Oncology (ISCRO) provides the following 
statement regarding the purpose of a QA program 
(ISCRO 1991):

“The purpose of a Quality Assurance Program is 
the objective, systematic monitoring of the quality 
and appropriateness of patient care. Such a program 
is essential for all activities in Radiation Oncology. 
The Quality Assurance Program should be related to 
structure, process and outcome, all of which can be 
measured. Structure includes the staff, equipment 
and facility. Process covers the pre- and post-treat-
ment evaluations and the actual treatment applica-
tion. Outcome is documented by the frequency of 
accomplishing stated objectives, usually tumor con-
trol, and by the frequency and seriousness of treat-
ment-induced sequelae.”

The report emphasizes that the complexity of 
radiation therapy requires a teamwork approach 
among radiation oncologists, medical physicists, 
dosimetrists, nurses, and therapists as no one indi-
vidual has all the skills necessary. This series of pub-
lications has not been updated in over a decade, and 
now more than ever, there is a definite need to do 
so. Most important is for administrators to under-
stand the need for a robust radiation oncology QA 
program, and to work with the radiation oncology 
team and ensure that adequate funding is available 
to support such a program. For a QA program to be 
effective, all of the faculty and staff involved with 
providing radiation therapy to patients must be 
committed to the QA program.

16.2.1 
Physics Staffing

Appropriate physics staffing is an essential compo-
nent of the radiation oncology QA program. In the 
past, staffing guidelines were promulgated via the 
Blue Book and were based on patient load and treat-
ment equipment. The 1991 Blue Book recommended 
at least one clinical physicist per center for up to 400 
patients treated annually (Table 16.1a; ISCRO 1991). 
Additional clinical physicists are recommended in 
the ratio of one per 400 patients treated annually. 
This report makes clear that these staffing levels 
are for clinical duties only, and additional full-time 
equivalent (FTEs) medical physicists will be required 
for translational research, teaching, and adminis-
tration duties; however, the present physics staffing 
levels must also take into account the complexity 
of treatments being performed in the clinic such as 
IMRT, brachytherapy, and stereotactic radiosurgery, 
as such procedures are physics intensive.

The most detailed information currently avail-
able regarding medical physics work effort is in 
the reports by Abt Associates (1995, 2003). These 
reports were the result of the American College of 
Medical Physics (ACMP) and the American Associa-
tion of Physicists in Medicine (AAPM) engaging Abt 
Associates to conduct a study that measured what 
was termed Qualified Medical Physicist (QMP) work 
for medical physics services, and to develop a rela-
tive work value scale depicting the relative amount 
of QMP work required for each medical physics 
service. The results of that survey were published 
in 1995 (Abt Associates 1995). This report was 
updated in 2003 due to the recognition that the many 
changes in medical physics practice and technology 
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that had occurred since the original report may have 
affected QMP work-related values (Abt Associates 
2003). Herman et al. used the data from the first 
Abt report along with a manpower study conducted 
by the American College of Medical Physics (ACMP) 
and AAPM, accounting for IMRT and other special 
procedures, to show that current reimbursement 
models do not adequately support the needed phys-
ics QA effort, particularly for those clinics involved 
with IMRT (Herman et al. 2003). Herman et al. at 
the 2005 AAPM Annual Meeting presented an algo-
rithm making use of the Abt-II study and the pre-
viously referenced work survey data to determine 
medical physics FTE recommendations depending 
on number of procedures and types of procedures. 
An example of this type of FTE estimation is given 
in Table 16.1b (Herman et al. 2005).

Blue Book recommendation on dosimetrist staff-
ing is 1 per 300 patients treated annually (ISCRO 
1991). This number appears to still be valid; how-
ever, it should be noted that in some institutions, 
dosimetrists not only provide treatment-planning 
services, but also participate in QA tests, and in 
some cases, perform the simulations. In those cases, 
staffing levels must be increased accordingly.

16.2.2 
Training

The education and training of the radiation oncol-
ogy team and their continuing education are of 
critical importance to a QA program. In the past, 
clinical physics training and dosimetrists’ training 

Table 16.1a. Minimum personnel requirements for clinical radiation therapy. (From 1991 Blue Book: Radiation Oncology in 
Integrated Cancer Management: Report of the Inter-Society Council for Radiation Oncology)

Category Staffing

Radiation oncologist-in-chief One per program

Staff radiation oncologist One additional for each 200–250 patients treated annually. No more 
than 25–30 patients under treatment by a single physician

Radiation physicist One per center for up to 400 patients annually; additional in ratio of 1 
per 400 patients treated annually

Treatment planning staff

   Dosimetrist or physics assistant One per 300 patients treated annually

Physics technologist (mold room) One per 600 patients treated annually

Radiation therapy technologist supervisor One per center

Staff (treatment) Two per megavoltage unit up to 25 patients treated daily per unit, 4 
per megavoltage unit up to 50 patients treated daily per unit

Staff (simulation) Two for every 500 patients simulated annually

Staff (brachytherapy) As needed

Treatment aid As needed, usually one per 300-400 patients treated annually

Nursea One per center for up to 300 patients treated annually and an addi-
tional one per 300 patients treated annually

Social worker As needed to provide service

Dietitian As needed to provide service

Physical therapist As needed to provide service

Maintenance engineer/electronics technician One per 2-mV units or 1-mV unit and a simulator if equipment 
serviced “in house”

Additional personnel will be required for research, education, and administration. For example, if 800 patients are treated 
annually with three accelerators, one 60Co teletherapy unit, a superficial X-ray machine, one treatment-planning computer, 
the clinical allotment for physicists would be two to three. A training program with eight residents, two technology students, 
and a graduate student would require another 1−1.5 FTEs. Administration of this group would require 0.5 FTE. If the faculty 
had 20% time for research, a total of five to six physicists would be required
a For direct patient care. Other activities supported by LVNs and nurse aides
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have been the weakest link, as the training programs 
lacked organized clinical training beyond individ-
ual apprenticeships or self-training on the job. This 
was probably adequate in the early days of phys-
ics involvement in radiation oncology; however, as 
radiation oncology has become increasingly more 
sophisticated and complex, this strategy is no longer 
acceptable. The practice of hiring inadequately 
trained medical physicists, who are allowed to per-
form patient-related tasks, must be discontinued. 
The lack of proper clinical training of medical physi-
cists reached a serious level in the late 1980s. There 
was, and continues to be, an acute shortage of quali-
fied clinical physicists, e.g., physicists with adequate 
clinical training and board certification. There was, 
and continues to be, a growing abundance of phys-
ics graduates (including medical physics graduates) 
with inadequate clinical training applying for hos-
pital positions. The AAPM recognized this prob-
lem, and in 1988 1989, developed a comprehensive 
document entitled AAPM report no. 36, “Essentials 
and Guidelines for Hospital-Based Medical Physics 
Residency Training Programs,” which sets down the 
educational and administrative requirements for a 
hospital-based residency training program (AAPM 
1990). The AAPM report recommends 2 years of clin-
ical physics training beyond an M.S. or Ph.D. degree 
in physics or a closely related field. The organization 
of the recommended program was patterned after 

physician residency programs. In the words of the 
committee that developed the recommendations, 
“This document will hopefully encourage the devel-
opment of a high-quality clinical medical physics 
instructional environment on a nationwide basis 
and make an important contribution to the protec-
tion of the public health, safety, and welfare.”

In October 1992, the Barnes-Jewish Hos-
pital/Washington University Radiation Oncology 
Center established the first Radiation Oncology 
Physics Residency Program accredited by the Com-
mission on Accreditation of Medical Physics Educa-
tion Program (CAMPEP) in the United States. More 
physics residency programs are now being instituted, 
although at a much slower pace than needed.

Certification boards for physicists exist, but the 
entry requirements for the examination still do 
not mandate residency-type clinical training as is 
required of the physicians. As a result, there is an 
unchecked influx of inadequately trained physicists 
into the field.

16.2.3 
Structure of a QA Program

At the heart of any modern QA program is a QA/
continuing quality improvement (QA/CQI) commit-
tee. The need for such a committee is contained in 
reports by several United States radiation oncology 
organizations including the ACR (ACR 2004) and 
the AAPM (Kutcher et al. 1994), and international 
organizations such as the World Health Organization 
(WHO 1988). To properly function, the QA/CQI com-
mittee should be created by the radiation oncology 
departmental chairman and should report directly 
to the chairman and the hospital administration. 
Its function is to design, implement, and maintain 
a multidisciplinary QA/CQI program whose goal is 
to improve the quality of patient care. The QA/CQI 
committee should meet regularly, preferably on 
a monthly (at least quarterly) basis to review the 
ongoing QA/CQI program, and these deliberations 
should be reported to the department chairman in 
writing. It is important that the committee have the 
full support of the chairman of radiation oncology 
and all of the faculty and staff; otherwise, maintain-
ing quality and implementing improvements in care 
will prove extremely difficult.

The structure of a typical QA/CQI committee is 
shown schematically in Figure 16.1. The commit-
tee’s work encompasses numerous areas, and needs 
the participation of many individuals, including the 

Table 16.1b. Example of full-time equivalent (FTE) needs for 
a modern radiation therapy clinic having three treatment 
machines (including advanced technology procedures such as 
IMRT), and including physician residency training and one 
medical physics resident. A total of 9.4 FTE medical physicists 
were required. (From Herman et al. 2005)

Procedure Quantity

Total new patients 800

IMRT 250

HDR 50

Radiosurgery 60

Prostate implants 40

TBI 30

Task FTE

Patient procedures 6.67

Commissioning and QA 1.04

Education 0.11

Research 0.78

Administration 0.78

Total FTE 9.38
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committee chairman (preferably a radiation oncol-
ogist or medical physicist), radiation oncologists, 
radiation therapists, dosimetrists, nurses, and phys-
icists involved in simulation and treatment machine 
quality assurance, treatment planning, brachy-
therapy, nursing, and radiation safety. The number 
of committee members varies, and in smaller insti-
tutions, the committee might be comprised of only 
three individuals: a radiation oncologist; a medical 
physicist; and a radiation therapist.

Depending on the institution, the responsibili-
ties of the QA/CQI committee members will differ. 
Moreover, there are many gray zones in responsibil-
ities in the radiation oncology practice. In fact, one 
of the roles of the committee is to define the lines 
of demarcation between tasks so that some impor-
tant functions are not overlooked. Typical QA/CQI 
functions and lines of demarcation are listed in 
Table 16.2.

It is also suggested by the ACR that there should 
be an annual review of outcome (ACR 2004). Such a 
review is highly complex, since it includes an under-
standing and acceptance of standards of care in the 
sites under review.

16.3 
Dosimetry Instrumentation QA

A list of the type of equipment typically considered 
most useful in a QA program for treatment machines 
is given in Table 16.3. Special QA devices for treat-
ment machines are now commercially available for 
checking beam alignment, field symmetry, and the 
output of the machine. Generally, the radiation 
QA devices consist of an array of ionization cham-
bers or diodes positioned in a plastic phantom (see 

Fig. 16.2). Also, a plastic constancy phantom that can 
be attached quickly to the treatment machine, allow-
ing measurements to be made at a fixed and repro-
ducible distance, is a useful QA device as it allows 
measurements to be performed on a daily basis with 
a minimum of setup time. (see Fig. 16.3).

Accurate data acquisition with automated beam 
data scanning systems and scanning film densi-
tometers requires that the systems be subjected 
to a systematic performance test prior to use and 
also undergo periodic QA tests thereafter. Details 
of acceptance testing and QA of such devices have 
been reported in the literature (Mellenberg et al. 
1990).

Film is satisfactory for assessing beam symmetry 
and flatness, but one must be cautious if it is used to 
measure dose (Williamson et al. 1981). For exam-

Chairman 
Radiation Oncology Administration

Clinical
Engineering

Treatment
Outcome

Brachytherapy

Treatment
Delivery

External Beam
Treatment Equipment

Treatment
Planning

Nursing

Personal Safety
Quality Assurance
Continuing Quality

Improvement
Committee

Patient Safety

Fig. 16.1 Structure of a quality assurance (QA) committee il-
lustrating typical areas addressed

Table 16.2 Typical QA responsibilities and functions

Review by a medical physicist of ongoing QA of external 
beam equipment including treatment units, calibration 
equipment, and imaging modalities (CT simulators, conven-
tional simulators, port films or electronic portal imaging 
devices, cone-beam CT, megavoltage CT, ultrasound, etc.)

Review by a medical physicist of ongoing QA in brachy-
therapy, including instrumentation, handling of sources, 
treatment planning, and remote afterloaders/applicators 
operation

Review by a medical physicist and a medical dosimetrist 
of QA in treatment planning which includes the treatment 
planning system and peripherals, graphical planning, in vivo 
dosimetry, and plan review

Review by a radiation therapist of procedures for dose deliv-
ery to the patient, which includes verification of patient treat-
ment setup parameters, chart checking, portal films/images, 
and patient safety

Review by a physician of patient QA procedures which 
includes weekly chart review, port film/images review, and 
mortality and morbidity assessment (typically reviewed in 
a separate committee)

Review of any cases in which there have been deviations out-
side the action levels set by the QA/CQI committee, depart-
ment, hospital, and regulatory bodies

Regularly scheduled audits of charts, films, and QA proce-
dures. The results should be presented to the QA/CQI com-
mittee

Recommend actions to be taken as a result of the problems 
encountered in the reports and audits. Approve or suggest 
modifications to corrective actions

Assurance that the recommended actions have been taken

Report the QA/CQI committee’s results, actions, and recom-
mendations to the chairman of radiation oncology and to 
the hospital QA committee

Supervision of staff continuing education programs
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ple, for some types of radiographic film the dose 
is not a linear function of optical density so that 
it is necessary to calibrate the film and then make 
corrections to the densitometer readings. It is also 
important to make sure that processing conditions 
are maintained so that the measurements are repro-
ducible. Another problem with the film technique 
is that the results of measurements are not immedi-
ately known, i.e., after exposing the film, it must be 
developed and then read on a densitometer.

Accurate data acquisition with automated 
beam data scanning systems and scanning film 
densitometers requires that the systems be sub-
jected to a systematic performance test prior to 
use. Details of acceptance testing of such devices 
have been reported in the literature (Holmes and 
McCullough 1983; McCullough and Holmes 
1985). These devices should also undergo periodic 
QA tests thereafter.

16.4 
Medical Linear Accelerator QA

The decision to purchase and implement a megavolt-
age radiation therapy linear accelerator for clinical 
use carries with it a commitment to provide adequate 
staff, test equipment and instrumentation, and allow 
the necessary machine time in order to assure that 
the unit is performing according to specifications 
(Nath et al. 1994).

An effective QA program for treatment machines 
establishes criteria for optimum machine perfor-
mance, monitors adherence to established criteria, 
ensures the accuracy of the dose delivered, mini-
mizes treatment machine downtime, and enhances 
communication between radiation oncologists, 
physicists, dosimetrists, therapists, and mainte-
nance technicians.

The prescribed dose planned and the dose deliv-
ered by a linear accelerator is dependent on several 
parameters including the dose calibration, percent-
age depth dose, and other dose ratios used in cal-
culating the dose distribution and machine monitor 
unit settings, off-axis beam characteristics, wedge 
and block factors, multileaf collimator (MLC), cali-
bration, etc. All parameters must be carefully deter-
mined when the therapy machine is installed during 
machine commissioning. Quality assurance proce-
dures must then be implemented to ensure the accu-
racy and reproducibility of the dose delivered by the 
linear accelerator.

Table 16.3 Typical QA instrumentation/equipment needed 
for a modern radiation oncology clinic

Secondary standard dosimetry system

Field use dosimetry system

Parallel plate ionization chamber

Standard and field use barometers and thermometers

Plastic phantom for output calibration constancy checks

Small water phantom with movable fixed ion chamber 
holder

Array detector device to monitor beam symmetry

Polystyrene, solid water, substitute tissue heterogeneity 
stack phantoms

Specialized phantoms and instrumentation for treatment-
planning systems

Specialized phantoms and instrumentation for simulator, 
CT simulator, and linac onboard imaging systems

Anthropomorphic phantom

Film densitometer system

Beam data scanning system

In vivo dosimetry system (Diodes, MOSFETs, and/or TLD)

Fig. 16.2 Example of an array detector (MapCHECK) used for 
radiation therapy QA measurements. (Courtesy Sun Nuclear 
Corporation)

Fig. 16.3 Plastic photon output calibration constancy phan-
tom. (Courtesy Valiant Instruments)
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A QA program for linear accelerators requires 
certain key ingredients if it is to be successful; these 
include: (a) a commitment by the staff to QA; (b) 
participation of radiation, electronic, and mechani-
cal specialists; (c) active radiation therapists partici-
pation; (d) regularly scheduled QA and preventive 
maintenance inspections of the linac; (e) agreed on 
QA machine performance tests and acceptance cri-
teria; (f) adequate test instrumentation; (g) accurate 
and complete documentation of the linac, and (h) 
commitment to good maintenance and radiation 
calibration record keeping (bound archival records 
or computer database). It should be recognized that 
a QA program for treatment machines is very much a 
team effort and will at some stage call on the exper-
tise of the physicist, dosimetrist, therapist, mainte-
nance technician, and radiation oncologist.

A typical linac QA program is designed to pro-
vide testing at different levels and frequencies; these 
typically include: (a) daily checks, performed each 
morning by the radiation therapist who normally 
operates the machine; (b) weekly checks performed 
by a physicist, dosimetrist, therapist, or a physics 

resident; (c) monthly checks performed by a dosime-
trist, physics resident, or physicist, and preventive 
maintenance inspections performed by an accel-
erator maintenance technician (radiation oncology 
clinical engineer); and (d) annual full calibration 
performed by a qualified medical physicist.

The responsibility of performing the various 
tasks is divided among physicists, physics residents, 
dosimetrists, maintenance technicians, and thera-
pists, but the exact distribution is not critical. What 
is essential is that each individual competently per-
form and record the results of their tests on a reg-
ular basis, and that the overall responsibility for a 
machine QA program be assigned to one individual, 
generally the medical physicist.

All measurements should be recorded chrono-
logically in bound notebooks or in a computer data-
base. Such records and the data contained therein 
are a valuable resource in maintaining the treatment 
machine. All parties involved should receive peri-
odic reports on the QA measurement results.

The QA acceptance criterion should be estab-
lished for each of the constancy checks performed. 

Table 16.4 Quality assurance of simulators. (From AAPM TG 40)

Frequency Procedure Tolerance

Daily Localizing lasers 2 mm
Distance indicator (ODI) 2 mm

Monthly Field-size indicator 2 mm
Gantry/collimator angle indicators 1
Cross-hair centering 2-mm diameter
Focal spot-axis indicator 2 mm
Fluoroscopic image quality Baseline
Emergency/collision avoidance Functional
Light/radiation field coincidence 2 mm or 1%
Film processor sensitometry Baseline

Annual Mechanical checks
   Collimator rotation isocenter 2-mm diameter
   Gantry rotation isocenter 2-mm diameter
   Couch rotation isocenter 2-mm diameter
   Coincidence of collimator, gantry 2-mm diameter
   Couch axes and isocenter 2 mm
   Table-top sag 2 mm
Vertical travel of couch
Radiographic checks
   Exposure rate Baseline
   Table-top exposure with fluoroscopy Baseline
   kVp and mAs calibration Baseline
   High and low contrast resolution Baseline

The tolerances mean that the parameter exceeds the tabulated value 
(e.g., the measured isocenter under gantry rotation exceeds 2-mm diameter)
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Table 16.5. Quality assurance of medical linear accelerators (from AAPM TG 40)

Frequency Procedure Tolerance

Daily Dosimetry

   X-ray output constancy 3%

   Electron output constancy 3%

Mechanical checks

   Localizing lasers 2 mm

   Distance indicator (ODI) 2 mm

Safety Interlocks

   Door interlock Functional

   Audiovisual monitor Functional

Monthly Dosimetry

    X-ray output constancy 2%

    Electron output constancy 2%

    Backup monitor constancy 2%

    X-ray central axis dosimetry  
   parameter (PDD, TAR) 
   constancy

2%

   Electron central axis 
   dosimetry parameter 
   constancy (FDD)

2 mm at 
therapeutic 
depth

   X-ray beam flatness constancy 2%

   Electron beam flatness 
   constancy

3%

   X-ray and electron symmetry 3%

   Safety interlocks Functional

   Emergency off switches Functional

   Wedge, electron cone 
   interlocks

Functional

Mechanical checks
   Light/radiation field 
   coincidence

2 mm or 1% 
on a side

   Gantry/collimator angle 
   indicators

1

   Wedge position 2 mm (or 2% 
change in 
transmission
factor)

   Tray position 2 mm
   Applicator position 2 mm
   Field-size indicators 2 mm
   Cross-hair centering 2-mm 

diameter
   Treatment couch position 
   indicators

2 mm/1

   Latching of wedges, blocking 
   tray

Functional

   Jaw symmetry 2 mm
   Field light intensity Functional

Frequency Procedure Tolerance

Annual Dosimetry

   X-ray/electron output 
   calibration constancy

2%

   Field-size dependence of 
   X-ray output constancy

2%

   Output factor constancy for 
   electron applicators

2%

   Central axis parameter 
   constancy (PDD, TAR)

2%

   Off-axis factor constancy 2%

   Transmission factor constancy 
   for all treatment accessories

2%

   Wedge transmission factor 
   constancy

2%

   X-ray output constancy vs 
   gantry angle

2%

   Electron output constancy 
   vs gantry angle

2%

   Off-axis factor constancy vs 
   gantry angle

2%

   Arc mode Manufactur-
er’s specifica-
tions

Safety interlocks

   Follow manufacturers test 
   procedures

Functional

Mechanical checks

   Collimator rotation isocenter 2-mm 
diameter

   Couch rotation isocenter 2-mm 
diameter

   Coincidence of collimetry, 
   gantry, couch axes with 
   isocenter

2-mm 
diameter

   Coincidence of radiation and 
   mechanical isocenter

2-mm 
diameter

   Table-top sag

   Vertical travel of table

2 mm

2 mm

The tolerances listed should be interpreted to mean that if a 
parameter either (a) exceeds the tabulated value (e.g., the mea-
sured isocenter under gantry rotation exceeds 2 mm diameter), 
or (b) the change in the parameter exceeds the nominal value 
(e.g., the output changes by >2%), then an action is required. 
The distinction is emphasized by the use of the term constancy 
for the latter case. Moreover, constancy, percent values are + 
the deviation of the parameter with respect its nominal value; 
distances are referenced to the isocenter or nominal SSD. All 
electron energies need not be checked daily, but all electron 
energies are to be checked at least twice weekly. Whichever 
is greater should also be checked after change in light-field 
source. Jaw symmetry is defined as difference in distance of 
each jaw from the isocenter. Most wedges’ transmission factors 
are field size and depth dependent
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The frequency of each QA procedure to be performed 
depends primarily on the stability of the parameter 
tested, based on one’s own experience. Tables 16.4 
and 16.5, adapted from the AAPM’s TG 40, lists the 
recommended QA tests with frequency and tol-
erance values for simulators and medical linacs, 
respectively (Kutcher et al. 1994).

For some tests, only a very quick “observation-
only” type test is required. For example, a weekly 
“light-radiation field congruence” test result can be 
analyzed by simply looking at a radiograph showing 
the light field and radiation field edges and observ-
ing whether or not the agreement appears reason-
able. Other tests require a more careful quantitative 
analysis. For example, a quantitative “light-radia-
tion field congruence” test would require that the 
film be analyzed using a film densitometer and that 
the results be carefully plotted on graph paper in 
order to determine the edge agreement precisely.

The QA tests should be designed to be quick and 
reproducible checks on key parameters, if they are 
to be accepted and performed faithfully. The discus-
sion provided below is for general guidance and the 
actual QA tests required at a particular institution 
must be developed by that institution.

Recommended daily checks are listed in 
Table 16.5. The manufacturer’s instructions for 
start-up and operation of the accelerator should be 
followed and readings of the various meters, dials, 
and gauges recommended for monitoring should be 
recorded. The daily readings should be maintained 
in a logbook or computer database. These data pro-
vide performance trends of a particular component 
which are helpful in isolating faults and may even 
alert one to a developing problem before full com-
ponent failure occurs.

Daily treatment room checks include testing the 
functionality of the treatment room door interlock, 
intercom and closed circuit monitor system, and 
radiation warning lights. Treatment checks include 
the accuracy of the optical distance indicator (ODI), 
the alignment of the laser localization lights, and 
the radiation output calibration constancy for all 
photon treatment modes.

The photon-beam radiation output calibration 
constancy for each of the photon energies used 
should be checked daily for the reference geometry 
(e.g., 10 10 cm, 100 cm SSD or SAD). This can be 
accomplished efficiently using an ion chamber in a 
simple plastic phantom which contains a fitted hole 
at a standard depth from the top surface for the ion 
chamber, and which attaches to the accelerator at 
the standard SSD. A cylindrical ion chamber (e.g., 

Farmer type) or other type of ion chamber can be 
used for the test. The ion chamber reading should 
be corrected for temperature and pressure and con-
verted to dose using predetermined factors and the 
output value should be compared with the value 
established at the time of the last full calibration.

The electron beam radiation output calibration 
constancy for each of the electron energies used for 
the reference geometry applicator (e.g., 14 14 cm) 
should be checked once or twice weekly. This can be 
accomplished efficiently using a plastic stack phan-
tom and ion chamber dosimetry system (Fig. 16.4).

The plastic constancy phantom used for the 
photon beam output check is also convenient for 
checking the ODI and the laser localization lights. 
A visual inspection of where the ODI indicator 
image strikes the output constancy phantom sur-
face generally suffices as a daily check. Tests using 
a mechanical front pointer can be performed when 
a more quantitative test is needed. The vertical and 
sagittal lines of the laser localization lights should 
pass through the central axis of the beam. This may 
also be checked using marks on the top surface of 
the plastic constancy phantom and observing the 
intersection of the laser lines with the image of the 
cross hair.

Light field radiation congruence and radiation 
field symmetry is typically checked monthly but, in 
some cases, may need to be checked more often. This 
test can be performed by exposing a film placed per-
pendicular to the central axis of the beam. The film 
is aligned with metal markers placed on the edges of 
the light field (or alternatively pressure marks from 
a sharp device or pin prick) to mark the position of 
the light field. A plastic sheet of adequate thickness 
to provide electronic build-up is placed over the 
film. The developed film can be analyzed visually 

Fig. 16.4 Plastic electron output calibration constancy phan-
tom. (Courtesy Valiant Instruments)
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for the weekly test and with a film densitometer for 
a monthly quantitative check.

The alignment of the intersection of the cross 
hairs with the center of the light and radiation field 
should be checked regularly. This is easily accom-
plished by placing a film at the isocenter perpendic-
ular to the beam and marking (e.g., pin prick) the 
intersection of the cross-hairs on the film. The rela-
tive motion of the cross-hairs around the pin-prick 
should be observed as the collimator is rotated 90 . 
The center of the radiation field can be determined 
from the exposed film and compared with the posi-
tion of the pin prick.

Symmetry can be checked using a device con-
taining an array of detectors (usually four or five) 
and compared with the values obtained at the last 
full calibration. Symmetry can also be checked with 
a film in a plastic phantom placed perpendicular 
to the beam central axis for a large field. It should 
be noted that for “bent-beam” linear accelerators, 
where the electron scattering foil and the photon 
flattening filter are moved in and out of position, 
more frequent checks of beam symmetry may need 
to be performed.

The QA checks discussed above require about 15
20 min per treatment machine to complete.

Additional monthly checks for the linac are listed 
in Table 16.6. For example, the monthly preventa-
tive maintenance program for each machine should 
include regular safety checks for all electrical and 
mechanical interlocks. All “emergency off” switches 
on the machine should be checked periodically.

Collimator and gantry angles, field size indica-
tors, and the mechanical distance indicator should 
be checked at least monthly. Using a simple level 
and rotating the gantry, the gantry angle indicators 
can be checked at the vertical and horizontal posi-
tions. The collimator angle indicators and the field 
size indicators at selected field sizes can be checked 
using graph paper placed on the treatment couch at 
the reference distance. Collimator rotation can be 
quickly checked by observing the movement of the 
image of the cross hair as the collimator is rotated 
± 90o.

Photon beam energy can be checked by measur-
ing depth dose at two specified depths, although a 
more sensitive test is to measure the beam profile in 
a plastic phantom at a specified depth. For electrons, 
the relative ionization measured at two depths is 
usually a sufficient check.

In addition, the radiation output calibration 
should be checked using a different dosimetry 
system than that used for the daily output constancy 

check. This serves as a redundancy check on both 
the treatment machine monitor chamber calibra-
tion (cGy/MU) and the daily system used to check 
the output calibration constancy.

Accessories such as wedge filters, electron beam 
applicators, and blocking tray assemblies --includ-
ing the mounting slots and micro-switches -- should 
be examined for any cracks and potential malfunc-
tions.

If onboard imaging is performed, additional 
checks related to mechanical (collision, interlocks, 
readout accuracy, centering, etc.), imaging quality 
(contrast, sensitivity, constancy, etc.), and related 
software, such as magnification accountability, 
should be checked on a monthly basis. These tests 
are discussed in more detail in a later section.

Also, one should ensure that an up-to-date 
machine operator’s manual is located at the treat-
ment machine console. In addition, complex treat-
ment techniques require that detailed, unambiguous 
written procedural instructions also be available at 
the control console. One should also ensure that the 
posting of radiation warning signs and emergency 
instructions have not been removed.

Table 16.6 Recommended monthly QA checks

General conditions of treatment-unit checks: (key switch, 
monitors, machine movements, pendant, accessories, treat-
ment aids, audio-visual/communication, room condition)

Review of daily/weekly check logs (daily machine operation 
check log, daily photon/electron calibration constancy check 
log, weekly machine maintenance inspection log)

Safety-features checks [operating instructions at machine, 
emergency instructions displayed, radiation warning sign, 
treatment-room door interlock, treatment-room operability, 
beam condition indicator lights (door), beam condition indi-
cator lights (monitor), emergency offs]

Mechanical checks (gantry rotation angle, mechanical and 
digital; rotation arc check of MU/degree; collimator rotation 
angle indicator check; mechanical and digital; cross-wire 
deviation)

Radiation/light-field check (visual inspection for ±2-mm tol-
erance for light/radiation field congruence and central plane 
overlap/gap)

Photon beam energy/off-axis factor check

Radiation output calibration constancy check (treatment unit 
monitor chamber, assigned dosimetry system)

Electron beam energy check (ionization depth ratio)

Electron beam output calibration constancy check

MLC QA for IMRT

EPID mechanical and imaging checks

Onboard imaging mechanical and imaging checks
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The monthly checks may take from 1 to 2 h 
depending on the number of tests performed and 
the number of modes and energies available. These 
times clearly show that a QA program for treatment 
machines designed to insure the delivery of dose can 
be implemented in any size radiation therapy clinic 
at an acceptable cost in terms of time, staff, and 
equipment. When such a program is neglected and 
problems are not fixed as they arise, the treatment 
machines will inevitably deteriorate and the quality 
of patient treatments will be compromised.

16.4.1 
Linac Annual QA Tests

A full calibration of the treatment machine should 
be performed annually. Suggested tests are listed in 
Tables 16.5 and 16.7. The basic calibration should be 
performed in a water phantom using an ion chamber 
according to an appropriate protocol, e.g., AAPM 
(AAPM 1983; Almond et al. 1999). The stability of 
the dose per monitor unit and the beam symme-
try should be checked at different gantry angles. 
Verification of the output factors and central axis 
depth dose should be done for several different field 
sizes. In addition, current values for off-axis factors, 

monitor linearity, monitor end effect, all wedge and 
tray factors, and bolus and comp filter attenuation 
factors should be verified.

In addition, various mechanical alignments 
should be checked annually. For example, the 
mechanical isocenter can be checked by observing 
the position of the front pointer tip in relation to a 
2-mm-diameter rod as the gantry is rotated through 
360 . A “star pattern” is sometimes produced to 
check radiation isocenter, i.e., a film is placed par-
allel to the radiation beam and one set of collima-
tor jaws is closed to a narrow slit and exposures are 
made at different gantry angles. All couch move-
ments and table-top sag underload should also be 
evaluated.

Continuing education lectures on the machine 
operation, safety, and QA should be presented to the 
staff on an annual basis. It is important that emer-
gency procedures be reviewed periodically with the 
staff to ensure proper interpretation and under-
standing. A thorough hands-on training period for 
all therapists is essential following instruction about 
the operation of the equipment and prior to assum-
ing treatment responsibilities. Written instructions 
should be provided to guide therapists as to a safe 
response when equipment malfunctions or exhibits 
unexpected behavior, or after any component has 
been changed or readjusted.

With a good QA and preventive maintenance 
program in which the parameters are measured and 
adjusted on a regular basis as outlined herein, treat-
ment machines can be kept running in good operat-
ing condition. These QA checks and adjustments are 
generally simple to learn and easy to implement.

16.5 
Linac Advanced-Technology QA

Exciting technical developments for improving 
dose delivery have occurred over the past two 
decades as a result of the development of 3D con-
formal radiation therapy (3D CRT) and intensity-
modulated radiation therapy (IMRT; Purdy et al. 
2001). These developments are based on advanced 
computer hardware and software technology and 
include 3D treatment planning systems (3D TPS), 
computer-controlled treatment machines, asym-
metric collimators, dynamic wedge, multileaf col-
limators (MLC), beam-intensity modulation, imag-
ing devices (MV electronic portal imaging devices 
(EPIDs), and mV and kV cone-beam CT) for treat-

Table 16.7 Recommended annual QA checks

Emergency off switches and interlocks

Mechanical and digital indicators (gantry, collimator, field 
size, couch)

Inspection of mechanical parts of accelerator including 
blocking tray and treatment aids

Machine alignment (isocenter check)

Light-radiation field congruence

Radiation beam symmetry for all treatment modalities

Monitor chamber linearity and end effect

Dose calibration (cGy/monitor unit) for all treatment 
modalities

Output field size dependence for all treatment modalities

Percent depth doses for several field sizes for all treatment 
modalities

Wedge factors for all treatment modalities

Tray factors for all treatment modalities

Off-axis factors for all treatment modalities

MLC checks

Special procedure modes (Arc therapy, TBI, TSEI, IMRT)

Onboard mechanical and imaging checks
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ment verification. Peripheral to the clinic are other 
daily localization systems. These advanced tech-
nologies provide for radiation therapy techniques 
that will likely improve therapeutic ratios through 
the use of conformal physical dose distributions that 
cannot be achieved using 2D planning, delivery, and 
verification methods; however, ensuring that the 
radiation therapy process is safe and accurate when 
these advanced technologies are used is much more 
difficult than ensuring the 2D process that uses a 
treatment machine with simple electromechanical 
controls, 2D planning systems, standard treatment-
aid devices (alloy blocks, physical wedges, etc.), and 
weekly port-film treatment verification. In many 
cases, the complexity of interactions between hard-
ware and software in a near real-time environment 
makes it virtually impossible to demonstrate with 
certainty that the operation of the advanced technol-
ogy systems is correct and that all possible failure 
modes have been eliminated. Exhaustive testing of 
all possible combinations of inputs, in all possible 
sequences, and from all possible sources, cannot be 
realistically accomplished; therefore, it is essential 
that a well-planned and rigorous approach to QA 
tests and safety procedures be practiced when these 
advanced technologies are implemented in the clinic 
(Klein et al. 1996).

16.5.1 
Linac Computer Control System

Modern medical linear accelerators utilize computer 
control systems. Incidents in the past have shown 
that such accelerators have the potential for massive 
overdoses to the patient as a result of software flaws 
(Joyce 1986; Karzmark 1987). This poses a major 
problem for the radiation therapy community since 
standard QA tests on accelerators are not designed 
to catch software flaws. We caution the physicist to 
scrutinize carefully the computer operation of the 
linac during the acceptance testing period, paying 
particular attention to verifying what happens when 
beam setup parameters are edited.

An AAPM task group report discuss the safety 
considerations stemming from the increased use 
of computer logic and microprocessors in the con-
trol systems of treatment units (Purdy et al. 1993). 
It suggests how procedures and operator responses 
can be improved to reduce or obviate risks associated 
with hardware and software failures in radiation 
therapy equipment. Two other publications address 
testing and QA of computer-controlled accelerators 

(Weinhous et al. 1990; Rosen and Purdy 1992). 
Recommendations from these three publications 
are summarized in this section.

Acceptance testing procedures for new software 
updates and/or new computer-control features 
should be designed specifically to test the software 
and control aspects of the system. Safety interlocks 
and new functionality should be tested rigorously 
after review of all vendor documentation and test-
ing information provided by the vendor. The reader 
should also note that while it is much easier to test 
safety interlocks in service mode, such tests do not 
necessarily properly predict the accelerator’s behav-
ior in clinical modes; therefore, to ensure safe opera-
tion, it is important that interlocks be tested in the 
clinical modes used to treat patients.

Routine updates of software for a computer-con-
trolled machine should be treated as if it includes the 
possibility of major changes in system operation. All 
vendor information supplied with the update should 
be studied carefully, and a detailed software/control 
system test plan should be created. All safety inter-
locks and dosimetry features should be carefully 
tested, regardless of the scope of the changes implied 
by the update documentation. All tests suggested by 
the manufacturer to confirm correct operation of 
the new software should be performed. Treatment 
beam parameters which may be affected by the soft-
ware changes should be verified. Near full-accep-
tance testing may be necessary depending on the 
nature and extent of the software changes.

Safety interlocks also may have to be tested follow-
ing non-trivial repairs. Because software and hard-
ware are intimately linked in a computer-controlled 
machine, even minor changes in hardware can pro-
duce aberrations in the operation of the machine if 
there is a flaw in the software design or implementa-
tion. Integrity of software and data should be veri-
fied using appropriate tools supplied by the manu-
facturer. If repairs are extensive or involve critical 
components, near full-acceptance testing may again 
be necessary to ensure proper operation.

Computer-assisted setup features should be 
verified. If possible, return of the machine to a safe 
condition in the event of a computer or computer-
related hardware failure should be verified. If power 
conditioning and isolation for the computer is not 
used, the computer and machine operation should 
be carefully monitored for any adverse effects of 
occasional power transients.

Routine scheduled maintenance and testing 
should be performed to minimize hardware mal-
functions that can occur over time due to normal 
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wear of components and environmental stresses 
such as radiation damage. In computer-controlled 
machines, hardware changes may also affect correct 
software operation by corrupting essential data or 
software; therefore, even though the software may 
have passed acceptance testing without demonstra-
ble errors, latent bugs may appear as the hardware 
changes with age. Even minor changes in hardware 
can produce aberrations in the operation of the 
machine if there is a flaw in the software design 
or implementation; therefore, constant vigilance is 
necessary. In particular, safety interlocks may have 
to be tested following non-trivial repairs. If repairs 
are extensive or involve critical components, full 
acceptance testing may again be necessary to ensure 
proper operation.

In the case of software updates, the integrity of 
all safety interlocks and the software and database 
should be verified following installation. Treatment 
beam parameters that may be affected by software 
changes should be verified. Full-acceptance test-
ing may be necessary depending on the nature and 
extent of the software changes. To assist users in 
properly verifying new versions of software, the 
documentation for software updates should include: 
(a) reasons for all changes, including bug fixes; (b) 
details of modifications made; (c) details of planned 
or expected operational changes following installa-
tion of the update; (d) effects on site-dependent and 
user-accessible data and/or software; (e) suggested 
procedures for testing operations affected by the 
update; (f) revised design specifications, support 
documentation, and/or operations manuals; and (g) 
results of beta tests.

Despite extensive in-house and field testing by 
the manufacturer, new problems are occasionally 
discovered by users in the field. Manufacturers 
should provide procedures for reporting such prob-
lems. These procedures should clearly describe the 
information to be submitted with the report. Manu-
facturers should respond to problem reports with 
a written acknowledgment, followed by a timely 
response evaluating the severity of the problem, a 
recommended temporary solution or a recommen-
dation to suspend treatments, and a proposed per-
manent solution with time schedule for implemen-
tation. Dissemination of significant problem reports 
to all users should be done in a timely manner.

16.5.2 
Asymmetric Jaws (Independent Collimation)

All modern medical accelerators have collimator 
jaws that move independently. For example, the 
Varian linear accelerators, the Y-Jaws (upper), can 
be move independently 10 cm beyond isocenter, 
whereas the X-jaws (lower) can move independently 
2 cm past isocenter. Independent jaw capability 
allows the isocenter to be positioned at locations 
other than the treatment field center. This flexibility 
allows simplified patient positioning and improved 
safety by avoiding overlapping field abutments 
without the necessity of using heavy beam-splitting 
blocks. For example, breast irradiation techniques 
commonly use the independent jaw feature (Klein 
et al. 1994).

Monitor unit calculations are only slightly more 
complex for independent jaws than for symmetric 
jaws (Slessinger et al. 1993). An off-axis correction 
factor can be used that depends only on the distance 
from the machine’s central axis to the center of the 
independently collimated open field. The influence 
of backscattered photons into the monitor chamber 
may influence the output for very elongated sym-
metric fields (Palta et al. 1988). The dose distribu-
tions of asymmetric fields defined by jaws are quite 
similar to those defined by alloy blocks. Only slight 
differences are seen at the field edges due to the dis-
tance between the patient and the jaws.

Treatment record forms that denote each jaw 
setting (Y1, Y2, X1, X2) should be used. We also rec-
ommend that the four jaws be identified by labels 
placed on the treatment machine, simulator colli-
mator, and the block trays. This is especially useful 
when treatment techniques call for collimator rota-
tion or involve the use of MLC or dynamic wedge, 
which are oriented in a particular direction along an 
independent jaw set (i.e., MLC - X1 or X2, dynamic 
wedge Y1 or Y2).

The QA checks include a monthly check of each 
independent jaw by comparing jaw setting vs the 
light field position vs 50% radiation value (edge) 
for fields designed as quadrants (two non-divergent 
edges). We recommend specifying the jaw position 
accuracy to an accuracy of 1 mm for setting vs light 
field at all positions (note that this exceeds TG 40 
recommendations) and a specification of 0.5 mm 
for light vs radiation field. An effective QA test is to 
irradiate a film superimposing each quadrant of the 
field separately. Ideally, the composite film should 
exhibit no distinct regions of overlapped regions or 
gaps. On a monthly basis, the simulator’s asymmet-
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ric jaw (wire) settings accuracy should be checked 
for the 0.0- and 10.0-cm settings. An accuracy of 
1 mm is expected, which is the same criteria used 
for symmetric fields.

Annually, the same quadrant test should be 
performed at the four cardinal gantry angles. An 
isodensity scan of the superimposed film will show 
dose homogeneity across all intersections. A dose 
inhomogeneity of  5% (when compared with a 
point away from the junction) over a distance of 

2 mm is acceptable. Annually, OAFs (used for 
asymmetric jaw monitor unit calculations) should 
be spot checked to ensure agreement within 0.5% 
of the tabulated OAFs. The output at dmax off-axis 
when the Y-jaw is 10.0 cm beyond isocenter should 
be checked annually to ensure that backscattering 
to the monitor chamber that can cause an eventual 
decrease in output is not occurring. This measure-
ment (at the respective dmax depths) is compared 
with calculations using the appropriate OAF. Annu-
ally, corresponding quadrant films are also taken on 
the simulator.

16.5.3 
Dynamic Wedge

Dynamic wedge technology takes advantage of 
asymmetric jaw technology in conjunction with 
control of the dose rate over the course of one treat-
ment (Leavitt et al. 1990). An initial field is set 
along with a desired isodose angle (wedge angle) 
with a particular wedge direction (heel to toe). After 
a specific number of monitor units have been deliv-
ered, the designated collimator jaw begins to move 
with a varying speed while the dose rate is varied 
simultaneously. This type technology as generally 
replaced physical wedges. The authors’ experience 
is based primarily on the Varian system and will be 
used for discussion purposes, but the recommended 
testing should be applicable to other manufactur-
ers dynamic wedge systems. The variations in jaw 
position and dose rate are driven by computer files 
called segmented treatment tables (STTs), which are 
unique for each energy, wedge angle, and field size. 
This customization of each dynamic wedge angle 
for each field size yields excellent-wedged isodose 
distributions when compared with physical wedges. 
The obvious practical advantages of dynamic wedg-
ing include no lifting of heavy wedges over patients, 
no blocking of light field during setup, and larger 
wedge field sizes (up to 30 cm field for 60° wedges). 
Dosimetric advantages include no beam harden-

ing, less scatter outside of the field, slightly shorter 
treatment times, lower-intensity hot spots (in most 
cases), no wedge tray “play,” and improved wedged 
isodoses for all field sizes.

The QA program appropriate for dynamic 
wedge technology have been reported in the litera-
ture and are summarized here (Klein et al. 1995, 
1998). Periodic checks on the accelerators should 
include spot checking the dynamic wedge dosim-
etry. These checks include verification of wedge fac-
tors for selected field sizes and wedge angles. The 
wedge factors should be checked for each wedge 
orientation (Y1-in and Y2-out). Spot checks of the 
isodoses (or profiles) should be performed to ensure 
that the dose distributions have not changed.

The ability of the dynamic wedge to be completed 
during interruptions should be tested by terminat-
ing and restarting the beam during a dynamic wedge 
run. Patient-specific checks include a diode check 
on the patient during the first fraction. A dual-
diode system works best, particularly for wedge 
treatments, with one placed at the central axis on 
the patient’s skin surface and the other at an off-
axis point toward an anatomically noted direction 
that corresponds to the “heel or toe” of the wedge. 
The diode electrometer reading should be corrected 
by factors that depend on SSD, field size, and diode 
response for that day. The corrected reading corre-
sponds to the dose at dmax. Deviations of 5% or less 
are considered acceptable due to the diode’s system-
atic limitations in terms of spatial resolution and 
placement by the therapists. A second reading and 
investigation should be performed for larger devia-
tions. Therapists should also be instructed to illumi-
nate the light field at the end of each fraction to con-
firm that the remaining light field strip corresponds 
to the “toe” of the wedge. An R&V system provides 
a direct check of the dynamic wedge angle and ori-
entation and a visual check need only be confirmed 
during the first fraction; however, there should be 
an independent check confirming the R&V entry of 
the wedge angle and direction before the first frac-
tion. On the first fraction, the therapist still should 
check the indicated position and light field strip 
after treatment. The R&V system provides ongoing 
checks for the remaining fractions.

16.5.4 
Multileaf Collimation

Multileaf collimators have now become the state-
of-the-art method for generating irregularly shaped 
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fields for photon-beam radiation therapy (Boyer 
et al. 1992, 2001; Klein et al. 1995). The authors’ 
QA experience is based on use of a Varian MLC 
system (Klein et al. 1995, 1996; Klein and Low 
2001). In that system, the leaf settings for each field 
are sent to a dedicated MLC computer, interfaced to 
the treatment machine, which drives the leaves via a 
controller system. The leaf settings may be obtained 
by two different methods. Firstly, computer software 
and hardware (called the “Shaper”) is provided with 
which the user can digitize a portal shape drawn on 
a simulation film or using a 3D treatment-planning 
system. In either case, the patient’s MLC configura-
tion files are sent over a local area network to the 
MLC computer.

Rigorous QA is essential when MLC is clinically 
implemented. When first implemented in a clinic, all 
MLC fields should be checked visually (light field vs 
skin marks) and imaged using film or an electronic 
portal imaging device (EPID) on a daily basis.

Specific QA tests performed include the daily run-
ning of a sampling of actual clinical fields during the 
morning checkout of the accelerator. In addition, 
the following periodic (quarterly) checks are rec-
ommended: (a) testing of MLC settings vs light field 
vs radiation field for selected gantry and collimator 
angles; (b) network testing; (c) check of active patient 
files; and (d) interlock checks (carriage under jaw, 
leaf spread, leaf movement during electron and/or 
port film modes, etc.). Particular attention must be 
paid to the testing of MLC files sent over a computer 

network. When first implemented, it is prudent to 
test the network by illuminating every MLC field 
configuration onto the original simulation film or 
digitally reconstructed radiograph. The AAPM TG-
50 report on basic applications of MLCs describes 
the QA program of recommended patient and quar-
terly and annual checks. The annual check of accel-
erators equipped with MLC include the above-listed 
monthly MLC tests and also film scans to review 
interleaf leakage, abutted leaf transmission, pen-
umbra dependence on leaf position, and a review of 
procedures with clinical staff. A summary of the QA 
checks recommended is given in Table 16.8.

16.5.5 
Online Electronic Portal Imaging

Online portal imaging systems consist of a suit-
able radiation detector, usually attached through a 
manual or semi-robotic arm to the linac and capable 
of transferring the detector information to a com-
puter that will process it and convert it to an image. 
These systems use a variety of detectors, all produc-
ing computer-based images of varying degrees of 
quality. Currently these systems include: (a) fluoro-
scopic detectors; (b) ionization chamber detectors; 
and (c) amorphous silicon detectors. The QA issues 
for this technology can be separated into five cat-
egories: (a) physical operation and safety; (b) spatial 
and contrast resolution; (c) image storage, analysis, 

Table 16.8 Multileaf collimation QA. (From Klein et al. 1996 and AAPM TG-50 report). DRR digitally reconstructed radio-
graphs

Frequency Test Tolerance

Patient specific Check of MLC-generated fields vs simulator film/DRR before each 
field is treated

2 mm

Double check of MLC field by therapists for each fraction Expected field

Online imaging verification for patient on each fraction Physician’s discretion

Port-film approval before second fraction Physician’s discretion

Quarterly Setting vs light field vs radiation field for two designated patterns 1 mm

Testing of network system Expected fields over network

Check of interlocks All must be operational

Annual Setting vs light field vs radiation field for patterns over range of 
gantry and collimator angles

1 mm

Water scan of set patterns 50% radiation edge within 1 mm

Film scans to evaluate interleaf leakage and interleaf, abutted leaf 
transmission

Leakage <3%, abutted leakage <25%

Review of procedures and in-service with radiation therapists
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and handling; (d) reference image acquisition, and 
(e) clinical applications.

Physical operation and safety checks consider the 
physical motions of the imager, as well as patient and 
operator safety considerations. The imager may be 
detachable or permanently attached to the gantry. 
Interlocks should be installed so that motion of the 
gantry is restricted during conditions when gantry 
motion could cause the imager to disengage or slip 
during gantry rotation. Additional interlocks should 
be installed to prevent a collision between the patient 
support assembly (PSA) and the EPID or between 
a PSA-supported object (e.g., the patient) and the 
EPID. These interlocks will disable PSA motion but 
may allow limited motion to disengage the collided 
objects. Additionally, the manufacturer may provide 
override buttons or other hardware to bypass these 
interlocks. The interlocks and bypasses should be 
tested for functionality both during commissioning 
and periodically (e.g., weekly or monthly) for cor-
rect operation.

The EPID support may provide the user with flex-
ibility of the location of the EPID sensitive surface 
relative to the accelerator beam. The identification of 
the EPID location may be through a manual readout 
system, or may be transmitted to the EPID acquisition 
system for storage and display with other relevant 
image information. This information is critical to 
quantitative utility of the portal images. For example, 
if the user determines that the patient position is five 
pixels from the intended position by examining the 
image, the scale factor of the image must be known 
before a suitable patient shift can be determined. Sim-
ilarly, lateral adjustments may be available to place 
the EPID in an optimal location relative to the irradi-
ated beam. Some alignment software algorithms may 
require the magnitude of the EPID offset. The accu-
racy of the readout systems must be determined and 
monitored periodically, as needed.

The stability of the EPID location is also impor-
tant. If the EPID is not held by a stable support, the 
pixel location of isocenter will be a function of the 
gantry angle. Certain alignment algorithms may 
depend on the stability of isocenter to determine the 
accuracy of portal placement. Similarly, if a compo-
nent of a stable system slips, the detection of portal 
misalignment may suffer. A simple test to assess the 
stability of isocenter is to image a graticule tray at 
each of four principal gantry angles (0, 90, 180, and 
270 ). Finally, a periodic inspection of the cassette 
(with protective covers removed) will reveal any 
hidden damage caused, for example, by an unre-
ported collision.

While the above tests are essential for safety, the 
heart of an EPID QA program must center on main-
taining its ability to acquire a useful portal image 
within the physical constraints of radiation treat-
ments. Standard methods for determining imager 
response include measurement of the modulation 
transfer function (MTF); however, this requires 
knowledge of the imager sensitivity over the range 
of fluences and beam energies used for the measure-
ment. The linearity of the EPID response (pixel value 
vs incident radiation fluence rate) can be assessed 
for EPIDs with an adjustable target-to-imager-dis-
tance. A measurement of the relative photon fluence 
at the chamber surface can be made by placing an 
ionization chamber at the appropriate distance with 
the phantom in place. The pixel value (averaged over 
a region of interest to reduce the effects of random 
noise) is then correlated with the measured relative 
photon fluence.

Techniques have been developed to measure the 
spatial and contrast resolutions under low-contrast 
conditions and with phantoms in place to simu-
late clinical conditions (Low et al. 1996). There are 
two advantages for using a low-contrast phantom. 
Firstly, primary photon fluence changes are linear 
with respect to changes in phantom thickness, and 
secondly, the EPID response is linear within a small 
range of photon fluences. The spatial and contrast 
resolution measurement techniques use geometries 
that irradiate the EPID with a small range of flu-
ences.

One method for providing a split-field measure-
ment in a low-contrast geometry is to use a single-
step phantom, with the step intersecting the central 
axis. The step should yield a fluence change across 
the phantom that is within the linearity limits of the 
EPID. While scattered photon radiation from the 
step will perturb the overall profile, the sharp-gra-
dient region will not be significantly affected. The 
spatial resolution is obtained by taking the spatial 
derivative of the profile.

Contrast and spatial resolutions can be deter-
mined qualitatively by imaging a Las Vegas phan-
tom or equivalent. The Las Vegas phantom consists 
of a block of aluminum drilled with a series of holes 
of varying diameter and depth. An image of the 
phantom is used to indicate the ability of the EPID 
to resolve small and low-contrast features.

Images must be stored with correct patient and 
acquisition data and be retrieved with the data intact. 
While a test of the entire image handling software is 
impractical, a few critical tests should be performed 
before clinical use of the EPID. Tests should be con-
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ducted to ensure that images are being stored and 
retrieved correctly. This is especially important when 
the acquisition software compresses the file before 
storage and decompresses the file on retrieval. The 
EPID software may also provide a quantitative eval-
uation of pixel values and averages. These features 
should be tested for reproducibility and accuracy 
and then used to analyze an image prior to storage 
and after retrieval.

The EPID systems may provide a means of digi-
tizing radiographic film for comparison with online 
images. Tests should be conducted to ensure that the 
scale factor and aspect ratio of the digitized films 
are correct. One method of doing this is to digitize 
a transparency with a printed rectangular grid. The 
pixel values of the grid intersections should all be 
the same distance apart throughout the image.

Clinical application refers to a number of special 
techniques developed for an EPID. The open-field 
calibration image is carried out with 5-cm Solid 
Water placed at isocenter to provide some photon 
scatter to simulate a patient. The minimum number 
of monitor units required to obtain an image as a 
function of accelerator repetition rate and beam 
energy should be measured and tabulated to aid phy-
sicians in designing imaging studies. For EPIDs that 
contain sensitive electronics, the maximum image-
able field size should be displayed at the accelera-

tor console and on the imager body. Recommended 
QA checks are listed in Table 16.9 and more details 
regarding EPID QA can be found in the AAPM TG-
58 report including recommendations for QA tests 
of EPID systems along with test details (Herman et 
al. 2001).

16.5.6 
Intensity-Modulation Radiation Therapy

The latest development in external beam radiation 
therapy treatment implementation exploits the use 
of fields in which intensity is varied across the beam. 
(The reader is referred to Chap. 10 in this textbook 
for more details on this subject.) Also, there have 
been several consensus documents published (2001; 
Ezzell et al. 2003; Galvin et al. 2004).

The QA for IMRT techniques is still being devel-
oped and as yet there are no specific national QA 
recommendations or tolerance criteria published. 
Increased vigilance is required and the users of this 
technology must accept an even greater responsi-
bility with regard to patient safety. The IMRT tech-
niques require both geometric and dosimetric veri-
fication to a phantom before a patient’s treatment is 
delivered. New technologies for these QA tasks that 
increase efficiency are needed.

Table 16.9 Electronic portal image quality assurance. (Modified from AAPM TG-50 report). SNR 
signal-to-noise ratio

Frequency Test Responsible 
individual

Daily Inspect imager housing Therapist

Test collision interlock Therapist

Acquire day’s first image during machine warm-up Therapist

Procedure to verify operation and image quality Therapist

Verify sufficient data capacity for day’s images Physicist

Monthly Acquire image and inspect for artifacts Physicist

Perform constancy check of SNR, resolution, localization Physicist

Review image quality Physicist

Perform image/disk maintenance Physicist

Mechanical inspection (latches, collision sensors) Physicist

Optical components Clinical engineer

Electrical connections Clinical engineer

Test collision interlock Physicist

Hardcopy output Physicist

Annual Perform full check of geometric localization accuracy Physicist
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The user should also be aware that the dose to the 
patient outside the treated volume may be increased 
due to increase leakage radiation levels. This is 
increased with beam modulation systems because 
the number of monitor units required to deliver a 
specific dose to the patient is substantially increased 
(Mutic and Low 1998).

Table 16.10 (modified from AAPM TG-35 report) 
lists a model QA and safety program for a medical 
linear accelerator facility (Purdy et al. 1993).

16.6 
Quality Assurance of Cobalt Teletherapy 
Units

The United States Nuclear Regulatory Commis-
sion (USNRC) has established, in Title 10, Part 35 
of the Code of Federal Regulations, Subpart I, 
special requirements for the full calibrations and 
monthly spot check measurements of these licensed 
60Co teletherapy units (NRC 2003). The full cali-

Use of the medical accelerator
 – The unit should be operated only by authorized person-

nel who are trained in the safe operation of the unit. This 
typically includes radiation therapists, radiation oncology 
physicists, dosimetrists, physics residents, and machine 
maintenance personnel

  – Instructions on how the unit is to be operated should be 
maintained at the console

Safety devices
 – The console and room radiation warning lights and door 

interlock should be checked daily by the radiation therapist. 
Their status should be recorded in the unit’s daily log

 – All ancillary equipment, including but not limited to that 
for patient aural and visual communication, should be in 
good working order and regularly tested at appropriate 
intervals as part of a continuing QA program. Treatment 
should not proceed if specific ancillary equipment essen-
tial to treatment is inoperative

 – All computer-controlled treatment machines with the as-
sociated ancillary high technology devices (MLC, dynamic 
wedge, etc.) should be equipped with a record-and-verify 
system

Personnel dosimetry
  – Appropriate personnel monitors (e.g., film badges) should 

be provided by the institution’s Radiation Safety Office
  – The personnel monitors should be supplied with a speci-

fied frequency, e.g., monthly
  – The personnel dose reports should be reviewed by Radia-

tion Safety Office staff and reported values exceeding the 
investigative levels of the institution’s ALARA program 
should be referred to the ALARA investigator for timely 
review. Monthly personnel reports should be posted con-
veniently for ready access by involved personnel

Procedures for securing the medical accelerator
  – The treatment room should be secured during non-

working hours and when left unattended

Instrument calibration and checks
– Radiation survey meters should be calibrated annually. A 

description of the sources calibration frequency and equip-
ment procedures should be documented

Table 16.10 Model quality assurance and safety program for medical accelerator facilities. ALARA as low as reasonably accep-
table. (Modified from AAPM TG-35 report)

  

 – The dosimetry system used for full calibration should be 
calibrated every 2 years by an AAPM Accredited Dosimetry 
Calibration Laboratory (ADCL)

 – The dosimetry system(s) used for periodic QA checks 
should be calibrated on a yearly basis by a qualified radia-
tion oncology physicist by intercomparison with a dosim-
etry system calibrated by an ADCL

Acceptance testing and full calibration of medical accelerator
 – Testing and full calibration should be performed by a qual-

ified radiation oncology physicist following the procedures 
given in the AAPM Code of Practice for Radiotherapy Ac-
celerators (TG 45 report) and the AAPM TG 21 or 51 Pro-
tocol

Software QA and testing
 – Acceptance testing procedures for new software and/or 

new computer-control features should be designed spe-
cifically to test the software and control aspects of the 
system. All safety interlocks and new functionality should 
be tested rigorously after review of all vendor documenta-
tion and testing information which is available. See AAPM 
TG-35 report

 – Routine updates of software for a computer-controlled 
machine should be treated as if it includes the possi-
bility of major changes in system operation. All vendor 
information supplied with the update should be studied 
carefully, and then a detailed software/control system test 
plan created. All safety interlocks and dosimetry features 
should be carefully tested, regardless of the scope of the 
changes implied by the update documentation. See AAPM 
TG-35 report

Periodic QA measurements of medical accelerator
 – The QA measurements should be performed following pro-

cedures and frequencies recommended by the AAPM TG 
40 report

 – The results of the spot-check measurements should be 
reviewed (and signed/initialed) by the radiation oncology 
physicist

Servicing and inspection of the medical accelerator
 – Only persons or firms specifically authorized by the physi-

cist in charge at the institution should perform any main-
tenance or repair of the unit
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bration measurements must be performed by a 
qualified teletherapy physicist in accordance with 
the procedures recommended by the AAPM using 
a secondary standard dosimetry system calibrated 
within the previous 2 years by the National Insti-
tute of Standards and Technology (NIST) or by an 
AAPM-Accredited Dosimetry Calibration Labora-
tory (ADCL). The USNRC does allow for the use of 
a secondary standard dosimetry system calibrated 
only every 4 years provided certain authorized 
intercomparisons are made. The reader is referred 
to the reference for details required for this inter-
comparison (NRC 2003).

The mechanical integrity of the unit should be 
checked during the annual full calibration. Typi-
cal tests and procedures are given in the Hospital 
Physicists Association report no. 3, “A Suggested 
Procedure for the Mechanical Alignment of Tel-
egamma and Megavoltage X-ray Beam Units” 
(HPA 1970).

Additionally, the USNRC requires that the dose 
rate determined at the full calibration be corrected 
mathematically for physical decay at intervals not 
exceeding 1 month. These corrections must also be 
made by a qualified teletherapy physicist.

The USNRC also requires that a semi-annual leak 
test be performed for teletherapy units (NRC 2003).

The USNRC also requires that monthly spot-
check measurements be performed for teletherapy 
units (NRC 2003). While a qualified teletherapy 
physicist is not required to perform these measure-
ments, the results of the spot-check measurements 
must be reviewed by the qualified teletherapy physi-
cist within 15 days. These measurements may be 
made either with the secondary standard dosimetry 
system calibrated as previously described, or alter-
nately, with a field instrument intercompared with 
a secondary standard system within the previous 
year.

There are also certain daily checks that should be 
performed; these include a check of the treatment-
room radiation monitor, beam condition indicator 
lights, and door interlock. A log book should be kept 
documenting that these items were checked daily 
prior to treating the first patient.

16.7 
Treatment-Machine Maintenance

The division of labor between the maintenance and 
physics groups can create significant difficulties. 
An effective QA program must coordinate main-

 – Appropriate dosimetry measurements should be performed 
after any maintenance or service is performed. The person 
responsible for releasing the accelerator to clinical service 
after maintenance is the radiation oncology physicist

 – A full inspection of the medical accelerator should be made 
by the manufacturer at intervals not to exceed 3 years

Radiation survey
 – A radiation survey should be performed by a qualified 

physicist before initial use and whenever any changes are 
made in the shielding, location, or use of the unit that could 
affect radiation levels in surrounding areas

Emergency procedures
 – Emergency procedures should be posted at the medical ac-

celerator control console
 – All new treatment personnel should be trained in emer-

gency procedures as soon as they report to duty. Practice 
drills in emergency procedures should be conducted by the 
radiation oncology physicist or his designee with all ap-
propriate personnel at least once a year

Procedure for notifying the proper person in the event of an 
accident or an unusual occurrence

 – In the case of an accelerator malfunction, individuals listed 
on facility’s “Emergency Procedures” should be notified

 – In the case of a suspected treatment misadministration, follow 
guidelines listed in section 4 of the AAPM TG-35 report

Radiation therapist training
 – Before a therapist starts working with a treatment machine, 

he/she should be given extensive training on (a) the normal 
operation of the machine, (b) the meanings of the vari-
ous interlocks and fault lights, as well as the appropriate 
response to their occurrence, (c) any unusual aspects of 
the machine that could be important during routine treat-
ments, and (d) QA tests

 – Continuing education should be provided at regular inter-
vals on subjects pertinent to machine operation, QA, and 
safety to supplement previous training

Record keeping
 – Copies of the following records should be maintained 

by the institution: (a) results of safety device checks; 
(b) records of personnel dose monitoring; (c) survey 
instrument calibration reports; (d) calibration report for 
dosimetry system used for full calibration measurements; 
(e) calibration or intercomparison report for dosimetry 
system(s) used for periodic QA measurements; (f) 
acceptance test and full calibration reports; (g) periodic 
QA test results; (h) training and experience credentials of 
the qualified radiation oncology physicist; (i) training of 
new personnel and annual refresher training of personnel; 
(j) full inspection and all maintenance work performed; 
(k) radiation survey(s) reports; (l) copies of applicable 
regulatory statutes
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tenance of the treatment machines and it must be 
clearly understood that the release of the treatment 
machine following repair is the responsibility of the 
medical physicist.

Maintenance should absolutely avoid by-pass-
ing interlocks and document clearly any changes 
made to the unit. Often unnecessary tweaking (fine 
tuning) of the accelerator is done which can put the 
system into marginally unstable or erratic operation. 
This can cause unnecessary service calls, confusion, 
and delay in restoring a system to proper operation.

It is important that maintenance be kept updated 
to new developments and system changes. There is 
also a clear need for good documentation of testing 
and repair, operator and maintenance staff training, 
and vendor support in equipment maintenance.

16.8 
Treatment-Planning Computer System QA

It is very important that the user check that the plan-
ning system is accurately functioning before it is used 
clinically. The treatment-planning system, in this 
respect, is no different than other medical devices. 
Procedures for testing treatment-planning systems 
have been described in the literature (Jacky and 
White 1990; van Dyk et al. 1993; Fraass et al. 1998). 
One class of tests consists of a comparison of treat-
ment plans calculated for standard phantoms to dose 
measurements for the same phantoms. Such tests are 
recommended because they check the dose delivered 
under treatment conditions, but they are time-con-
suming because of the large number of parameters. 
These comparisons will not only test the system, but 
will also deepen the user’s understanding of the com-
putation models. Furthermore, it may reveal errors 
in coding of the algorithms that cannot be obtained 
directly from dosimetric measurements; however, it 
should be appreciated that all possibilities can never 
be tested, nor can the manufacturer assure the user of 
a bug-free system. Instead, the system should be tested 
over a range of parameters which would be typical of 
those used in the clinic, and the following items should 
be checked: (a) consistency of I/O data; (b) monitor 
units (time); (c) relative dose distributions; (d) graphi-
cal data including BEV display and field apertures; and 
(e) output data including isodose curves, DVHs, and 
digitally reconstructed radiographs (DRRs). The test 
procedures and results should be fully documented. 
They will provide the basic test results to which further 
tests can be referred.

Tests should always be performed on the system 
after program modification. The tests should include 
a set of typical treatment-planning examples which 
can be compared to the initial acceptance testing 
results. The user should test the operation of the 
treatment-planning system as a whole, even if only 
one module is modified since changes in one part of 
the code can lead to unexpected results elsewhere.

Periodic QA tests should be performed on a regu-
lar basis. For example, daily tests of the consistency 
of I/O should be confirmed. This procedure will 
often reveal nonlinearities and other errors in digi-
tizers and optical systems. In addition, an annual 
test should be performed in standard geometries 
with beam arrangements used during acceptance 
tests. These procedures may reveal changes in the 
way the system is used and inadvertent modifica-
tions in the treatment-planning programs or beam 
library.

The manufacturer should provide full docu-
mentation needed to operate and understand the 
hardware and software components of the system. 
This documentation includes, but is not limited to, 
the following: (a) beam data library; (b) description 
of the dose calculation models; (c) procedures for 
entering patient data and machine parameters into 
the system; and (d) system test procedures.

The user must have the ability to produce and 
have access to a beam data library. The format of 
this library, and how to produce and edit it, should 
be clearly documented. If beam data is provided by 
the treatment-planning system manufacturer, the 
source of the data should be fully documented. It 
is preferable for the user to acquire their own basic 
data set. If the manufacturer’s data is used, then it 
should be carefully checked.

It is important that the manufacturer provide a 
complete description of the dose calculation models 
used in the planning system. The documentation 
should include a description of the expected accu-
racy of the dosimetric calculations for various treat-
ment-planning conditions and a discussion of the 
limitations of the dose calculation models. Further-
more, it should include a description of geometry 
calculations used in the system.

There should be complete documentation on 
procedures for entering patient data and machine 
parameters into the system. Equally important is a 
description of the definition of the output param-
eters such as field size, gantry angle, etc. The manu-
facturer should also provide examples illustrating 
the use of the system. For example, it should be clear 
to the user how the different weighting procedures 
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operate and whether wedge transmission factors are 
internally used during the dose computation pro-
cess or externally applied by the user.

The manufacturer should make available docu-
mentation on their software testing of the treat-
ment-planning system. The manufacturer should 
also supply information on the error rate discovered 
in field operation of the system. The schedule for 
software upgrading should also be provided. Fur-
thermore, the manufacturers should specify their 
procedures for documenting and correcting soft-
ware bugs discovered in the field.

16.9 
Treatment-Planning QA

When considering QA procedures in treatment 
planning one must consider three distinct methods 
of planning:
1. Non-graphical planning, often used for single 

or parallel opposed fi elds; in this approach, the 
monitor units (time) for the prescribed dose to 
a point on the central axis is usually calculated 
using central axis depth dose or TMR’s and cali-
bration tables. Furthermore, the apertures for the 
treatment, which defi ne the treatment volume, are 
usually obtained during simulation.

2. Traditional graphical planning is used for many 
patients. A target volume is defi ned from CT or 
orthogonal simulation fi lms, fi eld arrangements 
are designed, and dose distributions are calcu-
lated on a limited number of axial cross sections. 
The patient’s contour is either obtained mechani-
cally or with CT. The portals are usually defi ned 
from simulation fi lms and the dose is prescribed 
to a point or an isodose curve.

3. Three-dimensional planning, where the physician 
defi nes target volumes, critical structure volumes, 
and surface contours obtained directly from CT 
or MR scans. The fi eld apertures are defi ned 
using beams-eye-view (BEV) techniques (virtual 
simulation). Moreover, 3D systems produce DRRs 
reconstructed from the CT data set. Doses are 
evaluated volumetrically using 2D isodose planes, 
3D isodose surfaces, and dose volume histograms 
(DVHs).

Treatment planning should be considered as 
a process that begins with patient data acquisi-
tion and continues through graphical planning, 
plan implementation, and treatment verification. 

It entails interactions between the treatment plan-
ners, radiation oncologists, residents, and radiation 
therapists (subsequently referred to as the treat-
ment-planning team), and uses a large number of 
software programs and hardware devices. Each step 
of the complex treatment-planning process consists 
of a number of issues relevant to QA.

16.9.1 
Patient Immobilization and Data Acquisition

It is important to immobilize the patient in some 
fashion to ensure position reproducibility for daily 
treatment and to ensure maintaining the patient in 
a fixed position during the course of imaging and 
treatment. A number of techniques may be used 
for immobilization; these vary from taping the 
patient’s head to the couch to applying complex 
body moulds.

Diagnostic units, including simulators, CT, MRI, 
and ultrasound, are used for acquiring patient con-
tours and target and normal organ volumes. There are 
a number of additional demands placed on imaging 
units which are specific to QA in treatment planning 
(Mutic et al. 2003). Since the patient needs to be repo-
sitioned reproducibly, special couch attachments simu-
lating the treatment machines and imaging devices are 
useful. Immobilizing devices should be constructed so 
that they can be attached to the diagnostic and treat-
ment couches. In some instances the composition of 
these devices is important, for example, low atomic 
number materials are necessary on CT scanners. In 
addition, patient motion can distort MRI and CT 
images and can cause changes in the linear attenuation 
coefficients derived from CT. Furthermore, the posi-
tion of the patient in the CT scanning ring can lead to 
errors in the CT numbers which are used to derive the 
linear attenuation coefficients of the patient. Moreover, 
nonlinearities in the video chain can cause magnifica-
tion and distortion errors in hard-copy CT output. The 
size of contours obtained from CT may be affected by 
the contrast setting.

It is good quality-control practice to test the geo-
metrical consistency of patient data obtained from 
CT, MRI, other diagnostic devices, simulators, and 
treatment units. This can be accomplished by imag-
ing suitably designed phantoms on the various 
machines and comparing the results. Special care 
should be given to MRI units which may suffer from 
appreciable spatial distortions. In addition, for CT 
it is necessary to obtain or confirm the relationship 
between CT number and electron density.
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One older method of obtaining body outlines is to 
place solder wire on the body of the patient, to trans-
fer the contouring device to a sheet of paper, and to 
trace the patient’s contour. With this method, it is 
important to measure the distance between at least 
three points which have been marked on the con-
tour. In this respect, the calipers used to measure 
distance should be checked regularly since offset 
errors are not uncommon. Specialized mechanical 
devices can also be used to obtain patient contours 
and may have greater accuracy and reproducibility. 
The CT simulation has now become the standard 
methodology to obtain patient contour data (Mutic 
et al. 2003). Geometrical accuracy should be checked 
for CT contouring, as previously discussed.

Patient data can be entered into the treatment-
planning computer from plane film or hard-copy 
CT with a digitizer. Data-transfer errors can occur 
because of digitizer nonlinearities and malfunc-
tions. The accuracy of this form of data entry should 
be checked regularly, perhaps on a daily basis. Alter-
natively, the transfer can occur directly via tape, 
CDs, DVDs, or computer network. Data-transfer 
routines should be designed to check the integrity 
of the transfer. Systematic errors can also occur: 
for example, an error in the specification of a scan 
diameter can lead to geometric distortions of the 
image. Computer data transfer systems should be 
confirmed on a regular basis.

16.9.2 
Critical Structure, Tumor, 
Target Volume Delineation

Uncertainties in the target volume are related to 
uncertainties in the size of the tumor mass and 
the extent of the microscopic spread of the disease; 
therefore, high-quality imaging on treatment simu-
lators and other imaging devices is important. With 
CT, for example, the contrast setting can affect the 
size of the target volume. The CT-defined target vol-
umes created online at a video monitor are prefer-
able to those defined on hard-copy images with a 
grease pencil. In designing clinical target volumes, 
an additional margin should be included to account 
for internal motion, patient motion, and setup 
uncertainty (ICRU 1993). The size of this margin is 
usually based on local experience.

Normal organs are sometimes difficult to local-
ize on plane films. Procedures should be in place 
to assure that contrast agents are used to localize 
critical organs. For example, if the small bowel is 

imaged, pelvic fields can be designed to minimize 
small bowel toxicity. Although most internal organs 
are imaged on CT with high contrast, it is possible 
to improperly define normal organs due to faulty or 
incomplete CT procedures. For example, the base 
of the brain may be better defined if sagittal recon-
structions are also available.

16.9.3 
Designing Beams and Field Shaping

In 2D treatment planning, block apertures are 
defined from simulation films; therefore, accurate 
specification of the magnification factors is impor-
tant. Three-dimensional treatment-planning sys-
tems are more complex in that apertures can be 
defined interactively using BEV computer displays. 
In this approach all volumes of interest are projected 
onto a plane (usually passing through the isocenter) 
along ray lines that originate the source. Block aper-
tures or MLC settings can be entered to encompass 
the projected target. Geometrical distortions due to 
programming bugs can cause serious errors in the 
irradiated volume due to mis-registration of the 
treatment fields and the target volume. The BEV 
accuracy as a function of gantry angle, collima-
tor angle, field size, and isocenter distance should 
be confirmed prior to use and checked at a regular 
intervals and after any software modification.

16.9.4 
Dose Calculation

The accuracy of dose distribution calculations 
depends on a number of factors, including: machine 
input data; approximations made in the dose calcu-
lation algorithm used; patient data including inho-
mogeneities; and the accuracy with which treatment 
machine parameters, such as flatness and symme-
try, are maintained.

16.9.5 
Computation of Monitor Units (Time)

The number of monitor units (or time) to realize 
the prescription is obtained either directly from the 
dose calculation system, from tables and graphs and 
“hand calculations,” or from a combination of both. 
The accuracy of these calculations is affected by each 
of the parameters used in the dose calculation model 
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The most important elements are (a) contours, (b) 
collimator settings, (c) calibration as a function of 
collimator settings, (d) calculation depth, (e) target 
surface and target isocenter distances, (f) relative 
dose factors (depth dose, TMRs, etc.), (g) field size 
and SSD, (h) wedge and compensator transmission, 
and (i) blocking-tray transmission. Each of the com-
ponents in the calculation should be part of the QA 
chain.

16.9.6 
Plan Evaluation

Treatment-plan evaluation include review of dose dis-
tributions on a video monitor or hard copy and, for 
3D systems, DVHs. The fidelity of the output, which is 
not only used for plan evaluation but also for dose pre-
scription, depends upon additional factors in addition 
to the accuracy of the dose calculation algorithms. For 
example, nonlinearities in plotting can lead to distor-
tions in the dose distributions and patient anatomy: 
it is good practice to have fixed length scales printed 
out in order to check the geometrical accuracy of the 
output. Furthermore, the dose distribution calcula-
tions can be sensitive to the grid size, and DVHs can 
additionally be sensitive to the dose bin size. All output 
data, including those presented in graphical format, 
should be regularly checked.

16.9.7 
Treatment-Plan Review

All treatment plans should be reviewed, signed, and 
dated by the treatment planner. In addition, all plans 
should be independently checked by an individual 
who did not produce the plan, preferably within 
48 h. The independent plan check should assure that 
setup instructions have been properly recorded, e.g., 
field size, gantry angle, etc. In addition, planning 
errors may be revealed if the dose at one point in 
the plan (preferably at the isocenter or at the center 
of the tumor) is independently calculated. The dose 
at the specified point should be calculated for each 
field using the prescribed monitor units (minutes) 
and tabulated TMRs, inverse square, and other 
relevant factors. Care must be taken if dose weight 
points are placed too close to a beam of blockage, or 
if located in the presence of heterogeneity if hetero-
geneity calculation corrections are used. An action 
level should be established based upon the accuracy 

of the computer algorithm and independent dose 
calculation procedure.

16.9.8 
Beam Modifiers

Beam modification is most often produced with 
alloy blocks. Errors can occur because of: incorrect 
specification of the magnification factor; inaccura-
cies in the block cutting system; and human error. 
Grid plates, when inserted in the radiation field 
produce regularly spaced marks on port films, are 
useful in distinguishing between patient position-
ing problems and block cutting errors.

The block-cutting system should be checked 
regularly by cutting a standard block outline and 
evaluating the projected aperture. The geometrical 
scales used in the system should also be checked on 
a regular basis.

Systems for fabricating compensators can be quite 
complex. It is important to check on a regular basis 
that compensating filters are accurately fabricated. 
In addition, the system for registering the position of 
the compensating filter on the tray in relation to the 
patient should be carefully designed and reviewed 
regularly, as it can be a serious source of error.

16.9.9 
Plan Implementation and Verification

It is important to check that all parameters in the 
treatment plan are properly implemented. This is 
best accomplished by having the treatment-plan-
ning team available at the treatment machine during 
first day setup so that any detected ambiguities or 
problems are corrected immediately. Double-expo-
sure localization (portal) films should be reviewed 
by the radiation oncologist and when necessary, in 
conjunction with the radiation therapist and treat-
ment planner. Special care should be taken to assure 
that all beam-modifying devices are correctly posi-
tioned. Although errors in block fabrication and 
mounting should be observed when reviewing the 
port films, wedge or compensator misalignment is 
much more insidious, and may only be revealed by 
careful observation during patient setup.

A record-and-verify system should be used to 
assure that the same parameters (within tolerance 
limits) are used each day. Such systems are valuable 
for the recording and verification of at least the fol-
lowing parameters: (a) monitor units; (b) energy; 
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(c) mode; (d) collimator settings (including inde-
pendent jaws and in the future MLC); (e) collima-
tor angle; (f) gantry angle; (g) wedge number and 
orientation; and (h) blocking-tray number; however, 
record-and-verify systems should be used with care 
since they can give the user a false sense of security. 
For example, if a setup error is made on the first day, 
the system will faithfully verify the setting from day 
to day. To reduce the chance of this occurring, it is 
preferable to set up the patient according to the treat-
ment plan, rather than the record-and-verify system, 
and then to verify the parameters with the record-
and-verify system after the setup is complete. One 
report by Patton et al. (2003) showed propagation 
of errors where pretreatment checks of the record-
and-verify data entry were not performed. Another 
study by Klein et al. (2005) examined the frequency, 
longevity, and dosimetric impact of errors in a pro-
cess where record-and-verify entries were checked 
pre-treatment; however, as vendor implementation 
of DICOM data exchange matures, direct trans-
fer of data from treatment planning to the record-
and-verify system will undoubtedly reduce errors, 
although QA reviews are still recommended.

Thermoluminescent dosimeters (TLD) are often 
used for in vivo dosimetry, because they are small 
and relatively easy to calibrate. Diodes may also be 
used and, unlike TLD, have instantaneous readout 
(AAPM 2005). This is useful, since if an error is 
observed, the treatment can be immediately discon-
tinued and the source of the error found; however, 
diodes are more difficult to calibrate than TLDs, 
since their readings depend on dose rate, beam 
direction, beam energy, and temperature. In vivo 
dosimetry is usually used in the United States for 
checking the dose for unusual treatment conditions 
or for critical structures in or near the treatment 
volume; however, Leunens et al. (1990) has used 
in vivo dosimetry on a more systematic basis and 
has demonstrated that systematic errors in treat-
ment techniques can be identified with a carefully 
controlled in vivo diode dosimetry system.

16.10 
Clinical Aspects of QA

The clinical aspects of QA refer here to those areas 
which link the work of radiation oncologists, medi-
cal physicists, radiation therapists, and dosime-
trists. This interaction is fulfilled in three specific 

tasks, namely new patient planning, chart review, 
and port-film review.

16.10.1 
Planning Conference

One of the most important components of a QA pro-
gram is the establishment of a planning conference that 
is attended by radiation oncologists, medical physi-
cists, radiation therapists, and dosimetrists. During 
patient planning conference, the pertinent medical 
history, physical and diagnostic findings along with 
the tumor staging and the plan of treatment, and the 
prescription, should be presented by the attending 
radiation oncologists or residents. Ideally, all patients 
seen in consultation should be discussed, although 
this may not always be practical. The background 
information presented in planning conference is 
important for the treatment planner, since significant 
medical problems in the past or intended surgery or 
chemotherapy will all have an influence on the design 
of the treatment plan. In addition, this information 
is important for the radiation therapist, since it may 
influence scheduling, and the requirements for setup 
and treatment, and may alert the therapist to be aware 
of changes in the patient during the course of treat-
ment. For each patient, the possible treatment plans 
should be discussed including a description of the 
prescribed dose, critical organ doses, and suggested 
source/applicator arrangements.

16.10.2 
Chart Checking

The items recorded in the radiation oncology chart 
(see Table 16.11) are reviewed by a number of indi-
viduals at different times during the patient’s treat-
ment. For example, the radiation therapist usually 
refers to the chart on a daily basis, and errors are 
not infrequently discovered by the therapist during 
this daily routine. Furthermore, radiation oncolo-
gists refer to the chart on a frequent basis, especially 
during medical examinations. Given the complexity 
of modern-day radiotherapy, and the great differ-
ences in functioning of various departments, it is 
not possible to define when and where each item 
in a chart should be reviewed; however, it is neces-
sary for each department’s QAC to recommend and 
implement a program which clearly and unambigu-
ously defines the following: (a) which items are to 
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be reviewed; (b) who is to review them; (c) when are 
they to be reviewed; and (d) what actions are to be 
taken in the event of an error.

The frequency of these checks varies between 
institutions, but charts should probably be reviewed 
on a weekly basis by the medical physicist and the 
radiation oncologist. In some departments a review 
of this type occurs during weekly port-film confer-
ence, in others during special chart-review sessions. 
The extent of a weekly check depends, in part, on 
the functioning of the department and the rate and 
extent of other reviews and checks of the treatment 
chart. If information resides in both the paper and 

electronic charts, they both should be reviewed 
simultaneously for consistency and accuracy. If a 
clinic relies primarily or exclusively on an electronic 
record, it is imperative that a backup plan be in place 
in the event that the server or the network puts the 
electronic environment in a nonfunctioning mode. 
During this weekly review, the treatment plan should 
also be reviewed as listed in Table 16.12.

In addition to the weekly checks, all monitor unit 
(time) calculations, whether derived from charts or 
graphical plans, should be checked by an individual 
who did not perform the original calculation within 
48 h.

16.10.3 
Port Film/Image Verification Review

In general, two types of imaging techniques are used 
to assess radiation field position and target volume 
coverage, namely, portal single- or double-exposure 
verification images taken prior to treatment. Portal 
imaging assesses the position of the patient over 
a time interval much shorter than the treatment, 
and therefore does not assess the effect of patient 
motion during treatment. Another difficulty is that, 
although the dose per portal field is low (<5 cGy), it 
represents an additional dose to the patient, particu-
larly if a significant number of images are needed. 
Single-exposure verification images, since they 
image the entire radiation delivery for each field, are 
a record of what occurred during treatment, includ-
ing motion of the patient and the presence of radia-
tion field modifiers; however, it is generally more 
difficult to analyze these films due to less inherent 
contrast, patient motion, field modifiers, and the 
limited view of the anatomy.

Online electronic portal imaging devices 
(EPIDs) are rapidly being implemented and provide 
improved patient imaging before and during treat-
ment (Herman et al. 2001). Results are now avail-
able on a video monitor within seconds, making 
review of the radiation fields more expeditious. This 
makes it possible to obtain images of the patient on a 
more frequent basis. Furthermore, these devices are 
capable of enhancing images and improving bony 
landmark contrast.

With the continuing implementation of even 
more advanced onboard imaging and other data 
localization systems (i.e., ultrasound, video surfac-
ing, static kV imaging, kV cone-beam CT, and mV 
cone beam CT), clinical work-flow processes must 
be clearly established with emphasis on a quality 

Table 16.11 Suggested components of radiotherapy patient 
treatment record/electron medical record

Patient name, ID, photograph

Consent form

Medical background (diagnosis, stage, etc.)

Ongoing medical tests during treatment

Nursing reports

Prescription (dose, time, and fractionation)

Simulation form (patient setup parameters)

Treatment plan

Treatment field documentation (field photographs, portal 
films)

Monitor unit (time) calculations

Total cumulative dose (tumor and normal tissue)

Medical progress

Quality assurance forms

Treatment verification films/images

In vivo dosimetry reports

Table 16.12 Suggested treatment-plan review

Data consistency (e.g., prescribed dose is same as dose used 
to calculate monitor units)

Graphical plan

Monitor unit (time) calculation

Treatment record (e.g., monitor units and graphical plan 
parameters are properly transferred to chart and record 
and verify system)

Critical doses (e.g., the cord dose is correctly calculated and 
recorded)

Matching fields (e.g., field gaps are correctly calculated and 
implemented)

Potential overdoses (e.g., prior treatment of the areas cur-
rently irradiated)

Cumulative tumor and other specified doses
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streamline review process. All such systems require 
check procedures that provide clear instructions as 
to (a) localization procedure, (b) therapists instruc-
tions and tolerance criteria to move (or not move) a 
patient, (c) whether post-imaging is required when 
a move is made, (d) subsequent reviews by physi-
cians regarding timing and instructions after such 
reviews, and (e) a peer-review process. Item (b) is 
especially important, as some necessary movements 
of a patient may be too small (i.e., <2 cm) or too large 
(i.e., >2 cm), which perhaps could be indicative of a 
poor setup.

16.11 
Conclusion

Radiation oncology requires a strong commitment 
to QA including the active participation of physi-
cians, medical physicists, dosimetrists, radiation 
therapists, and electronic and mechanical main-
tenance specialists. It is essential that regularly 
scheduled QA and preventive maintenance inspec-
tions of the treatment units be performed. These QA 
machine-performance tests and acceptance criteria 
must be well defined and understood by the appro-
priate personnel. The staff must have adequate test 
instrumentation and machine documentation. Also, 
there must be a commitment to good maintenance 
and radiation calibration record keeping. The insti-
tution must have a strong commitment to adequate 
staffing, continuing education, and the implemen-
tation of any needed complementary safety and 
QA devices such as record-and-verify systems. 
Table 16.13 (modified from AAPM report 35) gives 
a list of operational recommendations for medical 
linear accelerator facilities (Purdy et al. 1993).

Finally, it must recognized that radiation oncol-
ogy is facing a new set of challenges as computer-
controlled machines and related high-tech ancillary 
devices are now the standard of practice, not only 
at major medical centers, but even at small clinics. 
The QA tests and procedures for these high-tech 
devices will continue to evolve. There is no doubt 
that the use of computer-controlled medical linear 
accelerators and the associated high-tech ancillary 
devices are advancing the state of the art in radia-
tion therapy by providing the opportunity for both 

Table 16.13 Operational recommendations for medical accel-
erator facilities. (Modified from AAPM TG-35 report)

Remove the patient from the treatment room as a first step 
when uncertainty in normal treatment unit operation occurs. 
Err on the side of safety rather than staying on schedule

Establish and maintain good communication among the 
radiation therapists who operate the treatment units in a 
given facility and between them and the radiation oncolo-
gists, physicists, engineers, and service personnel. Maintain 
a continuing informal dialogue on the running characteris-
tics of the treatment units. Therapists, who are most directly 
involved with machine operation, provide the most important 
first line of defense against accidents

Identify a primary technical expert, preferably involved in 
the dialogue noted above, to whom therapist have recourse 
in the event of unexpected behavior of the treatment unit. 
This would normally be a maintenance engineer or qualified 
radiation oncology physicist. Involve the expert promptly and 
restrict the therapist’s ability to easily resume treatment when 
significant malfunctions occur

Prepare written procedures with specific steps to be followed 
by the therapist in case of specific malfunctions. Review this 
with the therapist. The technical expert would be called only 
when these steps fail to solve the problem

Ensure that all ancillary equipment, including but not lim-
ited to that for patient’s aural and visual communication, is 
in good working order and regularly tested at appropriate 
intervals as part of a continuing QA program. Treatment must 
not proceed if specific ancillary equipment essential to treat-
ment is inoperative

Conduct periodic reviews of all relevant safety procedures 
with the radiation therapists. Reiterate the location and func-
tion of emergency off buttons. Maintain an archival log and/
or database describing routine operating conditions and QA 
tests for each treatment unit together with a description of 
technical problems and their solutions. Be alert to changes in 
performance, both gradual and sudden

Have a full-time, qualified radiation oncology physicist 
available at all facilities which employ dual or multimodal-
ity megavoltage treatment equipment. A part-time consulting 
physicist does not provide an adequate safeguard against the 
hazards addressed here

Incorporate redundancy with no common failure modes 
where safety is involved. For example, confirm computer 
actions with manual methods

Equip all computer-controlled treatment machines equipped 
with the associated ancillary high-technology devices, such 
as asymmetric collimators, dynamic wedge, MLC, and IMRT, 
with a record-and-verify system

The technical, medical, and administrative heads of the orga-
nization responsible for radiation treatment should endorse 
the QA program in writing
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more sophisticated treatments and more complete 
and thorough safety systems; however, it must 
be stressed that the skills of the radiation oncolo-
gist, radiation oncology physicist, dosimetrist, and 
radiation therapist can never be entirely replaced 
by technological advances. The radiation oncology 
team must be constantly vigilant because no com-
puter system can compensate for a team member’s 
error in judgment, misunderstanding of physical 
concepts or technological limitations, or unsatisfac-
tory planning and delivery of radiation therapy.
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17.1 
Introduction

The central nervous system (CNS) is comprised of 
the brain and spinal cord and their coverings and 
may be affected by both primary and metastatic 
tumors. The outcomes of treatment are highly vari-
able, dependent on diagnosis. Patients with benign 
diseases are often able to live out their natural life 
span, while those with malignant tumors frequently 
have survival measured in weeks or months. It is 
incumbent upon the clinician to use an appropriate 
treatment technique for all patients with CNS dis-
ease in order to minimize the chance of significant 
acute toxicities (or late toxicities in survivors) and 
maximize the therapeutic benefit.

17.2 
Natural History

17.2.1 
Anatomy of the Brain

Knowledge of the basic topographical and func-
tional anatomy of the brain is important for accurate 
communication of tumor location within the CNS 
as well as defining areas of functional eloquence 
that need to be considered when planning therapy. 
Generally, the brain can be considered to have three 
major divisions: the cerebrum, cerebellum and 
brain stem. When considering tumor location it is 
also common to distinguish between supratentorial 
(cerebral hemispheres and midline structures) and 
infratentorial (cerebellum, lower brain stem).

The longitudinal cerebral fissure divides the 
cerebrum into two hemispheres, Each hemisphere is 
the separated by the major sulci into six lobes: fron-
tal, parietal, occipital and temporal, and the midline 
central and limbic lobes (Fig. 17.1).

The prominent central sulcus (of Rolando) sep-
arates the frontal lobe from the parietal lobe. The 
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parietal–occipital fissure separates parietal lobe 
from occipital lobe. The lateral fissure (of Sylvius) 
defines the temporal lobe boundaries. The cerebral 
hemispheres are connected by the corpus callosum, 
beneath which are the midline structures (third 
ventricle, pineal body, and midbrain) and the deep 
paramedian structures (lateral ventricles, caudate 
nucleus, lentiform nucleus, thalamus, and hypo-
thalamus).

A basic understanding of the functional anatomy 
of the cerebral hemispheres can be approached in 
three ways. The first is a regional or “lobe-by-lobe” 
consideration of function. The occipital lobe is pri-
marily involved with vision and its dependent func-
tions. The temporal lobe processes sound, vestibu-
lar sensations, sights, smells, and other perceptions 
into complex “experiences” important for memory. 
Wernicke’s area is located on the posterior portion 
of the superior temporal gyrus and plays a critical 
role in receptive speech. The parietal lobe, specifi-
cally the postcentral gyrus, is critically involved 
in somatosensory function. Sensory integration 
(body image) and Gnostic (perceptive) functions 
also reside within the parietal lobe. The frontal 
lobe is associated with higher level cognitive func-
tions such as reasoning and judgment. The frontal 
lobe also contains the primary motor cortex (pre-
central gyrus) and Broca’s area (inferior third of the 
frontal gyrus), important in expressive speech. The 
limbic lobe mediates memories, drives, and stimuli. 
It affects visceral functions central to emotional 
expression, such as sexual drive. Finally, the central 
lobe (insula) is important in visceral sensation and 
motility.

The second approach to functional neuroanatomy 
is the schema of Brodmann, which numbers areas 

of structural specialization (Brodmann 1908a,b). 
These numbered areas, in some cases, correspond 
to the functional location of important primary 
sensory and motor areas. The 52 numbered areas 
provide both an anatomical and functional “road 
map” of the brain by which tumor location can be 
described (Fig. 17.2).

The final and most eloquent method to describe 
functional neuroanatomy is through various tech-
niques of functional mapping (Fig. 17.3).

While classic mapping utilizes microelectrode 
stimulation of the cortical surface directly, new 
non-invasive techniques such as functional mag-
netic resonance imaging (fMRI), positron emission 
tomography (PET), and magnetoencephalography 
(MEG) are increasingly being integrated into clini-
cal practice (Babiloni et al. 2004; Barnes et al. 
1997; Choi et al. 2005). These procedures allow for 
precise mapping of function in an individual and 
can accurately predict deficits related to injury of a 
given area by tumor or therapy.

Fig. 17.2. Location of the major motor, sensory, and speech 
areas of the cerebral cortex with reference to Brodmann’s area 
numbers

Fig. 17.1. a Lateral surface of the brain including cerebral hemisphere, cerebellum, and brainstem. The major sulci divide the 
cerebral cortex into four lateral lobes: frontal, parietal, occipital, and temporal. b Medial surface of the left brain demonstrating 
midline structures of the central and limbic lobes

a b
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17.2.2 
Epidemiology

17.2.2.1 
Primary CNS Tumors

The incidence rate of all primary non-malignant 
and malignant (including pilocytic astrocytomas) 
brain and CNS tumors is 14.1 cases per 100,000 
person-years (6.8 per 100,000 person-years for 
benign and borderline tumors and 7.3 per 100,000 
person-years for malignant tumors). The overall 
incidence rates increased from 13.5 per 100,000 
person-years in 1997 to 14.7 per 100,000 person-
years in 2001 (CBTRUS 2004). The rate is higher in 
females (14.3 per 100,000 person-years) than males 
(13.9 per 100,000 person-years). An estimated 41,130 
new cases of primary non-malignant and malig-
nant brain and CNS tumors were expected to be 
diagnosed in 2004 (CBTRUS 2004). The worldwide 
incidence rate of primary malignant brain and CNS 
tumors, age-adjusted using the world standard pop-
ulation, is 3.6 per 100,000 person-years in males and 

2.5 per 100,000 person-years in females. The inci-
dence rates are higher in more developed countries 
(males 5.9 per 100,000 person-years; females 4.1 per 
100,000 person-years) than in less developed coun-
tries (males 2.8 per 100,000 person-years; females 
2.0 per 100,000 person-years) (Ferlay et al. 2001). 
The incidence rate of childhood primary non-malig-
nant and malignant brain and CNS tumors is 4.0 
cases per 100,000 person-years. The rate is higher 
in males (4.2 per 100,000 person-years) than females 
(3.8 per 100,000 person-years) (CBTRUS 2004). An 
estimated 18,500 deaths in 2005 will be attrib-
uted to primary malignant brain and CNS tumors 
(American Cancer Society 2005).

The majority of primary CNS tumors (31%) are 
located within the frontal, temporal, parietal, and 
occipital lobes of the brain. Tumors in other loca-
tions in the cerebrum, ventricle, cerebellum, and 
brainstem account for 3, 2, 4, and 2% of all tumors, 
respectively. Other tumors of the brain account for 
16% of all tumors. Tumors of the meninges repre-
sent 24% of all tumors. The cranial nerves and the 
spinal cord/cauda equina account for 6% and 4% of 

Fig. 17.3a–c. Cortical surface electrode mapping of the speech 
area in a patient undergoing resection of recurrent glioma. a 
Exposed cortical surface. b Mapping array in place. c Resec-
tion cavity with electrode number 5 demarcating speech area. 
Patient had normal speech postoperatively

a b

c
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all tumors, respectively. The pituitary and pineal 
glands account for about 7% of tumors. Olfactory 
tumors of the nasal cavity and other CNS tumors, 
NOS (not otherwise specified), each account for less 
than 1% of tumors (CBTRUS 2004).

The overall incidence of primary spinal cord 
tumors is approximately 10–19% that of all pri-
mary brain tumors (Connoly 1982). The incidence 
ratio of intracranial to intraspinal tumors is up 
to four times higher in pediatric patients than in 
adults, the frequency of specific spinal cord tumors 
being quite different from that of their counterpart 
brain tumors. The incidence ratios of intracranial 
to intraspinal astrocytomas, ependymomas and 
meningiomas are approximately 10:1, 3:1, and 18:1, 
respectively (Sasanelli et al. 1983). Schwannoma 
and meningioma account for approximately 60% 
of primary spinal tumors, with schwannoma being 
slightly more frequent; both types occur primarily 
in adults. Regional differences are also noted. Glio-
mas constitute 46% of primary intracranial tumors 
but only 23% of spinal tumors. Most primary spinal 
gliomas are ependymomas with a predilection for 
the cauda equina.

In 2000, the World Health Organization (WHO) 
updated their comprehensive classification of pri-
mary CNS neoplasms (International Agency 
for Research on Cancer 2000). Table 17.1 shows 
the WHO’s pathological classification system of 
common primary CNS tumors. The most frequently 
reported histology is a predominately benign tumor, 
meningioma, which accounts for over 29% of all 
tumors, followed closely by glioblastomas and astro-
cytomas. The predominately benign nerve sheath 
tumors and pituitary tumors account for 8% and 
6% of all tumors, respectively. Acoustic neuromas 
account for 54% of all nerve sheath tumors. Gliomas 
are tumors that arise from glial cells, and include 
astrocytomas, glioblastomas, oligodendrocytomas, 
ependymomas, mixed gliomas, malignant gliomas 
NOS, and neuroepithelial tumors. The broad cate-
gory glioma represents 42% of all tumors (CBTRUS 
2004). Of gliomas, 61% occur in the frontal, tempo-
ral, parietal, and occipital lobes of the brain. Glio-
blastomas account for the majority of gliomas, while 
astrocytomas and glioblastomas account for three-
quarters of gliomas (CBTRUS 2004). Table 17.2 
shows a comparison of different grading systems 
that have been used to classify the malignant glio-
mas. The most common spinal cord intramedullary 
tumors are those that are derived from glial precur-
sors (astrocytes, ependymocytes, and oligodendro-
cytes) (Preston-Martin 1990).

17.2.2.2 
Tumors Metastatic to the CNS

Metastatic brain tumors are the most common intra-
cranial neoplasms in adults and are a significant 
cause of morbidity and mortality. The estimate of 
the incidence rate of metastatic brain tumors varies 
from 8.3–11 per 100,000 (Percy et al. 1972; Walker 
et al. 1985). In two cohorts of patients who were diag-
nosed with colorectal, lung, breast, or kidney car-
cinoma or melanoma, brain metastases were diag-
nosed in 8.5–9.6% of patients (Barnholtz-Sloan 
et al. 2004; Schouten et al. 2002). The cumulative 
incidence was estimated at 16.3–19.9% in patients 
with lung carcinoma, 6.5–9.8% in patients with renal 
carcinoma, 6.9–7.4% in patients with melanoma, 
5.0–5.1% in patients with breast carcinoma, and 
1.2–1.8% in patients with colorectal carcinoma.

The spine is the most common site of bony metas-
tases overall, with a reported incidence in cancer 
patients of 40% (Byrne 1992). Malignant spinal 
cord compression (MSCC) from epidural metastases 
occurs in 5–10% of cancer patients and in up to 40% 
of patients with preexisting nonspinal bone metas-
tases (Bilsky et al. 1999; Byrne 1992; Healey and 
Brown 2000; Wong et al. 1990). Of those with bony 
spinal disease, 10–20% develop symptomatic spinal 
cord compression, resulting in between 14,100 and 
28,200 cases per year (Gerszten and Welch 2000; 
Loblaw et al. 2003; Schaberg and Gainor 1985). 
The overall incidence of MSCC within 5 years of 
death from cancer is 2.5% (Loblaw et al. 2003). 
Symptoms depend on location of the compression 
and can involve the spinal cord at any level. The inci-
dence of MSCC by vertebral level is 10–16% cervical, 
35–40% in T1-6, 44–55% in T7-12 and 20% lumbar 
(Gilbert et al. 1978; Patchell et al. 2003; Pigott 
et al. 1994). Metastatic lesions present initially at 
multiple, noncontiguous levels in 10–38% of cases 
(Gilbert et al. 1978; O’Rourke et al. 1986; Ruff 
and Lanska 1989).

The histology of MSCC follows the incidence pat-
terns of malignant disease, with the most common 
histological diagnoses (breast, lung and prostate) 
accounting for approximately half of all cases 
(American Cancer Society 2005; Byrne 1992). 
Approximately 25% of all patients with MSCC have 
breast cancer, 15% lung cancer, and 10% prostate 
carcinomas. Overall, 5.5% of breast cancer patients, 
2.6% of lung cancer patients, 7.2% of prostate cancer 
patients, and 0.8% of colorectal cancer patients 
experience a MSCC (Loblaw et al. 2003). Other 
commonly reported histological diagnoses in adults 
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Table 17.1. World Health Organization Classification of Tumors of the Nervous System (International Agency for Research 
on Cancer 2000)

Tumors of neuroepithelial tissue
Astrocytic tumors
Diffuse astrocytoma
• Fibrillary astrocytoma
• Protoplasmatic astrocytoma
• Gemistocytic astrocytoma
Anaplastic astrocytoma
Glioblastoma
• Giant cell glioblastoma
• Gliosarcoma
Pilocytic astrocytoma
Pleomorphic xanthoastrocytoma
Subependymal giant cell astrocytoma

Oligodendroglial tumors
Oligodendroglioma
Anaplastic oligodendroglioma

Mixed gliomas
Oligoastrocytoma
Anaplastic oligoastrocytoma

Ependymal tumors
Ependymoma
• Cellular
• Papillary
• Clear cell
• Tanycytic
Anaplastic ependymoma
Myxopapillary ependymoma
Subependymoma

Choroid plexus tumors
Choroid plexus papilloma
Choroid plexus carcinoma

Glial tumors of uncertain origin
Astroblastoma
Gliomatosis cerebri
Chordoid glioma of the third ventricle

Neuronal and mixed neuronal–glial 
tumors
Gangliocytoma
Dysplastic gangliocytoma of cerebellum 
(Lhermitte–Duclos)
Desmoplastic infantile astrocytoma/gan-
glioglioma
Dysembryoplastic neuroepithelial tumor
Ganglioglioma
Anaplastic ganglioglioma
Central neurocytoma
Cerebellar liponeurocytoma
Paraganglioma of the filum terminale

Neuroblastic tumors
Olfactory neuroblastoma (Esthesioneu-
roblastoma)
Olfactory neuroepithelioma
Neuroblastomas of the adrenal gland 
and sympathetic nervous system

Pineal parenchymal tumors
Pineocytoma
Pineoblastoma

Pineal parenchymal tumor of intermedi-
ate differentiation

Embryonal tumors
Medulloepithelioma
Ependymoblastoma
Medulloblastoma
• Desmoplastic medulloblastoma
• Large cell medulloblastoma
• Medullomyoblastoma
• Melanotic medulloblastoma
Supratentorial primitive neuroectoder-
mal tumor (PNET)
• Neuroblastoma
• Ganglioneuroblastoma
Atypical teratoid/rhabdoid tumor

Tumors of peripheral nerves
Schwannoma (neurilemmoma, neuri-
noma)
Cellular
Plexiform
Melanotic

Neurofibroma
Plexiform

Perineurioma
Intraneural perineurioma
Soft tissue perineurioma

Malignant peripheral nerve sheath tumor 
(MPNST)
Epithelioid
MPNST with divergent mesenchymal 
and/or epithelial differentiation
Melanotic
Melanotic psammomatous

Tumors of the meninges
Tumors of meningothelial cells
Meningioma
• Meningothelial
• Fibrous (fibroblastic)
• Transitional (mixed)
• Psammomatous
• Angiomatous
• Microcystic
• Secretory
• Lymphoplasmacyte-rich
• Metaplastic
• Clear cell
• Chordoid
• Atypical
• Papillary
• Rhabdoid
• Anaplastic meningioma

Mesenchymal, non-meningothelial 
tumors
Lipoma
Angiolipoma
Hibernoma
Liposarcoma (intracranial)
Solitary fibrous tumor

Table 17.1. World Health Organization Classification of Tumors of the Nervous System (International Agency for Research 
on Cancer 2000)

Fibrosarcoma
Malignant fibrous histiocytoma
Leiomyoma
Leiomyosarcoma
Rhabdomyoma
Rhabdomyosarcoma
Chondroma
Chondrosarcoma
Osteoma
Osteosarcoma
Osteochondroma
Hemangioma
Epithelioid hemangioendothelioma
Hemangiopericytoma
Angiosarcoma
Kaposi sarcoma

Primary melanocytic lesions
Diffuse melanocytosis
Melanocytoma
Malignant melanoma
Meningeal melanomatosis

Tumors of uncertain histogenesis
Hemangioblastoma

Lymphomas and hemopoietic neo-
plasms
Malignant lymphomas
Plasmacytoma
Granulocytic sarcoma

Germ cell tumors
Germinoma
Embryonal carcinoma
Yolk sac tumor
Choriocarcinoma
Teratoma
• Mature
• Immature
• Teratoma with malignant transforma-
tion
Mixed germ cell tumors

Tumors of the sellar region
Craniopharyngioma
• Adamantinomatous
• Papillary
Granular cell tumor
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Table 17.2. Grading of astrocytic tumors. A given tumor may not fall under the same designation in all three systems 
(Daumas-Duport et al. 1988; Huntington et al. 1965; International Agency for Research on Cancer 2000)

WHO designation WHO 
grade

Kernohan 
grade

St. Anne/
Mayo grade

St. Anne/Mayo grade criteria

Pilocytic astrocytoma I I (excluded) (n/a)
Astrocytoma II I, II 1 0 criteria present*

2 1 criterion present: usually nuclear atypia
Anaplastic astrocytoma III II, III 3 2 criteria present: usually nuclear atypia and mitosis
Glioblastoma multiforme IV III, IV 4 3–4 criteria present: usually the above and/or endothelial prolif-

eration and/or necrosis

*Criteria include nuclear atypia, mitosis, endothelial proliferation and necrosis

include, by order of cumulative incidence, multi-
ple myeloma, nasopharynx, renal cell, melanoma, 
small-cell lung, lymphoma and cervix (Byrne 1992; 
Loblaw et al. 2003; Schiff et al. 1998).

17.3 
Workup and Staging

For CNS tumors, both benign and malignant, MRI 
with and without contrast remains the gold stan-
dard for imaging (Ricci and Dungan 2001). The 
preferred slice thickness of MRI is 5 mm or less 
with a 2.5-mm or lower slice sampling. T1-weighted 
images with contrast allow excellent visualization of 
contrast-enhancing tumors such as meningiomas, 
glioblastoma multiforme and brain metastases. T2-
weighted images demonstrate areas of edema that 
reflect involvement by infiltrative low- or high-
grade gliomas. T1-weighted FLAIR images are also 
useful in this regard. MRI fusion or registration 
with the treatment planning computed tomogra-
phy (CT) scan should be utilized for target defini-
tion; this is described in the section Principles of 
Imaging-Based Treatment Planning. Other imaging 
studies such as MRI spectroscopy, fMRI, PET scans, 
and single photon emission tomography (SPECT) 
scans better reflect biological characteristics of CNS 
tumors, such as tumor metabolism, proliferation, 
oxygenation and blood flow, and function of sur-
rounding normal brain. Functional and biological 
imaging data are currently incorporated into deci-
sions as to whether ablative procedures such as sur-
gery, radiosurgery, or brachytherapy can be safely 
considered. Also, PET scans and MRI spectroscopy 
may allow for differentiating active tumor versus 
radionecrosis after radiation therapy. The integra-
tion of MR spectroscopy and PET imaging into 
radiation therapy treatment planning is a current 

topic of research (Munley et al. 2002; Nuutinen 
et al. 2000; Pirzkall et al. 2000).

CNS tumors rarely metastasize outside the CNS 
but may spread within it. For example, medullo-
blastomas, primitive neuroectodermal tumors, ana-
plastic ependymomas, choroids plexus carcinomas, 
pineoblastomas, germ cell tumors, and lymphomas 
may involve the cerebrospinal fluid (CSF), leptomen-
inges (i.e., coverings of the brain), or spinal cord. 
Studies that stage the extent of these tumors include 
MRI of the entire neural axis and CSF cytology.

In patients who present emergently, CT can 
be obtained rapidly, and provide information on 
ventricular obstruction, hemorrhage or edema, 
although imaging of the parenchyma is inferior 
to MRI. Lumbar puncture should be avoided if at 
all possible until intracranial pressure has nor-
malized, due to the risk of herniation and death. 
The most important modality in the workup of 
suspected MSCC is gadolinium-enhanced MRI of 
the entire spinal axis. With the exception of a pri-
mary paraspinal or neuraxis tumor, MSCC occurs 
most often in the setting of disseminated disease 
from a distant primary tumor site. A potential pit-
fall in the initial evaluation of a patient with sus-
pected spinal cord compression is imaging only 
the symptomatic area of the spine. Frequently, 
patients with lower body or extremity symptoms, 
and/or radicular pain in the lumbar distribution 
present for evaluation and management with only 
partial spine imaging. However, 25% of patients 
have spinal cord compression verified at multiple 
levels by MRI, and approximately two-thirds of 
these have involvement of different regions of the 
spine (Husband et al. 2001). When a sensory level 
is present on patient evaluation, it may be two or 
more segments different from the actual lesion on 
MRI in 28% of patients, and four or more levels dis-
tant from the lesion in 21% of patients (Husband 
et al. 2001).
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17.4 
General Management

Multimodality therapy for CNS tumors routinely 
takes the form of medical treatment followed by 
surgical resection for durable decompression and to 
obtain a tissue diagnosis. Patients who are medically 
inoperable, refuse surgery, or have multiple and/or 
unresectable lesions often receive whole brain radia-
tion therapy for palliation of their symptoms.

17.4.1 
Medical Management

Medical treatment generally consists of steroids 
with or without mannitol (Sarin and Murthy 
2003). Both drugs have previously been shown to 
decrease peritumoral brain edema by different 
mechanisms of action (Bell et al. 1987). Mannitol 
is used in steroid refractory patients. A common 
regimen of mannitol is 20–25% solution given intra-
venously (i.v.) over approximately 30 min dosed at 
0.5–2.0 g/kg (Quinn and DeAngelis 2000). Patients 
who present with emergent symptoms from intra-
cranial malignancy are typically treated with dexa-
methasone. Response to therapy is usually noted 
within 12–18 h of administration, and over 80% of 
patients show dramatic improvement by 3–4 days 
after initiation of therapy (French 1966; Long et 
al. 1966). A common regimen in patients receiving 
radiation therapy is high-dose dexamethasone (10–
25 mg i.v.) followed by maintenance on oral steroids 
(4–6 mg p.o. every 6 h), with tapering initiated at the 
clinician’s discretion, usually over 1–2 months fol-
lowing the completion of radiation therapy (Sarin 
and Murthy 2003; Vecht et al. 1994; Wolfson et 
al. 1994). In the setting of MSCC from solid tumors, 
dexamethasone has been shown to improve rates of 
surviving with intact gait function (Kalkanis et al. 
2003; Sorensen et al. 1994).

Given the concerns over the incidence of steroid-
induced toxicity with steroid dosing longer than 
21 days in duration, higher doses and longer tapering 
schedules should be based on the physician’s assess-
ment of symptom severity and response (Heimdal 
et al. 1992; Sorensen et al. 1994; Weissman et al. 
1991). Side effects of intermediate- to long-term ste-
roid use include: hyperglycemia; insomnia; emo-
tional lability; thrush; gastric irritation, ulceration 
and possibly perforation; proximal muscle wast-
ing; weight gain and adiposity (moon facies, buf-
falo hump, centripetal obesity), osteoporotic com-

pression fractures; and aseptic necrosis of the hip 
joints (Bilsky and Posner 1993). Select patients 
with MSCC may not require steroids during treat-
ment (Maranzano et al. 1996). This management 
strategy may be considered reasonable if a patient 
is at high risk of complication from steroids due to 
underlying medical comorbidities such as peptic 
ulcer disease, uncontrolled diabetes, or other medi-
cal problems that may cause severe or life-threaten-
ing problems if steroids are initiated.

Stabilization of the patient in status epilepticus 
in order to perform imaging and make manage-
ment decisions is critical (Working Group on 
Status Epilepticus and Epilepsy Foundation 
of America 1993). After securing the airway and 
stabilizing the patient, seizure activity must be ter-
minated as rapidly as possible. Phenytoin and rapid 
onset/short-acting benzodiazepines are commonly 
used to quickly control seizure activity. Recom-
mended initial regimens include 0.1 mg/kg at 2 mg/
min lorazepam or 0.2 mg/kg diazepam at 5 mg/
min. Phenytoin infusion of 15–20 mg/kg at 50 mg/
min or less in adults is indicated for seizure activ-
ity refractory to benzodiazepines or after truncation 
of seizures with diazepam (Working Group on 
Status Epilepticus and Epilepsy Foundation 
of America 1993). Failure to control seizures can 
potentially lead to physical injuries, airway com-
promise and secondary brain hypoxia/injury, or 
coma (Epilepsy Foundation of America 1993; 
Quinn and DeAngelis 2000). However, there is 
no evidence to support routine use of prophylactic 
anticonvulsants for patients diagnosed with a brain 
tumor (Forsyth et al. 2003; Glantz et al. 1996).

17.4.2 
Surgical Management

Surgical resection and/or placement of a shunt is often 
required for emergent management of brain tumors 
causing life threatening hydrocephalus, mass effect, 
or profound neurological impairment and may relieve 
symptoms enough that other treatment modalities 
may be considered as alternate or adjunctive man-
agement strategies. Symptoms are usually related to 
mass effect, so resection or debulking are often the 
only logical choices if medical therapy fails to pro-
vide improvement in neurological symptoms. Rapid 
surgical decompression is the treatment of choice for 
such problems when surgery can be safely performed 
based on patient performance status or tumor loca-
tion. If no neurosurgical team is available, transfer 
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of the patient should be initiated while medical mea-
sures are undertaken to stabilize the patient.

Laminectomy has historically been the stan-
dard surgery for MSCC, with most series in the lit-
erature showing no benefit to laminectomy-treated 
patients over patients managed with radiation 
therapy (Byrne 1992; Gilbert et al. 1978; Loblaw 
and Laperriere 1998; Young et al. 1980). In real-
ity, many patients with spinal cord compression are 
not surgical candidates and are best treated with ste-
roids and radiation therapy as their primary modal-
ity. Even patients with very poor initial performance 
or mobility/continence status can be helped by 
receiving emergent radiation therapy. A random-
ized trial evaluating the benefit of adding surgical 
decompression to the radiotherapeutic management 
of symptomatic metastatic spinal cord compression 
showed that patients who underwent decompressive 
surgery had a significantly improved median time 
of gait retention and ability to regain gait function 
(Patchell et al. 2003). Overall survival was not 
significantly different. These data indicate that all 
patients presenting with MSCC of short duration 
should be evaluated by a neurosurgeon for emergent 
decompression prior to initiating radiation therapy.

17.4.3 
Radiation Therapy

17.4.3.1 
Definitive Radiation Therapy

Radiation therapy is a mainstay of the management 
of most malignant and a significant number of 
benign primary CNS tumors. Table 17.3 provides an 
overview of the most common primary CNS tumors 
and literature-based guidelines for treatment. For 
tumors treated with a “shrinking-field” technique, 
ICRU (International Commission on Radiation Unit) 
definitions of treatment volumes for both the initial 
and boost fields are given, together with general 
dosing guidelines. Selected outcome endpoints are 
provided along with the appropriate references. A 
more detailed description of treatment technique is 
provided for selected tumors later in the chapter.

17.4.3.2 
Palliative Radiation Therapy

The fact that 60–70% of patients who present with 
brain metastases have multiple lesions makes 

radiotherapy the primary modality for pallia-
tion in the majority of cases (Hazuka et al. 1993; 
Patchell 2003). Many patients will respond dra-
matically to medical therapy and radiation in the 
emergent setting with an improvement in their 
performance status, particularly if their symp-
toms are largely caused by edema. With this in 
mind, radiation therapy dosing schedules for the 
treatment of emergent patients can be tailored to 
patient parameters such as initial response to ste-
roids, extent of extracranial disease, primary site 
and purported response of primary to systemic 
therapy. Two randomized trials comparing radio-
therapy with or without surgical resection in the 
management of a solitary brain metastasis have 
documented a survival advantage with the addition 
of surgery over radiation alone (Patchell et al. 
1990; Vecht et al. 1993). A third randomized trial 
was negative (Mintz et al. 1996). There is no level-I 
evidence demonstrating any survival benefit from 
operating on patients with multiple metastases. 
However, patients with multiple lesions and severe 
neurological symptoms from a dominant metas-
tasis that is unresponsive to medical therapy may 
benefit from a craniotomy for reasons described 
above. An improvement in the patient’s perfor-
mance status may then allow further aggressive 
therapy with external beam radiation therapy and/
or radiosurgery. Leukemic brain infiltration caus-
ing acute mental status changes and/or impending 
herniation is a rare entity treated with whole-brain 
radiation therapy.

Patients with malignant glioma who require 
emergent treatment are typically treated with regi-
mens similar to those used for brain metastases. 
Surgical debulking is the mainstay of emergent 
treatment, as is the initiation of steroid therapy. 
Patients who are unable to undergo surgical deb-
ulking may be treated with a short course of whole-
brain radiation similar to that used for brain 
metastases.

Although no randomized trials exist comparing 
radiotherapy over best supportive care or medi-
cal therapy alone, every published series for MSCC 
has shown efficacy of radiation therapy in helping 
patients relieve pain and retain/regain lost function. 
Morbidity is generally low and well tolerated even by 
patients with a poor performance status. Approxi-
mately 89% of patients who are ambulatory prior to 
radiation therapy can expect to retain gait function, 
while an average of 39% of paretic patients and only 
10% of paraplegic patients will remain ambulatory 
(Loblaw et al. 2003).
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17.5 
General Concepts of Modern Radiation 
Therapy Technique

17.5.1 
Principles of Imaging-Based Treatment Planning

The current standard of care for radiation therapy of 
primary CNS tumors is to use CT- and MRI-based 3-D 
treatment planning. CT simulation is still necessary, 
since most commercial treatment planning systems 
perform dose calculations from CT data sets. Fusion 
of a MRI scan data set (see below) with the treatment 
planning CT scan allows for optimum definition of 
the extension of the tumor and accurate delineation 
of surrounding structures of interest including the 
optic apparatus. MRI scans are essential to define 
treatment-planning volumes based on the reports 
of the ICRU 50 (International Commission on 
Radiation Units and Measurements I 1993) 
and ICRU 62 (International Commission on 
Radiation Units and Measurements I 1999), 
which are described in detail in the section on target 
volume definition, below (Table 17.3). Imaging of 
tumor biology or physiology may provide additional 
information for radiation therapy treatment plan-
ning. Functional MRI scans that image cerebral blood 
flow can show regions of normal brain function, e.g., 
motor strip, expressive and receptive language areas 
(Ricci and Dungan 2001). With three-dimensional 
MR spectroscopy, the choline-to-N-acetylaspartate 
ratio or index (CNI) appears to be both sensitive and 
specific at differentiating tumor from normal tissue 
when the proper threshold is selected (McKnight et 
al. 2002). [11C]-Methionine PET imaging also shows 
promise in improving the anatomical delineation of 
low-grade gliomas (Nuutinen et al. 2000). Currently, 
the main utility of these functional and metabolic 
imaging studies is to better define the anatomical 

extent of the tumor for radiation therapy treatment 
planning. Biological or physiological data are not yet 
imported and incorporated into the planning process, 
but ultimately will be when so-called “bioanatomic” 
radiation therapy treatment planning becomes widely 
available (Carson et al. 2003; Morris et al. 2001).

All diagnostic information, but particularly MRI 
scans (including T2 and FLAIR images) and CT 
scans, as well as clinical and surgical findings, should 
be combined to define the tumor volume and critical 
structures. Depending on diagnosis, some patients 
may enjoy survival measured in years rather than 
months, so it is especially critical to respect dose-
tolerances of normal structures in order to limit late 
toxicities. Normal tissues to be contoured include, at 
a minimum, the eyes (including lacrimal glands and 
lenses), optic nerves, optic chiasm, pituitary gland, 
brainstem, and temporal lobes. Using dose–volume 
histograms (DVHs), dose to the tumor can be maxi-
mized and normal tissue dose minimized by analyz-
ing competing treatment plans.

Table 17.4 shows normal tissue tolerance of critical 
normal intracranial structures to radiation therapy. 
Comparison of dose tolerances to the doses required 
to control disease demonstrated clearly that at the 
“standard” treatment doses of 54–60 Gy the prob-
ability of causing serious toxicity is quite low as 
long as care is taken with planning. Beam energies 
of no less than 6 MV should be used in order to spare 
surrounding structures, most notably the temporal 
lobes. A very good balance between depth dose and 
penumbra width is provided by 10-MV photons.

17.5.2 
Target Volumes and Organs at Risk Specifications

Treatment planning is based on the three-dimen-
sional volumes of interest described by the Inter-

Table 17.4. Normal tissue tolerance of intracranial organs at risk. All doses are in cGy at conventional 
fractionation (Emami et al. 1991)

Organ TD5/5 (Volume) TD50/5 (Volume) Endpoint

1/3 2/3 3/3 1/3 2/3 3/3

Brain 6000 5000 4500 7500 6500 6000 Necrosis, infarction
Brainstem 6000 5300 5000 6500 Necrosis, infarction
Optic nerve 6000 Blindness
Optic chiasm 5400 Blindness
Eye (lens) 1000 Cataracts
Eye (retina) 4500 Blindness
Lacrimal gland 3000 Dry eye syndrome
Ear (mid/external) 3000 3000 5500 4000 4000 4000 Acute serous otitis

5500 5500 5500 6500 6500 6500 Chronic serous otitis
Pituitary <4500 6000 Panhypopituitarism
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national Commission on Radiation Units and 
Measurements (ICRU) (International Com-
mission on Radiation Units and Measure-
ments I 1993, 1999). Figure 17.4 shows a graphi-
cal representation of these volumes as described 
below.

Based on the ICRU 50 and 62 reports, gross 
tumor volume (GTV) represents the grossly vis-
ible disease burden (International Commission 
on Radiation Units and Measurements I 1993, 
1999). For grade-IV astrocytoma (glioblastoma mul-
tiforme) this is a T1-enhancing abnormality on MRI. 
If there is no residual abnormality after a surgical 
resection, the tumor resection cavity is defined to be 
the GTV. Surrounding edema is not considered part 
of the GTV. The clinical target volume (CTV) is sub-
clinical microscopic malignant disease, often seen 
as T2 or FLAIR abnormality (which does include 
edema) on MRI (International Commission on 
Radiation Units and Measurements I 1993). 
Suggested definitions of and doses to be delivered to 
GTV and CTV are given in Table 17.3 by histological 
diagnosis.

The planning target volume (PTV) is also referred 
to as “dosimetric margin”. The dosimetric margin of 
the PTV takes two additional margins into consider-
ation (International Commission on Radiation 
Units and Measurements I 1999). The PTV1 is the 
CTV plus a dosimetric margin; the smaller PTV2 is 
the GTV plus dosimetric margin. The internal margin 
is defined so as to take into account variations in 
size, shape, and position of the CTV in relation to 
anatomical reference points. The set-up margin is 
added to take into account uncertainties in patient–

beam positioning. Segregating the internal margin 
and the set-up margin reflects the differences in the 
source of uncertainties. The internal margin is due 
mainly to physiological variations that are difficult 
or impossible to control, such as (potential) fluctua-
tions in the mass effect from cerebral edema which 
may occur over the course of treatment. In contrast, 
the set-up margin is added because of uncertain-
ties related mainly to technical factors that can be 
reduced by more accurate positioning and immo-
bilization of the patient (such as stereotactic posi-
tioning), as well as improved mechanical stability of 
the machine. The addition of uniform margins that 
take into account all types of uncertainties would 
generally lead to an excessively large PTV, which 
could result in exceeding normal tissue tolerances. 
Thus, the balance between disease control and risk 
of complications may require an evaluation based 
on the experience and the judgment of the clinician 
in order to avoid serious treatment-related com-
plications. The PTV may therefore be reduced in 
areas near critical structures. Dosimetric margins 
as low as 3–5 mm may be acceptable with appropri-
ate immobilization devices. The target is usually 
considered to be appropriately treated if the PTV is 
enclosed within the 95–105% isodose line. For plans 
emphasizing homogeneous dose delivery, typically 
no more than 20% of the PTV should exceed 110% 
of the prescription dose.

Organs at risk (OARs) are critical normal struc-
tures that are at risk for significant toxicity in the 
judgment of the treating physician. Such OARs are 
normal tissues, of which the radiation sensitivity 
and proximity to the CTV may significantly influ-

Fig. 17.4. Diagrammatic representation of ICRU 50 and 60 volumes. Abbreviations are defi ned in the text. Solid arrows expansion 
of one volume to defi ne another. The gross tumor volume (GTV; orange) expands to the planning target volume (PTV)2 (red). 
The clinical target volume (CTV; blue) expands to the PTV1 (green)
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ence the prescribed dose and the treatment plan-
ning strategy. When possible to do so without com-
promising the dose to the GTV, attempts should be 
made to limit the dose to any part of the following 
normal structures as follows: optic chiasm (54 Gy); 
optic nerves (60 Gy); optic globes including retina 
(50 Gy); brainstem to include mid-brain, pons, and 
medulla (54 Gy); pituitary gland (50 Gy); and spinal 
cord (50 Gy). In pediatric patients, doses as low as 
18 Gy have been implicated in neurocognitive defi-
cits (Silber 1992; Jankovic 1994). A more detailed 
guideline to dose tolerances is provided in Table 17.4. 
It is estimated that, with conventionally fractionated 
irradiation (1.8–2.0 Gy per fraction, five fractions 
per week), at 5 years the incidence of myelopathy 
is 5% for doses in the range of 57–61 Gy (tolerance 
dose TD5/5) and 50% for doses of 68–73 Gy (TD50/5) 
(Schultheiss et al. 1995). There is no convincing 
evidence that the cervical and thoracic cords differ 
in their radiosensitivity, and there appears to be little 
change in tolerance with variations in the length of 
cord irradiated (Schultheiss et al. 1995). A dose of 
45–50.4 Gy in 25–28 fractions over 5–5.5 weeks is 
usually considered to be safe, the risk of myelopa-
thy being less than 1%, well below the steep portion 
of the dose–response curve (Marcus and Million 
1990; Schultheiss et al. 1995).

Figure 17.5 plots a range of isomorbid fraction-
ation schemes, all of which carry a 5% risk of radia-
tion myelopathy. The tolerance of the lumbosacral 
nerve roots appears to be somewhat higher than that 
of the spinal cord. Most series report a 0% complica-
tion rate if patients are treated with doses of 70 Gy 
(or equivalent) as long as fraction sizes are kept at 
or below 2 Gy (Fuller and Bloom 1988; Pieters et 
al. 1996; Schoenthaler et al. 1993).

The ICRU Report 62 also describes the con-
cept of the planning organ at risk volume (PRV) 
(International Commission on Radiation 
Units and Measurements I 1999). The relation-
ship between a PRV and the OAR for a given struc-
ture is analogous to the PTV and the CTV for a 
given target. For reporting, the description of the 
PRV (like that of the PTV) should include the extent 
of the margins in all directions. The PTV and the 
PRV may overlap, and often do so, which requires 
a compromise as discussed above when determin-
ing the allowable dose. For each OAR, when part of 
the organ or the whole organ are irradiated above 
the accepted tolerance level, the maximum dose 
should be reported (International Commission 
on Radiation Units and Measurements I 1993). 
The volume receiving more than the maximum 

allowable dose should be evaluated using the cor-
responding DVH.

17.5.3 
Dose Reporting

Recommendations contained in ICRU Report 50 
for dose specification reporting are maintained in 
ICRU Report 62 (International Commission on 
Radiation Units and Measurements I 1999). 
First, the absorbed dose at the ICRU reference point 
should be reported. Second, the maximum and the 
minimum doses to the PTV should be reported. 
Furthermore, any additional relevant information 
should be given when available, for example, DVHs. 
The absorbed doses to the OARs should also be 
given. When reporting doses in a series of patients, 
the treatment prescription or protocol should be 
described in detail, including the volumes, absorbed 
dose levels, and fractionation. The treatments should 
be reported following the above recommendations, 
and the deviations from the prescription should be 
stated. In particular, the proportion of patients in 
whom the dose variation is less than ±5%, ±5–10%, 
and more than ±10% of the prescribed dose at the 
ICRU reference point should be reported.

17.5.4 
Intensity-Modulated Radiation Therapy

Intensity-modulated radiation therapy (IMRT) is a 
treatment delivery method that may be used to further 
optimize the dose distribution. The NCI defines IMRT 

Fig. 17.5. Fractionation schemes with a 5% risk of radiation-
induced spinal cord myelopathy. n number of fractions, Dpf 
dose per fraction (Cohen and Creditor 1981; Jeremic et 
al. 1991; Macbeth et al. 1996; Marcus and Million 1990; 
McCunniff and Liang 1989; Nieder et al. 2000; Niewald et 
al. 1998; Schultheiss 1999; Wara et al. 1975)
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as “a dose plan and treatment delivery that is opti-
mized using inverse or forward planning techniques 
for modulated beam delivery, using either a binary 
collimator, or with a conventional MLC system using 
either “sliding window” (DMLC) or “step and shoot” 
(SMLC) modes; note, this definition also includes 
techniques with compensators designed by inverse 
planning techniques, to create a highly conformal 
dose distribution. The IMRT plan includes dose plan-
ning objectives and constraints, criteria for target and 
critical structure expansions, 3-D dose distributions, 
DVH analysis for targets and critical structures, and 
plan verification.” (Deye et al. 2005).

There are two aspects of treatment that theoreti-
cally may benefit from the use of IMRT. First, since 
multiple critical, sensitive organs are located near 
the CNS, one may reason that improved dose dis-
tribution should allow the dose to these structures 
to be minimized. Second, since most primary CNS 
tumors typically recur locally, IMRT should allow 
the exploration of anatomical/biological treatment 
planning and delivery in order to optimize different 
doses to different cell populations within heteroge-
neous volumes (Stieber and Munley 2004). The 
benefits of IMRT are currently under investigation 
at multiple institutions.

In selected cases, IMRT should be considered 
to improve dose delivery to target volumes. If the 
biology of the tumor suggests a homogeneous cell 
population, such as is the case with a WHO grade-
I meningioma, IMRT may allow for more homoge-
neous dose delivery with decreased dose to normal 
surrounding tissues, especially with irregularly 
shaped lesions. Conversely, WHO grade-IV gliomas 
are typically comprised of heterogeneous cell popu-
lations, and dose escalation with increased dose per 
fraction to the GTV compared with the CTV is quite 
feasible using IMRT techniques. In general, the goal 
is to use IMRT to more conformally treat irregu-
larly shaped tumors. Furthermore, when treating 
patients with craniospinal axis irradiation, IMRT 
may improve homogeneous dose delivery to the con-
tents of the spinal canal and allow improved confor-
mality of any boost volumes.

IMRT should be ideally suited to sparing of 
normal organs. Dose-limiting structures of interest 
within the cranium include the optic chiasm, right 
and left optic nerves, both globes, the brain stem, the 
right and left inner ear, the area postrema, and unin-
volved normal brain, especially optic cortex and right 
and left temporal lobes (Miller and Leslie 1994). 
Reducing the dose to the area postrema may reduce 
the incidence of treatment-related nausea (Miller 

and Leslie 1994). An indication to use IMRT to 
treat patients should involve an assessment of which 
dose-limiting structures are uninvolved by tumor 
and therefore do not need to receive a clinically sig-
nificant dose. If conventional treatment planning 
suggests unacceptable dose delivery to any of these 
structures (dose per fraction; total dose; or both), 
IMRT should be considered in order to limit dose 
to these structures. This decision should include 
an honest assessment as to the patient’s expected 
life span, as many late toxicities will not manifest 
until after 6 months from the time of treatment. 
Patients with poor performance status, for example, 
are unlikely to survive long enough to benefit from 
such organ-sparing approaches (Gaspar et al. 2000; 
Shaw et al. 2003).

Based on anatomical location of the treatment 
volumes, one may imagine several examples where 
IMRT could be of marked benefit. Patients with a 
concave or otherwise irregularly shaped target in 
a frontal lobe may require IMRT in order to spare 
the adjacent globe and any uninvolved optic appa-
ratus. In patients with well-lateralized tumors 
involving the brain parenchyma, maximal sparing 
of the contralateral hemisphere is a desirable goal. 
Patients with infiltrative gliomas traditionally have 
large margins placed around the treatment volumes, 
and these may often encompass uninvolved critical 
normal structures (usually the optic chiasm and the 
brain stem); in these cases, IMRT allows non-uni-
form reduction of the treatment volume around these 
structures. Patients with large, well-circumscribed 
lesions near the base of the skull (e.g., meningiomas, 
acoustic neuromas, chordomas, and chondrosarco-
mas) should be also considered for IMRT in order to 
minimize the dose to the brain stem, inner ear, and 
posterior fossa. In the setting of retreatment (e.g., 
previous whole-brain radiation therapy for metas-
tases) an IMRT approach may be considered if the 
clinical situation suggests that these patients may be 
long-term survivors with aggressive treatment.

17.6 
Simulation Procedures

17.6.1 
General Concepts of Positioning, 
Immobilization and Simulation

The first step in the treatment process is the deci-
sion of how to position the patient for simulation 
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and treatment. There are two positioning issues for 
CNS tumor patients. The first is whether to have the 
patient lie supine or prone; the second is whether to 
the have the head and neck in a neutral, flexed or 
extended position. In general, the supine position 
with a neutral head position is the most stable and 
most frequently used when treating the majority 
of brain tumors. Exceptions include patients with 
posteriorly located tumors, such as those in the 
occipital lobes or posterior fossa, patients requiring 
craniospinal axis irradiation, and most spinal cord 
tumor patients. Historically, with two-dimensional 
treatment planning, a neutral position was often not 
optimal for brain tumors in certain locations; for 
example, anteroposterior (AP) or posteroanterior 
(PA) beams would enter or exit through the eyes 
when treating a centrally located target such as a 
pituitary tumor. Flexion of the head would rotate 
the eyes inferiorly relative to the target, thus allow-
ing utilization of AP and PA beams. When treating 
brain tumors located in the posterior fossa, such 
as pontine gliomas, the supine position with neck 
extension allowed a PA beam to be utilized, since the 
eyes were rotated superiorly and out of the exit of the 
beam. Now, three-dimensional radiation treatment 
planning (3DRTP) and IMRT allow for neutral head 
and neck position in most situations as non-copla-
nar beams can be used to avoid entry and exit dose 
to critical structures. Lastly, positioning of the head, 
neck, and body should be such that the anterior and 
lateral setup marks are in locatable and reproduc-
ible positions. Marks on steeply sloping surfaces, 
ears, nose, lips, and chin should be avoided when-
ever possible.

Once positioned, the patient must be immobi-
lized. There are a variety of commercially available 
custom-made head immobilization devices, most of 
which utilize thermoplastic or other materials such 
as expandable foam or plastic beads in a vacuum bag. 
They are adaptable for flexion or extension when the 
patient is in the supine position. Similar devices can 
be used for brain tumor patients requiring the prone 
position. Variability of setup should be no more than 
2 mm or 3 mm with contemporary immobilization 
such as a thermoplastic mask. When more accurate 
and/or rigid head positioning and immobilization is 
desired, such as for fractionated stereotactic radia-
tion therapy or radiosurgery, a modified stereotactic 
head frame with non-invasive multiple-point head 
fixation or a bite-block and tilting-head baseplate 
system, which is referenced to stereotactic space by 
means of infrared positioning may be used. Once 
the patient is placed in the positioning device, they 

are scanned, typically with radio-opaque reference 
markers placed at the setup isocenter. The isocenter 
may be placed at a standard location on every patient 
with a planned isocenter shift taking place after 
simulation; alternatively, the clinician may decide 
a priori at the time of simulation where the isocen-
ter should be placed. After completion of treatment 
planning in virtual reality (see below), verification 
films should be taken on the conventional simulator 
before treatment; these should include orthogonal 
radiographs to verify the isocenter and films of any 
cerrobend blocks to be used. If multi-leaf collima-
tion will be employed, isocenter verification films 
still need be taken on the simulator. Portal films 
must be periodically obtained to verify accuracy of 
the treatment setup.

Generally, special immobilization devices are not 
used for patients with spinal cord tumors, although 
custom devices made of thermoplastic, expand-
able foam or of plastic beads in vacuum bags are 
available. The exception is in the arena of spinal 
radiosurgery, where very complex devices such as 
the Elekta stereotactic body frame may be utilized. 
Regardless of the immobilization device chosen, it 
must be designed to fit the physical dimensions of 
the CT or MRI scanner and constructed of materials 
that are compatible with the imaging modalities to 
prevent image artifact or distortion.

For CT simulation involving the brain, the patient 
is placed in a positioning device and scanned with 
three radio-opaque reference markers placed on the 
thermoplastic mask. Patients are usually treated 
in the supine position with a neutral head posi-
tion. All plans in this section assume that patients 
are simulated in the supine position using three-
dimensional CT-based planning; exceptions will be 
clearly indicated. Prone setup may be considered 
for posterior fossa tumors. For intracranial disease, 
single-field or opposed-beam, two-field arrange-
ments are usually not considered acceptable, as they 
deliver excessive dose to normal tissues in the beam 
paths. The exception is the short course of pallia-
tive radiation therapy typically using an opposed-
lateral beam arrangement. An optimum beam 
arrangement usually consists of multiple (usually 
from 3–7 in number) non-opposed shaped beams. 
The contralateral uninvolved hemisphere should 
be spared completely or as much as possible. A true 
vertex beam should be avoided if possible due to exit 
dose into the body, especially in female patients of 
child-bearing age; a 5–10° gantry rotation should be 
considered instead. Typically, a homogeneous dose 
distribution within the target volume is desirable, 
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with no more than a 5–10% inhomogeneity in the 
irradiated volume. When IMRT is used, a practical 
approach is to utilize the beam arrangement from 
an optimum non-coplanar 3-D plan and then invoke 
the treatment planning system’s IMRT module. This 
can significantly shorten the treatment planning 
effort and allows for greater freedom of optimiza-
tion than a coplanar IMRT plan, which is conceptu-
ally two-dimensional.

Beam arrangements suggested in the text are 
described by a commonly used 3D naming system 
resulting in a unique name for each field (Jasper et 
al. 2004). The primary body planes are transverse, 
sagittal, and coronal, with body axes anterior, pos-
terior, right, left, superior, and inferior. Isocentric 
treatment machines rotate 360° around a transverse 
plane of the patient’s body, and treating in a coro-
nal or sagittal plane requires the treatment couch 
to be rotated. Whether a patient lies in a supine or 
prone position, beams entering the patient’s body 
are always named relative to the patient’s anat-
omy. In this 3D naming system, a beam is named 
based on the plane and the axis closest to its entry 
and angle of deviation, which are rules and steps 1 
and 2. Rule 3 states that the angle of deviation used 
to describe the beam will never exceed 45°. A beam 
lying in a primary plane will only be described by 
three descriptive parameters. To name a non-axial 
beam, distinguished by the entry of the central axis 
between three axes in two planes, one additional 
step is necessary, with a total of two additional 
rules. Thus, each field name defines the beam’s 
direction and relation to the patient, literally spell-
ing out the correct gantry and couch positions to 
be used for treatment. These rules are summarized 
in Table 17.5, and specific examples are provided 
in the section on Specific Examples of Treatment 
Techniques. Differential weighting of beams and 
the use of wedges or compensators is assumed and 
will not be described in detail, due to considerable 

variability from patient to patient. Most lesions can 
be treated well with 6-MV photons; for some deeper 
seated targets, 10-MV photons may provide slightly 
better dose distribution with respect to normal tis-
sues, although with small targets penumbra issues 
may dominate. For very lateralized tumors, 10-MV 
photons may be used for contralateral beams.

17.6.2 
Specific Examples of Treatment Techniques

17.6.2.1 
Pituitary Region

17.6.2.1.1 
Simulation

Since these tumors tend to be well-demarcated and 
are located near organs at risk (visual apparatus), 
stereotactic positioning may be useful to minimize 
the PTV. Fusion of a contrast-enhanced MRI scan 
with the contrasted treatment CT scan allows for 
optimum definition of the suprasellar optic appa-
ratus and extension of the tumor. The treatment 
volume should be slightly larger to include a margin 
for error in estimating tumor volume and for vari-
ation in day-to-day setup. With invasive tumors, 
such as those involving the sphenoid or cavernous 
sinuses or other intracranial structures, there is 
greater uncertainty, which must be considered in 
determining the volume to be included in the CTV 
and PTV.

The GTV is the pituitary adenoma, including any 
of its extension into adjacent anatomical regions. 
Generally, the entire contents of the sella and, if 
appropriate, the entire cavernous sinus are included 
in the CTV. Since pituitary adenomas are non-infil-
trating tumors, a CTV expansion of 0.5 cm, i.e., 1.0- 
to 1.5-cm margin to block edge may be adequate to 
determine the PTV. With fractionated stereotactic 
treatment setups, block edge margins in the order of 
7 mm can provide excellent dose distribution with 
minimal dose to surrounding tissues. OARs to be 
contoured include the eyes (lenses), optic nerves, 
optic chiasm, brainstem, and temporal lobes.

17.6.2.1.2 
Beam Arrangement

Historically, two-dimensional plans with three 
static beams have often been used, including wedged 
opposed laterals and an anterior or vertex beam 

Table 17.5. Naming rules for 3-dimensional beam arrange-
ments (Jasper et al. 2004)

Rule Step Description

1 1 Identify the closest primary axis relative to the 
beam‘s entry

2 2 Describe the angle of deviation toward the next 
closest axis

3 The angle of deviation shall be less than or equal 
to 45°

4 3 Describe the angle of deviation in the 3rd axis
5 The beam’s name should be listed with gantry 

angle first, followed by any couch angle
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superior to the eyes. Due to unfavorably high tem-
poral lobe dose, this approach can be modified by 
rotating the couch so that the beams enter from a 
superior–lateral angle. Two 110° arcs rotating in the 
coronal plane at the level of the ears can be utilized. 
Typically, a 30° wedge is used for each arc. Care must 
be taken to flip the wedge between arcs. A more 
complex setup includes five non-coplanar shaped 
static beams: two laterally oriented and angled supe-
riorly so that they are non-opposed and three ori-
ented along the sagittal plane; each of the two lateral 
beams can be split into two non-coplanar beams 
to further optimize the dose distribution. IMRT 
may be useful to further improve dose distribution, 
especially for irregularly shaped lesions involving 
a cavernous sinus. A useful arrangement is LG15S, 
RG15S, SG30A, SG60P, P (Fig. 17.6).

17.6.2.1.3 
Selection of Beam Energies

Beam energies of no less than 6 MV should be used 
in order to spare surrounding structures, most nota-
bly the temporal lobes. Photons of 10 MV provide a 
good balance between depth dose and penumbra 
width; although, for stereotactic plans with small 
margins, 6-MV photons may be better.

17.6.2.2 
Meningiomas

17.6.2.2.1 
Simulation

Meningiomas often present a special challenge to 
treatment planning. The majority of these tumors 
are benign and well circumscribed but they often 
have very irregular shapes. Cavernous sinus, cer-
ebello-pontine angle, and convexity meningiomas 
require careful 3D treatment planning in order to 
minimize dose to what otherwise would be unneces-
sarily large normal tissue volumes, especially given 
that patients otherwise enjoy a normal life span. 
For well-demarcated lesions, the GTV and CTV are 
identical, and stereotactic positioning may be useful 
to minimize the PTV. Fusion of a contrast-enhanced 
MRI scan with the non-contrast-enhanced treat-
ment CT scan allows for optimum definition of the 
meningioma and adjacent OARs. The treatment 
volume should be slightly larger to include a margin 
for error in estimating tumor volume, errors inher-
ent to image fusion, and for variation in day-to-day 

setup. With invasive tumors, such as those involving 
the sphenoid or cavernous sinuses or other intracra-
nial structures, there is greater uncertainty, which 
must be considered in determining the boundaries 
of the CTV. OARs that must be delineated include 
any of the structures listed in Table 17.4, depending 
on the clinical situation.

17.6.2.2.2 
Beam Arrangement

Beam arrangements vary depending on the region of 
the brain in which the index lesion is found; we refer 
the reader to the individual sections by region below. 
For large convexity lesions, it may be useful to start 
with three coplanar beams angled at 120° from one 
another, or a cruciform arrangement of four copla-
nar beams. The couch and gantry are then rotated 
so that each beam is shifted approximately 10° infe-
riorly with respect to the patient (Fig. 17.7). This 
minimizes the profile of the lesion in the beam’s-eye 
view. IMRT is recommended for any complicated 
(i.e. non-spheroid) shape.

17.6.2.2.3 
Selection of Beam Energies

Meningiomas may be relatively superficially located, 
as in the case of convexity tumors, or more deeply 
situated, such as cavernous sinus lesions. Photon 
beam energies of 6 MV and 10 MV are typically 
used.

Fig. 17.6. Suggested beam arrangement for a tumor in the 
pituitary region
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17.6.2.3 
Temporal Lobe Lesions

17.6.2.3.1 
Simulation

For well-lateralized lesions, the goal of treatment 
planning is to minimize the dose to the contra-
lateral hemisphere. Tumors in this location pres-
ent a particular challenge due to the proximity of 
OARs, most significantly the ipsilateral eye, optic 
nerve, optic chiasm, pituitary gland, and brain-
stem. Often, meningiomas are encountered in this 
region (i.e., cavernous sinus). Since these are typi-
cally well-demarcated, non-infiltrative tumors, 
the CTV is equal to the GTV. Hence, stereotactic 
positioning may be useful, to keep the expansion 
of margin to form the PTV to as low as 7 mm. For 
infiltrative tumors, where larger volumes are used, 
one may reduce the PTV along true anatomical 
boundaries (e.g., bone) to spare critical normal 
structures. OARs to be contoured include the optic 
globes including lenses, optic nerves, optic chiasm, 
pituitary gland, brainstem, and contralateral tem-
poral lobe.

17.6.2.3.2 
Beam Arrangement

Coplanar arrangements are generally to be avoided 
because of dose to the contralateral temporal lobe. 
A 3-field arrangement is often utilized, consisting of 
lateral angled fields with a vertex added. An addi-
tional posterior beam angled to avoid exit through 

the eye may provide additional benefit. A useful 
arrangement is R10S, L10S, S5A, P10I (Fig. 17.8).

17.6.2.3.3 
Selection of Beam Energies

Photons of 6 MV are typically used for the ipsilat-
eral beams, with 10-MV or 18-MV photons used for 
vertex or superior beams and for beams entering 
from the side opposite the target.

17.6.2.4 
Frontal or Parietal Lobe Lesions

17.6.2.4.1 
Simulation

Again, as with temporal lobe lesions, when these 
tumors are well-lateralized, minimizing dose to the 
contralateral brain, especially the frontal lobe, is 
highly desirable. This can be quite challenging with 
infiltrative gliomas, especially if there is extension 
across the corpus callosum. When designing the 
PTV for an infiltrative glioma, one should remember 
that the falx is a true anatomical boundary between 
lobes and hence it may be used to limit expansion 
of the PTV. OARs to be contoured include the optic 
globe including lenses, optic nerves, optic chiasm, 
pituitary gland, brainstem, contralateral frontal or 
parietal lobe, and both temporal lobes. In addition, 

Fig. 17.7. Suggested beam arrangement for a convexity menin-
gioma

Fig. 17.8. Suggested beam arrangement for a tumor in the 
temporal region



442  V. W. Stieber et al.

minimizing dose to the cribriform plate and the area 
postrema may minimize treatment-related acute 
toxicities. Defining the motor strip as well as Broca’s 
and Wernicke’s areas (possibly using functional MR 
if available) may be of benefit if these structures are 
clearly uninvolved by tumor and could be spared 
unnecessary dose using an IMRT-based approach.

17.6.2.4.2 
Beam Arrangement

A starting approach is to utilize an anterior and a lat-
eral beam from the ipsilateral side. Having the ante-
rior beam enter from a superior–anterior approach 
may be useful for frontal lobe lesions so as to spare 
the eye and lacrimal gland. An angled vertex beam 
and/or a non-coplanar posterior beam may be added 
to further improve the dose distribution; again, exit 
through the eye should be avoided. Sometimes a 
beam from the contralateral side may be unavoid-
able in order to improve dose homogeneity, in which 
case we again recommend not directly opposing it 
with the ipsilateral lateral beam. A useful arrange-
ment is A15I, S15A, L15S, R15S (Fig. 17.9).

17.6.2.4.3 
Selection of Beam Energies

Photons of 6 MV are typically used for the ipsilat-
eral beams, with 10-MV or 18-MV photons used for 
vertex or superior beams and for beams entering 
from the side opposite the target.

17.6.2.5 
Central and Thalamic Lesions

17.6.2.5.1 
Simulation

Thalamic tumors are usually infiltrative low- or 
high-grade gliomas. Due to their paracentral loca-
tion, they often spread into the surrounding lobes 
and into the brainstem. Thus, PTV expansion is 
typically circumferential. Craniopharyngiomas or 
other well-demarcated centrally located lesions may 
benefit from the stereotactic approach. OARs to be 
contoured include the optic globes including lenses, 
optic nerves, optic chiasm, pituitary gland, brain-
stem, and temporal lobes. In addition, minimizing 
dose to the cribriform plate and the area postrema 
hypothetically may minimize treatment-related 
acute toxicities.

17.6.2.5.2 
Beam Arrangement

For thalamic lesions, we recommend a four-field non-
coplanar arrangement: A40R, P40R, S45A, S45A25R, 
P30R20I (Fig. 17.10). Well-demarcated centrally 
located lesions may be conceptually approached in 
a fashion similar to pituitary tumors.

17.6.2.5.3 
Selection of Beam Energies

These lesions are usually treated with 6-MV pho-
tons. Photons of 10 MV may provide a slightly better 
dose distribution with respect to normal tissues, 
although with small targets penumbra issues may 
dominate.

17.6.2.6 
Posterior Fossa

17.6.2.6.1 
Simulation

Clinical simulation based on bony anatomy has long 
been known to be anatomically inaccurate and all 
posterior fossa simulations should utilize 3D imag-
ing (CT with or without MRI) (Solit and Goldwein 
1995). Frequently performed in conjunction with 
craniospinal axis irradiation, patients are often best 
simulated in the prone position. This requires care-

Fig. 17.9. Suggested beam arrangement for a tumor in the 
frontal region
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ful attention to immobilization technique and repro-
ducibility. However, for instances where only the 
posterior fossa will be treated, the standard supine 
position is usually used, sometimes with extension 
of the neck to allow for posterior beams that do not 
exit through the eyes, though this is not always nec-
essary with 3D treatment planning delivery. OARs to 
be contoured include the brainstem, temporal lobes, 
and middle and inner ear regions.

17.6.2.6.2 
Beam Arrangement

Due to the risk of toxicity to the ear structures, true 
opposed lateral beams should not be used. Instead, 
two opposed beams should be angled anteriorly; 
when four beams are used, a “scissor” arrangement 
is useful: R20A, R20P, L20A, L20P.

The use of a posterior beam may be useful when 
treating a volume smaller than the entire posterior 
fossa, although exit through the eyes should be 
avoided and exit dose through the pharynx mini-
mized (Fig. 17.11). The use of a vertex beam, poste-
rior oblique wedged fields or IMRT has been shown 
to significantly reduce the risk of hearing loss 
by decreasing the radiation dose delivered to the 
cochlea and eighth cranial nerve (auditory appara-
tus) in pediatric patients treated for medulloblas-
tomas. Minimizing cochlear doses, particularly in 
patients receiving potentially ototoxic chemother-
apy is strongly recommended for all patients receiv-
ing posterior fossa irradiation for anything except 

palliative intent (Huang et al. 2002). Field matching 
to spinal irradiation fields is described in the section 
on craniospinal irradiation, below.

17.6.2.6.3 
Selection of Beam Energies

The posterior fossa is typically best treated with 6-
MV photons.

17.6.2.7 
Whole Brain Irradiation

There are several techniques that can be utilized 
for whole-brain irradiation. Typically, patients are 
treated with two opposed lateral fields. A clinical 
setup places a rectangular treatment field over the 
cranial vault with the collimator angled so as to 
place the inferior border 1–2 cm below a line drawn 
from the medial canthus to the mastoid tips. The 
superior, anterior, and posterior borders are simply 
set up with a light border flashing over the skull. A 
small block is carefully placed to shield the globes 
while still allowing adequate coverage of the ante-
rior–inferior extent of the cranial contents.

Alternatively, a custom setup can be designed 
with a shaped block that follows the contours of the 
base of the brain with a 1- to 2-cm margin. When 
drawing the custom block, one should take care to 
correctly identify the floor of the anterior cranial 
fossa including the cribriform plate, middle cranial 

Fig. 17.10. Suggested beam arrangement for a tumor in the 
thalamic region

Fig. 17.11. Suggested beam arrangement for a tumor in the 
posterior fossa
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fossa, posterior fossa, and skull base including the 
foramina through which the cranial nerves exit. The 
cribriform plate is often misidentified and hence 
underdosed (Gripp et al. 2004; Weiss et al. 2001), 
which is especially critical when treating the cranio-
spinal axis, for tumors that seed the subarachnoid 
space and for whole-brain treatment of leukemia or 
lymphoma. The patient should be simulated in the 
supine position with the head immobilized, usually 
with a thermoplastic cast. Radio-opaque markers 
should be placed on each lateral canthus to document 
eye position with respect to the radiation field. If the 
isocenter is chosen to be centrally located in the cra-
nium, the canthus markers will not be aligned due to 
beam divergence. The opposite eye will receive dose 
from each lateral beam unless this divergence is cor-
rected. One may calculate the number of degrees to 
compensate for beam divergence using the formula:

 (1)

where L=the length of the field (assuming a sym-
metrical field), so (0.5*L) equals the distance from 
the isocenter to the canthus and SAD the source-axis 
distance. One should verify this calculation by rotat-
ing the gantry under fluoroscopic guidance until the 
canthus markers are superimposed and verifying 
the correct angle. Alternatively, one may place the 
beam axis along the canthi: if the patient has been 
set up straight, the canthi should then be superim-
posed and there will be no beam divergence into the 
contralateral eye at the central axis (Fig. 17.12).

The selection of beam energy must be taken into 
consideration for whole brain irradiation. With 
photon energies above 10 MV, the peripheral tis-
sues of the brain (e.g., the temporal lobes) and the 

meninges may be underdosed, depending on the 
thickness of the scalp and skull. Conversely, due to 
the curvature of the skull, there will be a relatively 
high dose region toward the “Mohawk” of the skull. 
This inhomogeneity is increased with lower ener-
gies. When treating whole brain fields, the clinically 
relevant issue is to provide a set minimum dose to 
the entirety of the cranial contents. Therefore, a 
photon energy of 6 MV is usually recommended. 
If desired, a compensator can be manufactured or 
wedges employed to improve the dose distribution.

17.6.2.8 
Craniospinal Irradiation

Certain neoplasms, such as medulloblastomas and 
other primitive neuroectodermal tumors, high-
grade ependymomas, some germ cell tumors, 
pineoblastomas, and some CNS lymphomas require 
treatment to the entire craniospinal axis. This tech-
nique can also be used for patients with craniospi-
nal leptomeningeal carcinomatosis or gliomatosis. 
Several modifications of this approach are used in 
clinical practice (Shiu et al. 2003). Patients may be 
treated either in the supine or prone position, often 
in an immobilization cast to ensure daily positional 
reproducibility. The neck should be slightly flexed 
so as to avoid unnecessary exit dose to the mandible, 
maxilla, and oral cavity. The fleshy canthi are visual-
ized by radio-opaque skin markers. The intracranial 
contents, including the upper one or two segments 
of the cervical cord, are treated through opposed 
lateral fields, usually positioned so that the isocenter 
is at midline with the beam axes passing through the 
lateral canthi to minimize divergence into the con-

θ     0.5    = ×⎛
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Fig. 17.12a–c. Simulation fi lms of a skull with arrows on the bony canthus and a small radio-opaque marker (commonly referred 
to as a “BB”) representing the lens. a Centrally located isocenter showing beam divergence creating misalignment of the canthi. 
b Centrally located isocenter with 4° of gantry rotation creating non-divergent beam geometry through the eyes. c Asymmetric 
jaws with beam axes aligned on canthus markers

b ca
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tralateral eye. Customized blocks protect the normal 
head and neck tissues from the primary radiation 
beam; as mentioned above, care must be taken not to 
underdose the cribriform plate. The inferior border 
of the short field is placed around C2–3, leaving 
adequate room for subsequent shifts in the match 
with the upper spine field (see below). This is com-
monly referred to as “feathering the gap”.

The spine is treated through one or two poste-
rior fields, depending on the length of the spine. 
It is customary to maximize the field length of the 
upper spinal field (40 cm at 100 cm source-to-skin 
distance) and minimize the length of the lower 
spinal field, as this simplifies planning for junction 
shifts (see below). If 40 cm or less of length covers 
the spine, inclusive of the end of the thecal sac (as 
defined by MRI, typically near the level of S3), a 
lower spine field is not necessary. All fields’ central 
axes remain fixed; it is only the fields’ lengths which 
are changed. Therefore, the caudal border of the 
lower PA spine field should be set inferior to S3 by 
a length equal to the two field shifts, then blocked 
back to S3 using asymmetric collimators or custom 
blocking.

Matching the upper border of the spine field to 
the lower border of the cranial field requires strict 
attention to accuracy, since overlap (i.e., overdos-
ing) in the upper cervical cord may have cata-
strophic outcomes for the patient. In one method, 
the collimator for the lateral cranial fields is angled 
to match the divergence of the upper border of the 
adjacent spinal field, and the treatment couch is 
angled so that the inferior border of the cranial field 
is perpendicular to the superior edge of the spinal 
field (“exact-match” technique). Both the rotation 
of the collimator and degree of couch rotation are 
calculated from Eq. 1, and typically range from 9° to 
11°. The drawback to this technique is that the couch 
rotation displaces the contralateral eye cephalad so 
that it cannot be blocked without blocking frontal 
brain tissue (Fig. 17.13).

This technique may also result in underdosing of 
the temporal lobes and cribriform plate.

Alternatively, one may dispense with couch rota-
tion by calculating appropriate skin gaps (the colli-
mator should still be rotated for accurate alignment). 
The gap is calculated so that the 50% isodose lines 
meet at the level of the anterior spinal cord (“Gap-
Match” technique).

(2)

where CL is the field length from isocenter to 
the field edge to be matched, d is the depth at the 
match point, and SAD is the source-axis distance 
(Fig. 17.14).

Ideally, the gap width and collimator rotation 
should be recalculated for each junction shift and 
one must remember that d may vary significantly 
along the extent of the spinal cord. Typically, it is 
safest to match at the anterior edge of the spinal 
cord, although this does create a small “cold” tri-
angle posteriorly. Clinical verification of correct 
calculation of the gap may be achieved by lower-
ing the treatment couch so that the beam edges 
for the upper and lower spine fields project onto 
the skin, where they should match exactly. The 
upper spine field edge is clinically verified in a 
similar fashion except that the matching lower 
edge of the cranial field is verified by moving the 
patient laterally so that the match line projects 
onto the skin.

All junction lines are moved 0.5–1.0 cm every 
8–12 Gy (typically twice during the craniospinal 
portion of neuraxis irradiation) to avoid overdos-
ing or underdosing segments of the cord. This is 
accomplished by shortening the inferior margin of 
the lateral cranial fields, symmetrically lengthening 
the superior and inferior margins of the posterior 
spine field, and shortening the cranial margin of 
the caudal spinal field; as mentioned previously, the 

b

a

Fig. 17.13a,b. Lateral radiographs of a skull with arrows 
placed on the bony canthi. BBs are placed on the lens. A piece 
of solder wire was placed in the cribriform plate and is vis-
ible at the intersection of the beam axes. a Neutral table angle 
showing beam divergence and misalignment of the canthi and 
lens. b As above with 8° of couch rotation. Note alignment of 
canthi and lens. Also, note closer proximity of lens to cribri-
form plate, making adequate coverage of the cribriform plate, 
or shielding of the lens diffi cult
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inferior margin of the caudal spinal field remains 
unchanged at the same location.

Another difficulty is the varying depth of the 
spinal cord along the length of the patient and the 
difference in separation distance between head and 
neck. If this is not taken into consideration, consid-
erable hot or cold spots may occur along the length of 
the treatment field. A true 3D CT simulation allows 
for more accurate dosimetric calculation than a sag-
ittal contour or calculation from lateral simulation 
films (Fig. 17.15).

Typically, in order to achieve homogeneous dose 
distribution, some form of compensation must be 
used.

17.6.2.9 
Spinal Tumors

Common treatment approaches include a single pos-
terior field (PA), opposed lateral fields, a PA field with 
opposed laterals, opposed anterior–posterior (AP/PA) 
fields and oblique wedge-pair fields (Michalski 1998; 
Minehan et al. 1995). Normal tissue constraints and 
potential toxicities must be considered when defining 
field arrangements. For tumors in the cervical region, 
an opposed lateral beam approach can be employed 
to minimize dose to the anterior neck. For tumors in 
the cervicothoracic region, a split beam approach is 
often used in anticipation of matching another pal-
liative treatment field in the future, with the central 
axis placed just above the shoulders. Opposed lateral 
beams are used to treat the upper spine, while a PA 
field is used for the area of the spine below the central 
axis (Fig. 17.16).

Fig. 17.15. 3-D planning of cranio-spinal irradiation (CSI)

Fig. 17.14. a Lateral view of the treatment fi elds used for cra-
niospinal axis irradiation. The collimator of the lateral brain 
fi elds must be rotated by the angles shown to match the diver-
gence of the upper spine fi eld. b Posteroanterior view of the 
match between the lateral brain fi elds and the upper spine 
fi eld. Note the areas of overlap and gap between the inferior 
border of the brain fi elds and the superior border of the upper 
spine fi eld

a

b
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Tumors in the thoracic region can be treated with 
opposed lateral beams, a 3-field approach using a PA 
field and opposed lateral beams, a 2-field approach 
using AP-PA beams, or a posterior beam prescribed 
to an appropriate depth. The tolerance of dose-lim-
iting organs, most commonly the spinal cord and 
esophagus, may need to be taken into account by 
the radiation oncologist, depending on the clinical 
scenario. In the lumbar region, care should be taken 
to minimize the dose to the kidneys; AP/PA or PA 
fields are often used here, but a four-field approach 
using AP/PA and opposed lateral beams with the 
AP/PA beams preferentially weighted may be useful. 
Comparison of differing treatment setups by means 
of DVHs is strongly recommended.

17.7 
Simulation Films and Portal Films

After completion of treatment planning in virtual 
reality, verification films should be taken on a con-
ventional simulator before treatment; these should 
include orthogonal radiographs to verify the isocen-
ter and films of any cerrobend blocks to be used. 
If multi-leaf collimation will be employed, portal 
images should be taken before beginning treatment 
to verify beam shape (if static) and orientation of the 
field with respect to the patient as well as orthog-
onal isocenter verification films. Portal films are 

typically obtained weekly to verify accuracy of the 
treatment setup.

17.8 
Dose Prescriptions

The technical principles of prescribing dose to ICRU 
volumes are summarized earlier in this chapter in 
the section titled “General Concepts of Modern 
Radiation Therapy Technique”, as has the concept of 
comparing DVHs. The following section will briefly 
discuss dosing guidelines by diagnosis.

17.8.1 
Primary CNS Tumors

When treated definitively, most patients with a diag-
nosis of a primary CNS tumor (benign or malig-
nant) will typically require between 5 weeks and 
7 weeks of conventionally fractionated radiation 
therapy. Table 17.3 gives an overview of the typical 
doses delivered to the ICRU volumes by diagnosis. 
Details and references are given in the sections for 
each individual diagnosis.

For patients diagnosed with primary malignant 
gliomas who are treated with palliative intent, vary-
ing fractionation schedules ranging from 30 Gy 
in 10 fractions to 50 Gy in 20 fractions have been 

Fig. 17.16a,b. Simulation fi lms of the beam split technique for cervicothoracic irradiation. The central axis is placed just above 
the shoulders (C4). a Opposed lateral fi elds for the mid and upper spine. b Single posteroanterior fi eld for the low cervical and 
upper thoracic spine. Potential overlap of the abutting fi elds must be addressed

a b
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described (Chang et al. 2003; McAleese et al. 2003; 
Phillips et al. 2003; Roa et al. 2004). Typically, the 
prognosis for these patients is quite poor; if they sur-
vive long enough to complete their initial course of 
treatment, their survival time typically ranges from 
3 months to 9 months under the most favorable cir-
cumstances.

17.8.2 
Metastatic CNS Tumors

The Radiation Therapy Oncology Group (RTOG) 
has reported on several large trials with differing 
fractionation schedules of whole brain radiotherapy 
for brain metastases (Gaspar et al. 1997, 2000). In 
conventional fractionation, 50.4 Gy has been used 
for post-operative treatment (Patchell 2003) but, 
in the typical palliative setting, larger daily frac-
tion sizes are typically used to achieve a more rapid 
response. Doses of 30–37.5 Gy using fraction sizes in 
the range of 2.5–3 Gy per day are commonly used. 
One should keep in mind that larger fraction sizes 
do seem to predict a higher incidence of radiation-
induced late effects if the patient survives for an 
extended period of time (Patchell 2003; Quinn 
and DeAngelis 2000). Patients presenting with leu-
kemic brain involvement requiring emergent pal-
liative therapy are typically treated with total doses 
to the brain ranging from 24 Gy to 30 Gy in 1.8- to 
3.0-Gy fractions, with a median dose of 18 Gy given 
to the spine (Sanders et al. 2004).

In the setting of MSCC, treatment outcomes 
reported in the literature vary only a small amount 
from series to series regardless of fractionation 
schedule. An overview is given in Table 17.6. Mul-
tiple fractionation schedules ranging from 8 Gy x 1 

to 2 Gy x 20 have been proposed and evaluated both 
prospectively and retrospectively (Greenberg et 
al. 1980; Helweg-Larsen et al. 2000; Hoskin et 
al. 2003; Maranzano and Latini 1995; Rades et 
al. 2002; Rades and Karstens 2002). Regimens 
such as 30 Gy in 10 fractions and 37.50 Gy in 15 
fractions are commonly used, but no compelling 
data are available to point to poorer outcomes with 
hypofractionated regimens (Rades et al. 2002). 
Preliminary data of a randomized trial compar-
ing 16 Gy in 2 fractions to 30 Gy split-course (15 Gy 
in 3 fractions followed by 15 Gy in 5 fractions for 
responders) show no difference in efficacy or tox-
icity (Maranzano et al. 2002). Reirradiation of a 
spinal metastasis may be necessary in some long-
term survivors with recurrent disease. In one series 
with a median initial dose of 30 Gy in 10 fractions 
and a median reirradiation dose of 22 Gy in 11 frac-
tions, and an average time of 9.1 months elapsing 
between treatment courses, 88% of patients ambu-
latory at the end of reirradiation remain ambula-
tory at the last documented post-reirradiation 
follow-up (Schiff et al. 1995).

17.9 
Future Directions

Integration of biological data (e.g., MR spectroscopy 
and proliferation or hypoxia-specific PET data) into 
the treatment planning process may allow further 
optimization of dose based on biological param-
eters (Munley et al. 2002; Pirzkall et al. 2000). 
Dose–function histogram (DFH) analysis using this 
technology can display the relative function of a 
structure versus dose and may provide additional 

Table 17.6. Typical fractionation schedules for treatment of spinal cord compression and subsequent 
functional outcomes. Gy Gray

Total dose Fraction size Overall percentage of 
patients ambulatory after 
irradiation

Reference

15 Gy, followed by 
15 Gy for responders

5 Gy, followed by 
3 Gy for responders

57–75% Greenberg et al. (1980); 
Maranzano et al. (1992)

28 Gy 4 Gy 61–72% Helweg-Larsen et al. (2000); 
Sorensen et al. (1994)

8 Gy 8 Gy 71% Hoskin et al. (2003)
20 Gy 4 Gy
16 Gy (1 week split) 8 Gy 63% Maranzano et al. (1997)
15 Gy, then 15 Gy 5 Gy, then 3 Gy 76% Maranzano and Latini 

(1995)30 Gy 3 Gy
30 Gy 3 Gy 56–60% Rades et al. (2004)

40 Gy 2 Gy
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data needed to obtain and/or evaluate desired het-
erogeneous dose distributions. The dose could be 
conformed either directly or inversely proportional 
to the biological properties of a target and/or normal 
tissues, depending on what information the corre-
sponding functional imaging set represented for a 
particular structure. Integrating magnetoencepha-
lography data into treatment planning together with 
IMRT implementation may allow further sparing of 
normal functional regions of the brain (Babiloni et 
al. 2004). Finally, late effects of IMRT, which theoret-
ically may expose more normal tissue to lower doses, 
are not yet known and work is underway to biologi-
cally model these responses (Niemierko 1997).
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This chapter deals with the design of radiation por-
tals for patients with head and neck cancer who 
have been selected to receive radiotherapy (RT). 
For a discussion of the rationale for selecting RT 
and the appropriate sequencing of the various treat-
ment methods available for treating head and neck 
cancer, the reader is referred to more comprehen-
sive sources (Fletcher 1980; Million et al. 1994; 
Mendenhall et al. 2004).

Following is a discussion of the treatment design 
used at the University of Florida for the most 
common head and neck primary sites. The staging 
system is based on the 2002 manual of the American 
Joint Committee on Cancer (AJCC 2002).

RT techniques can be broadly stratified into: (1) 3-
dimensional conformal radiotherapy (3DCRT) and 
(2) intensity-modulated radiotherapy (IMRT). Defi-
nition of the target volume and the normal tissues 
that must be protected is based on data obtained via 
treatment planning computed tomography (CT) for 
both techniques. 3DCRT employs forward treatment 
planning and is much like conventional 2-dimen-
sional RT except that the treatment plans are based 
on CT-defined 3-dimensional anatomy rather than 
a 2-dimensional radiograph and surface anatomy. 
Parenthetically, it is still essential to check the rela-
tionship of the portals with the surface anatomy on 
the treatment table. In contrast with 3DCRT, inverse 
treatment planning is used with IMRT, which may 
yield a more conformal treatment plan, thus reduc-
ing the dose to normal tissues and thereby decreas-
ing the likelihood of acute and late toxicity. However, 
RT is much like cooking and considerable variabil-
ity exists so that whether IMRT results in a plan that 
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is superior to that which could be achieved with 
3DCRT depends on the site and extent of the tumor 
and the experience and expertise of the treatment 
team (radiation oncologist, physicists, and radiation 
therapists). One of the major disadvantages of IMRT 
is that, because the dose distribution is more con-
formal and the dose gradient much sharper, there 
may be an increased risk of developing a marginal 
recurrence. Additional disadvantages may include: 
(1) less homogeneous dose distribution, (2) more 
beam “on-time” leading to increased total body 
dose due to scatter, (3) increased treatment plan-
ning time for the physicists and radiation oncolo-
gists, and (4) increased cost. Therefore, there must 
be a clear potential advantage for proceeding with 
IMRT in a particular patient. The most common 
reason is to reduce the dose to the salivary gland(s) 
in patients receiving RT to both sides of the neck 
thereby minimizing xerostomia. Another indication 
is to reduce the dose to the temporal lobes in patients 
treated for nasopharyngeal cancer. If a clear indi-
cation for IMRT does not exist, the patient is likely 
better treated with 3DCRT. Treatment planning with 
3DCRT for head and neck cancer is relatively com-
plex and performed suboptimally by many radiation 
oncologists. Accordingly, this chapter will focus on 
3DCRT techniques; a general discussion of IMRT for 
head and neck cancer will follow.

Primary fields are the portals used to deliver 
radiation treatment to the primary site of the 
cancer; neck fields are additional portals used to 
treat cervical lymph nodes not included in the pri-
mary fields. Clinically positive neck nodes (N+) are 
cervical lymph nodes believed to harbor metastatic 
cancer on the basis of physical and/or radiographic 
findings; a clinically negative neck (N0) has no such 
findings and may contain no metastatic tumor or 
only subclinical (clinically undetectable) deposits 
of cancer.

18.1 
Larynx

18.1.1 
Glottic Larynx

18.1.1.1 
Stage T1–T2

Because the risk of subclinical disease in the cer-
vical lymphatics is remote, the portals are lim-

ited to the primary lesion (Fig. 18.1) (Million et 
al. 1994c; Mendenhall et al. 2001). Although a 
common practice is to treat early vocal cord cancer 
with a standard field size (e.g., 6×6 cm), our pref-
erence is to design the portal to fit the specific 
lesion. The patient is treated in the supine position 
with the neck extended and the head immobilized 
in an aquaplast mask. The physician at the treat-
ment machine checks the field each day accord-
ing to palpable anatomic landmarks. This prac-
tice allows the treatment volume to be kept at a 
minimum, while virtually eliminating the risk of 
geographic miss. Overall treatment time, as well 
as total dose, is critical in obtaining maximum 
control rates (Parsons 1984a; Mendenhall et al. 
1988b, 2001); failure to use the smallest field size 
consistent with adequate coverage of the tumor 
usually means that either the total dose or dose 
per fraction must be compromised to limit acute 
reactions and/or late effects. The patient is treated 
with parallel opposed 6-MV X-ray fields weighted 
3:2 to the side of the tumor if it is lateralized. An 
anterior boost field is usually employed to deliver 
approximately 5–10% of the total dose to reduce 
the high dose distribution laterally. 60Co or 4-MV 
X-ray beams are ideal but are not available in most 
radiation oncology facilities. The typical borders 
for a T1N0 cancer are the middle of the thyroid 
notch, the bottom of the cricoid cartilage, 1 cm 
posterior to the thyroid ala, and 1.5 cm anterior 
to the skin of the anterior neck. The portals may 
be modified depending on the precise extent of 
the tumor.

CT helps determine tumor extent, and therefore 
portal design, in patients with large T2 cancers. It is 
useful in detecting subglottic spread, which may be 
submucosal and difficult to detect by direct laryn-
goscopy. T1 and early T2 cancers are often super-
ficial and inapparent on the planning CT. The dose 
fractionation schedule is 63 Gy in 28 once-daily 
fractions for T1–T2a cancers and 65.25 Gy in 29 frac-
tions for T2b tumors (Mendenhall et al. 2001). The 
prescribed dose is the minimum target dose (MTD). 
The maximum dose in the irradiated volume is typi-
cally less than 103%.

18.1.1.2 
Stage T3–Favorable T4

The initial portals for T3–T4N0 true vocal cord 
cancer are shown in Figure 18.2 (Parsons et al. 
1989). Patients selected for definitive RT have 
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Fig. 18.1a,b. Radiation treatment technique for carcinoma of glottic larynx, stage T1–T2. a For T1 cancer, the superior border 
of fi eld usually is at mid-thyroid notch (height of notch typically is about 1.0 cm or slightly more in male adults). If ventricle 
or false vocal cords are minimally involved, top of notch (which corresponds to cephalad portion of thyroid lamina as palpated 
just off midline) is often selected; more advanced lesions call for greater superior coverage. If only anterior half of vocal cord 
is involved, posterior border is placed at back of midportion of thyroid lamina. If posterior portion of cord is involved, border 
is 1.0 cm behind lamina. If anterior face of arytenoid is also involved, posterior border is placed 1.5 cm behind cartilage. If 
no subglottic extension is detected, inferior border of irradiation portal is at bottom of cricoid arch as palpated at midline. If 
computed tomography demonstrates subglottic extension, portal is adjusted accordingly. Anteriorly, beam falls off (by 1.5 cm) 
over patient’s skin (from Million et al. 1999, Fig. 21, p 464). b Three-fi eld technique (two lateral wedge fi elds and an anterior 
open fi eld). Lateral fi elds are differentially weighted to the involved side. Anterior fi eld, which usually measures 4×4 cm, is 
centered approximately 0.5 cm lateral to midline in patients with one cord involved and typically delivers about 5% of total 
tumor dose (usually on last two treatment days) after treatment from lateral portals is completed. Anterior portal is essentially 
reduced portal that centers high dose to the tumor. Isodose line at which dose is specifi ed is that which covers gross disease. 
By appropriate fi eld weightings, encompassing the tumor within 95–97% of maximum isodose line is virtually always possible 
(from Levitt et al. 2nd edn., 1999)

a b

Fig. 18.2. Radiation treatment technique for carcinoma of glottic larynx, stage 
T3–T4N0. Patient is treated in the supine position, and fi eld is shaped with Lipow-
itz’s metal. Anteriorly, fi eld is allowed to fall off. The entire pre-epiglottic space is 
included by encompassing the hyoid bone and epiglottis. The superior border (just 
above angle of mandible) includes jugulodigastric (level II) lymph nodes. Posteri-
orly, portion of spinal cord must be included within fi eld to ensure adequate cover-
age of midjugular (level III) lymph nodes; spinal accessory (level V) lymph nodes 
themselves are at low risk of involvement. Lower border is slanted (1) to facilitate 
matching with low-neck fi eld and (2) to reduce length of spinal cord in high-dose 
fi eld. Inferior border is placed at bottom of cricoid cartilage if patient has no sub-
glottic spread; in presence of subglottic extension, inferior border must be lowered 
according to disease extent (from Parsons et al. 1989, Fig. 1, p 124; Levitt et al. 
2nd edn., 1999, Fig. 15-2)

favorable low-volume cancers without significant 
cartilage destruction (Mendenhall et al. 2003a). 
Because of a 20–25% risk of subclinical involvement 
of the jugulodigastric (level II) or midjugular (level 
III) lymph nodes, these areas are electively treated 
with 45.6–50 Gy MTD. A small low-neck portal 

treats the low jugular (level IV) lymph nodes with 
a 50-Gy given dose (at Dmax) over a duration of 
5 weeks (see subsequent section, “Design of the Low 
Neck Portal”). Primary fields are then reduced, and 
the treatment is continued to the final tumor dose 
with fields that are usually slightly larger than those 
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described for early vocal cord cancer. Most patients 
currently receive 74.4 Gy MTD at 1.2 Gy twice a day 
with a minimum 6-h interfraction interval. Care 
must be taken not to underdose tumor that extends 
anteriorly through the thyrocricoid membrane for 
patients with favorable T4 tumors who are treated 
with 6-MV X-rays. Patients with high-volume unfa-
vorable tumors are usually not treated with RT 
alone or combined with concomitant chemotherapy 
because of a relatively low probability of cure with a 
functional larynx (Mendenhall et al. 2003b).

18.1.1.3 
Supraglottic Larynx

RT alone produces high control rates for T1, T2, and 
low-volume T3 supraglottic cancers (Mendenhall 
et al. 2003a). Unfavorable T3 and T4 tumors are 
often treated with laryngectomy and adjuvant RT; 
those who receive definitive RT also receive con-
comitant chemotherapy. The treatment volume is 
similar to that shown in Figure 18.2, with the excep-
tion that the beam generally is not allowed to “fall 
off” over the anterior skin surface, except in thin 
patients, those with very bulky lymphadenopathy 
that extends anteriorly, or those who have lesions 
involving the infrahyoid epiglottis near the anterior 
commissure. Shielding even a few millimeters of the 
anterior skin, subcutaneous tissues, and lymphatic 
vessels reduces the likelihood of desquamation 
(particularly in patients who receive concomitant 
chemotherapy) and may lessen the risk of serious 
laryngeal edema.

The inferior border of the portal is adjusted 
according to disease extent. For a false cord or 
infrahyoid epiglottic cancer, the bottom of the cri-
coid cartilage is usually chosen. For an epiglottic tip 
cancer, the lower border may be placed at or above 
the level of the true cords, depending on the extent 
and growth pattern (infiltrative versus exophytic) of 
disease.

If the neck is clinically negative and tumor does 
not extend beyond the larynx, only the level-II and 
level-III nodes are treated. If the base of the tongue 
or pyriform sinus is involved or if neck disease is 
extensive, the primary portal includes the entire 
jugular chain, spinal accessory chain (level V) and 
retropharyngeal nodes. In all situations, the low 
neck is treated with an anterior en face portal, the 
size and shape of which vary according to the N 
stage and laterality of disease (see subsequent sec-
tion, “Design of the Low Neck Portal”).

18.2 
Hypopharynx

18.2.1 
Pyriform Sinus

The portals used for the initial treatment volume 
of early and moderately advanced pyriform sinus 
cancer are shown in Figure 18.3. In addition to the 
entire jugular lymphatic chain, the lateral retropha-
ryngeal lymph nodes (medial to the carotid arter-
ies, usually located just in front of the C1–C2 verte-
bral bodies) and level-V nodes are also at risk and 
are treated even if the neck is clinically negative. 
The pyriform sinus lies posteriorly in the pharynx, 
extending from its upper limit on the pharyngoepi-
glottic fold to its apex located between the superior 
and inferior borders of the cricoid cartilage. It is 
rarely necessary to allow anterior “falloff” over the 
anterior skin of the midline. If the primary lesion 
is so extensive as to require “falloff” anteriorly to 
achieve adequate coverage, total laryngopharyngec-
tomy is usually the treatment of choice.

18.2.2 
Pharyngeal Wall

Most pharyngeal wall lesions involve only the poste-
rior wall. With CT, some lesions are seen to extend 
posterolaterally, in effect wrapping around the ante-
rior vertebral body (Fig. 18.4) (Mendenhall et al. 
1988a). If the posterior edge of the reduced portal 
splits the middle of the vertebral body, geographic 
miss may result. The initial treatment volume is much 
like that shown in Figure 18.3 for pyriform sinus 
cancer. The upper margin of the port should be at 
the base of the skull, to include the retropharyngeal 
nodes. The initial lower portal margin should include 
the entire pharyngeal wall because of these tumors’ 
propensity to have “skip lesions.” The reduced portals 
are shown in Figure 18.4. The posterior field edge is 
placed at the posterior vertebral body.

18.2.2.1 
Postoperative Irradiation of Laryngeal and 
Hypopharyngeal Tumors

In this situation, the larynx has been removed. The 
primary fields are treated through lateral parallel-
opposed portals (Fig. 18.5a) (Amdur et al. 1989) to 
include the anterior and posterior neck from the 
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Fig. 18.3. a Portals used for initial treatment volume in a patient with carcinoma (stippled area) of pyriform sinus. Superiorly, 
portal covers lymph nodes at base of skull, then sweeps anteroinferiorly to cover posterior tongue base and level-II lymph nodes. 
Anteriorly, at least 1 cm of skin and subcutaneous tissues (as viewed from lateral projection) is usually spared. Inferior border 
is 2–3 cm below bottom of cricoid cartilage and is slanted to facilitate matching with low-neck portal and to avoid irradiating 
shoulders. Posterior fi eld edge usually encompasses spinous process of C2 vertebral body. As treatment progresses, several fi eld 
reductions are made (to shield spinal cord and to limit volume of mucosa that receives high dose irradiation). b Location of 
lateral retropharyngeal lymph nodes in relation to C1–C2 vertebral bodies (from Levitt et al. 2nd edn, 1999, Fig. 16.3a,b)

a b

base of skull to the top of the tracheal stoma. Tech-
niques with either anterior or anterior and posterior 
portals have the disadvantages of underdosage of 
lymph nodes at the base of the skull in the region of 
the mastoid and unnecessary irradiation of a large 
volume of brain tissue in the posterior cranial fossa. 
The field is reduced after approximately 45 Gy MTD 
so that the spinal cord is no longer in the treatment 
field; the dose to high-risk areas behind the plane 
of the spinal cord may be boosted with 8- to 10-MV 
electrons.

The low-neck portal, which usually includes the 
stoma, is treated as shown in Figure 18.5b (Amdur 
et al. 1989). The dose at Dmax (the dose at maximum 
buildup) in most patients is 50 Gy in 25 fractions. In 
patients at high risk for recurrence in the low neck 
(i.e., who have positive level-IV nodes), a boost dose 
is occasionally given through a reduced field. In 
patients with subglottic extension, the dose to the 
stoma and peristomal tissues is boosted with elec-
trons, usually 12 MV. The energy selected should be 
high enough to deliver an adequate dose to the tra-
cheoesophageal groove (level VI) lymph nodes.

Cobalt 60 is the beam of choice because of its 
buildup characteristics. Alternatively, 4-MV or 6-
MV X-rays may be employed. A petrolatum gauze 

bolus is placed on all scars and over drain sites. All 
scars, suture holes, and drain sites are treated with 
generous (2–3 cm) margins.

18.3 
Oropharynx

There are two important points in the design of 
portals for the oropharynx. One, the risk of lymph-
node metastases in both the upper and lower neck 
is significant, and both areas should be treated 
even when the neck is clinically disease free. Two, 
the use of long lateral primary fields that include 
the larynx and a longer length of spinal cord than 
necessary is inappropriate. Dividing the treat-
ment volume into upper (primary) and anterior 
low-neck fields is essential so that the larynx can 
be shielded from irradiation and the spinal cord 
dose is reduced; this is true even in the presence 
of a large lymph node that is bisected by the lower 
border of the primary field. Although many radia-
tion oncologists explain that treating the larynx 
with 50 Gy is acceptable because “it can tolerate it,” 
there is little excuse for exposing a vital structure 
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Fig. 18.4a–c. Radiation treatment techniques for carcinoma of posterior pharyngeal wall. a Computed tomogram of T3 posterior 
pharyngeal wall cancer (arrowheads). Horizontal lines represent two possible placements of posterior fi eld edge. If fi eld edge 
bisects vertebral body when spinal cord is shielded, part of cancer will be in penumbra or altogether outside irradiated volume. 
Entire width of vertebral body is always treated in patients with posterior pharyngeal wall tumors. b Simulation fi lm shows fi rst 
fi eld reduction (to shield spinal cord) for a patient with T3N0 cancer. Note that with reduced portals, little of larynx remains 
within treatment volume. Only epiglottis and part of arytenoids and aryepiglottic folds cannot be excluded. c Isodose plots for 
reduced portals. In our practice, 6-MV X-rays are ideal energy. Because of characteristics of high-energy (e.g., 20 MV) X-rays 
near fi eld edge, isodose distributions are constricted compared with low energy beams (2). Result is reduced dosage to cancer 
near posterior fi eld edge, which is undesirable in treatment of posterior pharyngeal wall cancer. Central axis (CA) is placed at 
posterior fi eld edge to provide nondivergent posterior fi eld edge. Wedges are used to reduce dose anteriorly and to pull isodose 
distribution slightly posteriorly. SSD source-to-surface distance (a,b from Mendenhall et al. 1988a, Fig. 3b,c p 210; c from 
Levitt et al. 2nd edn., 1999, Fig. 16.4)

a b

c

to a moderately high dose of irradiation when it 
is avoidable. Because the neck is thinner at the 
level of the larynx than of the oropharynx, the 
involved larynx often receives a higher total dose at 
a higher dose per fraction than the primary tumor 
(Amdur et al. 2004). Inclusion of the larynx within 
the primary portals causes more severe mucosi-
tis, which often leads to unplanned treatment 

interruptions or requires treatment with low total 
daily doses, either of which results in poor tumor 
control (Mendenhall et al. 2003b). Treatment of 
the larynx also produces some edema and dries 
the mucous membranes resulting in unnecessary 
chronic morbidity. Such treatment also complicates 
the management of the patient who later develops 
a second primary cancer in the larynx.
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18.4 
Base of Tongue

Typical initial and reduced portals for treating a cancer 
of the base of the tongue are shown in Figure 18.6 
(Parsons et al. 1999b). A variety of ways are used to 
administer the final “boost” dose. All lesions cur-
rently are managed by external-beam irradiation 
alone at our institution. Concomitant chemotherapy 
is employed for unfavorable T3–T4 and/or advanced 
neck disease. Iridium-192 implantation is a popular 
boost technique in some treatment centers. How-
ever, no convincing evidence is available at this time 
that supports the notion that the implant produces 
superior local control rates or reduced complications 
when compared with the results of external-beam 
irradiation alone (Mendenhall et al. 2000).

18.5 
Tonsillar Area

The minimum initial treatment volume for early 
cancers of the tonsillar region includes the retro-
molar trigone, tonsillar pillars, soft palate, base of 

Fig. 18.5. a Typical postoperative simulation fi lm of a patient with advanced-stage cancer of the laryngopharynx. Dashed line 
initial fi eld reduction (after 50 Gy, to shield spinal cord), dotted line fi nal reduction (after 60 Gy). Wires mark surgical scars and 
stoma. Slanting line used on lower border reduces length of spinal cord treated by primary fi eld, allows better caudal coverage 
of mucosal surfaces while simultaneously bypassing shoulders, and facilitates matching with low-neck fi eld. b Low-neck fi eld. 
Beam is vertical (0°). Rectangle (solid line) light fi eld, dashed line central axis, shaded areas blocked portions of fi eld (stacked 
lead blocks). Superior border of neck fi eld is inferior border of primary fi eld. Actual line is treated only with primary fi eld. Upper 
border of low-neck fi eld assumes V shape. In midline of patient, apex of V generally is at or close to central axis, so portion 
of beam that irradiates the spinal cord is nondivergent. At junction of the three fi elds, short (2–3 cm) segment of spinal cord 
remains untreated through any of the fi elds (from Amdur et al. 1989, Fig. 1, p 27; Levitt et al. 2nd edn, 1999, Fig. 16-5)

a b

Fig. 18.6. Radiation treatment technique for carcinoma of base 
of tongue. Superiorly, portal treats jugular and spinal acces-
sory (level V) lymph nodes to base of skull. Posterior border 
is behind spinous process of C2. Inferior border is at or just 
below thyroid notch, depending on disease extent. Antero-
inferiorly, skin and subcutaneous tissues of submentum are 
shielded, except in case of advanced disease. The portals are 
usually reduced off of the spinal cord at approximately 45 Gy 
and a second reduction occurs at 60 Gy. The portals are usu-
ally equally weighted 3:2 towards the side of the lesion, if it is 
lateralized (from Parsons et al. 1998, Fig. 42.1)
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the tongue, and entire tonsillar fossa. The anterior 
margin of the portal varies according to the ante-
rior extent of disease; in patients with cancer at an 
early stage, it is at the level of the second molar 
tooth. If the buccal mucosa is invaded, anterior cov-
erage should be generous for the first 50 Gy MTD to 
avoid geographic miss. Anterior extension into the 
oral tongue is appreciated by digital palpation. For 
T1–T2, well-lateralized lesions of the tonsillar region 
with no tongue invasion, ipsilateral treatment with 
a wedge pair using 4- to 6-MV X-ray beams is used 
to preserve salivary flow on the contralateral side. 
It has become easier to plan the appropriate treat-
ment volume, and avoid geographic miss, with the 
availability of 3DCRT.

The RT technique for more advanced tonsil-
lar cancers is by parallel-opposed portals, similar 
to those shown in Figure 18.6 which are used for 
lesions of the base of the tongue. Portals are usually 
weighted 3:2 or 1:1, depending on the anatomic dis-
tribution of disease. The pterygoid plates up to the 
base of the skull should be covered in those patients 
with advanced disease; if trismus is present, the pter-
ygoids should remain within the treatment volume 
for the entire course of irradiation. Nasopharyngeal 
or hypopharyngeal extension must be recognized to 
avoid geographic miss with the reduced fields.

The failure rate after RT alone for T1–T2 lesions 
of the anterior tonsillar pillar is higher than for ton-
sillar fossa lesions. External beam (45 Gy) plus irid-
ium implantation (30 Gy) has produced a high rate 
of success (Mazeron 1986). Alternatively, the dose 
may be boosted with an intraoral cone using either 
250-Kvp X-rays or electrons.

18.6 
Soft Palate

The RT technique by parallel opposed fields for 
soft palate cancer is demonstrated in Fig. 18.7 
(Parsons et al. 1999b). Figure 18.8 (Parsons et 
al. 1999b) depicts the treatment of early, discrete 
lesions that can be encompassed by an intraoral 
cone. Intraoral cone RT has the advantage of deliv-
ering a high dose to a limited tissue volume in a 
short overall treatment time. Intraoral cone RT is 
administered before the start of external-beam RT, 
while the lesion is still clearly visible and before the 
onset of mucositis; it is not recommended as the 
sole treatment because of the risk of lymph node 
metastases.

18.7 
Nasopharynx

A typical portal for a patient with an advanced-stage 
cancer of the nasopharynx is outlined in Figure 18.9. 
The basic plan must be individualized according to 
disease extent. The retropharyngeal lymph nodes are 
usually involved and are best seen by magnetic reso-
nance imaging (MRI). They incidentally fall within 
the treatment volume. Because of the high density of 
capillary lymphatics in the nasopharynx, the spinal 
accessory and jugular lymph node chains are irradi-
ated in their entirety, even in the N0 setting.

After shielding the spinal cord, the final dose may 
be administered via parallel-opposed lateral portals 
or oblique portals (Parsons 1984b). Planning the 
appropriate boost technique for the nasopharyn-
geal cancer is one of the most challenging tasks that 
the radiation oncologist faces in the treatment of 
head and neck cancer. The boost must be designed 
to encompass all areas of primary disease and ret-
ropharyngeal lymphadenopathy, while sparing as 
much normal tissue as possible. Treatment is highly 
individualized; high-quality CT and MRI scans are 
essential. Use of CT for simulation and treatment 

Fig. 18.7. Initial and reduced lateral fi elds for treatment of car-
cinoma of the soft palate. Usual technique involves parallel-
opposed portals. Minimum treatment volume for early-stage 
disease includes entire soft palate and adjacent pillars. Timing 
and extent of fi eld reductions after 50 Gy depend on status 
of neck as well as extent of primary lesion. If primary lesion 
extends to midline or if clinically positive lymph nodes are pres-
ent, both sides of lower neck are irradiated. (from Parsons et 
al. 1998, Fig. 42-3)
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Fig. 18.8a,b. Intraoral cone treatment technique. a Exophytic invasive squamous cell carcinoma, 1.5 cm, of right side of soft 
palate. Discrete lesions in cooperative patients receive 15–20 Gy (2.5–3 Gy per fraction) with intraoral cone before external beam 
irradiation. b View through intraoral cone shows adequate coverage of lesion. If lesion does not extend deeply into the tongue 
and neck shows no evidence of involvement, treatment is completed by ipsilateral wedge pair fi eld arrangement using 4-MV or 
6-MV X-rays that encompass primary lesion and upper neck nodes, to a dose of approximately 50 Gy. The ipsilateral low neck 
is treated with a separate en face portal (from Parsons et al. 1998, Fig. 42-4)

a b

Fig. 18.9a–c. Radiation treatment technique for carcinoma of 
the nasopharynx. Axial (a) and coronal (b) computed tomo-
grams of patient with T4N2 squamous cell carcinoma of 
nasopharynx. Note bone destruction at petroclival junction. 
c Beam angled 5° posteriorly to avoid exit irradiation through 
posterior pole of contralateral eye. Because of destruction of 
base of skull, superior border of treatment volume is above 
pituitary fossa; in less advanced presentations, superior border 
often passes through anterior and posterior clinoid processes, 
thereby placing optic nerve in penumbra or out of radiation 
beam. Lymph nodes are included up to jugular foramen or 
about 2 cm above tip of mastoid. Posteriorly, the level-V chain 

is irradiated; in presence of large or multiple lymph nodes, posterior coverage can be more generous. Inferior border excludes 
larynx, except in rare circumstance of tumor extension down lateral pharyngeal wall into hypopharynx. Submandibular (level I) 
lymph nodes are at risk in patients with extensive lymph node metastases. Anterior border is designed to shield segment of pos-
terior mandible while still encompassing tonsillar area. The portals include the posterior 2 cm of the nasal cavity. If necessary, the 
portal may be bowed anteriorly to cover more of the nasal cavity (from Levitt et al. 2nd edn., 1999, Fig. 16-12a-c)

a

b

c
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planning facilitates the planning of oblique-entry 
portals. IMRT has significantly improved the ability 
to boost the tumor volume, particularly in the ret-
rostyloid parapharyngeal space and posterolateral 
clivus, while minimizing the dose to the normal tis-
sues such as the temporal lobes and brain stem.

18.8 
Oral Cavity

18.8.1 
Lip

Lip cancer may be treated by external beam, intersti-
tial implant, or both. External-beam techniques use 
orthovoltage X-rays or electrons; the former is pre-
ferred because there is less beam constriction and 
the maximum dose is at the surface. A lead shield 
placed behind the lip limits RT to the mandible and 
oral cavity. The shield consists of two sheets of lead 
(each 1/8 inch thick), overlaid with one sheet of alu-
minum (1/64 inch) and is coated with wax or vinyl 
to prevent excessive exposure from low-energy-

scattered electrons to tissue adjacent to the shield. 
Dose schemes are similar to those for skin cancer. 
Protracted treatment schedules (4–6 weeks) are pre-
ferred over short regimens because short courses are 
more likely to cause progressive radiation changes 
with passing years.

Bulky cancers are often treated first by exter-
nal beam (30–50 Gy MTD), followed by interstitial 
cesium or 192Ir implant once the lesion has flattened 
[Fig. 18.10 (Million et al. 1994b)]. We prefer preloaded 
implant devices that allow rapid, accurate position-
ing if cesium needles are employed (Ellingwood et 
al. 1976). Iridium using the plastic tube technique has 
an advantage because a larger volume can be easily 
implanted, if necessary, and it can be afterloaded.

The regional lymphatics are not electively treated 
in patients with cancer in its early stages because 
the risk of metastasis is low. Patients with advanced, 
poorly differentiated, or recurrent cancers should 
receive elective neck treatment because the risk of 
lymphatic involvement is substantial. The risk of 
involvement also increases in patients with tumors 
that extend onto the wet mucosa of the lip or the 
buccal mucosa. Lymphatic spread is to the level-I and 
level-II lymph nodes and rarely to a facial node.

a b
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Fig. 18.10a–i. A 67-year-old man had T2N0 squamous cell car-
cinoma of the lower lip. a The lesion measured 3.0×2.0×1.5 cm. 
Radiation therapy was elected because of functional defi cit 
likely to result from excision of large lesion. b Lead mask, 
2 mm thick, designed to outline portal. Lead putty was added 
to shield to reduce transit irradiation to less than 1%. Sepa-
rate lead shield covered with beeswax was inserted behind 
lower lip. Patient received 30 Gy in 2 weeks, 3 Gy per frac-
tion, 250 kV (0.5 mm Cu). c By completion of 30 Gy, he had 
brisk mucositis of lip and approximately 60–70% regression 
of obvious tumor. d Single-plane radium needle implant with 
double crossing. Pack was tied to top of bar to displace upper 
lip away from radiation, and chin pack anchored gingivolabial 
pack in place (see e). e Gauze pack (arrows) sewn into gingi-
volabial gutter to displace radium from mandible, teeth, and 
gums. f and g Anteroposterior and lateral views of implant. 
Implant added 35 Gy at 0.5 cm. h 2.5 weeks after implantation. 
Note superfi cial ulceration. i 22 months after treatment. No 
evidence of disease, and lip was completely healed. Nine-year 
follow-up revealed no evidence of disease (from Million et 
al. 1994b, Fig. 16-7)

e f
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h
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18.9 
Floor of Mouth

At the University of Florida, most floor of the mouth 
cancers are treated with resection. If RT is used, 
availability of intraoral cone or interstitial therapy 
is essential to obtain maximum local control rates. 
Intraoral cone therapy is preferred when the lesion is 
suitable. Megavoltage external-beam RT alone gives 
inferior control results, even for T1 lesions.

18.9.1 
External-Beam Irradiation

External-beam portals for cancer of the anterior 
floor of the mouth usually are opposed lateral por-
tals. If the lesion is small and confined to the floor of 
the mouth, the tip of the tongue is elevated out of the 
portal with a cork [Fig. 18.11 (Parsons et al. 1999a)]. 
If the lesion has grown into the tongue, the tongue is 
flattened to reduce the superior border of the portal 
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[Fig. 18.12 (Parsons et al. 1999a)]. A small stain-
less-steel pin is inserted into the posterior border 
of the tumor and serves as a marker on the treat-
ment planning (simulation) film for external-beam 
therapy and for confirmation of coverage at the time 
of interstitial implantation. About 1 cm of skin and 
subcutaneous tissue can usually be shielded in the 
submental area; the submental lymph nodes are at 
little risk of involvement. In far-advanced cases, 
direct invasion of the skin and subcutaneous tis-
sues of the mental and submental areas requires 
inclusion of these areas.

18.9.2 
Interstitial Irradiation

A preloaded, custom-designed, metal or nylon 
implant device for cesium needles has been in use 
at the University of Florida since 1976 [Figs. 18.13 

(Marcus et al. 1980) and 18.14 (Million et al. 
1994b)] (Ellingwood et al. 1976). It is used for T1 
and T2 lesions and holds the cesium needles in a 
fixed position, thus ensuring near-perfect geometry. 
The location of the needles relative to the gingiva 
is tailored according to the distribution of tumor. 
The arrangement of needles for early stage lesions is 
usually a modified, curved, teardrop-shaped, two-
plane implant with a single crossing needle that lies 
close to the mucosal surface. Homogeneity of dose is 
better than can generally be achieved by free-hand 
implantation with either active sources or afterload-
ing techniques because the computer implant dosim-
etry is available before implantation so the arrange-
ment of sources can be modified as necessary. Use of 
the implant device avoids piercing and unnecessarily 
irradiating the tongue, as is often necessary when 
free-hand techniques are used. Implantation is com-
pleted in less than 1 min with minimal exposure to 
personnel and minimal implant trauma. The operat-
ing time is substantially reduced compared with that 
required for freehand techniques.

18.9.2.1 
Intraoral Cone Irradiation

An orthovoltage intraoral cone can be used instead 
of an interstitial implant for small, anterior, super-

Fig. 18.11. Portal for irradiation of limited anterior fl oor of 
mouth carcinoma (no tongue invasion; N0 or N1 neck dis-
ease) by parallel-opposed 60Co, 4-MV X-ray, or 6-MV X-ray 
fi elds. Two notches on a cork ensure it is held in same posi-
tion between upper and lower incisors during every treatment 
session; tip of tongue is displaced from treatment fi eld. Ante-
rior border of fi eld covers full thickness of mandibular arch. 
Lower fi eld edge is at thyroid cartilage, ensuring adequate cov-
erage of submandibular (level I) lymph nodes. Subdigastric 
lymph (level II) nodes are covered adequately by including 
entire width of vertebral bodies posteriorly. Superior border is 
shaped so oropharynx, much of oral cavity, and parotid glands 
are out of portal. Minimum tumor dose is specifi ed at primary 
site (i.e., not along central axis of portal) (from Parsons et al. 
1998, Fig. 35-8; Levitt et al. 2nd edn, 1999, Fig. 16-16)

Fig. 18.12. The treatment portal for carcinoma of the fl oor of 
mouth with tongue invasion. Tongue is depressed into fl oor 
of mouth with tongue blade and cork (from Parsons et al. 
1998 Fig. 35-9)
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Fig. 18.13. Custom-made implant device for stage T1–T2 can-
cers of fl oor of mouth. Note single crossing needle (arrow) 
through center. Devices machined from nylon are also avail-
able. Cesium needles usually are used (2.0 cm active length, 
3.2 cm actual length). Intensity of needles is adjusted so dose 
rate is approximately 0.4 Gy/h to area of gross disease. To 
ensure adequate surface dose, height of implant device (9 mm) 
is such that the active ends of the needles extend above the 
mucosal surface. Crossing needle is also 3 mm above mucosal 
surface (i.e., at active ends of needles) (from Marcus et al. 
1980, Fig. 2, p 112; Levitt et al. 2nd edn, 1999, Fig. 16-18)

ficial lesions in the edentulous patient with a low 
alveolar ridge. Alternatively, electron beam intraoral 
cone may be employed. Tiny lesions can be treated 
solely by cone (e.g., 50 Gy over 3 weeks or 60 Gy over 
4 weeks; given dose). Larger lesions receive 20–25 Gy 
(2.5–3 Gy per treatment) via intraoral cone, followed 
by external-beam RT (45–50 Gy MTD) to the pri-
mary tumor and first-echelon lymph nodes. The 
technique has the advantages of delivering a smaller 
dose to the mandible than an implant and avoiding 
hospitalization. Lesions more than 1 cm thick may 
be underdosed because of the rapid falloff in depth 
dose from short treatment–distance orthovoltage 
cones. The cones used at the University of Florida 
are poured from lead and can be trimmed indi-
vidually to adapt the cone to the anatomy. A variety 
of cone sizes, with straight or beveled edges, must 
be available. Intraoral cone therapy requires daily, 
meticulous positioning by the physician, because the 
margin for error is less than with other techniques of 
irradiation. The patient must be cooperative. After 
the treatment cone is centered on the tumor, its posi-
tion is verified with the use of a periscopic localizer 

to ensure adequacy of coverage [Fig. 18.15 (Million 
and Cassisi 1984)]. The end of the cone is in contact 
with the oral mucosa during treatment. A dental 
appliance may be used to ensure reproducibility of 
the treatment setup.

18.10 
Oral Tongue

The ability to control the primary tumor is enhanced 
by giving all or part of the treatment by either inter-
stitial implant or intraoral cone. Megavoltage exter-
nal-beam RT alone produces poor results, even for 
T1 lesions. Patients referred after excisional biopsy 
of small lesions (TX) or with T1 lesions measuring 
less than 1.0 cm often are treated by interstitial or 
intraoral cone therapy alone. More advanced lesions 
receive a component of the treatment from external 
beam.

18.10.1 
External-Beam Irradiation

Before external-beam RT, the cancer is photographed 
and diagrammed to document its extent at the time 
of the implant. Sometimes, the anterior and poste-
rior borders of the lesion are tattooed with two tiny 
(1–2 mm) marks. Under no circumstances should 
the ink that is used to tattoo the patient be injected 
under pressure (e.g., with a syringe), because the ink 
may diffuse over a large area.

Portals are usually shaped to exclude part of the 
parotid gland. If teeth with metal fillings lie against 
the tongue or buccal mucosa, a thin layer of gauze (a 
few millimeters thick) is inserted between the teeth 
and tongue or buccal mucosa to prevent a high-dose 
effect secondary to scattered low-energy electrons. 
Common dose schedules for T1 or T2 lesions con-
sist of 32 Gy MTD in 20 fractions (1.6 Gy twice a day) 
followed (after 3–5 days) by an interstitial implant 
(35–40 Gy). If the intraoral cone is used, generally 
the dose is 25 Gy given dose in 10 fractions with the 
cone, followed by 32–38.4 Gy MTD at 1.6 Gy twice a 
day, depending on the lesion size and presence or 
absence of infiltrating characteristics.

N0 Situation. If the lesion is well lateralized, it is 
treated with a single ipsilateral portal with an intra-
oral lead block to reduce the dose to contralateral 
minor salivary glands and mucosa. The subdigas-
tric (level II) and submandibular (level I) lymph 
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Fig. 18.14a–f. Radiation treatment technique for squamous 
cell carcinoma of fl oor of mouth (T2N0). a Lesion measur-
ing 2.5×2.5 cm (arrows), including induration, and tethered to 
periosteum at midline. Treatment plan is 50 Gy over 5 weeks 
with parallel-opposed portals that include submandibular 
(level I) and subdigastric (level II) lymph nodes. Midjugu-
lar (level III) lymph nodes are treated with anterior portal. 

Implant is planned to add 15–20 Gy. b Cardboard template for design of cesium needle holder. c One day preoperatively, before 
securing cesium needles to implant device, implant holder is placed into fl oor of mouth to ensure adequate fi t and to check 
adequacy of tumor coverage. At surgery, device is sutured with two 1–0 silk sutures passed on long curved needle through 
submentum into fl oor of mouth. Five, 2.0-cm active length, full-intensity cesium needles without crossing are used. d Coronal 
isodose distribution. The 0.5-Gy/h line is selected for specifi cation of dose; implant remains in place for 30 h. Stippled area 
implant device. e Transverse isodose distribution through middle of needles. The 0.5-Gy/h isodose line is approximately 2 mm 
outside needles. Highest dose rate to anterior lingual gingiva would be about 0.3–0.35 Gy/h, or at least 4.5 Gy lower than mini-
mum tumor dose. f Patient is free of disease at 4 years 8 months with no complications (from Million et al. 1994b, Fig 16-25, 
pp 352–353; Levitt et al. 2nd edn, 1999, Fig. 16-19 a-f)
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nodes are included in the primary portal, and the 
ipsilateral low neck nodes receive 35 Gy (at Dmax) 
in 10 fractions via a separate en face field (Fig. 18.16) 
(Parsons et al. 1999a).

If tumor extends near the midline of the tongue, 
the upper neck is irradiated on both sides through 
parallel-opposed fields, and an en face field encom-
passes the low neck, on both sides.

N+ Situation. In general, the submandibular 
(level I) and subdigastric (level II) lymph nodes are 
irradiated bilaterally, and both sides of the low neck 
are treated; a neck dissection is added 4–6 weeks 
after irradiation.

18.10.1.1 
Interstitial Irradiation

Small-volume implants are readily performed with 
cesium needles on rigid implant devices [Fig. 18.17 
(Ellingwood et al. 1976)]. The implants are virtually 
always double plane; because of frequent subclinical 
infiltrative extensions of tumor that occur even in 
apparently superficial lesions, single-plane implants 
are not recommended. The implant is performed after 
the administration of general anesthesia with a short 
operating time and minimal exposure to operating 
personnel. The dose to the mandible and gingiva can 
be reduced significantly by inserting a pack into the 
floor of the mouth to displace the tongue medially 
[Fig. 18.18 (Million et al. 1994b)].

For larger volume implants, rigid cesium implant 
devices are difficult to manipulate (particularly the 
medial plane, if it contains more than three needles). 
Iridium implants may be performed under general 

Fig. 18.15. Positioning of lead cone used for orthovoltage intra-
oral therapy is checked each day by physician. A good localizer 
is essential for fi nal positioning (from Million et al. 1984, 
Fig. 6-7; Levitt et al. 2nd edn, 1999, Fig. 16-20)

Fig. 18.16a,b. Superfi cial lateralized squamous cell carcinoma of the oral tongue; NO neck. a Single ipsilateral fi eld encompasses 
submandibular (level I) and subdigastric (level II) lymph nodes; entire width of vertebral body is included to ensure adequate 
posterior coverage of level-II lymph nodes. Stainless-steel pins inserted into most anterior and posterior aspects of lesion aid 
in localizing cancer on treatment planning (simulation) radiograph and confi rm coverage by interstitial implant. Larynx is 
excluded from radiation fi eld. Anterior submental skin and subcutaneous tissues are shielded when possible. Upper border is 
shaped to exclude most of parotid gland. Intraoral lead block (stippled area) shields contralateral mucosa and is coated with 
beeswax to prevent high dose effect on adjacent mucosa from scattered low-energy electrons from metal surface. The usual 
preinterstitial tumor dose is 30 Gy over 10 fractions with 60Co. For larger lesions that extend near midline, treatment is by par-
allel opposed portals without intraoral lead block. b For patients with clinically negative necks, only ipsilateral low neck fi eld 
is irradiated. TSD tumor-to-source distance (from Parsons et al. 1998, Fig. 35-17a, b)

a b
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Fig. 18.17. Cesium needles mounted in rigid device for single-
plane implantation of oral tongue cancer. Note single crossing 
needle. Holders originally were of stainless steel or aluminum; 
nylon has proved more satisfactory. Needles are secured to 
bar with half-hard stainless-steel wire passed through eye-
lets. Allen forceps have been drilled at 1-cm intervals to grasp 
needles during surgery (from Ellingwood et al. 1976, Fig. 6a; 
Levitt et al. 2nd edn, 1999, Fig. 16-22)

Fig. 18.18a–c. Cesium needle implant for cancer of lateral border of oral tongue. Gauze packing displaces tongue from mandible 
and thus reduces dose to bone. a Implant without packing. b Large curved needle inserted through skin into lateral fl oor of 
mouth. c Gauze pack tied to suture and secured between mandible and tongue after implant is completed (from Million et al. 
1994b, Fig. 16-40; Levitt et al. 2nd edn, 1999, Fig. 16-23 a-c)

ba c

anesthesia or a combination of regional and local 
anesthesia, with the patient sedated and in a sitting 
position. Iridium hairpins (Fig. 18.19) or the plastic 
tube technique are used.

18.10.1.1.1 
Intraoral Cone Irradiation

Intraoral cone treatment is useful in well-selected 
lesions and may be used instead of an implant. When 
intraoral cone therapy is used, our preference is to 
administer this treatment before the external-beam 
treatment, while the lesion is clearly visible and 
before the mouth becomes sore.

18.10.1.2 
Postoperative Irradiation for Tumors of Oral 
Cavity and Oropharynx

In this situation, the larynx is intact, and the portal 
arrangements are similar to those used when RT 
is the primary treatment. The primary fields are 
parallel opposed portals [Fig. 18.20a (Amdur et al. 
1989)], and the low neck is treated by means of a 
single anterior en face portal [Fig. 18.20b (Amdur 
et al. 1989)]. The junction of the primary and low-
neck portals facilitates shielding of the larynx by a 
midline block.

The choice of beam, the bolus technique, and 
details of treatment volume are similar to those 
described for the larynx and hypopharynx (see 
“Postoperative Irradiation for Tumors of the Larynx 
and Hypopharynx”).

18.11 
Nasal Cavity, Paranasal Sinuses, and Nasal 
Vestibule

The external-beam techniques for nasal cavity, eth-
moid sinus, and maxillary sinus cancers are similar. 
Treatment emphasizes an anterior portal with one 
or two lateral portals that are angled 5° posteriorly 
(frequently with the use of wedges). Even when the 
lesion is considered localized, treating a large initial 
volume is preferable to relying too greatly on the 
findings of radiography and physical examination. 
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Fig. 18.19a,b. Lateral (a) and anteroposterior (b) views of 192Ir implant for carcinoma of left side of oral tongue, stage T2N0, 
measuring 3.5×2.0×2.0 cm, with submucosal extension to within 0.5 cm of midline of tongue. Treatment consists of 30 Gy in 
10 fractions, followed by 192Ir implant the next week. Gutter-guide technique is used with patient sitting; local anesthesia and 
regional nerve block are administered. Fluoroscopy in the operating room verifi es accurate source spacing and alignment. 
Implant sources are 4 cm in length. Gauze pack secured into lateral fl oor of mouth displaces tongue medially away from man-
dible. Implant remains in place for 73 h and delivers 40 Gy tumor dose to area of gross disease (0.55 Gy/h) (from Levitt et al. 
2nd edn, 1999, Fig. 16-24)

a b

Fig. 18.20a,b. Typical portal for irradiation after hemimandibulectomy, partial maxillectomy, and radical neck dissection for 
pathological stage T4N0 retromolar trigone lesion. a Field reductions made at 45 Gy (dashed line) and 60 Gy (dotted line). 
b Low neck receives 50 Gy given dose (at Dmax) in 25 fractions. Larynx and a segment of spinal cord are shielded by tapered 
midline block (from Amdur et al. 1989, Fig. 1)

a

b

Fields may be reduced to the area of initial gross 
disease, with a margin, after 50 Gy MTD.

For limited cancers of the nasal cavity, the initial 
treatment volume includes the medial maxillary 
sinus, ethmoid sinus, medial portion of the orbit, 
nasopharynx, sphenoid sinus, and base of skull 
(Parsons et al. 1988).

Ethmoid sinus and advanced nasal cavity cancers 
are similarly managed [Fig. 18.21 (Ellingwood and 

Million 1979; Parsons et al. 1992, 1994d)]. Treat-
ment is heavily weighted toward the anterior field. 
The weighting of tumor doses administered to the 
anterior versus the lateral fields is usually 8:1 or 10:1 
in favor of the anterior portal. Wedges are used to 
achieve a satisfactory dose distribution. A reduced 
anterior open field often is incorporated into the 
treatment plan to concentrate the dose to the major 
bulk of disease. Orbital invasion is common when 
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Fig. 18.21a–f. Radiation treatment technique for squamous cell carcinoma fi lling entire nasal cavity and extending into naso-
pharynx. a Tumor mass extends into nasopharynx (arrows). R, roof; SP, soft palate; FR, right fossa of Rosenmuller. b Computed 
tomogram at level of orbit and ethmoids. Mass bulges into medial aspect of left orbit. Additional views showed opacifi cation of 
left sphenoid sinus and left maxillary sinus, erosion of left pterygoid plates, and possible erosion of cribriform plate. Site of origin 
could have been nasal cavity or maxillary antrum. Tumor is considered unresectable because of involvement of nasopharynx 
and possible sphenoid sinus invasion. c Anteroposterior view (simulation) of anterior portal. Straight white line is aluminum 
support for bite block. Patients can be immobilized with customized Aquaplast masks from which windows for portals are cut to 
accomplish skin sparing (WFR/Aquaplast Corp, PO Box 635, Wyckoff, NJ 07481). d Radiation is delivered through anterior and left 
and right lateral portals. Left upper lateral eyelid and lacrimal gland are shielded because only medial orbit is involved by tumor. 
e Simulation fi lm of lateral portal (5° posterior tilt). Treatment volume encompasses base of skull, posterior ethmoid and maxillary 
sinuses, posterior nasal cavity, sphenoid sinus, nasopharynx, posterior one-third of both orbits, pterygoid plates, infratemporal 
fossa, and parapharyngeal lymph nodes. Posterior border of portal is just anterior to external auditory canal, thereby excluding 
cervical spinal cord and brain stem. f Treatment plan is 70 Gy minimum (77 Gy maximum) tumor dose over 7 weeks. Weighting 
of given doses is 2 to 1 in favor of anterior portal. Right and left upper neck receives 40.5 Gy over 3 weeks through anterior portal 
with midline shielding. Visible tumor disappeared during therapy in this patient. Patient returned to full-time work as a truck 
driver at 4 months. A cataract developed in left eye at 36 months. After cataract extraction, visual acuity was only “counts fi ngers 
at 2 feet” because of radiation retinopathy. Patient was free of disease at 8.5 years (a, b, and d from Parsons et al. 1994d, Fig. 22-34 
and Fig. 22-35b; c and e from Ellingwood and Million 1979, Fig. 3b, c; f from Parsons et al. 1992, Fig. 29-5d)
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tumor involves the ethmoid sinus. When such inva-
sion is minimal, the major lacrimal gland and lat-
eral upper eyelid are shielded on the anterior portal; 
more advanced orbital invasion requires irradia-
tion of all of the orbital contents. An example of a 
two-field technique for advanced nasal cavity or 
ethmoid sinus cancers with invasion of the orbit 
is shown in Figure 18.22 (Parsons et al. 1994a,b,c; 
Mendenhall et al. 2004). In recent years, the 
patient’s head has usually been immobilized with 
slight neck extension, so that the orbital floor par-

allels the angle of entry of the anterior portal, thus 
allowing greater sparing of the intraorbital contents 
(Parsons et al. 1992). The patient is treated with the 
eyes open. An eyelid retractor is sometimes useful 
to displace some of the upper lateral lid from the 
treatment field. Too narrow a margin around the eye 
may result in geographic miss. The anterior portal 
extends 1.5–2.0 cm across the midline to encom-
pass the entire nasal cavity and ethmoid–sphenoid 
complex and the medial aspect of the contralateral 
orbit. The superior margin encompasses the roof of 
the ethmoid sinuses, the cribriform plate, and all 
or part of the frontal sinus. The inferior margin is 
low enough to cover the floor of the nose, the maxil-
lary antrum, and the upper gum; the inferior border 
generally extends to the lip commissure. The tongue 
is displaced out of the treatment field by a tongue 
blade and cork [Fig. 18.23 (Parsons et al. 1992)].

Fig. 18.22. Isodose distribution for carcinoma of ethmoid 
sinus with invasion of orbit. Lateral portal is angled 5° poste-
riorly (from Million et al. 1989, Fig. 21-26)

Fig. 18.23a–d. Portals used to treat patients with tumors of nasal cavity and paranasal sinuses. a In patients with extensive 
orbital invasion (palpable orbital mass, proptosis, or blindness), all orbital contents are irradiated. b In patients with limited 
orbital invasion, major lacrimal gland is shielded. c Portal primarily used for limited lesions of nasal cavity or as reduced fi eld 
for ethmoid sinus primary lesion. In patients with lesions of nasal cavity without orbital invasion, fi eld edge is placed at medial 
limbus. With evidence of gross disease in ethmoid sinuses, fi eld is reduced with great caution because of both high incidence 
of subclinical tumor extension through lamina papyracea and anatomic confi guration of sinus relative to orbit. Although 
upper lateral walls of ethmoid sinuses are parallel, inferiorly and posteriorly they diverge to conform to cone-shaped orbit. If 
eyeball is totally shielded from anterior portal, some posteroinferior ethmoid air cells also are shielded. The same principle 
applies to roof of maxillary sinus, which slopes upward as it proceeds from anterior to posterior. d Typical lateral portal for 
treatment of paranasal sinus and nasal cavity tumors. Beam is angled 5° posteriorly to avoid exit irradiation to contralateral 
eye. Anterior border is at lateral bony canthus; thus some of posterior pole of ipsilateral eyeball is included within treatment 
volume. Superior border is adjusted according to extent of disease, generally 1.0 cm above roof of ethmoid sinuses, but may 
be raised to cover known or suspected intracranial extension. Inferior border is usually at level of lip commissure, covering 
fl oor of antrum, which is below fl oor of nasal cavity. Cork and tongue blade are used to depress tongue out of fi eld. Posterior 
and posterosuperior borders are shaped to exclude spinal cord and brain stem, respectively. Usually, posterior border is at or 
near tragus and bisects vertebral bodies. Posterosuperior border is usually 2–3 mm posterior to clivus. If spinal cord and brain 
stem are encompassed by lateral portal(s) for initial 50 Gy, total dose to these structures exceeds 50 Gy at completion of “typi-
cal” course of irradiation (e.g., 65–70 Gy); shielding brain stem from reduced anterior fi eld after 50 Gy is not possible. These 
structures should be encompassed within lateral portals only if tumor extension involves area posterior to plane of cord. Patient 
must then be apprised of increased risk of neurological sequelae. (a–c from Levitt et al. 2nd edn., 1999, Fig. 16-28 a–c; d from 
Parsons et al. 1992, Fig. 29-6c)

b da c



472  W. M. Mendenhall et al.

The anterior portal for maxillary sinus cancers 
resembles that used for nasal cavity and ethmoid 
sinus lesions. The inferior border must be shaped to 
cover the lowest extent of disease (e.g., tumor track-
ing down the buccal mucosa from the gingivobuccal 
sulcus or tumor in the low parapharyngeal or ton-
sillar regions must be recognized). If the temporal 
fossa is grossly invaded, the lateral border (of the 
anterior portal) is usually allowed to fall off.

The lateral fields for nasal cavity, ethmoid sinus, 
and maxillary sinus lesions are similar (Fig. 18.21). 
The superior border is at least 1.0 cm above the base 
of the skull. If intracranial extension is demonstrated 
or suspected, the superior border is raised 2–3 cm.

RT to the nasal vestibule may be delivered by 
external-beam therapy [Figs. 18.24 (Mendenhall et 
al. 2004) and 18.25 (Million et al. 1984)], interstitial 
therapy (cesium or iridium) [Fig. 18.26 (Million et al. 
1985)], or a combination of both. Currently, the most 
common external-beam technique at the University 
of Florida uses an anterior portal with both high-
energy electrons and photons. Virtually all patients 
at the University of Florida receive external-beam RT 
(e.g., 50 Gy MTD) followed by an implant (20–25 Gy).

18.12 
Major Salivary Gland

18.12.1 
Parotid Gland

RT plays its major role as an adjunct to surgery and 
is usually administered postoperatively, although 
preoperative treatment may be considered in spe-
cial situations. The minimum treatment volume 
includes the parotid bed and upper neck nodes. 
The entire ipsilateral neck is electively irradiated 
for high-grade lesions or when tumor is found in 
lymph nodes in the neck dissection specimen.

18.12.1.1 
External-Beam RT

Treatment is administered by one of three external-
beam techniques. One technique involves a wedge 
pair, with the portals aimed either superiorly and 
inferiorly (to direct the exit dose away from the orbits 
and oral cavity) or anteriorly and posteriorly (with 
the portals angled so that the beams pass below 
the level of the eyes). The latter technique facili-
tates matching the low-neck portal to the primary 
fields and is preferred. The wedge pair technique 
can treat a generous portion of the base of skull in 
a homogeneous manner and is particularly useful 
when perineural spread is present or suspected, as in 
adenoid cystic carcinoma. Fields are best designed 
with the aid of three-dimensional virtual simulation 
and treatment planning.

A second basic technique uses ipsilateral portals 
shaped to fit the anatomy (Fig. 18.27). A treatment 
scheme using a combination of photons and high-
energy electrons produces a homogeneous dose dis-
tribution and delivers 30 Gy or less to the opposite 
salivary glands. The advantages of the technique 
are the ability to shape and reduce the fields easily 
and the ease with which an ipsilateral low-neck field 
may be adjoined to the primary portal. A disadvan-
tage, especially in patients with adenoid cystic carci-
noma, is underdosage of possible perineural tumor 
extensions deep in the temporal bone because of 
inadequate penetration of electrons in dense bone. 
Because electrons are so subject to perturbations 
from tissue inhomogeneity, the risk of deep geo-
graphic miss must always be kept in mind.

When tumor involves the deep lobe or otherwise 
extends near the midline, a third technique, parallel 
opposed photon portals weighted to the side of the 
lesion, may be necessary.

Calculation of the brain stem–spinal cord dose 
must be precise in all three techniques. Field reduc-
tions are highly individualized.

18.12.1.2 
Interstitial RT

Interstitial implants may be added if the primary 
tumor is located in the preauricular portion of the 
superficial lobe, or when there are positive margins 
or unresectable or locally recurrent disease. A modi-
fied two-plane cesium needle implant (the deep plane 
extends into the retromandibular area) will cover 
the tumor bed, but may give inadequate coverage 

Fig. 18.24. Treatment plan for external-beam irradiation of 
nasal vestibule carcinoma (from Million et al. 1985, Fig. 18.23)



Head and Neck Cancer
 473

Fig. 18.25a-f. An 84-year-old man with 3-month history of nosebleeds had a 1.5-cm tumor on the right lateral nasal vestibule 
with erythema and induration extending to overlying skin of tip and ala of nose and just into lip. Invasion of lateral alar carti-
lage was likely. He also had squamous cell carcinoma of vocal cord (T1N0). a Squamous cell carcinoma of right lateral wall of 
nasal vestibule (arrows indicate skin invasion). b Outline of treatment portals. Transit lymphatics and facial lymph nodes were 
treated with electrons (a), and submandibular lymph nodes are treated electively (b) because of signifi cant dermal extension 
and undesirability of neck dissection in 84-year-old patient. c Treatment setup with lead shield, wax plugs in nose, and tongue 
depressor. d Wax bolus in place. Electron beam is used, collimated by Lipowitz’s metal block on tray. Treatment plan is 75 Gy 
over 8 weeks using both photons and electrons. Usually, no bolus is applied over tip of nose unless skin at this site is infi ltrated 
by tumor. e Isodose distribution. Lightly stippled area beeswax bolus/compensator, darker stippled area extent of gross tumor. 
f At 2 years, no evidence of disease. Patient remained free of disease at 8 years 4 months (from Million et al. 1984, Fig. 23-24)

a b

c d

e f
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of the retromandibular portion of the parotid bed. 
To ensure an adequate treatment margin along the 
external ear canal, the needles usually penetrate the 
tragal cartilage. The implantation of the retroman-
dibular deep lobe area is a “blind” procedure, but 
can be done safely and with relative ease [Fig. 18.28 
(Mendenhall et al. 1994)]; a preoperative CT scan 
can be used to help plan the implant and avoid major 
blood vessel injury.

18.12.2 
Submandibular Gland

Ipsilateral external-beam portals are tailored to the 
extent of disease found in the surgical specimen. The 
possible sites of local recurrence include the sub-
mandibular triangle, adjacent oral cavity, pterygo-
maxillary fossa, base of the skull, parotid gland, and 
neck. The entire ipsilateral neck is always included; 
the opposite side of the neck is usually not treated. 
The energy used depends on the depth at risk. An 
electron beam, photon beam, or a combination of 
both is selected, depending on the situation.

18.13 
Unknown Primary

Treatment planning for the patient with metastases to 
the nodes in the neck from a primary site that cannot 
be located after multiple physical examinations, CT, 
and direct laryngoscopy with biopsies depends on 
the location of the lymph nodes; occasionally histol-
ogy also plays a role in determining the treatment 
volume. Involvement of the level-II lymph nodes indi-
cates elective RT of the nasopharynx and orophar-
ynx, via parallel opposed portals (Fig. 18.29), and low 
neck RT to the level of the clavicles via an anterior 
field. The primary site is almost always located in the 
tonsillar fossa or tongue base. The retropharyngeal 
nodes are included and the portals are enlarged to 
a modest degree to include the nasopharynx in the 
unlikely event that the primary site is located there. 
The portals are extended to include the supraglottis 
and hypopharynx if the presentation is primarily in 
the level-III nodes. Sparing a midline strip of skin on 
the neck is important to avoid lymphedema. When 
a solitary lymph node without extracapsular exten-
sion is involved, treatment with neck dissection and 
observation is preferred to avoid RT-related morbid-
ity and because the chance of cure is not compro-

Fig. 18.26. Interstitial implant for carcinoma of nasal vestibule 
(from Million et al. 1989, Fig. 21.25)

Fig. 18.27. Portal for postoperative irradiation of parotid gland 
cancer. Anterior border is usually at anterior border of mas-
seter muscle; inferior border is at top of thyroid cartilage. 
Superiorly and posteriorly, entire parotid and surgical bed are 
included. Electron portal (dashed lines) is 1.0 cm larger than 
photon portal, because of constriction of electron isodose 
lines at depth (from Levitt et al. 2nd edn, 1999, Fig. 16.32)
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Fig. 18.28. a Squamous cell carcinoma metastatic to parotid lymph node (squa-
mous cell carcinoma of skin of temple had been treated 2 years previously). Note 
tragal involvement. b Modifi ed three-plane radium needle implant. One plane 
(four needles) is in retromandibular deep lobe. c Complete healing at 1 year (no 
evidence of disease at 9 years) (courtesy of R.L. Lindberg, MD, Department of 
Radiation Therapy, MD Anderson Hospital and Tumor Institute, Houston, TX) 
(from Mendenhall et al. 1994, Fig. 25.22)

a b

c

mised if the patient is closely followed. A preauricular 
lymph node(s) containing squamous cell carcinoma 
typically represents metastasis from a skin cancer 
and is treated by a combination of parotidectomy and 
RT or RT alone if surgery is not feasible. Supraclavicu-
lar nodes are irradiated through a generous regional 
portal, which should include the adjacent apex of the 
axilla. Low-neck presentation almost always arises 
from a primary site below the clavicles and the treat-
ment is palliative.

18.14 
Design of Low Neck Portal

18.14.1 
Oropharynx, Nasopharynx, and Oral Cavity 
Cancers

The low-neck portal is designed according to exter-
nal anatomic landmarks and findings from the 

clinical and radiographic examination of the neck. 
No simulation films or portal verification films are 
taken. The lines are drawn on the patient’s skin, and 
lead blocks are stacked freehand on a tray positioned 
above the patient to shape the beam to the desired 
volume. Alternatively, a monoisocentric technique 
may be employed.

For all base of tongue, midline soft palate, advanced 
tonsil, all nasopharyngeal, and oral cavity cancers 
that require parallel opposed portals, both sides of the 
neck are irradiated, even in the N0 situation. Failure 
to irradiate the low neck in patients with the lesions 
just listed will result in at least a 10% rate of failure in 
the level-III and level-IV nodes even when the upper 
neck is clinically negative. The low neck is irradi-
ated through an anterior field only. The basic portal 
design in all of these situations is similar [Fig. 18.30 
(Million et al. 1994d; Parsons et al. 1999b)].

For patients with early-stage cancer of the tonsil-
lar region or lateralized tumors of the oral tongue 
or retromolar trigone, only the ipsilateral upper and 
lower neck require RT in the N0 situation.
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Fig. 18.29. a Radiation treatment technique for carcinoma from an unknown primary site. Superiorly, the portal treats the 
nasopharynx and the jugular and spinal accessory lymph nodes to the base of skull. The posterior border is behind the spinous 
process of C2. The inferior border is at the thyroid notch. Anteroinferiorly, the skin and subcutaneous tissues of the submentum 
are shielded, except in the case of advanced neck disease. The anterior tongue margin is set so as to obtain a 2-cm margin on 
the base of the tongue and tonsillar fossa, as well as the nasopharynx. One portal reduction is shown. b Fields for bilateral lower 
neck radiotherapy. The larynx shield should be carefully designed. Because the internal jugular vein lymph nodes lie adjacent 
to the posterolateral margin of the thyroid cartilage, the shield cannot cover the entire thyroid cartilage without producing 
a low-dose area in these nodes. A common error in the treatment of the lower neck is to extend the low neck portal laterally 
out to the shoulders, encompassing lateral supraclavicular lymph nodes that are at negligible risk while partially shielding the 
high-risk level-III and -IV lymph nodes with a large, rectangular laryngeal block. The inferior extent of the shield is at the 
bottom of the cricoid cartilage or fi rst or second tracheal ring. The inferior extent of the shield is at the midline as the lower 
neck is approached. Lateral borders of the low neck portals are set to cover only the lymph nodes in the root of the neck when 
the risk of low-neck disease on that side is small (i.e., stage N0 or N1 disease). If there are clinically positive lymph nodes in 
the lower neck, or if major disease is present in the upper neck, the lateral border of the low-neck fi eld is widened on that side 
to cover the entire supraclavicular region out to the junction of the trapezius muscle with the clavicle (a from Mendenhall 
et al. 2001, Fig. 18.1; b from Million et al. 1994d)

a b

18.14.1.1 
Larynx and Hypopharynx Cancers

The principles of portal design are the same as those 
described in the previous section (Fig. 18.31).

18.14.1.1.1 
Boost Technique for Large or Fixed Lymph Nodes

Some patients have small or unknown primary 
lesions that require only 60–65 Gy, but have a large, 
fixed nodal mass (e.g., 7–8 cm or more in size) that 
requires a higher dose, e.g., 70–80 Gy even when neck 
dissection is planned. In many treatment centers, the 
common practice is to treat the neck node with elec-

trons after the primary lesion has been irradiated. We 
prefer to use anterior and posterior parallel-opposed 
wedged portals to spare the mucosal surfaces and to 
avoid the excessive skin reaction and fibrosis pro-
duced by high-energy electrons [Fig. 18.32 (Parsons 
and Million 1987; Million et al. 1994a)]. Only the 
large mass, and not the entire neck, receives the high-
dose boost, even if there are other involved lymph 
nodes in the neck. Neck dissection is usually per-
formed 6 weeks after RT, unless the nodal mass com-
pletely regresses based on both physical examination 
and CT performed 3–4 weeks after the completion of 
RT. We believe that wound healing after neck dissec-
tion is less likely to be a problem when the patient has 
been irradiated with photons rather than electrons.
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Fig. 18.30a,b. Fields for bilateral lower neck irradiation in patients with base of tongue, midline soft palate, advanced tonsil, 
nasopharynx, or advanced oral cavity cancers. a N0 neck. Larynx shield design is important. Because midjugular lymph nodes 
lie adjacent to posterolateral margin of thyroid cartilage, attempts to shield entire thyroid cartilage with 4- to 5-cm-wide block 
produce low dose area in these nodes. Inferior extent of larynx shield is usually at cricoid cartilage or fi rst or second tracheal 
ring; shield is tapered; nodes in low neck may lie close to midline. If larynx block is extended for entire length of low-neck 
portal, it should probably cast a shadow no wider than 1.0–1.5 cm in suprasternal notch region. TSD tumor-to-source distance. 
In N0 setting, lateral supraclavicular lymph nodes are at little risk of involvement, except possibly for patients with cancer of 
nasopharynx. Usually, only root of neck is included. The most common error observed in design of low neck portal is actu-
ally a combination of mistakes that results in underdosage of high-risk areas and unnecessary treatment of low risk zones by 
(1) shielding larynx with large, square or rectangular block, (2) blocking midline with wide (3–4 cm) block down to level of 
suprasternal notch, and (3) irradiating entire supraclavicular fossa bilaterally. b Neck with clinical evidence of disease. Treat-
ment to each side of neck is individualized. If extensive neck disease is limited to one side, entire neck, including all supra-
clavicular lymph nodes (out to junction of trapezius muscle and clavicle), is irradiated on that side. If both sides are involved, 
treatment on each side is modifi ed according to disease extent (a from Parsons et al. 1998, Fig. 42-7a; b from Million et al. 
1994d, Fig. 6.55a)

a b

Fig. 18.31. Anterior portal for treatment of low neck in patients 
with hypopharyngeal or laryngeal cancer. Low neck is irra-
diated bilaterally. Level of superior border of portal varies 
according to primary lesion treated and may be as high as 
cricothyroid membrane (e.g., lesion of suprahyoid epiglottis) 
or as low as 2–3 cm below inferior border of cricoid carti-
lage (e.g., for advanced pyriform sinus cancer). Matchline is 
treated in primary portals but excluded from low-neck fi eld. 
Usually, a 1×1–cm midline block is introduced at upper edge 
of fi eld, except in postoperative patients in whom tracheal 
stoma is at risk (Amdur et al. 1989). Each side of low-neck 
portal is individualized according to risk and/or presence of 
lymph node metastases on that side (from Levitt et al. 2nd 
edn, 1999, Fig. 16-36)
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Fig. 18.32a,b. Photon portals for boosting dose to neck node after completion of treatment to primary lesion by lateral portals. 
a Parallel opposed anterior and posterior neck portals with wedges. Medial border is usually 1.5–2.0 cm from midline. Technique 
spares much normal mucosa and cervical spinal cord from high-dose irradiation and is particularly useful in a patient with 
a small primary cancer (e.g., T1) that requires a dose of 60 Gy and a large neck node (e.g., N3) that requires a high dose (e.g., 
70–75 Gy). b Dose distribution produced by anterior and posterior portals with equally weighted 60Co wedge pair. Portals may 
be differentially weighted or high-energy X-rays may be used to produce a variety of dose distributions (a from Parsons and 
Million 1987, Fig. 15-37; b from Million et al. 1994a, Fig. 15-4d, Levitt et al. 2nd edn, 1999, Fig. 16-37)

a
b

18.15 
IMRT

IMRT may be useful to preserve salivary function when 
both sides of the neck are thought to be at more than 
a 10% risk for harboring subclinical disease. IMRT is 
not used to preserve salivary function when clinically 
positive lymph nodes are present in both sides of the 
neck because it is difficult to adequately treat the nodes 
and spare at least one parotid gland. IMRT is used 
infrequently in the postoperative setting because of 
uncertainty in target definition and the potential for 
unusual patterns of lymphatic drainage due to surgical 
disruption of the lymphatics. IMRT may also be par-
ticularly useful to treat the primary site and minimize 
the dose to surrounding normal tissues compared with 
3DCRT in situations where preservation of salivary 
function is not a goal. One example is nasopharyngeal 
cancer where IMRT may be used to reduce the dose to 
the temporal lobes and brainstem. Another situation 
where IMRT is useful is for cancers located near the 
thoracic inlet (i.e., thyroid carcinoma, cervical esopha-
geal cancer) where the contour of the shoulders make 
treatment with 3DCRT difficult.

There are two options for treating the low neck: (1) 
use a separate conventional anterior portal and (2) 
include the low neck in the IMRT fields used to treat 

the primary tumor and upper neck. The former is 
preferred and the low-neck portal is junctioned with 
the IMRT portals where the junction would usually 
be placed if 3DCRT was employed. The match line 
is moved once at 24 Gy if the low neck done is lim-
ited to 50 Gy. The match line is moved twice at 20 Gy 
and 40 Gy if part or all of the low neck receives more 
than 50 Gy. The match line is moved in 3-mm incre-
ments by moving the inferior jaw superiorly so that 
the jaw moves superiorly across the central axis into 
the IMRT field. A separate low-neck portal is not 
employed for tumors arising near the sternal notch 
where IMRT is used to treat the primary site and all 
of the at risk regional lymphatics.

Treatment planning is done with a CT scan done 
with 3-mm contiguous slices from the vertex of the 
skull to the clavicles. Non-ionic intravenous (IV) con-
trast is used to visualize vascular structures unless 
there is a medical contraindication. In cases where 
MRI is useful for defining the target volume, such as 
nasopharyngeal cancers, a MRI is also obtained using 
a Gd-DPTA-enhanced T1-weighted imaging protocol.

Patients are immobilized with a minimum of an 
aquaplast mask; a customized dental impression/
bite plate device combined with a commercial infra-
red camera realignment system is used for all den-
tulous patients.
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The following normal tissues are outlined for 
planning purposes in all patients: skin surface, man-
dible, spinal cord, and brain stem. Additional struc-
tures are outlined if relevant to the treatment plan: 
oral cavity, glottis, parotid glands, submandibular 
glands, lacrimal glands, globe/retinas, lenses, optic 
nerves, and optic chiasm.

A modified M.D. Anderson concomitant boost 
plan is employed. The subclinical and gross disease 
receives 54 Gy in 30 once-daily fractions. During 
the last 12 days of treatment, the gross disease is 
boosted an additional 18 Gy in 12 twice-daily frac-
tions with a minimum 6-h interfraction interval. 
Thus, the gross tumor receives 72 Gy in 42 frac-
tions over 30 treatment days with RT administered 
5 days per week in a continuous course. The initial 
plan covering the subclinical and gross disease aims 
for approximately 49.5 Gy at 1.65 Gy per fraction in 
30 fractions to areas of low risk subclinical disease, 
and 54 Gy or more in 30 fractions for high-risk sub-
clinical and gross disease. The high-risk subclinical 
and gross disease receives the additional 18 Gy in 12 
daily fractions for a total dose of 72 Gy or more.

The following are guidelines for contouring 
target structures and for prioritization when struc-
tures overlap.

18.15.1.1 
Guidelines for Contouring Target Structures

• Clinical target volume (CTV) boost = CTV 7200: the 
physician outlines the volume containing the gross 
(primary and nodal) and high-risk subclinical dis-
ease based on imaging and physical examination. 
This is the volume that will receive 72 Gy or more.

• CTV subclinical disease = CTV 4950: this volume 
encompasses all tissues that are considered to 
have a 10% or higher risk of tumor spread.

• CTV 5400: there are situations in which we want 
an area to get more than 49.50 Gy but it is not nec-
essary to give 72 Gy. The most common example 
of this situation is a suspicious contralateral level-
II node. When an intermediate dose is desired, a 
third CTV is delivered and is called CTV 5400. 
CTV 7200, CTV 5400, and CTV 4950 are treated 
simultaneously with the same IMRT plan for 30 
consecutive days. CTVs 7200 and 5400 each receive 
1.8 Gy per fraction while CTV 4950 receives 1.65 Gy 
per fraction. A second IMRT plan is then used to 
“boost” CTV 7200 with a second afternoon frac-
tion of 1.50 Gy for 12 consecutive days.

• The CTV-planning target volume (PTV) expan-
sion value is currently set at 3 mm in all directions 
for all structures, both target and normal tissue.

• Normal tissue volumes: the International Com-
mission on Radiation Units and Measurement, 
Inc. (ICRU) report 62 defi nes the terms “organ at 
risk volume” (ORV) and “planning organ at risk 
volume” (PRV). The ORV is defi ned by the edge 
of the organ as visualized on the planning scan. 
The PRV includes margin for setup uncertainty 
and organ motion.

The ORV is outlined as part of the planning pro-
cess. Currently, a uniform margin of 3 mm is added 
to all ORVs to obtain the PRV. This is probably not 
accurate for all situations, especially those that 
involve organ motion. In the future, customized 
PRV expansions may be developed. The dose limits 
for normal tissues are outlined in Tables 18.1 and 
18.2.

Table 18.1. University of Florida head and neck intensity-modulated radiation therapy dose limits for normal tissues

No concomitant chemotherapy Concomitant chemotherapy

Unspecified tissue ≤110% of prescribed dose Same
Larynx** 10 Gy max dose* Same
Mandible 70 Gy max dose* Same
Brainstem 54 Gy max dose* 50 Gy max dose*
Spinal cord 45 Gy max dose* 40 Gy max dose*
Optic nerve 55 Gy max dose* 50 Gy max dose*
Optic chiasm 50 Gy max dose* 50 Gy max dose*
Lens (anterior chamber) 12 Gy max dose* Same
Retina (posterior globe) 40 Gy max dose* 40 Gy max dose*
Lacrimal gland*** 26 Gy max dose* Same

*In all discussions related to IMRT normal tissue dose parameters, the terms “maximum dose”, “max dose”, or “Dmax” refer to 
the maximum dose received by 0.1 cc of the tissue in question. Maximum doses based on point dose calculations are not used to 
make decisions regarding IMRT delivery
**Larynx: when IMRT is used to treat what would be in the low-neck field such that the larynx would be shielded with a midline 
block if we were not using IMRT
***Lacrimal gland dose limit is different from parotid and submandibular gland because the lacrimal gland is too small and 
too ill defined to specify a mean or volume
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An important aspect of the University of Florida 
IMRT program is that all dose volume histogram 
(DVH) displays and plan evaluations are based on 
both PTVs and PRVs. This makes it more difficult to 
achieve dosimetric goals but represents a more rig-
orous approach to the planning process.

18.15.1.2 
Prioritization Rules When Structures Overlap

It is not unusual for there to be areas of overlap 
of structures that have been defined for treatment 
planning purposes. There may be overlap between 
a PTV and PRV when a target area is adjacent to 
a normal tissue structure that is also being con-
toured (e.g., level-II nodes and the parotid). In 
many cases, overlap is the result of the PTV and 
PRV expansions, meaning the CTV and ORVs are 
adjacent to each other but do not overlap. When 
structures overlap, a prioritization hierarchy must 
be defined for the treatment planning process. 
Prioritization guidelines in regions of overlap are 
as follows:
• Target-spinal cord or brainstem overlap: PTV 

wins over PRV but ORV wins over PTV. In other 
words, the plan will spare the cord or brainstem in 
an area where the 3-mm PTV expansion extends 
into the spinal cord.

• Target-parotid, submandibular gland, lacrimal 
gland, mandible, oral cavity, or skin overlap: PTV 
wins over PRV and ORV.

• Target-optic nerve, optic chiasm, globe, retina, or 
lens overlap: Individualized based on the situa-
tion. The physician must make a decision about 
the assignment of overlap areas prior to treatment 
planning.

18.15.1.3 
Guidelines for Dose Prescription and Normal 
Tissue Dose Analysis

The dose is prescribed to PTV targets. DVH displays 
and corresponding analyses for targets and normal 
tissues record the dose to the PTV and PRV, respec-
tively. We do not display or analyze dose–volume 
data related to the ORV, CTV, or GTV. All IMRT 
plans are heterogeneity corrected.

18.15.1.4 
Dose Constraints for Target PTVs

We do not define a “hot spot” limit – meaning we 
do not limit the volume that may receive greater 
than a certain percentage of the prescription dose. 
However, the plan optimization goal is to limit the 
“hot spot” to less than 120%.

We define two parameters to insure that the target is 
adequately treated: (1) 95% or more of the PTV receives 
the prescription dose and (2) 99% or more of the PTV 
receives 93% or more of the prescription dose.

18.15.1.5 
Guidelines for Treatment of Regional Lymphatics

The extent to which the regional lymphatics are irra-
diated depends on the site and extent of the primary 
tumor and the location and extent of clinically posi-
tive lymph nodes. Guidelines for treatment of the 
regional lymphatics are outlined in Figures 18.33–
18.35. The imaging-based nodal classification is 
depicted in Table 18.3 (Som et al. 1999).

Table 18.2. Parotid and submandibular gland: same with or without concomitant chemotherapy

Both neck N–0 Ipsilateral and contralateral glands: 50% volume ≤30 Gy or mean ≤26 Gy

Ipsilateral neck N+; contralateral neck N–0 No constraint on ipsilateral glands. Contralateral gland: 50% volume 
≤30 Gy or mean ≤26 Gy

Both necks N+ Individualized
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Fig. 18.33. N0 Bilaterally

Node Levels and Laterality

Primary Site IA IB II III IV V VI Retropharyngeal

– Ip C Ip C Ip C Ip C Ip C – Ip C

R R R R R R R R R R

Nasopharynx R R R R R R R R

Soft palate R R R R R R

Anterior 
tonsillar pillar

R Only 
if to 
midline

R Only 
if to 
midline

R Only 
if to 
midline

Tonsil R Only 
if to 
midline

R Only 
if to 
midline

R Only 
if to 
midline

Base of tongue R R R R R R

Pharyngeal wall R R R R R R Only if esophagus 
or apex PS + but 
spare larynx

R R

Pyriform sinus R R R R R R Only if apex+ but 
spare larynx

R Only if to 
midline

Postcricoid R R R R R R Only if esophagus 
or apex PS+

R R

Larynx R R R R R R Only if subglottic +

IP = ipsilateral neck;  C = contralateral neck;  apex PS =  apex of pyriform sinus;  R = Radiotherapy to nodes. 
Image borrowed with permission from the University of Florida Department of Radiation Oncology treatment planning guidelines.   

Fig. 18.34. N–2b or Unilateral N3 

Node Levels and Laterality

Primary Site IA IB II * III IV V VI Retropharyngeal

– Ip C Ip C Ip C Ip C Ip C – Ip C

Nasopharynx ½* R R R R R R R R R R

Soft palate ½* R R R R R R R R R

Anterior tonsillar pillar ½* R R R R R R R R

Tonsil ½* R R R R R R R R

Base of tongue ½* R R R R R R R R

Pharyngeal wall ½* R R R R R R R Only if esophagus or 
apex PS + but spare larynx

R R

Pyriform sinus ½* R R R R R R R Only if apex+ but spare 
larynx

R Only if to 
midline

Postcricoid ½* R R R R R R R R R R

Larynx ½* R R R R R R R R R Only if to 
midline

II*  = cover jugular foramen if positive nodes in level II, V, or retropharyngeal. 
½* = in the absence of high volume level II disease we usually cover only the posterior ½ of level Ib: 1cm anterior to the 
 submandibular gland. 
IP = ipsilateral neck; C = contralateral neck; apex PS =  apex of pyriform sinus; R = Radiotherapy to nodes. 
Image borrowed with permission from the University of Florida Department of Radiation Oncology treatment planning guidelines.
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Fig. 18.35. N–2c (Bilateral Neck Nodes) 

Node Levels and Laterality
Note: Intensity-modulated radiation therapy is rarely used with bilateral adenopathy. We have used IMRT with N2c disease 
in a nasopharynx primary and low volume adenopathy confined to level II-III and the retropharyngeal nodes.

Primary Site IA IB II * III IV V VI Retropharyngeal

– Ip C Ip C Ip C Ip C Ip C – Ip C

Nasopharynx ½* R R R R R R R R R R

Soft palate ½* R R R R R R R R R R

Anterior tonsillar 
pillar

½* R R R R R R R R R R

Tonsil ½* R R R R R R R R R R

Base of tongue ½* R R R R R R R R R R

Pharyngeal wall ½* R R R R R R R R Yes but spare larynx R R

Pyriform sinus ½* R R R R R R R R Yes but spare larynx R R

Postcricoid ½* R R R R R R R R R R R

Larynx ½* R R R R R R R R R R R

II* = cover jugular foramen if positive nodes in level II, V, or retropharyngeal. ½* = in the absence of high volume level II 
disease we usually cover only the posterior ½ of level Ib: 1cm anterior to the submandibular gland. IP = ipsilateral neck; C = 
contralateral neck; apex PS =  apex of pyriform sinus; R = Radiotherapy to nodes. Image borrowed with permission from the 
University of Florida Department of Radiation Oncology treatment planning guidelines.

Table 18.3. Imaging-based nodal classification (From: Som et al. 1999)

Level I The submental and submandibular nodes. They lie above the hyoid bone, below the mylohyoid muscle, and 
anterior to the back of the submandibular gland

Level IA The submental nodes. They lay between the medial margins of the anterior bellies of the digastric muscles

Level IB The submandibular nodes. On each side, they lie lateral to the level-IA nodes and anterior to the back of each 
submandibular gland

Level II The upper internal jugular nodes. They extend from the skull base to the level of the bottom of the body of 
the hyoid bone. They are posterior to the back of the submandibular gland and anterior to the back of the 
sternocleidomastoid muscle

Level IIA A level-II node that lies either anterior, medial, lateral, or posterior to the internal jugular vein. If posterior to 
the vein, the node is inseparable from the vein

Level IIB A level-II node that lies posterior to the internal vein and has a fat plane separating it and the vein

Level III The middle jugular nodes. They extend from the level of the bottom of the body of the hyoid bone to the level 
of the bottom of the cricoid arch. They lie anterior to the back of the sternocleidomastoid muscle

Level IV The low jugular nodes. They extend from the level of the bottom of the cricoid arch to the level of the clavicle. 
They lie anterior to a line connecting the back of the sternocleidomastoid muscle and the posterolateral margin 
of the anterior scalene muscle. They are also lateral to the carotid arteries

Level V The nodes in the posterior triangles. They lie posterior to the back of the sternocleidomastoid muscle from 
the skull base to the level of the bottom of the cricoid arch and posterior to a line connecting the back of 
the sternocleidomastoid muscle and the posterolateral margin of the anterior scalene muscle from the level 
of the bottom of the cricoid arch to the level of the clavicle. They also lie anterior to the anterior edge of the 
trapezius muscle

Level VA Upper level-V nodes extend the skull base to the level of the bottom of the cricoid arch

Level VB Lower level-V nodes extend from the level of the bottom of the cricoid arch to the level of the clavicle, as seen 
on each axial scan

Level VI The upper visceral nodes. They lie between the carotid arteries from the level of the bottom of the body of the 
hyoid bone to the level of the top of the manubrium

Level VII The superior mediastinal nodes. They lie between the carotid arteries below the level of the top of the manu-
brium and above the level of the innominate vein

Supraclavicu-
lar nodes

They lie at, or caudal to, the level of the clavicle and lateral to the carotid artery on each side of the neck, as 
seen on each axial scan

Retropharyn-
geal nodes

Within 2 cm of the skull base, they lie medial to the internal carotid arteries

* The parotid nodes and other superficial nodes are referred to by their anatomical names
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19.1 
Introduction

Radiation oncologists may be called on to treat all 
or some of the following in breast cancer patients: 
the breast or postmastectomy chest wall, axilla, 
ipsilateral internal mammary (IM) lymph nodes, 
and the supraclavicular lymph nodes depending 
on the clinicopathological features of an individual 
patient’s disease. This chapter will begin with a brief 
review of epidemiology, breast anatomy and lym-
phatic drainage patterns, patterns of spread, work-
up and staging of breast cancer, and will focus on the 
technical aspects of irradiation to the intact breast 
and in the postmastectomy setting.

CONTENTS

19.1 Introduction 485
19.2 Epidemiology 486
19.3 Anatomy 486
19.3.1 Lymphatics 486
19.3.2 Lymphatic Drainage 486
19.4 Patterns of Spread 488
19.4.1 Locoregional 488
19.4.2 Systemically 488
19.5 Work-Up 489
19.5.1 History and Physical Examination 489
19.5.2 Mammography 489
19.5.3 Biopsy 489
19.6 Staging 490
19.6.1 Axillary Lymph Node Dissection and 
 Sentinel Biopsy 491
19.6.2 Other Studies 492
19.6.3 Surgery 492
19.7 Radiation Therapy – General Concepts 492
19.7.1 Boost Treatment – General Concepts 493
19.8 Breast Conservation Radiation Therapy 493
19.8.1 Indications 493
19.8.2 Treatment to Breast Only 493
19.8.3 Simulation: The University of Texas M. D. Anderson 
 Cancer Center Method, Supine Breast 494
19.8.4 Virtual Simulation 495
19.8.5 Dosimetry 495
19.9 Regional Nodes 495
19.10 Boost to Primary Site 495
19.11 Supraclavicular Nodal Irradiation 497
19.12 Prone Position Breast Conservation 
 Radiation Therapy 499
19.12.1 General Concepts 499
19.12.2 Dosimetry 499
19.12.3 Set-Up 499
19.13 Partial Breast Irradiation 500
19.13.1 General Concepts 500
19.13.2 Standard Brachytherapy 500
19.13.3 Multiplane, Multineedle Implant 500
19.13.4 MammoSite™ 501
19.13.5 Conformal External Beam 501
19.14 Postmastectomy Irradiation 501
19.14.1 Indications 501

19.15 Regional Nodal Failure 501
19.15.1 Internal Mammary Chain Radiation – 
 General Concepts 502
19.16 Postoperative Chest Wall Tangential 
 Photon Fields 503
19.16.1 Field Borders 503
19.16.2 Dosimetry 503
19.17 Electron Beam Chest Wall Fields 504
19.17.1 Field Borders 504
19.17.1.1 Dosimetry 505
19.17.1.2 Energy 505
19.18 Partly-Deep Tangential Pair Fields 505
19.18.1 General Concepts 505
19.18.1.1 Treatment Planning 505
19.18.1.2 Dosimetry 505
19.18.1.3 Energy 505
19.19 Anterior Supraclavicular–Axillary 
 Photon Field 505
19.19.1 Field Borders 505
19.19.2 Dosimetry 506
19.20 Supraclavicular and Axillary Apex Field 
 (Electron Beam Technique) 507
19.21 Internal Mammary Chain Radiation 507
19.21.1 Field Borders 507
19.21.2 IM Dosimetry 508
19.22 Axillary Irradiation 508
19.22.1 Indications 508
19.23 Posterior Axillary Field 508
19.24 Postmastectomy Boost 509
19.24.1 General Concepts 509
19.24.2 Dosimetry 509
 References 509



486 S. B. Motwani et al.

19.2 
Epidemiology

Breast cancer is the most common cancer of women, 
with 211,240 estimated new cases reported (2005) 
annually in the U.S. and 40,410 estimated deaths 
(Jemal et al. 2005). It is estimated that a woman has 
a one in eight chance of developing breast cancer 
sometime in their lifetime (Feuer et al. 1993). The 
risk of breast cancer is associated with increas-
ing age, particularly in women 55 years or older 
(Devesa et al. 1995). Additionally, genetic, endo-
crine and reproductive factors, and family histories 
all contribute to assessing an individual’s risk for 
developing breast cancer. It is interesting that there 
is up to a tenfold difference in breast cancer inci-
dence depending on geography and socioeconomic 
background (Parkin and Muir 1992).

19.3 
Anatomy

A thin layer of mammary or breast tissue extends 
from the edge of the sternum medially to the latis-
simus dorsi muscle laterally, up to the inferior edge 
of the clavicle superiorly. The breast mound usually 
extends from the anterior 2nd rib to anterior 6th or 
7th rib, depending on the size. This protuberance 
is from near midline to the anterior axillary line, 
although the largest volume of tissue is located in the 
upper-outer quadrant. Often times the breast has 
a thick portion of tissue extending into the axilla, 
known as the axillary tail of Spence. A common site 
for primary tumors, this area can become so promi-
nent that it can form an apparent axillary mass or 
give the appearance of a secondary breast mound.

19.3.1 
Lymphatics

There is a well-developed lymphatic system within 
the breast with primary drainage to the axilla, supra-
clavicular, infraclavicular, and IM lymph nodes as 
shown in Fig. 19.1. Generally, this drainage moves 
superiorly and laterally toward the axillary lymph 
nodes. These then drain into the confluence of the 
internal jugular and subclavian veins in the base 
of the neck under the insertion of the sternocleido-
mastoid muscle to the head of the clavicle. The lym-
phatic trunks are therefore located in the medial 

portion of the supraclavicular area. There are three 
trunks of primary importance: the subclavian trunk 
from the axilla, the jugular trunk from the neck and 
supraclavicular area, and the bronchomediastinal 
trunks. All the trunks combine in a variety of ways 
to empty on the right side into a short common 
trunk, the right lymphatic trunk, and on the left 
side into the internal jugular vein, subclavian vein, 
or the thoracic duct.

The axillary lymph nodes are separated into three 
anatomically continuous levels using the pectora-
lis minor muscle as a point of reference as shown 
in Figure 19.2. This muscle has its origin from the 
third, fourth, and fifth ribs inserting onto the cora-
coid process of the scapula. The three levels are:
• Level I (proximal) – nodes located inferior (lat-

eral) to the pectoralis minor muscle
• Level II (middle) – nodes directly beneath the 

muscle
• Level III (distal) – nodes superior (medial) to the 

muscle

19.3.2 
Lymphatic Drainage

The primary drainage of the breast tissue is to the 
ipsilateral lower axilla. Analysis of the degree of 
axillary lymphatic involvement by the tumor pro-

Fig. 19.1. Distribution of lymphatic trunks draining breast and 
chest wall musculature. Intercostal lymphatics are probably 
also directing route of spread. (Reprinted with permission 
from Haagensen 1986)
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vides the most important single prognostic factor 
for breast carcinoma. In general, axillary lymphatic 
involvement occurs in an orderly fashion. It is more 
common to see level-I and -II involvement than I 
and III or III alone. Generally, only level-I and -II 
nodes are routinely dissected for staging purposes. 
In a series of 1446 patients, Veronesi et al. (1990) 
showed that the incidence of skip metastases is quite 
rare, with only 1.2% showing invasion in level II 
without involvement at level I. Conversely, when the 
nodes at level I were positive, approximately 40% 
of higher level nodes were also involved. The dis-
tribution of nodal metastases by level is shown in 
Table 19.1.

The other major route of lymphatic spread is 
via the ipsilateral internal mammary chain (IMC). 
These nodes are small, 2–5 mm in diameter, and can 
be structural nodes or poorly organized collections 
of lymphocytes in areolar tissue. These nodes are 
grouped around and travel with the IM artery and 
vein and generally within a few centimeters of the 
lateral edge of the sternum. They usually lie on the 
thoracic fascia in the interspaces between the costal 
cartilages with rare exceptions underneath the edge 

Fig. 19.2. Anatomy of axilla (pectoralis major and minor muscles partially removed to demonstrate anatomic levels of lymph 
nodes). Internal mammary artery and vein (1), substernal cross drainage to contralateral internal mammary lymphatic chain 
(2); subclavian muscle and Halsted’s ligament (3); lateral pectoral nerve (from lateral cord) (4); pectoral branch from thora-
coacromial vein (5); pectoralis minor muscle (6); pectoralis major muscle (7); lateral thoracic vein (8); medial pectoral nerve 
(from medial cord) (9); pectoralis minor muscle (10); median nerve (11); subcapsular vein (12); thoracodorsal vein (13); internal 
mammary lymph nodes (A); apical lymph nodes (B); interpectoral (Rotter’s) lymph nodes (C); axillary vein lymph nodes (D); 
central lymph nodes (E); scapular lymph nodes (F); external mammary lymph nodes (G). Level I lymph nodes lateral to lateral 
border of pectoralis minor muscle; level II lymph nodes behind pectoralis minor muscle; level III lymph nodes medial to medial 
border of pectoralis minor muscle. (Reprinted with permission from Osborne 1987)

Table 19.1. Distribution of 839 cases according to metastatic 
involvement by level

Levels involved Number of 
cases (%)

I 455 (54.2)
I+II 187 (22.3)
I+II+III and I+III 186 (22.2)
Total number of cases with regular distribution 828 (98.7)
II 010 (1.2)
III 001 (0.1)
Total number of cases with ‘skip’ distribution 011 (1.3)

Total 839 (100.0)

of the costal cartilage. They are primarily found in 
the first three intercostal spaces with fewer lymph 
nodes identified in the fourth and fifth interspaces. 
Ultrasound and lymphoscintigraphy can be used to 
determine the location of these structures, and ultra-
sound can detect small volume metastases based on 
architectural changes. Retromanubrial lymphatic 
connecting at the level of the first interspace occurs 
between the right and left lymphatic trunk, 20% of 
the time (Haagensen 1971).
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Supraclavicular nodal involvement generally rep-
resents stages of advanced regional disease and car-
ries a poorer prognosis. The major route of cancer 
spread to the supraclavicular nodes is via the axillary 
lymph nodes. When lymph becomes obstructed in the 
lymphatic trunks or the internal jugular–subclavian 
venous confluence, retrograde spread may occur into 
the lateral supraclavicular nodes and spread more 
posteriorly or in a cephalad direction. The supracla-
vicular nodes at greatest risk are difficult to examine, 
located behind the sternocleidomastoid muscle, while 
the supraclavicular nodes more laterally are easier to 
detect on physical examination.

The frequent use of sentinel lymph node surgery 
has re-established preoperative lymphoscintigraphy 
as an important diagnostic tool. Shahar et al. (2005) 
looked at 297 breast carcinoma patients with at least 
one positive sentinel lymph node. Of these patients, 
279 had drainage to the regional lymph node basins 
seen on lymphoscintigraphy. Dual drainage to both 
the IMC and axilla was seen in 59 patients, and 4 
patients had drainage to the IMC only. IMC drain-
age is correlated with tumor location. IMC drainage 
rates differed significantly between upper and lower 
tumors [lower 36.4% versus central 28.4% versus 
upper 14.6%, but not between medial and lateral 
tumors (Shahar et al. 2005)]. IMC drainage pat-
terns can be found in Tables 19.2 and 19.3.

19.4 
Patterns of Spread

19.4.1 
Locoregional

Locoregional tumor spread occurs both by direct 
extension and lymphatic transit. Locally, the cancer 
can be found in the overlying skin, the pectora-
lis muscles, or even the chest wall. Therefore, it is 
important to assess the size and mobility of the mass 
in relation to the skin and chest wall on physical 
examination. True, independent multicentric tumor 
development is probably uncommon. With inflam-
matory carcinoma, assessment of the full extent of 
cutaneous changes, particularly erythema and skin 
edema, is necessary prior to initiating therapy since 
radiographic studies typically underestimate the 
extent of disease. Regionally, the two most common 
areas of spread are the IMC and the axillary nodes. 
IMCs are usually involved much less than the axillary 
nodes. Resection of the IMCs does not affect overall 

survival though. In early stages of breast cancer, 
when lymphatic mapping has been shown to include 
IM drainage, these nodes probably also need to be 
targeted. Since nodal status (and hence stage) is the 
primary prognostic determinant in breast cancer, 
accurate clinical staging is critical for patients who 
will not undergo initial surgery. Of breast cancer 
cases, 40% have some axillary node involvement. 
As the number of involved lymph nodes increases, 
survival decreases substantially. The risk of lymph 
node involvement is also dependent on the size of 
the mass and whether or not it is clinically palpable 
(Silverstein et al. 1995).

19.4.2 
Systemically

Systemically, breast cancer can spread to any area 
of the body, but well-recognized patterns are seen. 
Two-thirds of the first recurrences after a mastec-
tomy are systemic, and the remaining third is locore-
gional (Crowe et al. 1991). Since the mechanism of 
these two events are distinct, it is recommended 
that systemic events be labeled as metastasis and 
the label “recurrence” be reserved for locoregional 
events. The most common areas of systemic metas-

Table 19.2. The frequency of internal mammary chain (IMC) 
drainage as a function of primary tumor location (P=0.017) 
(Shahar et al. 2005)

Tumor quadrant Number of 
patients (%)

Rate of drainage 
to IMC (%)

Upper outer 128 (46) 14.1
Upper inner 030 (11) 16.7
Lower outer 019 (7) 31.6
Lower inner 014 (5) 42.9
Central 088 (31) 28.4

Table 19.3. Relationship between tumor location and drainage 
to internal mammary chain (IMC) lymph nodes. Subgrouping 
1, P=0.003; subgrouping 2, P=0.077 (Shahar et al. 2005)

Variable Number of 
patients (%)

Rate of drainage 
to IMC (%)

Analysis: upper versus 
lower

- -

Lower quadrants 033 (12) 36.4
Central breast 088 (31) 28.4
Upper quadrants 158 (57) 14.6
Analysis: medial versus 
lateral

- -

Medial quadrants 044 (16) 25.0
Central breast 088 (31) 28.4
Lateral quadrants 147 (53) 16.3
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tases are bone, lung, liver, and the central nervous 
system – in decreasing order of frequency.

The timing of breast cancer recurrences deserves 
special attention. Recurrence is likely to occur ear-
lier in women with large, node positive disease than 
in those with small, node negative disease. First-time 
recurrences typically occur between the second and 
fifth years after treatment (Hellman and Harris 
2000). Overall, up to 80% of the patients will have 
had their recurrence within 5 years and 95% of the 
patients will have had it by 10 years, but the recur-
rence rate is not absolutely zero even after 15 years 
(Hellman and Harris 2000).

The radiation oncologist needs to be aware of these 
patterns of spread so they can educate their patients 
and their families. They need to maintain routine 
follow-up for women with non-breast malignancies. 
Finally, they need to be aware of any prior radiation, 
especially if it occurred at a young age, as this prior 
exposure poses a major risk for radiation-induced 
breast cancer. The latent period for induction is at least 
10–15 years (van Leeuwen et al. 2000). For example, 
patients who had Hodgkin’s disease at a very young 
age require thoughtful follow-up as a population at 
increased risk to develop new cancers.

19.5 
Work-Up

19.5.1 
History and Physical Examination

The routine use of screening mammography has 
resulted in the routine presentation of breast cancer as 
an asymptomatic finding. The first and most impor-
tant step in the work-up of breast cancer is to obtain 
a clear history and appropriate physical examination. 
Important elements of the history and physical exam 
can be found on Tables 19.4 and 19.5 (Morrow et al. 
2002). Any symptoms suggesting systemic disease, 
such as bone pain (especially in the spine, pelvis, 
hips, and ribs), unusual cough or shortness of breath, 
headache, dizziness, or change in vision or mental 
status should also be documented.

19.5.2 
Mammography

The initial work-up of a breast cancer begins with 
the bilateral diagnostic mammogram. All areas of 

Table 19.4. Elements of a breast cancer specific history

• Family history (any first-degree relatives or extended  
 family), age at diagnosis
• Any history of ovarian carcinoma
• History of any prior irradiation
• Presence of implants (type and location)
• Last menstrual period
• Systemic symptoms
• Nipple discharge; spontaneous versus induced, color of  
 discharge

Table 19.5. Elements of a breast physical exam

• Tumor location and size, if palpable
• Fixation to skin
• Ratio of breast size to tumor size
• Axillary node status: size and mobility
• Supraclavicular nodal status
• Evidence of locally advanced disease:
 • Skin ulceration
 • Peau d’orange
 • Skin erythema, edema
 • Fixed axillary nodes
 • Lymphedema of the ipsilateral arm
• Nipple changes
• Appearance of the opposite breast and axilla

the breast must be imaged, with palpable areas of 
concern marked. Magnification or spot compression 
views of any suspicious areas should be performed 
during the examination. Breast lesions are measured 
in two dimensions, and skin thickening should be 
noted. If the mass is associated with microcalcifica-
tions, there should be documentation of the extent of 
microcalcification and its relationship to any mass 
lesions. Clustering and type of microcalcification 
should also be noted. It is also important to docu-
ment multicentricity and multifocality since it may 
influence the direction of treatment.

19.5.3 
Biopsy

It is highly desirable to sample any suspicious or 
ambiguous lesions including secondary lesions in 
patients with documented cancers. Short interval 
re-imaging (i.e., 6 months) should only be used 
to follow findings that are most probably benign 
(BIRADS 2–3) (Sickles 1995). Stereotactic core 
biopsy and fine needle aspiration cytology are the 
two most common methods to obtain tissue. During 
a core biopsy, mammographic guidance is used to 
obtain tissue samples with minimal disturbance of 
the breast.
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Detailed pathological features are described on 
tissue specimens collected from biopsy. Histologi-
cal type and grade; estrogen receptor, progesterone 
receptor, and Her2/neu receptor status; presence or 
absence of tumor necrosis; vascular and lymphatic 
invasion; an inflammatory infiltrate; the presence of 
DCIS in association with an invasive ductal carcinoma 
surgical margin; and pathological nodal status should 
all be noted. Tumor necrosis, lymphatic and vascular 
invasion, and an inflammatory infiltrate have been 
known to increase breast cancer recurrence rates, up 
to 10–15% at 5 years (Kurtz et al. 1990). Noting an 
extensive intraductal component (EIC) associated with 
the primary invasive cancer on mammography is also 
useful. Patients with microcalcifications greater than 
3 cm are at higher risk of EIC, and this alerts the sur-
geon to anticipate wider margins (Kurtz et al. 1990). 
The presence of EIC with pathologically clear margins 
does not lead to higher risk of locoregional recur-
rence (Hurd et al. 1997). Mammography should be 
obtained after excision, especially if there was a pres-
ence of microcalcifications before excision, in order to 
ensure all the suspicious lesions are removed.

19.6 
Staging

Once a diagnosis has been pathologically con-
firmed, the tumor needs to be appropriately staged. 
As previously mentioned, clinical staging is used 
for patients who have not undergone initial surgery. 
Pathological staging is used for patients who have 
already undergone surgery. Good clinical staging 
is assessed by a thorough, focused breast physical 
exam (Table 19.5). Appropriate staging combined 
with precise location of tumor facilitates proper 
radiation treatment field planning.

The current staging system standard for breast 
cancer is a collaborative work of the American Joint 
Committee on Cancer (AJCC) and the Union Interna-
tionale Centre Cancer (UICC). This system is a TNM 
system and patients may be staged pre-operatively 
(clinically) or postoperatively (pathologically). Pre-
sented in Tables 19.6, 19.7, and 19.8 are the 6th edi-
tion (2002) TNM staging classification schemes and 
stage groupings (Singletary et al. 2002). The two 
major changes from the prior 5th edition (1997) are: 
(1) clinical evidence of metastases to the infraclavicu-
lar or supraclavicular lymph nodes are classified as N3 
instead of M1 and (2) pathological lymph node status is 
now based on the number of axillary nodes involved.

Table 19.6. Sixth Edition AJCC TNM clinical staging system 
for breast cancer

Primary Tumor (T)
Tx: Primary tumor cannot be assessed
T0: No evidence of primary tumor
Tis: Carcinoma in situ (DCIS, LCIS, Paget’s disease with no  
 invasive tumor)
Tis (DCIS): ductal carcinoma in situ
Tis (LCIS): lobular carcinoma in situ
Tis (Paget’s): Paget’s disease of the nipple with no tumor
Note: Paget’s disease associated with a tumor is classified  
 according to the size of the tumor

T1: ≤2 cm in greatest dimension
T1mic: microinvasive ≤0.1 cm
T1a: >0.1–0.5 cm
T1b: >0.5–1 cm
T1c: >1–2 cm
T2: >2–5 cm
T3: >5 cm

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/peau d’orange or ulceration of the skin of the  
 breast, or satellite skin nodules confined to the same  
 breast
T4c: Both T4a and T4b
T4d: Inflammatory carcinoma

Regional (Ipsilateral) Lymph Nodes (N)
Nx: cannot be assessed (e.g., previously removed)
N0: No lymph node metastasis
N1: Metastasis to movable ipsilateral axillary lymph nodes
N2: Metastasis in ipsilateral axillary lymph nodes fixed of  
 matted, or in clinically apparent* ipsilateral internal  
 mammary nodes in the absence of clinically evident axil- 
 lary lymph node metastasis
N2a: Metastasis in ipsilateral axillary lymph nodes fixed to  
 one another (matted) or to other structures
N2b: Metastasis only in clinically apparent* ipsilateral internal  
 mammary nodes in the absence of clinically evident axil- 
 lary lymph node metastasis
N3: Metastasis in ipsilateral infraclavicular lymph nodes,  
 with or without axillary lymph node involvement, or  
 in clinically apparent* ipsilateral internal mammary  
 lymph nodes in the presence of clinically evident axillary 
 lymph node metastasis; or metastasis in ipsilateral  
 supraclavicular lymph nodes, with or without axillary or  
 internal mammary lymph node involvement
N3a: Metastasis in ipsilateral infraclavicular lymph nodes
N3b: Metastasis in ipsilateral internal mammary lymph nodes  
 and axillary lymph nodes
N3c: Metastasis in ipsilateral supraclavicular lymph nodes

Distant Metastasis (M)
Mx: Distant metastases cannot be assessed
M0: No distant metastases
M1: Distant metastases present

* Clinically apparent is defined as detected by imaging studies 
(excluding lymphoscintigraphy) or by clinical examination or 
grossly visible pathologically
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Table 19.7. Sixth Edition AJCC TNM pathological staging system for breast cancer

Primary Tumor (T)
Tx: Primary tumor cannot be assessed
T0: No evidence of primary tumor
Tis: Carcinoma in situ (DCIS, LCIS, Paget’s disease with no  
 invasive tumor)
Tis (DCIS): Ductal carcinoma in situ
Tis (LCIS): Lobular carcinoma in situ
Tis (Paget’s): Paget’s disease of the nipple with no tumor
Note: Paget’s disease associated with a tumor is classified  
 according to the size of the tumor

T1: ≤2 cm in greatest dimension
T1mic: Microinvasive ≤0.1 cm
T1a: >0.1–0.5 cm
T1b: >0.5–1 cm
T1c: >1–2 cm
T2: >2–5 cm
T3: >5 cm

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/peau d’orange or ulceration of the skin of the  
 breast, or satellite skin nodules confined to the same  
 breast
T4c: Both T4a and T4b
T4d: Inflammatory carcinoma

Regional (Ipsilateral) Lymph Nodes (N)
pNx: Regional lymph nodes cannot be assessed  
 (e.g., previously removed, or not removed for  
 pathological study)
pN0: No regional lymph node metastasis histologi- 
 cally, no additional examination for isolated  
 tumor cells (ITC)
pN0(i-): No regional lymph node metastasis histologi- 
 cally, negative immunohistochemistry (IHC)
pN0(i+): No regional lymph node metastasis histologi- 
 cally, positive IHC, no IHC cluster >0.2 mm
pN0(mol-): No regional lymph node metastasis histologi- 
 cally, negative molecular findings (reverse  
 transcriptase/polymerase chain reaction)
pN0(mol+): No regional lymph node metastasis histoologi- 
 cally, positive molecular findings (reverse  
 transcriptase/polymerase chain reaction)

pN1: Metastasis in 1 to 3 axillary lymph nodes, or in inter- 
 nal mammary nodes with microscopic disease  
 detected by sentinel lymph node dissection, or both,  
 but not clinically apparenta

pN1mi: Micrometastasis (>0.2 mm, none >2.0 mm)
pN1a: Metastasis in 1 to 3 axillary lymph nodes
pN1b: Metastasis in internal mammary nodes with micro- 
 scopic disease detected by sentinel lymph node dis- 
 section but not clinically apparenta

pN1c: Metastasis in 1 to 3 axillary lymph nodes and in  
 internal mammary nodes, with microscopic disease  
 detected by sentinel lymph node dissection, but not  
 clinically apparenta (if associated with more than  
 3 positive axillary lymph nodes, the internal mam- 
 mary nodes are classified as pN3b to reflect increased  
 tumor burden)
pN2: Metastasis in 4 to 9 axillary lymph nodes, or in clini- 
 cally apparentb internal mammary lymph nodes in  
 the absence of axillary lymph nodes metastasis
pN2a: Metastasis in 4 to 9 axillary lymph nodes (at least 1  
 tumor deposit >2.0 mm)
pN2b: Metastasis in clinically apparentb internal mammary  
 lymph nodes in the absence of axillary lymph nodes  
 metastasis
pN3: Metastasis in 10 or more axillary lymph nodes, or  
 in infraclavicular lymph nodes, or in clinically  
 apparentb ipsilateral internal mammary lymph nodes  
 in the presence of 1 or more positive axillary lymph  
 nodes; of in more than 23 axillary lymph nodes with  
 clinically negative microscopic metastasis in internal  
 mammary lymph nodes; or in ipsilateral supracla 
 vicular lymph nodes
pN3a: Metastasis in 10 more axillary lymph nodes (at least  
 1 tumor deposit >2.0 mm), or metastasis to the infra- 
 clavicular lymph nodes
pN3b: Metastasis in clinically apparentb ipsilateral internal  
 mammary lymph nodes in the presence of 1 or more  
 positive axillary lymph nodes; or in more than 3 axil- 
 lary lymph nodes and in internal mammary lymph  
 nodes with microscopic disease detected by sentinel  
 lymph node dissection, but not clinically apparenta

pN3c: Metastasis in ipsilateral supraclavicular lymph nodes

Distant Metastasis (M)
Mx: Distant metastases cannot be assessed
M0: No distant metastases
M1: Distant metastases present

a Not clinically apparent is defined as detected by imaging studies (excluding lymphoscintigraphy) or by clinical examination 
or grossly visible pathologically. b Clinically apparent is defined as detected by imaging studies (excluding lymphoscintigra-
phy) or by clinical examination

19.6.1 
Axillary Lymph Node Dissection and Sentinel 
Biopsy

Traditionally, the standard approach to the axilla 
was a level-I and -II axillary lymph node dissection 
(ALND). This procedure provided useful prognos-
tic information, treated involved lymph nodes, and 

determined whether systemic treatment was neces-
sary or not. Even though there are many advantages 
from an ALND, a patient’s quality of life may be 
diminished. Patients often have pain and numbness 
in the axilla accompanied by decreased range of 
motion and risk of chronic lymphedema.

The sentinel node biopsy has become the de facto 
standard to determine nodal status in patients with 
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a clinically negative axilla. Sentinel nodes are the 
first nodes that the mass primarily drains to. If these 
nodes are negative, the probability of involvement to 
other axillary lymph nodes is small. Sentinel node 
dissection is indicated for small primary tumors 
with clinically negative axillary lymph nodes and 
no prior axillary surgery. Blue dye and radioactive 
colloid are typically used to identify sentinel lymph 
nodes. Sentinel nodes have been identified more 
than 90% of the time independently of the technique 
used (Krag et al. 1998). Usually only one node was 
identified 67–93% of the time and the false negative 
rate was 0–11.9% (Wolmark and Risher 1981). If 
the sentinel node is positive, the current standard 
of care remains a formal level-I and -II ALND. In 
the absence of sentinel lymph node biopsy, accu-
rate lymph node staging requires a minimum of six 
lymph nodes identified in an axillary dissection, 
and the mean number of identified nodes at M.D. 
Anderson Cancer Center is 17 (Katz et al. 2000). In 
the NSABP trial B-4, not one patient with more than 
six nodes removed experienced an axillary failure 
(Wolmark and Risher 1981). The more lymph 
nodes removed, the more reliable the number of 
involved nodes becomes.

19.6.2 
Other Studies

Other studies every breast cancer patient should 
have are a chest X-ray, a complete blood count, 
and a biochemical profile with particular attention 
to liver function tests and lactate dehydrogenase 
(LDH) levels. Other limited staging studies may 
be warranted depending on the patient’s symp-
toms and stage of disease. Bone scan and com-

puted tomography (CT) of the chest and abdomen 
may be useful image modalities if the patients are 
asymptomatic or have locoregionally advanced 
breast cancer.

19.6.3 
Surgery

The historic treatment for invasive breast cancer 
was mastectomy accompanied by a level-I and -II 
ALND. Multiple clinical trials have shown an equal 
disease-free and overall survival between mas-
tectomy and breast conservation therapy. Thus, 
today, most women with early breast cancer elect to 
have lumpectomies followed by radiation therapy
(Fig. 19.3) (Fisher et al. 2002).

19.7 
Radiation Therapy – General Concepts

Adjuvant radiation therapy should begin after the 
integration of mammographic, pathological, and 
surgical information from the patient’s disease. It 
has a good therapeutic index by decreasing locore-
gional recurrence and avoiding late complications. 
In addition, radiotherapy planning must take into 
account the extent and location of the tumor, the size 
of the breast, and the patient’s concerns about recur-
rence, cosmesis, and side effects. If radiation is to be 
given concurrently with chemotherapy, there needs 
to be constant communication and open dialogue 
between the radiation oncologist and the medical 
oncologist so that both treatments are integrated 
smoothly.

As soon as the patient has healed from surgery, it 
is appropriate for radiation therapy to begin. Typi-
cally, in an uncomplicated breast-conserving sur-
gery, this time period is 2–4 weeks after surgery. It 
is important that the radiation oncologist demon-
strates reproducibility with regard to patient set-up, 
treatment planning, and equipment to assure dose 
homogeneity. Typically 6-MV photons are used on 
the intact breast, but higher energy photons may be 
used for women with larger breasts to assure better 
dose homogeneity. Each field is treated Monday 
through Friday, typically once a day. Radiation 
pneumonitis can be reduced as long as no more 
than 3–3.5 cm of lung is irradiated, and often 
only 1–1.5 cm is required (Lingos et al. 1991). At 
our institution, M.D. Anderson Cancer Center, we 

Table 19.8. Stage grouping for breast cancer

Stage Tumor Nodes Metastasis

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 Any N M0
IIIC Any T N3 M0
IV Any T Any N M1
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believe the requirement of lung irradiation is zero. 
The lung and all other critical structures should be 
avoided whenever possible. Ideally, a thoughtful 
assessment of the volume at risk, focusing particu-
larly on the tumor bed, permits delineating target 
volume according to the patient’s anatomy. For left-
sided lesions, effort is necessary to minimize the 
amount of heart irradiation in the tangential fields, 
which should ideally be nil. Typically, in an intact 
breast, radiation therapy is delivered using opposed 
tangential fields to a dose of 45–50 Gy (1.8–2.0 Gy 
per fraction).

19.7.1 
Boost Treatment – General Concepts

Although there has been controversy regarding 
whether or not a boost is required for treatment, 
recent clinical trials have substantiated its useful-
ness (Bartelink et al. 2001). Among these, the 
EORTC has reported the favorable impact of boosts 
on local recurrent rates (Vrieling et al. 1999). 
Boost treatment is clearly indicated for patients with 
focally positive or close margins of resection. The 
total dose to the primary tumor site is increased 
to approximately 60–66 Gy. Selection of the boost 
dose and volume is based on the patient’s surgi-
cal and pathological information. A boost may not 
be required for those patients with more favorable 
tumors whose margins are clearly negative as long as 
the whole breast is treated to at least 50 Gy (Kurtz 
2001).

19.8 
Breast Conservation Radiation Therapy

19.8.1 
Indications

The primary target of radiation therapy and breast 
conservation therapy is to eradicate microscopic 
residual disease adjacent to the original site of 
tumor as well as to eliminate any evidence of mul-
ticentric disease. Since 80% of the early failures in 
this patient group are in the same quadrant as the 
original primary, achieving adequate coverage in 
that area is imperative. The risk of distal failure 
in the intact breast due to multicentric disease is 
in part a function of the volume of the breast and 
the techniques used. Distant failures are typically 
low when small volumes of breast tissue are left un-
irradiated, particularly if that volume is well away 
from the primary site.

CT permits the easy evaluation of the operative 
bed, identification of the majority of the remaining 
breast tissue as well as adjacent avoidance structures 
such as heart and lung. CT-based planning is highly 
preferred over fluoroscopic planning and is rapidly 
becoming a standard of care.

19.8.2 
Treatment to Breast Only

Irradiation is administered to the breast alone in 
all patients who have undergone excision (“lumpec-

Fig. 19.3. NSABP B-06 data showing equivalent disease-free survival, distant-disease-free survival, and overall survival between 
patients who had lumpectomy followed by external beam radiation therapy compared with women who had a total mastec-
tomy. (Reprinted with permission from Fisher et al. 2002)
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tomy” or segmental resection) of early-stage invasive 
carcinomas. Current standards also recommend the 
use of post-excision radiation for most patients with 
ductal carcinoma in situ (DCIS), although selective 
avoidance is considered in patients with “favorable” 
DCIS – those with very small low-grade lesions 
with excessive wide to clear margins. Treatment of 
regional lymphatics is not indicated in lymph node-
negative patients with an adequate axillary assess-
ment and is generally not useful in patients with 
early-stage disease. If regional nodal irradiation is 
contemplated, its intent must be integrated into the 
original planning sessions. For patients with incom-
pletely assessed axillae or those with microscopic 
involvement of sentinel nodes, it is technically possi-
ble to include the level-I and level-II axilla in oppos-
ing pairs using “high” tangents (Schlembach et al. 
2001). Tumors at the extreme edges of the breast are 
particularly at risk for a geographic miss of the peri-
tumoral tissue. Full delineation of the tumor bed is 
most easily accomplished with patients with recent 
lumpectomies and the placement of surgical clips 
remains useful for the planning of breast conserva-
tion therapy. If long time intervals pass from surgery 
to radiation planning, as is common for adjuvant 
chemotherapy, there may be almost no visible opera-
tive bed to guide radiotherapy planning.

19.8.3 
Simulation: The University of Texas 
M. D. Anderson Cancer Center Method, 
Supine Breast

The basic technique for supine breast tangential 
treatment is surprisingly variable. Subtle differences 
in target delineation, immobilization techniques, 
dose specification, and missing tissue compensa-
tion suggest that there is no such thing as a single 
“standard” breast treatment. At UT M.D. Ander-
son Cancer Center, patients are immobilized in an 
L-shaped Vac-Lok™ cradle with the arm highly 
abducted. The cradle is fabricated on a slant board 
with cut-outs that permit only a single placement of 
the Vac-Lok™ cradle on the slant board (Fig. 19.4). 
Subsequently, supports that result in 5, 10, 15 or 20° 
inclination are inserted. Lastly, all of these devices 
are fixed to the table using an Exact™ Lok-Bar (with 
a cam-lock locking mechanism). Thin-cut spiral CT 
images, typically 3-mm slices, are obtained from the 
mid-neck to the upper abdomen (Fig. 19.5). It may 
be useful to place delineating wires on incision sites 
and to delineate the clinically determined breast 

Fig. 19.4. Slant board. The slant board is used along with a 
vacuum cradle to ensure proper immobilization of the body 
and arm as well as daily reproducibility of the patient’s treat-
ment position

Fig. 19.5. Pre-computed tomography (CT) simulation skin 
marks including approximate fi eld borders, incision sites or 
drains can be useful during 3-D treatment planning

mound. After reconstruction of the CT images, two 
separate fiducials are placed on the patient's skin. 
The first represents laser lines coincident with the 
central axis and the second is placed at the CT-deter-
mined likely field edges (Fig. 19.6). The relationship 
between these two fiducials is a known quantity and 
permits subsequent verification of positioning at the 
initial treatment set-up (Fig. 19.7). Subsequently, 
virtual simulation of the tangential fields is per-
formed after the patient has been released. Careful 
documentation of all the parameters and recording 
of set-up instructions is the key to success.
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delivery of radiation therapy because patients with 
early breast cancer have a high probability of long-
term survival. This is a critical aspect of treatment 
planning. The Oxford overview suggests that in 
the absence of careful treatment planning, a small 
survival benefit for radiation therapy, even in the 
context of early breast cancer, becomes offset by 
increased cardiovascular deaths (Fig. 19.11).

19.8.5 
Dosimetry

The dose is specified at the pectoral surface and 
with appropriate compensation for missing tissue or 
lung heterogeneity. This results in the specified dose 
becoming the breast minimum dose. Typically 50 Gy 
in 25 fractions is prescribed at the dose specification 
isodose. We use intensity modulation with a field-
in-field “step and shoot” technique, which results 
in excellent homogeneity of dose within the target 
volume (Fig. 19.12). Additional advantages include 
the need for fewer monitor units than comparable 
wedged plans and hence enhanced treatment times 
as well as decreased dose to distant normal tissue, 
such as the opposite breast (Hong et al. 1999).

19.9 
Regional Nodes

When regional nodal irradiation is combined with 
breast tangential fields, additional complexities are 
involved. Junctional variation, always an area of dosi-
metric uncertainty, should be minimized through 
standardized techniques and superior immobiliza-
tion. Breast field planning with non-divergent field 
edges are required at field abutments. Although it has 
some drawbacks, the rod and chain technique pro-
vides a non-divergent cephalad border with great flex-
ibility in application and verification (Fig. 19.13).

The techniques used to treat the supraclavicular, 
axillary and IMCs are identical to those described 
below for the postmastectomy setting.

19.10 
Boost to Primary Site

If margins are close or unknown, re-excision should 
be considered, provided the amount of breast tissue 

Fig. 19.6. Sagittal laser beam used for setting up patient rela-
tive to anatomic landmarks. Isocenter point fi rst positioned 
in sagittal plane and then shifted laterally through pre-cal-
culated distance to position within breast to defi ne treatment 
isocenter

Fig. 19.7. Treatment fi elds drawn on intact breast. Red lines 
represent the primary fi eld and central axis. Blue lines repre-
sent the set-up lasers

19.8.4 
Virtual Simulation

Prior to beginning the final development of the 
tangential field set, contouring of the incision site 
and operative bed is performed, any adjacent avoid-
ance structures may also be contoured (Fig. 19.8). 
The development of a tangential pair with a non-
coplanar posterior edge is then determined by the 
physics and dosimetry staff along with the clinical 
radiation oncologist to obtain optimum coverage of 
the tumor bed adjacent structures and the majority 
of the breast mound, at the same time minimizing 
adjacent structures not at risk (Fig. 19.9). Generally, 
no cardiac structure is included within the tangen-
tial fields and it is usually possible to minimize the 
amount of adjacent lung to 1.5–2 cm (Fig. 19.10).

There is ample evidence to suggest that cardiac 
irradiation is detrimental, although cardiac con-
sequences of breast irradiation have long latencies 
estimated to only begin to be seen at 15 years after 
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Fig. 19.9. Intermediate step in devel-
opment of tangent pair. After oppos-
ing medial fi eld, the new lateral fi eld 
has a diverging deep edge. Additional 
gantry rotation will result in the 
desired coplanar deep fi eld edge

Fig. 19.10. Left-sided tumor in lateral breast with contoured 
left anterior descending (LAD) artery, showing minimal irra-
diation of the heart and lung in the tangential fi elds

Fig. 19.8. Contouring of a tumor bed 
and incision site on 3-D treatment 
planning
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Fig. 19.11. Oxford review 
showing data of over-
all deaths, breast cancer 
deaths, and non-breast 
cancer deaths. (Reprinted 
with permission from 
Early Breast Cancer 
Trialists Cooperative 
Group 2003)

is sufficient, to insure the lowest failure rate and 
avoid the consequences of higher doses of irradia-
tion (Schnitt et al. 1994). With most invasive car-
cinomas – especially with any extensive or multi-
focal intraductal component, lymphatic invasion, 
or anaplastic nuclear grade, or in any patient who 
has irradiation deferred until after chemotherapy 
– the field is reduced after 50 Gy. An additional 
10 Gy in five fractions with electrons is delivered 
to include the site and scar of the excision biopsy. 
The choice of energy depends on the thickness of 
the breast in treatment position. Figure 19.14 shows 
how a boost is drawn on a patient with a T2 inner 
quadrant primary. Appropriate electron energy is 
selected to allow the 90% isodose line to encom-
pass the target volume, and we currently use a 2-
cm radial expansion of the combined operative bed 
and incision site to set the field borders (Fig. 19.15). 
If the tumor bed is more than 4–5 cm deep within 
the breast, an interstitial implant may be prefer-
able because of decreased dose to the skin with the 

implant compared with the dose that would be deliv-
ered by electrons. Use of a staggered double plane 
technique is usually best because of the possibility of 
a geographic miss with a single-plane implant. For 
patients with tumors deep in the breast, additional 
external irradiation may be delivered by means of 
a compression technique or by turning the patient 
into the lateral decubitus position for lateral tumors. 
Higher doses (typically 14–16 Gy) may be used if the 
margins are close or focally positive, or if the breast 
tangent dose is reduced to less than 50 Gy.

19.11 
Supraclavicular Nodal Irradiation

Close attention must be given to the medial border 
of the supraclavicular field because involved nodes 
may be located under the junction of the sterno-
cleidomastoid muscle and the head of the clavicle. 

Breast-cancer deaths
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Fig. 19.12. Left medial tangent 
digital reconstructed radiograph 
(DRR) and left medial tangent 
multilayer IMRT fi lm port

Fig. 19.13. Rod and chain to provide non-divergent cephalad 
border of tangent pair Fig. 19.14. Electron boost fi eld drawn on intact breast
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The upper medial border of the field should be at or 
slightly beyond midline. The field covers supracla-
vicular, subclavicular apical, and low jugular nodes. 
For electron beam radiation, separate fields are used 
for the supraclavicular and IMCs because the dif-
fering depths of the target volumes determine the 
energy needed (Fig. 19.16). The patient is placed on 
a slant board on the treatment table so that the plane 
of the sternum is relatively parallel to the treatment 
table. The angle of the tilt is documented for daily 
duplication of treatment.

19.12 
Prone Position Breast Conservation 
Radiation Therapy

19.12.1 
General Concepts

Historically, large pendulous breasts have been a 
contraindication for breast conservation therapy. 
When women with such breasts have been treated in 
the standard supine position, it has led to an exces-
sive amount of lung and heart irradiation, and the 
consequences of tissue folds and large separations 
resulted in excessive skin reaction and late fibro-
sis. Treating these patients in the prone position 
minimizes breast separation and dose inhomoge-
neity within the treatment field and removes most 
skin folds. In addition, it is frequently possible to 
reduce irradiation to the heart, lung, and contralat-
eral breast when prone, since the tumor bed moves 
away from these structures (Grann et al. 2000).

19.12.2 
Dosimetry

Radiotherapy is given with tangential fields to the 
entire breast. Depending on the shape of the breast, 
most patients require field compensation to achieve 
optimal dose homogeneity. The dose and fraction-
ation scheme, of 45–50 Gy in 1.8- to 2.0-Gy fractions, 
5 days a week, is the same as that for a patient treated 
in the supine position. Treatment is usually deliv-
ered using 6-MV photons. Higher energy photons 
may be used to improve dose inhomogeneity.

19.12.3 
Set-Up

The patient lies in a prone position on a platform 
board at the time of simulation (Fig. 19.17). An aper-
ture in the board allows the breast to fall naturally 
away from the chest wall. This position allows excess 
skin folds to be minimized. The contralateral breast 
is abducted, and the patient is rotated slightly to 
allow the ipsilateral chest wall to extend to the board 
aperture. A custom cradle is used to assure a repro-
ducible position. Almost all patients have had clips 
placed in their lumpectomy cavity at the time of 
surgery, and we use these clips and any seroma as 
landmarks to map the primary tumor bed. Marking 
wires are placed at the breast edges both laterally 

Fig. 19.15. Electron planning of an infraclavicular boost. The 
target is encompassed within the distal 90% isodose line. Elec-
trons are typically prescribed at the 100% isodose line

Fig. 19.16. Internal mammary chain (IMC) and lateral tangent 
fi eld arrangement for post-mastectomy irradiation



500 S. B. Motwani et al.

The patient is admitted to the hospital for 3–5 days. 
HDRs have become increasingly popular and are 
delivered on an outpatient basis. A dose of 34 Gy is 
delivered as twice-daily fractions of 3.4 Gy over a 
total of 5 days. At the present time, brachytherapy 
as the sole type of radiation therapy after breast con-
servation therapy remains largely investigational 
and has not been compared with standard whole 
breast irradiation.

19.13.3 
Multiplane, Multineedle Implant

When contemplating definitive partial breast irra-
diation using a needle- or catheter-based approach, 
a larger volume implant is required than usually 
used for boost purposes. Definitive catheter-based 
brachytherapy, while the most validated of the par-
tial breast techniques, is also technically very chal-
lenging. Typically, a minimum of two planes are 
required – more if the surgical volume is extensive. 
The deep plane is placed at the level of and parallel 
to the bottom of the excision cavity. The superfi-
cial plane is at the level of the superficial border 
of the cavity. Within a given plane, the separa-
tion between catheters is 1.0–1.5 cm and catheters 
extend at least 2 cm beyond the edge of the clips or 
seroma. The number of catheters is chosen so that 
a least one catheter is placed 1 cm or more beyond 
the edge of the target. As with all planar implants, 
the catheters are parallel and as straight as possible 
(Fig. 19.18).

To achieve adequate target volume coverage, 
there should be at least two LDR seeds or 1.5–2.0 cm 
of HDR dwell positions beyond the edge of the target 
volume. This implies that three to four LDR seeds 

Fig. 19.17. Set-up for prone breast irradiation

and medially. Final marks include central axis lasers 
(medial and lateral), set-up lasers on torso, and lat-
eral field projections. The ribs are used as a reliable 
landmark to ensure how much heart, lung, and chest 
wall are within the treatment fields.

19.13 
Partial Breast Irradiation

19.13.1 
General Concepts

Partial breast irradiation can be achieved using 
brachytherapy or hypofractionated conformal radi-
ation therapy, or intraoperatively using either elec-
trons or a linear accelerator. Each technique has its 
advantages and limitations. There are some reports 
of phase-I and -II studies treated with accelerated 
partial breast irradiation after breast-conserving 
surgery; however, there is limited long-term follow-
up and selection bias with these studies despite 
potential comparable outcomes with regard to tox-
icity, cosmesis, and local control with those patients 
who had breast-conserving surgery followed by 
standard whole-breast irradiation (Keurer et al. 
2004). Partial breast irradiation is under active clini-
cal investigation.

19.13.2 
Standard Brachytherapy

Brachytherapy can be delivered using low-dose-rate 
(LDR) or high-dose-rate (HDR) radiation sources. 
A dose of 45–50 Gy is usually delivered to a target 
volume at a rate of 30–70 cGy/h for LDR implants. Fig. 19.18. Multiplane, multineedle implant
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or 3.5–4.0 cm of HDR dwell positions are required 
beyond the surgical clips. Sources should not pro-
trude or be located near the skin entry points to 
prevent late consequences. An acceptable implant 
results in a dose homogeneity index (ratio of periph-
eral dose to mean central dose) of at least 0.85. For 
LDH implants, 45 Gy is specified with an acceptable 
dose rate of 30–60 cGy/h. For HDR implants, 34 Gy 
is prescribed to the target volume and delivered in 
two fractions per day, separated by at least six hours, 
for a total of ten fractions of 3.4 Gy each.

19.13.4 
MammoSite™

The MammoSite™ applicator may be placed during 
the local excision or a few weeks after the surgi-
cal procedure. The applicator should be selected 
to conform to the seroma cavity without large air 
pockets or residual seroma fluid. Ideally, the appli-
cator is 1 cm or more from the skin surface, and 
focal skin necrosis has been noted with less than 
7 mm separation from the surface of the skin to 
the surface of the implant. After verifying that no 
significant distortion of the applicator has occurred 
and that the source travels to the geometric center 
of the applicator, 34 Gy is prescribed at 1 cm from 
the balloon surface and delivered in two fractions 
per day, separated by at least six hours, for a total 
of ten fractions of 3.4 Gy each.

19.13.5 
Conformal External Beam

Three to five non-coplanar photon beams have also 
been used to achieve partial breast irradiation. The 
clinical target volume (CTV) is defined by uniformly 
expanding the excision cavity volume by 10–15 mm. 
The CTV is limited to at least 5 mm from the skin 
surface and lung–chest wall interface. The CTV 
is further expanded an additional 10 mm (less if 
breathing motion studies have been performed) to 
generate a planning target volume (PTV). A total of 
38.5 Gy is prescribed to the isocenter, in ten frac-
tions of 3.85 Gy delivered BID with at least a six-hour 
interfraction interval. Ideally, less than 25% of the 
whole breast receives the prescribed dose and less 
than 50% of the whole breast receives 50% or more 
of the prescribed dose. The heart, contralateral lung, 
and contralateral breast should receive less than 5% 
of the dose (Fig. 19.19).

19.14 
Postmastectomy Irradiation

19.14.1 
Indications

Postmastectomy radiation continues to be an 
important therapy for patients with more advanced 
cancers. It substantially reduces locoregional recur-
rence rates and contributes to improved disease-
specific survival. It is indicated in the following 
subset of patients (Recht et al. 2001):
1. Four or more axillary lymph nodes
2. T3/T4 tumors with positive axillary nodes and 

patients with operable stage-III tumors
3. Positive margins or gross (>2mm) extranodal 

extension

In addition, postmastectomy radiation therapy 
may be indicated for selected patients with some of 
the following features:

1. Tumor is located in the central or inner quadrant 
and associated with positive axillary nodes

2. Lymphatic vascular space invasion (White et al. 
2004)

3. 1–3 Axillary lymph nodes (Marks and Prosnitz 
1997)

19.15 
Regional Nodal Failure

Since most of the recurrences in patients with high-
risk breast cancer involve the supraclavicular fossa/
axillary apex and/or chest wall, these are the two obli-
gate targets for postmastectomy radiation therapy. 
Factors predictive of locoregional recurrence in the 
supraclavicular fossa/axillary apex parallel those for 
the chest wall and include the presence of four or 
more axillary lymph nodes, or more than 20% of 
the axillary lymph nodes involved with tumor. These 
patients have a 15–20% risk of failure in the supra-
clavicular fossa/axillary apex and should therefore be 
offered adjuvant radiation therapy to this region as 
well as to the chest wall (Strom et al. 2005).

The indications for regional nodal irradiation to 
the low–mid axilla and supraclavicular fossa/axil-
lary apex remain controversial. At M.D. Anderson 
Cancer Center, 1031 patients treated with mastec-
tomy, including an ALND and doxorubicin-based 
systemic therapy without radiation, were studied for 
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troversial topic (Freedman et al. 2000; Buchholz 
2000). Although IMC recurrences rarely happen 
and are even more rarely detected, women with 
locally advanced breast cancer have rates of IMC 
lymph node involvement up to 50% (Urban and 
Marjani 1971). While it may not be useful to treat 
the IMC in the majority of early breast cancer 
patients, it should be considered for patients with 
advanced presentations, inner or central tumors, 
axillary node-positive disease, or early stage dis-
ease with primary drainage to the IMC on lym-
phoscintigraphy. Historically, two-dimensional 
(2D) f luoroscopic simulations did not allow direct 
visualization of the IMC. Conversely, with the 
advent of 3D CT simulation, accurate localization 
of these nodal regions is possible while minimizing 
cardiac toxicity.

Fig. 19.19. 3-D conformal treat-
ment plan for partial breast irra-
diation

regional nodal failure patterns. Failure in the low–
mid axilla was an uncommon occurrence (3% at 
10 years) and supplemental radiotherapy is probably 
not warranted for most patients (Buchholz 2000). 
The risk of failure was not higher for patients with 
increased number of axillary lymph nodes, increas-
ing percentage of involved axillary lymph nodes, 
larger nodal size or gross extranodal extension than 
for patients who had these features.

19.15.1 
Internal Mammary Chain Radiation – General 
Concepts

Treatment of the IMC, in the context of postmas-
tectomy radiation therapy, continues to be a con-
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19.16 
Postoperative Chest Wall Tangential 
Photon Fields

Tangential fields are commonly used and are 
required when chest wall flaps are too thick or too 
irregular for electron beam therapy (Fig. 19.20). 
These fields usually abut an IM electron field, the 
use of which not only treats nodes but also decreases 
the amount of lung and/or heart in the tangents.

19.16.1 
Field Borders

The medial border coincides with the lateral border 
of the IM field. Because of the chest wall curvature 
and tangential angle of the beam, the medial border 
rarely is a straight line. On most patients, the lateral 
border of the IM field is shaped to match this cur-
vature. An overlap of 0.5 cm is acceptable to avoid 
a cold spot, and the IM electron field can be angled 
if necessary. The lateral border is at the midaxillary 
line. If the surgical scar extends to or beyond the 
midaxillary line, the lateral border is moved pos-
teriorly to obtain adequate margins; and if moving 
the lateral border would require excessive radiation 
to lung or heart, an additional appositional electron 
beam field may be used for the portion of the scar 
beyond the midaxillary line. The superior border 
coincides with the lower border of the supracla-
vicular field. Since postmastectomy patients have 
been selected for irradiation because of high risk 
of locoregional recurrence, the contiguous line is 
treated by both chest wall and supraclavicular fields, 
which may result in a slight overdose. The inferior 
border is a horizontal line at the level of the tip of 
xiphoid, including scar extension with a 1- to 2-
cm margin. For scars that extend further inferiorly 
than the level of the xiphoid, a separate electron 
beam field is used to treat that portion of the scar. 
The isocenter is placed in a location that permits 
easy validation of the set-up, usually offset medi-
ally from mid-separation. Otherwise, the technique 
is essentially that described for simulation of the 
intact breast.

19.16.2 
Dosimetry

The dose prescribed is 50 Gy over 5 weeks at 2.0 Gy/
fraction usually with 6-MV photons. The energy is 

Fig. 19.20. Post-mastectomy patient with thick, irregular fl aps 
which are best treated by photons. Lines on abdomen are for 
laser set-up. Note curve of match line of the internal mammary 
chain and chest wall fi elds and the dotted lines indicating the 
supraclavicular fi eld

increased if medial lateral field separation for tan-
gential fields exceeds 24 cm. Both medial and lateral 
fields are treated each day. The tumor depth dose 
percentage is determined from either contour distri-
butions of the chest wall or by CT-based dosimetry 
to a point specified as two-thirds the distance from 
the skin to the lung/chest wall interface. Treatments 
with bolus are required to increase skin dose usually 
every other day for the first 2 weeks, then re-evalu-
ated beginning after the next week. The chest wall 
adjacent to the scar is boosted an additional 10 Gy 
with electrons to include at least 3 cm on either side 
of the scar, again using bolus as necessary to achieve 
a brisk erythema.

In contrast to the standard postmastectomy set-
ting, patients with locoregional recurrences have 
higher locoregional failure rates when treated to 
45–50 Gy plus a boost (Ballo et al. 1999). Since the 
late 1990s, these patients have received a 10% dose 
escalation. All areas treated prophylactically are 
treated to 54 Gy in 27 fractions, and all areas boosted 
because of microscopic disease receive an additional 
12 Gy in 6 fractions, totaling at least 66 Gy in the 
boost volume.

Patients with inf lammatory breast cancer 
receive twice daily postmastectomy radiation. A 
dose of 51 Gy in 34 fractions is delivered at 1.5 Gy 
per fraction BID over 17 treatment days to the 
chest wall and regional lymph nodes, followed 
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by a 15-Gy chest wall boost in 10 fractions over a 
period of 5 treatment days, totaling 66 Gy. Accel-
erated fractionation is used to treat most patients 
unless the patient cannot comply with the twice-
daily schedule.

19.17 
Electron Beam Chest Wall Fields

19.17.1 
Field Borders

The entire chest wall may sometimes be treated 
with electron beam fields. Although this tech-
nique may permit improved conformation of the 
treatment volume to the target volume, there is an 
increased risk of geographic miss of the tumor or 
an excessive amount of lung irradiation (Fig. 19.21). 
Patients with irregular chest surface contours make 
treatment planning with this technique extremely 
difficult. Mastectomy scar extension onto the 
opposite breast, upper abdomen, or arm can also 
be treated with electrons. Drain sites are included 
if possible; however, recurrences are rarely noted 
at these sites.

The medial border is contiguous with the lat-
eral border of the IM field. The superior border is 
contiguous with the inferior border of the supra-
clavicular field, at the level of the second costal 
cartilage. The inferior border is a horizontal line 

at the level of the xiphoid. The lateral border fol-
lows the midaxillary line. Because of the slope 
of the chest wall, it is usually separated into two 
fields; medial and lateral, with the lateral angled at 
about 35°. The medial field is not angled in order 
to avoid too large a “hot spot” from overlap into 
the higher energy IMC field. To avoid dose buildup 
at the junction of the medial and lateral chest wall 
fields, the junction is moved 0.5 cm laterally each 
week (Fig. 19.22).

Fig. 19.22a,b. Chest wall and lymphatic fi elds in a patient with fairly curved 
chest wall. Two separate low energy fi elds are used with the anterior fi eld treated 
straight on and the lateral fi eld at a 35° lateral tilt, with junctions moved weekly. 
a The appearance of the two fi elds at the beginning of treatment. b A patient 
after 5 weeks of treatment, with junctions moved weekly

a

b

Fig. 19.21. Electron chest wall treatment plan
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19.17.1.1 
Dosimetry

The dose is 50 Gy to Dmax over 5 weeks followed by a 
10-Gy boost to a reduced field that encompasses the 
mastectomy scar and the original tumor bed.

19.17.1.2 
Energy

Usually, 5–8 MeV is sufficient for most chest wall 
tissue after a modified radical mastectomy. CT plan-
ning is used to determine chest wall thickness to 
avoid harm to excess lung tissue. With the advent 
of the skin-sparing ability in newer accelerators, the 
use of bolus, usually 0.5 in thickness, for some of 
the fractions (for example, every other day, for the 
first 2 weeks of treatment) increases the surface dose 
for those few days. Re-evaluation of the skin reac-
tion is carried out in the fourth week of treatment 
to consider the use of additional days of bolus. The 
objective is to obtain a degree of skin reaction com-
mensurate with the stage of the original tumor yet 
not precipitate an unplanned treatment break. Bolus 
is also used during the boost treatment, unless the 
patient has already developed brisk erythema in the 
reduced field.

19.18 
Partly-Deep Tangential Pair Fields

19.18.1 
General Concepts

The partly-deep tangential approach targets the IMC 
along with all the chest wall, breast reconstruction or 
intact breast in a single pair of fields. This technique 
is used primarily in the context of intermediate to 
advanced breast cancers when a separate IMC field 
cannot be employed. Because more of the contra-
lateral breast, ipsilateral lung and occasionally car-
diac silhouette are included in the high dose volume 
than would be the case for a three-field approach, 
this technique is primarily useful for patients with 
unusual anatomical considerations. For example, 
this approach is appropriate for postmastectomy 
irradiation when an immediate reconstruction has 
been performed.

19.18.1.1 
Treatment Planning

After acquisition of the planning CT in the usual 
manner, the IM vessels and the space medial to them 
are contoured in the first three intercostal spaces. 
If appropriate, other targets such as lumpectomy 
cavity or partly dissected axilla are also contoured. 
The upper portion of the tangential pair is designed 
to encompass the contoured IMC target with addi-
tional margin for set-up and breathing variation. 
Ideally, no more than 3 cm of lung is present in this 
portion of the tangential fields. The lower portion of 
the tangential pair is more shallow and is designed 
in the usual manner, except that the deep, non-
divergent edge is delineated with a block or multi-
leaf collimator (Fig. 19.23).

19.18.1.2 
Dosimetry

The dose is 45–50 Gy at 1.8–2.0 Gy per fraction. The 
dose is specified at the pectoral surface with hetero-
geneity correction employed. Attention to the dose 
distribution in the intercostal spaces is required 
to prevent an underdose in this area. If desired, a 
dose–volume histogram (DVH) of the ipsilateral 
lung may be useful to assess for clinically relevant 
lung consequences.

19.18.1.3 
Energy

A minimum of 6-MV photons are used, and higher 
energy photons should be considered for baseline 
separations greater than 23–25 cm. Field compensa-
tion using wedges or 3-D compensators are almost 
always required.

19.19 
Anterior Supraclavicular–Axillary Photon 
Field

19.19.1 
Field Borders

The anterior supraclavicular–axillary field covers 
the low and central axilla, subclavicular/axillary 
apex nodes, and the supraclavicular fossa, includ-
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Fig. 19.23a,b. Partly deep tangent pair 
fi elds

a

b

ing the deep inferior cervical nodes and low jugular 
nodes. The medial border is a vertical line across 
the midline extending from the second costal carti-
lage to the thyrocricoid groove, following the inner 
border of the sternocleidomastoid muscle. The supe-
rior border extends laterally across the neck and 
the trapezius, just avoiding fall-off to the acromial 
process. The lateral border is at the acromioclavicu-
lar joint and is drawn across the shoulder to exclude 
the shoulder joint. The line then follows the pectoral 
fold, just avoiding fall-off. The inferior border is a 
horizontal line at the level of the second costal carti-
lage, abutting the medial edge of the IM field, which 
extends upward to over the first intercostal space. 
The junction of the inferior supraclavicular–ante-
rior axially field and the chest wall is set up using a 
rod and chain and a half-beam block to avoid diver-
gence (Chu et al. 1990). It is important to abduct the 
ipsilateral arm minimizing tissue folds in both the 
supraclavicular fossa and axilla in order to reduce 

erythema to the skin and other acute skin effects. 
For some patients, a supplemental dose using a pos-
terior field may be necessary to the region of the 
mid-axilla since the level-III axilla is often deeper 
than the supraclavicular fossa.

The beam typically is tilted 15° laterally to avoid 
irradiating part of the trachea, esophagus, and 
spinal cord and to irradiate the deep inferior cervi-
cal nodes medial to the sternocleidomastoid muscle. 
The angulation additionally ensures that nodes close 
to the margin of the pectoral muscle are included 
without requiring fall-off of the beam, which may 
produce moist desquamation in the axilla.

19.19.2 
Dosimetry

The dose is 50 Gy to Dmax over 5 weeks in 25 frac-
tions usually with 6-MV photons.
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19.20 
Supraclavicular and Axillary Apex Field 
(Electron Beam Technique)

The medial border extends superiorly from the 
superomedial corner of the IM field 1 cm across the 
midline to the level of the thyrocricoid groove. The 
superior border extends laterally across the neck 
and trapezius to the acromial process. The lateral 
border crosses the acromioclavicular joint and 
extends to meet the inferior border. The inferior 
border is a horizontal line extending laterally at the 
level of the second intercostal space. Electron beam 
energy is sufficient for 90% depth dose at 2- to 2.5-
cm depth (usually 9–10 MeV). The dose is 50 Gy to 
Dmax over 5 weeks, 5 fractions/week. A combination 
of electrons and photons usually (4:1) may be sub-
stituted to achieve less of a skin reaction. Patients 
with thicker body habitus requiring higher electron 
energies are probably better treated with photons 
alone to avoid apical nodes and to allow more skin 
sparing.

19.21 
Internal Mammary Chain Radiation

With CT-based planning, the ipsilateral IMC can 
be contoured on the CT data set by visualizing the 
patient’s anatomy in axial, coronal, and sagittal 
views (Fig. 19.24). Coverage can be accomplished 
by either extending the deep tangential field border 
to cover the IMC or creating a separate appositional 
IMC electron field that is matched to the edge of 

the medial tangential field. IMC nodes are treated 
with electron beam irradiation to avoid affecting 
underlying cardiac and mediastinal tissues. Our 
policy at the University of Texas M.D. Anderson 
Cancer Center (MDACC) does not include bilat-
eral IMC irradiation for the following reasons: (1) 
experience with IMC metastases has been gained 
with ipsilateral surgical dissection, and contra-
lateral parasternal nodules are extremely rare; (2) 
adequate irradiation to nodes of both IMCs would 
entail a 12-cm wide portal, which substantially 
increases the volume of mediastinal irradiation 
even with electron beam; and (3) contralateral IMC 
irradiation would interfere with future irradiation 
in those patients who develop a contralateral breast 
cancer.

19.21.1 
Field Borders

The portal consists of a single rectangular elec-
tron beam field, usually 7 cm in width, covering 
the ipsilateral IMCs and the confluence of venous 
drainage under the insertion of the sternocleido-
mastoid muscle into the head of clavicle. The 
medial border is 1 cm across midline because of 
constriction of electron isodose curves at depth 
(Fig. 19.25). Thus, the upper border includes the 
head of the clavicle and the lower border is usually 
at the same level as the lower border of the chest 
wall. The usual IMC target includes the first three 
interspaces; however, the fields may be extended 
inferiorly depending on the drainage pattern seen 
on lymphoscintigraphy.

Fig. 19.24. Contouring of the internal 
mammary chain (IMC) and 3D treat-
ment plan of an IMC treatment fi eld
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19.21.2 
IM Dosimetry

The dose is 50 Gy to Dmax over 5 weeks, 5 fractions/
week, 2 Gy/fraction, when using electrons. It may 
not be possible to give the entire dose with electrons 
since skin doses vary according to the accelerator 
being used. As an alternative, a combination of elec-
trons and photons may be necessary to achieve a 
lower dose to the skin. At least 50% of the total dose 
delivered should be given with electrons. Energy 
is sufficient for approximately 90% depth dose at 
3–4 cm (usually 10- to 13-MeV electrons). CT plan-
ning or ultrasound is highly desirable to measure 
the depth to the pleural interface.

19.22 
Axillary Irradiation

19.22.1 
Indications

Specific radiation treatment of the axilla is rarely 
required since failure in this area is very rare after 
modified radical mastectomy and chemotherapy. 
Therefore, supplemental radiotherapy to the dis-
sected axilla is not warranted in most patients. How-
ever, this technique is used: (1) anytime the axilla 
requires irradiation after simple or segmental mas-
tectomy or excisional biopsy without axillary dis-
section, (2) for pre-operative irradiation [reserved 
for inoperable (N2) patients], or (3) in patients who 
require axillary irradiation because of inadequate 
axillary dissection (only a few nodes are recovered 

Fig. 19.25. Dosimetry of a non-overlap-
ping internal mammary chain (IMC) 
and tangent pair

and are positive). It may be considered for gross 
(>2 mm) extranodal axillary disease, or matted or 
fixed axillary nodes (N2 disease) at presentation.

19.23 
Posterior Axillary Field

The machine is rotated 180° without moving the 
patient, and the thickness of the immobilization 
device is taken into account. The superior border 
splits the clavicle extending medially to inside the 
spine of the scapula. The verification film should 
show a small amount of lung in the upper inner por-
tion of the field. The lateral superior border goes to 
the humoral head, as in the anterior field. The lateral 
and inferior borders match the anterior field. The 
beam is vertical.

The posterior axillary portal supplements the 
dose from the anterior portal to deliver the tumor 
dose to the thickest part of the axilla. Because axil-
lary recurrences are rare after level-I and -I axillary 
dissection, and increases in the dose to the axilla 
can increase the risk of arm edema, the dose con-
tribution from AP and PA fields should not exceed 
2.0 Gy/fraction at midplane to minimize risk of arm 
edema and other late events.

For pre-operative treatment (designed to reduce 
matted or fixed nodes to facilitate axillary dissec-
tion), a midplane dose of 50 Gy is necessary. For 
postoperative patients in whom extranodal exten-
sion in the axilla is found, but no gross residual 
disease remains, the midaxillary dose is reduced 
to 40–45 Gy in an attempt to decrease risk of arm 
edema.
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19.24 
Postmastectomy Boost

19.24.1 
General Concepts

The target for boost in the postmastectomy setting 
are the central operative flaps. Rigid conformation 
to the incision site – the effect of sometimes naming 
this a “scar” boost – is not required. Boosts are typi-
cally done in the postmastectomy setting using elec-
tron energies so that the isodose line encompasses 
the target volume.

19.24.2 
Dosimetry

The boost dose is used to bring the total tumor dose 
to a minimum of 60 Gy.
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There has been a dramatic shift in the distribution 
and histology of esophagus and gastric cancers in 
Western countries over the past 25 years. Whereas, 
squamous cell carcinoma of the upper or mid esoph-
agus and adenocarcinoma of the gastric body were 
previously more common, adenocarcinomas of the 
distal esophagus, gastroesophageal (GE) junction, 
and gastric cardia now predominate. In Cauca-
sian males of the United States and other Western 
countries, the incidence of adenocarcinoma of the 
esophagus has risen faster than that of any other 
malignancy (Blot et al. 1991). The reasons for this 
epidemiological shift are not completely clear.

Radiation therapy is commonly employed for either 
primary or palliative management and is an important 
means to obtain local control. Patients typically pres-
ent with obstructive symptoms and weight loss. Local 
tumor progression leads to complete obstruction, 
inability to swallow liquids or saliva, and invasion of 
adjacent structures (i.e., trachea or bronchus). Thus, 
local control efforts, including radiation therapy, con-
tribute significantly to a patient’s quality of life.

In this chapter, we will present the techniques of 
delivering radiation therapy to the esophagus.

20.1.1 
Anatomical Classification and Staging

The esophagus is a muscular tube measuring approx-
imately 25 cm in length. During endoscopic exami-
nations, lengths are typically measured from the 
incisors. Distances vary with patient size, with the 
carina at approximately 25 cm and the GE junction 
at 40 cm. Segments of the esophagus are tradition-
ally surgically defined. The cervical portion extends 
from the bottom of the cricoid to the suprasternal 
notch. The upper and middle thoracic esophagus 
extends from the suprasternal notch to the infe-
rior pulmonary vein. The lower thoracic esophagus 
extends from the inferior pulmonary vein to the 
diaphragm, and the abdominal esophagus extends 
from the diaphragm to the GE junction.
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20.1 
Natural History of the Disease

Esophageal cancer constitutes 3% of all carcino-
mas; approximately 14,000 patients are diagnosed 
per year in the United States (Cancer Statistics 
2003). Unfortunately, most die of their disease. 
Maximum incidence occurs in males between the 
ages of 60 years and 70 years. The ratio of males to 
females is approximately 2–4:1 for squamous cell 
carcinomas and 7:1 for adenocarcinomas (Crew and 
Neugut 2004).
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With regard to distant metastases, FDG-PET may 
detect an additional 3–37% of metastases compared 
with conventional staging methods (Flanagan et 
al. 1997; Luketich et al. 1997; Kole et al. 1998).

20.1.2 
Prognosis and Predictive Factors

Treatment decisions regarding surgical versus non-
surgical approaches for esophagus cancer have not 
depended on the location of the primary cancer 
within the esophagus. The primary determinants of 
outcome are the degree of invasion (T stage), nodal 
status (N stage), number of regional nodes involved 
(Igaki et al. 2003), presence of distant metastases 
(M status) (Chau et al. 2004), histology, patient-
performance status (Chau et al. 2004), weight loss 
(Thomas et al. 2004), and medical operability.

Table 20.1. Tumor node metastasis staging for esophageal 
cancer

Stage Definition

Primary tumor (T)
Tx Primary tumor cannot be assessed
T0 No demonstrable tumor
TIS Carcinoma in situ
T1 Tumor invades the lamina propria or submucosa
T2 Tumor invades the muscularis propria
T3 Tumor invades the adventitia
T4 Tumor invades adjacent structures

Regional lymph nodes (N)
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph node involvement
N1 Regional lymph node metastasis

Distant metastasis (M)
MX Distant metastases cannot be assessed
M0 No distant metastases
M1 Distant metastases

Tumors of the lower thoracic esophagus
M1a Metastasis in celiac lymph nodes
M1b Other distant metastasis

Tumors of the mid-thoracic esophagus
M1a Not applicable
M1b Non-regional lymph nodes and/or other distant 

metastasis

Tumors of the upper thoracic esophagus:
M1a Metastasis in the cervical lymph nodes
M1b Other distant metastasis

Clinical-diagnostic classification for cervical esophagus
Stage 0 TIS, N0, M0
Stage I T1, N0, M0
Stage IIA T2, N0, M0, T3, N0, M0
Stage IIB T1, N1, M0, T2, N1, M0
Stage III T3, N1, M0, T4, Any N, M0
Stage IVA Any T, any N, M1a
Stage IVB Any T, any N, M1b

Pathological staging classification is given in 
Table 20.1. Carcinoma of the esophagus commonly 
spreads submucosally along the muscular layers 
and can extend for lengths of 10 cm or more. The 
esophagus has no serosal layer, so extension outside 
of the esophagus and to adjacent structures is fairly 
common. The esophagus also has a rich lymphatic 
supply. Lymph nodes with metastatic carcinoma 
can be involved throughout the length of the struc-
ture. Figure 20.1 shows the patterns of lymph-node 
involvement according to the location of the pri-
mary tumor in the surgical series by Akiyama et al. 
(1981), employing an extensive lymph-node dissec-
tion. Most commonly, cancers of the distal esopha-
gus or GE junction involve lymph nodes in the peri-
esophageal, gastrohepatic, or celiac nodal regions. 
Thoracic esophagus lesions typically involve medi-
astinal nodal stations and may spread to involve the 
supraclavicular and/or abdominal lymph nodes.

The staging workup includes a history and physi-
cal examination, routine laboratories, barium swal-
low, upper endoscopy, and a computed tomography 
(CT) scan of the chest. Bronchoscopy is indicated for 
patients with upper and mid esophageal cancers adja-
cent to the trachea or bronchus. More recently, the 
staging workup has expanded to include endoscopic 
ultrasound (EUS) and positron emission tomogra-
phy (PET). The primary role of EUS is to determine 
the depth of tumor invasion into or through the wall 
of the esophagus, particularly for separating T1–2 
from T3–4 lesions (Fig. 20.2). EUS has been shown 
to have accuracy, sensitivity, and specificity values 
of 87, 91, and 82%, respectively, for detecting T3–4 
disease (Rice et al. 2003a). EUS also has the advan-
tage of providing access to regional lymph nodes for 
biopsy. EUS with fine-needle aspiration (FNA) of 
lymph nodes has accuracy, sensitivity, and specific-
ity values of 93, 100, and 93%, respectively, compared 
with 63, 81, and 70%, respectively, for EUS alone 
(Vasquez-Sequeiros et al. 2001). However, EUS is 
not possible in patients with complete obstruction. 
EUS–FNA of lymph nodes is not possible if the nodes 
are distant from the esophageal lumen.

PET is helpful for assessing the primary cancer 
and distant nodal or other metastases. In nearly 
all studies, PET with 2-[18F]fluoro-2-deoxy-D-glu-
cose (FDG-PET) has been shown to detect primary 
esophagus cancer with a higher sensitivity than that 
of CT (95–100% versus 81–92%) (Flanagan et al. 
1997; Luketich et al. 1997; Flamen et al. 2000; Kole 
et al. 1998; McAteer et al. 1999; Yeung et al. 1999). 
However, it may not be very helpful for cancers that 
are limited to the mucosa (Himeno et al. 2002). 
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Fig. 20.1. Positive lymph-node distribution according to the location of the primary tumor. (Modifi ed from Akiyama et al. 1981 
and Dormans 1939, with permission)

Fig. 20.2. The esophageal wall is visualized as fi ve alternating layers of differing echogenicity by means of endoscopic ultrasound. 
The fourth ultrasonographic layer is critical to differentiating T1, T2, and T3 carcinomas. Left and middle The fi rst (inner) layer 
is hyperechoic (white) and represents the superfi cial mucosa (epithelium and lamina propria). The second layer is hypoechoic 
(black) and represents the deep mucosa (muscularis mucosae). The third layer is hyperechoic and represents the submucosa. The 
fourth layer is hypoechoic and represents the muscularis propria. The fi fth layer is hyperechoic and represents the periesopha-
geal tissue. Right T1 carcinoma: no invasion beyond the submucosa. The tumor is confi ned to the fi rst three ultrasonographic 
layers. It does not involve the fourth ultrasonographic layer. T2 carcinoma: invasion into but not beyond the muscularis propria. 
The tumor is confi ned to the fourth ultrasonographic layer. T3 carcinoma: invasion into the periesophageal tissue. The tumor 
breaches the fourth ultrasonographic layer (Rice et al. 2003a)

20.1.3 
General Management of Carcinoma of the 
Esophagus

In a very broad sense, the treatment aim can be 
divided into curative and palliative. In both cat-
egories, all three modalities of radiotherapy, sur-
gery, and chemotherapy can be used in combination 
with one another. In general, patients with T1–4, 
N0–1 carcinomas are considered curable. There is 
some discrepancy as to whether patients with M1a 

disease are potentially curable. The paucity of lit-
erature on this group suggests that patients with 
distal esophagus cancers involving the abdominal 
nodes are not curable. Rice et al. (2003b) reported 
institutional esophagectomy results and showed no 
difference in survival between patients with M1a 
and M1b disease (Fig. 20.3). Likewise, the two non-
operative trials defining the role of chemoradiation 
for esophageal cancer, Radiation Therapy Oncology 
Group (RTOG) 8501 and 9205, allowed but did not 
enroll any patients with M1a disease (personal com-
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Fig. 20.3. Survival after esophagectomy stratifi ed by M1a 
(n=26, none alive at 5 years) and M1b (n=16, none alive at 
5 years) (Rice et al. 2003b)

munication with RTOG statistical group). While the 
results of these two RTOG trials are discussed later 
in this chapter, the relatively poor overall survival 
in patients with M0 disease indicates that patients 
with M1a disease have negligible 5-year survival 
rates. More investigation is needed as to whether 
this patient population is potentially curable.

20.1.4 
Palliation

Radiation therapy is often used for palliation of 
obstructive symptoms in patients with carcinoma of 
the esophagus. Most patients with esophageal cancer 
present with locally advanced or metastatic disease. 
Of those treated with curative intent, approximately 
80% will eventually require palliation due to symp-
toms from locally recurrent disease (Hancock and 
Glatstein 1984). The options for treatment include 
external beam radiation therapy, chemotherapy and 
radiation therapy, intracavitary brachytherapy, and 
esophageal stent placement. The goal of palliation is 
to relieve symptoms and to avoid causing moderate 
to severe side effects in the process. The decision 
of which palliative option to choose can be compli-
cated, especially as merging treatment modalities 
increase the rate of expected side effects.

Metallic esophageal stents and endoluminal 
brachytherapy are both valid options for palliation 
of esophageal obstruction. Stents are placed during 
endoscopy and may be coated. They come in varying 
diameters and lengths. Stents have the advantage of 
producing rapid results. A potential disadvantage is 
that patients may experience GE reflux symptoms if 
the stent traverses the GE junction. Stents with anti-

reflux valves are available, though they may not pre-
vent acid reflux (Homs et al. 2004).

Endoluminal brachytherapy is a good option for 
patients with an esophageal lesion that can be tra-
versed during endoscopy. In the United States, high 
dose rate (HDR) catheters are available in diameters 
of 6 mm and 12 mm. These should be placed under 
endoscopy to minimize the risk of perforation or 
bleeding from the procedure. Metallic clips can be 
placed by the endoscopist at the proximal and distal 
ends of the lesion. These are visualized during flu-
oroscopy to facilitate prescribing the length of the 
esophagus to be irradiated. These clips often remain 
in place and are used for subsequent dose fractions. 
Brachytherapy doses range from single fractions of 
12 Gy to three fractions of 5–6 Gy each.

Homs et al. (2004) recently published a ran-
domized comparison of single-dose brachyther-
apy versus metal stent placement for palliation of 
dysphagia from nine centers in the Netherlands. 
Patients on the HDR brachytherapy arm received a 
single dose of 12 Gy prescribed to 1 cm depth using 
Iridium192. Dysphagia improved more rapidly after 
stent placement than after brachytherapy, but long-
term relief of dysphagia was better after brachy-
therapy. There was no difference in overall survival 
between groups. However, the dysphagia-adjusted 
survival was superior for brachytherapy for time 
points beyond 120 days from treatment. Major com-
plications occurred in 25% of patients with stents 
and 13% of patients receiving brachytherapy. Sur 
et al. (2002) published a prospective randomized 
trial from the International Atomic Energy Agency, 
comparing brachytherapy schemes of 16 Gy in two 
fractions versus 18 Gy in three fractions. Doses were 
prescribed to a 1-cm depth and were given 1 week 
apart. Both fractionation schemes resulted in simi-
lar dysphagia-free survival and complication rates. 
Figure 20.4 shows the improvement in dysphagia 
by treatment scheme and shows whether or not the 
patient was experiencing symptoms at the time of 
the procedure. Based on this trial, Sur el al. con-
ducted a second randomized prospective study 
of brachytherapy alone (8 Gyx2 fractions) versus 
brachytherapy followed by external beam radiation 
therapy (3 Gyx10 fractions) (Sur et al. 2004). There 
was no benefit to the addition of external beam radi-
ation therapy following brachytherapy.

External beam radiation therapy can effectively 
palliate pain and dysphagia in 60–80% of patients 
(Wara et al. 1976; Rosenberg et al. 1981). Doses 
range from 30 Gy in 10 fractions over 2 weeks to 
50 Gy in 25 fractions over 5 weeks. The fraction-
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ation schema employed should consider whether or 
not chemotherapy is planned. Fraction sizes larger 
than 2 Gy given with concurrent chemotherapy 
may cause unwanted side effects in this debilitated 
patient population. The presence of a tracheoesoph-
ageal fistula is a relative contraindication for radia-
tion therapy, though limited data suggest that such 
therapy may be safe (Muto et al. 1999). At the Site-
man Cancer Center, we routinely require bronchos-
copy and request that a tracheal or endobronchial 
stent be placed if the patient is suspected of having a 
tracheobronchial fistula.

20.1.5 
Postoperative Adjuvant Radiation Therapy

Adjuvant radiation therapy following surgical resec-
tion for tumors of the upper, mid, or lower esophagus 
is generally used for patients with positive longitudi-
nal margins or gross residual disease. A tumor at the 
circumferential resection margin is a controversial 
indication with limited data available. For cancers 
involving or limited to the esophagogastric junction, 
postoperative therapy is given for patients with T2 
or node-positive disease.

There have been two randomized trials addressing 
the value of postoperative adjuvant radiation therapy 
for squamous cell carcinoma (Teniere et al. 1991; 
Fok et al. 1993). Chemotherapy was not used in either 
trial. In the French trial, 221 patients having a com-
plete resection were randomized to adjuvant radia-
tion therapy or not (Teniere et al. 1991). The pres-
ence of regional lymph-node involvement was similar 
in both groups. Adjuvant radiation therapy did not 
improve survival in either the N0 or N+ subgroups. 
Fok et al. randomized 130 patients following either 
curative or palliative esophagectomy to adjuvant 
radiation therapy or not (Fok et al. 1993). Patients 

with residual tumor in the mediastinum following 
surgery benefited from radiation therapy through 
reduced local recurrence rates. However, there was a 
survival benefit in favor of surgery alone due to excess 
complications seen in the radiation therapy group. 
Taken together, these two trials indicate that the role 
of radiation therapy for squamous cell carcinoma of 
the esophagus following surgery is limited to patients 
with residual microscopic or gross disease.

There have been no randomized trials addressing 
adjuvant radiation therapy for adenocarcinomas of 
the esophagus. However, a prospective randomized 
intergroup study testing adjuvant chemotherapy and 
radiation therapy for gastric and esophagogastric 
junction adenocarcinomas showed a survival ben-
efit for patients receiving adjuvant chemoradiation 
compared with surgery alone (Macdonald et al. 
2001). With respect to esophagus cancer, this trial is 
applicable for tumors involving the esophagogastric 
junction. This trial randomized 556 patients to post-
operative chemotherapy and radiation therapy or 
not. Inclusion criteria included patients with stages 
IB through IV (M0) disease, a performance status 
of two or lower, and adequate daily caloric intake. 
Approximately 20% of patients had GE-junction 
cancers. Analysis of the whole group demonstrated 
3-year survival rates of 50% and 41% (P=0.005) for 
the adjuvant therapy and control groups, respec-
tively. Outcomes specific to the subgroup of patients 
with GE-junction tumors have not been reported.

20.1.6 
Preoperative Chemoradiation Therapy

Preoperative chemoradiation therapy has become 
routine for patients with either T3, N1, or M1a car-
cinomas that are otherwise operable. Several ran-
domized, controlled studies have been published 
comparing preoperative chemoradiation therapy 
followed by esophagectomy to esophagectomy alone 
(Nygaard et al. 1992; Apinop et al. 1994; LePrise 
et al. 1994; Walsh et al 1996; Busset et al. 1997, 
Urba et al. 2001). In general, these trials show that 
preoperative therapy increases the resectability 
rate. However, collectively these trials have failed 
to show a convincing survival advantage to preop-
erative therapy. One reason for this is because of 
a lack of statistical power due to the small size of 
the trials. Fiorica et al. (2004) recently published 
a meta-analysis of these six trials and showed a 
survival advantage in favor of preoperative therapy 
(Tables 20.2 and 20.3).

Fig. 20.4. Improvement in dysphagia after brachytherapy. Black 
bars group A without dysphagia; white bars group A with dys-
phagia; cross-hatched bars group B without dysphagia, group 
B with dysphagia (Sur et al. 2002)
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Table 20.2. Therapeutic regimen of all trials included in the meta-analysis of chemoradiation followed by surgery versus 
surgery alone. BED biological equivalent dose, CDDP cisplatin, BLM bleomycin, 5-FU 5-fluorouracil, VNB vinblastine

Study 
(reference)a

Total 
dose 
(Gy)

Fractions 
(no/days)

Daily 
dose 
(Gy)

BED 
(Gy)

BED 
corrected 
by time (Gy)

Drugs Dosage 
(mg/m2)

Schedules (day) Interval 
between end 
of irradiation 
and surgery 
(weeks)

1) Nygaard 
    et al. 1992

35 20/28 1.75 41.12 26.7b CDDP, BLM 20/5 1–5; 15–19 3

2) Le Prise 
    et al. 1994

20 10/12 2 24 17.8b CDDP, 5FU 100/600 1; 21, 2–5; 22–25 2.5

3) Apinop
    et al. 1994

40 20/28 2 48 33.6b CDDP, 5FU 100/1000 1; 29, 1–4; 29–32 4

4) Walsh 
    et al. 1996

40 15/21 2.67 50.7 42.6c CDDP, 5FU 75/15 mg/kg 7; 42, 1–5; 36–40 2

5) Bosset 
    et al. 1997

37 10/24 3.7 50.7 38.4b CDDP, 
CDDP

80/20 0-2; 19–21, 1–5; 
17–21

2–4, 3

6) Urba 
    et al. 2001

45 30/21 1.5x2 51.7 43.6c adeno-
carcinoma 
40.9b squamous 
carcinoma

CDDP, 5FU, 
VNB

20/300/1 1–5; 17–21, 1–21, 
1–4; 17–20

3

a For expansion of the study names, see corresponding reference
b Tpotsquamo = 4.5 days    c Tpotadeno = 6 days, = 0.3

20.1.7 
Definitive Chemoradiation Therapy

Medically inoperable patients with localized or 
locally advanced regional disease are best man-
aged with definitive chemotherapy and radiation 
therapy. Patients with locally advanced esopha-
geal cancers who are ineligible for chemotherapy 
are eligible for palliative radiation therapy alone. 
Three randomized trials have compared radiation 
therapy alone with concurrent chemotherapy and 
radiation therapy (Araujo et al. 1991; Roussell et 
al. 1988; Al-Sarraf et al. 1996) (Table 20.4). Two of 
these trials suffered from design flaws. They were 
underpowered and employed suboptimal doses of 
chemotherapy. In RTOG 8501, patients were ran-
domized to 64 Gy of radiation alone versus 50 Gy 
of radiation concurrent with chemotherapy. The 

chemotherapy consisted of four cycles of infusional 
5-FU (1,000 mg/m2) given over 4 days and cisplati-
num (75 mg/m2) given on day 1 of weeks 1, 5, 8, and 
11. The results demonstrated a survival advantage 
for concurrent chemotherapy and radiation ther-
apy despite the reduced radiation dose. Because 
of a large difference in survival between the two 
arms, the trial was stopped early, and an additional 
number of patients received chemoradiation on a 
third confirmatory arm. At 5 years, there were no 
survivors on the radiation therapy alone arm versus 
30% on the chemoradiation arm. The results from 
the non-randomized confirmatory arm were similar 
to the randomized chemoradiation arm, though the 
5-year survival in this arm was slightly lower as 
more patients on this arm had T3 disease.

The question of increasing the radiation dose 
beyond 50 Gy with concurrent chemotherapy was 

Table 20.3. Results of meta-analysis of chemoradiation followed by surgery versus surgery alone. OR odds ratio, CI confidence 
interval

Study Treatment 
(n/N)

Control 
(n/N)

OR (95% CI random) Weight 
(%)

OR (95% CI random)

Nygaard et al. 1992 44/53 40/50 13.4 0.54 [0.17, 1.75]
Apinop et al. 1994 26/53 27.34 14.1 0.75 [0.24, 2.31]
Le Prise et al. 1996 33/41 39/45 13.6 0.63 [0.20, 2.02]
Walsh et al. 1996 39/58 52/55 11.7 0.12 [0.03, 0.43 ]
Bosset et al. 1997 94/151 97/146 30.2 0.83 [0.52, 1.34]
Urba et al. 2001 34/50 42/50 17.1 0.40 [0.15, 1.06]
Total (95% CI)
Test for heterogeneity 2=8.84, d =5 P=0.12 
Test for overall effect, z=-2.41, P=0.02

270/388 302/380 100.0 0.53 [0.31, 0.89]

 0.01 0.1 1 10 100
 Better CRT + surgery Better surgery
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addressed by RTOG 9405/Intergroup Trial 0123 
(Minsky et al. 2002). This trial randomized patients 
with locally advanced, medically inoperable carci-
noma of the esophagus to either 50.4 Gy or 64.8 Gy, 
both arms using the same concurrent 5-FU and cis-
platinum chemotherapy. This trial was stopped after 
an early interim analysis showed a higher toxicity 
and treatment-related mortality on the 64.8 Gy arm. 
Unfortunately, 7 of 11 treatment-related deaths expe-
rienced on this arm occurred at or below the 50.4-
Gy dose level. Thus, it was not the higher radiation 
dose that resulted in these 7 deaths. Nevertheless, the 
standard radiation dose prescribed using concurrent 
chemotherapy is 50.4 Gy, based on RTOG 8501 and 
9405. Table 20.5 shows the local failure rates for three 
cooperative group randomized trials of chemoradia-
tion therapy. Note that the crude rates of local fail-
ure are similar for total radiation doses ranging from 
50 Gy to 65 Gy. Actuarial 2-year local failure rates are 
slightly higher for higher doses. Further investiga-
tions to increase radiation dose are warranted.

20.1.8 
Preoperative Chemoradiation Versus Definitive 
Chemoradiation Therapy

Recently, a randomized comparison of preopera-
tive chemoradiation followed by surgery versus 

chemoradiation alone for squamous cell carci-
noma of the esophagus was published (Stahl et 
al. 2005). Patients randomized to induction ther-
apy received two cycles of bolus 5-FU, leucovorin, 
etoposide, a cisplatin (FLEP) followed by cisplatin 
and etoposide concurrently with 40 Gy. Radiation 
on this arm was delivered in 2-Gy fractions, 5 days 
per week. Patients randomized to the chemora-
diation arm received the same induction chemo-
therapy followed by chemoradiation to a higher 
radiation dose. Radiation therapy consisted of 
50 Gy in 2-Gy fractions over 5 weeks followed by 
a boost. The boost could be delivered with exter-
nal beam therapy consisting of 1.5 Gy twice daily 
for 5 days to bring the total dose to 65 Gy. The 
alternative was to deliver an additional 10 Gy of 
external beam treatment (60 Gy) followed by a 
brachytherapy boost.

There were 172 patients allocated to treatment. 
Overall survival was equivalent between the two 
treatment arms. Two-year overall survival rates were 
39.9% for the surgery arm versus 35.4% for the non-
surgery arm. Median survival rates were also simi-
lar between arms (16.4 months versus 14.9 months). 
However, the 2-year freedom from local progression 
was superior in the surgery arm (63% versus 40.7%, 
P=0.003). Based on these data, the authors con-
cluded that patients should be selected for surgical 
salvage based on response.

Table 20.4. Studies of chemoradiation alone or chemoradiation versus radiation alone

Study Patients Local failure (%) Distant failure (%) Median survival (months) Survival (%)

Araujo et al. 1991
Radiation alone 31 84 23 N/A 6 (5 years)
Chemoradiation 28 61 32 N/A 16 (5 years)

Roussell et al. 1998
Radiation alone 69 N/A N/A N/A 6 (3 years)
Chemoradiation 75 N/A N/A N/A 12 (3 years)

Al-Sarraf et al. 1996
Radiation alone 60 69 40 8.9 10 (2 years), 0 (5 years)

Chemoradiation
Randomized 61 49 23 17 38 (2 years), 30 (5 years)
Non-randomized 69 45 12

Table 20.5. Phase-III trials with definitive radiochemotherapy in esophageal cancer. RTOG Radiation Therapy Oncology 
Group, INT Intergroup, German ECSG German Esophageal Cancer Study Group

Trial No. of 
patients

Proportion of patients 
with T3–4 tumors (%)

Radiation 
dose (Gy)

Crude rate of 
local failure (%)

Local failure at 
2 years (%)

RTOG 85-01 (Al Sarraf et al. 1996) 61 8 50 45 47
INT 0123 (Minsky et al. 2002) 109 43 50 55 52
INT 0123 (Minsky et al. 2002) 109 48 64 50 56
German ECSG (Stahl et al. 2005) 86 199 >65 51 58
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20.1.9 
Superficial Esophageal Cancer

Patients with endoscopic ultrasound-staged Ta or 
T1 cancers are typically treated surgically. How-
ever, a limited number of patients with superficial 
esophageal cancers are not candidates for surgery 
because of medical comorbidities. Recent literature 
suggests that brachytherapy alone or combined with 
external beam is an option for patients in this cat-
egory (Nemoto et al. 2001; Maingon et al. 2000). 
For brachytherapy alone, Maingon et al. employed 
weekly doses of 5–7 Gy prescribed to a 5-mm depth 
using a 13-mm diameter applicator.

20.2 
Radiation Therapy Techniques

In general, the techniques of radiation therapy 
are similar for patients with an intact esophagus, 
where pre-operative or definitive radiation therapy 
is planned. The techniques of radiation therapy 
are slightly different in the setting of post-opera-
tive radiation therapy, where the target is focused 
on residual microscopic or gross disease with or 
without inclusion of adjacent nodal regions. Both 
situations will be addressed in the following sec-
tions.

20.3 
Simulation Procedures

CT simulation is used for treatment planning. 
Patients are positioned supine in a body cast with 
chin slightly extended to assure it is removed from 
the treatment field. Arms are folded above the head 
and may rest on the forehead or a 5-cm or 7-cm 
sponge. When positioning the patient, it should 
be kept in mind that the isocenter will be placed 
midplane at the highest anterior–posterior (AP) 
separation in the thorax. Most patients are given 
approximately 100 ml of oral contrast immediately 
prior to the scan to help delineate the esophagus 
mass on axial images. Scan limits are from the chin 
to the top of kidneys. Common scan parameters 
are 120–130 kVp, 230–300 mAs, and 3-mm-thick 
images with 3-mm image spacing. Thicker images 
and spacing can be used away from the region of 
interest.

In absence of a CT simulator, conventional sim-
ulation can be used with orthogonal radiographs 
obtained in the treatment position and with oral 
barium. It should be kept in mind that the barium 
only represents the lumen and does not indicate the 
size and shape of the tumor.

20.4 
Target Volume Definition

For patients with an intact esophagus, three separate 
targets are identified: gross tumor volume (GTV), 
clinical target volume (CTV), and planning target 
volume (PTV). The GTV consists of the primary 
tumor and involved regional lymph nodes identified 
using the information from the endoscopy report, 
endoscopic ultrasound, CT, and PET imaging. The 
oral contrast aids in identification of the upper and 
lower edges of the tumor, particularly if the tumor 
extends into the stomach. If the endoscopy report 
does not describe the lowermost aspect of the tumor, 
then we generally contact the endoscopist to obtain 
this information. Nodal GTV is generally contoured 
separately, using information from the CT and PET. 
Any lymph nodes with short axis diameters of 1 cm 
or greater are included within the GTV.

The CTV consists of the GTV plus a 1-cm axial 
margin and 3-cm longitudinal margins. The pos-
terior edge of the CTV is modified to exclude the 
anterior vertebral body from this volume. For 
lesions of the lower esophagus and GE junction, the 
CTV includes the gastrohepatic and celiac nodal 
regions, due to the high risk of disease in these 
nodes (Akiyama et al. 1981). For lesions of the upper 
esophagus (above the carina), the supraclavicular 
nodes are included in the CTV. The PTV consists of 
a 1-cm margin around the CTV in all dimensions. 
Beyond 45 Gy, the PTV may be reduced to a 2-cm 
margin around the GTV.

Contoured normal tissue structures include the 
remaining esophagus, right and left lung, heart, 
spinal cord, and carina. The heart is contoured, 
beginning at the base where the aortic root emerges 
from the left ventricle. The carina is identified to 
check the craniocaudal isocenter position on the 
digitally reconstructed radiograph compared with 
verification or portal films. Treatment plans are 
optimized to limit dose to normal lung and heart. 
We aim to keep the volume of normal lung receiving 
20 Gy (V20) to less than 20% or a mean lung dose 
less than 18 Gy. Heart doses are limited so that the 
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1/3, 2/3, and 3/3 heart volumes are less than 45, 40, 
and 30 Gy, respectively. The spinal cord is limited 
to a maximum dose less than 48 Gy. For cancers of 
the stomach, attention must be paid to the liver and 
both kidneys. These organs are not generally of con-
cern for cancers of the esophagus.

In the postoperative setting, a CTV is contoured 
to identify the positive margin of concern. If gross 
residual disease exists, then a GTV is contoured 
and is expanded by 1 cm to generate a CTV. The 
PTV is a 1-cm volumetric expansion of the CTV. 
In situations where the patient has had an esopha-
gectomy and gastric conduit with a positive upper 
margin at the anastomosis and residual abdominal 
nodal disease, a large volume of radiation would 
be necessary to treat the PTV within one field. A 
viable alternative option is to identify separate 
PTVs, using different fields for the anastomosis 
and nodal disease.

20.5 
Dose Prescription

In the preoperative setting, we prescribe 45 Gy in 
1.8-Gy daily fractions to cover the PTV, using het-
erogeneous dose prescriptions. Energies of 6–18 MV 
are used. For definitive therapy, the prescribed dose 
is 50.4 Gy to cover the PTV. In the postoperative set-
ting, 45–50.4 Gy is used to cover the PTV (or PTVs). 
The following represents our practice at the Siteman 
Cancer Center/Washington University:

I. Defi nitive preoperative chemotherapy plus 
radiation therapy – with intent to proceed with 
radical esophagectomy

 Chemotherapy:
  Cisplatin – 75 mg/m2, day 1, week 1
  5-FU – 1000 mg/m2 4 days, week 1
 Radiation therapy:
  45 (25 fractions/5–5.5 weeks)
  Surgery to be performed week 4–6 if patient  
  has recovered hematologically

II. Postoperative chemoradiation for those with posi-
tive surgical margins or residual gross disease

 Chemotherapy:
  Cisplatin – 75 mg/m2, day 1, weeks 1, 5, 8, 11
  5-FU – 1000 mg/m2 4 days, weeks 1, 5, 8, 11
 Radiation therapy:
  50–54 Gy/25 fx/5 weeks for negative margins
  60–66 Gy/30 fx/6 weeks for positive margins

III. Defi nitive chemoradiotherapy for patients who 
are not surgical candidates but still have local-
ized disease:

 Chemotherapy:
  Cisplatin – 75 mg/m2 – fi rst day of weeks 1, 5, 8, 11
  5-FU – 1000 mg/m2 4 days – weeks 1, 5, 8, 11
  Radiation therapy – 45 Gy (9–10 Gy/wk) to the 

primary tumor and regional lymphatics plus a 
5 Gy boost to the primary and nodal GTV with 
oblique fi elds

IV. For patients who will not receive chemotherapy:
 Radiation therapy dose is as above with the 

difference being that the total tumor dose is 
64.8 Gy (after 45 Gy to volume I and 19.8 Gy to 
volumes II and III with gradually reduced fi elds)

20.6 
Beam Selection and Design

Most of the tumors require relatively large fields. 
Treatment field arrangements are designed to meet 
the spinal cord dose tolerance and spare the lungs 
and the heart. Due to large depths of these tumors, 
high-energy beams should be used to reduce the 
integral lung dose. Technical difficulties for this 
treatment site include irregular patient topology 
along the thorax, curving spinal cord canal, and 
angle of the esophagus. Typical beam arrangements 
are designed to limit the dose to the spinal cord to 
4500–4700 cGy maximum dose. In our clinic, AP/
posteroanterior (PA) beams are used to deliver an 
initial dose of 3600 cGy to the PTV. AP field usually 
requires a wedge to reduce the spinal cord dose in 
the superior portion of the treatment field. An AP 
and posterior oblique are then used to deliver an 
additional 1440 cGy. The longitudinal margins of 
the AP and off-cord oblique fields are reduced to 
GTV+2 cm after 4500 cGy. This field arrangement 
usually brings the spinal cord to a tolerance level 
of 4500–4700 cGy. We typically choose a left poste-
rior oblique field to minimize exit dose to the heart 
(Fig. 20.5a). Opposed oblique fields (Fig. 20.5b) are 
routinely used to deliver a final dose of 5040 cGy 
to minimize radiation dose to the anterior right 
lung. If the planning target volume is situated to 
the left of midline, coverage of the PTV is sometimes 
better with a three-field arrangement consisting of 
an anterior and bilateral posterior oblique beams 
(Fig. 20.5c). Wedge angle for the AP field is usually 
best determined by evaluating dose distributions in 
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dose. Ideally, mean lung dose is kept below 18 Gy and 
V20 below 30%. For heart dose, we try to keep two-
thirds of the heart below 45 Gy. Figure 20.7 shows a 
comparison of dose volume histograms for the three 
plans shown in Figure 20.5. For all practical pur-
poses, the two plans (Figs. 20.5a and 20.5c) result in 
equivalent DVHs (Fig. 20.7). Analysis of the isodose 

Fig. 20.5a-c. a Axial computed tomography (CT) image showing 
the isodose lines generated using an AP/PA/RPO fi eld arrange-
ment. b Axial CT image showing the isodose lines generated 
using an AP/PA/RPO/LAO fi eld arrangement. We generally 
limit the use of opposed oblique fi elds in order to minimize 
the normal lung tissue dose. c Axial CT image showing the 
isodose lines generated using an anterior–posterior/right pos-
terior oblique/left posterior oblique fi eld arrangement. This 
technique is sometimes used for cancers to the left of midline

a b

c

Fig. 20.6. Sagittal computed tomography image showing iso-
dose lines generated by the treatment plan in Fig. 20.4a. In this 
example, the maximum cord dose is 4788 cGy

the sagittal plain bisecting the spinal canal. The cord 
tolerance isodose in this view should follow the cur-
vature of the spinal cord and should be maintained 
at a safe distance away from the cord (Fig. 20.6).

20.7 
Plan Evaluation

In our clinic, treatment plans are evaluated with the 
treating physician and dosimetrist at the treatment-
planning computer. This enables a thorough review 
of slice-by-slice isodose curves and dose volume 
histogram (DVH) analysis of the target and criti-
cal normal structures. Our checklist is as follows: 
PTV coverage, maximum spinal cord dose, normal 
lung-tissue dose, and heart dose. If heterogeneity 
calculation algorithms are used, dose is prescribed 
to the PTV. Optimally, 100% of the prescribed dose 
will cover 100% of the PTV. Treatment plans are 
acceptable if 95% of the dose covers 100% of the 
PTV. Our maximum acceptable spinal cord dose is 
47 Gy. Mean lung dose or V20 (the volume of lung at 
or exceeding 20 Gy) is used to evaluate normal lung 
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lines shows that the main difference between the 
three plans is the location of the hot spots (maxi-
mum doses) in the plan. Then, the best plan is deter-
mined by the location of the tumor with respect to 
other normal structures. The hot spot should be kept 
away from the heart and the spinal cord.

20.8 
Plan Implementation and Quality Assurance

Technically, these treatments are relatively straight-
forward to implement on treatment machine. In our 
clinic, treatment settings are exported from the treat-
ment-planning computer directly to the record and 
verify system. One of the main concerns with verifica-
tion of these treatments is that the wedge on the AP 
beam is used and that it is oriented properly with the 
heel toward the patient’s head. Absence of the wedge 
or incorrect orientation can lead to serious overdose 
of the spinal cord especially in the superior portion of 

the treatment field. To ensure that the wedge is present 
and oriented correctly, we perform in vivo dosimetry 
for the AP field on the first day of treatment, using 
a diode dosimeter. The dosimeter is placed 2–4 cm 
away from the central axis, toward the superior por-
tion of the field. This off-axis reading allows us to 
determine the orientation of the wedge with respect 
to the treatment field (measuring across the dose gra-
dient in the wedged direction). In addition to the AP 
field, diode dosimetry is performed for all other fields 
as well. Our tolerance for agreement between diode 
measured and calculated doses is 5%. Once the 
satisfactory measurements are obtained with diode 
dosimetry, accuracy of patient treatments are verified 
with port films and weekly review of patient’s elec-
tronic treatment record. In addition to this, source to 
surface distances on central axis are checked weekly 
for all treatment fields. In our clinic, it is a policy to 
independently calculate maximum spinal cord dose 
to verify treatment plan calculations. This verifica-
tion can be performed using manual calculations or 
using a monitor unit calculator.

Fig. 20.7a-c. Dose volume histogram comparison of plans 20.4. In 
this particular patient, the plans generated using anterior–pos-
terior/posterior–anterior/left posterior oblique or anterior–pos-
terior/right posterior oblique fi elds have similar dose volume 
histograms. The treatment plan used is based on planning target 
volume coverage and the location of Dmax (maximum dose) (away 
from critical structures)
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20.9 
Simulation Films and Portal Films

For treatment simulation films, digitally recon-
structed radiographs (DRRs) or conventional simu-
lator films can be used. Figure 20.8 shows a set of 
DRRs for a typical patient treatment. For verifica-
tion of beam shapes and patient positioning, these 
films are compared with port films from treatment 
machines. For AP/PA field arrangement, port films 
for both treatment fields are acquired on the first day 
of treatment and, subsequently, every five fractions. 
For AP and oblique field arrangements, all fields are 
also filmed on the first day of treatment and, sub-
sequently, every five fractions. Lateral setup films 
can also be acquired, if needed, to verify patient 
positioning and spinal cord depth.

20.10 
Future Directions

The prognosis for patients with locally advanced 
(T3 or N1) or inoperable esophagus cancer remains 
poor. Efforts to improve survival under investiga-
tion include the testing of laparoscopic surgical 
techniques, newer (i.e., taxanes) or triple chemo-
therapy combinations, and developmental targeted 
biological agents. Specific to radiation therapy, the 
application of PET-based radiation-treatment plan-

Fig. 20.8. Typical treatment portals 
(anterior–posterior, posterior–anterior 
and left posterior oblique) for a patient 
with a carcinoma of the distal esopha-
gus. The clinical stage for this patient 
was T3N0M0

ning is likely to have an influence on the planning 
target volume. Other investigators are testing the 
addition of a brachytherapy boost to external beam 
therapy using applicators with a centering mech-
anism and having diameters of 10 mm or more. 
Applicators with larger diameters may avoid the fis-
tula complications seen previously using applicators 
with smaller diameters and, therefore, delivering an 
exceedingly high dose to the esophageal wall (RTOG 
9207) (Gaspar et al. 1995).
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21.1 
Introduction

Lung cancer continues to be the leading cause of 
cancer-related mortality in both men and women in 
the United States (Jemal et al. 2005). Despite tech-
nologic advances over the past three decades that 
have resulted in improved diagnosis and therapy, 
the overall cure rate of patients with lung cancer 
has not significantly changed and is <15% at 5 years 
(Jemal et al. 2005). Recent clinical trials employ-
ing a combination of therapeutic modalities, how-
ever, have improved outcomes in certain subsets of 
patients (Farray et al. 2005).

21.2 
Epidemiology

Lung cancer was diagnosed in approximately 171,000 
people in the United States in 2005 (Jemal et al. 
2005), third highest among all cancers. Although 
the incidence of lung cancer has been higher in 
men than women, the magnitude of this difference 
has been declining. Cigarette smoking has been 
reported to be a factor in causing 80–90% of lung 
cancer (Wingo et al.1999). Exposure to second-hand 
smoke, asbestos, polycyclic aromatic hydrocarbons, 
nickel, arsenic, and radon may also be related to the 
development of lung cancer.

21.3 
Anatomy and Pathologic Features

The right lung is composed of the upper, middle, 
and lower lobes, which are separated by the major 
and minor fissures. The left lung is composed of 
two lobes separated by a single fissure. The tra-
chea enters the superior mediastinum and bifur-
cates approximately at the level of the fifth thoracic 
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vertebra. The hila contain the bronchi, pulmonary 
arteries, and veins, various branches from the pul-
monary plexus, bronchial arteries and veins, and 
lymphatics.

The lung has a rich network of lymphatic vessels 
throughout its loose interstitial connective tissue, 
ultimately draining into various lymph node sta-
tions. Fourteen regional lymph node stations are 
defined for non-small cell lung carcinoma (NSCLC) 
and classified into N1, distal to the mediastinal 
pleural reflection; N2, within the ipsilateral medi-
astinal envelope; and N3, mediastinal or hilar nodes 
which are contralateral to the primary tumor or 
any scalene or supraclavicular nodes (Fig. 21.1). N1 
nodes (stations 10–14) include the intrapulmonary, 
along the secondary bronchi or in the bifurcation of 
branches of the pulmonary artery; and the broncho-
pulmonary lymph nodes, situated either alongside 
the lower portions of the main bronchi (hilar lymph 
nodes) or at the bifurcations of the main bronchi into 
lobar bronchi (interlobar nodes). The N2 nodes are 
the mediastinal lymph nodes, including the upper 
paratracheal, prevascular, lower paratracheal nodes 
(azygos nodes), para-aortic and a group of nodes 
located in the aortic window. Inferior to the carina 
are the subcarinal, paraesophageal, and pulmonary 
ligament nodes. Although the nodal stations have 

been adapted based on anatomic definitions based 
on surgery, a cross-sectional depiction on CT has 
recently been developed (Ko et al.2000). 

Lymph from the right upper lobe flows to the 
hilar and tracheobronchial lymph nodes. Lymph 
from the left upper lobe flows to the venous angle 
of the same side and to the right superior mediasti-
num. The right and left lower lobe lymphatics drain 
into the inferior mediastinal and subcarinal nodes 
and from there to the right superior mediastinum. 
The left lower lobe also may drain into left superior 
mediastinum.

Lung carcinomas are broadly divided into 
NSCLC and SCLC. The NSCLC compromises over 
80% of lung cancer and is further subdivided into 
squamous cell carcinoma, adenocarcinoma, and 
large cell carcinoma. Bronchoalveolar cell car-
cinoma is classified as a subtype of adenocarci-
noma.

21.4 
Natural History and Symptoms

Bronchogenic carcinoma usually originates in sec-
ondary to tertiary bronchial divisions. Even before 
the tumor has reached a clinically detectable size, 
invasion of the regional lymphatics and the blood 
vessels may occur, resulting in widespread lym-
phatic and hematogenous dissemination (Line and 
Deeley 1971). This information is important in 
designing radiation therapy portals. Ipsilateral hilar 
node metastasis occurs in between 50 and 60% of 
patients (Carter and Eggleston 1980; Goldberg 
et al. 1974; Baird 1965). Mediastinal adenopathy is 
noted in 40–50% of operative specimens (Dillman 
et al. 1996). Metastasis to the scalene (supraclavicu-
lar) nodes is predominantly from primary sites in 
ipsilateral upper lobes or from superior mediastinal 
lesions.

Symptoms resulting from lung cancer can be 
related to the primary lung lesion or to intratho-
racic spread, distant metastasis, or paraneoplastic 
syndromes. The most common symptom of lung 
cancer is cough. Dyspnea may occur from airway 
obstruction, postobstructive pneumonia or atel-
ectasis, lymphangitic spread, and pleural or peri-
cardial effusion. Hemoptysis has been reported in 
27–57% of patients with lung cancer (Midthun and 
Jett 1996). Chest pain can occur from invasion of 
the chest wall, vertebrae, or mediastinal structures. 
Pancoast syndrome results from a superior sulcus 

Fig. 21.1 Sites of lymph nodes in lungs and mediastinum. 
1 Highest mediastinal, 2 upper paratracheal, 3 prevascular and 
retrotracheal, 4 lower paratracheal, 5 subaortic (aorto-pulmo-
nary window); 6 para-aortic (ascending aorta or phrenic), 
7 subcarinal, 8 paraesophageal (below carina), 9 pulmonary 
ligament, 10 hilar, 11 interlobar, 12 lobar, 13 segmental, 14 sub-
segmental (not depicted). (From Emami et al. 1998)
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tumor invading into the apical chest wall, causing 
brachial plexopathy and ipsilateral Horner’s syn-
drome.

Enlarged mediastinal adenopathy may cause left 
vocal cord paralysis and hoarseness due to injury to 
the left recurrent laryngeal nerve as it passes under 
the aortic arch in the aorto-pulmonary window. 
Although more common with small cell carcinoma, 

superior vena cava syndrome may occur from pri-
mary tumor or nodal compression of the superior 
vena cava.

Metastatic disease is often symptomatic in the 
brain and bones, but may also spread to the liver, 
adrenals, and to the other lobes of the lung. The 
most frequent paraneoplastic syndromes of NSCLC 
are hypercalcemia, clubbing, and hypertrophic 
pulmonary osteoarthropathy.

Weight loss has been reported in 8–68% of 
patients with lung cancer. It may occur with local-
ized disease, metastatic disease, or as a conse-
quence of a paraneoplastic syndrome. Weight loss 
represents a negative prognostic indicator in lung 
cancer.

21.5 
Staging

The sixth edition of the AJCC Staging System for 
NSCLC remains unchanged from 1997. Staging 
grouping by T, N, and M with 5-year survivals are 
shown in Tables 21.1 and 21.2. It is noted that the 
survival results of the new staging system are based 
primarily upon surgical staging and treatment. 
Patient outcome and survival may be significantly 
affected by surgical procedure and additional com-
bined modality therapy (Ginsberg and Rubinstein 
1995; Kris et al. 1995; Martini et al. 1997).

Table 21.1 The TNM classifi cation of the lung

Primary tumor (T)

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

TO 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

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 <2 cm distal to the carina 
but without involvement of the carina; or associated at-
electasis or obstructive pneumonitis if the entire lung

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

Lymph node (N)

NX Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

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

N2 Metastasis in ipsilateral mediastinal and/or subcarinal 
lymph node(s)

N3 Metastasis in contralateral mediastinal, contralateral hi-
lar, ipsilateral or contralateral scalene or supraclavicular 
lymph nodes

Distant metastases (M)

MX Presence of distant metastasis cannot be assessed

M0 No distant metastasis

M1 Distant metastasis

Table 21.2 Sixth edition, AJCC staging and 5-year survival

Overall 
stage

T N M Estimated 
5-year survival (%)

0 Tis NO MO –

IA T1 NO MO 60–70

IB T2 NO MO ~40

IIA T1 N1 MO ~35

IIB T2
T3

N1
NO

MO 25–35

IIIA T1
T2
T3

N2
N2
N1–N2

MO
MO
MO

~10

IIB T1–T4
T4

N3
NO-3

MO
MO

~5

IV Any T Any N M1 ~2
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21.6 
Prognosis

Several tumor and clinical characteristics have been 
found to be significant predictors for survival. The 
impact of stage on survival has been well docu-
mented by Mountain et al. (1997). The two most 
important clinical factors are weight loss and per-
formance status (Feinstein 1964; Pater and Loeb 
1982; Blackstock et al. 2002; Stanley 1980; Hoang 
et al. 2005).

21.7 
Diagnostic Work-up

The goal of work-up is pathological confirmation 
of malignancy and accurate staging. Staging is not 
only prognostic, but also helps determine the most 
appropriate treatment. In addition to a detailed his-
tory and thorough physical examination, complete 
blood count, liver function tests, and an electrolyte 
panel are necessary. Chest X-ray is often the initial 
radiographic imaging used in the evaluation of sus-
pected bronchogenic carcinoma. Suspicious abnor-
malities should then be evaluated with a CT chest 
to reveal the size and local invasion of the primary 
tumor, effusions, extent of hilar and mediastinal 
adenopathy, and metastatic disease in the bones and 
other lobes of the lung. Staging should also include 
the liver and adrenals, which are the common sites 
of metastatic disease.

Determining the status of the N2 nodes has both 
important prognostic and treatment decision-
making implications. Surgery has not been shown 
to improve survival compared with definitive radia-
tion and concurrent chemotherapy (Albain et al. 
2003). Based on CT, a 1-cm short axis is generally 
regarded as the upper limit of normal for mediasti-
nal lymph node diameter, and nodes exceeding this 
size are presumed to be pathological (Glazer et al. 
1985); however, using such size criteria, the sensitiv-
ity and specificity of mediastinal nodes on CT is 61 
and 79%, respectively (Gould et al. 2003).

Positron emission tomography (PET) is a func-
tional imaging tool which, when combined with CT, 
improves the sensitivity and specificity of medi-
astinal node detection to 85 and 90%, respectively 
(Gould et al. 2003).The most commonly used radio-
isotope is (18)F-2-fluoro-2-deoxy-D-glucose (FDG), 
a glucose analog tagged with a positron-emitting 
isotope of fluorine, (18)F. Metabolically active 

cells, such as malignant cells, uptake more glucose 
than other tissues (Nolop et al. 1987). Despite the 
improved mediastinal staging accuracy of PET, 
mediastinoscopy remains the gold standard for 
evaluation of these nodes (Gdeedo et al. 1997).

Magnetic resonance imaging (MRI) may provide 
additional value in certain situations when the supe-
rior sulcus structures or vertebral invasion needs to 
be assessed. Computed tomography or MRI brain, 
as well as bone scan, may be ordered if suspicious 
symptoms are present. For SCLC, both bone scan 
and either CT or MRI of brain are included in the 
staging. Compared with conventional staging, PET 
has been shown to detect occult distant metastases 
in 19% of patients otherwise felt to have curable 
disease (MacManus et al. 2001). Pulmonary func-
tion tests should include spirometry and diffusion 
capacity.

Tissue diagnosis can be obtained through 
sputum cytology or several other methods of vary-
ing invasiveness. Since the presence of a malignant 
pleural effusion dramatically alters the prognosis 
and treatment, pleuracentesis should be performed 
when appropriate. Bronchoscopy provides valuable 
information for staging and treatment planning. 
Washings and brushings of the central airways 
and transbronchial needle aspiration using a Wang 
needle biopsy of subcarinal and hilar nodes can be 
used to obtain a diagnosis, especially for centrally 
located tumors. Percutaneous transthoracic needle 
aspiration is useful for obtaining tissue diagnosis, 
but offers limited staging information.

Cervical mediastinoscopy offers the ability to 
pathologically stage the paratracheal and subcari-
nal nodes. A left anterior mediastinotomy (Cham-
berlain procedure) allows access to the station-5 
and station-6 nodes. Occasionally, video-assisted 
thoracoscopic surgery (VATS), which allows explo-
ration of hemithorax, is generally used to obtain an 
excisional biopsy when less invasive means are not 
successful.

21.8 
General Management of Non-Small Cell 
Lung Cancer

21.8.1 
Surgery

The increasing use of combined modality therapy 
(radiation therapy, chemotherapy, surgery) for 
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lung cancer underlies the need for accurate stag-
ing and for interdisciplinary evaluation of the newly 
diagnosed lung cancer patient. A determination of 
resectability should be made by an experienced tho-
racic surgeon. Surgery should involve lobectomy or 
pneumonectomy, if a lung sparing sleeve resection 
is not feasible, as well as an evaluation of the N1 
and N2 nodes. It is estimated that only about 20% 
of all newly diagnosed patients are appropriate for 
surgical resection (Shields 1993). Stage, extent of 
resection, performance status, comorbidity, and 
cardiopulmonary evaluation determine resectabil-
ity. Pulmonary function tests, including spirometry 
and diffusion capacity, should be performed as part 
of the preoperative evaluation.

21.8.2 
Chemotherapy

Chemotherapy has been shown to improve sur-
vival in the multi-modality treatment of NSCLC. 
For patients with stage-II or stage-III unresectable 
disease, chemotherapy combined with radiation 
therapy has been shown to be superior than radia-
tion therapy alone (Bradley et al. 2005a; Socinski 
2005; Turrisi et al. 2005). Furthermore, a recent 
trial has demonstrated that adjuvant chemotherapy 
following resection of stages I–III NSCLC has also 
been shown to improve survival over resection 
alone (Arriagada et al. 2004). For patients with 
metastatic or recurrent cancer, chemotherapy may 
improve survival and quality of life compared with 
best supportive care (NSCLC Collaborative Group 
1995). In general, patients with poor performance 
status and advanced weight loss may not receive 
a benefit from chemotherapy. Combination che-
motherapy regimens using a platinum-based agent 
have been shown to be most effective; however, no 
particular combination has been shown to be opti-
mal (Schiller et al. 2002).

21.9 
Radiation Therapy Management

21.9.1 
Stage I

Surgery alone for stage I results in a 5-year OS of 
60–70%. The numbers of patients with stage-I dis-
ease can be expected to increase with the increasing 

use of spiral screening CT. Adjuvant chemotherapy 
has been found to improve survival in patients 
with resected stages I–III disease (Arriagada et 
al. 2004).

Definitive radiation therapy is the appropriate 
alternative to surgery for early stage patients who 
have medical contraindications to surgery. In this 
population of patients with poor pulmonary func-
tion and severe medical comorbidities, radiation 
therapy alone has produced 5-year overall surviv-
als of 8–15% (Dosoretz et al. 1992; Haffty et al. 
1988; Kaskowitz et al. 1993; Noordijk et al. 1988; 
Sandler et al. 1990; Sibley et al. 1998; Kupelian et 
al. 1996); however, due to competing risks of death, 
the 5-year disease-specific survival of these patients 
is in the range of 30–55%.

Recent studies support the concept of treating 
only the primary tumor and not the elective nodal 
regions to reduce the volume of irradiated lung 
tissue to doses of 65 Gy, conventionally fraction-
ated (Emami 1994; Krol et al. 1996; Slotman et 
al. 1996). Also, some studies appear to demonstrate 
a dose–response relationship for tumor control 
(Sibley et al. 1998).

Early results with stereotactic hypofraction-
ated radiotherapy have shown improved local 
control rates compared with conventionally frac-
tionated radiation (Blomgren et al. 1995). Wulf 
et al. (2001) reported a 76% local control rate for 
lung tumors treated with three fractions of 10 Gy 
each.  Timmerman et al. (2003) conducted a phase-
I dose-per-fraction escalation of a three-fraction 
course of radiation using an extracranial stereotac-
tic radioablation. A dose of 6000 cGy in three frac-
tions was tolerable and is currently being evaluated 
in a phase-I/II Radiation Therapy Oncology Group 
(RTOG) study of stereotactic body radiation therapy 
(SBRT) for medically inoperable stage-I/II NSCLC. 
Further validation of the early results of SBRT are 
eagerly awaited.

21.9.2 
Stage II/III

The standard of care for patients with stage-III 
disease is combined-modality treatment with che-
motherapy and radiation therapy (Dillman et al. 
1996; Le Chevalier et al. 1991; Sause et al. 2000). 
Some subsets of stage-III disease or superior sulcus 
tumors may be considered for neoadjuvant chemo-
radiation followed by resection (Albain et al. 2003). 
Medically inoperable patients with stage-II disease 
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should be managed similarly to stage-III patients, 
i.e., with chemoradiation.

The different, mostly non-overlapping toxicities 
of radiation therapy and chemotherapy allow them 
to both be given with minimal compromise of either 
treatment modality. Toxicities increase when the 
two modalities are combined, but not excessively. 
The main toxicity that has often become dose limit-
ing is esophagitis (Kelly et al. 1998).

Conceptually, radiation therapy attempts to 
eradicate locoregional disease while chemotherapy 
sensitizes cancer cells to radiation injury as well as 
attempts to eradicate distant micro-metastatic dis-
ease. A variety of approaches to combining chemo-
therapy and radiation therapy have been utilized 
in unresectable stage-III disease, including induc-
tion chemotherapy followed by radiation (Dillman 
et al. 1996; Le Chevalier et al. 1991; Sause et al. 
2000), concurrent chemoradiotherapy (Furuse et al. 
1999), induction chemotherapy followed by concur-
rent chemoradiotherapy, and concurrent chemora-
diotherapy followed by consolidative chemotherapy 
(Fig. 21.2; Gandara et al. 2003).

A platinum-based regimen with concurrent 
radiation therapy is recommended for patients with 
good performance status and minimal weight loss. 
Cisplatin/etoposide or carboplatin/paclitaxel are 
the most commonly used regimens during thoracic 
radiation therapy. Consolidation chemotherapy has 
been associated with 3-year survival rates of 37% 
(Gandara et al. 2003). The optimal method of inte-
grating novel therapeutic agents, such as inhibitors 

of the epidermal growth factor receptor and angio-
genesis pathways, remains to be studied (Gandara 
et al. 2005).

As new chemotherapeutic agents are incorpo-
rated into multimodality regimens, the traditional 
parameters of radiation therapy dose, fractionation, 
and volume will need to be addressed. Caution 
needs to be used as increased and unexpected toxici-
ties may arise (Choy et al. 1997; Graham et al. 1996; 
Gregor et al. 1997; Langer et al. 1997; Rosenthal 
et al. 1997).

21.9.3 
Postoperative Care

The role of postoperative radiation therapy has 
been diminishing because randomized trials have 
failed to show a survival advantage; however, none 
of the trials reported to date have had the statis-
tical power to prove or disprove a survival effect 
in N2 patients (Dautzenberg et al. 1995; The 
Lung Cancer Study Group 1986); many have 
shown a significant local tumor and disease-free 
survival improvement (Dautzenberg et al. 1995; 
The Lung Cancer Study Group 1986). On the 
other hand, a meta-analysis of 2128 patients who 
received postoperative radiation therapy in nine 
trials showed an adverse effect on survival for 
stages I and II. The results with the few patients 
with stage-III disease showed no significant ben-
efit or detriment to radiation therapy. This meta-
analysis has several major criticisms, including 
antiquated radiation techniques and inadequate 
treatment volumes. In addition, the role of adju-
vant chemotherapy is rapidly developing, further 
complicating the role of adjuvant radiation ther-
apy. Patients with positive surgical margins or 
N2 disease are usually offered adjuvant radiation 
therapy. Both the dose, which varies from 50 to 
66 Gy, and the treatment volume, depend on the 
pathological findings.

The RTOG recently reported a phase-II trial of 
postoperative radiation therapy with concurrent 
carboplatin and paclitaxel for resected stage-II and 
stage-IIIA patients. The treatment toxicity was con-
sidered acceptable. The promising 3-year survival of 
61% with this regimen merits further evaluation in 
clinical trials (Bradley et al. 2005b).

Fig. 21.2 Common combined modality regimens used to treat 
unresectable non-small cell lung cancers: induction chemo-
therapy followed by radiation therapy (A), concurrent chemo-
radiation (B), induction chemotherapy followed concurrent 
chemoradiation (C), concurrent chemoradiation followed by 
consolidative chemotherapy (D). Reduced dose chemotherapy 
(x), full-dose chemotherapy (X), radiation therapy (   |   )

A Induction Chemotherapy X X
Radiation Therapy         | | | | | | |

B Chemotherapy (x) (x) (x)
Radiation Therapy   | | | | | | |

C Induction Chemotherapy X X
Concurrent Chemotherapy  (x) (x) (x)
Radiation Therapy  |  |  |  |  |  |  |

D Concurrent Chemotherapy (x) (x) (x)
Radiation Therapy   | | | | | | |
Consolidation Chemotherapy      X X X
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21.10 
Dose, Fractionation, Volume

21.10.1 
Tumor Dose

Prior to recent studies showing the benefit of 
combining chemotherapy and radiation, radiation 
therapy alone had been the standard treatment for 
unresectable stage-III NSCLC. Based on a random-
ized trial by the RTOG 7301 (Perez et al. 1980), 
a dose of 60 Gy became accepted as the standard 
minimal tumor dose. In this study, patients with 
stage-III NSCLC were randomized to four radia-
tion therapy regimens: 40-Gy split course; and 40-, 
50-, and 60-Gy continuous course (2 Gy/day, 5 days 
per week). The survival rates were 20% for the 
50- and 60-Gy arms and 10% for the 40-Gy arms. 
The complete and partial response rates were 56, 
53, and 48%, respectively, for the 60-, 50-, and 
40-Gy continuous schedules. The intrathoracic 
failure rates trended towards improvement with 
increasing dose from 40 to 60 Gy on the continu-
ous schedules. Tumors less than 3 cm in diameter 
had a tumor control of 60% as opposed to only 
40% for larger lesions (Perez et al. 1987). These 
observations support the need for higher doses 
of radiation in order to control larger tumors, 
although this increase must be tempered by the 
effect of large doses of radiation on surrounding 
normal tissues and the possibility of serious com-
plications.

Dose escalation may be a useful means to improve 
local control and survival for NSCLC, if a critical rela-
tionship exists between the dose of radiation admin-
istered to the tumor and the probability of controlling 
the lesion (Mehta et al. 2001). On the basis of basic 
principles advocated by Fletcher (1973), doses in 
the range of 80–100 cGy might be required to steril-
ize tumors of the size frequently treated in broncho-
genic carcinoma. Some authors, such as Salazar et 
al. (1976), Choi and Doucette (1981),  Mantravadi 
et al. (1989), and Perez et al. (1982) have shown 
improved survival rates in patients receiving higher 
doses of radiation up to 3 years after radiation. Two 
retrospective studies have shown improved 5-year 
survival with 70 Gy/7 weeks vs lower doses (Ball et 
al. 1993; Wurschmidt et al. 1994). Definitive doses 
of radiation therapy currently are approximately 
61–70 Gy with conventional fractionation; however, 
the optimal dose of radiation for treatment of non-
oat cell bronchogenic carcinoma has not been well 
defined.

A major goal of 3D CRT is to escalate dose to the 
tumor to improve local control while minimizing 
toxicity. The development of 3D conformal radia-
tion therapy (3D CRT) in the late 1980s using CT-
based planning techniques is an important treat-
ment advance for the treatment of lung cancer. 
CT-based planning offers more accurate definition 
of the tumor volume and normal tissues than radio-
graphs. A beam’s-eye-view (BEV) capability allows 
optimization of portal design and beam arrange-
ments with the aim of more precise dose delivery to 
the target while minimizing irradiation of normal 
tissue (Graham et al. 1994; Vijayakumar et al. 
1991). Delineation of normal tissue has led to the 
rapid development of dosimetric models to predict 
normal tissue complication probabilities. 

Several treatment-planning studies have reported 
the feasibility of increasing doses to NSCLC without 
increasing toxicity (Graham et al. 1994; Armstrong 
et al. 1993; Ha et al. 1993). Graham (1996, 1997) 
found that pneumonitis could be best predicted by 
dose volume histogram (DVH) analysis of the total 
lung volume. The percent volume of the total lung 
exceeding 20 Gy (V20) has been highly predictive in 
assessing risk of pneumonitis.

The primary objective of the University of Michi-
gan phase-I dose escalation study was to establish the 
maximum tolerated dose using conventional frac-
tionation (Hayman et al. 2001). A secondary objec-
tive was to better define the relationship between 
pulmonary toxicity, dose, and volume. From 1992 
to 1999, 104 patients were entered and stratified 
based on their effective volume (Veff), a measure of 
the amount of irradiation to normal lung tissue and 
risk of pneumonitis (Kutcher and Burman 1989). 
In patients with the smallest Veff, doses of 102.9 Gy 
were safely tolerated without significant pulmonary 
toxicity (Narayan et al. 2004).

RTOG 9311 was a multi-institutional phase-I/
II trial of radiation therapy dose escalation using 
3D CRT for inoperable stage-I to stage-III NSCLC 
(Bradley et al. 2005a). Although a few patients 
received induction chemotherapy, concurrent che-
motherapy was not allowed. Patients were strati-
fied to three groups with individual dose escalation 
levels based on the V20. For V20 <25%, dose levels 
were 70.9 Gy/33 fractions, 77.4 Gy/36 fractions, 
83.8 Gy/39 fractions, and 90.3 Gy/42 fractions. For 
V20 between 25 and 37%, dose levels were 70.9 and 
77.4 Gy. Dose escalation for patients with V20 >37% 
closed early due to poor accrual. Dose was safely 
escalated to 83.8 and 77.4 Gy for V20 of <25% and 
25–37%, respectively.
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The use of conformal dose escalation combined 
with chemotherapy has also been investigated. The 
Carolina Conformal Therapy Consortium has found 
approximately 80 Gy to be the maximum tolerated 
dose when used an accelerated hyperfractionated 
regimen following induction chemotherapy. Using 
once daily fractions, investigators at the Univer-
sity of North Carolina have safely increased dose to 
90 Gy in 2 Gy/day with concurrent weekly carbopla-
tin and paclitaxel following full-dose induction che-
motherapy. The phase-II component of RTOG 0117 
is a multi-institutional study of the efficacy of con-
current weekly carboplatin and paclitaxel plus high-
dose conformal radiation therapy to 74 Gy given in 
2 Gy/day. Dose escalation beyond 70 Gy with con-
current chemotherapy for NSCLC remains an active 
area of investigation.

21.10.2 
Fractionation

Multiple daily fractions have been advocated for the 
delivery of higher doses of radiation to the tumor 
without enhancing morbidity in the normal tissue 
(Cox and Bauer 1988). Theoretically, repair of sub-
lethal damage occurs between the fractions, when 
separated by 4–6 h. Because the total dose of radia-
tion is given in a shorter period of time, and higher 
doses can be delivered, a greater biological effect is 
anticipated.

The RTOG conducted a multi-institutional 
phase-I/II prospective dose-escalation study eval-
uating the effect of hyperfractionation (HFX) in 
tumor control and the survival of patients with 
NSCLC (Cox et al. 1990). Fractions of 1.2 Gy were 
administered twice daily (at 4- to 6-h intervals). 
Patients were randomized to escalating doses 
between 60 and 79.2 Gy. Among 519 patients, 248 
had a favorable prognosis (performance status 
70–100 and weight loss of <5%) and 271 had an 
unfavorable prognosis (performance status 50–
69 or weight loss >5%). Response rates were not 
reported in this study. No significant difference 
in disease-free survival was found among the five 
arms in the group of patients with an unfavor-
able prognosis. Patients with a favorable progno-
sis showed significant benefit (P=0.04) in survival 
and disease-free survival with 69.6 Gy compared 
with the lower total doses (median 14.8 months and 
2-year survival of 33%). Grade 3 or greater pulmo-
nary toxicity was reported in 5–10% of patients 
receiving 69.6 Gy.

Subsequently, however, the hyperfractionated 
regimen of 69.6 Gy has not been shown to improve 
survival compared with conventionally fractionated 
regimens of radiation (Sause et al. 2000). Further-
more, the addition of concurrent chemotherapy to 
HFX has not been shown to be superior to chemora-
diation (RTOG 9410). One possible explanation for 
the lack of benefit of hyperfractionated regimens 
is the treatment duration. Evidence suggests that 
epithelial tumors have a doubling time of approxi-
mately 5 days. Such rapidly proliferating tumors 
may repopulate over a prolonged treatment duration 
of 6–7 weeks (Withers 1982); therefore, accelerated 
fractionation (decreasing the treatment duration) 
regimens have been developed for NSCLC.

Saunders et al. (1999) reported results of a large 
prospective trial of continuous hyperfractionated 
accelerated radiotherapy (CHART) vs conventional 
60 Gy/30 fx for inoperable NSCLC. The CHART regi-
men delivery scheme was 1.5 Gy three times daily 
for 36 fractions (total dose 54 Gy). This CHART regi-
men resulted in an improved overall 2-year survival, 
20 vs 29% (p=0.008) and a 21% reduction in the rela-
tive risk of local progression.

The Eastern Cooperative Oncology Group com-
pared a sequential approach of full-dose induc-
tion chemotherapy followed by conventional frac-
tionated radiation therapy (64 Gy/32 fractions) vs 
57.6 Gy of hyperfractionated accelerated radia-
tion therapy (HART; 1.5 Gy three times daily for 
2.5 weeks). Unlike CHART, HART did not include 
weekend treatment. This trial closed early due to 
slower-than-expected accrual and increased esoph-
agitis. Although not statistically significant, the 2- 
and 3-year overall survival rates favored the HART 
regimen (44 and 24% vs 34 and 18%, respectively). 
The trend towards improved survival of HART 
merits additional investigation in rapidly proliferat-
ing tumor cell types.

21.10.3 
Elective Nodal Irradiation

Based on knowledge of patterns of spread and patho-
logical information, standard radiation therapy por-
tals (Fig. 21.3) for NSCLC have included not only sites 
of gross disease, but also ipsilateral hilar, bilateral, 
mediastinal and, occasionally, ipsilateral supraclavic-
ular lymph node regions. These fields are treated to 
45–50 Gy followed by an additional 15–20 Gy to sites 
of gross disease. The initial fields are treated using an 
anteroposterior/posteroanterior beam arrangement. 
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The remaining treatments are given using off-cord 
oblique and cone-down fields to limit the dose to the 
spinal cord to 45 Gy.

Recent studies have challenged the traditional 
ideas of electively treating the noninvolved, node-
bearing areas in the hilum, mediastinum, and supra-
clavicular fossa (Emami et al. 2003). The local con-
trol of gross disease is disappointingly low at 60 Gy 
(Bradley 2005). Most recurrences are within the 
sites of gross disease (Cheung et al. 2000). Isolated 
failures in the elective nodal areas are uncommon 
occurrences (e.g., RTOG 93-11; Bradley et al. 2004a; 
Rosenzweig et al.2001; Senan et al. 2002). Further-
more, elective nodal irradiation does increase the 
volume of normal lung and esophagus irradiated; 
therefore, methods to intensify the dose to the gross 
tumor volume (GTV) to improve local control while 
sparing normal tissue irradiation are warranted. One 
method to accomplish treatment intensification is 
radiation dose escalation. 

The ability to accurately define the tumor volume 
is of paramount importance for 3D CRT; however, 
the sensitivity and specificity of CT scanning for 
lymph node metastasis is only in the range of 60 and 
79%, respectively (Gould et al. 2003).

The use of PET with CT for staging the mediasti-
nal nodes has improved sensitivity and specificity 
to 80–90% (Dwamena et al. 1999). The use of both 
PET and CT for treatment planning should help the 
radiation oncologist more accurately contour the 
involved hilar and mediastinal nodes. The use of PET 
for radiation treatment planning has been shown to 
alter the stage of disease and radiation field design 
(Bradley et al. 2004b; Erdi et al. 2004; Mah et al. 
2002); however, until the optimal imaging param-
eters to define the tumor volume on PET are further 
elucidated, the incorporation of PET data into radi-
ation treatment planning should be individualized 
(Ashamalla et al. 2005).

21.11 
Radiation Therapy Technique

21.11.1 
Introduction

Treatment planning for thoracic tumors is com-
plex. In order to ensure safe and effective treat-
ment, several issues must be considered: (a) ac-
curate target volume delineation; (b) proximity of 
sensitive structures (lung, esophagus, spinal cord, 
and heart) to the tumor; (c) sloping surface of the 
chest; (d) presence of tissues with nonuniform 
densities, such as lung and bone, in the treatment 
volume; (e) frequent requirement for irregular 
field dose calculations; and (f) respiratory motion 
of the target and normal structures such as heart 
and lung.

21.11.2 
Simulation

Simulation is performed with the patient supine 
and arms placed above the head. A thorax board 
or other immobilization device helps reproduce the 
treatment position. A CT scan of the entire thoracic 
cavity, including lung apices to base, allows for 3D 
delineation of tumor and normal tissues which can 
be used for treatment planning and dose volume 
analysis. Fluoroscopic observance of tumor motion 

Fig. 21.3 Example of anteroposterior treatment portal for non-
small cell lung cancer. A 66-year-old woman with a T4N2M0 
(IIIB) adenocarcinoma of the right upper lobe invading into 
the pulmonary artery with large ipsilateral hilar and medias-
tinal nodes was treated with radiation and concurrent chemo-
therapy. Her initial fi elds were anteroposterior/posteroanterior 
to include the primary right upper lobe mass, right hilum, and 
mediastinum. Careful attention is paid to delineate the gross 
tumor volume (GTV) at the primary site and nodes. Blocks are 
drawn to include a margin of 1.5–2.0 cm on the GTV and to 
include the remaining hilar and mediastinal nodal regions
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or diaphragm excursion during normal breathing 
helps determine an appropriate margin of expan-
sion to account for respiratory motion.

21.11.3 
Target Delineation

Newer imaging modalities are increasingly being 
used in the diagnosis and staging of lung cancer. 
Radiation oncologists are called upon to have an 
increased ability to interpret CT data and define 
tumor targets vs normal anatomy (Vijayakumar et 
al. 1991). Modern treatment-planning systems allow 
the fusion of complementary imaging modalities, 
such as PET and single photon emission CT, for 
improved target volume delineation (Purdy et al. 
2000). The International Commission on Radiation 
Units report no. 50 guidelines for defining targets 
can be applied to lung cancers (ICRU 1993). The GTV 
includes the extent of primary lung tumor and any 
enlarged hilar or mediastinal nodes as defined by 
imaging studies such as CT or PET, bronchoscopy, 
or mediastinoscopy (Fig. 21.4). The clinical target 
volume (CTV) includes potential sites of micro-
scopic disease either surrounding the GTV or also 
including hilar and mediastinal nodes. Although 
this margin is typically 5 mm, a study reported by 
Giraud et al. (2000) found that 5 mm would cover 
the microscopic extension in only 80% of the adeno-
carcinomas and 91% of the squamous cell carcino-
mas evaluated. The planning target volume (PTV) 
accounts for intrafraction organ motion and daily 
setup uncertainty.

21.11.4 
Standard and Conformal Treatment Planning

Traditional treatment planning based on anterior 
and posterior radiographs (anteroposterior/pos-
teroanterior) calls for a 2-cm margin around visible 
gross disease and a 1-cm margin around electively 
treated nodal regions in the hilum and mediasti-
num (Bradley et al. 2003), using irregularly shaped 
blocks (Fig. 21.3). After 45–50 Gy to the elective 
nodes, the treatment portals are reduced and the 
remainder of the dose is given to the gross disease 
at the primary and nodal sites (Table 21.3).

To maintain the spinal cord dose at or below 45 Gy, 
off-cord field arrangements, such as obliques, are 
used to deliver the remainder of the dose. Depending 
on the energy and patient separation, the dose deliv-

ered to the spinal cord may vary and it may often be 
necessary to switch to an oblique field sooner than 
45 Gy. Posterior spinal cord blocks should no longer 
be used.

The sloping surface of the chest, especially at 
the thoracic inlet, results in varying source-tumor 
distances over the treatment field and must be 
accounted for in treatment planning. The sloping-
surface effect may be corrected by the use of wedges 
or compensating filters. Several of these devices 
have been described, and some are commercially 
available.

The goal of 3D conformal treatment planning 
is to maximize the dose to the tumor while mini-
mizing the dose to adjacent normal tissues. The 
major advantages of conformal planning systems 
(Fig. 21.5) are the abilities to accurately define the 
tumor volume and normal tissue, use multiple – 

Fig. 21.4 Example of how combined PET/CT may help to de-
fi ne the tumor volume for non-small cell lung cancer. A 48-
year-old woman presented with shortness of breath. A chest 
X-ray revealed a left hilar opacity and left upper lobe collapse. 
A CT scan of the chest demonstrated an endobronchial lesion 
near the origin of the left upper lobe, left upper lobe collapse, 
and multiple nodes measuring 1–1.5 cm in the left hilar, left 
paratracheal regions as well as lateral to the aortic arch. On 
bronchoscopy, a left mainstem endobronchial mass within 
1 cm of the carina was encountered with biopsy revealing 
squamous cell carcinoma. A PET/CT demonstrated increased 
FDG uptake in the left hilar mass, and paratracheal and peri-
aortic nodes. An anterior mediastinoscopy revealed six posi-
tive nodes in station 6. She was treated with radiation and con-
current chemotherapy. Her PET/CT images were used to help 
delineate the primary tumor from regions of atelectasis as well 
as the extent of involvement of the mediastinal nodes.
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including noncoplanar – beams based on the shape 
of the target, and iteratively adjust beam weights 
and wedges for optimized target coverage, normal 
tissue sparing, and more accurate dose calculation. 
Dose volume histograms for the lungs, heart, esoph-
agus, and spinal cord assist the treatment planner 
and physician in choosing an appropriate plan and 
reducing the chance of complications.

21.11.5 
Energy and Lung Heterogeneity

The appropriate beam energy and use of tissue den-
sity correction for intrathoracic tumor is controver-
sial (Yorke et al. 1996; Ekstrand and Barnes 1990; 
McDonald et al. 1976; Mackie et al. 1985; Rice et 
al. 1988; White et al. 1996). Because of the large path 

Table 21.3 Standard radiotherapy guidelines for stage-III A/B non-small cell lung cancer

Volume Dose 
(cGy)

Fractionation 
(cGy)

I. Subclinical disease: “Large Volume Target” (unin-
volved mediastinum and hilar nodes; supraclavicular 
nodes in selected cases)

4500–5000 180–200

II. Primary and involved nodes with 1- to 2-cm margin: 
“Involved Target Volume”

6000–6600 180–200

Fig. 21.5a-c. Example of a three-dimensional treatment plan 
depicting the beam’s-eye-view display of a treatment portal 
(a), conformal dose distribution (b), and dose-volume histo-
gram (c). A 77-year-old man with signifi cant comorbid con-
ditions, including ischemic cardiomyopathy, congestive heart 
failure, and emphysema, was diagnosed with a T1N0M0 (IA) 
non-small cell lung cancer of the left upper lobe, measuring 
1.9 cm in largest dimension. Due to his comorbidities and 
FEV1 <0.9 l/min, he was considered medically inoperable. 
The GTV was defi ned using both a recent diagnostic CT as 
well as lung windows on planning CT. The GTV was expanded 
by 5 mm for CTV. To account for the respiratory motion and 
daily setup variation of the patient, an additional 1.5 cm in 
the cranial and caudal directions, and 1 cm radially, were add-
ed for PTV (a). A right anterior oblique, left anterior oblique, 
and left posterior oblique beam arrangement was designed to 
encompass the PTV by the 95% isodose surface (b). A total 
dose of 6500 cGy in 26 fractions was given with minimal acute 
toxicity. In order to minimize the dose to the surrounding 
lung in this patient, elective nodal regions were not treated. 
The dose volume histogram (c) reveals a V20 of 14%, V30 of 
10%, and mean lung dose of 834 cGy Dose (Gy) Max. Dose 6626.5 cGy

 0 663 1326 1989 2652 3315 3978 4641 5304 5967 6630

100

90

80

70

60

50

40

30

20

10

0

(%
) O

rg
an

 V
ol

um
e 

PTV

Total Lung

Esophagus

 PTV
 *Cord
  Total Lung
 *Esophagus

a

c

b



536 S. Narayan and S. Vijayakumar

length of the thorax, many health care practitioners 
prefer the use of high-energy photons ( 10 mV). 
Higher-energy photons allow reduced hot spots in 
the chest wall and surrounding critical organs such as 
the spinal cord and heart; however, there are several 
disadvantages to high energies. High-energy photons 
may have problems with equilibrium re-establish-
ment of small tumors which are surrounded by lung 
tissue (Mackie et al. 1985; Klein et al. 1997). Yorke 
et al. (1996) have demonstrated the effects of small 
fields for 10 mV where tumors have a 10% lower dose 
at the periphery vs the center. This problem is a result 
of the loss of electronic equilibrium in tumors embed-
ded within the periphery of the lung, but is most 
significant when small field sizes are used. Further-
more, high-energy photons also result in a widened 
penumbra within low-density tissue (Ekstrand and 
Barnes 1990; Klein et al. 1997). This phenomenon 
may increase the risk of pneumonitis and may not be 
reflected in some current treatment-planning isodose 
displays (Kan et al. 1995).

The routine implementation of lung-density 
corrections has remained controversial. The main 
reasons are that most clinical experience with lung 
cancer has assumed a homogeneous density, most 
cooperative group trials from the RTOG and SWOG 
have continued to use homogeneous treatment plan-
ning, and no standard method for prescribing dose 
with heterogeneity correction has been accepted. 
Klein et al. (1997) have recommended caution when 
applying corrections for lung cancer radiotherapy 
planned with 3D RTP. The authors reported overes-
timation of correction factors, especially at tumor 
borders. Furthermore, incorporating heterogeneity 
correction into dose calculations resulted in under-
dosing due to loss of electronic equilibrium with 15-
mV photons (Mackie et al. 1985).

Nevertheless, the merits of using lung-density cor-
rection have been debated for years. Modern radiation 
treatment-planning systems and newer dose-calcula-
tion algorithms take into account tissue heterogene-
ity (Papanikolaou and Klein 2000). One study from 
MD Anderson Cancer Center demonstrated superior 
PTV coverage with the use of lung-density correc-
tions (Frank et al. 2003); however, its routine imple-
mentation has remained controversial.

21.11.6 
Normal Tissue Considerations

Treatment planning must provide adequate dose 
coverage of the target while not exceeding the tol-

erance doses of the sensitive normal organs in the 
thorax, such as the spinal cord, lung, esophagus, and 
heart. Emami (1994) published a consensus opinion 
on radiation tolerance doses and volumes based on 
clinical experience. Most clinicians agree that a maxi-
mum dose of 45 Gy to the spinal cord is associated 
with a very low incidence of injury. A report from the 
Princess Margaret Hospital showed no incidence of 
myelopathy in patients treated with once daily frac-
tionated radiotherapy to an equivalent dose of 50 Gy 
in 25 fractions (Wong et al. 1994). With traditional 
treatment planning, planners are cautioned to keep 
portals to 1.0–2.0 cm around the primary and nodal 
disease to keep lung toxicity within acceptable limits 
(Byhardt et al. 1993); however, the dose and volume 
relationship regarding partial organ irradiation of 
the lung and esophagus is less well understood. 

Recently, several authors have developed dosi-
metric parameters to predict the development of 
pneumonitis (Graham 1997; Boersma et al. 1992; 
Forastiere et al. 1993; Kwa et al. 1998; Marks et al. 
1997; Martel et al. 1994). Graham (1997) reported 
the percent volume of the total lung exceeding 20 Gy 
(V20) to be the best predictor of the development of 
pneumonitis (Forastiere et al. 1993). If the V20 was 
<32%, pneumonitis greater than grade 3 was not 
encountered. Similarly, Marks et al. (1997) reported 
the V30 to be most predictive of the development of 
pneumonitis. Kwa et al. (1998) related the incidence 
of pneumonitis with the total lung mean dose. The 
V20, V30, and mean lung dose can be easily calculated 
using 3D treatment-planning systems.

Martel et al. (1994) described the stratification 
of patients for their development of pneumonitis on 
the effective volume (Veff) and normal tissue com-
plication probability (NTCP) from lung-dose volume 
histograms. Their data were subsequently confirmed 
by Oetzel et al. (1995). The uses of NTCP models as 
well as predictors of esophageal toxicity continue to 
evolve (Singh et al. 2003; Maguire et al.1999). Each 
of these parameters gives clinicians guidelines to use 
and develop improved radiation treatment plans, 
especially when using conformal techniques.

21.12 
Patterns of Failure

Perez et al. (1984) reported results of an early RTOG 
trial that the tumor failure rate within the irradiated 
volume was 48% with 40 Gy delivered continuously, 
38% with 40 split course or 50 Gy continuously, and 
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27% with 60 Gy continuously. The failure rate in 
the nonirradiated lung ranged from 25 to 30% in 
various groups (Tucker et al. 1997). Distant metas-
tases, most commonly involving the brain, bone, 
liver, and adrenals, occur in 50–80% of patients. 
Even in early stage disease, distant recurrence is 
the most common failure pattern (Feld et al. 1984; 
Immerman 1981).

Of particular concern to the radiation oncologist, 
however, were the results of trials where biopsy by 
bronchoscopy was required after combined chemo-
therapy and radiation therapy (65 Gy; Le  Chevalier 
et al. 1994). Local control was only 15–17%. Fur-
thermore, in patients achieving complete or partial 
response, the incidence of brain metastasis was 16% 
for squamous cell carcinoma and 30–40% for ade-
nocarcinoma and large-cell undifferentiated carci-
noma. Whether prophylactic cranial irradiation for 
NSCLC provides benefit is currently being investi-
gated in a large, cooperative group study.

21.13 
Management of Small Cell Carcinoma

The incidence of small cell lung cancer has decreased 
to approximately 15% of lung cancer cases in the 
United States. Untreated small cell lung cancer is 
rapidly metastatic and fatal; indeed, two-thirds of 
patients present with metastatic disease. The remain-
ing one-third usually present with bulky, centrally 
located tumors confined to the chest. Currently, the 
staging of small cell lung cancer is either limited or 
extensive, depending on whether the disease extent 
can be safely encompassed in a radiation portal. In 
extensive-stage disease the role is limited to palliative 
treatment of symptomatic disease failing to respond 
to chemotherapy; however, thoracic radiation ther-
apy has an important role in the curative treatment 
of limited stage small cell lung cancer (Looper and 
Hornback 1984; Turrisi 1997). In limited disease 
the central issues include (a) dose, (b) fractionation, 
(c) treatment volume and timing with systemic ther-
apy, and (d) prophylactic cranial irradiation (PCI).

21.13.1 
Thoracic Radiotherapy

In the 1970s and 1980s, several small phase-III 
trials compared chemotherapy  alone vs thoracic 
radiotherapy (TRT) plus chemotherapy (Chute et 

al. 1997; Kies et al. 1987; Perry et al. 1987; Warde 
and Payne 1992; Mira et al. 1982). Individually, 
the small size of the trials resulted in unclear ben-
efit and small differences in outcome; however, two 
meta-analyses both concluded that the addition of 
TRT to systemic therapy resulted in improved local 
control and overall survival compared with systemic 
chemotherapy alone (Pignon et al. 1992; Work et 
al. 1997). Pignon et al. (1992) reported an improved 
3-year survival for 14.3% with CT plus TRT vs 8.9% 
with CT alone. Local control is also improved with 
TRT plus chemotherapy. Perry et al. (1987) reported 
a 50% 3-year actuarial local control with 50-Gy con-
current TRT vs 10% without TRT.

21.13.2 
Dose

Choi and Carey (1989), in a retrospective review, 
reported only 50% local control with 30–35 Gy, and 
70% local control with doses of 40–50 Gy. These data 
suffer from their retrospective nature and inherent 
biases of patient selection, era of treatment, etc. Pro-
spective studies using 40–50 Gy showed local con-
trol rates of only 30–50% (Perry et al. 1987; Work 
et al. 1997; Coy et al. 1988). Common practice of the 
era used posterior spinal cord blocks to protect the 
spinal cord, although it is clear that this resulted 
in underdosing to the mediastinum and probably 
tumor. This practice is no longer considered accept-
able. Even with the use of modern radiation therapy 
techniques and concurrent chemotherapy, local 
control has been only 48% with 45 Gy (Turrisi et 
al. 1999). Recent dose escalation studies have been 
completed indicating that doses of 61.2–70 Gy can 
be delivered safely (Komaki et al. 2005; Choi et al. 
1998). Komaki et al. (2005) reported a 68% com-
plete response rate with doses ranging from 50.4 
to 64.8 Gy using an accelerated hyperfractionated 
concomitant boost regimen.

21.13.3 
Fractionation

Besides dose escalation, altered fractionation regi-
mens have been shown to improve local control. 
Laboratory studies have suggested that typical SCLC 
cell lines have radiation survival curves with little 
to no shoulders and have suggested that accelerated 
fractionation schemas would, therefore, be advanta-
geous.
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Indeed, accelerated fractionation regimens have 
generated promising results with median surviv-
als of 18–27 months and 2-year survivals of 19–60% 
(Johnson et al. 1993, 1996; Turrisi et al. 1988). The 
favored regimen from several phase-II trials combin-
ing BID TRT with cisplatin and etoposide is 45 Gy/30 
fractions over 3 weeks. Each fraction is 1.5 Gy on a 
twice-daily schedule. A multi-institutional trial 
compared cisplatin/etoposide (four cycles) with 
once-daily TRT (45 Gy/35 fx every 5 weeks) vs twice-
daily TRT 45 Gy (30 fx/3 weeks) in 471 patients with 
limited stage SCLC (Turrisi et al. 1999). Although 
the incidence of grade-3 esophagitis was worse, 27 vs 
11%, both the local control and survival rates signif-
icantly favored the accelerated treatment arm. The 
5-year overall survival was improved in the twice-
daily arm, 26 vs 16% (p=0.04). The local failure rates 
were improved from 52 to 36% in the twice-daily arm. 
Despite the improved results with accelerated twice-
daily radiation compared with a once-daily regimen 
to 45 Gy, the reluctance to use it widely as well as the 
optimal dose to use for once-daily treatment have 
been discussed elsewhere (Turrisi 2004).

21.13.4 
Timing with Systemic Therapy and Treatment 
Volume

The issue of timing of radiation therapy (early vs 
late) has been studied in several randomized trials 
(Sause et al. 2000; Perry et al. 1987; Work et al. 1997; 
Jeremic et al. 1997; Lebeau et al. 1993; Murray et 
al. 1993; Takada et al. 2002). Three trials reported 
a survival benefit to early thoracic radiation therapy 
(Jeremic et al. 1997; Murray et al. 1993; Takada et 
al. 2002). In the Japanese Clinical Oncology group 
trial, 231 patients were randomized to concurrent 
cisplatin, etoposide for four cycles, and radiation 
therapy beginning on day 2 vs the same chemo-
therapy with TRT beginning with the fourth cycle 
of chemotherapy. The complete response rates were 
40 vs 27% in favor of the early TRT arm. The 5-year 
overall survival was 23.7 vs 18.3% in favor of the 
early TRT (p=0.097).

If TRT is delayed until after chemotherapy, the 
issue arises as to whether to treat the prechemother-
apy volume of disease vs the smaller postchemo-
therapy volume. Some authors advocate generous 
portals that would include the primary with gener-
ous margins as well as both hilar regions, the entire 
mediastinum, and both supraclavicular areas. Other 
authors, however, argue that only limited portals 

encompassing the prechemotherapy primary tumor 
with a 1-cm margin and high-risk nodal areas are 
adequate, because effective chemotherapy takes 
care of subclinical or microscopic disease and thus 
eliminates the need for generous portals. More-
over, the use of limited portals may reduce com-
plications resulting from a combined therapeutic 
approach with radiation and chemotherapy. The 
Southwest Oncology Group (SWOG) addressed this 
question in the only randomized trial of its nature. 
Patients achieving a partial response without CT 
were randomized to initial vs postchemotherapy 
volume (Kies et al. 1987). No benefit was seen for 
the larger target volume. In a retrospective review, 
Liengswangwong et al. (1994) found no benefit to 
larger-volume TRT and no negative impact on sur-
vival to post-chemotherapy TRT volumes. A typi-
cal AP port for early treatment of SCLC is shown in 
Figure 21.6.

21.13.5 
Prophylactic Cranial Irradiation

Prophylactic cranial irradiation has been a contro-
versial component of treatment for SCLC. Much of 
the controversy centers around previous reports of 
late neurocognitive impairment and a lack of defini-
tive evidence of survival improvement. Certainly, the 
brain is a common site of failure and may be as high 
as 80% for 2-year survivors (Komaki et al. 1981). 
Furthermore, brain metastasis impairs quality of life 
and shortens survival (Felletti et al. 1985). 

Low-dose PCI has been shown to reduce the inci-
dence of brain metastasis; however, demonstration 
of a benefit in overall survival has been lacking 
(Komaki et al. 1981; Rosenstein et al. 1992), until 
recently. In a meta-analysis of seven trials compar-
ing prophylactic cranial radiation (PCI) to no PCI 
for complete responders from chemotherapy with 
or without radiation therapy (Auperin et al. 1999), 
a statistically significant survival improvement for 
PCI was found. At 3 years, those receiving PCI had 
a 20.7% survival compared with 15.4% for those 
not receiving PCI. Disease-free survival was also 
improved from 13.3 to 22.1% (p<0.0001) as was the 
incidence of brain metastasis.

Several reports have reported on the neuropsy-
chological sequelae after PCI in long-term survivors 
(Lishner et al. 1990; Fleck et al. 1990). The fre-
quency of mental deterioration, including memory 
deficits, cognitive decline, and language difficul-
ties, was reported in as many as 86% of survivors 
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living 6–13 years after treatment (Johnson et al. 
1990); however, Komaki et al. (1995) reported that 
over 90% of patients with SCLC demonstrate evi-
dence of cognitive dysfunction even prior to PCI. 
These impairments involve memory, frontal lobe 
functions, and fine motor coordination. Further-
more, the authors report no significant neurologi-
cal deterioration in 30 patients receiving PCI with 
follow-up of 6–20 months. Certainly, the neurocog-
nitive effects seen in these patients is multifactorial 
in nature and could be partly related to treatment 
factors such as radiation fraction size (Johnson et 
al. 1990), use of concurrent chemotherapy with PCI, 
and type of chemotherapy (Lee et al. 1986; Kanard 
et al. 2004).

Two recent large randomized prospective trials 
provide data to show that PCI does not impair cog-
nitive function or quality of life (Gregor et al. 1997; 
Arriagada et al. 1995). Both trials randomized 

patients with SCLC in complete remission to PCI or 
no PCI and both employed formal prospective neu-
ropsychological testing. Arriagada et al. (1995) 
found that PCI (24 Gy/8 fractions) significantly 
reduced the cumulative incidence of brain metasta-
sis with a trend toward survival improvement. There 
were no differences in terms of neuropsychological 
function or radiographic abnormalities between the 
two groups. Likewise, Gregor et al. (1997) found 
that PCI reduced the incidence of brain metastases 
with a trend toward improved survival.

The optimal dose and fractionation for PCI 
remains uncertain. Several regimens are currently 
used in practice in North America, including 25 Gy 
in 10 fractions, 24 Gy in 8 fractions, 30 Gy in 10 frac-
tions, and 36 Gy in 18 fractions. There currently 
seems to be no consensus on what is the best dose, or 
if there is any clear relationship between hypofrac-
tionated regimens or total dose and neurological 
sequelae. An ongoing phase-II/III study coordinated 
by RTOG will compare low-dose vs higher-dose and 
daily vs hyperfractionated PCI regimens.
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Combined radiotherapy and chemotherapy is often 
used as an adjuvant to surgical resection in selected 
patients with rectal cancer. These treatments are 
also used as the definitive procedures in patients 
with locally advanced rectal and colon cancer. Com-
bined radiotherapy and chemotherapy has replaced 
abdominoperineal resection as the principal form of 
treatment for anal cancer. Appropriate radiothera-
peutic management of the patient with lower gastro-
intestinal cancer includes proper patient selection 
and diagnostic evaluation, close cooperation by all 
physicians participating in the patient’s care, and 
the use of proper radiotherapeutic techniques.

22.1 
Diagnostic Evaluation

22.1.1 
Colon and Rectal Cancer

The diagnostic evaluation of a patient with colorec-
tal cancer begins with a history and physical exami-
nation. In taking the history of a patient with large-
bowel cancer, particular attention should be given to 
rectal bleeding, change in bowel habits, and abdom-
inal pain (Postlethwait 1949). Other present-
ing features of large-bowel cancer include nausea, 
vomiting, weakness, and abdominal mass. Loss in 
performance status, fatigue, weight loss, anorexia, 
and sweats may indicate distant metastatic dis-
ease. Patients found incidentally to have microcytic 
anemia should be considered to have large-bowel 
cancer until another cause can be proven.

Laboratory studies should include liver function 
tests and a complete blood cell count. The preop-
erative concentration of carcinoembryonic antigen 
(CEA) is an independent prognostic factor in that 
patients with high concentrations have a worse prog-
nosis. Some physicians also obtain a baseline CEA 
concentration preoperatively so that serial measure-
ments can be used postoperatively to identify dis-
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ease progression in asymptomatic patients (Martin 
et al. 1977; Wanebo et al. 1978). The usefulness of 
CEA in this context is limited because most patients 
with recurrence have symptoms before the CEA con-
centration increases (Beart and O’Connell 1983), 
and most patients with recurrence do not have an 
abnormally high CEA concentration (Moertel et 
al. 1978). Moreover, patients found to have recurrent 
disease on the basis of serial CEA measurements are 
unlikely to be cured (Martin et al. 1977; Patterson 
and Alpert 1983; Minton et al. 1985; Fletcher 
1986, 1993; Moertel et al. 1993; Northover et al. 
1994). Despite these limitations, CEA is considered 
the most cost-effective test for detecting potentially 
curable recurrent disease, and periodic monitoring 
is recommended by the American Society of Clinical 
Oncology in appropriately selected patients (Benson 
et al. 2000).

The radiation oncologist is sometimes consulted 
after a patient’s malignant tumor has been resected. 
In this situation, it is necessary to use informa-
tion from preoperative studies as well as operative 
and pathological findings in the design of radio-
therapy fields. Preoperative studies that are help-
ful in the evaluation of local disease include digi-
tal examination, proctoscopy or colonoscopy (or 
both), computed tomography (CT), and a barium 
enema study, including cross-table lateral views. 
Although endoscopic procedures are of value in 
diagnosis, a barium enema study is more helpful 
to the radiation oncologist in determining the pre-
operative tumor volume. When endoscopy is per-
formed, a description of the lesion should be pro-
vided, including its position on the bowel wall, its 
distance from the anal verge, its size, the degree of 
circumference involved, and whether the lesion is 
exophytic or ulcerative.

If the lesion is palpable, the physician should 
note the inferior extent relative to the anal verge, 
the location of the tumor on the bowel wall, the 
degree of circumference involved, and whether 
the lesion is clinically mobile or fixed to extrar-
ectal structures. If lesions are immobile or fixed, 
CT or magnetic resonance imaging (MRI) of the 
pelvis may be helpful in assessing resectability. If 
CT or MRI findings demonstrate that the tumor is 
unresectable for cure, consultation with a radia-
tion oncologist is appropriate for consideration 
of moderate-dose preoperative irradiation (i.e., 
approximately 5,040 cGy in 28 fractions) delivered 
simultaneously with 5-fluorouracil (5-FU)-based 
chemotherapy, with the goal of shrinking the tumor 
so that it becomes resectable.

22.1.2 
Anal Cancer

The evaluation of a patient with anal cancer begins 
with a thorough history. The patient should be ques-
tioned about the common presenting symptoms, 
such as mass sensation in the anal region, pain, or 
bleeding. Anal cancer occurs most commonly in 
elderly women. Most patients do not have a recent 
history of multiple sex partners or a history of intra-
venous drug abuse or other factors that place them 
at risk for human immunodeficiency virus (HIV) 
infection or sexually transmitted disease. However, 
a sexual and drug-abuse history should be obtained 
from all patients; anal cancer may develop in some 
patients because of these risk factors.

The physical examination should give particu-
lar attention to evaluation of the abdomen, ingui-
nal lymph nodes, anus, and rectum. In addition, a 
pelvic examination should be performed in females. 
During examination of the anus and rectum, the size 
and location of the tumor and whether any perirec-
tal lymph nodes are palpable should be noted.

Laboratory studies should include liver function 
tests and a complete blood cell count. Routine testing 
for HIV is unnecessary in most cases, but all patients 
with a history that places them at risk for this infec-
tion should be tested. Identification of patients with 
overt acquired immunodeficiency syndrome (AIDS) 
is important because they may not tolerate conven-
tional combined modality therapy for anal cancer.

Imaging studies should include chest radiography 
and CT of the abdomen and pelvis. Except for very 
large lesions, CT is inferior to physical examination 
for assessing the primary lesion. Nevertheless, CT is 
useful for assessing regional and para-aortic lymph 
nodes and for evaluating the liver.

22.2 
Anatomy

22.2.1 
Rectum

The rectum begins in the upper to middle presacrum 
as a continuation of the sigmoid colon. Whereas 
the sigmoid colon has a complete peritoneal cover-
ing and mesentery, the upper rectum is covered by 
peritoneum only anteriorly and laterally. The lower 
one-half to two-thirds of the rectum is not covered 
by peritoneum and is surrounded by fibro-fatty 
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tissue, organs, and structures, including the blad-
der, prostate, ureters, vagina, sacrum, nerves, and 
vessels, that can be involved by direct extension of 
the tumor.

Lymphatic and venous drainage of lesions limited 
to the rectum depends on the level of the lesion. The 
lymphatic system of the upper rectum follows the 
inferior mesenteric system via the superior hemor-
rhoidal veins. The middle and lower rectum can, in 
addition, drain directly to internal iliac and presa-
cral nodes. Lesions that extend to the anal canal only 
rarely spread to inguinal nodes (Taylor et al. 2001), 
and lesions that extend beyond the rectal wall theo-
retically may spread through the lymphatic system 
of the invaded tissue or organ.

22.2.2 
Colon

The ascending and descending colon and the splenic 
and hepatic flexures share some anatomical fea-
tures with the rectum. They are relatively immo-
bile structures that lack a mesentery and usually 
do not have a peritoneal covering on the posterior 
and lateral surfaces. Lesions that extend through 
the entire bowel wall in these locations may have 
narrow radial operative margins, especially tumors 
that invade through the posterior or lateral colonic 
wall. Lesions on the anterior wall or medial wall of 
the retroperitoneal colon have closer access to a free 
peritoneal surface.

The sigmoid and transverse colons are intraperi-
toneal organs with a complete mesentery and serosa. 
Each is freely mobile except for its proximal and 
distal segments, where extracolonic extension may 
result in narrow surgical margins. If the lesion is in 
the midtransverse or midsigmoid colon, excellent 
surgical margins can usually be obtained unless the 
tumor is adherent to or invades adjacent organs or 
structures.

The cecum has a variable mesentery and some 
mobility. When cecal lesions extend posteriorly, it 
may be difficult to obtain tumor-free surgical mar-
gins in the region of the iliac wing with its associated 
musculature and blood vessels.

The lymphatic and venous drainage of the colon 
is by the inferior mesenteric system for the left colon 
and superior mesenteric system for the right colon. 
If organs or structures adjacent to the primary 
lesion are involved, the lymphatic drainage of these 
areas may also be at risk for development of regional 
metastatic lesions. For example, if lesions in the sig-

moid colon invade the bladder, the iliac nodes may 
be at risk. Extrapelvic lesions that involve the pos-
terior abdominal wall can spread directly to para-
aortic lymph nodes. If the anterior abdominal wall 
is involved at or below the level of the umbilicus, 
inguinal nodes may be at risk for metastatic involve-
ment.

22.3 
Pathways of Spread

22.3.1 
Colorectal Cancer

Colorectal cancers can metastasize hematogenously, 
by surgical implantation, to the peritoneum or to 
regional lymph nodes. Peritoneal spread is relatively 
rare with rectal lesions because most of the rectum 
is below the peritoneal reflection. With colonic 
lesions, direct extension to a free peritoneal surface 
may occur more easily.

Within the bowel, extension of tumor beyond the 
gross lesion is unusual. In one analysis, for exam-
ple, only 4 of 103 patients had microscopic intramu-
ral spread more than 0.5 cm from the gross lesion 
and the maximal extent of longitudinal spread was 
1.2 cm (Black and Waugh 1948). Because primary 
venous and lymphatic channels originate in submu-
cosal layers of the bowel, there is little risk for either 
venous or lymphatic dissemination in patients with 
lesions limited to the mucosa.

Lymph-node involvement is found in about 50% of 
patients and is usually orderly and predictable. Skip 
metastasis or retrograde spread is associated with an 
ominous prognosis. It occurs in only 1–3% of these 
patients and is usually related to lymphatic blockage 
(Grinnell 1966). The major spread through lym-
phatic channels is cephalad, except for lesions 8 cm 
or less above the anal verge, where both lateral and 
distal flow can occur. In females, this latter pattern 
of flow places the posterior vaginal wall at risk for 
involvement by tumor (Enquist and Block 1966).

22.3.2 
Anal Cancer

The anal canal extends from the dentate line to 
the anal verge. It has an average length of 2.1 cm 
(Nivatvongs et al. 1981). The dentate line is located 
at the lower border of the anal valves (Morson 1960; 
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Stearns et al. 1980). Lymphatic drainage from the 
anal region is to the inguinal nodes, the lateral pelvic 
side wall nodes along the path of the middle hemor-
rhoidal vessels, and the inferior mesenteric nodes 
(Stearns et al. 1980). The most distal portion of 
the rectum and the proximal anal canal share a 
plexus that drains to lymphatics that accompany 
the inferior rectal and internal pudendal blood ves-
sels and ultimately drain to iliac nodes. Carcinomas 
of the lower rectum or those that extend into the 
anal canal may metastasize to superficial inguinal 
nodes through connections to efferent lymphatics 
that drain the lower anus. Tumors below the anal 
verge drain primarily to the inguinal system.

22.4 
Patterns of Recurrence after Potentially 
Curative Resection

22.4.1 
Rectal Cancer

The risk of local recurrence after complete surgical 
resection is related to the degree of disease exten-
sion beyond the rectal wall and the extent of nodal 
involvement. The incidence of local recurrence for 
lesions with involved nodes but with tumor con-
fined to the wall varies in most studies from 20% to 
40%. This is similar to the local recurrence risk for 
patients without nodal involvement who have exten-
sion beyond the wall. Lesions that have both tumor 
extension beyond the rectal wall and lymph-node 
involvement have nearly an additive risk of local 
recurrence - 40–65% in clinical studies (Gilbert 
1978; Walz et al. 1981; Gunderson et al. 1983c; 
Mendenhall et al. 1983) and 70% in a reopera-
tive series (Gunderson and Sosin 1974). A recent 
publication of combined results from 3,791 patients 
treated on cooperative group trials over the last 
25 years has confirmed the independent importance 
of tumor penetration through the wall and nodal 
status (Gunderson et al. 2004).

22.4.2 
Colon Cancer

The study of patterns of recurrence in patients 
with colon cancer is principally of interest because 
of the role of radiotherapy in patients with locally 
advanced disease.

Data from clinical studies of patterns of failure 
suggest that one-third of patients in whom tumor 
relapse develops after curative resection have recur-
rences solely in the liver (Welch and Donaldson 
1978). Patterns-of-recurrence studies that do not 
routinely use reoperation or autopsy, however, may 
underestimate the incidence of local-regional recur-
rence in patients with colon cancer. Autopsy and 
reoperative series suggest that liver-only relapse 
occurs in fewer than 10% of cases (Welch and 
Donaldson 1979; Gunderson et al. 1985b). Data 
from autopsy and reoperative patterns-of-recur-
rence studies must also be interpreted with caution 
because only a subset of patients who have a poten-
tially curative operation subsequently undergo 
reoperation or autopsy.

Patterns of recurrence in colon cancer have 
been analyzed in autopsy, clinical, and reoperation 
series (Cass et al. 1976; Welch and Donaldson 
1978; Russell et al. 1984; Willett et al. 1984a,b; 
Gunderson et al. 1985b; Minsky et al. 1988). Data 
from these series suggested that local failure is an 
important problem after resection of colon cancer 
in selected patients. Local recurrence is highest 
among patients with tumors that adhere to sur-
rounding structures and among patients who have 
both tumor extension beyond the bowel wall and 
metastatic involvement of lymph nodes. In a ret-
rospective study, the local recurrence rate among 
patients with these pathological characteristics 
was 42%.

In a colorectal reoperative series from the Uni-
versity of Minnesota, failures in the tumor bed or 
lymph nodes were most common with rectal lesions 
but did occur with primary lesions at other bowel 
sites (Gunderson et al. 1985b). Peritoneal seed-
ing was least common with primary lesions of the 
rectum, probably because these tumors are less 
accessible to the peritoneal cavity than most colon 
cancers. The incidence of hematogenous spread was 
similar for all sites, although the distribution dif-
fered. With primary rectal lesions, hematogenous 
failures were fairly evenly divided between the liver 
and lung. This distribution is explained by the pat-
tern of venous drainage through both the inferior 
mesenteric system, which drains to the liver through 
the portal vein, and the internal iliac system, which 
ultimately drains to the lungs through the inferior 
vena cava. With primary tumors of the colon, ini-
tial hematogenous failures were usually in the liver. 
This is consistent with the colon’s pattern of venous 
drainage, which is initially to the liver through the 
portal system.
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22.4.3 
Anal Cancer

Although primary surgical management of anal 
cancer has been replaced largely by sphincter-spar-
ing therapy, analysis of patterns of failure from sur-
gically treated patients is informative for treatment 
planning. Of the patients who have abdominoperi-
neal resection, approximately 35% have metastatic 
involvement of pelvic lymph nodes, and approxi-
mately 13% have recurrence in the inguinal lymph 
nodes (Boman et al. 1984). According to an analysis 
of 118 patients who had abdominoperineal resec-
tion with curative intent, 46 (39%) had recurrence 
after resection (Boman et al. 1984). Local-regional 
recurrence occurred in 23% of the patients. Further-
more, 5% of the patients experienced both local and 
distant recurrence, and 6% had distant metastasis 
without local recurrence. In 7% of patients, the site 
of tumor recurrence could not be determined.

22.5 
Adjuvant Irradiation for Rectal Cancer

The foundation of treatment for patients with resect-
able rectal cancer is surgery. When radiotherapy, 
with or without chemotherapy, is offered as an 
adjuvant to patients who are candidates for surgi-
cal resection or who have undergone a potentially 
curative surgical resection, it is, by definition, being 
administered to a person who may already be cured 
by surgery alone. Therefore, a high standard of sci-
entific evidence for the efficacy of adjuvant treat-
ment, which is potentially toxic, expensive, and 
inconvenient, is needed before its use in routine 
clinical practice can be justified.

Randomized clinical trials that have compared 
preoperative radiotherapy with surgery alone have 
demonstrated improved local control, and one 
study demonstrated a survival advantage for this 
approach (Swedish Rectal Cancer Trial 1997). 
Several randomized trials of postoperative adjuvant 
radiotherapy and chemotherapy have demonstrated 
improved local control and survival compared with 
surgery alone or surgery followed by adjuvant radio-
therapy without chemotherapy (Gastrointestinal 
Tumor Study Group 1985; Douglass et al. 1986; 
Krook et al. 1991; Tveit et al. 1997). Continuous-
infusion 5-FU during postoperative radiotherapy 
has been found to be more effective than bolus 5-FU 
during radiotherapy (O’Connell et al. 1994).

Considerable debate has focused on the issue of 
whether adjuvant radiotherapy and chemotherapy 
should be given preoperatively or postoperatively 
to patients with rectal cancer. The presentation by 
Sauer (2003) at the 2003 annual meeting of the 
American Society for Therapeutic Radiology and 
Oncology of the landmark German phase-III study 
has largely ended this debate. In this study, 823 
patients with T3 or T4 or node-positive rectal cancer 
received 5,040 cGy in 28 fractions, given with two 
courses of 5-FU (1 g/m

2
 per day for 120 h) at the 

beginning and end of radiotherapy. Patients were 
randomly allocated to receive this treatment either 
preoperatively or postoperatively. Additional che-
motherapy was administered in both arms of the 
study. Patients in the preoperative arm experienced 
fewer local recurrences than those in the postop-
erative arm (7% versus 11%, P=0.02). Also, better 
sphincter preservation was reported in preopera-
tively irradiated patients with low rectal cancers 
(39% versus 19%, P=0.004). Sauer also reported that 
patients in the preoperative arm had less acute and 
long-term toxicity than in the postoperative arm. No 
survival difference was demonstrated.

On the basis of these results, most patients who 
require adjuvant therapy for rectal cancer should 
receive preoperative radiotherapy and chemother-
apy. However, a limited number of patients will still 
require postoperative adjuvant therapy. For example, 
if preoperative endorectal ultrasonographic staging 
indicates that a rectal cancer is T2 N0, the patient 
is at low risk for recurrence and should be treated 
with “up front” surgery without preoperative radio-
therapy and chemotherapy. However, if the patho-
logical specimen shows a more advanced tumor 
than indicated by preoperative staging, the patient 
should be considered for postoperative adjuvant 
therapy. Because preoperative staging is not entirely 
accurate, it is important for radiation oncologists to 
be able to give adjuvant therapy both preoperatively 
and postoperatively.

Radiotherapy fields used in the adjuvant treat-
ment of rectal cancer should include the primary 
tumor or tumor bed, with 3-cm to 5-cm margins, 
and the regional lymph nodes. In most institutions, 
internal iliac and presacral nodes are not routinely 
dissected during surgery for rectal cancer. These 
lymph nodes should be included in the initial irra-
diation volume. External iliac nodes are not a pri-
mary nodal drainage site and should not be included 
in the radiation fields. The exception to this is when 
pelvic organs with major external iliac drainage, 
such as the prostate, bladder, vagina, cervix, and 
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uterus, are involved by direct extension from a rectal 
cancer. Treatment of external iliac lymph nodes has 
generally been recommended in such cases. A recent 
study, however, calls into question the importance of 
treating lymph-node groups that are at risk because 
of contiguous spread of rectal cancer to other pelvic 
organs (Taylor et al. 2001). Taylor and colleagues 
found that patients with contiguous spread of rectal 
cancer to the anus (which drains to the inguinal 
lymph nodes) who did not receive elective inguinal 
lymph-node treatment had only a 4% risk of ingui-
nal lymph-node recurrence at 5 years. Accordingly, 
although treatment of lymph-node groups beyond 
the internal iliac nodes should be considered in 
patients with spread of rectal cancer to other pelvic 
organs, the ultimate decision is a matter of individ-
ual physician judgment.

Most tumor bed recurrences are in the posterior 
one-half to two-thirds of the true pelvis (Gilbertsen 
1960). The internal iliac and presacral nodes are 
located posteriorly in the pelvis (Gunderson et al. 
1985a). Therefore, lateral fields can be used for a 
portion of the treatment to reduce the dose of radi-
ation to anterior normal tissues such as the small 
bowel (Fig. 22.1). Bladder distention and prone posi-
tion are useful techniques for providing additional 
displacement of the small bowel out of the high-dose 
radiation field. The use of a three-field technique (a 
posterior field and opposed lateral fields) can also 
spare anterior structures, particularly the small 
bowel and external genitalia in males. When a three-
field technique is used, wedges, with the heels poste-
rior, should be used on the lateral fields (Fig. 22.2). 
The field size is progressively reduced, with initial 
radiotherapy fields designed to treat the primary 
tumor volume and regional lymph nodes to a dose of 
4,500 cGy in 25 fractions. Smaller fields can then be 
used to treat the primary tumor bed to an additional 
540–900 cGy in three to five fractions, as clinically 
indicated. Isodose curves for anterior, posterior, and 
opposed lateral fields are shown in Figure 22.3. Sim-
ulation films obtained after the use of oral contrast 
medium can be used to demonstrate the amount of 
small bowel in the radiation field. These films are 
particularly helpful in the design of radiation boost 
fields. Imaging with contrast in the small bowel is 
often helpful in assessing the usefulness of bladder 
distention (Gunderson et al. 1985a) or other mea-
sures (Shanahan et al. 1989) to decrease the volume 
of intestine in radiation fields.

Posterior and anterior radiotherapy fields 
(Fig. 22.1) should cover the pelvic inlet with a 2-cm 
margin. The superior margin is usually 1.5 cm above 

Fig. 22.1a,b. Posterior (a) and lateral (b) pelvic radiotherapy 
fi elds used in adjuvant radiotherapy for rectal cancer. In 
patients with tumor adherence to organs drained by exter-
nal iliac lymph nodes, the anterior border of the lateral fi eld 
is modifi ed to place it anterior to the symphysis pubis. AR 
anterior resection, APR abdominoperineal resection (from 
Martenson et al. 1998; by permission of the publisher)

b

a

the level of the sacral promontory. In patients who 
have had an anterior resection, the usual inferior 
margin is below the obturator foramina or approxi-
mately 3 cm below the most inferior portion of the 
tumor bed.

The posterior field margin for lateral fields is crit-
ical because the rectum and perirectal tissues lie just 
anterior to the sacrum and coccyx. Accordingly, the 
posterior field margin should be at least 1.5–2 cm 
behind the anterior bony sacral margin (Fig. 22.1, 
22.4, and 22.5). The entire sacral canal with a 1.5-
cm margin should be included in patients with 
locally advanced disease to avoid sacral recurrence 
from tumor spread along nerve roots. The anterior 
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Fig. 22.2. Isodose curves for adjuvant pelvic radiotherapy for 
rectal cancer with use of posterior and opposed lateral fi elds. 
The total dose at isocenter is 5,220 cGy in 29 fractions. Wedges, 
with heels posterior, are used on the lateral fi elds to increase 
dose homogeneity (from Martenson et al. 1998; by permis-
sion of the publisher)

Fig. 22.3. Isodose curves for adjuvant pelvic radiotherapy for 
rectal cancer with use of anterior, posterior, and opposed lat-
eral fi elds. The total dose at isocenter is 5,400 cGy in 30 frac-
tions (from Martenson et al. 1998; by permission of the 
publisher)

Fig. 22.4a,b. Posterior (a) and lateral (b) fi elds used for adju-
vant treatment of rectal cancer, designed using computed 
tomographic simulation. GTV gross tumor volume, Preop 
preoperative

b

a

Fig. 22.5a,b. Idealized external radio-
therapy fi elds used in the treatment 
of locally advanced or locally recur-
rent colon cancer. After 4,500 cGy in 
25 fractions to the large fi eld, a boost 
fi eld (broken lines) may be used to 
deliver an additional 540-900 cGy in 
3 to 5 fractions. a A fi eld designed to 
treat a lesion in the distal descending 
colon includes the ipsilateral iliac and 
para-aortic nodes. b A fi eld designed 
to treat a lesion in the mid-ascending 
colon includes the immediately adjacent 
regional nodes and para-aortic nodesba
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margin can sometimes be shaped to decrease the 
amount of radiation to the head of the femur and 
bladder inferiorly and the small bowel superiorly. 
Anteriorly, the lower one-third of the rectum abuts 
the posterior vaginal wall and prostate, and the pos-
terior portion of these structures should be included 
in the radiotherapy field. In females, inclusion of 
the vagina can be verified at simulation using a con-
trast-soaked tampon.

After abdominoperineal resection, the perineum 
should be included with the tumor bed and nodal 
volumes to prevent marginal recurrences from sur-
gical implantation of tumor (Gunderson and Sosin 
1974; Rich et al. 1983; Hoskins et al. 1985; Schild 
et al. 1989). In a study from Massachusetts Gen-
eral Hospital, the incidence of perineal recurrence 
with surgery alone was 8.5% (Rich et al. 1983). The 
incidence of perineal recurrence was only 1.7% for 
patients who received postoperative irradiation 
(Hoskins et al. 1985). In a Mayo Clinic analysis of 
patients with rectal cancer who received postop-
erative irradiation, the incidence of a perineal com-
ponent of recurrence was 2% after abdominoperi-
neal resection followed by 4,000 cGy or more to the 
perineum, but was 23% when the perineum was not 
adequately irradiated after abdominoperineal resec-
tion (P<0.05) (Schild et al. 1989). A radiopaque 
marker should be used to delineate the entire extent 
of the perineal scar (Fig. 22.1). The inferior and pos-
terior field edges should include a margin extend-
ing 1.5 cm beyond the perineal scar. Inferolater-
ally, the margin should be the lateral aspect of the 
ischial tuberosities. For treatment of the posterior 
field, bolus material should be placed over the peri-
neal incision (thickness depends on beam energy) 
to allow delivery of an adequate dose to the scar 
surface. If pelvic drains exited through the buttocks 
instead of the perineal wound, bolus material should 
also be placed over these drain sites. All patients in 
whom the perineum is included within the radiation 
fields experience perineal discomfort during treat-
ment. This can be mitigated by a three-field tech-
nique with posterior and lateral fields.

The perineum can usually be treated to a dose 
level of 4,500 cGy in 25 fractions over a 5-week 
period with acceptable short- and long-term toler-
ance. Because of skin reactions, patients occasion-
ally require a 7- to 10-day rest during treatment, sitz 
baths, topical anesthetic (such as topical lidocaine), 
and protective agents such as petrolatum ointment 
(e.g., Aquaphor). Most patients finish on schedule, 
and limited skin reactions generally improve mark-
edly within 1–2 weeks after completion.

22.6 
Locally Advanced and Locally Recurrent 
Colorectal Cancer

Generally, 4,500–5,040 cGy in 25 to 28 fractions is 
delivered to radiation treatment fields designed to 
include the tumor and the regional lymph nodes. 
This treatment can be followed by a boost of 540–
900 cGy in 3 to 5 fractions in selected patients. Doses 
greater than 5,040 cGy are rarely administered when 
using external radiotherapy unless the small bowel 
can be completely excluded from the radiotherapy 
field after 5,040 cGy. Boost pelvic fields are usually 
treated with opposed lateral fields or three fields 
(posteroanterior and lateral fields, with wedges on 
the lateral fields, heels posterior). Field shaping of 
the lateral boost fields can often be used to reduce 
or eliminate the volume of small intestine in the 
radiotherapy field anteriorly and superiorly. Blad-
der distention may be extremely useful in displac-
ing small-bowel loops superiorly and anteriorly out 
of both large and boost fields (Gunderson et al. 
1980, 1983a,b, 1985a; Gallagher et al. 1986). Imag-
ing with small-bowel contrast can help to identify 
patients in whom immobile loops remain in an 
area at high risk (Green et al. 1975; Green 1983; 
Gunderson et al. 1980, 1983a,b, 1985a; Gallagher 
et al. 1986). In such instances, the radiation oncolo-
gist must limit the dose to conform to small-bowel 
tolerance.

For patients with residual, recurrent, or fixed 
pelvic lesions in posterior or lateral locations, it is 
important to include the sacral canal in the target 
volume for the initial 4,500–5,000 cGy (Gunderson 
et al. 1985a). Including this area is indicated because 
of the increased risk of tumor spread along nerve 
roots. Failure to do so may result in a marginal 
recurrence in the sacral canal (Gunderson et al. 
1983a).

For patients with locally advanced or recurrent 
colon cancer, the initial external beam radiotherapy 
fields should include the primary tumor, imme-
diately adjacent lymph nodes, and adjacent para-
aortic nodes (Fig. 22.5). These fields should receive 
4,500 cGy in 25 fractions. Smaller boost fields can 
then be considered for an additional 540–900 cGy in 
3 to 5 fractions. In general, total cumulative doses 
more than 5,040 cGy are not recommended unless 
all the small bowel can be excluded from fields con-
sidered for such doses. A small-bowel study obtained 
on the simulator with the patient in treatment posi-
tion is helpful for determining the position of the 
small bowel for this purpose. These films sometimes 
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demonstrate that a lateral decubitus position for a 
portion of the treatment may be useful to decrease 
exposure or to exclude small bowel from boost 
fields.

After administration of 4,500–5,040 cGy of exter-
nal beam radiation, an intraoperative electron beam 
can be used to give a boost of 1,000–2,000 cGy to 
areas of residual tumor, with the goal of improv-
ing disease control and survival. For patients who 
completed a course of external beam radiotherapy, 
surgical debulking, and an intraoperative electron 
boost, 5-year survival rates of approximately 20% 
for locally recurrent disease and 45% for primary 
locally advanced disease have been reported from 
Massachusetts General Hospital and Mayo Clinic 
(Suzuki et al. 1995; Gunderson et al. 1996a,b; 
Schild et al. 1997). A less favorable outcome has been 
reported for patients who have a previous history of 
radiation to the site of recurrent disease. In a series 
of patients from Mayo Clinic who had radiotherapy 
before their recurrence, treatment with intraopera-
tive radiotherapy resulted in a 5-year survival rate of 
only 12% (Haddock et al. 2001).

Better outcomes may be possible for patients 
who have intraoperative radiotherapy after gross 
or complete resection of the tumor (Suzuki et al. 
1995; Schild et al. 1997; Mannaerts et al. 1999; 
Lindel et al. 2001; Wiig et al. 2002; Haddock et al. 
2003). Treatment of patients with advanced nodal 
disease from colon and rectal cancer also provides 
an opportunity for long-term survival in a substan-
tial minority of patients. At Mayo Clinic, 48 patients 
with advanced nodal metastases from rectal and 
colon cancer received intraoperative radiotherapy 
as a component of treatment. Advanced nodal dis-
ease presented as recurrent disease in 79% of these 
patients. The 5-year survival rate for this group was 
34% (Haddock et al. 2003).

22.7 
Primary Treatment of Anal Cancer

The results of several recently published clinical 
trials have added substantially to our understand-
ing of appropriate treatment planning for anal 
cancer. The Radiotherapy Oncology Group (RTOG) 
and Eastern Cooperative Oncology Group (ECOG) 
conducted a randomized, inter-group clinical trial 
comparing radiotherapy plus 5-FU with radiother-
apy, 5-FU, and mitomycin C (Flam et al. 1996). A 
continuous 5-FU intravenous infusion, 1,000 mg/m2 

per day, was given on days 1–4 of radiotherapy and 
repeated on days 29–32 of radiotherapy. Mitomycin 
C, 10 mg/m2 intravenously, was given on day 1 and 
day 29 of radiotherapy to patients who were ran-
domly allocated to receive this drug. All patients 
received 3,600 cGy in 20 fractions to the primary 
tumor, pelvic lymph nodes, and inguinal lymph 
nodes, followed by a field reduction to include the 
primary tumor with a 10×10-cm field, which was 
then treated to an additional 900 cGy in 5 frac-
tions for a total dose of 4,500 cGy in 25 fractions. 
For patients thought to have residual tumor after 
4,500 cGy, the final boost field was continued to a 
total cumulative dose of 5,040 cGy in 28 fractions.

The combination of radiotherapy, 5-FU, and 
mitomycin C resulted in a lower colostomy rate than 
radiotherapy and 5-FU without mitomycin C. At 
4 years, the colostomy rate was 9% for patients who 
received mitomycin C and 23% for those who did 
not (P=0.002). Persistent or recurrent tumor was by 
far the most common cause of colostomy: residual 
tumor was found in the surgical specimen from 97% 
of colostomy patients who did not receive mitomy-
cin C and in 85% of colostomy patients who received 
mitomycin C. A statistically significant difference 
in survival between patients who received mitomy-
cin C and those who did not was not observed. The 
RTOG-ECOG study demonstrated that mitomycin C 
is an important component of combined modality 
therapy for anal cancer.

Although the RTOG-ECOG trial provided critical 
information about combined modality therapy for 
anal cancer, it did not definitively address whether 
this form of treatment is superior to high-dose radio-
therapy alone. Two randomized trials that com-
pared radiation alone with radiotherapy, 5-FU, and 
mitomycin C for cancer of the anal canal recently 
provided important data on this point. A phase-III 
trial, reported by the United Kingdom Coordinat-
ing Committee on Cancer Research (UKCCCR), 
compared radiotherapy alone with radiotherapy 
combined with a regimen of 5-FU and mitomycin 
C (UKCCCR Anal Cancer Trial Working Party 
1996). All patients in this study received 4,500 cGy 
over a 4- to 5-week period, and most received a boost 
of 1,500–2,500 cGy after a 6-week break. Patients 
randomly allocated to combined modality therapy 
generally received 5-FU, 1,000 mg/m2 per day, on the 
first 4 days of radiotherapy and for 4 days during the 
fourth or fifth week of radiotherapy. A single dose 
of mitomycin C, 12 mg/m2, was usually given on the 
first day of radiotherapy in the combined modality 
therapy group. Some variation on these standard 
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doses was allowed for selected patients (UKCCCR 
Anal Cancer Trial Working Party 1996). The 
local recurrence rate at 3 years was 61% for patients 
receiving radiotherapy alone and 39% for those 
receiving combined modality therapy. There was 
no difference in overall survival between patients in 
the radiotherapy group and those in the combined 
modality therapy group.

The European Organization for the Research and 
Treatment of Cancer (EORTC) randomized trial 
compared radiotherapy alone with radiotherapy, 
5-FU, and mitomycin C in patients with T3, T4, or 
lymph-node-positive anal cancer. The treatment 
program was similar to that of the UKCCCR study. 
Local control and colostomy-free survival rates 
were superior for patients randomly allocated to 
receive combined modality therapy (Bartelink et 
al. 1997).

These randomized studies provide strong evi-
dence that combined modality therapy should be 
administered to patients with anal cancer, with 
the goal of sphincter preservation and cure. Radio-
therapy without chemotherapy (Martenson and 
Gunderson 1993) should be reserved for patients 
who are unable to tolerate combined modality ther-
apy, such as those with serious co-morbid illnesses. 
Because most patients with anal cancer are treated 
with mitomycin C and an initial 4-day infusion of 
5-FU concurrent with the initiation of radiotherapy, 
close coordination with the patient’s medical oncolo-
gist is needed before treatment begins. To maximize 
the interaction of radiotherapy and chemotherapy, 
patients should receive treatment with radiation on 
each day that 5-FU is infused. Accordingly, it is pref-
erable to begin treatment on a Monday or Tuesday. 
Alternatively, special arrangements can be made for 
patients to receive radiation treatments on the first 
weekend after the initiation of radiotherapy if treat-
ment is started later in the week.

Radiotherapy fields should be designed to include 
the primary lesion and regional pelvic and inguinal 
lymph nodes. A portion of the inguinal lymph-node 
chain is superficial to the head and neck of the femur. 
Radiotherapy fields should be designed to avoid 
giving a full dose to these structures. Anteroposte-
rior and posteroanterior fields or four-field box tech-
niques that include the inguinal lymph nodes with 
the head and neck of the femur may place patients 
at risk for subsequent treatment-induced fracture 
(Martenson and Gunderson 1993). Factors that 
increase the chance of this complication are of partic-
ular concern in a population of patients that includes 
a large number of elderly women, many of whom are 

already at risk for fracture because of osteoporosis. 
Radiation techniques should be used that minimize 
the dose to the head and neck of the femur by treat-
ing lateral superficial inguinal nodes through ante-
rior fields only. This can be accomplished by treating 
the primary tumor, pelvic nodes, and inguinal nodes 
with an anterior photon field that encompasses all 
these structures (Fig. 22.6 a). The posterior photon 
field includes only the primary tumor and pelvic 
lymph nodes (Fig. 22.6 b). Electron fields are used 
to supplement the dose to the portion of the lateral 
superficial inguinal nodes not included in the poste-
rior photon field (Fig. 22.6 c). The medial borders of 
the lateral electron fields are the same as the lateral 
border of the posterior photon field at its exit point 
on the patient’s anterior abdominal wall. This border 
is determined with the aid of radiopaque markers 
placed on the anterior abdominal wall under fluo-
roscopic guidance while the posteroanterior photon 
field is being simulated (Fig. 22.6 b, c). Isodose curves 
for this technique are shown in Figure 22.7. An alter-
native to this technique is to use CT-based planning 
to determine precisely the inguinal node-bearing 
areas along the femoral vessels in an effort to limit 
the volume of the head and neck of the femur within 
the irradiated fields (Fig. 22.8). Intensity-modulated 
radiotherapy may also be useful in limiting the fem-
oral head and neck dose.

The radiation treatment regimen used in the 
most effective arm of the RTOG-ECOG study was 
different from that used in the EORTC and UKCCCR 
studies because a lower total radiation dose without 
a treatment break together with a somewhat more 
intensive chemotherapy regimen was used, whereas 
the EORTC and UKCCCR studies used a higher total 
dose with a 6-week treatment break after 4,500 cGy. 
Definitive recommendations are not possible for the 
preferred treatment regimen, because these regi-
mens have not been directly compared scientifically. 
Data from a preliminary RTOG study of high-dose 
radiotherapy, however, suggest that a treatment regi-
men including a planned treatment break may result 
in an inferior outcome (John et al. 1995). Accord-
ingly, a treatment regimen based on the one used in 
the RTOG-ECOG randomized trial, with total radia-
tion doses of approximately 4,500–5,040 cGy in 25 to 
28 fractions together with two courses of 5-FU and 
mitomycin C, is generally accepted as the standard 
of care in the United States. Treatment programs 
that use substantially higher radiation doses or dif-
ferent chemotherapy combinations (Martenson et 
al. 1996b) should be confined to peer-reviewed clini-
cal trials.
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Fig. 22.6a–c. Anterior (a) and posterior (b) radiotherapy photon fi elds used for treatment of anal cancer. c Electron fi elds are 
used to supplement lateral inguinal nodes not included in the posterior photon fi eld. The medial borders of the electron fi elds 
are determined by placing radiopaque markers on the anterior abdominal wall at the exit point of the lateral border of the 
posterior photon fi eld (from Martenson et al. 1998; by permission of the publisher)

a

b

c

Fig. 22.7. Isodose curves for pelvic radiotherapy fi elds used 
in the primary treatment of anal cancer. The total dose at the 
isocenter for the photon fi elds is 4,500 cGy. Lateral inguinal 
nodes receive 3,600 cGy through a combination of the anterior 
photon fi eld and supplementary electron fi elds (Fig. 22.6); (from 
Martenson et al. 1998; by permission of the publisher)

22.8 
Therapeutic Ratio

The potential for optimizing the therapeutic ratio 
is enhanced by close cooperation among the sur-
geon, medical oncologist, and radiation oncologist 
(Gunderson et al. 1980; Cohen et al. 1981). The use 
of radiopaque clips to mark the tumor or tumor bed 
areas is particularly helpful in the design of high-
dose boost volumes. Reconstruction techniques that 
exclude or minimize the volume of small bowel in 
the irradiated field are also helpful.

Several techniques can be used by radiation oncol-
ogists to potentially improve the therapeutic ratio. For 
both rectal and colon cancers, shrinking-field tech-
niques should be used after a dose of 4,500 cGy. With 
rectal cancers and proximal sigmoid cancers, lateral 
fields should be used for a portion of the treatment 
to avoid as much small bowel as possible. Treatment 
with the bladder distended is appropriate unless the 
distention displaces the tumor outside the radiation 
field. In patients with colon cancer, it may be possible 
to reduce the volume of small bowel within the field, 
often by placing the patient in the lateral decubitus 
position for a portion of the treatment.

In studies of patients with rectal cancer who are 
given postoperative radiation as adjuvant therapy, 
the risk of small-bowel obstruction requiring reop-
eration seems to be affected by treatment technique. 
When pelvic and para-aortic fields were treated 
with an anterior and posterior opposed technique 
at M.D. Anderson Hospital, the incidence of small-
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bowel obstruction requiring reoperation was 17.5%, 
compared with 5% with surgery alone (Romsdahl 
and Withers 1978; Withers et al. 1981). When 
the superior extent of the field was shifted down to 
L5, the incidence of complications requiring opera-
tive intervention decreased to about 12%. At Mas-
sachusetts General Hospital, multi-field techniques 
and bladder distention were used. The incidence of 
small-bowel obstruction requiring surgical inter-
vention in patients receiving postoperative radio-
therapy was 6%, which was nearly equal to that of 
patients treated with surgery alone.

When multi-field irradiation techniques are used 
in combination with chemotherapy in the adjuvant 
treatment of rectal cancer, no apparent increase 
occurs in the risk of severe small-bowel complica-
tions (Gunderson et al. 1986). In an analysis of the 
North Central Cancer Treatment Group randomized 
trial, with minimum 3-year follow-up, the incidence 
of severe small-bowel complications was less than 
5% with either irradiation alone or irradiation plus 
chemotherapy.

A large retrospective analysis of patients who 
received radiotherapy for high-risk, completely 
resected colon cancer or for incompletely resected 
colon cancer found that acute enteritis resulting in 
hospitalization or a break from treatment occurred 
in 16 of 203 patients (8%). Long-term toxicity requir-
ing surgery was observed in 9 patients (4.4%). Non-
surgical complications such as chronic abdominal 
pain were not assessed.

Some reassurance about the risk of surgical com-
plications resulting from adjuvant radiotherapy for 
rectal cancer is provided by the above data from 
Mayo Clinic, M.D. Anderson Hospital, and Massa-
chusetts General Hospital. However, the risk of func-
tionally important long-term toxicity not requiring 
surgical correction after pelvic radiotherapy and 
chemotherapy is high. In the retrospective study 
of Kollmorgen and colleagues (1994), for exam-
ple, bowel function was assessed in patients who 
either had or had not received postoperative adju-
vant radiotherapy and chemotherapy after anterior 
resection for rectal cancer. Consistently worse bowel 
function was found in the patients who had received 
radiotherapy and chemotherapy. For example, 56% 
of the patients who had received adjuvant treatment 
reported at least occasional fecal incontinence, in 
contrast to only 7% of those who did not receive 
adjuvant treatment (P<0.001). These results have 
been corroborated in studies of patients with rectal 
cancer treated with either preoperative or postopera-
tive radiotherapy in the context of phase-III clinical 
trials. Lundby and colleagues (1997) found statisti-
cally significantly worse rectal function in patients 
who received postoperative radiotherapy than in 
those who received no further treatment postopera-
tively. Of the patients receiving postoperative pelvic 
radiotherapy, 49% experienced fecal incontinence, 
compared with only 5% of those who did not receive 
this therapy (P<0.001). Similar findings have been 
reported by Dahlberg and colleagues (1998) in 

Fig. 22.8a,b. Anterior (a) and posterior (b) fi elds for treatment of anal cancer, designed using computed tomographic simula-
tion. Precise defi nition of the inguinal lymph nodes allows some sparing of the femur, particularly with the posterior fi eld. GTV 
gross tumor volume, ing inguinal, LNs lymph nodes

a b
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patients with rectal cancer who were randomly allo-
cated to receive preoperative radiotherapy or imme-
diate surgery.

The risk of complications is high following treat-
ment with intraoperative radiotherapy (Tepper et 
al. 1984; Noyes et al. 1992; Mannaerts et al. 2002). 
For example, in one study of functional outcome in 
patients treated with intraoperative radiotherapy, 
44% experienced fatigue, 42% experienced peri-
neal pain, 36% experienced difficulty walking, and 
42% experienced voiding problems (Mannaerts et 
al. 2002). In another study, peripheral neuropathy 
was observed in 32% of patients following intraop-
erative radiotherapy (Shaw et al. 1990). Although 
these risks are sobering, it is important to recognize 
that morbidity is often high in patients with locally 
advanced colorectal cancer, regardless of treatment. 
Retrospective studies suggest that morbidity may 
be similar for patients who received intraoperative 
radiotherapy and those who did not (Tepper et al. 
1984; Noyes et al. 1992).

No treatment has been demonstrated clearly to 
be effective in the management of complications 
of radiotherapy. Therefore, decreasing the risk 
and severity of complications by minimizing the 
volume of normal tissue within the radiotherapy 
field is very important. Clinical trials to assess the 
value of olsalazine and cholestyramine in mitigat-
ing radiation-related side effects have demonstrated 
that these agents have unacceptable toxicity (Chary 
and Thomson 1984; Martenson et al. 1996a). 
Sucralfate appeared to be a more promising agent, 
and a European study suggested that it may reduce 
both acute and long-term adverse effects of pelvic 
radiotherapy (Henriksson et al. 1992). In a confir-
matory randomized trial undertaken by the North 
Central Cancer Treatment Group, no beneficial 
effect was observed with sucralfate administered to 
patients who had received pelvic radiotherapy, and 
several measures of gastrointestinal function were 
made worse by the use of this agent (Martenson 
et al. 2000). The oncology community will have the 
best chance of improving the therapeutic ratio for 
patients with lower gastrointestinal cancer if radia-
tion oncologists and other oncologists are com-
mitted to entering patients into well-designed pro-
spective studies to assess promising new ways of 
improving treatment.
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23.1 
Natural History of the Disease 
(Patterns of Spread)

Bladder cancer is the sixth most common cancer 
in the United States (Cancer Statistics 2004). 
It accounts for approximately 4% of all cancers, 
which translates into 60,000 new cases a year. The 
12,000 deaths per year attributable to bladder malig-
nancies are comparable to the yearly mortality rates 
of brain, stomach, and esophageal cancers.

Over the past 25 years, we have witnessed a nearly 
twofold increase in the incidence of bladder cancer, 
but overall survival rates have remained essentially 
unchanged.

Risk factors for transitional cell cancer of the 
bladder include exposure to chemical carcinogens 
(i.e., aniline dyes), tobacco (estimated to account 
for half of all cases that occur in men in the United 
States and one-third of all cases that occur in 
women), coffee, artificial sweeteners, and phenac-
etin-containing analgesics (Whitmore et al. 1977). 
Chronic irritation by foreign bodies (i.e., indwelling 
Foley catheters, calculi, and Schistosoma hemato-
bium in endemic areas) are risk factors for squa-
mous cell cancers. Exstrophy of the bladder is the 
main risk factor for adenocarcinoma (Morison and 
Cole 1976).

Some of the more common clinical presentations 
of bladder cancer include (1) painless hematuria, 
which occurs in up to 80% of patients; (2) bladder 
irritability, such as urinary frequency, urgency, and 
dysuria (all of which are suggestive of muscle-inva-
sive disease); and (3) recurrent urinary tract infec-
tions, particularly in men. Some of the less common 
clinical presentations include (1) flank pain or 
anemia associated with a pelvic mass; (2) pelvic 
mass associated with lower extremity weakness, 
weight loss, abdominal pain, or bone pain; and (3) 
suprapubic pain.

Anatomically, the bladder is a hollow muscu-
lar organ that lies in the anterior half of the pelvis. 
When full, it contains about 0.5 l of urine. It occu-
pies a triangular space bound anteriorly and later-
ally by the symphysis pubis and the diverging walls 
of the pelvis, respectively. The posterior border is 
the rectum/rectovaginal septum. The lateral and 
inferior portions of the bladder are supported by the 
obturator internus and levator ani muscles, respec-
tively. In males, the prostate lies between the leva-
tor ani and the bladder. The superior surface of the 
bladder is covered by peritoneum.

The interior inferior surface of the bladder is 
lined by a loosely attached mucus membrane, except 
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in the trigone region where the mucus membrane is 
firmly attached. The urinary epithelium lining the 
bladder is thrown into many folds in the relaxed 
state. This allows the bladder to expand with the fill-
ing of urine. Deep to the epithelium, the wall of the 
bladder consists of three loosely arranged smooth 
muscle and elastic fiber layers which contract during 
micturition. These are the inner longitudinal, outer 
spiral, and outer longitudinal layers. The outer lon-
gitudinal layer is surrounded by the outer adven-
titial coat. This coat contains arteries veins and 
lymphatic channels. Because these lymphovascular 
channels reside most abundantly in the outer layer 
of the bladder, depth of penetration of tumor cells is 
correlated with the incidence of locoregional lymph 
node metastasis. The trigone region that leads into 
the bladder neck is defined by the ureteral orifices 
posterolaterally and by the urethral aperture at the 
inferior/anterior angle. Transitional cell epithelium 
lines the bladder and is contiguous into the ureters 
(urothelium).

The bladder contains submucosal plexus of lym-
phatics that are most abundant in the region of the 
trigone. These lymphatics usually drain into chan-
nels that pierce the muscular layers and then orga-
nize from the superior and inferolateral surfaces 
of the bladder to ultimately drain into the external 
iliac lymph nodes. From the posterior surface of 
the bladder, lymphatic channels drain to both the 
external iliac and internal iliac lymph node chains. 
Lymphatic vessels from the bladder neck may com-
bine with some prostatic lymphatic vessels in males, 
which can ultimately drain to the presacral and 
common iliac lymph nodes.

The most common histology in the United 
States is transitional cell carcinoma, which makes 
up approximately 90% of cases, followed by squa-
mous cell (7%), and adenocarcinoma (less than 1%) 
(Pearse 1994). Sarcomas, lymphomas, carcinoid, 
and small cell tumors are rarely seen. About 30% of 
bladder cancers present as multiple lesions. Adja-
cent carcinoma in-situ (CIS) is also common.

Tumors of the bladder may be papillary in appear-
ance – which are generally not deeply invasive – or 
solid in appearance – which are generally deeply 
invasive. Most transitional cell tumors are found at 
the trigone, followed in frequency by the lateral and 
posterior walls and then the bladder neck (Mostofi 
et al. 1988). Adenocarcinoma also most frequently 
arises at the trigone (Johnson et al. 1972).

Tumors progress by further muscle invasion and 
by lymphatic involvement to the external iliac lymph 
nodes. About 40% of patients with muscle-invasive 

cancers have involved lymph nodes at presentation 
(Skinner et al. 1982). Almost all of these patients 
will ultimately die of distant metastasis (Skinner et 
al. 1982). Of note is that metastases is rarely seen in 
squamous cell histology.

The most common sites of spread are lung, bone, 
and liver.

23.2 
Work-Up and Staging

The basis of the work-up in bladder cancer is to 
determine whether the disease is a superficial non-
invasive cancer, a locally invasive lesion, or meta-
static disease. In addition to evaluating the blad-
der, the ureters and kidneys are also examined for 
lesions, since multiple tumors are not uncommon. 
Perhaps this is related to common carcinogen expo-
sure or embryology.

Cystoscopy and urethroscopy allow for excel-
lent visualization and biopsy of lesions. A bladder 
diagram should be completed at the time of cystos-
copy to record pertinent findings (Fig. 23.1). This 
information can be quite valuable to the radiation 
oncologist for treatment planning, as a precise 
knowledge of the tumor location is critical. In addi-
tion, computed tomography (CT) and/or magnetic 
resonance imaging (MRI) can be used to evaluate 
for bladder wall thickening and invasion as well 
as for lymphadenopathy. It should be kept in mind 
that edema and hemorrhage seen on MRI and CT 
scan obtained shortly after transurethral bladder 
resection (TURBT) may easily be confused with 
tumor ( Barentsz et al. 1996, 2000). For this reason, 
we advise imaging studies be performed prior to 
TURBT. All patients should also have blood taken 
for a complete blood count and serum chemistries, 
including liver functions tests, as this may offer clues 
to systemic spread (Table 23.1). Chest and abdomi-
nal CTs are also recommended for invasive disease. 
Positron emission tomography (PET) scanning may 
also help delineate disease spread.

Bimanual examination under anesthesia should 
be performed both before and after transurethral 
bladder resection of the visualized lesion to get a 
better appreciation of the size, consistency, and 
location of the tumor. This allows for estimation of 
the extent of local infiltration into the surround-
ing tissue by assessing whether the mass is freely 
mobile, tethered, or fixed, before and after maximal 
transurethral bladder resection.
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Determination of muscular wall invasion is the 
most important aspect of staging. It is often not pos-
sible for the pathologist examining TURBT speci-
mens to determine whether the tumor is confined 
to the superficial muscle layers of the muscularis 
propria, which is the first muscle layer reached after 
tumor cells have already invaded the connective 
tissue of the lamina propria, or whether the tumor 
has penetrated further to involve the deeper muscles 
layers. This inability to distinguish deep from super-
ficial muscle invasion leads to both understaging 

and, less frequently, overstaging. These limitations 
to accurate staging have undoubtedly compounded 
the difficulty of showing the benefit of effective 
bladder-sparing treatments.

A further difficulty to accurate staging is the use 
of both clinical and pathological staging systems in 
clinical trials. Caution is therefore required in the 
interpretation and comparisons of trial results. The 
two most widely used staging systems are presented 
in Table 23.2. In the American Joint Committee on 
Cancer (AJCC) staging system, if staging is based on 
evaluation of the cystectomy specimen, the stages 
are preceded by the lower case letter p.

23.3 
Prognostic and Predictive Factors

Approximately 70% of patients have Tis, Ta, or T1 
disease at presentation. Approximately 20% have 
stage T2 T4 disease and another 10% present with 
metastatic disease. Although the majority of tumors 
are superficial, they can behave aggressively and 
locally they recur repeatedly, often with further and 
deeper invasion. Eventually, penetration of the blad-
der muscular layers occur. Once muscle is involved, 
lymphatic and blood vessel invasion is common. It is 
generally reported that pathological T2 disease has a 
30% risk of nodal involvement, as does early T3 dis-
ease. Patients with advanced T3 or T4 tumors have 
a 50 80% risk of nodal involvement (Shipley et al. 
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Posterior Wall
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Right 
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Right 
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Table 23.1. Diagnostic Work-Up for Bladder Cancer

Routine

History and physical examination

Pelvic/rectal examination 

Laboratory studies

Complete blood cell count

Live function tests and chemistries

Urinalysis and Urine Cytology 

Imaging

Computed tomography or magnetic resonance scan of 
pelvis and abdomen

Intravenous pyelography

Chest radiograph

Radioisotope bone scan 

Cystourethroscopy

Bimanual pelvic/rectal examination under anesthesia 

Biopsies of bladder and urethra 

Transurethral resection, if indicated

Fig. 23.1. A bladder diagram is completed at the time of cystoscopy and used to record the cystoscopy 
fi ndings, biopsy, information, and tumor characteristics
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1985). As nodal metastasis is in part an indicator of 
potential for systemic spread, a similar frequency 
of distant metastasis is eventually noted for these 
patients also.

Poor prognostic factors at presentation include 
deeply invasive tumors (there is an increasing prob-
ability of perivesicular and pelvic nodal metastasis 
as the depth of invasion increases), associated CIS, 
vascular invasion, positive lymph nodes, tumors 
greater than 6 cm in size, urethral obstruction/
obstructive uropathy, solid tumor morphology, a 
palpable mass present on bimanual examination, 
visible tumor following TURBT, solid/flat surface 
tumor histology as opposed to papillary histology 
which is a more favorable characteristic, high-grade 
(poorly differentiated) tumors, hemoglobin of less 
than 12 gm/dl, stage T3b or T4 tumors, and multiple 
tumors (Shipley et al. 1985).

23.4 
General Management

Optimal therapeutic options for bladder cancer 
depend on histology and stage of disease. Patients 
with squamous cell cancer tend to experience failure 
locally. Management of these individuals should be 
with a course of preoperative radiation therapy to the 
pelvis followed by radical cystectomy. This approach 
yields an approximate 50% 5-year survival rate and 
is generally considered to offer the best chance for 
cure (Awwad et al. 1979; Ghoneim et al. 1985). The 
management of transitional cell cancers should be 
based on whether the patient has non-muscle- or 
muscle-invading disease. For non-muscle-invading 
disease [stage 0 (Tis), and stage A (T1)], acceptable 
local control rates and 5-year survival rates have 
been obtained with a variety of interventions includ-

Table 23.2. Comparsion of Marshall and AJC Staying System for Bladder Cancer

Marshall 
modifi cation 
of Jewett-Strong 
classifi cation

AJCC

Tumor Extent
 Confi ned to Mucosa 0
 • nonpapillary, noninvasive TIS
 • papillary, noninvasive  Ta

Not Beyone Lamina Propria (no mass palpable after complete TUR) A T1 

Invasion of superfi cial muscle (inner half) (no duration after complete TUR) B1 T2a 

Invasion of deep muscle (outer half) (induration after complete TUR) B2 T2b 

Invasion into perivesical fat (mobile mass after TUR)–microscopic C T3a
                                                                                 –macroscopic T3b 

Invasion of neighboring structures: Muscle invasion present
 Substance of prostate, vagina, uterus D1a T4a 
 Pelvic sidewall fi xation or invading abdominal wall D1a T4b 

Nodal involvement (N)
 Minimum requirements to assess the regional nodes cannot be met Nx 
 No involvement of regional lymph nodes No 
 Involvement of a single lymph node, 2 cm or less in size N1 
 Involvement of a single lymph node >2 cm or less but <5 cm or multiple lymph 
 nodes measuring <5 cm

N2 

 Lymph node mestastasis >5 cm in diameter N3 

Distant metastasis (M)
 Minimum requirements to assess the presence of distant metastasis cannot be met Mx 
 No distant metastasis Mo 
 Distant metastasis M1

a In the Marshall modifi cation of the Jewett-Strong staging system, D1 disease may involve lymph nodes below 
the sacral promontory (bifurcation of the common iliac artery). D2 implies distant metastases or more exten-
sive lymph node metastases. 
TUR, transurethral resection
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ing transurethral resection and fulguration of the 
bladder, partial cystectomy, interstitial implants, 
intraoperative irradiation, intravesicular chemo-
therapy, and Bacillus Calmette Guerin (BCG) fol-
lowing TUR. Early-stage patients (Tis, Ta, T1) with 
non-muscle-invasive disease are generally managed 
by maximal TURBT followed by intravesicular BCG 
instillation. For muscle-invasive bladder cancers, 
survival results and morbidity remain poor with 
cystectomy. This surgery usually includes perma-
nent ileal conduit with loss of sexual potency and 
is considered “standard treatment” in the United 
States for muscle-invasive disease. Although pre-
operative external beam irradiation may improve 
outcome (Silverman et al. 1992), and the combina-
tion of chemotherapy with irradiation may allow for 
organ preservation, only a fraction of patients are 
offered these options.

Transurethral resection in the management of 
non-muscle-invasive disease is often an outpatient 
procedure in which transurethral visualization of 
the lesion(s) in question is obtained and a biopsy, 
if not a resection, is accomplished. Tumor removal 
may be by scalpel, heat, or laser source. The goal is to 
remove tumor down to uninvolved tissue. TURBT is 
a well-tolerated procedure; however, after multiple 
TURBTs have been performed, the bladder is typi-
cally fibrotic and contracted. Perforations are rare, 
although at times they do occur and may require 
surgical repair. Most of these patients undergo one 
or more TURBT, generally followed by intravesicu-
lar BCG. Local control rates of 60 80% are obtained 
(Herr et al. 1995). A significant minority of patients 
will go on to develop invasive bladder cancer or a 
second urethral malignancy. For this reason, close 
follow-up with cystoscopy performed at 3- to 4-
month intervals is recommended.

Interstitial and intraoperative radiation treatment 
of non-muscle-invasive bladder cancer has excellent 
outcome for selected patients, but is rarely employed 
in the United States. Matsumoto, using intraopera-
tive radiation therapy delivered by an electron beam, 
achieved an impressive 95% local control rate for 
early-stage solitary lesions ( Matsumoto et al. 1981). 
Van der Werf-Messing et al. (1981) implanted the 
bladder by brachytherapy and reported 80 85% 
local control rates. Given that understaging is such a 
significant problem after TURBT, it is possible that 
intravesicular therapy may be undertreating some 
of these patients with “non-muscle-invasive” dis-
ease. Patients receiving some form of radiation are 
adequately treated, as the not-infrequent muscle-
invasive component is responsive to radiation but 

not chemotherapy or immunotherapy, neither of 
which penetrates into the full thickness of the blad-
der as completely as radiation does. To date there 
are no randomized trials comparing intravesicular 
therapies to radiation. There is, however, prospec-
tive, nonrandomized data from the Dutch South 
Eastern Bladder cancer study “that suggests that if 
radiotherapy is used routinely and not restricted 
to unfavorable subgroups, the results are prob-
ably better than with adjuvant intravesical therapy” 
(Rodel et al. 2005).

Perhaps due to the inherent inadequacies of clini-
cal staging, the optimal management for muscle-
invasive disease remains unclear. For these patients, 
however, TUR alone is usually unacceptable due to 
high local failure rates. The exception to this is in 
selected patients with single, small, superficially 
muscle-invasive tumors (T2a) not associated with 
CIS (Herr 1987; Solsona et al. 1992). Treatment 
options for the remaining patients include cys-
tectomy (partial in selected cases) and combined 
modality therapy with a view to bladder preserva-
tion (i.e., maximal TUR followed by irradiation with 
chemotherapy). In patients with T2 disease, most 
commonly, cystectomy alone is employed and offers 
a 60% survival in pathologically staged patients 
(Resnick and O’Connor 1972; Brannan et al. 1978). 
The role of radiation in this stage of disease in not 
yet well defined; however, van der  Werf- Messing 
reported that selected T2 patients implanted with 
radium needles achieved an 80% disease-free sur-
vival at 5 years (van der Werf-Messing et al. 1983). 
These results were replicated by Batterman and 
Denue (1986). External beam radiation series for 
T2 disease is composed mainly of clinically staged 
patients. Clinical staging is inherently inaccurate 
and often includes individuals with pathologically 
more advanced tumors. Further, these outcomes are 
generally based on medically inoperable or elderly 
and frail patients. Despite these shortcomings, good 
local control and survival rates are possible as sum-
marized in Table 23.3.

Table 23.3. Outcomes of trials of radiation alone to 
treat bladder cancer

Series (ref) No. of 
Patients

Complete Response

T2 (%) T3 (%)

Blandy et al. (47) 704 48 42

Duncan et al. (48) 889 49 41

Smaaland (49) 146 69 36

Greven et al. (50) 116 36 18

Vale et al. (51) 60 79 46
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For most patients with T2 disease, “surgical 
option” means radical cystectomy combined with 
pelvic lymphadenectomy. Radical cystectomy 
includes resection of the bladder, distal ureters, 
perivesicular fat, and the regional peritoneum. 
In men, the prostate, seminal vesicles, vas defer-
ens, and proximal urethra are also removed. Up 
to 40% of men undergoing radical cystectomy 
for bladder cancer have been found to have pros-
tate cancer (Nixon et al. 2002; Wood et al. 1989). 
It has been suggested that men not at high risk 
of either bladder cancer involvement of the pros-
tatic urethra or a second primary prostate cancer 
should be considered for prostate sparing cystec-
tomy with a view toward improved urinary control 
and sexual potency (Cookson 2005). In women, 
the uterus, fallopian tubes, ovaries, anterior vagi-
nal wall, and urethra are resected. Urinary diver-
sion may be by ileal conduit with external appli-
ance or an internal stoma reservoir that may even 
maintain continence. Regarding the extent and 
completeness of the lymphadenectomy, there has 
been a renewed interest in extending the resection 
above the “traditional” level of the bifurcation of 
the iliac arteries, as this may impact on the disease 
specific survival even in patients without appar-
ent lymph node involvement, up to the level of the 
inferior mesenteric artery (Cookson 2005). It must 
be remembered, however, that there is an increased 
risk of lymphedema in extending the level of resec-
tion. Results of developing multi-institutional 
randomized studies comparing “traditional” with 
extended lymphadenectomy will hopefully resolve 
this issue.

Operative mortality is still about 1−2%, mainly 
due to pulmonary emboli, myocardial infarction and 
stroke. There is also significant blood loss associ-
ated with the procedure, and overall 30% of patients 
require transfusion with a median requirement of 
two units of packed red blood cells (Cookson 2005). 
Additionally, there are major lifestyle changes 
brought about by this procedure, including vaginal 
dryness, incontinence (depending on the method of 
reconstruction), and the loss of sexual function.

A small minority of patients may be eligible for 
partial cystectomy. These are individuals with soli-
tary well-defined tumors that allow at least 2 cm of 
margin all around the resection plane. Preopera-
tive pelvic irradiation should be considered when 
there is a significant likelihood of microscopically 
involved pelvic lymph nodes.

Radical cystectomy is also the most widely 
selected therapy for patients in the United States 

with stage T3 disease. Cystectomy alone offers a 
20 40% 5-year survival and similar local con-
trol rates (Greven et al. 1992; Montie et al. 1984; 
Morabito et al. 1979; Drago and Rohner 1983; 
Marshall and  McCarron 1977). In an attempt to 
improve results, several randomized studies involv-
ing preoperative external beam radiation therapy 
have been employed. In general, 4500 centigray (cGy) 
are delivered (Bloom et al. 1982; Batata et al. 1981; 
Timmer et al. 1985; Woehere et al. 1993). Despite 
the fact that these studies have shown improved 
local control and survival rates, in the United States, 
most patients undergoing radical cystectomy do not 
receive preoperative radiation therapy.

Radiation therapy alone is usually unsuccess-
ful in patients with T3 disease, with 5-year surviv-
als reported in the 20% range (Bloom et al. 1982; 
Goffinet et al. 1975; Quilty and Duncan 1986; 
Pollack et al. 1994; Edsmyr et al. 1985; DeWeerd 
and Colby 1973). This may be due, in part, to the 
fact that many of the patients who are chosen for 
“definitive radiation therapy” are often patients 
who initially failed multiple TURBTs with BCG and 
either refused salvage cystectomies or were deemed 
medically inoperable. These patients typically have 
scarred, contracted bladders to begin with, and per-
haps have biologically more aggressive tumors as 
evidenced by their history of recurrences. It should 
also be kept in mind that a significant number of 
patients undergoing cystectomy for clinical stage T3 
lesions are found to have T4 lesions on pathological 
analysis (Marshall 1952; Richie et al. 1975; Whit-
more et al. 1977). A significant minority are also 
downstaged (Marshall 1952; Richie et al. 1975; 
Whitmore et al. 1977). For this reason, comparing 
results from clinically staged series to pathologically 
staged series is difficult. Some radiation series do 
reveal fair pelvic local control rates (Table 23.3) but 
often it is based on salvage cystectomy in patients 
able to undergo this procedure.

Various clinical trials suggest that bladder cancer 
is a chemoresponsive tumor. Recent reports of che-
motherapy integrated with radiation therapy sug-
gest that results can be improved over radiation 
therapy alone and may obviate the need for radical 
cystectomy with its resultant compromised quality 
of life.

Chemotherapy has been successful in improving 
outcome for both early and advanced patients. Com-
pared with TURBT alone, single agents instilled into 
the bladder – or BCG employment for early-stage 
patients following maximal transurethral bladder 
resection – clearly increase local control. For patients 
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with muscle-invasive disease, chemotherapy plays 
an important role in enhancing the effects of radia-
tion therapy. Numerous trials demonstrate that the 
addition of radiosensitizing doses of chemotherapy 
[i.e., 5-fluorouracil (5-FU), cisplatin, etc.] improve 
complete response rates by more that 50% when 
compared with radiation therapy alone (Rotman et 
al. 1987; Reibischung et al. 1992; Tester et al. 1993; 
Cervak et al. 1993; Dunst et al. 1994).

Incorporation of chemotherapy into the manage-
ment paradigm of muscle-invasive bladder cancer 
offers the theoretical advantage of “spatial coopera-
tion”, where the primary role of chemotherapy is to 
control micrometastasis at distant sites, while either 
surgery, irradiation, or irradiation with radiosensi-
tizing doses of chemotherapy are used to address the 
localized primary tumor.

The major side effect of chemotherapy is gener-
ally hematological toxicity. Also, many patients who 
were referred for radiation therapy with chemother-
apy are often sent because they are medically inoper-
able. Frequently, these patients have coronary artery 
disease, and certain chemotherapeutic agents may 
cause coronary artery spasm (i.e., 5-FU) (Devita et 
al. 1989). Although it is unclear whether or not the 
addition of chemotherapy will ultimately increase 
the rate of long-term complications, this has not yet 
been reported in any prospective randomized stud-
ies. There may be increased frequency of diarrhea in 
patients who are treated with concomitant 5-FU, but 
these side effects are frequently prevented by pro-
phylactically placing patients on a combination of 
Metamucil and Pepto-Bismol prior to initiation of 
treatment.

As distant metastases remain the most common 
cause of treatment failures for patients with muscle-
invasive bladder carcinoma, it seems reasonable to 
try to incorporate a systemic component into the 
treatment regimen in an attempt to control micro-
metastases at distant sites.

Results of the South West Oncology Group trial 
8710 (INT-00800) – a phase-III trial of neoadjuvant 
methotrexate, vinblastine, doxorubicin, cisplatin 
(MVAC) plus cystectomy versus cystectomy alone 
in patients with locally advanced bladder cancer 
– have shown improved 5-year survival figures for 
patients treated with the neoadjuvant chemotherapy 
(Natale et al. 2001). Two other recently published 
randomized trials including the Medical Research 
Council/European Organization for Research and 
Treatment of Cancer (MRC/EORTC) and US Inter-
group studies have also suggested both improve-
ment in locoregional control and metastatic relapse 

(Hussain and James 2005). These studies suggest 
that neoadjuvant chemotherapy does in fact have an 
impact on the control of micrometastases.

Despite numerous trials by groups utilizing cis-
platin, it is becoming increasingly clear that cispla-
tin may not be the ideal drug of choice for chemo-
radiotherapy in the treatment of bladder cancer. As 
pointed out by James and Hussain (2005; Hussain 
and James 2005), “… a significant proportion of 
patients (with bladder cancer) have impaired renal 
function, and administration would require inpa-
tient stay and hydration. Only about 50% of patients 
were fit to receive cisplatin at their institution at 
the doses used in the Canadian study.” In studies 
reported by Rotman et al., patients with clinically 
staged bladder cancer underwent high doses of exter-
nal beam radiation therapy in combination with sen-
sitizing doses of 5-FU chemotherapy (Rotman et al. 
1990). The majority of patients retained functioning 
bladders, and minimal toxicities were noted. More 
importantly, survival rates were excellent. This and 
other studies provide evidence that chemotherapy 
also improves local tumor complete response rates.

Table 23.3 summarizes the complete response 
rates for various studies employing the use of radia-
tion therapy alone (Blandy et al. 1980; Duncan and 
Quilty 1986; Smaaland et al. 1991; Greven et al. 
1990; Vale et al. 1993). Table 23.4 summarizes the 
results of studies combining aggressive TURBT fol-
lowed by combining concomitant chemotherapy and 
radiation therapy (Saver et al. 1990; Rotman et al. 
1987; Jakse et al. 1985; Tester et al. 1993;  Richards 
et al. 1983; Cervak et al. 1993). Comparison of these 
results strongly suggests that the addition of chemo-
therapy improves results over standard radiation 
therapy alone.

In patients treated with nonsurgical bladder-
sparing approaches, maximal TURBT is usually 
the initial step and is followed by radiation therapy 
combined with chemotherapy. When such strategies 
have been employed, response rates of 70% or greater 
have been obtained (Devita et al. 1989; Dunst et al. 
1994; Eapen et al. 1989; Housset et al. 1993).

Hyperfractionated trials draw from the encour-
aging results from the Royal Marsden Hospital 
where local control for muscle-invading bladder 
cancer was enhanced by accelerated multiple daily 
treatments (Cole D Durant et al. 1992; Horwich 
et al. 1995). Incorporating this benefit into com-
bined modality therapy with maximal TURBT and 
chemotherapy has resulted in impressive results in 
both French and Italian trials (Housset et al. 1993; 
Danesi et al. 2004).
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Danesi and Arcangeli recently reported long-
term results on a phase I/II trial in which a series 
of invasive bladder carcinomas were treated with or 
without an initial two cycles of methotrexate, cis-
platin, vinblastine (MCV) followed by concomitant 
continuous infusion of 5-FU and continuous infu-
sion of cisplatin and irradiation (Danesi et al. 2004). 
Treatment consisted of three 100-cGy fractions per 
day of radiation, 5 days per week, for a total dose 
of 5000 cGy in 3.5 weeks. If required, due to resid-
ual disease, a consolidative dose of 2000 cGy was 
given in 1 week. A complete response rate of 90% 
(65 patients) was obtained in a series of 77 patients. 
High-grade toxicity was uncommon. With a median 
follow-up of 82.2 months, 44 of 65 patients who had 
an initial complete response were still alive, and 33 
(57.1%) of these patients remain with a tumor-free 
bladder (61.5). The 5-year overall, bladder-intact, 
tumor-specific, disease-free, and cystectomy-free 
survival rates for all 77 patients were 58.5%, 46.6%, 
75%, 53.5%, and 76.1% respectively.

Patients with T4 disease have poor survival no 
matter what treatment is employed. Radical surgery 
has few 5-year survivals, and preoperative irradia-
tion delivered prior to radical cystectomy has not 

improved on this. Some investigators have exam-
ined multi-agent chemotherapy for these patients. 
However, long-term results are not yet available. 
Possibly, organ preservation chemoradiation proto-
cols may be an option (Table 23.4)

23.5 
Radiation Therapy Techniques 
(General Description)

A wide variety of planning, dosing, and actual 
therapy techniques are available in the treatment of 
bladder cancer. The ultimate goal for each of these 
is to optimally define the tumor volume, while at 
the same time minimizing dose to normal tissues. 
This requires accurate definition of the critical 
normal structures in relation to the tumor volume so 
that uninvolved organs can be maximally shielded 
during treatment to minimize morbidity.

Precise knowledge of tumor location on a daily 
basis is critical information for the radiation oncol-
ogist treating patients with bladder tumors. Cys-
togram, CT, and MRI have all been relied on for 

Table 23.4 Outcomes of trials of chemotherapy and radiation to treat bladder cancer. CR complete response, conc concomi-
tant, neo neoadjuvant

Reference No. Stage Chemotherapy Radiation dose Sequence Median F/U CR(%) Survival (%)

Rotman 
et al. (1990)

19 T2 4 5-FU MMC 60 65 Gy Conc 38 months 74 89 53.6

Russell 
et al. (1990)

34 5-FUx2 40 Gy Conc 18 months 81 64

Housset 
et al. (1993)

54 T2 4 CDDP+5-FUx2 24 Gy/8Fx/
4 days+20 Gy 
boost

Conc 27 months 74 59 (3 years)

Tester 
et al. (1996)

91 T2 4A MCV CDDPx2 39.6 Gy Neo+Conc 75 62 (4 years)

Sauer 
et al. (1998)

115 T1 4 CDDP or Carbo x2 45 Gy Conc 7.5 years 70 85 57-69 (5 years)

Birkenhake 
et al. (1999)

25 T3 4 CDDP+5-FUx2 59.4 Gy Conc 38 months 88 80

Radosevic-Jelic 
et al. (1999)

67 T3 4 Carbo weekly 65 Gy Conc 92.5 55 (5 years)

Hussain 
et al. (2004)

41 T3 4 5-FU+MMCx2 55 Gy in 20Fx Conc 51 months 71 36 (5 years)

Rodel 
et al. (2002)

45 T1 4 5-FUx2 54 59.4 Gy Conc 31 months 87 67

Sauer 
et al. (1998)

67 T1 4 CDDPx2 50.4 Gy Conc 75 66 (3 years)

Danesi 
et al. (2004)

77 T2 4A MCV CDDP+5-FU PVI 69 Gy 3Fx/day Neo+Conc 82 months 90.3 58.5 (5 years)
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obtaining this information. PET/CT can also be very 
helpful in this regard. Rothwell et al. (1983) have 
demonstrated that CT localization is superior to 
cystogram localization and additionally points out 
that when cystogram is used alone, up to 85% geo-
graphic miss occurred. Graham et al. (2003) com-
pared MRI with CT planning and concluded that CT 
was sufficient if the whole bladder is to be treated. 
However, they advocate the use of MRI information 
in treating partial bladder volumes. It should again 
be reiterated that edema and hemorrhage seen on 
MRI obtained shortly after TURBT may easily be 
confused with tumor. For this reason, we advise on 
relying on MRI obtained prior to TURBT in addition 
to utilizing bladder-mapping information obtained 
at the time of the initial cystoscopy.

Treatment volume used during planning must be 
the same during daily treatment set-ups. There are 
advantages and disadvantages to treating with an 
empty as opposed to full bladder. The advantage is 
that patients are more comfortable with an empty 
bladder and the bladder location is more certain. The 
disadvantage is that less of the small bowel is pushed 
out of the field of treatment (potentially resulting in 
increased treatment morbidity), and it is also pos-
sible to spare more normal bladder mucosa when 
the bladder is full and the tumor volume maximally 
displaced from uninvolved bladder mucosa.

23.6 
Simulation

One must always remember that patient comfort is 
a priority when setting up a treatment (i.e., simula-
tion). One half-hour prior to simulation, the patient 
may be given an oral contrast to drink so that the 
small bowel can be adequately visualized during the 
simulation process. Patients may be treated supine 
or prone. When the regional lymph nodes are to be 
covered for the initial 4500 cGy of treatment, we 
recommend that the patient be treated prone on a 
belly board, with the bladder fully distended. If this 
pushes the small bowel out of the lateral treatment 
portals, small bowel toxicity may be minimized; 
otherwise, supine treatment may be more comfort-
able to the patient. During simulation, an alpha 
cradle is fashioned, or landmarks are identified, for 
each patient so that the individual can be optimally 
and accurately repositioned for the precise daily 
treatment setup. Once positioned, a Foley catheter 
is inserted into the bladder with a sterile technique, 

and 7 cc of Hypaque is used to inflate the Foley 
catheter balloon.

The Foley catheter is pulled down to ensure that the 
balloon is at the base of the bladder. This critical step 
is required to ensure identification of the location of 
the bladder base. A solution of Hypaque mixed with 
saline in a one to two ratio is then instilled into the 
bladder. Generally, 25 cc of this mixture is instilled. 
Subsequent to this, approximately 25 cc of air is also 
injected into the bladder and the Foley catheter is 
clamped. Patients should be informed that a small 
quantity of air will be injected into the bladder so that 
they will not become alarmed when, after the proce-
dure is over, they note that air is being passed from 
their bladder. The information obtained from this 
air contrast cystogram is combined with informa-
tion previously obtained from examination, bladder 
mapping obtained at the time of initial cystoscopy, 
CT scan, and possibly cystogram, if previously per-
formed, to optimally define the bladder location and 
the tumor and target volume for treatment. At some 
institutions, a rectal tube is placed at the distal end 
of the anal canal to identify this anatomy (a rectal 
balloon may also limit rectal movement but if it is 
used for this purpose it must be used on a daily basis 
during the course of treatment). The rectal tube is 
then connected to a Twomey syringe that has been 
previously filled with 25 cc of barium paste mixed 
with 25 cc of water. Please note that the rectal tube 
should be inserted into the rectum empty; No barium 
should be inserted into the rectum until later during 
the procedure when the lateral fields are simulated. 
The barium may obscure the outline of the blad-
der on anterior posterior simulation films. An anal 
canal marker should be placed at the distal end of 
the anal canal.

At this point, patient positioning should be re-
verified by fluoroscopy as these manipulations may 
have induced misalignment.

23.7 
Target Volume and Organs at Risk 
(Critical Structures)−Specifications 
(Including Tolerance Doses)

Morbidity should be analyzed by envisioning the tissue 
that will be traversed by the treatment beams. Consider 
the consequences of the beam as it passes through skin, 
small bowel, rectum, bone, and bladder.
The target volume in the treatment of bladder 
cancer includes the bladder and regional lymphat-
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ics up to the level of the common iliac lymph nodes. 
It should be mentioned that there are institutions 
that treat the bladder only to 4500 cGy and then 
either continue on to 6500 cGy or cone down to the 
tumor only. The primary critical structures of major 
concern include the femoral heads (tolerance dose 
4500 cGy), small bowel (tolerance dose of 4500 cGy), 
and rectum (tolerance dose of 6000 cGy) (Emami et 
al. 1991). These tolerances are for patients treated 
using standard fractionation schemes in which the 
bladder is treated with a 2-cm margin. Institutions 
utilizing hypofractionation schemes typically use 
smaller margins of 1 cm to compensate for the larger 
fraction sizes in terms of side effects (Murren et 
al. 2004).

The radiation oncologist, when considering mor-
bidity related to treatment, should think in terms 
of both acute and chronic morbidity. With optimal 
treatment planning, acute morbidity can be mini-
mized to less that 10%, and long-term morbidity to 
the normal surrounding structures can be brought 
down to less than 5%.

23.8 
Dose Prescription Beam Selection/Design 
Isodoses Plan Evaluation/Implementation

23.8.1 
Simulation/CT Simulation Procedures

External beam therapy is most commonly deliv-
ered by means of a four-field box technique 
(Figs. 23.2 23.4); however, multiple conformal fields 
outlining the bladder can also be employed. In a four-
field treatment plan, matched anterior/posterior and 
lateral portals are employed. The anteroposterior/
posteroanterior (AP/PA) field encompasses the blad-
der as outlined by information obtained from both 
diagnostic studies and during simulation, and may 
be expanded to cover the regional lymph nodes if 
needed. When the regional lymph nodes are cov-
ered for the initial 4500 cGy of treatment, the patient 
should be treated prone on the belly board with the 
bladder full to push the small bowel out of the field, 
minimizing small-bowel toxicity. In general, these 
fields are defined superiorly by the S1/S2 interspace 
(midsacroiliac joint) to cover pelvic nodes up to the 
level of the common iliac lymph nodes.

If this volume should encompass a significant 
amount of small bowel despite the patient being 
prone and on a belly board, then the upper border 

should be lowered accordingly to minimize the 
volume of small bowel in the treatment field. This 
generally requires the upper border to be placed 
at the lower sacroiliac joints. However, it must be 
kept in mind that to adequately cover the bladder, 
the upper border should extend approximately 
2 cm above the dome of the bladder as visualized 
by the air contrast cystogram. The inferior border 
of the AP/PA field is placed at the lower border of 
the obturator foramen, which allows for good nodal 
and bladder coverage. The lower border of the field 
should be placed at the lower border of the obturator 
foramen only when there is no clinical suspicion or 
cystoscopic evidence of involvement at the base of 
the bladder or proximal urethra.
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Fig. 23.2. Composite isodose curves for whole pelvic irradia-
tion (isocentric four fi eld) to 50.4 Gy. Compares 10-MV with 
25-MV photons

Fig. 23.3. Isodose distributions for boost portion of treatment 
delivered through opposed lateral fi elds. These do not refl ect 
effects of beam width improving device. Compares 10-MV 
with 25-MV photons
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In cases where the tumor is at the bladder neck 
or disease is noted near or involving the proximal 
urethra, the border should be extended inferiorly, 
generally to the level of the ischial tuberosity, to 
adequately cover disease in this region. If there is 
any suspicion of urethral involvement, the entire 
length of the proximal urethra should be covered. 
Frequently in this situation, the lower border will be 
at the bottom of the ischial tuberosities.

Laterally, the anterior field borders of the AP/PA 
fields are placed 1.5 2 cm lateral to the bony pelvis 
to allow coverage of the iliac lymph nodes. Custom 
blocking is employed to shield the femoral heads 
and prepubertal soft tissues. If the lymphatics are 
not to be included, these fields should be dimin-
ished to outline the bladder with a 2-cm margin. In 
this clinical situation, the patient should be treated 
with an empty bladder to minimize the treatment 
volume.

The lateral fields, superior and inferior borders 
are set at the same anatomical levels of the AP/PA 
fields, hence the term four-field box technique. The 
anterior border on the lateral field should be placed 
2 cm above the bladder as outlined on the air con-
trast cystogram and also include the external iliac 
lymph nodes on the lateral fields. The only way to 
accurately locate the external iliac lymph nodes is to 
perform a bipedal lymphangiogram prior to simula-
tion. This technique is not frequently employed, but 
we have found that the external iliac lymph nodes 
are adequately covered if the anterior border on the 
lateral field is defined by a line extending from the 
tip of the pubic symphysis to a point 2.5 cm ante-
rior to the bony sacral promontory. After 4500 cGy 

of radiation has been delivered, an attempt to shield 
a portion of the pubic symphysis on the lateral films 
should be made to prevent osteoradionecrosis or 
fracture from developing. The posterior border of 
the lateral field is also determined by the air con-
trast cystogram and places 2 cm beyond where the 
bladder is outlined. During lateral simulation, the 
barium paste mixed with saline should be injected 
into the rectum so that it can be accurately defined 
on the lateral simulation field and optimally blocked 
by custom blocking. Also note that the small bowel, 
which is opacified by the oral contrast given to the 
patient prior to simulation, should be shielded as 
outlined on the lateral field. The entire anal canal as 
well as the soft tissue anterior/inferior to the pubic 
symphysis should also be shielded. During design 
of these custom blockings to shield both the rectum 
and the small bowel, care should be taken so that the 
tumor is not inadvertently blocked. After the AP/PA 
and lateral radiographs have been obtained and 
reviewed to the satisfaction of the attending radia-
tion oncologist, the field borders and field centers of 
the AP and lateral fields are marked on the patient.

If available, we recommend obtaining a com-
puter treatment plan to optimize dose homogene-
ity. To accomplish this, generally a treatment posi-
tion CT scan cut is obtained at the isocenters of the 
field. A physicist will use the CT scan to optimally 
select appropriate wedges and field weighting to 
minimize dose inhomogeneity to less than 5 10% 
around the target volume while also minimizing the 
dose to the normal surrounding critical organs. A 
typical four-field box technique isodose is shown 
in Fig. 23.2. In general, these large fields are treated 
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Fig. 23.4a,b. Radiation fi elds for initial whole pelvic treatment. a Anterior/posterior; b laterals
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to 4500 5040 cGy at 180 cGy per day. If the patient 
is being treated by chemoradiation and any small 
bowel is present in the treatment fields, we routinely 
reduce the fields by employing custom blocking to 
shield the small bowel after 4000 cGy had been deliv-
ered. This minimizes the chance of small-bowel tox-
icity even if it means potentially blocking the exter-
nal iliac lymph nodes. Further, if chemotherapy is 
used during treatment, we generally limit our treat-
ment to the bladder and lymphatics to 4500 cGy in 
5 weeks. After this dose has been delivered, a boost 
field is constructed to encompass regions at risk 
such as residual disease or the premaximal TURBT 
tumor volume.

Information obtained from pre-TURBT CT scan, 
examination under anesthesia, and cystoscopy find-
ings are used to define the boost volume for treat-
ment planning optimally (Fig. 23.5). This volume 
is taken to be the tumor bed with margin. In some 
institutions, boost is delivered with bilateral 120  
arc rotations as seen in Figure 23.6. Several com-
posite examples of radiation treatment technique 
are provided in Figure 23.7 and Figure 23.8. The 
boost fields are generally treated to a total dose of 
6500 cGy.

It is of utmost importance that the normal tissue 
tolerances of critical organs such as the rectum, 
small bowel, and femoral heads are respected. We 
regard the tolerance of the entire rectum to be 
6000 cGy (1/2 of 6.5 weeks) and try to limit our dose 
to the rectum to no more than 5500 cGy, especially 
when chemotherapy is employed. We also keep the 
dose to the femoral heads and small bowel below 
4500 cGy. As previously mentioned, we limit the 

dose to the small bowel to 4000 cGy when chemo-
therapy is employed.

As part of the entire radiation treatment or as 
part of the boost field, conformal three-dimen-
sional (3D) radiation therapy is an option if it is 
available. Figure 23.9 is an example of a 3D Beam’s 
eye view treatment plan for fields conformally out-
lining the bladder. Normal tissues such as bowel, 
rectum, prostate and femoral bones are outlined, 
as is the bladder. With the resultant anatomical 
information and localization, a treatment plan can 
be created that offers high precision and dosing to 
the bladder while constructing appropriate and 
precise blocks to shield as much normal anatomy 
as possible. Since this anatomical information is 
readily available in all dimensions, not just AP/PA 
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Fig. 23.5. Lateral boost fi eld
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Fig. 23.6. Isodose distribution for boost portion of treatment 
compares 120° arc rotation using 4-MV photons with opposed 
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Fig. 23.7. Isodose distribution for boost portion of treatment 
using 10-MV photons delivered through opposed laterals or 
an anterior wedged pair
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and lateral as is the usual case for a box field simu-
lation, the f lexibility to create an improved course 
of therapy using multiple noncoplanar portals is at 
hand.

In summary, multiple CT scan slices are 
obtained from the pelvis in the treatment position. 
The bladder is outlined on each slice and digitized 
into an appropriate 3D conformal treatment plan-
ning computer. At that point, custom blocks are 
created based on the reconstructed digitized blad-
der anatomy so that four, six and possibly eight or 
more fields can be employed to treat the bladder 
and spare a maximal amount of normal surround-
ing tissues. Many linear accelerators are directly 
linked to the 3D treatment planning device and 

create the blocking necessary using multi-leaf col-
limators.

23.9 
Future Directions

The goal of the radiation oncologist in any treat-
ment is to deliver an adequate dose of radiation to 
destroy tumor cells within a given target volume 
while avoiding injury to the surrounding normal 
tissue. A high enough dose of radiation can eradicate 
just about any cancerous mass. The cost, however, 
is injury to the surrounding normal tissue which 
limits the delivery of high doses of radiation. Inten-

Fig. 23.9a,b. a Conformal 3D treatment plan contours bladder and surrounding anatomy in sagittal, coronal, and transverse 
views. b The single perspective view reveals superb isodose lines contouring the bladder and sparing normal anatomy. (Courtesy 
of RAHD oncology products, St. Louis, MO)

Fig. 23.8.a,b Composite isodose distributions for whole pelvic irradiation through four-fi eld technique (50.4 Gy) plus various 
boost methods (18 Gy) in defi nitive plan for T2-T3 bladder carcinoma
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sity modulated radiation therapy (IMRT) can poten-
tially allow for dose escalation in the treatment of 
bladder cancer without an increase in morbidity, 
while resulting in improvement in local control.

It potentially offers the possibility of further 
improvements in bladder preservation. IMRT is a 
computer-generated plan that employs the use of 
multiple beams of varying intensity coming from 
different angles to deliver maximal radiation to 
the tumor target while minimizing the irradiation 
of healthy tissue and organs at risk. In many cases, 
IMRT is an improvement over conformal CT plan-
ning. This is particularly true in cases in which the 
tumors are concave in physical nature and not well 
separated from the surrounding normal organs 
at risk (i.e., tumor wraps itself around an organ). 
In these cases IMRT delivers a greater dose to the 
tumor while limiting the radiation dose to the adja-
cent healthy tissue. This is accomplished by the 
delivery of hundreds of tiny radiation beams of 
varying intensity delivered through many angles 
rather than delivery of radiation by larger beams of 
uniform intensity through more limited angles.

IMRT utilizes more numerous beams with 
“inverse” planning. Inverse planning is a method 
that begins with the required dose distribution and 
works “backward” through a computer algorithm to 
produce the necessary beam profiles to accomplish 
the desired dose prescriptions and constraints.

For IMRT to be worthwhile, it is critical for the 
tumor/target to be defined as precisely as possible 
and for the dose of radiation to be delivered with 
greater accuracy to a more precisely defined target 
volume. Patient and organ motion can easily negate 
the benefits of IMRT. Therefore, rigid immobiliza-
tion and real time target verification with on line 
portal imaging are highly desirable when treating 
organs, such as the bladder, which move consider-
ably. In addition to the greater sensitivity of IMRT 
over other radiation techniques to patient and organ 
motion, other potential disadvantages include higher 
integral dose of normal tissues (higher aggregate 
volume of normal tissue exposure); prolonged treat-
ment delivery time; possibility that close delineation 
of the radiation field to the tumor leaves parts of the 
tumor untreated; greater vulnerability to the physi-
cal uncertainties in defining the tumor volume; and 
greater risk of error due to the increased complex-
ity of planning, delivery, quality assurance, and 
portal verification. Patients selected as candidates 
for IMRT should therefore clearly benefit more from 
this modality than from conventional techniques. 
The best way to be certain of this is to compare IMRT 

plans with conventional plans on a given patient 
prior to treatment.

Special markers such as small ball bearings, rods, 
cross hatches, etc., known as “fiducial markers,” are 
placed on the patient and/or the patient’s immobili-
zation device. This enables the planning computer 
to localize any point within the patient on a 3D grid. 
Target volumes and normal tissue are then outlined 
on CT images for treatment planning. For gross 
tumor, the clinician outlines this gross tumor volume 
(GTV). When warranted, microscopic targets can be 
added to the GTV (i.e., to include draining lymphat-
ics at high risk for harboring micrometastatic dis-
ease). This combination of GTV with microscopic 
targets is referred to as the clinical target volume 
(CTV). If there is no gross tumor present (e.g., after 

Fig. 23.11. Multi-segment intensity modulated (IMRT) treat-
ment. Note dramatic dose fall off of dose (red to green) to sur-
rounding structures and homogeneous dose distribution (red 
volume) to the bladder. (Courtesy of East Carolina University 
Department of Radiation Oncology)

Fig. 23.10. Five-fi eld 3D conformal treatment plan. Excellent 
bladder coverage with minimal rectal dosing. (Courtesy of 
East Carolina University Department of Radiation Oncology)
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complete TURBT), previously obtained tumor map-
ping obtained prior to TURBT should be consulted. 
In cases with no gross tumor present, only a CTV may 
be applicable. An advantage of IMRT is that multiple 
GTVs and subclinical target volumes can be out-
lined. This allows the clinician to treat each volume 
with a different daily dose. For the actual treatment, 
an additional margin may be added to the CTV to 
allow for variations in organ motion [the internal 
target volume (ITV)] and in patient set-up [the plan-
ning target volume (PTV)]. The next step is to spec-
ify the desired dose to the targets and dose limiting 
normal tissues and organs. There are several meth-
ods to accomplish this. One method is to specify a 
maximal dose limit to the tumor and normal critical 
structures. Each structure is then assigned a relative 
weighting that identifies to the planning system the 
relative importance of the structure. Typically, the 
tumor volume receives the highest weighting, but a 
critical structure may supersede this if the toxicity 
to that organ would be inadmissible, such as bowel 
perforation or myelopathy. At the State University 
of New York, Health Science at Brooklyn (SUNY-
HSCB), a typical weighting would be rectum/colon 
6000 cGy maximal dose with a weighting of 0.8–1.0, 
small bowel 4500 cGy maximal dose with a weight-
ing of 1–1.2, and GTV 6500 cGy minimal dose with 
a weighting of 2.

Another method of defining dose criteria is to 
incorporate dose–volume constraints to each struc-
ture. The idea here is that structure injury in most 
organs is a function of dose received by a certain 
volume of the structure. These numbers are being 
defined empirically based on experience of observed 
side effects and tumor complete response rates in 
treated patients.

Planned treatment volumes should take into 
account organ motion in the ITV. This can be accom-
plished by ultrasound-guided target volume identifi-
cation or portal image guided set-up with implanted 
fiducial insertions. Newer linacs may combine kilo 
and/or megavoltage CT scanners to allow for image-
guided radiation therapy (IGRT). This will allow for 
treatment modification in real time with improved 
targeting accuracy as well as conformal avoidance 
of normal tissue.

Given the above considerations, particularly those 
of organ motion and the need for image-guided ther-
apy during actual treatment, it will likely be several 
more years before IMRT is used as the standard in 
the treatment of bladder cancer. At the time of this 
writing, there is only one report in the literature on 
IMRT being used in the treatment of bladder cancer 

(Budgell et al. 2001). In this series, a standard field 
arrangement and set-up were employed to achieve 
a somewhat homogeneous dose within the same 
treatment volume, with some additional sparing of 
normal tissue compared with that expected with 3-
D conformal CT planning.

We also expect advances to be made with the suc-
cessful incorporation of newer chemotherapeutic 
radiosensitizers into bladder preservation paradigms. 
As pointed out by Rodel et al. (2005) gemcitabine and 
paclitaxel are both potent radiosensitizers that have 
shown significant activity against urothelial tumors. 
The Radiation Therapy Oncology Group (RTOG 99-
06) is conducting a trial using twice-daily radiation 
therapy with concomitant paclitaxel and cisplatin 
followed by either selective bladder preservation or 
radical cystectomy and adjuvant chemotherapy with 
gemcitabine and cisplatin. Mention is also made that 
the “future aspects of radiosensitization” may “relate 
to the potential inhibition of oncogene products 
frequently activated and overexpressed in bladder 
cancer, such as H-ras and c-erbB-1.” “Inhibition of 
EGF receptor activity with small molecule tyrosine 
kinase inhibitors or antibodies against receptors 
may also increase tumor radiosensitization in blad-
der cancer” (Rodel et al. 2005).

Finally, proper use of molecular markers are 
likely to be of more help in the future as bladder 
cancer is one malignancy with “extensive informa-
tion regarding molecular pathogenesis and genetic 
predictors of natural history as well as response to 
various modalities of treatment based on molecu-
lar profiles” (from Rodel et al. 2005; Hussain and 
James 2005). In these reviews the authors stress the 
need to investigate the use of these molecular prog-
nostic markers, such as p53, bcl-2, bax, Rb, and p21, 
to predict sensitivity to chemotherapy, radiotherapy, 
and overall survival in randomized trials, pointing 
out that it may ultimately become possible to per-
form chemo/radiosensitivity testing similar to that 
used for antibiotics (Rodel et al. 2005).
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24.1 
Natural History of Cervical Cancer 
and Patterns of Spread

Cervical cancer is the third most common gyneco-
logical malignancy after ovarian and uterine corpus 
cancers. In the United States in 2002 there were 13,000 
new cases and about 4,000 deaths (Committee on 
Practice 2002). Worldwide, it is an enormous health 
problem, with 500,000 women dying each year. In 
the United States, largely because of the widespread 
use of the Papanicolaou (Pap) smear, often patients 
are diagnosed with early and pre-invasive lesions 
and are reliably cured with surgery alone (Herzog 
2003; Waggoner 2003). The peak age at diagnosis is 
around 47 years; however, 50% of patients are under 
age 35 years when diagnosed. Only 10% of patients 
are older than 60 years (Herzog 2003; Waggoner 
2003). Cervical cancer is associated with known risk 
factors including a higher number of sexual partners 
(>4), first intercourse at an early age (<16 years), 
history of genital warts and lower social economic 
class with poor access to health care (Mendenhall 
et al. 1984; Chen et al. 1999; Karolewski et al. 1999; 
Gasinska et al. 2002; Dunst et al. 2003).

More than 90% of cervical squamous cell can-
cers contain DNA evidence of human papilloma 
(HPV) virus, acquired through sexual activity. Cer-
tain types of HPV are particularly oncogenic these; 
include types 16, 18, 31, 33 and 35, 68, 52, 59, 45, 53, 
66, 73, mm4, mm8 and mm7 and are often associated 
with moderate to severe dysplasia or carcinoma in 
situ (Au et al. 2003; Hernandez-Hernandez et al. 
2003; Dunleavey 2004; Fey and Beal 2004). High-
risk subtypes of HPV produce viral proteins E6 and 
E7 thought to be important for malignant trans-
formation by binding and inactivating products of 
the retinoblastoma gene which ultimately allows 
unchecked cell-cycle progression in cells infected 
with HPV16 or 18 (Harima et al. 2002). Tobacco 
smoking as well as possibly second hand exposure 
to smoke are independent risk factors for cervical 
dysplasia and cancer. Immunosuppression from any 
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cause [organ transplantation, acquired immunode-
ficiency syndrome (AIDS), chronic steroid usage] 
increases the risk of cervical cancer (Waggoner 
2003).

24.2 
Workup and Staging

The Pap smear is recommended for all sexually 
active women or women after the age of 18 years. 
Abnormal Pap smears are generally reported as 
either normal, ascus (atypical squamous cells of 
uncertain significance), ascus-h (atypical cells 
of uncertain significance: cannot rule out high 
grade), low-grade squamous intraepithelial lesion 
(lgsil), high-grade squamous intraepithelial lesion 
(hgsil) or carcinoma (Lieu 1996; Mashburn and 
Scharbo-DeHaan 1997; Perlman 1999). Any Pap 
smear that is not normal requires further evalua-
tion, which can range from simply repeating it, to 
testing for the presence of high-risk HPV subtypes 
or to colposcopy and directed biopsies, depending 
on the clinical situation

If a visible lesion is identified by means of pelvic 
exam, a Pap smear is not recommended and these 
patients should have a biopsy. The most common 
invasive cancer by far will be a squamous cell cancer, 
diagnosed in at least 80% of patients. Adenocarcino-
mas make up about 20% of cervical cancers, and less 
than 1% of patients have rare types such as a true 
small cell (neuroendocrine), clear cell, melanoma or 
lymphoma.

Once a biopsy reveals the diagnosis of inva-
sive cervical cancer, the staging workup follows 
(Table 24.1). In general, cervical cancers are clini-
cally staged. The FIGO staging system (Table 24.2) 
is the most widely used, and the cornerstone of the 
system is a thorough careful pelvic examination, 
often done under general anesthesia. Adjuncts to the 
pelvic examination include either an intravenous 
pyelogram (IVP) or computed tomography (CT) 
scan with intravenous (IV) contrast to determine 
whether there is ureteral obstruction and hydrone-
phrosis. Additionally, a chest X-ray is usually part of 
the initial workup.

Recently, the American College of Radiology 
Imaging Network completed a multicentre trial to 
assess the diagnostic performance of magnetic reso-
nance imaging (MRI) and CT compared with that 
of clinical staging. Thus far, these scans have not 
proved superior to clinical evaluations. If, however, 

pelvic or para-aortic lymph nodes appear enlarged, 
they should be investigated by means of fine-needle 
aspiration or retroperitoneal node dissection. If pos-
itive nodes are found, treatment can be individually 
designed to encompass known sites of disease.

In the future, positron emission tomography 
(PET) scans with fluorodeoxyglucose may have a 
role in the staging and follow-up of cervical cancer 
(Greven et al. 1999; Mutic et al. 2003; Tsai et al. 
2004). Recently, Singh et al. (2003) demonstrated 
PET imaging in the periaortic nodal chains in 
patients with FIGO IIIB disease to correlate with 
survival. Additionally, persistence of PET positiv-
ity after completion of therapy may portend a worse 
prognosis and may be useful in designing follow-
up treatment for high-risk patients (Grigsby et al. 
2004). However, at the current time, PET must be 
considered investigational.

There are many known prognostic factors in cer-
vical cancer. The FIGO stage and volume of tumor are 
the most obvious. Other factors that affect the prog-
nosis include the depth of stromal invasion which 
is associated with a higher incidence of metastasis 
to pelvic lymph, higher grade of tumor and whether 
there is unilateral or bilateral hydronephrosis. At 
the University of Minnesota we have routinely used 
extraperitoneal lymph node sampling to determine 
the extent and spread of the cervical cancer. In our 
experience, the presence of grossly positive pelvic 
nodes that are unresectable is a very poor prognostic 
factor; whereas, patients who have only microscopic 
spread to their pelvic nodes do as well as patients 
who have grossly positive nodes that can be resected 

Table 24.1. Staging workup for cervical cancer

Physical examination
Lymph node assessment (supraclavicular, inguinal)
Pelvic examination
Radiographic studies
 Chest X-ray
 Intravenous pyelogram or CT scan of abdomen and pelvis
 Barium enema
Laboratory evaluation
 Creatinine
 Hemoglobin
Procedures
 Cervical biopsy
 Cystoscopy
 Proctoscopy
Other studies [not allowed for clinical (FIGO) staging]
 CAT scan or MRI
 PET scan
 Ultrasound
 Bone scan
 Extraperitoneal lymph node sampling
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high-dose-rate (HDR) brachytherapy is to be used. 
The only randomized trial to address this issue was 
reported by Landoni et al. (1997). In their study, 
patients with FIGO stage IB or II were randomized 
to either radical hysterectomy followed by tailored 
radiotherapy or definitive radiotherapy. In that trial 
of over 300 patients, the disease-free survival and 
overall survival were equivalent. However, in the 
patients in the surgery arm, there was an excessive 
complication rate of 20%. Critics of this study have 
pointed to the high rate of needing postoperative 
radiotherapy in the surgical arm and the lack of 
concomitant chemotherapy in the radiation therapy 
arm as weaknesses of this study. It is however, the 
only recent randomized study to look at this impor-
tant question.

For patients beyond stage I, the management is 
generally definitive radiotherapy with both exter-
nal beam and brachytherapy. Low-dose-rate (LDR) 
brachytherapy has the longest experience record but, 
recently, HDR brachytherapy has become widely avail-
able. There are advantages and disadvantages to each 
(Table 24.3). Although there are no good randomized 
trials comparing these two modalities, it appears that 
in trained hands the acute and long-term side effects 
are roughly equivalent (Tables 24.4, 24.5).

The addition of cis-platinum-based chemother-
apy during the course of definitive radiotherapy 
for patients with IB2-IVA disease has been shown 
to improve outcomes (Lukka et al. 2002; Nag et al. 
2002). Five randomized trails have recently dem-
onstrated significant improvement in local control 
and survival when concurrent chemotherapy was 
added to radiation therapy in patients with early-
stage disease and high risk for recurrence, as well 
as in patients with advanced-stage disease (Keys et 
al. 1999; Rose et al. 1999; Whitney et al. 1999). Four 
of these studies evaluated concurrent chemotherapy 
combined with definitive radiotherapy (Table 24.6).

24.4 
Radiotherapy Techniques

24.4.1 
General Description

Design of the radiation treatment program depends 
on the extent and volume of the tumor. Most 
patients receive a combination of external beam 
treatments and brachytherapy, although very early 
lesions may be treated with brachytherapy alone. 

Table 24.2. FIGO staging

Stage 0 carcinoma in situ

Stage I confined to the cervix
IA microscopic tumor
 IA1 no more than ≤3 mm of invasion, no wider than 7 mm
 IA2 more than >3 mm but ≤5 mm of invasion, or wider  
 than 7 mm
IB visible tumor
 IB1 tumor ≤4 cm
 IB2 tumor greater than 4 cm

Stage II tumor beyond cervix, but not to pelvic side wall
IIA vaginal involvement but not to lower two-thirds of vagina
IIB parametrial involvement, but not to pelvic side wall

Stage III
IIIA vaginal involvement to lower third of vagina
IIIB extension to the pelvic side wall or hydronephrosis

Stage IV
IVA spread to bladder or rectum
IVB spread to distant organs

(Cosin et al. 1998). Whether this reflects tumor biol-
ogy or is actually therapeutic is unknown. Other 
prognostic factors include anemia at diagnosis, 
number of positive nodes and patient age.

24.3 
General Management

Once the diagnosis and staging workup are com-
plete, a management plan can be outlined. For 
asymptomatic patients with normal appearing 
cervix, the diagnosis is usually made after coniza-
tion. If there is less than 3 mm of invasion below the 
basement membrane (stage IA1), the risk of pelvic 
nodal spread is less than 1%. The treatment options 
include a simple hysterectomy or, if preservation of 
fertility is desired, cervical conization and careful 
follow-up.

If the focus of invasion extends 3 mm or more or 
if there is lymph vascular space involvement (stage 
IA2), the risk of nodal spread increases to 2–8% and 
most oncologists recommend a (modified) radi-
cal hysterectomy with pelvic lymphadenectomy or 
definitive radiotherapy. The advantage to a surgi-
cal approach is the possible preservation of ovarian 
function, the fact that the entire uterus is removed 
for analysis and the lack of long-term radiation side 
effects. Alternatively, patients with FIGO stage-I dis-
ease can be managed with definitive radiotherapy. 
Advantages to this approach include the lack of a 
need for prolonged general anesthesia, especially if 
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Table 24.3. Advantages of low- and high-dose-rate brachytherapy

Low-Dose-Rate Advantages
Long history of use
Ability to predict rate of late complications
Improves chances of catching tumors in sensitive phase of cell cycle
Longer treatment times allow for leisurely review of and potential modifications to 
the treatment plan prior to the delivery of a significant portion of treatment
Favorable dose-rate effect on repair of normal tissues
Infrequent replacement and calibration of sources because of long isotope half-life

High-Dose-Rate Advantages
No short- or long-term confinement to bed
No indwelling bladder catheters and risk of bladder infection
Not labeled „radiation risk zone“ to relatives, visitors and staff
Avoidance of several anesthesias (possibly)
Maintain position of the sources during the brief treatment
Ability to retract sensitive structures (rectum) during short treatment time
Patient preparation simpler
Ability to treat greater patient loads (high output of patients on each machine)
Ease of purchasing HDR iridium sources compared with cesium sources
Short treatment times and minimal radiation protection problems
Possibility of optimizing dose distribution by altering the well times of the source 
at different locations

Pulsed Dose Rate Advantages
Complication rate profile more similar to that of LDR
Between fractions, patient is not radioactive, allowing for near continuous nursing care
More predictable time for removal of the applicator than remote after loading 
LDR where the sources are retracted whenever someone enters the patient’s room

Table 24.4. Survival data determined in the meta-analysis of the carcinoma of the 
cervix brachytherapy results from 56 institutions. Modified from Orton CG. High- 
and low-dose-rate brachytherapy for cervical carcinoma. Acta Oncol 1998;37:117-125 
(Orton 1998)

Stage HDR patients LDR patients 5 year survival P value

HDR % LDR %

I 1327 0630 82.7 82.4 >0.05
II 2891 1271 66.6 66.8 >0.05
III 2721 1464 47.2 42.6 >0.005
IV 0221 0056 20.4 14.3 >0.05
Overall 7468 4738 60.8 59.0 >0.045

The number of external beam treatments relative 
to brachytherapy can be determined by general 
guidelines, although experience provides optimal 
treatment determinations. In general, advanced 
tumors require more external beam therapy. This 
is in part because the periphery of large tumors are 
inadequately treated with brachytherapy due to the 
rapid decrease in dose incurring at a distance from 

the implant. To treat advanced tumors, the major-
ity of the external beam therapy is given prior to 
initiating brachytherapy to shrink the tumor. This 
leads to a technically superior brachytherapy appli-
cation and may result in radiobiological advan-
tages, including the possibility of better tumor 
oxygenation and, therefore, more radio sensitivity 
as the tumor involutes.

Table 24.5. Late complication rates in the meta-analysis of the carcinoma of the cervix 
brachytherapy from 56 institutions. Modifi ed from Orton CG. High and low dose-rate 
brachytherapy for cervical carcinoma. Acta Oncol 1998;37:117-125. (Orton 1998)

Severity Number of patients Complication rate P value

HDR LDR HDR LDR

Grade IV 10331 5274 2.2% 5.3% <0.001
Grades III and IV 10887 4709 9.1% 20.7% <0.001
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Design of the external beam fields takes into 
account the fact that cancer of the uterine cervix 
spreads in a very predictable manner, first spread-
ing laterally to the para cervical nodes, then to the 
internal common iliac and finally to the para-aortic 
nodes. At the University of Minnesota, we prefer 
extraperitoneal lymph node staging to delineate 
the borders of the external beam fields (Potish et 
al. 1984, 1989). Patients with negative pelvic nodes 
receive treatment to a small pelvic field with a supe-
rior border approximately at the mid sacroiliac joint 
level. Patients with involved pelvic nodes, but nega-
tive common iliac or periaortic nodes, receive radio-
therapy that encompasses what we call the “low 
periaortic” area. The superior border of this field is 
approximately at the L2–L3 interspace. For patients 
with positive common iliac or periaortic nodes the 
fields are extended to include the “high periaortic” 
areas and the field extends to the T9–T10 interspace 
(Fig. 24.1).

PET imaging may replace extraperitoneal lymph 
node sampling, and recently we have begun design-
ing fields based on PET or PET/CT results if extra-
peritoneal nodal sampling is not performed. Alter-
natively, if extraperitoneal node sampling or PET 
scans are not available, the extent of external beam 
fields can be determined by combining CT or MRI 
results with risk rates of pelvic nodal spread. Approx-
imately 15% of patients with FIGO stage-I disease 
will be found to have positive pelvic nodes, 30% of 
those with stage II and up to 45% of those with stage 
III. The risk of positive para-aortic nodes is roughly 
half that of the pelvic node rate (6% in stage I, 12% in 
stage II and 24% in stage III). This information can 
be used to plan the external beam fields. For a small 
tumor, which is stage I, the pelvis alone is usually 
adequate external beam volume. For patients with 

Table 24.6. Summary of results of chemoradiation therapy for definitive therapy for 
cervical cancers. XRT definitive pelvic radiotherapy, H hydroxyurea, 5FU 5-flouro-
uracil, CDDP cisplatin

Study FIGO 
stage

Overall 
survival

Progression-free 
survival

Relative risk of 
progression

Keys et al; GOG 123** IB2
  XRT (control) 74% 63%
  XRT plus weekly CDDP 83% 79% 0.51
Whitney et al.; GOG 85 IIB-IVA*

  XRT + H (control) 43% 47%
  XRT plus CDDP/5FU 55% 57% 0.79
Rose et al.; GOG 120 IIB-IVA*

  XRT +H (control) 50% 41%
  XRT + weekly CDDP 66% 62% 0.57
  XRT+H/5FU/CDDP 67% 61% 0.55

*Negative para-aortic nodes by extraperitoneal laparotomy
**Also had adjuvant hysterectomy

Fig. 24.1. Anteroposterior (AP) radiograph showing the pos-
sible locations for the superior border of the external beam 
fi eld. Small pelvis fi eld used if pelvic and periaortic nodes are 
free of metastasis at the time of surgical staging. Low periaor-
tic fi eld is used if pelvic nodes are involved with metastasis but 
periaortic nodes are negative. Note that it does not include the 
inferior-most extent of the spinal cord. Entire periaortic nodes 
are treated when shown to be involved by metastasis either by 
surgical staging or needle biopsy

more advanced disease, one could consider treating 
extended fields to include either the common iliac or 
paraaortic nodes. The RTOG reported their 10-year 
results of prophylactic extended field radiotherapy 
in patients with stages-IIB and bulky -1B and -IIA 
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cervical cancers (Grigsby et al. 2001). In that series, 
the extended radiotherapy patients had an approxi-
mately 10% improvement in 10-year survival (44% 
versus 55%).

The inferior border of the external beam field 
must be tailored to the extent of disease. A cervical 
gold seed implanted at the time of the exam under 
anesthesia is an excellent time to place gold seeds 
to mark either the cervix or the inferior extent of 
vaginal spread. If there is vaginal extension of the 
tumor, the inferior border should give at least a 2-
cm margin on the most inferior extent of the vagi-
nal extension. Additionally, for tumors that involve 
the lower third of the vagina, the inguinal nodes 
are at risk and should be included in the external 
beam fields. Appropriate measures must be taken 
to ensure that they receive adequate dose, such as 
using mixed energy beams and ensuring that the 
field is wide enough to include them.

In the past, bony landmarks were often used to 
delineate the width of the pelvic field. On an AP radio-
graph, if between 1.5 cm and 2 cm exist between the 
widest point of the bony pelvis and the field edge, it 
was thought that the pelvic nodes would easily be 
included. However, now with the advent of CT simu-
lations it is known that often these margins are not 
adequate and it is superior to perform a treatment 
planning CT with both IV and oral contrast agents. 
The actual location of the vessels and surrounding 
nodes can then be delineated and the field more 
accurately rendered.

The pelvis is usually treated with a four-field 
external beam arrangement and care must be taken 
in designing the lateral fields so that the entire uterus 
is compassed and the utero-sacral ligaments, which 
attach at S1 and S2, are included. A common mistake 
is to try to block large portions of the rectum and, in 
doing so, shield the tumor extent posteriorly. Addi-
tionally, the uterus is often anteverted and a tight 
anterior margin can block some of the uterus. For 
this reason, also treatment planning, CAT scans are 
quite useful and more accurate than just relying on 
radiographs (Fig. 24.2).

24.5 
Simulation/CT Simulation Procedures

At the time of the simulation or CT simulation, the 
patient is usually placed supine on the simulator 
or CT couch. Attempts have been made to try to 
spare more small bowel with a prone position on 
some type of false table type device, but with the 

location of the uterus, cervix and nodal spread, it is 
unclear whether the advantages of a prone position 
are outweighed by the instability of this position 
(Ghosh et al. 2001). The cervix is marked either with 
a gold seed that has previously been placed or with 
a vaginal marker (Fig. 24.2). Oral contrast with the 
CT is highly useful, as is IV contrast, to delineate 
the vessel location. The approximate field borders 
are set and recorded, and the CT scan transferred 
to the treatment planning computer.

24.5.1 
Target Volume and Organs at Risk

The target volume is the cervix, uterus, uterosacral 
ligaments and nodes deemed at risk or known to 
harbor metastatic disease. The uterus is easily seen 
by means of CT scan or MRI. More difficult to visu-
alize are ligaments which need to be included, espe-
cially in more advanced disease states. The bladder 
and rectum are outlined, as is the small bowel and 
kidneys (Fig. 24.3). Usually a four-field arrangement 

Fig. 24.2. Gold seeds are placed at the most inferior extent of 
vaginal involvement, if present, or in the cervix to act as a 
marker for fi eld placement. Lateral fi eld posterior border set 
at S2 so as to include the uterosacral ligament and presacral 
nodes
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CT simulation/Digitally Reconstructed Radiograph (DDR)

DDR – Anterior beam DDR – Right Lateral beam

Fig. 24.3a,b. Digitally reconstructed radiograph computed to-
mography (CT) scan with contours of external and internal 
iliac vessels outlined as well as the small bowel, bladder and 
rectum. In general, a 2-cm margin on the vessels will encom-
pass the associated lymph nodes and can be considered the 
clinical target volume (CTV). A margin placed around this 
volume for day to day set-up variation can be considered the 
planning target volume (PTV)

a

b

gives excellent dose distributions and does allow for 
some sparing of small bowel and bladder and pos-
sibly some of the rectum. As stated earlier, care must 
be taken to not spare bowel at the extent of blocking 
the uterosacral ligament. If extended fields are used, 
the kidney location must be identified and avoided. 
If a four-field arrangement is chosen, the lateral 
fields may treat a large proportion of the kidneys 
unless there is judicious use of blocking.

24.5.2 
Dose Prescription

Patients with very early lesions can be treated with 
brachytherapy alone, although often these patients 

undergo radical hysterectomy and are referred for 
definitive radiotherapy only if there are intermedi-
ate- or high-risk pathological features. Everyone else 
receives a combination of EBT and brachytherapy.

Table 24.7 gives the recommendations for treat-
ment regimens used at the University of Minnesota. 
For a patient treated with brachytherapy alone, 10,000 
mg h–1 in two applications is usually prescribed. As 
the FIGO stage and bulk of disease increase, more 
external beam therapy is delivered and less brachy-
therapy is delivered. At the University of Minnesota, 
we generally deliver 175 cGy/day, but at most institu-
tions between 180 cGy and 200 cGy is standard. The 
initial phase is given with concurrent chemotherapy, 
usually cis-platinum (40mg/m2 per week.) The plati-
num is usually delivered early in the week so that 
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associated with a worse pelvic control rate (Erridge 
et al. 2002; Nag et al. 2002).

At the completion of therapy, the periaortic nodes, 
if involved, will have received between 4500 cGy and 
5000 cGy if the periaortic nodes were negative; but 
pelvic nodes involved the “low periaortic” nodes 
will have received between 4500 cGy and 5000 cGy. 
The whole pelvis and dose split pelvis dose will total 
between 4500 cGy and 5500 cGy, depending on the 
bulk of disease, response to treatment and contribu-
tion to pelvic dose of the brachytherapy.

24.6 
LDR Brachytherapy

24.6.1 
Equipment

Manual after-loading Fletcher-Suit-Delclos appli-
cators are used for the majority of cervical cancer 
patients at the University of Minnesota (Fig. 24.4). 
Over 100 other applicators are available worldwide. 
LDR and pulse rate remote after-loading systems, 
which minimize the exposure to medical personnel, 
are available from manufacturers in several coun-
tries. For both manual and remote after-loading, 
the clinical, radiobiological, and physics principles 
of LDR are the same. Only the size of the applica-
tors, radiation protection features and possibly the 
ability to limit applicator movement during treat-
ment differs. Integral to the applicator itself is an 
implantation system that has evolved around the 
use of those applicators.

Table 24.7. ICRU reporting data

Description of technique
� Source used (radionuclide, reference air kerma rate, 
 shape and size of source, and filtration)
� Simulation of linear source for point or moving sources
� Applicator geometry (rigidity, tandem curvature, vaginal  
 uterine connection, source geometry, shielding material

Total reference air kerma

Time dose pattern (application duration)

Description of reference volume
� Reference isodose level
� Isodose width, height, and thickness

Dose at reference points
� Bladder
� Rectum
� Lymphatic trapezoid 
 (lower periaortic, common iliac, external iliac)
� Pelvic wall

there is maximum potential for radiosensitization. 
After 4–5 weeks, the first of two LDR brachytherapy 
applications is delivered. This is followed 2 weeks 
later by the second LDR brachytherapy application. 
In the interval of time between the two applications, 
external beam treatments continue with blocking of 
the central area where the high-dose brachytherapy 
application was concentrated. This parametrial 
boost can be delivered to one or both sides. At the 
University of Minnesota, our split pelvis block is 
generally 4.5 cm wide. At other institutions, partial 
transmission blocks are designed that correspond to 
the isodose lines of the brachytherapy application. 
The height of the block is determined by the height 
of the tandem and roughly corresponds to the height 
of the 30 cGy/h isodose line from the brachytherapy 
application. It is important to keep the treatment 
course to less than 8 weeks, as protraction has been 

Fig. 24.4. a Fletcher-Suit-Delclos tandems no. 1 showing fl ange that can be sutured to the cervix. The cesium sources are placed 
in tandem in a straw which is placed in the metal tandem. A “pusher” ensures that the sources are snug in the tip of the tandem. 
b A colpostat (also called ovoid) is shown. The diameter of the bare metal colpostat is 2 cm. Caps can be placed over the metal 
colpostat increasing the diameter to either 2.5 cm or 3 cm. Caps effectively push the vaginal mucosa away from the source and 
improve the ratio of dose at the vaginal mucosal surface to the dose deeper below the vaginal surface. The cesium source is 
placed into the metal device which slides into the colpostat and locks in place

a b
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24.6.2 
LDR Procedure

The LDR applicators are generally placed with the 
patient in the operating room under general or spinal 
anesthesia. HDR applicators can be placed under 
general or regional anesthesia, or just IV sedation. 
Once the patient is anesthetized and an examination 
performed, the cervical os is identified and the intra-
uterine canal serially dilated (often not required for 
HDR). The appropriate length tandem is inserted 
into the uterine canal and affixed to the cervix by 
suturing it to the tandem through the collar. In order 
to ascertain that the tandem is in the intrauterine 
canal, an intraoperative transabdominal ultrasound 
is performed. (Fig. 24.5). The ovoids are then placed 
in each fornix and affixed to the tandem (we use a 
rubber band). Packing with gauze soaked in an anti-
septic, a radio-opaque wire is used to push the blad-
der and rectum away from the applicators, taking 
care not to let the packing extend superior to the 
ovoids. Foley catheters with balloons are inflated 

with diluted contrast material and placed in both 
the bladder and rectum for later determination of 
IRCU bladder and rectal point doses. Intraoperative 
radiographs are performed. The desired geometry 
of the tandem relative to the ovoids and relative to 
the pelvis is shown in Figure 24.6. Examples of poor 
implant geometry are shown in Figure 24.7. If a poor 
application is achieved, the packing is removed and 
packing is repeated and re-filmed until satisfactory. 
Figure 24.8 shows a radiograph of the desired ori-
entation of the tandem to ovoids and pelvis. Once 
this is achieved, the anesthesia is reversed and the 
patient recovers in the recovery room and is then 
transported to the radiotherapy department for 
simulation.

24.6.3 
Milligram Hour

In the pre-computer era, when only radium sources 
were available, gynecological brachytherapy appli-
cations were specified by the simple mathematical 
product of the number of milligrams of radium 
times the duration (number of hours) of the implant. 
Thus, an implant of five 10-mg radium sources left 
in place for 48 h would yield a “dose” of 2400 mg h–1 
(10×5×48). Since its initial use in the early 1900s in 
Europe, the dose prescription system evolved and 
was refined at M.D. Anderson Hospital by Dr. Gil-
bert Fletcher and his colleagues. This system is still 
used today. A 7% (8.25/7.71) correction factor is used 
to convert the “Fletcher milligram” hours to ICRU 
milligram hours, since the milligram hours recom-
mended by Dr. Fletcher are for implants with radium 
and encapsulated with 1 mm of platinum (exposure 

Fig. 24.5. Longitudinal ultrasound image through the uterus 
demonstrating bladder (B), myometrium (M) and correct po-
sition of tandem within the uterine cavity (T)

Fig. 24.6. a Diagram illustrating the desired orientation of the tandem 
relative to the ovoids as seen on an anterior view. b Diagram illustrat-
ing the desired orientation of the tandem relative to the ovoids as seen 
on a lateral view b

a
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Fig. 24.7a–c. Radiographic examples of poor geometry. a X-ray 
demonstrating ovoids that are placed too inferior and posterior 
relative to the tandem. Re-packing is indicated. b Radiograph dem-
onstrating ovoids that are too inferior and posterior relative to the 
tandem. If caps are on the ovoids, removing them might improve 
the geometry. c The ovoids are superior relative to the tandem. Note 
that the ovoids are widely spaced and placing caps on the ovoids 
may help

a b

c

rate constant 7.71 R/cm2 h–1 mg–1). The ICRU speci-
fies that radium source with 0.5 mm of platinum 
filtration be used as the standard (exposure rate 
constant 8.25 R/cm2 h–1 mg–1).

Although the milligram hour system is easy to 
use, it does not give any information about the 
dose distribution around the application, and the 
reason the system “works” is because it speci-
fies a particular geometry between the tandem 
and ovoid, and sources are loaded in a rigidly 
prescribed manner. It is only applicable when 
both the tandem and ovoid are implanted. For a 
tandem loaded with a protruding vaginal source 
(no ovoids), the milligram hour dose specification 
is not applicable.

24.6.4 
The Manchester System

The second dose prescription system that evolves 
specifies the dose to four specific points and space 
around the applicator – point A, point B, bladder 
and rectum. Originally developed in Manchester, 
England, this system is widely used. Point A was ini-
tially defined as the point 2 cm superior to the vaginal 
fornix and 2 cm lateral to the cervical canal. Point B 
was 3 cm lateral to point A. Points A and B were said 
to represent critical anatomical structures, with point 
A representing the site where the uterine vessels cross 
the ureter and point B representing the location of the 
more lateral pelvic nodes. Although most descrip-
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tions of point A are 2 cm superior and 2 cm lateral to 
a specified origin, the definition of the origin is not 
standardized and there are at least six different ori-
gins in the literature (Fig. 24.9). Depending on which 
origin is chosen, the point A dose can vary widely, 
especially if the ovoids are displaced superiorly or 
inferiorly (Potish and Gerbi 1986). A relatively small 
displacement of the ovoid results in a large change in 
the dose rate to point A. Since dose rate falls off rap-
idly with distance from the brachytherapy sources, 
any point surrounding the applicator will be expected 
to be in a rapid fall off area, another disadvantage of 
using the Manchester system. For small tumors, point 
A may even lay outside the tumor volume whereas 
for larger tumors the tumor may extend significantly 
more lateral than point A. Since some definitions of 
point A are radiographic, point A may end up outside 
of the cervix altogether. Figure 24.10 is an isodose 
distribution of a standard Fletcher suit tandem and 
ovoid application. Note that point “A” is in an area of 
sharp dose fall off.

An association between point A, point B and mil-
ligram hours does exist. In a perfect Fletcher suit 
tandem loaded as described above, point A is almost 
always between 50 cGy and 60 cGy per hour. Point 
B usually lies between 10 cGy and 20 cGy per hour 
and is largely dependent on the source strengths 
in the ovoids. Because these dose rates for points A 
and B are usually confined to a narrow range, as are 
implant durations, it is not surprising that there is an 
association between these total point doses and mil-
ligram hours. In an evaluation of almost 100 brachy-
therapy applications performed at the University of 
Minnesota, a fairly high correlation between mil-
ligram hours of radium and doses at point A and B 
was reported, with correlation coefficients of 0.73 and 
0.89, respectively. However, it was pointed out that the 
point-A dose was markedly affected by the position 
of the colpostats relative to the tandem collar and 
that there was considerable inter-patient variability 
making the routine translation between Fletcher and 
Manchester systems too unpredictable for clinical 
use (Potish et al. 1982). Despite these limitations, it 
is useful to translate milligram hours into point A or 
point B doses. Bhatnagar et al. (1980) has suggested 
a formula that roughly calculates the point A dose 
based on the milligrams of radium loaded:

Point A (cGy/h)=1.1 (mg in tandem) + (mg in 
ovoids/2) cGy/h

Likewise, the following formula roughly converts 
milligram hours into the total point B dose:

Point B (total dose in cGy)=(total milligram hours 
in two implants)/4

Fig. 24.8. Radiographs of desired 
orientation of the tandem and 
ovoids

Fig. 24.9a,b. a Possible origins of point A on anterior view. b 
Possible origins of point A on lateral view
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Isodose Curves for Tandem and Ovoids:
Standard Fletcher Loading (in cGy/hour dose rate)

Point A

Point B

Rectum Point Bladder Point

Fig. 24.10. Brachytherapy 
isodose plot. Note that 
point “A” is in an area 
where the isodoses change 
rapidly and a small varia-
tion in the location of 
point “A” can make a big 
difference in the resultant 
dose rate

24.6.5 
The International Commission on Radiographic 
Units and Measurements

In 1985, the ICRU recommended the system of 
LDR brachytherapy dose and volume specifications 
aimed at redefining and standardizing brachyther-
apy reporting terminology (Table 24.7). This has 
not been widely adopted in the US. Three reporting 
approaches were proposed, the reference air kerma 
rate, the absorbed dose at certain reference points 
(Figs. 24.11–24.14) and isodose reference volume.

The reference air kerma rate was proposed to 
introduce international units into the brachytherapy 
reporting. The reference air kerma rate is expressed 
in mGy/h at 1 m. The total reference air kerma is, 
therefore, the sum of the products of the reference 
air kerma rate and the duration of the application. 
The Fletcher milligram hours can easily be con-
verted into reference air kerma using the following 
formula:

1 mg h–1=6.5 mGy total reference air kerma (for 
filtration of 1 mm of platinum). The total reference 
air kerma, therefore, has the same limitations as 
milligram hour dose specification. The ICRU rec-
ommended calculating the absorbed dose at certain 
reference points (rectal, bladder, pelvic wall, trap-
ezoid, node points but fell short of trying to stan-
dardize the definitions for point A or B.

The most radical change proposed by the ICRU 
was to specify reporting parameters for the pear-

Fig. 24.11. Location of bladder and rectum points as specifi ed 
by the ICRU (ICRU 1985). From ICRU report no. 38. Inter-
national Commission on Radiation Units and Measurements, 
Bethesda, MD, 1985. Used with permission

shape reference volume. The report states that “an 
absorbed dose level of 60 Gy is widely accepted as 
the appropriate reference level for classical low-
dose-rate brachytherapy” and therefore the 60-Gy 
isodose reference volume was suggested. This refer-
ence volume is determined by measuring the width, 
height and thickness of the tissue encompassed by 
the 60-Gy isodose curve. The ICRU chose to subtract 
any external beam therapy from this 60-Gy reference 
volume to choose the relevant isodose. To choose 
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Fig. 24.12. Determination of reference points corresponding to the lymphatic trapezoid of Fletcher. From ICRU report no. 38. 
International Commission on Radiation Units and Measurements, Bethesda, MD, 1985. Used with permission

Fig. 24.13. Defi nition of pelvic wall points. Position of right pelvic wall (RPW) and left pelvic wall (LPW) are diagrammed. 
From ICRU report no. 38. International Commission on Radiation Units and Measurements, Bethesda, MD, 1985. Used with 
permission

Fig. 24.14. ICRU reference volume is determined by fi nding the 
reference isodose surface dimensions, dw (width) dh (height) 
and dt (thickness). From ICRU dose volume specifi cation for 
reporting intracavitary therapy in gynecology. From ICRU re-
port no. 38. International Commission of Radiation Units and 
Measurements, Bethesda, MD, 1985. Used with permission
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the relevant isodose surface, the EBRT is subtracted 
from the 60-Gy volume, and the remainder is divided 
by the implant duration to obtain the isodose sur-
face by which to calculate the reference volume, for 
instance, if a patient has received 40 Gy of external 
beam therapy and 80 h of brachytherapy:

60 Gy–40 Gy=20 Gy
20 Gy/80 h=0.25 Gy/h

The 25-cGy/h isodose surface is chosen.
The attempt by the ICRU recommendation was 

that this “reference volume” would further describe 
the brachytherapy application and shed light on the 
volume of tissue receiving a particular level of dose. 
Unfortunately, instead of being helpful, the concept 
has only caused confusion and criticism, being helpful 
neither for dose specification nor for dose reporting.

In recent years, image-guided radiation therapy 
for cervical cancer has had some success. If the tumor 
volume can be delineated with adequate imaging, 
the ICRU concept of reference volume, especially if 
it is the tumor reference volume, might be very help-
ful. Further work is sorely needed in this area.

24.6.6 
University of Minnesota

At the University of Minnesota, we rely heavily 
on the Fletcher milligram hour dose specification 
system (Fletcher 1973). When this is inappropriate 
(protruding vaginal source, vaginal cylinder), point 
calculations (Av, or vaginal surface dose) are used 

(Table 24.8) (Potish and Gerbi 1986). The Manches-
ter points are calculated for all patients but are not 
routinely used to specify dose. We find them useful 
as a double check to assure ourselves that both an 
adequate tumor dose has been achieved (remember-
ing that point A may have little relationship to the 
tumor) and that bladder or rectal tolerances have not 
been exceeded (remembering that a point dose to the 
rectum or bladder provides no information about the 
dose to the rest of the rectum or bladder received).

Microinvasive (FIGO IA) tumors are unlikely to 
have spread to the pelvic lymph nodes. Patients with 
these tumors may be treated with intracavitary ther-
apy alone. Doses of up to 10,000 mg h–1 in two appli-
cations are used. For small (1–3 cm) IB tumors, up to 
3000-cGy pelvis external beam whole pelvic external 
beam therapy is given depending on the extent of dis-
ease with up to 2000 cGy of split pelvis radiation. This 
is followed by LDR brachytherapy applications of up 
to 7000 mg h–1. For more advanced tumors, 4000-cGy 
whole pelvis EBRT is used, and up to 6500 mg h–1 of 
cesium may be used in two implants. The parametrial 
areas may be boosted with an additional 1000-cGy 
EBRT using a split pelvis field, either with a straight 
split pelvis block (usually 4.5 cm in diameter) or with a 
step wedge block. For even larger tumors, more whole 
pelvis (±periaortic nodal) EBRT is given (4500 cGy), 
and the two-brachytherapy applications are shorter 
(5000–6000 mg h–1). Once whole pelvis EBRT doses of 
over 4500 EBRT are exceeded, however, it is difficult 
to add significant amounts of brachytherapy. There-
fore, an examination under anesthesia is performed at 
the 4000-cGy dose level. If there has been good tumor 
shrinkage, the first implant is performed at that time. 

Table 24.8. General guidelines used at University of MN for treatment of carcinoma of the intact cervix in surgically staged patients

FIGO stage Parametrial 
extension*

Tumor size 
(cm)

Whole pelvis EBRT 
dose (cGy)**

Maximum mg h–1‡ Point A  (cGy) Point B† (cGy)

IB, IIA No 2–5 3500–4000 6000–6500 7500+ 5500–6000
5+ 3500–4500 5000–6000 8000–9000 6000

IIB Yes 2–5 3500–4000 6000–6500 8000+ 6000
6000

 5+ 3500–4500 6000–6500 8000–9000 6000
III Yes 4000–5000 5500–6000 8500–9500 6000
IV A Yes Individualize

** Dose to the whole pelvis (± periaortic nodes) given with EBRT given depends on bulk of tumor, FIGO stage, and amount of 
regression at the time of the first brachytherapy application. If the periaortic nodes are included, periaortic nodal EBRT doses 
range from 4000-5000 cGy.
† Point „B“ is boosted to 6000 cGy for all patients with pathologically proved involvement of pelvic nodes or tumors larger than 
2 cm in size.  A split pelvis block is 4.5 cm wide with height determined by height of the tandem is used.
‡ Given in 2 applications, with tandem and ovoids 2 weeks apart.  Does not take into account 1.07-filtration factor correction 
for cesium in .5 mm platinum.

This maximum is when nominal strengths of cesium of 10, 15, 20 and 25 mgs are used.  If cesium of lower activity is used, 
the hours may be increased accordingly.
EBRT = external beam therapy given at 175 cGy/day
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If the tumor is still large after an initial 4000-cGy whole 
pelvis EBRT and there is concern that the implant will 
not have good geometry, additional EBRT (with doses 
up to 1000 cGy) may be given or an interstitial implant 
can be considered. For tumors with significant vaginal 
involvement, the implantation volume should include 
the extent of disease in the vagina. Usually the EBRT 
leads to shrinkage of the vaginal involvement so that 
at the time of the first brachytherapy application there 
is little palpable tumor left. Often the previous tumor is 
replaced with vague induration. If there is more tumor 
than 0.5 cm of induration remaining, implanting the 
vaginal component of the tumor with iridium should be 
considered. Tolerance of the vaginal wall to high doses 
of radiation probably depends on the length of vagina 
treated as well as on the total dose and dose rate. In 
general, the vaginal apex tolerates more than the distal 
vagina, with the apex tolerating doses of 10,000 cGy or 
more. More distal portions of the vagina should prob-
ably not receive more than 7000–8000 cGy.

The American Brachytherapy Society has given 
recommendations on the combination of external 
beam irradiation and LDR brachytherapy (Nag et 
al. 2002). For completeness, the summary table has 
been reproduced in Table 24.9.

24.6.7 
Postoperative Radiotherapy

In cases of radical hysterectomy, recent random-
ized trials have delineated patients who might 

be at greater risk for recurrence and who benefit 
from postoperative radiation therapy either alone 
(Sedlis et al. 1999) or with concurrent chemother-
apy (Peters et al. 2000). In the first of these trials, 
patients with “intermediate” risk factors were ran-
domized to either observation or pelvic radiother-
apy. The DFS was better for the pelvic radiotherapy 
group (Table 24.10). In the second trial, “high-risk” 
patients were randomized to either pelvic radiation 
or pelvic radiation and chemotherapy. The DFS was 
better for the combined modality group. The risk of 
bowel or bladder complications is high in this set-
ting and care must be taken to minimize the risk of 
a late radiation complication as much as possible. 
The American Brachytherapy Society has published 
guidelines for postoperative radiation therapy for 
cervical cancer (Nag et al. 2002), which is summa-
rized in Table 24.11.

24.6.8 
Dose to Bladder and Rectum

The ICRU suggests a method to choose which point 
to calculate the rectal and bladder dose. These 
point doses may have little relationship to the dose 
received by other parts of the bladder or rectum and 
may not be the highest dose area (Crook et al. 1987; 
Esche et al. 1987; Katz and Eifel 2000). The local-
ization of the bladder and rectum can be achieved 
by either placing Hypaque in a Foley catheter, which 
has been placed in the bladder or rectum, or by the 

Table 24.9. Carcinoma of the uterine cervix – the ABS suggested doses of external beam irradiation and low-dose-rate (LDR) 
intracavitary brachytherapy. The panel making these recommendations acknowledge that a range of doses can be suitable 
depending on individual patient circumstances. Modified from reference Nag et al. (2002)

Tumor 
stage

Tumor extent External irradiation (Gy) Parametrial 
boost (Gy)

LDR brachytherapy (Gy)

Whole pelvis Pelvic wall Dose to point 
A

Total dose to 
point A (Gy)

IA1 0 0 0 50–60 50–60
1A2 
Selected 
IB1

Superficial ulceration; less than 1cm in 
diameter or involving fewer than two 
quadrants

0 0 0 60–70 60–70

IB1 19.8 or 45 50.4 or 45 0 55 or 30–35 75 or 75–80
IB2, IIA,* 45 45 0 40 85
IIB* 45 45 9–15 40 85
III* 45 50 45–50 9–15 40 85–90
IIB, IIIB, IV Poor pelvic anatomy; patient not read-

ily treated with intracavitary insertions 
(barrel-shaped cervix not regressing; 
inability to locate external os)

50 50 9–15 40 90

Or interstitial 39.6–45 39.6–45 0–15 35–40** 75–85**

*The alternative approach is to increase brachytherapy contribution to point A by giving whole pelvic EBRT of 19.8–30.6 Gy. 
This is followed by whole pelvic EBRT with a step wedge midline shield for an additional 19.8–30.6 Gy and intracavitary brachy-
therapy to bring point A dose to the recommended level described in the table
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Table 24.10. Randomized trials of postoperative irradiation after radical hysterectomy. PFS pro-
gression free survival

Author Inclusion criteria Tx ARMS Outcome

Peters et al. (2000)
“High risk” (+) LN RT 64% 4-year PFS

(+) Margin parametrial extension RT & CT 80% 4-year PFS
Sedlis et al. (1999)
“Intermediate risk” Lymph space invasion Observation 79% PFS at 2 years

Deep stromal invasion, large size RT 88% PFS at 2 years

Table 24.11. The ABS general guidelines for postoperative radiation therapy for cervical cancer**

Tumor status Whole 
pelvis (Gy)

Pelvic wall 
(Gy)

Tumor 
boost 
(Gy)

Vaginal 
brachytherapy 
dose (Gy)

Total vaginal 
mucosa dose 
(Gy)

Radiation therapy after simple hysterectomy
>3-mm invasion, margin clear, nodal status unknown 45–50.4 45–50.4 – 0–15 45–60
Microscopically positive vaginal margins, or LVSI 45–50.4 45–50.4 – 20–30 70–75
Gross residual tumor or recurrent disease 45–50.4 45–50.4 – 30–35 80
Or with interstitial 45 45 – 30–35* 75–80*

Radiation therapy after radical hysterectomy
Positive pelvic lymph nodes 45–50.4 45–50.4 – 45–50.4
Deep stromal invasion (≥10 mm or ≥70%, and ≥4 cm tumor) 
microscopically positive vaginal margins or positive LVSI

50 50 – 20 70

Microscopically positive parametrial or paravesical margins 45–50.4 50.4 9–15 0 45–60
Gross residual tumor or recurrent disease 45–50.4 45–50.4 – 30–35 80
Or with interstitial 45 45 – 30–35* 75–80*

*The interstitial brachytherapy dose is the ICRU #58 reference dose and not the dose to vaginal mucosa
**Modified from ref (Nag et al. 1999)

use of rectally inserted ionization chambers. This 
method, however, is probably no more reliable than 
the point calculation method.

Generally, the bladder can tolerate more radiation 
than the rectum. No absolute point dose limit can be 
set, but it is preferable to keep the maximum bladder 
dose below 8000 cGy and the maximum rectal dose 
below 7500 cGy. Therefore, it is optimal if the rectal 
dose rate is lower than the bladder dose rate for the 
brachytherapy application. Additionally, it is also 
desirable for the dose rate to the bladder point to be 
0.8 or less than that of the dose rate to point A.

24.7 
Sequelae

Acute sequelae including diarrhea, cystitis, fatigue 
and lowered peripheral blood counts are common, 
but usually resolve within weeks after treatment. 
Ovarian failure occurs in nearly all patients, unless 
ovarian transposition outside the pelvis has been 
performed (Belinson et al. 1984; Husseinzadeh et 
al. 1984). Shrinkage of the vagina can be minimized 

by daily use of a dilator during and after a course of 
radiation therapy.

The risk of developing a major complication 
depends on multiple factors. Patient-related factors 
include the stage and extent of the disease, weight, 
age (Kucera et al. 1986), smoking history (Kucera 
et al. 1987) and number of previous abdominal surgi-
cal procedures (Potish et al. 1989; Coia et al. 1990). 
Treatment-related factors include the volume of EBRT 
field treated, fraction size, the dose of EBRT, the 
brachytherapy used and the technique of implanta-
tion used (Unal et al. 1981; Hanks et al. 1983; Perez 
et al. 1984; Crook et al. 1987; Pourquier et al. 1987; 
Montana and Fowler 1989; Deore et al. 1991).

The Patterns of Care study reported that from 8% 
to 15% of patients treated for cervical cancer with 
definitive irradiation required hospitalization for 
a complication, half of which required a surgical 
intervention. Others have reported similar percent-
ages. In a review of 1784 patients treated at M.D. 
Anderson Hospital with FIGO stage-IB cervical 
cancer, the risk of a major complication was 9.3% 
at 5 years and 14.4% at 20 years (Eifel et al. 1995). 
The most common gastrointestinal complications 
include proctitis, rectal ulceration, sigmoid stricture 
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or small-bowel obstruction. Urinary complications 
include cystitis or ureteral stricture. Rectovaginal or 
vesicovaginal fistulas are uncommon.

In a recent review of M.D. Anderson Hospital data 
by Jhingran et al, among the 4043 patients who had 
been treated with LDR intracavitary brachyther-
apy, only 11 (0.3%) had documented or suspected 
cases of thromboembolism resulting in four deaths 
(Jhingran and Eifel 2000). Other life-threatening 
perioperative complications included myocardial 
infarction (one death in 5 patients), cerebrovascu-
lar accident (2 patients), congestive heart failure or 
atrial fibrillation (3 patients) and halothane liver 
toxicity (two deaths in 2 patients). Intraoperative 
complications included uterine perforation (2.8%), 
and vaginal laceration (0.3%), which occurred more 
frequently in patients older than 60 years.

Perez et al. (1999) reported the morbidity results 
of 1456 patients treated with external radiotherapy 
plus two LDR intracavitary insertions to deliver 
70–90 Gy to point A. In stage IB, the frequency of 
patients developing grade-2 morbidity was 9% and 
grade-3 morbidity 5%; in stages IIA, IIB, III and 
IVA, grade-2 morbidity was 10–12% and grade 3 
was 10%. The most frequent grade-2 sequelae were 
cystitis and proctitis (0.7–3%). The most common 
grade-3 sequelae were vesicovaginal fistula (0.6–2% 
in patients with stage I–III tumors), rectovaginal fis-
tula (0.8–3%) and intestinal obstruction (0.8–4%). 
In this study, multivariate analysis showed that dose 
to the rectal point was the only factor influencing 
rectosigmoid sequelae, and dose to the bladder point 
affected bladder morbidity.

24.8 
Results

The Patterns of Care Study reported 4-year dis-
ease-free survivals of 87%, 66% and 28% for FIGO 
stages I, II and III, respectively (Coia et al. 1990). 
Results from other individual institutions are shown 
in Table 24.12. Although results are often reported 
by FIGO stage, other prognostic factors such as 
tumor volume or extent of nodal spread may be 
more important prognosticators of outcome, not 
currently reflected in the clinical staging system 
of FIGO. Patients with FIGO stage-IA or small -IB 
disease have an excellent prognosis with 5-year 
disease-free survival estimates from 80% to 100% 
(Mendenhall et al. 1984; Perez et al. 1984; Willen 
et al. 1985; Montana et al. 1987; Coia et al. 1990; 
Gerbaulet et al. 1992). For larger IB lesions, 5-year 
disease-free survival estimates range from 75% to 
90%. Stage-IIB disease-free survival results range 
from 60% to 75% (Montana et al. 1985; Horiot 
et al. 1988; Kim et al. 1989) and for IIIB the 5-year 
disease-free survival rates drop to 30–50% (Leibel 
et al. 1987; Kim et al. 1989).

The in-field failure rate increases with increas-
ing initial FIGO stage (Table 24.13). For stage-I 
patients, an in-field recurrence rate of 5–9% has 
been reported (Adcock et al. 1984; Kim et al. 1989; 
Potish et al. 1989; Sommers et al. 1989; Eifel et al. 
1990; Montana et al. 1991). For stage-II patients, the 
in-field recurrences range between 10% and 23%, 
and for stage-III patients up to a 61% in-field recur-
rence rate has been reported.

Table 24.12. Five-year disease-free survival rates reported for carcinoma of the cervix

Author Total number 
of patients

Stage

IB IIA IIB III IVA

Perez et al. (1998)c 1499 82 65 65 40 04

Coia et al. (1990) 0565 74 – 56 33 –

Horiot et al. (1988) 1383 09 85 75 50 20

Montana et al. (1985, 1986, 1987) 0533 83 76 62 33 –

Potish et al. (1989) 0153 67 71 70 – –

Leibel et al. (1987) 0119 – – – – –

Gerbaulet et al. (1992) 0441 89 78 – – –

Kramer et al. (1989) 0048 – – – – 18

Mendenhall et al. (1984) 0264 70a 71 70a – –

68b 43b – –

Kim et al. (1989) 0569 82 78 65 48 27

Thoms et al. (1992) 0371 56b 49b 53b – –

Willen et al. (1985) 0168 88 77 68 – –

a<6 cm; b>6 cm; c10-year survival
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Table 24.13. Percentage of in-field failure rates (expressed as a percentage)

Author FIGO stage

I II III IV

Coia et al. (1990) 12 27 51 –
Kim et al. (1989) 11.2 8.2 (IIA), 30 (IIB) 52 69
Horiot et al. (1988) 8 12 (IIA), 20 (IIB) 37 (IIIA), 43 (IIIB) 82
Montana et al. (1983, 1985, 1986) 11 16 (IIA), 34 (IIB) 61 (IIIA), 47 (IIIB) –
Sasaoka et al. (2001) 5 9 17 –

Table 24.14. Quality assurance tests for intracavitary brachy-
therapy applicators: frequency of performance and accept-
able tolerance limits. I initial use or following malfunction 
and repairs, Y yearly, D documented and correction applied 
or noted in report of measurement when appropriate

Test Frequency Tolerance

Source location I, Y D
Coincidence of dummy and active 
sources

I 1 mm

Location of shields I, Y* D

* Before each use the applicator may be shaken to listen for 
loose parts (Kutcher et al. 1994)

24.9 
Quality Management Program

A quality management program is crucial to the 
safe functioning of a brachytherapy program. This 
cannot be accomplished without dedicated physics 
support. The various components of a quality man-
agement program are covered in another chapter. 
However, several issues relative to intracavitary 
cesium applications deserve emphasis. To assure 
accurate preparation of the sources that are to be 
loaded into the patient, a series of checks should 
be in place. We use color-coded cesium sources 
and check each source in a well-ionization cham-
ber. Two people must prepare the sources to cross 
check each other. Sources must be logged in and 
out of the department (along with a visual count 
of the remaining sources left in the cesium safe) 
and a cesium transport card always accompanies 
all sources leaving the isotope room. Regulations 
mandated by the Nuclear Regulatory Commission 
are followed.

Quality assurance tests for the brachytherapy 
applicators need to be performed at specified inter-
vals (Table 24.14). A rattling noise when the ovoids 
are gently shook suggests that the rectal or bladder 
shields have dislodged and the applicator should be 
radiographed immediately to verify this. Reports 
of tandem tips coming off while implanted and 
remaining within the uterine cavity make it prudent 
to check the integrity of the tandem tip with each 
insertion. The AAPM Task Group 40 recommended 
quality assurance procedures for brachytherapy 
applicators (Kutscher 1994). In addition to these 
tests, we radiograph the applicators yearly to con-
firm correct position of the shields.

24.10 
Conclusion

In the early stages, cancer of the uterine cervix 
is highly curable with either surgery or radiation 

therapy. As the tumor advances, however, the best 
chance of cure is with aggressive, definitive radia-
tion therapy consisting of a combination of external 
beam treatments and brachytherapy applications. 
Both of the components are important; however, it is 
probably the skilled use of intracavitary brachyther-
apy that is the most crucial to a successful outcome. 
This skill is achieved through experience as well as 
meticulous attention to the details of the treatment 
outlined here.
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25.1 
Introduction

Endometrial cancer (EC) is the most common gyne-
cological malignancy in the United States and is 
expected to remain so for some time given current 
demographic trends of an aging population and an 
increased incidence of obesity. The National Cancer 
Institute Surveillance, Epidemiology and End Results 
(SEER) Program estimated there would be 40,880 new 
cases of the uterine corpus diagnosed in 2005, with an 
estimated 7,310 deaths (American Cancer Society 
2005). Currently, EC is the fourth most common 
cancer in females, ranking behind breast, bowel and 
lung cancers. In about 75% of the cases, the disease 
is confined to the uterus and cervix at the time of 
diagnosis, and uncorrected survival rates of 75% or 
greater are expected (FIGO 1989).

In the last 20 years, the treatment of EC has 
evolved from almost routine use of preoperative 
radiotherapy (RT) – generally intracavitary brachy-
therapy (ICB) – followed by hysterectomy to up-
front surgical staging followed by tailored adjuvant 
therapy based on histopathological findings, as rec-
ommended by the International Federation of Gyne-
cology and Obstetrics (FIGO) (FIGO 1989).

The purpose of this chapter is to discuss the poten-
tial role and technical aspects of external beam RT 
(EBRT) and brachytherapy in the management of 
EC. We will briefly review the rationale for patient 
selection for treatment with these techniques in the 
adjuvant setting, as well as definitive therapy for 
non-surgical candidate patients and the role of RT 
for recurrent disease.

25.2 
Anatomy

The uterus, located in the pelvis between the rectum 
and the bladder, is divided into the body (corpus) 
and the cervix, separated by the isthmus. The uterus 
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is attached to the pelvis primarily by the broad (lat-
eral) and round (antero-lateral) ligaments; in addi-
tion, the utero-sacral ligaments at the lower uterine 
segment and the cardinal ligaments at the upper-
lateral margin of the cervix contribute to supporting 
the uterus.

The main artery supplying the uterus is the uter-
ine artery, a branch of the hypogastric artery. The 
uterus has a rich lymphatic network; the lower and 
mid-third of which drain laterally along the parame-
trium into the paracervical lymph nodes and from 
here to the external iliac nodes (obturator nodes are 
the innermost component) and hypogastric nodes; 
subsequently, the pelvic lymphatics drain into the 
common iliac and peri-aortic lymph nodes. However, 
the lymphatics from the upper corpus and fundus 
pass laterally across the broad ligaments continuous 
with those of the ovary directly into the peri-aortic 
and upper abdominal lymph nodes. Finally, there 
are lymphatic channels that drain along the round 
ligaments to the femoral nodes. The anatomic dis-
tribution of the lymphatics represents the basis for 
the RT delivery.

25.3 
Epidemiology and Risk Factors

EC is primarily a disease of postmenopausal women, 
with a peak incidence at 50–70 years of age. Approxi-
mately, 25% of cases occur in premenopausal patients; 
however, only 5% occur in patients younger than 
40 years of age. In general, the incidence is highest 
in Western countries, lower in Eastern Europe, and 
lowest in South Asia and India.

More specifically, there appear to be two different 
forms of EC showing distinct biological and clinical 
behaviors, while stemming from different etiologies. 
The most common form, type I, is estrogen related 
and likely accounts for regional, anthropometric 
and menstrual associated differences. This type is 
associated with endometrial hyperplasia and typi-
cally presents as a lower grade endometrioid tumor 
(Bokhman 1983). These changes result from excess 
estrogen and can be from exogenous exposure, such 
as estrogen replacement therapy or tamoxifen, or 
endogenous, such as obesity, anovulatory cycles, 
early menarche or estrogen-secreting tumors.

Type-II EC appears to be unrelated to estrogen or 
endometrial hyperplasia and tends to present with 
higher grade tumors or poor prognostic cell types, 
such as uterine papillary serous carcinomas (UPSCs) 

or clear cell carcinomas (CCCs). These patients are 
more often multiparous, older and less likely to have 
large body habitus (Slomovitz et al. 2003). The risk 
factors for these patients are not well defined.

Familial or genetic predisposition has been asso-
ciated with increased risk of EC in the setting of the 
Lynch syndrome II, also known as hereditary non-
polyposis colorectal cancer syndrome (HNPCC), in 
which afflicted females may have up to 43% risk of 
EC by age 70 years (Aarnio et al. 1995).

25.4 
Clinical Presentation and Diagnostic 
Evaluation

The most common and classically defined presen-
tation of EC is abnormal uterine bleeding, and the 
potential of carcinoma deserves exclusion in any 
women with postmenopausal bleeding unrelated to 
hormonal therapy. Patients may also present with 
vaginal discharge, pelvic and lower back pain. In 
more advanced disease, there may be urinary or 
rectal bleeding, frequency, or urgency. Peritoneal 
spread may present as abdominal distention and/
or ascites. Metastatic spread to the lung can cause 
cough or hemoptysis.

In order to facilitate early diagnosis, clinical sus-
picion must be high in postmenopausal bleeding, or 
pre- and perimenopausal women with menometror-
rhagia, particularly if they have other risk factors of 
anovulation. Although the Papanicolaou (Pap) smear 
is not a reliable screening test for EC, the presence of 
endometrial cells or atypical glandular cell changes 
can signify endometrial disease. In the presence of 
abnormal bleeding or suspicious changes on Pap 
smear, the diagnosis is most easily made by office 
sampling using an endometrial, or Pipelle, biopsy, as 
this does not require anesthesia and is generally, well 
tolerated. Hysteroscopy with fractional dilation and 
curettage (D&C) remains the gold standard when a 
Pipelle examination is non-diagnostic and suspicion 
remains high. However, the potential for under grad-
ing by either of these methods can be significant, with 
up to 30% of cases having higher grade at the time of 
hysterectomy (Larson et al. 1995).

There is no recognized screening program for 
the general population. Endometrial biopsy is rela-
tively uncomfortable and equivocal tests may lead 
to additional unnecessary evaluation. However, this 
approach has been recommended by the American 
Cancer Society for women carrying the HNPCC 
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mutation, or those related to carriers (Smith et al. 
2001). Transvaginal ultrasonography is useful in 
women who experience bleeding, as an abnormal 
endometrial thickness is associated with gradu-
ally increasing risk of neoplasia, but it is relatively 
expensive and the positive predictive value is too 
low for a screening tool.

25.5 
Histopathological Classification

Amongst the histopathological subtypes of EC, the 
most prevalent types can be grouped together as 
endometrioid adenocarcinomas (EACs), compris-
ing 75–80%. They can be further subdivided and 
described as shown in Table 25.1 (Silverberg and 
Kurman 1992). The differentiation of a carcinoma 

is expressed as its grade. The FIGO grading system 
is shown in Table 25.2. Well-differentiated EAC is 
characterized microscopically by a proliferation 
of back-to-back endometrial glands without inter-
vening stroma, but there is no more than 5% solid 
growth. Moderately differentiated EAC has between 
6% and 50% solid tumor without glands. Poorly 
differentiated EAC contains more than 50% solid 
component. In addition, nuclear atypia increases the 
grade of the lesion by 1.

Many non-EAC histopathological subtypes behave 
more aggressively and are shown in Table 25.1. The 
most common of these poorer prognosis types are 
UPSC and CCC. UPSC accounts for 5–10% of EC and 
is hallmarked by a papillary architecture rich with 
high-grade, pleomorphic cells containing hyperchro-
matic nuclei with prominent nucleoli and supported 
by a fibroblastic stroma, not different from that seen 
in the ovarian counterpart. The aggressiveness of this 
tumor is manifested by its propensity for early spread 
to the abdominal peritoneum. CCC occurs in 1–5% of 
ECs. The appearance can be described as cells with 
clear cytoplasm that demonstrate a glandular, papil-
lary or solid pattern of growth, and like the ovarian 
counterpart can be composed of cysts lined by flat-
tered epithelium. Like UPSC, this type of EC shows a 
propensity for distant spread and failure, with series 
showing 75% of failures outside of the pelvis, most 
commonly to the upper abdomen, lungs and liver.

25.6 
Clinical and Surgical Staging – FIGO 
Pathological Staging System

Once the diagnosis of EC has been established by 
endometrial biopsy or curettage, the patient should 

Table 25.1. International Society of Gynecologic Pathologists 
(ISGP) and the World Health Organization (WHO) classifica-
tion of uterine tumors (Silverberg and Kurman 1992)

Pathological subtypes Incidence

Endometrioid adenocarcinoma 75–80%
 Papillary villoglandular
 Secretory adenocarcinoma
 Ciliated carcinoma
 Adenocarcinoma with squamous:
 Differentiation
 Adenoacanthoma
 Adenosquamous carcinoma
Uterine papillary serous 10%
Clear cell carcinoma 4%
Mucinous carcinoma 1%
Squamous cell carcinoma <1%
Mixed cell type ∼10%
Undifferentiated carcinoma <1%
 Glassy-Cell Carcinoma
Metastatic Carcinoma to the Endometrium ∼1%

Table 25.2. Histopathology–degree of differentiation. FIGO and ISGP-WHO defi nitions

Histological grade Definition

G1: Well differentiated 5% or less of a nonsquamous or nonmorular solid growth pattern
G2: Moderately differentiated 6–50% of a nonsquamous or nonmorular solid growth pattern
G3: Poorly differentiated More than 50% of a nonsquamous or nonmorular solid growth pattern

Notes on pathological grading: Notable nuclear atypia, inappropriate for the architectural grade, raises the grade of grade 1 or 
grade 2 tumor by 1. In serous adenocarcinomas, clear-cell adenocarcinomas and squamous cell carcinomas, nuclear grading 
takes precedence. Adenocarcinomas with benign squamous differentiation are graded according to the nuclear grade of the 
glandular component.
Rules related to staging: Because corpus cancer is now staged surgically, procedures previously used for determination of stages 
are no longer applicable (e.g., fi ndings from fractional D&C) to differentiate between stage I and stage II). It is appreciated that 
there may be a small number of patients with corpus cancer who will be treated primarily with radiation therapy. If that is 
the case, the clinical staging adopted by FIGO in 1971 still would apply, but designation of that staging system would be noted; 
ideally width of the myometrium should be measured along with the width of tumor invasion
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undergo a preoperative evaluation that should 
include a thorough history and physical examina-
tion, in particular in the presence of medical co-
morbidities, primarily intended to evaluate the 
surgical fitness. Routine laboratory studies and a 
chest X-rays [posteroanterior (PA) and lateral] are 
recommended. The benefit of more extensive work-
up in patients with uterine-limited disease is ques-
tionable since most patients will be offered surgical 
therapy and, therefore, computerized tomography 
(CT) of the abdomen and pelvis is not indicated 
in the absence of symptoms or physical findings 
suspicious of extrauterine disease. Although trans-
vaginal ultrasonography and magnetic resonance 
imaging (MRI) have been used to assess the depth 
of myometrial invasion, this can only be accurately 
determined by histological examination of the hys-
terectomy specimen. Symptoms or exam findings 
suspicious of advanced disease or local organ inva-
sion can be further evaluated with colonoscopy or 
cystoscopy. Serum levels of CA-125 are elevated in 

most patients with advanced or metastatic EC. Pre-
operative levels greater than 40 U/ml can be con-
sidered an indication for full pelvic and peri-aortic 
lymphadenectomy at the time of surgical staging 
(Hsieh et al. 2002).

Assuming the patient is a surgical candidate and 
there is no vaginal or bulky cervical involvement, 
initial surgical management/staging is the recom-
mended approach. The surgical staging as per FIGO 
criteria is highlighted in Table 25.3. The result of 
surgical staging is the categorization of the stage of 
the disease as per the FIGO 1988 update (Table 25.4). 
The prognostic utility of surgical–pathological stage 
has been confirmed by multiple studies, being the 
single strongest predictor of outcome in patients 
with EC. For those patients who are not surgical can-
didates, the clinical staging system adopted by FIGO 
in 1971 (Table 25.5) would still apply. Retrospective 
evaluation of both staging systems have demon-
strated the superiority of the surgical staging system 
in predicting outcome and allowing more accurate 
assessment of extent of disease and individualiza-
tion of adjuvant therapy. Approximately 15–20% of 
the patients will be upstaged because of a complete 
surgical staging.

Subsequent to the FIGO-endorsed change which 
led to wider, but not universal, adoption of surgi-
cal staging, Morrow et al. (1991) reported that, of 
895 surgically staged patients, only 48 were found 
to have positive para-aortic nodes, and 47 of these 
48 were shown to have either para-aortic nodes sus-
picious of disease, grossly positive pelvic nodes, 
involved adnexa or deep myometrial invasion. It 
was concluded that “it is logical to limit the surgical 
evaluation of aortic nodes to those patients with sus-

Table 25.3. FIGO surgical staging

Adequate abdominal incision (usually vertical)
Peritoneal/pelvic washings for cytology
Surgical exploration of all peritoneal surfaces with biopsies 
and/or excision of any suspicious lesion
Total extrafascial abdominal hysterectomy and bilateral sal-
pingo-oophorectomy
The uterus should be bivalved in the operating room for gross 
assessment of myometrial infi ltration
Omental biopsies (omentectomy if papillary serous carcinoma 
or clear cell carcinoma)
Pelvic and peri-aortic lymph node selective sampling versus 
dissection in all patients except those with stage IA–B grade-1 
disease

Table 25.4. Endometrial cancer surgical staging system, FIGO (1988)

Stages/grades Defi nition

Stage I Tumor limited to the uterus
  IA G1,2,3 Tumor limited to the endometrium
  IB G1,2,3 Invasion to <50% of the myometrium
  IC G1,2,3 Invasion to ≥50% of the myometrium

Stage II Extension to the cervix but not beyond the uterus
  IIA G1,2,3 Endocervical glandular involvement only
  IIB G1,2,3 Cervical stromal invasion

Stage III Extension outside of the uterus/cervix +/- regional metastasis
  IIIA G1,2,3 Tumor invades serosa or adnexae or positive peritoneal cytology
  IIIB G1,2,3 Vaginal metastasis
  IIIC G1,2,3 Metastasis to pelvic and/or peri-aortic lymph nodes

Stage IV
  IVA G1,2,3 Tumor invades bladder and/or bowel mucosa
  IVB G1,2,3 Distant metastasis including intra-abdominal and/or inguinal 

lymph nodes
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believed lymphadenectomy to be therapeutic, only 
45% of surgeons carry out complete lymph node 
dissection routinely, 19% do not sample obturator 
nodes and 30% do not routinely sample para-aortic 
nodes (Naumann et al. 1999).

25.6.1 
Clinico-Pathological Prognostic Factors

Prognostic factors identified in EC include (1) 
patient-related factors such as age and medical co-
morbidities and (2) tumor-related factors, in par-
ticular, pathological stage, depth of myometrial 
invasion, histological grade and ploidy, cell type 
(endometrioid versus non-endometrioid tumors, 
i.e., UPSC and CCC) and presence of lymphovascu-
lar space invasion (LVSI). The pathological stage is 
the most significant predictor of outcome.

A significant minority, up to 20–25%, of clini-
cal stage-I EC patients have extrauterine disease 
(Creasman et al. 1987). These patients are consid-
ered at high risk for local recurrence and distant 
spread and should be evaluated for both adjuvant 
local and systemic therapy. This was demonstrated 
by the GOG, by showing a relationship between his-
tological grade, depth of myometrial invasion and 
presence of positive nodes (Creasman et al. 1987). 
In addition, histological grade is an independent 
prognostic factor for tumor recurrence, whereas the 
presence of positive nodes, adnexal metastasis and 
deep myometrial invasion are correlated with the 
presence of positive peri-aortic nodes (Morrow et 
al. 1991). Zaino et al. (1996) analyzing more than 
1000 patients entered on a GOG protocol developed 
two models of survival for patients with clinical and 
pathological stage I–II EC. For clinical stage I–II 
tumors, the cell type, histological grade, depth of 
myometrial invasion, peritoneal cytology, age and 

Table 25.5. Endometrial cancer clinical staging system, FIGO (1971)

Stages /grades Definition

Stage I Tumor confined to the uterus
  IA Length of the uterine cavity ≤8 cm
  IB Length of the uterine cavity >8 cm
Histological subtypes of adenocarcinoma
  G1 Highly differentiated adenomatous carcinoma
  G2 Differentiated adenomatous carcinoma with partly solid areas
  G3 Predominantly solid or entirely undifferentiated carcinoma
Stage II Extension to the cervix but not beyond the uterus
Stage III Extension outside of the uterus/cervix but not outside of the true pelvis
Stage IV Extension outside of the true pelvis or involvement of the bladder and/or rectum. 

Tumor invades bladder and/or bowel mucosa. Distant metastasis including intra-
abdominal and/or inguinal lymph nodes

pect aortic nodes on palpation or high risk factors 
such as grossly positive pelvic nodes, gross adnexal 
masses or outer-third myometrial invasion”. Such 
high risk factors were seen in only 25% of patients 
but accounted for 98% of those with positive para-
aortic nodes (Morrow et al. 1991). In the previous 
GOG 33 study (Creasman et al. 1987), of 621 clini-
cal stage FIGO I and occult stage-II patients, 11% 
presented with metastasis to pelvic and peri-aortic 
nodes. The main prognostic factor related to the 
presence of positive nodes was the depth of myo-
metrial invasion. Regardless of grade, only 1% of 
patients with endometrial involvement was found 
to have metastasis to either pelvic or peri-aortic 
nodes; however, the relative frequency of pelvic or 
peri-aortic nodal involvement increased to 23% and 
17%, respectively, for deep myometrial invasion 
(Creasman et al. 1987).

The Society of Gynecologic Oncology (SGO) Prac-
tice Guidelines recommend extensive surgical stag-
ing (ESS) for those with high-risk histologies (e.g., 
clear cell, papillary serous), high-grade endometri-
oid lesions (grades 2–3), deep myometrial invasion 
(> 50%), clinical evident extrauterine disease, suspect 
nodes or cervical involvement (Chen et al. 1999).

There is currently significant controversy regard-
ing the appropriate extent of the surgical staging 
as well as its potential therapeutic benefit. A more 
extensive discussion of this topic is out of the scope 
of this chapter. It is also important to realize that a 
significant proportion of patients with EC will not 
be candidates for ESS because of large body habitus 
and/or medical co-morbidities. Alternatively, they 
may be operated on by non-gynecology oncolo-
gists in community-hospital-type settings, where 
expertise in lymph-node dissections is potentially 
unavailable.

According to Naumann’s survey of the SGO mem-
bership, wherein 65% of the responders stated they 
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LVSI were all found to be independent prognostic 
factors for survival. However, in patients with path-
ological stages I–II, the only two significant inde-
pendent prognostic factors found for survival were 
age and depth of myometrial invasion (Zaino et al. 
1996).

25.7 
Adjuvant Therapy – Early Stage (FIGO I–II) 
Endometrial Adenocarcinoma

Given its early presentation and perceived excel-
lent results for patients with disease confined to 
the uterine corpus/cervix, the therapy rendered to 
patients has been highly variable, dependent on 
the expertise and preferred approaches of the local 
providers. The two current therapeutic paradigms 
are: (1) total abdominal hysterectomy and bilateral 
salpingo-oophorectomy (TAH-BSO), without ESS, 
followed by a more liberal use of postoperative RT 
based on histopathological factors noted in the uter-
ine specimen and (2) TAH-BSO with ESS followed by 
a more restricted use of postoperative RT. A more 
detailed discussion regarding the current contro-
versy is beyond the scope of this chapter.

25.7.1 
Randomized Trials in Early Stage (I and Occult II) 
Endometrial Cancer

Aalders et al. randomized 540 patients with EC 
of stages IB–IC undergoing TAH-BSO and complete 
surgical staging to receive adjuvant vaginal brachy-
therapy, after which the patients were randomized to 
observation versus EBRT. A significant reduction on 
local recurrence rates was observed with the addi-
tion of pelvic RT (1.9% versus 6.9%, respectively). 
There was no difference in survival between the two 
groups, although in the group of patients with IC 
grade-3 disease there was a cause-specific survival 
advantage with the addition of pelvic RT (Aalders 
et al. 1980).

The Post-Operative Therapy in Endometrial 
Carcinoma (PORTEC) trial (which did not require 
lymph node sampling) randomized 715 patients with 
grade 1, 50% or more myometrial invasion; grade 2, 
any invasion; and grade 3, less than 50% myometrial 
invasion to receive adjuvant pelvic RT or no further 
treatment (NFT) (Creutzberg et al. 2000). PORTEC 
investigators felt that patients with more than 50% 

invasion and grade-3 disease represent a “higher 
risk” subgroup presumed to benefit from pelvic 
RT, and these patients were thus excluded from the 
trial.

The Gynecologic Oncology Group (GOG-99) con-
ducted a similar trial in 448 patients with “interme-
diate-risk” EC, defined as stages IB–IC and occult 
II disease, after complete surgical staging. As per 
protocol design, this was considered satisfactory, 
even if only one lymph was contained in the sur-
gical specimen. The investigators subsequently 
defined a “high-intermediate-risk” group (HIRG), 
132 patients (about one-third of the study popula-
tion), based on the presence of grade 2–3 disease, 
presence of LVSI and/or deep myometrial involve-
ment. Patients younger than 50 years old with the 
three risk factors, 51–69 years old with two factors 
or older than 70 years old with any of those risk fac-
tors were included in the HIRG and analyzed sepa-
rately. Age was found an independent prognostic 
factor for survival.

Both of these trials demonstrated the ability of 
adjuvant pelvic RT to decrease pelvic and vaginal 
recurrences. Eight-year actuarial local–regional 
relapse (LRR) was 15% in the NFT versus 4% in the 
RT patients in the PORTEC trial (Creutzberg et al. 
2003). In the GOG-99, the 5-year LRR values were 
8% (NFT) and 2% (RT), with the larger difference 
being in the HIRG with a LRR of 5% in the RT arm 
and 13% in the observation arm (Keys et al. 2004). 
In both trials, the majority of the recurrences in the 
observation arm (up to 70% in the PORTEC trial and 
around 72% in the GOG-99 trial) were in the vagina. 
The success of salvage therapy for vaginal relapses 
in the PORTEC study was reported by Creutzberg in 
2003 with a 61% durable local control and an over-
all 49% salvage rate (some patients failed distantly 
despite local control) (Creutzberg et al. 2003). Over-
all survival, however, was not statistically improved 
with the addition of pelvic RT. In the PORTEC trial, 
8-year actuarial survivals were 71% for the RT and 
77% for the NFT arms. Similarly, in the GOG-99 
trial, the estimated 4-year survival was 92% in the 
RT arm and 86% in the observation arm. The high-
intermediate risk group accounted for nearly two-
thirds of the recurrences and cancer-related deaths. 
However, disease-free survival (DFS) favored the RT 
arm in the GOG-99 trial. A comparison of the 5-year 
cumulative incidence of recurrence/death for the 
PORTEC and GOG-99 trials is shown in Table 25.6.

Adjuvant pelvic RT is associated with toxicity, 
which must be balanced against the benefit derived 
from its use. Most of the toxicity will be primarily 



Technical Aspects of Radiation Therapy in Endometrial Carcinoma 605

gastrointestinal, genitourinary and hematologi-
cal. The majority of acute toxicity is self-limited, 
and treatment interruptions are relatively rare. The 
PORTEC investigators found that pelvic RT was 
associated with a higher risk of grade 1–2 late gas-
trointestinal (17% versus 1%) and genitourinary (8% 
versus 4%) toxicity. Grade 3–4 toxicity was rare in 
both arms, but it all occurred in the RT arm (3% of 
patients) (Creutzberg et al. 2000). The GOG study 
(Keys et al. 2004) reported results similar to the 
PORTEC, with statistically significant differences in 
gastrointestinal, genitourinary, hematological and 
cutaneous toxicities between the treatment arms. 
As in the PORTEC study, the majority of recorded 
toxicities were grades 1–2 in the RT group. Surgical 
staging did change the toxicity profile in the GOG 
study; patients in both the surgery and RT arms 
were noted to have lymphatic complications (pri-
marily chronic lymphedema, occurring in 2.5% of 
the control patients and 5% of the RT patients). This 
complication was not noted in patients from the 
PORTEC study, where lymph node dissection was 
not utilized.

In view of the results from the randomized trials, 
it seems that the use of postoperative pelvic RT 
should be limited to those patients with sufficiently 
high risk of LRR (≥15%). Therefore, it is imperative 
to define risk groups based on the known histopath-
ological risk factors (stage, histological grade, depth 

of myometrial infiltration, presence of LVSI, cervi-
cal stroma involvement) in addition to the extent of 
the surgical staging (were the lymph nodes sampled 
or was a lymph node dissection performed?) and 
adequate knowledge regarding patterns of failure 
(vagina only, regional nodal or pelvic recurrence or 
systemic failures) in order to be able to tailor adju-
vant therapy and potentially minimize morbidity 
(McCormick et al. 2002).

25.7.2 
Risk Groups in Early Stage Endometrial Cancer 
– Table 25.7

1. Low-Risk Group
a. Stage-IA disease, grades 1–2, without evidence 

of LVSI, has a recurrence rate of less than 10% 
(Morrow et al. 1991). The risk of positive 
pelvic nodes for this group is also very low, 
less than 5% (Creasman et al. 1987). These 
patients can be managed with surgery alone, 
even without ESS (Mariani et al. 2000) with-
out adjuvant therapy.

2. Intermediate-Low Risk Group
a. Stage IA, grade 3, represents a small subgroup 

(only 8 patients in GOG 33) for which potential 
options in the adjuvant setting, with or with-
out surgical staging, may include observation 
versus vaginal brachytherapy alone.

b. Stage IB and probably stage IIA (with less 
than 50% myometrial invasion), grades 1–2, 
have excellent outcome with recurrence rates 
between 2% and 4% after ESS (Straughn et 
al. 2002) or with adjuvant vaginal brachy-
therapy without routine lymph node staging 
(Alektiar et al. 2002).
I. In the absence of LVSI, patients with stage-IB, 

grade-1 disease could be observed, whereas 
patients with IB grade-2 and patients with 
IIA disease, grades 1–2, could be offered vag-
inal brachytherapy alone (mainly in older 
women) versus observation (after ESS).

Table 25.6. GOG-99 and PORTEC trials. 5-year cumulative 
incidence of recurrence and death. HR high–intermediate 
risk group, LR low risk group, RT radiotherapy, DM distant 
metastasis

PORTEC GOG 99, 
ALL

GOG 99, 
HR

GOG 99, 
LR

LRR – RT 04.2% 02% 05% 0%
LRR – no RT 13.7% 08% 13% 5%
DM – RT 07.9% 06% 10% 4%
DM – no RT 07% 08% 19% 9%
Any – RT 09.4% 07% 13% 4%
Any – no RT 17.2% 14% 27% 7%
Death – RT 19.3% 09% 13% 7%
Death – no RT 14.9% 15% 27% 8%

Table 25.7. Prognostic groups in early stage endometrial cancer

Low risk Intermediate–low risk Intermediate–high risk High risk

Stage IA, G1 Stage IA, G3
Negative LVSI

Stage IB, G3
Stage IC, any grade
Stage IIA, grade 2–3, >50% MI +LVSI

Stage IIB, any grade

Stage IA, G2 Stage IB, G1
Stage IB, G2, negative LVSI

1/3 above w/age ≥70
2/3 above w/age ≥50
3/3 above w/age <50

Papillary or clear cell 
carcinoma

Stage IIA, grade 1, <50% MI, negative LVSI Stage III–IV
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3. Intermediate-High Risk Group
a. Stage-IB, grade-3 patients represent a subgroup 

for which there is limited data. In the PORTEC 
study (non-surgically staged patients) there 
was a 14% 5-year loco-regional failure in 37 
patients with these characteristics, included 
in the non-RT arm, with all the local failures 
occurring in the vagina. Potential options 
after surgery include:
I. In non-surgically staged patients:

1. Absence of LVSI, vaginal brachytherapy 
alone

2. Presence of LVSI, EBRT (patients older 
than 50 years) or vaginal brachytherapy 
(younger patients)

II. In surgically staged patients, vaginal brachy-
therapy alone since these patients seem to 
be at similar risk of local and distant fail-
ures (Straughn et al. 2002). Potential trials 
involving the use of vaginal brachytherapy 
and chemotherapy are needed.

b. Stage IC have an estimated incidence of posi-
tive pelvic nodes of 26% and peri-aortic nodes 
of 17% (Creasman et al. 1987), stressing the 
importance of adequate ESS in this patient 
population. The recurrence rate for this group 
is around 15–20% (Morrow et al. 1991).
I. In non-surgically staged patients, EBRT was 

shown to improve the loco-regional control 
rate without a signifi cant impact on overall 
survival in the PORTEC trial (Creutzberg 
et al. 2000, 2003). However, only patients 
with stage IC grades 1–2 were included, and 
the LRR rate was 13% (77% vaginal only), 
being less than 5% in patients younger than 
60 years old. Therefore:
1. Patients with stage IC, grades 1–2, older 

than 50–60 years old (cut out for age as a 
risk factor variable between studies) and 
without LVSI should be considered for at 
least vaginal brachytherapy.

2. Ongoing PORTEC study 2 randomizes 
patients with stage IB grade 3, stage IC 
grades 1–2, and stage IIA grades 1–2 or 
grade 3 (less than 50% myometrial inva-
sion), of any age, to receive pelvic EBRT 
versus vaginal brachytherapy alone.

3. Ongoing National Cancer Institute of 
Canada (NCIC) randomizes patients with 
grade-3, any depth, myometrial inva-
sion and grade-2 lesions with more than 
50% myometrial invasion to RT (EBRT 
+/– brachytherapy) versus observation. 

Similarly, the Medical Research Council 
Trial, ASTEC trial, is evaluating the role 
of ESS and adjuvant RT in patients with 
stages IC–IIA or grade-3 disease, includ-
ing UPSC and CCC histologies.

II. In surgically staged patients, GOG-99 (Keys 
et al. 2004) defi ned a high-intermediate risk 
group as those patients with stages IB, IC and 
occult II (a) younger than 50 years old with 
grades 2–3, presence of LVSI and deep myo-
metrial infi ltration, (b) older than 50 years old 
with two prognostic factors or (c) older than 
70 years old with one prognostic factor. The 2-
year recurrence rate for this high-risk group 
was 6% for those patients receiving adjuvant 
EBRT and 26% for those in the NFT arm, 
respectively. There was no difference in sur-
vival between each group. Again, the majority 
of recurrences took place in the vagina. The 
incidence of distant metastasis was 10% for the 
RT group and 19% for the NFT group (Keys 
et al. 2004). Therefore, potential options may 
include:
1. Vaginal brachytherapy alone since the 

majority of recurrences are in the vagina, 
if the patient has been adequately staged. 
Retrospective data seem to indicate that 
these patients do well with vaginal treat-
ment only (Alektiar et al. 2005), although 
most of the series include a limited number 
of patients with stage-IC and grade-3 dis-
ease.

2. EBRT based on the results of GOG. Although 
up to date, EBRT versus vaginal brachy-
therapy alone have not been compared in a 
prospective randomized study.

III. Similar recommendations could probably be 
made for patients with stage IIA (over 50% 
myometrial infi ltration) grades 1–2.

4. High-Risk Group
a. Stage-IIA (more than 50% myometrial inva-

sion) grade-3 disease and stage-IIB disease, 
any grade, should be offered EBRT in addition 
to vaginal brachytherapy. Unfortunately, the 
grade-3, stage-IIB groups of any grade rep-
resented less than 10% of patients included 
in GOG 99. These patients may benefi t from 
EBRT+/-vaginal brachytherapy, primarily in 
younger patients with evidence of LVSI.

b. Patients with unfavorable histologies, UPSC 
and CCC, should also be considered high-risk 
patients requiring adjuvant therapy. These 
will be discussed later in the chapter.



Technical Aspects of Radiation Therapy in Endometrial Carcinoma 607

25.8 
Adjuvant Therapy – Advanced Stage 
(FIGO III–IV) Endometrial Adenocarcinoma

Patients with advanced EC represent a very hetero-
geneous group, with survival rates ranging from 
about 10% for patients with stage IVB to over 90% 
for those patients with stage IIIA, with positive cytol-
ogy only (Mariani et al. 2002a). In addition, within 
stage-III disease, it is possible to distinguish a “favor-
able” group that includes those patients with isolated 
adnexal involvement (Connell et al. 1999) or pelvic 
nodes positive with negative retroperitoneal sam-
pling/dissection (Nelson et al. 1999). These patients 
generally do well with adjuvant pelvic RT or extended 
field RT (EFRT), with survival rates between 65% and 
85%. However, patients with uterine serosal involve-
ment do have a worse prognosis with a high rate of 
distant relapse (around 50%) and a 5-year DFS of less 
than 50% in some series (Ashman et al. 2001).

Patients with stage-IIIC disease also represent a 
heterogeneous group with very different outcome 
depending on the presence of isolated pelvic nodes 
without any other significant risk factors, positive peri-
aortic nodes or presence of multiple sites of extrauter-
ine disease. Patients with positive nodes only without 
any other site of extrauterine disease have 5-year DFS 
values between 55% and 70%, whereas in the presence 
of other extrauterine disease the survival drops dra-
matically to around 30% (Mariani et al. 2002b).

Patients with advanced EC have been treated using 
different approaches in the adjuvant setting includ-
ing pelvic RT, EFRT (pelvic + peri-aortic RT), whole 
abdominal irradiation (WAI) and chemotherapy. A 
more extensive discussion of the outcome with these 
modalities is beyond the scope of this chapter. It is 
important to mention that, currently, treatment selec-
tion for patients with advanced disease is strongly 
influenced by the recent reporting of the GOG-122 
clinical trial, the only randomized trial conducted in 
this patient population (Randall et al. 2003). This 
trial randomized patients with stage-III to -IV disease 
(without evidence of distant metastasis) after surgi-
cal staging and optimal surgical debulking to receive 
WAI versus adjuvant chemotherapy (doxorubicin and 
cisplatin), demonstrating the superiority of chemo-
therapy over WAI in terms of progression-free survival 
and overall survival. Unfortunately, the recurrence 
rates were quite high, indicating the need for a better 
approach. The clinical trial GOG-184 investigating the 
role of “tailored radiotherapy” – this is pelvic RT only or 
EFRT depending upon the extent of nodal involvement 
– followed by chemotherapy (randomization between 

two different chemotherapy regimens, doxorubicin + 
cisplatin versus cisplatin + doxorubicin + taxol) has 
been completed, and data analysis is pending.

25.9 
RT Techniques

There are two types of RT that can be used either 
alone or in combination in the management of EC. 
These are ICB and EBRT. Over the last four decades, 
there has been a shift from preoperative RT (EBRT+/-
ICB) to postoperative EBRT+/-intravaginal brachy-
therapy (Aalders et al. 1980), to EBRT alone in the 
early 1990s (PORTEC, GOG). More recently, since the 
establishment by FIGO in 1988 of surgical staging, 
there has been an increased interest in the use of 
postoperative ICB alone as well as a tendency toward 
“more tailored” adjuvant therapy based on the histo-
pathological features of the surgical specimen.

25.9.1 
Preoperative Irradiation

Although preoperative irradiation is less commonly 
used nowadays, it is still advocated for some patients 
such as those with gross involvement of the cervix 
(FIGO clinical stage IIB) or vagina (FIGO clinical 
stage III). Generally it involves the use of ICB alone or 
in combination with pelvic EBRT. Patients undergo-
ing ICB only in the preoperative setting could undergo 
extrafascial hysterectomy as soon as 1–3 days from 
completion of the implant. If EBRT is required, sur-
gery should be done no sooner than 4–6 weeks after 
completion of therapy when most of the radiation-
associated inflammation has subsided.

Although uncommon, patients may present with 
gross pelvic or retroperitoneal nodal disease, in the 
absence of distant metastasis. These patients could be 
considered for preoperative EFRT and brachytherapy 
to be followed by surgical staging.

25.9.1.1 
Preoperative ICB

25.9.1.1.1 
Low-Dose-Rate Brachytherapy

For preoperative intracavitary insertions, in addi-
tion to afterloading tandem and vaginal ovoids, it is 
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the practice at Mallinckrodt Institute of Radiology 
(MIR) to pack the uterine cavity with afterloading 
Heyman-Simon capsules. The implant is performed 
in the operating room with the patient under gen-
eral or spinal anesthesia. Following the exam under 
anesthesia (EUA), a Foley catheter is placed in the 
bladder and the bulb is inflated with 7 cc of contrast 
material. Subsequently, a D&C is performed with 
or without cervical biopsies if they had not previ-
ously been obtained. Radio-opaque seed markers 
are placed on the cervix at 12 o’clock and 6 o’clock 
positions. The Simon-Heyman capsules have diam-
eters of 6, 8 and 10 mm. The capsules are numbered 
on their distal end and the order of capsule place-
ment is recorded at the time of placement since they 
are to be removed in reverse order of their place-
ment. Simon-Heyman capsules are placed through 
the cervical os into the uterine fundus to fill the 
body of the uterus. Depending on the uterine cavity 
sounding, small capsules (i.e., 6 mm) are to be used 
for patients with hysterometry between 6 cm and 
8 cm and large capsules (i.e., 8–10 mm) with that 
between 8 cm and 12 cm. The number of capsules 
placed in the uterus, generally 5–7, would depend on 
its size, although large uterine cavities could poten-
tially accommodate as many as 16. The intrauter-
ine tandem is placed into the uterus such that the 
tip of the tandem abuts the lowest Simon-Heyman 
capsule, generally at the lower uterine segment 
with the flange at 4–6 cm. Vaginal ovoids are then 
placed in the vaginal fornices. The size of the ovoids 
should always be the largest diameter that fills the 
lateral fornices (usually 2 cm or 2.5 cm). Once all 
the applicators are in adequate position, the vagina 
is packed with Ray-tack vaginal packing soaked in 
AVC cream. Vulvar labial sutures are sometimes 
placed to prevent the implant from sliding down. 

Localization radiographs [anteroposterior (AP) and 
lateral orthogonal films] are obtained in the regu-
lar simulator after the procedure is completed, for 
dosimetry purposes (Fig. 25.1).

In the absence of Simon-Heyman capsules, one or 
two intrauterine tandems can be used in combina-
tion with vaginal ovoids (Fig. 25.2). If there is tumor 
extension to the vagina, the entire length of the 
vagina should be treated because of the propensity 
of advanced EC to metastasize to the vagina through 
the submucosal venous and lymphatic plexuses. If 
tumor thickness is less than 0.5 cm, vaginal Delclos 
cylinders can be used. However, for more extensive 
disease, the use of Syed-Nebblett interstitial implant 
is recommended to ensure adequate tumor coverage.

When using low-dose-rate (LDR) brachytherapy, 
the implant remains in place for 48–72 h. During that 
time, the patients are kept in the hospital on radia-
tion precautions. While an inpatient, it is important 
that adequate pain control is obtained; for this, we 
use a patient-controlled anesthesia (PCA) machine 
with (morphine or fentanyl). In addition, careful 
attention should be paid to deep venous thrombo-
sis prophylaxis using subcutaneous heparin and 
sequential compression devices (SCDs), as well as 
by encouraging patients to do leg exercises. Finally, 
patients are kept on a low residue diet and Imodium 
while in bed and they are encouraged to do incen-
tive spirometry to minimize the risk of atelectasis 
and subsequent respiratory infections. Prophylac-
tic use of antibiotics is not recommended unless, 
at the time of the D&C, the patient is found to have 
a pyometra or if uterine perforation is suspected. 
Once the implant time is completed, the radioactive 
sources will be removed in the patient’s room and 
returned to storage. Subsequently, the vaginal pack-
ing, ovoids tandem and Simon-Heyman capsules are 

Fig. 25.1. a Anteroposterior radiograph: tandem+ovoids+Heyman capsules. b Lateral radiograph: tandem+ovoids+Heyman 
capsules

a b
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Fig. 25.2. a Anteroposterior radiograph: preoperative tandem and ovoids. b Lateral radiograph: preoperative tandem and ovoids

a b

removed (the latter in reverse order of their place-
ment). Generally, patients are given a “bolus” of pain 
medication while on the PCA, approximately 30 min 
before implant removal. Careful attention should be 
paid to potential vaginal bleeding after removal of 
the implant. The patients will be discharged once 
they are able to void without difficulties, have had 
a bowel movement and are able to ambulate without 
assistance.

The typical prescription at the MIR, empirically 
established, is of 3500–4000 mg h RaEq to be deliv-
ered to the uterus and 6500 cGy surface dose to the 
vagina. The Simon-Heyman capsules are loaded 
with 10 mgRaEq each; the tandem is loaded gener-
ally with three sources (for 6-cm-long tandem), 10-
20-20 mgRaEq (adequate dose to the lower uterine 
segment); each one of the ovoids with be loaded with 
20 mgRaEq (2 cm ovoids) or 25 mgRaEq (2.5 cm 
ovoids). Classical point-A dose rates will be calcu-
lated as for cervical cancer brachytherapy implants, 
as well as points B, P, rectal and bladder doses.

25.9.1.1.2 
High-Dose-Rate Brachytherapy

The procedure for high-dose-rate (HDR) preop-
erative implant is the same as for a LDR implant 
and, preferably, it should take place in the operat-
ing room. The prescription follows as well the same 
rules in terms of dose distribution as with LDR. Gen-

erally, implants are performed once a week, for three 
consecutive weeks for a total of 3300 mg h RaEq.

25.9.1.2 
Preoperative EBRT

Patients with gross cervical involvement or more 
advanced disease could potentially benefit from 
EBRT to the pelvis in addition to ICB. Generally, 
patients will receive a dose between 20 Gy and 40 Gy 
(180 cGy/fraction), using photon energies greater 
than 10 MV with a four-field technique (AP/PA and 
lateral fields). CT scan simulation is encouraged. 
Oral contrast should be used to opacify the small 
bowel. A vaginal marker should be placed in addi-
tion to seed markers at the most distal tumor extent 
in the vagina, to be able to adequately encompass the 
gross tumor volume (GTV). This also includes the 
entire uterus and cervix as well as any gross regional 
lymphadenopathy. The clinical target volume (CTV) 
includes the GTV as well as the pelvic lymph node 
areas potentially harboring microscopic disease; 
this is the obturator, external and internal iliacs as 
well as the lower common iliacs. Careful attention 
should be paid to include the external iliac anteriorly 
as well as the presacral nodes posteriorly (S2–S3 
level), in the lateral fields, since these nodal areas 
are at high risk in the presence of gross cervical 
involvement.
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Any attempt should be made to minimize the 
volume of small bowel included in the radiation 
fields by using bladder distension or by placing the 
patient in the prone position. Similarly, as much as 
possible of bladder and rectum volume should be 
spared without compromising the coverage of the 
CTV.

At the MIR, after a single ICB as described above, 
the patients would receive 20 Gy to the whole pelvis 
and 30 Gy to the split fields with a midline step 
wedge covering the high dose of the ICB.

At our institution for those selected patients with 
clinical stage-IIB uterine cancer with gross cervical 
infiltration, we have used a combination of EBRT, 
3960 cGy in 22 fractions, followed by a single ICB 
implant using intrauterine tandem and vaginal 
ovoids to deliver a dose of 3500 cGy to classical 
point A. After completion of the implant, the split 
fields (using a central customized block) receive a 
boost of 540 cGy to deliver a total pelvic side wall 
dose of 4500 cGy.

Grigsby et al. (1992) reported on 858 patients 
with clinical stage-I EC treated with preoperative 
RT followed by TAH-BSO. The patients received 
2500–4000 mg h RaEq to the uterus with Heyman 
capsules and intrauterine tandem, and 6500 cGy 
surface dose to the upper vagina. This was followed 
by TAH-BSO within 3 days to 6 weeks. When deep 
myometrial invasion was present, patients received 
postoperative EBRT (2000 cGy to the whole pelvis 
and an additional 3000 cGy to the parametrium with 
a midline step wedge), in order to deliver a total dose 
of 5000 cGy to the pelvic side-wall and lymph node 
regions. The 5-year survival rate for all patients was 
84%, with a 5-year progression-free survival rate of 
92% for FIGO clinical stage IA and 86% for stage IB. 
Survival was clearly related to tumor grade and 
degree of myometrial invasion.

25.9.2 
Postoperative Irradiation

Adjuvant EBRT in early stage EC, either after TAH-
BSO alone or after ESS has been shown in three pro-
spective randomized trials to improve significantly 
pelvic control rates and DFS, when compared with 
observation, without significant impact in overall 
survival (Aalders et al. 1980; Creutzberg et al. 
2000, 2003; Keys et al. 2004), In addition, EBRT to 
the pelvis is associated with acute and long-term 
toxicity, primarily gastrointestinal and urinary, 
which must be balanced against the absolute ben-

efit derived from its use. Furthermore, the fact 
that most of the loco-regional failures, 60–70%, are 
in the vagina, which can be successfully salvaged 
in a high proportion of cases (Creutzberg et al. 
2003; Jhingran et al. 2003), have limited the use of 
EBRT in the adjuvant setting in patients with early 
stage disease. In the last decade, there has been a 
tendency toward increasing use of vaginal brachy-
therapy alone or even observation for the majority 
of patients with intermediate risk EC. The use of 
EBRT is still recommended in those patients with 
deeply invasive tumors (stage IC), poorly differenti-
ated histologies – including unfavorable types such 
as IPSC and CCC – and in patients with pathological 
stage IIB without ESS, mainly if there is evidence 
of LVSI in the surgical specimen. Whether some 
of these high-risk patients could be managed with 
vaginal brachytherapy alone is unknown.

Patients with advanced disease, pathological 
stages III–IVA, have been treated with a variety of 
approaches including: pelvic EBRT +/- EFRT to cover 
the peri-aortic nodes in those with positive nodes, 
Whole Adominal Irradiation (WAI) and intraperito-
neal (IP) radioisotopes (32P).

25.9.2.1 
Postoperative ICB

Intracavitary vaginal brachytherapy (IVB) is an 
integral component in the adjuvant management of 
selected patients with early stage EC. Although tra-
ditionally delivered using LDR techniques, the use 
of HDR techniques has become increasingly more 
common worldwide. However, there are no standard-
ized treatment recommendations. Potential advan-
tages of IVB when compared with EBRT include lower 
costs, lower morbidity and patient convenience; the 
main disadvantage is that it does not address the 
pelvis and, therefore, should be limited to patients in 
whom the pelvic failure rate is estimated to be small 
and the vagina represents the organ at risk for recur-
rence. There have been numerous series published in 
the literature using IVB alone in the adjuvant setting 
for patients in the low and intermediate risk groups, 
whether or not ESS has been performed. Although 
an exhaustive review of the literature is beyond the 
scope of this chapter, it is important to point out that 
the recurrence rate after IVB alone is 3–10% (Kucera 
et al. 1990; Eltabbakh et al. 1997; Weiss et al. 1998; 
MacLeod et al. 1998; Petereit et al. 1999; Chadha 
et al. 1999; Anderson et al. 2000; Ng et al. 2000; 
Fanning 2001; Alektiar et al. 2005).
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25.9.2.1.1 
LDR Intracavitary Brachytherapy

LDR-IVB is generally performed in the operating 
room with the patient under anesthesia. After the 
EUA, a Foley catheter is placed in the bladder and 
the bulb is inflated with 7 cc of radiopaque con-
trast material. A radiopaque seed marker is placed 
in the center of the colpectomy scar. Fletcher-Suit 
afterloading colpostats are placed in contact with the 
suture line; we should always use the larger diameter 
ovoids, which can be accommodated comfortably to 
the patient’s anatomy. Subsequently, the applicators 
are kept in place by carefully packing in front and 
behind the ovoids, to improve the separation from 
the recto-vaginal and vesico-vaginal septum. The 
packing of the entire vagina is completed, and often 
two labial sutures are placed in the vulva to further 
avoid displacement of the applicators. After implant 
is completed in the operating room, a set of orthogo-
nal radiographs (AP and lateral) are obtained to doc-
ument applicator placement and obtain dosimetry 
(Fig. 25.3). Generally, a dose of 6500 cGy is prescribed 
to the vaginal surface. Point doses to the rectum and 
bladder should also be calculated and documented.

25.9.2.1.2 
HDR Intracavitary Brachytherapy

Being an outpatient procedure with much shorter 
treatment times, HDR-IVB has become more pop-
ular primarily because of the convenience to the 
patients. Generally, two to three procedures are 
performed at 1-week intervals. Vaginal ovoids or 
more commonly vaginal cylinders are used. These 
are commercially available and similar in design 
to the LDR applicators. The majority of patients in 
the adjuvant setting can nicely accommodate vagi-
nal cylinders of different diameters, depending on 
patients’ geometry. For patients with more retracted 
vaginal cuff (“dog-ear” shaped), vaginal ovoids are 
preferred since they allow a better contact with the 
vaginal cuff surface. Vaginal cylinders are available 
in diameter ranging from 2 cm to 4 cm to treat a 
variety of patients (Fig. 25.4). It is imperative for the 
vaginal mucosa to be in contact with the applicator 
surface in order to obtain an effective dose distribu-
tion and, therefore, the largest diameter cylinder or 
ovoids that can comfortably fit in the vagina should 
be used. It is important to confirm that the applica-
tor, when using vaginal cylinders in the outpatient 
setting, is in close contact with the vaginal apex by 
gently pushing it cephalad while assessing patient 

Fig. 25.3. a Anteroposterior radiograph of low-dose-rate 
vaginal ovoids. b Lateral radiograph of low-dose-rate vaginal 
ovoids

b

a

Fig. 25.4. High-dose-rate vaginal cylinders

discomfort. Subsequently, the applicator should be 
secured in position, in the midline of the patient. 
The position of the applicator should be rechecked 
before each treatment and adjusted as necessary. It 
is important to avoid backward placement of the 
applicators since this would contribute to higher 
doses to the rectum.

Localization radiographs should be obtained 
in the treatment position for dosimetry purposes 
(Fig. 25.5a,b). Although this is not a generalized 
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Fig. 25.5. a Anteroposterior radiograph. Vaginal cylinders, 
3 cm diameter. b Lateral radiograph. Vaginal cylinders, 3 cm 
diameter. c Optimization and dose distribution of 3 cm vagi-
nal cylinders. 700 cGy prescribed to 0.5 cm from the vaginal 
surface

a b

c
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practice when using vaginal cylinders, we strongly 
recommend doing it for documentation. In addition, 
although it would be ideal to obtain a customized 
plan prior to each fraction, the films and dosimetry 
are generally obtained only prior to the first appli-
cation, since they are time consuming and when 
using an applicator with a fixed geometry, repeating 
the plan prior to each fraction seems unnecessary 
(assuming the geometry of the implant remains the 
same for each fraction).

Generally, the proximal 3–5 cm of the vagina is 
treated. At our institution, we treat the entire length 
of the vagina only in those patients with unfavor-
able histologies, such as UPSC and CCC. In those 
situations, special attention should be paid to avoid 
protruding a source at the introitus. The last active 
source position should be placed at least 1 cm from 
the introitus. Placement of a radiopaque marker at 
the introitus as well as at the vaginal cuff is highly 
recommended.

The HDR dose depends on the dose specification 
point and whether EBRT is also used. We strongly 
recommend reviewing the “American Brachy-
therapy Society (ABS) Recommendations for HDR 
Brachytherapy for Carcinoma of the Endometrium” 
published by Dr. Nag in 2000 (Nag et al. 2000). The 
most commonly used regimen when using HDR-IVB 
alone is 700 cGy per fraction, per week, prescribed 
to a depth of 0.5 cm from the vaginal surface. The 
dose distribution should be optimized to deliver the 
prescribed dose to the points of interest. Optimiza-
tion points should be placed not only along the lat-
eral vaginal surface but also at the apex (or 0.5 cm 
depth, depending upon prescription point), along 
the curved portion of the vaginal cylinder to assure 
adequate distribution (Fig. 25.5c).

When patients have received external beam, the 
most common fractionation used at our institution 
is two fractions of 500–550 cGy prescribed at a depth 
of 0.5 cm or three fractions of 600 cGy prescribed 
to the surface of the vagina. We generally use this 
second regimen in higher risk patients, such as those 
in stage IIB or with evidence of LVSI. Table 25.8 
shows some of the ABS recommended schedules for 
HDR-ICB when used as the only adjuvant therapy 
or after whole pelvic RT. For additional information 
regarding other potential schedules please refer to 
Dr. Nag’s publication (Nag et al. 2000).

Occasionally, patients with stage-III disease are 
given HDR-IVB after EBRT. At our institution, we 
limit the use of IVB in advanced disease for those 
patients with evidence of lower uterine segment or 
cervical involvement, positive vaginal margins or 
LVSI. Patients with stage-III disease optimally deb-
ulked, candidates for the GOG-184 clinical trial, or 
treated outside of the study, as per protocol design, 
will receive a single fraction of HDR-IVB delivering a 
dose of 700 cGy prescribed to a depth of 0.5 cm from 
the vaginal surface after an EBRT dose of 5040 cGy.

25.9.2.2 
Postoperative EBRT Techniques

CT simulation is encouraged for better delineation 
of target volumes and sparing normal tissues, pri-
marily small bowel, rectum and bladder. The four-
field technique is the most commonly used, with 
treatment delivered using Linear Accelerator with a 
peak photon energy of 10 MV or greater.

Whole pelvis EBRT fields in patients with negative 
pelvic and peri-aortic nodes or positive pelvic nodes 
with negative sampled peri-aortic nodes should 
encompass all the potential nodal areas of micro-
scopic involvement, with adequate margins, as well 
as the proximal half to two-thirds of the vagina. At 
the time of simulation, a vaginal marker should be 
used as well as oral contrast to opacify the small 
bowel. If possible, maneuvers such as full bladder 
or the use of “belly boards” may be explored, to 
exclude as much as possible of the small bowel in 
the radiation fields.

The superior border of the AP/PA pelvic fields 
will be through the L4–5 interspace unless the 
target volume (e.g., need for inclusion of common 
iliac nodes in patients with positive pelvic nodes) 
would not be encompassed adequately in a cephalad 
direction. In the latter case, a 2-cm margin should 
be added to the highest level of pathological abnor-

Table 25.8. ABS recommendations for adjuvant high-dose-rate 
(HDR) vaginal brachytherapy in endometrial cancer. Modified 
from Nag et al. (2000). EBRT external beam radiotherapy

No. of 
fractions

HDR 
dose/Fx 
(Gy)

Dose-specifi c 
point

Equivalent 
tumor 
dose (Gy)

Equivalent 
late effect 
dose

Adjuvant HDR vaginal brachytherapy alone
3 7.0 0.5 cm depth 29.8 23.2
4 5.5 0.5 cm depth 28.4 21.1
3 10.5 Vaginal surface 53.8 45.6

Adjuvant EBRT – 4500 cGy – and HDR vaginal brachytherapy
2 5.5 0.5 cm depth 58.5 53.7
3 6 Vaginal surface 68.3 61.3

Defi nitive EBRT – 4500 cGy – and HDR vaginal brachytherapy 
for recurrent disease
3 7 0.5 cm depth 74.0 66.4
4 6 0.5 cm depth 76.3 67.4
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mality, but should not be cephalad to the L-3/L-4 
interspace. The lateral border will be 2 cm beyond 
the lateral margins of the bony pelvis. The inferior 
border will be inferior to the obturator foramen or 
the lowest extension of vaginal disease with at least 
a 3-cm margin. The inferior aspect of any poten-
tial vaginal extension should be marked so that the 
inferior border of disease can be documented and 
treated with at least 3-cm margins.

The anterior border of the lateral pelvis fields 
should be determined by the location of the external 
iliac vessels as drawn at the time of the CT simu-
lation with a minimum margin of 1.5 cm (gener-
ally anterior to the symphysis pubis). The posterior 
border should be placed at least 1.5 cm behind the 
anterior surface of the sacrum to adequately include 
the sacral nodes, at risk in those patients with lower 
uterine and cervical tumor extension. Attention 
should be paid to exclude as much as possible of the 
sacral plexus. The posterior wall of the rectum should 
be excluded providing that the vagina is adequately 
covered (as delineated by vaginal marker) with a 2- 
to 3-cm margin. Superior and inferior borders will 
be the same as for the anterior and posterior fields. 
If clips are present from the lymph node dissection 
to document the position of the lymph nodes, then 
these should be used as a guide when anterior blocks 
are designed to shield the small bowel. At least 3 cm 
should not be blocked anterior to the L-5 vertebral 
body. In addition, the anterior two-thirds of the L-
5 vertebral body should not be blocked in order to 

adequately cover the common iliac nodes with 1.5- 
to 2-cm margins (Fig. 25.6).

More recently, intensity modulated radiation ther-
apy (IMRT) has been incorporated in the adjuvant 
treatment of EC for those patients requiring EBRT. 
Recent series have shown significantly less small 
bowel, rectum and bladder being irradiated when 
using IMRT than with more conventional two- or 
four-field techniques. However, it has also been rec-
ognized that this technique requires accurate target 
delineation, highly reproducible patient immobili-
zation and a clear understanding of internal-organ 
motion in order to achieve optimal advantage in the 
use of IMRT over conventional methods of post-hys-
terectomy pelvic RT (Ahamad et al. 2005).

Extended pelvic and peri-aortic fields should be 
treated in patients found to have positive peri-aortic 
nodes, when pelvic nodes are positive and no peri-
aortic lymph node sampling has been performed or 
in patients without ESS with positive pelvic nodes 
assessed by CT scan. The use of CT simulation is 
even more crucial when treating extended fields, 
since this allows an accurate delineation of the 
kidneys, small bowel and liver, as well as the CTV, 
which should encompass the peri-caval, inter aorto-
cava and para-aortic areas with a minimum margin 
of 1.5 cm (microscopic disease) or 2–2.5 cm for gross 
residual disease.

The superior border of the AP/PA extended fields 
will be at the T11–T12 or L1–L2 interspace, depend-
ing on the extent of the nodal disease; the inferior 

Fig. 25.6. a Anteroposterior whole pelvis fi eld. b Lateral whole pelvis fi eld

a b
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border will be as the inferior border of the pelvic 
fields described above. Lateral borders should 
include the entire peri-aortic region as delineated by 
CT scan simulation, including any potential gross 
lymphadenopathy with a margin between 1.5–2 cm 
(in uninvolved areas) and 2–2.5 cm if gross disease 
is present. A minimum width of 5 cm is required. 
Attention should be paid to exclude as much as pos-
sible of the kidney volume. At the level of the pelvis, 
the lateral borders should be as described above, 
with a margin between 2 cm and 2.5 cm beyond any 
grossly involved pelvic node or 1.5 cm and 2 cm for 
microscopic disease only.

The superior and inferior borders of the lateral 
extended fields are the same as for AP/PA fields. 
The anterior border should cover the entire peri-
aortic regions, as delineated by CT scan with a 
1.5-cm margin in uninvolved areas and 2- to 2.5-
cm margins around any grossly involved pelvic or 
peri-aortic nodes. The posterior border should be 
anterior to the spinal canal in order to protect the 
spinal cord and lumbo-sacral plexus. At least half to 
two-thirds anterior of the vertebral body should be 
included in the field in order to adequately encom-
pass the peri-aortic region (Fig. 25.7).

Patients treated with extended fields will receive 
4500 cGy delivered to the pelvic and peri-aortic fields 
at 150 cGy per fraction, using a four-field technique, 
in 29 fractions. The pelvis will receive a total dose of 
5040 cGy in 28 fractions at 180 cGy/fraction. There-
fore, a daily boost to the pelvis of 30 cGy, via AP/PA 
fields (superior edge of the pelvic field at L5–S1 or 
L4–L5) will be required in order to deliver 180 cGy/
fraction to the pelvis while the peri-aortic region 
would receive 150 cGy/fraction. It is important to 
deliver the boost dose with AP/PA fields rather than 
lateral fields in order to preserve some of the bone 
marrow in the iliac bones. After 28 fractions, the 
peri-aortic region treatment should receive 1 addi-
tional fraction to complete a total dose of 4500 cGy. 
In the case of positive resected peri-aortic nodes, an 
additional boost of 500 cGy could be delivered to the 
high-risk area, generally using four-field techniques. 
The placement of intraoperative vascular clips in the 
areas of gross disease could be very helpful in delin-
eating the boost areas.

WAI has been used for the adjuvant treatment of 
advanced EC, pathological stages III–IVA, as well 
as unfavorable histologies such as UPSC and CCC 
known to have a pattern of spread similar to ovarian 
cancer with a greater incidence of intra-abdominal 
failures (Martinez et al. 2003). However, since the 
presentation of the results of GOG 122 (Randall et 

al. 2003), demonstrating the superiority of systemic 
chemotherapy (Doxorubicin and Cisplatin) over 
WAI, this modality has fallen out of favor.

The ability of WAI to alter failure patterns by 
decreasing upper abdominal relapse is deter-
mined by the adequacy of the technique, empha-
sizing the necessity of covering the diaphragm 
with adequate margin during all phases of normal 
respiration. This requires that liver shielding be 
limited or absent. Appropriate kidney localization 
and blocking should be undertaken to keep total 
doses within tolerance. CT simulation and possi-
bly IMRT may more precisely shield the liver and 
kidneys (Fig. 25.8).

The WAI dose is generally 2500–3000 cGy (at 
150 cGy/fraction). The peri-aortic region generally 
receives a boost to 4200–4500 cGy, and the pelvis is 
treated to 5040–5100 cGy. The kidney dose should be 
limited to 2000 cGy or less via a 100% posterior trans-
mission block. Martinez et al. (2003) advocate the 
use of a liver transmission block to keep the total liver 
dose to 2250 cGy. This is not universally accepted and 
it was not required in the GOG-122 trial.

Most of the toxicity encountered with WAI is 
gastrointestinal, up to 10–15% grades 3–4, in some 
series (Martinez et al. 2003; Randall et al. 2003). 
In addition, grade-3 renal and/or liver toxicity has 
been reported in about 2% of patients (Martinez et 
al. 2003; Sutton et al. 2005). Hematological toxicity 
was reported in 4% of patients undergoing WAI in 
the GOG 122 trial (Randall et al. 2003).

25.10 
Medically Inoperable Early Stage 
Endometrial Cancer

Although surgery, including TAH-BSO, is the defini-
tive treatment of choice for most patients with EC, 
in approximately 10–20% of cases, patients are 
morbidly obese, are very advanced in age and have 
severe co-morbid cardiovascular or other diseases 
that contraindicate extirpative abdominal surgery 
(Fishman et al. 1996). In these non-operable cases, 
primary RT has been used with success varying with 
the stage of disease and the individual experience 
of the treating institution, using a combination of 
brachytherapy with or without pelvic irradiation. 
The ABS (Nag et al. 2000) recommends determining 
the thickening of the myometrial wall and depth of 
infiltration using CT or preferably MRI or ultra-
sound whenever possible.
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Fig. 25.7a–e. a1 Anteroposterior (AP) pelvic+peri+aortic irradiation. a2 AP pelvis and peri-aortic. b1 Lateral pelvic and peri-
aortic irradiation. b2 Lateral pelvic+peri-aortic. c1 Peri-aortic boost digital reconstructed radiograph (DRR). c2 Peri-aortic 
boost. d1 Pelvic boost. d2 Pelvic boost DRR. e Isodose distribution of pelvic and peri-aortic irradiation

d2

e

d1

Patients with stage-IA well- or moderately dif-
ferentiated tumors, without evidence of myome-
trial infiltration or lymph node metastasis by CT 
scan, can be treated with ICB alone. This is gener-
ally performed with Fletcher-Suit applicators, with 
one or two tandems depending on the uterus size, 
and/or Simon-Heyman capsules in combination 
with vaginal ovoids, using a technique similar to the 
described preoperative ICB technique. There is no 

consensus regarding optimal dose or prescription 
points. In some institutions, one or two applications 
are performed to deliver a dose of 7000–7500 cGy to 
point A, when using LDR-ICB. The loading of the 
tandem(s) is different from that in cervical cancer, 
in order to provide adequate dose distribution lat-
erally and superiorly. Image-based brachytherapy, 
although not routinely employed, would potentially 
provide a more accurate understanding of the dose 
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Fig. 25.8a–f. a1 Anteroposterior (AP)–whole abdominal irradiation (WAI) digital reconstructed radiograph (DRR). a2 AP–PA 
WAI. b PA–WAI DRR. c AP peri-aortic+diaphragmatic DRR. d Lateral peri-aortic+diaphragmatic. e AP lateral pelvic boost 
DRR. f Isodose distribution WAI

a1 a2

b c

d e

received by the GTV (as delineated by MRI) and CTV 
(defined as the entire uterus, cervix and proximal 2–
3 cm of the vagina). The ABS recommends prescrib-
ing the dose at a point 2 cm from the central axis at 

the midpoint along the intrauterine sources (Nag et 
al. 2000). However, in the Mallinckrodt system, the 
dose is prescribed such that the total activity/expo-
sure from the intrauterine sources (generally Simon-
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f

Heyman capsules and intrauterine tandem) would 
be around 5000 mg h RaEq, and from the vaginal 
ovoids approximately 3000 mg h RaEq with excel-
lent control and 5-year progression-free survival 
rates, with pelvic control rates of 100% for patients 
with stage IA with ICB alone, and 88% for patients 
with stage-IB disease, generally with a combination 
of EBRT and ICB (Grigsby et al. 1986; Chao et al. 
1996). Chao et al. demonstrated a reasonable mor-
tality of 2.1% and life-threatening complication rate 
of 4.2% (Chao et al. 1996) using this approach.

Patients with stage-I disease, poorly differenti-
ated or deeply invasive tumors, as well as patients 
with inoperable stage-II disease, will be treated 
with a combination of EBRT (4500–5000 cGy) and 
ICB (3000–3500 cGy to point A), to bring the total 
point A dose to 8000–8500 cGy.

When there is clinical involvement of the uterine 
cervix, FIGO clinical stage II, most series show DFS 
outcomes with definitive RT to be 10–20% worse 
than those for clinical stage-I disease (Taghian et 
al. 1988). As the risk of lymphatic and extra-uterine 
spread increases with cervical involvement, the use 
of combination EBRT and ICB is appropriate in those 
patients who have fairly good overall health and per-
formance status. The combination and technique 
for EBRT and ICB are similar to those described for 
higher risk clinical stage-I cancer outlined above.

Advanced stage EC is more difficult to definitively 
control with RT alone, as the risk for systemic spread 

dramatically increases and the local bulk of disease 
is usually significant. However multiple series have 
shown long-term freedom from EC relapse in a sig-
nificant proportion of patients, with disease-specific 
survivals in up to 50% of patients at 5 years (Kupelian 
et al. 1993). Indeed, many clinical stage-III patients 
are so-staged on the bases of small vaginal nodules, 
which can be adequately treated with the ICB. In these 
patients, the entire vaginal surface should be treated 
with Delclos vaginal cylinders. Potentially, patients 
with inoperable stage-III disease could receive treat-
ment to the pelvis only, followed by ICB in the absence 
of nodal pelvic or retroperitoneal metastasis, or by 
EFRT and ICB in those patients with nodal disease, 
followed by chemotherapy or enrollment in a clinical 
trial if the patient has adequate performance status. 
This situation is very uncommon and, generally, 
patients with advanced pelvic and retroperitoneal 
disease present multiple co-morbidities that preclude 
them from such an aggressive approach, being, often 
times, considered for palliative therapy only.

More recently, HDR-ICB has also been employed 
in the management of clinically inoperable EC. The 
ABS recommendations regarding HDR-ICB alone or 
in combination with EBRT in terms of prescription 
points, number of fractions, dose per fraction and 
optimization have been extensively reviewed by Nag 
et al. (2000). A careful review of their guidelines is 
strongly recommended prior to implementation of 
such an approach.
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25.11 
Recurrent Endometrial Cancer

The rates of pelvic recurrence in patients with early 
stage disease after surgery alone range between 5% 
and 15%, most of which are isolated vaginal recur-
rences (Creutzberg et al. 2000, 2003; Keys et al. 
2004). The treatment of recurrent EC after surgery 
requires a combination of EBRT and brachytherapy. 
The reported salvage rate with radical irradiation 
is 65–80% in patients with vaginal relapses. The 
results are less favorable in patients with pelvic and/
or regional recurrences (<50% salvage rate). This is 
probably a reflection of being able to deliver higher 
doses of radiation with a combination of EBRT and 
brachytherapy to isolated vaginal lesions than cen-
tral recurrences, which often times are not amenable 
to brachytherapy boost. Ackerman et al. (1996) per-
formed a retrospective review of 54 patients with 
recurrent EC in order to identify patterns of relapse, 
determine the outcome of salvage treatment and 
examine the factors predictive of effective salvage. 
Of 28 patients with pelvic relapses, only 16 experi-
enced recurrence in the vagina. With a minimum 
follow-up of 5 years, 67% had pelvic control until 
death (79% of patients with vaginal recurrences 
and 43% of patients with pelvic recurrences), after 
definitive RT.

Updated results of the PORTEC trial were pub-
lished by Creutzberg et al. in 2003 with a median 
follow-up of 73 months, showing 8-year actuarial 
LRR rates of 4% and 15% in the adjuvant RT and 
control groups, respectively (P<0.0001). Again, there 
was no difference in the actuarial overall survival 
rates (71% and 77%, respectively) or distant metas-
tasis rates (10% and 6%, respectively) between the 
two groups. The majority of the LRR in the control 
group were in the vagina (32 of 46 patients). Of the 
46 (13%) LRRs in the control group, only 22 were 
salvaged and remained without evidence of disease 
at the time of the last follow-up (48%). In addition, 
Creutzberg et al. have shown significantly better 
3-year survival rates after vaginal recurrence alone 
than after pelvic or distant relapse (73%, 8%, and 
14%, respectively, P<0.01). Similar results have been 
reported by the M.D. Anderson group (Jhingran 
et al. 2003) with 5-year local control and survival 
of 75% and 43%, respectively, in 91 patients treated 
with definitive doses of RT for isolated vaginal 
recurrences. Unfortunately, much higher doses of 
RT are required for the successful treatment of LRR 
in EC than those delivered in the adjuvant setting, 
mainly when only IVB is used. This translates into 

a higher toxicity profile – 9% grade-4 complications 
in the M.D. Anderson series. Given the more limited 
use of adjuvant RT in the management of early stage 
EC, we may become more involved than in the past 
in the treatment of patients with recurrent EC.

25.11.1 
External Beam RT

The volume irradiated will include the totality of the 
gross disease locally and regionally, as visualized 
by CT scan, in addition to the lymphatic regions 
including the obturator, hypogastric, external and 
internal iliac lymph nodes. A margin of 2–3 cm 
should be given around the gross disease and 1.5–
2 cm around uninvolved lymph nodes. Generally, 
the pelvis is treated to a dose of 4500–5000 cGy 
(Fig. 25.9). CT simulation is encouraged in order 
to more adequately delineate the GTV and CTV. 
Prior to the simulation, placement of radiopaque 
markers delineating the GTV or at least the most 
inferior extent of the disease in the vagina is very 
helpful to assure adequate coverage. In general, it 
is recommended to treat the entire length of the 
vagina. Those lesions involving the distal third of 
the vagina are to be treated with at least a 2- to 3-
cm distal margin, which often times requires the 
inclusion of vulva or perineum in the external beam 
fields. In that particular situation, inclusion of the 
inguino-femoral lymph node regions is highly rec-
ommended (please refer to Chap 27, Carcinoma of 
the Vagina, for details regarding the technique for 
treating inguino-femoral nodes).

Patients with pelvic/regional recurrences non-
amenable to brachytherapy implant should receive 
additional boost using conformal techniques (we 
prefer the use of multiple coplanar or non-coplanar 
beam arrangement) in order to deliver a total dose 
to the gross disease around 6500 cGy, providing the 
small bowel can be spared doses over 4500 cGy.

Patients with extensive pelvic lymphadenopathy 
extending to the common iliacs and/or peri-aortic 
nodal disease – in the absence of systemic failure as 
documented by CT scan of the chest, abdomen and 
pelvis – should be considered for EFRT with or with-
out brachytherapy if associated with vaginal recur-
rence. These patients are at very high risk of distant 
failures. Although there are no data to support the 
use of adjuvant chemotherapy in this setting, after 
completion of RT, patients with residual disease 
after completion of EFRT should be considered to 
be enrolled in clinical trials for advanced/recurrent 



Technical Aspects of Radiation Therapy in Endometrial Carcinoma 621

of interstitial +/– intracavitary techniques. At our 
institution, the entire surface of the vagina receives 
a dose of 6000 cGy. The GTV, as defined by physical 
exam and/or CT scan, will receive a dose between 
7500 Gy and 8000 Gy, including the contribution 
of the EBRT and the intracavitary and interstitial 
implants, depending on the size and depth of infil-
tration of the recurrence.

ICB alone will be allowed in patients with vagi-
nal lesions of less than 5 mm thickness. If so, dose 
should be prescribed to a depth of 0.5 cm unless only 

Fig. 25.9a–c. a Anteropos-
terior digital reconstruct-
ed radiograph (DRR) 
pelvic fi eld in recurrent 
endometrial cancer ex-
tending to involve the 
mid-third of the vagina. 
b Lateral DRR pelvic fi eld 
in recurrent endometrial 
cancer. c Multi-leaf colli-
mator (MLC) fi elds; pelvic 
irradiation in recurrent 
endometrial cancer

a b

c

disease, rather than waiting until progression. An 
alternative approach will be a combination of “tai-
lored EBRT” followed by systemic therapy similar to 
that investigated in the GOG 184 clinical trial.

25.11.2 
Brachytherapy in Recurrent Endometrial Cancer

Following the completion of EBRT, the patient will 
receive one or two implants, using a combination 
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superficial mucosal infiltration present. We mostly 
use LDR-ICB in this setting at Indiana University. 
However, HDR-ICB has been used in combination 
with EBRT for patients with small vaginal cuff recur-
rences amenable to ICB alone; see the publication by 
Nag et al. (2000) regarding the American Brachy-
therapy Society recommendation (Table 25.8).

Interstitial brachytherapy should be used for 
lesions of 5 mm thickness of greater. The interstitial 
techniques used in the management of isolated vagi-
nal recurrences from EC are similar to those described 
in Chap. 27, Carcinoma of the Vagina. Essentially, 
the first step in designing an interstitial implant is 
adequate target volume delineation primarily by per-
forming a detailed EUA in addition to the CT imag-
ing data. Once the target volume has been defined, a 
preoperative plan is obtained to determine the posi-
tion, number and strength of the radioactive sources 
to obtain the desired dose rate. Generally, a dose rate 
of 40–50 cGy/h is calculated to the periphery of the 
implant. When performing an interstitial procedure, 
the flexiguides of funnel needles are placed into the 
tumor, in a 1×1-cm matrix. It is important to pass the 
catheters beyond the most superior extension of the 
tumor, which often times is possible by careful rectal 
examination at the time of the procedure, to assure an 
adequate cephalad margin of minimum 1 cm. Gener-
ally, the catheters are secured in place with the aid of a 
template, which also helps to assure adequate separa-
tion between the catheters. We often use the modified 
Syed-Neblett (Disaia et al. 1990) applicator, which 
consists of a perineal template, vaginal obturator and 
17-gauge hollow guides of various lengths. The vagi-
nal obturator is 2 cm in diameter and 12 cm or 15 cm 
in length. The vaginal obturator has seven grooves 
on its surface for the placement of guide needles and 
is centrally drilled so it can allow the placement of 
a tandem to be loaded with 137Cs sources, if indi-
cated. This allows simultaneous combination of an 
interstitial and intracavitary application (Fig. 25.10). 
Generally, one implant is performed, delivering a 
dose of around 2000–2500 cGy after EBRT, in order 
to achieve a total tumor dose of 7000–7500 cGy. Those 
patients with bulky residual disease after external 
beam (larger than 2 cm) would require doses in the 
range of 3000–3500 cGy, for which two implants may 
be necessary, 2 weeks apart (Fig. 25.11).

Given the fact that the prognosis of patients with 
regional recurrences from EC is poor, with low sal-
vage rate using RT alone, and high risk for distant 
failures, there is a need for new therapies in order 
to improve outcome. The GOG will hopefully soon 
activate a phase-II trial designed to determine the 

response rate, duration of remission and patterns of 
relapse, in addition to survival and progression-free 
survival, in patients with loco-regional recurrences 
of EC limited to the pelvis treated with RT in combi-
nation with weekly cisplatin.

25.11.3 
Salvage Surgery for Recurrent Endometrial 
Cancer

Isolated pelvic recurrences after definitive RT are 
rare and generally associated with distant failures. 
Patients with no evidence of metastatic disease, with 
recurrences limited to the central pelvis with no 
extent to the pelvic side wall, may be considered for 
exenterative surgical salvage – although the benefit 
is unclear, and the toxicity could be quite signifi-
cant – however, the median survival time, is gener-
ally in the order of months (Barakat et al. 1999). 
Early recurrences are often associated with a very 
poor prognosis, and the role of additional surgery 
is generally limited. Although successful palliation 
can be achieved surgically in a selected subset of 
women, the identification of those who might ben-
efit remains a challenge.

25.12 
Palliative Therapy in Endometrial Cancer

25.12.1 
Palliative Surgery

The role of surgery in the palliative setting in EC 
involves primarily: (1) debulking large masses in an 

Fig. 25.10. Modifi ed templates for interstitial brachytherapy
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Fig. 25.11a–c. a Anteroposterior radio-
graph interstitial implant in recurrent 
endometrial cancer. b Lateral radio-
graph interstitial implant in recurrent 
endometrial cancer. c Isodose distribu-
tion for the interstitial implant

a b

c

attempt to improve patients’ symptoms and quality 
of life and (2) an attempt to relieve intestinal obstruc-
tion generally related to a mechanical obstruction 
from recurrent masses. Careful preoperative evalu-
ation is indicated before any surgical intervention, 
including assessment of patient’s performance and 
nutritional status and history of prior RT. Imaging 
studies may help to delineate the number and loca-
tion of obstructions as well as the extent of intra-

abdominal disease, in order to guide the surgical 
decision making process. Patients with recurrent 
disease and short life expectancy are unlikely to ben-
efit from exploration. For patients in whom surgery 
may be indicated, the procedure to be performed 
needs to be carefully evaluated. It is important to 
exercise good judgment and expertise to maximize 
outcome for these patients with short life expectancy 
in order to improve their quality of life.
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25.12.2 
Palliative RT

Patients with grossly recurrent and metastatic EC 
following surgery and RT often have significant 
symptoms unresponsive to further systemic ther-
apy. Symptoms may be due to recurrent disease in 
the pelvis, causing pain and/or bleeding. Distant 
recurrence in the brain, chest, groin and other areas 
may also require palliation.

There are no curative options for patients who 
present with stage-IVB disease. Many of these 
patients suffer from severe pelvic pain or bleeding. 
The selection of treatment modality and doses of 
RT in the palliative setting depend primarily on the 
extent of the disease in the pelvis, prior RT, patient’s 
performance status and estimated length of survival. 
Patients with large volume disease in the pelvis with 
limited metastatic disease and good performance 
status, with an estimated survival of around 1 year 
or longer, could potentially benefit from a more 
protracted course of EBRT (4500–5000 cGy) in com-
bination with or without brachytherapy, to be fol-
lowed by systemic therapy. The techniques of EBRT 
to the pelvis have been described previously.

However, patients with poor performance status 
and/or extensive distant disease, who present with 
local symptoms such as bleeding or pain, should 
be treated using shorter RT regimens. If vaginal 
bleeding is the main concern, brachytherapy using 
endocavitary and/or interstitial techniques, when 
feasible, often offers good symptom control with 
relatively low morbidity. For patients who have 
received prior RT, intracavitary doses in the range 
of 35–40 Gy tumor dose may suffice to palliate 
symptoms. For those patients who may not be can-
didates for brachytherapy, a short course of EBRT 
using high dose fractionation schedules have been 
used. Spanos et al. (1989) reported on a phase-II 
study (RTOG 85-02) of daily multifraction split-
course EBRT in patients with recurrent or meta-
static disease. The regimen consisted of 370 cGy per 
fraction given twice daily for two consecutive days 
and repeated at 2- to 6-week intervals, for a total of 
three courses (tumor dose, 4440 cGy). Occasionally, 
this regimen was combined with an ICB (4500 mg h), 
with a midline block in the last 1440 cGy. In patients 
completing three courses of irradiation (59%), the 
rate of complete or partial response was 45%. Of the 
patients, 27 survived longer than 1 year. Late com-
plications were significantly less than expected, 
with a projected actuarial rate of 5% at 12 months 
(Spanos et al. 1989). The same investigators (Spanos 

et al. 1993) have shown that using a 2-week inter-
val between fractions improved the response rates 
mainly because more patients would complete all 
three courses of therapy. This schedule offers signif-
icant logistic benefits and has been shown to result 
in good tumor regression and excellent palliation 
of symptoms. Spanos et al. (1994) reported a trend 
toward increased acute toxicity in patients with 
shorter rest periods, but late toxicity was not signifi-
cantly different in the two groups. When using this 
regimen it is important to use CT simulation, since 
this would allow us a better target delineation and 
the use of more limited fields, very conformal, in an 
attempt to reduce not only acute but also long-term 
toxicity (Fig. 25.12).

25.12.3 
Palliative Systemic Chemotherapy

Phase-II chemotherapy trials in women with advanced 
or recurrent EC have identified doxorubicin, cisplatin 
and carboplatin as active agents with response rates 
as single agents of 30–35%. The most commonly used 
chemotherapy combinations have been doxorubicin 
and cisplatin (Thigpen et al. 2004), which was shown 
recently in a phase-III trial conducted by the GOG to 
be similar in terms of response rate, progression-free 
survival or overall survival to the triplet paclitaxel, 
doxorubicin and cisplatin (Fleming et al. 2004). A 
preferred regimen, because of more limited toxic-
ity, is the combination of carboplatin and paclitaxel 
(Hoskins et al. 2001), which seems to be associated 
with response rates in the order of 60–80%. A phase-
III trial would be required to evaluate a progression-
free survival and overall survival benefit. A more 
extensive review of the role of chemotherapy in the 
management of advanced and/or recurrent EC is 
beyond the scope of this chapter.

25.13 
Uterine Papillary Serous and Clear Cell 
Carcinoma

As previously mentioned, UPSC and CCC are aggres-
sive histological subtypes that differ from typical EC 
by their poor prognosis, even in early stage disease, 
and a propensity for peritoneal as well as lymphatic 
and systemic spread. Therefore, it is imperative to 
perform a complete surgical staging, because of the 
expected high rate of surgical upstaging.
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Martinez et al. (2003) have also reported simi-
lar results with “high dose WAI” in patients with 
UPSC and CCC, with 5-year cause-specific survival 
of 80%; whereas, the 5-year DFS was only 49%, given 
the high-recurrence rates intra-abdominal as well as 
distant failures. The GOG did conduct a prospective 
trial (GOG 94), in which all stages of UPSC and CCC 
underwent surgical staging with optimal cytoreduc-
tion to less than 2 cm residual disease. Subsequently, 
they received adjuvant WAI (30 Gy) followed by a 
peri-aortic boost to 45 Gy, and a 49.8-Gy boost to 
the pelvis. The overall survival at 5 years, reported 
in abstract form, was 65% for stage I and stage II, 
and 33% for stage III and stage IV (Axelrod et al. 
1995). Sutton et al. (2005) have recently published 
the results of GOG 94 using WAI as adjuvant ther-
apy for patients with EC stages III–IV, including 
103 patients with UPSC and CCC histologies. The 
3-year recurrence-free survival and overall survival 
for this group was 27% and 35%, respectively.

However, WAI is well recognized to have seri-
ous potential toxicities and, as discussed above, 

Fig. 25.12. Five-fi eld coplanar beam arrangement for palliative external beam radiotherapy

The rarity of these subtypes makes prospective 
studies, and thus definitive treatment recommen-
dations, difficult. Published adjuvant therapeutic 
approaches in patients with stage-I and -II disease, 
after complete surgical staging, include observation 
(Huh et al. 2003; Craighead et al. 2000), systemic 
chemotherapy and vaginal cuff brachytherapy 
(Turner et al. 1998; Kelly et al. 2004), and lim-
ited fields EBRT (Mehta et al. 2003). However, the 
incidence of abdominal recurrences has led some 
investigators to study the impact of adjuvant WAI 
on these subtypes, with mixed results in single insti-
tution series. In a relatively large retrospective series 
of patients treated in the British Columbia Cancer 
Agency, 78 patients underwent hysterectomy and 
were found to have uterine confined disease or posi-
tive washings only (stages I–IIIA). There were 58 
patients treated with adjuvant WAI similar to the 
technique described above, and they had a 5-year 
disease-specific survival of 74.9%, compared with 
41.3% in 20 patients receiving less than WAI (Lim 
et al. 2001).
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GOG 122 prospectively compared WAI to AP che-
motherapy, finding WAI to be inferior to AP che-
motherapy, including stage-III and stage-IV UPSC 
or CCC (Randall et al. 2003). The inclusion of the 
poor prognosis subtypes in GOG 122 will likely also 
decrease interest in WAI in these patients.

The role of adjuvant RT, then, is probably best 
viewed using the principles of volume-directed 
adjuvant RT. In patients with advanced stages of 
UPSC and CCC that have spread to the lymph nodes 
(stage-IIIC disease), the potential for metastatic 
spread, combined with the results of GOG 122, sug-
gest a prominent role for systemic therapy. However, 
overall outcomes with chemotherapy alone are still 
undesirable and volume-directed EBRT with or 
without vaginal cuff brachytherapy boost, followed 
by systemic chemotherapy, an approach similar to 
the recently closed GOG 184 protocol, may still pro-
vide a local control benefit.

In patients with negative nodes, comprehensively 
staged, without residual disease, the potential risk 
for peritoneal spread can be addressed with less tox-
icity using IP treatment with radioactive colloids. 
IP radioactive phosphorus (32P) has been used for 
similar adjuvant therapy in the ovarian counterpart 
of UPSC with low morbidity (Young et al. 1990). 
Likewise, the vaginal cuff recurrence pattern can 
be addressed with IVB with acceptably low toxicity 
(Alektier et al. 2005).

Such a combined approach has been prospectively 
studied at Indiana University School of Medicine by 
the Hoosier Oncology Group (Fakiris et al. 2005). 
In this study, 22 patients were treated with up-front 
TAH-BSO, including surgical staging/lymph node 
dissections and omentectomy or omental biopsies 
in addition to peritoneal/pelvic washings. Maximal 
surgical debulking was required with patients having 
no residual disease of more than 3 mm, no positive 
lymph nodes and no evidence of disease outside of 
the abdomen. Their surgical stages ranged from IA 
to IVB, with the majority (17) having stage-I or -II 
disease. The treatment consisted of IP administra-
tion of 15 mCi of 32P followed by three HDR-vaginal 
brachytherapy procedures. The results from this 
experience were encouraging, as acute toxicity was 
limited to grade 1, and no late toxicity was observed. 
In addition, with a median follow-up of 39.6 months, 
the disease-free survival data compares favorably 
with only five patients (20.3%) suffering recurrence 
(Fakiris et al. 2005). Of note, two recurrences were 
in the distal vagina early in the experience when we 
routinely treated the proximal vagina only. After 
these recurrences, the protocol was altered to treat 

the entire vaginal length, and thereafter no vaginal 
recurrences have been seen. Therefore, we recom-
mend treating the entire vaginal length for these 
patients when considering adjuvant IVB.

25.13.1 
Intraperitoneal Radioactive Chromic Phosphate 
Suspension (32P) Administration

Radioactive phosphorous-32 (32P) seems to be the 
most attractive radiocolloid for IP administration 
because it is a pure β emitter that avoids the hazard 
of γ radiation. 32P has a half life of 14.3 days, aver-
age tissue penetration of 1.4–3.0 mm, and maximum 
and average β energies of 1.71 MeV and 0.69 MeV, 
respectively. Chromic 32P is a blue–green, chemically 
inert colloidal form of 32P, used for intracavitary 
instillation. Unfortunately, the precise distribution 
and dose delivered by 32P to the peritoneal surface 
is unknown and often unpredictable. The IP isotope 
distribution should be tested prior to instillation 
with radioactive technetium sulfur colloid (99mTc) or 
after radiocolloid administration with scintigraphic 
imaging of Bremsstrahlung photons.

The best available data supporting that 10–15 mCi 
of 32P delivers superficial but therapeutic dosages to 
the peritoneal surfaces is from Currie et al. (1981). 
There appears to be predominantly an abdominal 
distribution with much smaller systemic absorp-
tion. The majority of the 32P is absorbed either by 
the peritoneal surface or the macrophages lining the 
peritoneal cavity, or is phagocytized by free-float-
ing macrophages. The rest of the 32P is carried by the 
abdominal current to the right hemidiaphragm where 
it passes through the diaphragmatic lymphatics and 
enters the mediastinal lymphatics. It then passes to 
the right subclavian vein via the right thoracic trunk 
and enters the general circulation where it is rapidly 
cleared by the liver and deposited to a lesser extent in 
other tissues (spleen and bone marrow). Pelvic and 
para-aortic lymph nodes receive relatively low non-
therapeutic doses. Several studies using imaging 
techniques confirm that the distribution of chromic 
32P is dynamic for the first 6–24 h but thereafter is 
fixed. Boye et al. (1984) reported that the estimated 
peritoneal surface dose from 10 mCi of 32P is approx-
imately 30 Gy, although the uptake and distribution 
of 32P in the peritoneal cavity often shows significant 
inhomogeneity. They noted an increase in measur-
able levels of 32P in the blood for 7 days, following 
which it declined; the estimated maximum dose to 
the peripheral blood even at its peak was 1.2 cGy. 
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The dose to the bone marrow was higher by a factor 
of two to five, but the maximum dose was still very 
low, in the order of 6 cGy.

The protocol of instillation and distribution of 
32P at Indiana University is outlined in Table 25.9. 
Generally, the administration takes place within 
3 weeks of surgery, although occasionally we have 
treated patients up to 8 weeks from the surgical 
staging. Ideally, the catheter for IP administration 
should be placed at the time of the surgery, before 
adhesions are formed. However, the practical matter 
is that a decision regarding therapy is not completely 
made until a full pathological evaluation of the spec-
imen is submitted.

At our institution, following placement of an IP 
catheter, generally within 3 weeks from surgery, 
a distribution study is performed using Tc99m to 

ensure that there are no adhesions causing locula-
tions, which could result in an uneven distribution of 
the radioisotope throughout the peritoneal surfaces 
(Fig. 25.13). In our experience, only 1 of 22 patients 
had a loculation preventing peritoneal therapy. Sub-
sequently, the IP administration of 15 mCi of 32P dis-
solved in 1500 cc of normal saline, is performed, as 
indicted in Table 25.9.

At 1 week after the IP administration, we proceed 
with IVB, using either HDR, 2100 cGy in three fractions 
prescribed to 0.5 cm depth, or LDR, 6500 cGy in one to 
two fractions prescribed to the vaginal surface. At the 
time the patient returns for her first HDR-IVB the 
suture from the catheter placement is removed and 
a CBC with differential and platelets is obtained to 
evaluate any potential hematological toxicity from 
the IP-32P administration.

Table 25.9. Procedure for administration of intraperitoneal 32P at Indiana University

Patient admitted to the Hospital the day prior to or the same day of the administration. Patient needs to be NPO after mid-
night.
One multi-perforated peritoneal dialysis catheter (Tenckhoff ’s catheter) to be placed in the right or left lower quadrants.
Transportation to the Nuclear Medicine Department where approximately 2 mCi of 99mTc is inserted into the catheter, followed 
by approximately 100 cc of normal saline.
Patient instructed to roll from side to side and, preferably, to lie on the abdomen in order to distribute the radioisotope. A small 
detectable external marker should be placed on the patient’s skin to identify the xiphoid process and the pubic symphysis.
The abdomen is then scanned, AP and lateral, following the right side injection.
If the distribution is poor, the procedure is terminated and no 32P is administered.
15 mCi of 32P will be dissolved in 250 cc of normal saline (NS) and injected into the abdominal cavity using an intravenous 
line (running full flow) through the catheter.
Approximately 1000–1500 cc of NS is then injected into the peritoneal cavity following the radioisotope administration.
Intraperitoneal catheter is removed at the completion of the procedure. The catheter insertion site should be closed with a 
purse-string suture.
The patient is transported to her room and instructed to turn to her left side, onto her back in Trendelenburg and reverse 
Trendelenburg positions, onto her right side and her abdomen every 10 min for about 2 h.
Intramuscular compazine may be given routinely for the first 24 h to prevent the occurrence of nausea and vomiting.
The patient can be discharged home with adequate radiation precautions once the rotational schedule is completed.
Radiation precautions are recommended within the area of administration and patient’s room, with regard to linens saved 
and room decontamination procedures.

Fig. 25.13. Distribution 
study prior to adminis-
tration of intraperitoneal 
32P
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26.1 
Anatomy

The vulva consists of the mons pubis, clitoris, labia 
majora and minora, vaginal vestibule, and their sup-
porting subcutaneous tissues and blends with the 
urinary meatus anteriorly and with the perineum 
and anus posteriorly. The mons pubis is a promi-
nent mound of subcutaneous connective and adipose 
tissue located anterior to the pubic symphysis; after 
puberty it is covered with pubic hair. The labia majora 
are two elongated skin folds that course posteriorly 
from the mons pubis and blend into the perineal body. 
The skin of the labia majora is pigmented and con-
tains both hair follicles and sebaceous glands. The 
labia minora are a smaller pair of skin folds located 
between the labia majora; they extend posteriorly to 
form the margin of the vaginal vestibule. Anteriorly, 
the labia minora separate into two components that 
course above and below the clitoris, fusing with those 
of the opposite side to form the prepuce and frenulum, 
respectively. The skin of the minora contains numer-
ous sebaceous glands but no hair follicles and has no 
underlying adipose tissue. The clitoris is supported 
by the fusion of the labia minora and is about 2–3 cm 
anterior to the urethral meatus. It is composed of erec-
tile tissue organized into the glans, body, and two 
crura, which course laterally, covered by the ischio-
cavernosus muscles, and attach to the ischial rami.

The vaginal vestibule is in the center of the vulva 
and is demarcated laterally by the labia minora and 
posteriorly by the perineal body. Anteriorly, numer-
ous small vestibular glands are located beneath the 
mucosa and open onto its surface adjacent to the 
urethral meatus. The Bartholin’s glands, two small 
mucous-secreting glands situated within the sub-
cutaneous tissue of the posterior labia majora, have 
ducts that open onto the posterolateral portion of 
the vestibule. The perineal body is a 3- to 4-cm band 
of skin, located between the posterior extension of 
the labia majora, which separates the vaginal vesti-
bule from the anus and forms the posterior margin 
of the vulva (Burke et al. 1996).
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Lymphatics of the labia drain into the super-
ficial inguinal and femoral lymph nodes, located 
anterior to the cribriform plate and fascia lata. The 
lymphatics subsequently penetrate the cribriform 
fascia and reach the deep femoral nodes. Lym-
phatics of the fourchette, perineum, and prepuce 
follow the lymphatics of the labia. The lymph from 
the glans clitoris, on the other hand, can drain 
not only to the inguinal nodes but also to deep 
femoral nodes and pelvic lymph nodes. Some lym-
phatics originating in the clitoris may enter the 
pelvis directly, connecting with the obturator and 
external iliac lymph nodes, bypassing the femoral 
area (Fig. 26.1a). About ten superficial inguinal 
lymph nodes lie along the saphenous vein and its 
branches between Camper’s fascia and the crib-
riform fascia overlying the femoral vessels. The 
superficial nodes are located within the triangle 
formed by the inguinal ligament superiorly, the 
border of the sartorius muscle laterally, and the 
border of the adductor longus muscle medially 
(Fig. 26.1b). There are usually three to five deep 
nodes, the most superior of which, located under 
the inguinal ligament, is known as Cloquet’s node 
(Burke et al. 1996). From these, the lymph drains 
into the pelvic lymphatics (external and common 
iliac lymph nodes).

26.2 
Natural History

Over 70% of vulvar malignancies arise in the labia 
majora and minora, 10–15% in the clitoris, and 4–5% 
in the perineum and fourchette. The vestibule, Bar-
tholin's gland, and the clitoral prepuce are unusual 
primary sites, each accounting for less than 1% of 
vulvar cancers (Plentl and Friedman 1971).

Carcinomas arising in the vulvar area ordinar-
ily follow a predictable pattern of spread to the 
regional lymph nodes. Superficial inguinofemoral 
lymph nodes are involved first, followed by the deep 
inguinofemoral nodes. Metastasis to the contralat-
eral inguinal or pelvic lymph nodes is very unusual 
in the absence of ipsilateral inguinofemoral node 
metastasis. Although lesions arising in or involving 
the glans clitoris or urethra theoretically can spread 
to pelvic lymph nodes through the channels that 
bypass the inguinal areas, such metastases with-
out inguinal node involvement occur infrequently 
(Franklin and Rutledge 1971, Krupp and Bohm 
1978).

Fig. 26.1. a The lymphatic drainage of the vulva initially fl ows 
to the superfi cial inguinal nodes, then to the deep femoral 
and iliac groups. Drainage from midline structures may fl ow 
directly beneath the symphysis to the pelvic nodes (Plentl 
and Friedman 1971). b The superfi cial inguinal lymph nodes 
comprise eight to ten subcutaneous nodes located between 
Camper’s fascia and the cribriform fascia. These nodes are 
immediately adjacent to the saphenous vein and its branches 
(DiSaia et al. 1979)

b

a

The incidence of inguinal lymph node metasta-
sis in surgically staged patients varies from 6% to 
50%, depending on tumor invasion (Table 26.1) 
(Rutledge et al. 1970; Boutselis 1972; Parker et 
al. 1975; Donaldson et al. 1981; Hacker et al. 1981; 
Hoffman et al. 1988; Wang et al. 1996). Plentl 
and Friedman (1971) reported a 62% incidence of 
lymph node metastases in patients with clinically 
palpable adenopathy and 35% without clinically 
palpable lymph nodes. In a review of clinical stag-
ing, Franklin (1972) noted that approximately 75% 
of patients with clinically suspicious lymph nodes 
proved to have nodal metastasis, and nodes that 
were clinically negative were found to be positive 
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for metastasis in 11–43% of cases. In women with 
T1 or T2 carcinoma of the vulva who underwent 
radical vulvectomy and bilateral inguinofemoral 
lymphadenectomy, 23 of 104 (22.1%) with unilat-
eral tumor had lymph node metastases; 21 (91%) 
had unilateral, one contralateral, and one bilateral 
metastases (Table 26.2); the contralateral node may 
have been from a previously treated endometrial 
carcinoma (Burger et al. 1996). Approximately 20–
30% of patients with histologically proven involve-
ment of femoral nodes show deep pelvic lymph node 
involvement if pelvic lymphadenectomy is per-
formed (Boutselis 1972). Hematogenous dissemi-
nation is unusual and is a manifestation of late dis-
ease (Stern and Kaplan 1969). The most common 
metastatic sites are lung, liver, and bone.

26.3 
Diagnostic Workup

Clinical history and a complete physical examina-
tion are essential. In addition to the vulvar and 
anal area and perineum, the physical examination 
should include the vagina and cervix, which should 

be thoroughly inspected. Careful bimanual pelvic 
examination is mandatory. Besides careful determi-
nation of the extent and depth of the primary lesion 
(size, fixation, etc.), essential in physical examina-
tion is assessment of the regional lymph nodes; 
although, because of inflammatory lymphadenopa-
thy in the inguinal area, lymph node assessment 
in vulvar tumors has a substantial rate of error. A 
Papanicolaou smear of the cervix and vagina should 
be performed.

Chest radiographs should be routinely obtained. 
Other studies include cystoscopy, proctosigmoid-
oscopy, barium enema, and intravenous pyelogram 
when indicated. Computed tomography (CT) or 
magnetic resonance imaging (MRI) aid in the defi-
nition of tumor extent and in evaluating the inguinal 
and pelvic/periaortic lymph nodes. Radiographic 
evaluation of regional lymphatics in carcinoma 
of the vulva is of limited value and is rarely used. 
Preoperative lymphography was evaluated at the 
Mallinckrodt Institute of Radiology in 32 patients 
with vulvar carcinoma; correlation with the surgi-
cal specimens showed an overall accuracy of 54.5%, 
with a sensitivity of 15.7% and a specificity of 66.1% 
(Weiner et al. 1986). The standard workup for these 
patients is described in Table 26.3.

26.3.1 
Lymph Node Evaluation

Recently, positron emission tomography (PET) was 
used to detect inguinal node metastasis is 15 patients 
prior to exploration of 29 groins (Cohn et al. 2002). 
Of these patients, 6 had positive scans, suggesting 
nodal metastasis in 8 groins. On pathological exam, 5 
patients had metastasis in 9 groins; PET demonstrated 
the metastasis in 4 of the patients and in 6 groins. The 
positive predictive value of PET was 80% and negative 
predictive value 90%. The authors concluded that PET 
was relatively insensitive in predicting groin lymph 
node metastases, but the high specificity (90%) made 
it useful in planning radiation therapy.

Table 26.1. Incidence of lymph node involvement correlated 
with primary tumor size and extent. Data from Rutledge et 
al. 1970; Boutselis 1972; Parker et al. 1975; Krupp and Bohm 
1978; Donaldson et al. 1981; Hacker et al. 1981; Hoffman et 
al. 1988; and Perez et al. 1997

Primary tumor size or 
depth of invasion

No. of 
patients

Number of patients with 
positive lymph nodes (%)

Depth
ä1 mm 120 00 (0) 
1.1–2 mm 121 08 (6.6)
2.1–3 mm 097 08 (8.2)
3.1–4 mm 050 11 (22)
4.1–5 mm 040 10 (25)
Size
>5 mm 032 12 (37.5)
>2 cm 168 77 (45.8)
Any size primary tumor 
extending beyond vulva

070 38 (54.2)

Table 26.2. Relationship between laterality of primary tumor and laterality of 
inguinofemoral lymph node metastases (n=180) (Burger et al. 1996)

Laterality of primary tumor

Laterality of inguinofemoral 
metastases

Unilateral left Unilateral right Central or bilateral

No metastases 44 37 43
Unilateral left 10 1 12
Unilateral right 11 9
Bilateral 1 12
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Surgical assessment of superficial femoral (ingui-
nal) lymph nodes continues to be a widely accepted 
procedure for determination of therapeutic strategy, 
since survival is closely correlated with the pathologi-
cal status of the inguinal nodes (at 5 years, 80–85% for 
patients with negative nodes and 40–50% with posi-
tive nodes). It is generally agreed that pelvic lymph 
nodes do not need to be treated in patients without 
femoral lymph node involvement, yet the identifi-
cation of patients with involved inguinal nodes for 
therapeutic management directed at the pelvis is 
of obvious importance. Many surgeons routinely 
dissect the pelvis in patients with positive inguinal 
areas; however, Curry et al. (1980) noted that none of 
their patients with three or fewer unilaterally positive 
groin nodes had positive deep pelvic nodes. Similar 
findings have been observed by Hacker et al. (1983). 
Although deep pelvic node involvement is an omi-
nous sign, one-quarter to one-third of the patients are 
still salvageable, particularly if only a few nodes are 
involved (Franklin and Rutledge 1971; Boutselis 
1972; Curry et al. 1980). Multiple prognostic factors 
were identified by Rutledge et al. (1991).

26.4 
Staging

The International Federation of Gynecology and 
Obstetrics (FIGO) adopted a modified surgical stag-

ing system for vulvar cancer in 1989 (Shepherd 
1989; Creasman 1990). Staging errors led to accep-
tance of the current surgical evaluation of the ingui-
nal lymph nodes. Tumor assessment is based on 
physical examination with endoscopy in cases of 
bulky disease. Nodal status is determined by the 
surgical evaluation of the groins.

A microinvasive substage (IA) was defined by 
FIGO for tumors less than 2 cm in diameter with 
depth of invasion less than 1 mm (Parker et al. 
1975).

The stages correlate well with treatment results. 
The use of 2.0 cm as the size to determine assign-
ment of the primary lesion to T1 or T2 has been criti-
cized, however. Krupp et al. (1975) and Donaldson 
et al. (1981) suggested that a 3.0-cm size be the deter-
mining factor for assignment of T category. The 
American Joint Committee (Green et al. 2002) and 
FIGO staging systems are shown in Table 26.4 and 
Figure 26.2 (DuBeshter et al. 1993).

26.5 
Pathological Classification

Preinvasive forms of vulvar malignancy include 
carcinoma in situ (Bowen’s disease or erythropla-
sia of Queyrat and Paget’s disease). Paget’s disease 
is equivalent to the same entity in the breast and 
is associated with invasive apocrine carcinoma 
in approximately 20–30% of cases (Helwig and 
Graham 1963; Kaufman and Gardner 1965; 
Ulbright et al. 1983; Barnhill et al. 1988; Hoskins 
and Perez 1989). Unsuspected invasion in patients 
with intraepithelial vulva neoplasia was described 
in 13 of 69 patients (18.8%) and superficial invasion 
in 8 patients (Chafe et al. 1988).

Squamous cell carcinoma comprises over 90% of 
invasive lesions of the vulva. Histologically, most of 
these tumors are well differentiated with keratin for-
mation; 5–10% are anaplastic (Gosling et al. 1961).

Two variants of squamous cell carcinoma infre-
quently described are adenosquamous (Lasser et al. 
1974) and basaloid carcinoma (Lucas et al. 1974).

Verrucous carcinoma of the vulva is extremely 
rare. Until 1988, the number of cases involving 
the female genital tract was 89 (Anderson and 
Sorenson 1988). Verrucous carcinoma is a slowly 
growing, nonaggressive tumor with pushing mar-
gins and a rather benign histological appearance. 
The incidence of lymph node metastasis is very low. 
The preferred treatment is wide surgical excision.

Table 26.3. Diagnostic workup for vulva tumors (Perez et al. 
1997)

General
– History
– Physical examination, including careful bimanual pelvic 

examination
Special studies
– Exfoliative cytology of cervix and vagina
– Colposcopy and directed biopsies (including Schiller‘s test)
– Biopsies and examination under anesthesia to determine 

tumor extent
– Cytoscopy
– Proctosigmoidoscopy (as indicated)
Radiographic studies
– Standard
 – Chest radiographs
 – Intravenous pyelogram
– Complementary
 – Barium enema 
 – Lymphangiogram
 – Computed tomography or magnetic resonance imaging 

of pelvis and abdomen
Laboratory studies
– Complete blood count
– Blood chemistry
– Urinalysis



Vulva 635

Table 26.4. TNM and staging classifications for carcinoma of the vulva. TNM tumor-node-metastasis; FIGO International Fed-
eration of Gynecology and Obstetrics (Greene FL et al. 2002)

TNM (AJCC) 2002 Staging (FIGO) 1988

T primary tumor
Stage 0 Tis Carcinoma in situ; intraepithelial car-

cinoma
Tis Preinvasive carcinoma (carcinoma in situ) Stage I T1 N0 M0 Tumor confined to the vulva and/or 

perineum – 2 cm or less in greatest 
dimension. No nodal metastases

T1 Tumor confined to the vulva and/or 
perineum – 2 cm or less in diameter

T2 Tumor confined to the vulva and/or 
perineum – more than 2 cm in diameter

Stage II T2 N0 M0 Tumor confined to the vulva and/or 
perineum – more than 2 cm in greatest 
dimension. No nodal metastasesT3 Tumor of any size with adjacent spread to 

the urethra, vagina, anus, or all of these
T4 Tumor of any size infiltrating the blad-

der mucosa or the rectal mucosa or both, 
including the upper part of the urethral 
mucosa or fixed to the anus

Stage III T3 N0 M0, T3 N1 
M0, T1 N1 M0

Tumor of any size with the following: 
(1) adjacent spread to the lower urethra, 
the vagina, the anus, and/or (2) unilat-
eral regional lymph node metastases

N regional lymph nodes Stage IVA T1 N2 M0 Tumor invades any of the following:
N0 No nodes palpable T2 N2 M0 Upper urethra, bladder mucosa, rectal 

mucosa, pelvic bone, and/or bilateral 
regional node metastases

N1 Unilateral regional lymph node metastases T3 N2 M0
N2 Bilateral regional lymph node metastases T4 any N M0
M distant metastases Stage IVB Any T, any N, M1 Any distant metastases, including pelvic 

lymph nodes
M0 No clinical metastases
M1 Distant metastases (including pelvic lymph 

node metastases)

Fig. 26.2. Anatomic staging for vulva cancer (DuBeshter B et al. 1993)
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Basal cell carcinoma of the vulva is occasionally 
reported (Breen et al. 1975; Perrone et al. 1987; 
Hoffman et al. 1988).

Adenoid cystic carcinoma of the Bartholin’s 
gland constitutes about 10% of all carcinomas of this 
gland and approximately 0.1% of all vulvar malig-
nancies. Small numbers of patients with this tumor 
have been treated with a combination of surgery 
(wide local excision or hemivulvectomy) combined 
with postoperative irradiation with doses ranging 
from 40 Gy to 54 Gy. About 75% of the patients are 
alive and well, with follow-up ranging from 2 years 
to over 13 years. Late distant metastases may occur 
(Rosenberg et al. 1989; Lelle et al. 1994).

Adenocarcinoma usually originates either in 
Bartholin’s gland or from bulboadnexal structures, 
although rarely arise from the periurethral Skene’s 
glands (Leuchter et al. 1982). Occasionally Bartho-
lin’s gland carcinoma may be squamous cell when it 
originates near the orifice of the duct, papillary if it 
arises from the transitional epithelium of the duct, 
or adenocarcinoma when it arises from the gland 
itself.

Cardosi et al. (2001) treated 12 women with Bar-
tholin’s gland carcinoma; 11 patients were reported. 
Squamous cell carcinoma was most common. Of 
the patients, 10 were treated with primary surgery, 
followed by adjuvant radiation in 7 for inadequate 
resection margins or lymphatic metastases; 1 patient 
was treated with primary chemoirradiation. Recur-
rence was seen in 54.5% during a mean follow-up 
time of 73.5 months. Overall survival was 58.3%.

In contrast to this, Balat et al. (2001) analyzed 
18 patients with advanced primary carcinoma of the 
Bartholin’s gland (median follow-up was 9 years): 
7 were treated with wide local excision followed by 
radiation therapy, 9 had radical vulvectomy followed 
by radiation therapy to the vulvar and inguinofemo-
ral and pelvic node areas, and 2 were treated with 
radiation therapy alone after biopsy of the tumor. 
The 5-year disease-free survival rates were 86%, 
78%, and 50%, respectively, for the three groups. 
Of 2 patients treated with radiation therapy alone, 1 
lived for 6 years with no evidence of disease, and the 
other lived for 20 months. The rate of local tumor 
control was 100% for all three treatment groups. 
There were no significant differences among the 
treatment groups in rate of primary tumor control 
or 5-year disease-free survival rate (P=0.1300).

Melanoma represents 2–9% of vulva malignan-
cies; two varieties, nodular and superficial spread-
ing melanoma, are described. As in other locations, 
the depth of invasion correlates with the patterns of 

spread and prognosis (Chung et al. 1975; Baltzer 
et al. 1986; Benda et al. 1986; Woolcott et al. 1988; 
Brand et al. 1989; Hoskins and Perez 1989).

Sarcomas of the vulva are extremely rare; leiomyo-
sarcoma is the most common. Neurofibrosarcoma, 
rhabdomyosarcoma, fibrosarcoma, and angiosar-
coma have been reported (Tavassoli and Norris 
1979; Ulbright et al. 1983; Barnhill et al. 1988).

Metastatic carcinoma to the vulva from the uter-
ine cervix (most common), the endometrium, or the 
ovary and extension or metastases from the urethra 
or the vagina have been described (Dehner 1973).

26.6 
Prognostic Factors

Local recurrence is related to the adequacy of the 
surgical resection margins. Heaps et al. (1990), in an 
analysis of formalin-fixed tissue specimens, demon-
strated a sharp rise in the incidence of local recur-
rence for tumors with microscopic margins less than 
8 mm. They suggested that this would correspond to 
a minimum margin of 1 cm in fresh, unfixed tissue. 
Inadequate resection margins are an important con-
sideration when planning treatment for large tumors 
and those involving midline structures such as the 
urethra, vagina, and anus.

Rosén and Malstrom (1997) reported a ret-
rospective analysis of 328 patients with primary 
invasive vulvar cancer, 277 of whom were treated 
primarily with surgery and 189 with the addition 
of irradiation. Of the 328, 18 were treated primarily 
with irradiation and 5 of these in combination with 
chemotherapy. The most important prognostic fac-
tors were tumor stage, histological differentiation, 
and patient age (69 years).

Extension of the primary tumor to the urethra, 
vagina, and anal area is associated with an increased 
incidence of nodal involvement and worsening of prog-
nosis. Treatment usually involves either exenterative 
surgery or a combination of surgery and irradiation.

The size, depth of invasion, and histological sub-
type of the primary tumor, as well as degree of lym-
phatic and vascular invasion, correlate closely with 
the incidence of regional lymph node involvement 
and prognosis (Rutledge et al. 1970; Donaldson et 
al. 1981; Malfetano et al. 1985; Shimm et al. 1986; 
Sedlis et al. 1987). Kurzl and Messerer (1989) 
carried out a multivariate analysis of 124 patients 
with various stages of vulvar carcinoma treated with 
simple vulvectomy and local/inguinal irradiation 
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(40 Gy). No inguinal lymphadenectomy was per-
formed. They found that age, disassociated growth, 
lymphatic spread, tumor thickness, and ulceration 
were relevant prognostic factors.

The incidence of lymph node involvement corre-
lates well with the FIGO clinical stage. In the expe-
rience of Donaldson et al. (1981), 15% of patients 
with clinical stage I disease, 40% with stage II, 80% 
with stage III, and 100% of patients with stage IV 
disease had confirmed regional lymph node involve-
ment. Similar involvement was noted by Sedlis et al. 
(1987), who found regional node involvement with 
stages I, II, III, and IV to be 8.9%, 25.3%, 31.1%, and 
62.5%, respectively.

Lymph node metastasis is the single most impor-
tant prognostic factor in women with vulvar cancer. 
The presence of inguinal node metastases routinely 
results in a 50% reduction in long-term survival 
(Figge et al. 1985; Farias-Eisner et al. 1994).

26.6.1 
Capillary Lymphatic Space Involvement and 
Lymph Node Metastasis

In the detailed analysis of Gynecologic Oncology 
Group (GOG) protocol no. 36, two significant risk 
factors were identified for recurrence in the vulva: 
(1) tumor size greater than 4 cm and (2) capillary 
lymphatic space involvement. If either of these fac-
tors was present, the risk of vulva recurrence after 
radical vulvectomy was 20.7% (30 of 184); but, if nei-
ther factor was present, the risk was only 9.2% (37 of 
404). The depth of invasion did not add significantly 
to the prediction of vulvar failure.

However, in another study, depth of invasion of 1, 
2, and 3 mm corresponded to 4.3%, 7.8%, and 17% 
incidence of nodal involvement, respectively. Peri-
neural invasion was strongly associated with lymph 
node metastasis (Rowley et al. 1988).

Wharton et al. (1974) proposed eliminating 
groin dissection for patients with small tumors that 
invaded less than 5 mm. Later reports showed that 
10–20% of these patients had occult groin metasta-
ses, making the elimination of some form of ingui-
nal lymphadenectomy or irradiation undesirable 
(Parker et al. 1975; Donaldson et al. 1981; Hacker 
et al. 1984b; Binder et al. 1990). The current consen-
sus is that only tumors with less than 1 mm inva-
sion fulfill this criterion (Sedlis et al. 1987; Berman 
et al. 1989; Kelley et al. 1991); this is reflected in 
FIGO’s recent decision to classify tumors invading 
less than 1 mm into substage IA.

GOG protocol no. 37 demonstrated that two major 
poor prognostic factors were clinically suspicious or 
fixed ulcerated groin nodes and more than one posi-
tive groin node. Nodal metastases did not influence 
the probability of vulvar relapse, but did increase the 
risk of relapse in the groin, pelvis, or other sites. The 
irradiated group had statistically fewer groin recur-
rences (3 of 59, 51%) than the patients who received 
no postoperative irradiation (13 of 55, 23.6%). The 
difference in survival for 114 evaluable patients sig-
nificantly favored the adjuvant radiation therapy 
group (P=0.03).

26.6.2 
Extracapsular Extension of Metastatic Lymph 
Nodes

For patients with vulvar carcinoma, Origoni et 
al. (1992) noted that extracapsular tumor exten-
sion was of prognostic value, even in those with a 
single positive lymph node. This observation was 
confirmed by the study of van der Velden et al. 
(1995), in which this variable was the only indepen-
dent predictive factor for survival. It suggested that 
extranodal extension is an indication for adjuvant 
radiation therapy even in patients with single-node 
metastatic disease.

26.7 
General Management

In the current treatment of women with vulvar 
cancer, greater emphasis is placed on prognostic 
factors and organ preservation. The preinvasive 
forms of vulvar malignancies (carcinoma in situ 
and Paget’s disease) and microinvasive tumors can 
be treated with topical chemotherapy, cryosurgery, 
or surgical resection. The preferred method of 
treatment for invasive carcinoma is surgery, which 
varies from wide local excision to partial vulvec-
tomy (Hacker et al. 1984a; Fiorica et al. 1988; 
Husseinzadeh et al. 1989), depending on extent 
and multiplicity of intraepithelial lesions and the 
patient’s wish to preserve the vulva. Burke et al. 
(1996) summarized this subject.

The traditional management of patients with 
invasive stage I and  II carcinomas of the vulva con-
sisted of radical vulvectomy with inguinofemoral 
lymphadenectomy (Kurzl and Messerer 1989), 
which involved removal of the entire vulva from the 
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perineum to the upper margin of the mons pubis 
and bilateral excision of the tissues in the femoral 
triangle and those overlying the inguinal ligament. 
The urethral meatus is generally left in situ.

Many gynecologists have proposed limited resec-
tions for smaller invasive vulvar tumors considered 
to represent early or low-risk disease (DiSaia et al. 
1979; Berman et al. 1989; Burke et al. 1990). DiSaia 
et al. (1979) described conservative resection in 18 of 
20 cancers measuring 1 cm or less with invasion of 
less than 5 mm. Others include patients with larger 
lesions and more significant invasion (Wharton 
et al. 1974; Berman et al. 1989; Burke et al. 1990; 
Stehman et al. 1992a).

While many surgeons have performed pelvic 
lymphadenectomy, the current policies at some 
institutions reserve this procedure only for patients 
with clinically positive inguinofemoral lymph 
nodes. Attempts are being made to refine patient 
selection, omitting inguinal lymphadenectomy in 
patients with small, low-grade primary lesions and 
omitting pelvic lymphadenectomy in patients with 
three or fewer involved inguinal nodes, provided the 
primary lesion does not invade the clitoris, urethra, 
vagina, or anal region.

Because of the morbidity associated with radical 
vulvectomy and to enhance psychosexual rehabili-
tation and based on the biological and therapeutic 
principles already validated in the head and neck, 
breast, and soft-tissue sarcomas, there is increasing 
use of wide local excision or partial vulvectomy to 
remove the primary tumor (usually T1) and, if nec-
essary, an inguinofemoral lymph node dissection 
in patients with clinically positive nodes combined 
with moderate doses of radiation therapy to the 
remaining vulva and regional lymph node-bearing 
areas (50 Gy for subclinical disease with a boost of 
10–15 Gy through reduced portals or brachytherapy 
for microscopically involved areas).

Resection of the primary lesion with a 1- to 2-cm 
margin of normal tissue and carrying the dissec-
tion to the deep perineal fascia are recommended. 
This is combined with a more conservative surgi-
cal approach to the groin, the ipsilateral superficial 
groin nodes being used as the sentinel group for 
lymphatic metastases (Morris 1977; DiSaia et al. 
1979; Stehman et al. 1992a). Bilateral superficial 
dissections are performed in patients whose tumors 
involve midline structures (clitoris or perineal body) 
(Burke et al. 1995). Recently, sentinel lymph node 
biopsies have been introduced to decrease treatment 
morbidity (de Hullu et al. 2004). In patients with 
pathologically negative inguinal nodes, no further 

dissection or postoperative therapy is used. Patients 
with positive nodes can undergo additional nodal 
dissection of the deep nodes and the contralateral 
groin or be treated with postoperative irradiation, 
or both. In a review of 67 patients with clinically 
suspicious and 160 with clinically negative inguinal 
lymph nodes, Katz et al. (2003) noted that 119 were 
treated with lymph node dissection alone, 57 with 
lymph node dissection and radiation therapy, and 51 
with radiation therapy alone. Treatment guidelines 
for lateralized or central operable tumors are sum-
marized in Fig. 26.3.

Busch et al. (2000) described results in 92 patients 
treated for vulvar cancer with simple vulvectomy, 
electrocoagulation, or local excision and radiation 
therapy to the vulva (0–90 Gy). All patients received 
irradiation to the inguinal lymph nodes, ranging 
from 30 Gy to 60 Gy. In T1 patients, 5-year survival 
rates were 71% and in T2 patients 43%. Doses of 
45 Gy or more to the vulva were sufficient to increase 
the 5-year cause-specific survival rate from 55% to 
88%.

26.7.1 
Stage III and IV Tumors

Some of these more extensive tumors can be com-
pletely resected by radical vulvectomy or some vari-
ation of pelvic exenteration and vulvectomy. Radical 
surgery is frequently ineffective in curing patients 
with bulky tumors or positive groin nodes. However, 
most recent therapeutic efforts have focused on pre-
operative multimodality treatment that combines 
radiation therapy or chemoirradiation with less-
radical surgery (Burke et al. 1996). Management 
options are illustrated in Figure 26.4. Vulvar cancers 
are radioresponsive, and function-sparing opera-
tions are feasible in some patients with advanced 
disease (Fig. 26.5).

The role of radiation therapy alone in the primary 
management of carcinoma of the vulva remains 
controversial, primarily because of lack of long-
term data on the results of treatment with modern 
techniques and because of the traditional belief that 
vulvar tissues could not tolerate high doses of irra-
diation (over 60 Gy). However, this misconception 
has been corrected in recent reports (Perez et al. 
1993) and, with reduced fields, doses of 65–70 Gy 
in 7–8 weeks are delivered to gross tumor volumes 
(Helgason et al. 1972; Kuipers 1975). Radiation 
therapy is often used for palliation or for treatment 
of patients who are not amenable to radical surgical 
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Operable vulva lesions

Favorable tumor
Lateralized T1, T2 tumor

Selected T3 tumor
Sphincter preservation (+)

Movable inguinal nodes

Unfavorable tumor
Advanced T3 tumor

Clitoris, perineum involved
Multiple enlarged nodes

Clinically N+
Tumor approaching 

midline

Clinically N–
Tumor not approaching 

midline

Sphincter preservation desired

No YesVulvectomy SIND Vulvectomy UIND

Surgery Pre-operative RT
(45–50 Gy / 5–6 weeks)
or chemoradiotherapy

Margins < 1 cm
or capillary lymphatic space positive

or > 1 node (+)
or extracapsular extension of LN

Surgery
(?) Post-OP RT boost

Post-OP RTYes No

Post-OP RT
(50 Gy / 5–6 weeks)

Observation

Fig. 26.3. Algorithm illustrating the various therapeutic options for patients with favorable or unfavorable operable carcinoma 
of the vulva (Perez et al. 1997)

Inoperable vulva lesions

Locally advanced tumor
Fixed to surrounding tissues

or T4 tumors
or fixed inguinal nodes

Medically inoperable

Inoperable Operable

Pre-operative RT
(45–50 Gy / 5–6 weeks)
or chemoradiotherapy

Surgery
(?) RT boost

RT boost
(15–20 Gy)

Definitive RT
(45–50 Gy / 5–6 weeks)
or chemoradiotherapy

Fig. 26.4. Algorithm illustrating therapeutic options for patients with locally advanced or inoperable carcinoma of the vulva 
(Perez et al. 1997)

resection. Table 26.5 summarizes treatment guide-
lines at Washington University.

Misonidazole was used as a radiosensitizer com-
bined with high-dose radiation therapy (usually 48–
58 Gy) in ten patients with advanced vulvovaginal 
carcinoma. Nine patients had tumor control and five 
were tumor free 9–30 months after diagnosis. Toxic-
ity was minimal, with only one patient developing 
peripheral neuropathy (Nori et al. 1983).

26.7.2 
Management of Patients with Positive Nodes

Patients with clinically positive inguinal nodes may 
benefit from a course of preoperative irradiation 
(45–50 Gy) as suggested by Boronow (Boronow 
1982; Boronow et al. 1987) or, in a clinical trial, 
combined with chemotherapy. Patients who undergo 
bilateral inguinofemoral lymphadenectomy as ini-
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Fig. 26.5. a Patient with a 4-cm epidermoid carcinoma in the 
right labia and clitoris and a 4×4×3-cm right inguinal lymph 
node. Wide local excision of the primary tumor was carried 
out. b Portal used to deliver external irradiation to treat pelvic 
and vulvar areas to 50 Gy. Bolus (2 cm thick) was used over 
right inguinal areas. Additional 15 Gy was delivered with 
12-MeV electrons to right tumor volume. c Posttreatment 
photograph 3 years later showing excellent cosmetic results. 
Patient is tumor free (Perez et al. 1997)

a

b

c

the pelvic lymph nodes, while minimizing the dose 
to the femoral heads.

26.8.1 
Irradiation Alone

In the occasional medically inoperable patient, 
small superficial lesions may be controlled with 
60–65 Gy. For larger tumors, the primary lesion 
needs to be irradiated with reduced fields to a dose 
of approximately 70 Gy. It is important to use daily 
fractionation of 1.6–1.8 Gy in five weekly fractions 
to enhance tolerance to treatment. Usually paral-
lel opposed anterior and posterior portals are used, 
preferentially loaded anteriorly (or a high-energy 
photon single anterior beam with bolus), that cover 
the vulva and the regional lymphatics to deliver 45–
50 Gy to an appropriate depth (Perez et al. 1998). 

tial therapy and are found to have positive nodes 
– particularly more than one positive node – will 
benefit from postoperative irradiation to the groins 
and pelvis (Homesley et al. 1986). Treatment algo-
rithms are shown in Figures 26.3 and 26.4. Radiation 
therapy is superior to surgery in the management of 
patients with positive pelvic nodes as documented 
by Homesley et al. (1986). The morbidity (primar-
ily lymphedema) of combining superficial and deep 
inguinal lymphadenectomy with irradiation is sig-
nificant.

26.8 
Radiation Therapy Techniques

In general, irradiation will encompass the vulvar 
area and the inguinofemoral and, in some patients, 
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Bolus material over the areas of the skin (vulva) 
at risk for tumor involvement is essential (Pao et 
al. 1988). Interruption of the irradiation course is 
frequently necessary in the third or fourth week of 
treatment to prevent severe moist desquamation and 
maceration of the perineal skin. After a dose of 45–
50 Gy is delivered to the vulvar area, a 6- to 9-MeV 
electron beam or low-energy photon beam (4–6 MV) 
aimed directly at the vulva is used to deliver an 
additional 10–20 Gy to gross or microscopic tumor 
volumes. An interstitial implant may also be consid-
ered to deliver the boost dose to the primary tumor 
(Miyazawa et al. 1983; Carlino et al. 1984).

Palpable metastatic inguinofemoral lymph nodes 
receive an additional dose (15–20 Gy), preferably 
with electrons to decrease the dose to the underlying 
bones. The energy (12–20 MeV) is determined with 
CT scans to define the depth of the lymph nodes.

26.8.2 
Regional Lymphatics

In patients with primary lesions less than 2 cm in 
diameter, the probability of nodal involvement is 
low, and irradiation of the pelvic lymph nodes may 
be omitted if only the inguinofemoral nodes are 
being treated (Fig. 26.5a).

In patients with primary tumors larger than 
2 cm and no clinical evidence of regional lymphatic 
involvement, the inguinal and pelvic lymph nodes 
may be treated electively to a dose of 45–50 Gy in 
1.8- to 2-Gy fractions per day in lieu of lymph node 
dissection (Fig. 26.5b).

If palpable inguinal lymph nodes are present, the 
dose to the inguinofemoral lymph nodes needs to be 
65–70 Gy (with reduced fields after 50 Gy), depend-
ing on the size of the involved nodes. When there is 
evidence of spread to the pelvic nodes, the dose must 
be increased to 60 Gy. Because some patients with 
involved pelvic lymph nodes are potentially cur-
able, irradiation of the lower periaortic chain in the 
presence of pelvic lymph node involvement might be 
appropriate.

In patients in whom the pelvic nodes must be 
treated, anterior and posterior portals covering the 
vulvar and regional lymphatic volumes are required 
(Fig. 26.5c).

26.8.3 
Preoperative Radiation Therapy

Patients with advanced primary lesions involv-
ing surrounding structures, either of questionable 
resectability or clearly unresectable, are sometimes 
treated with preoperative irradiation (Boronow et al. 

Table 26.5. Carcinoma of the vulva: recommended treatment guidelines

Surgical therapy has been the standard in vulvar carcinoma.
Carcinoma in situ or microinvasion (≤5 mm): wide local excision
Invasive carcinoma
Stage I (superficial, <2 cm in diameter): wide local excision or hemi/simple vulvectomy
Other stage I or stage II: radical vulvectomy with inguinal lymph node dissection
If clinically negative nodes, a reasonable alternative is no lymph node dissection, elective node irradiation
Radiation therapy doses:
Negative lymph nodes, simple vulvectomy: 50 Gy with 6- to 18-MV photons and appropriate bolus
Wide local excision, pathologically negative margins: as above. Perineal electron beam boost to bring vulva excision site dose 
to 60 Gy
Pathologically positive margins: after 60 Gy, additional boost to positive margins or positive lymph nodes (5 Gy) with elec-
trons or interstitial implant
Stage III: after radical vulvectomy and lymphadenectomy, indications for postoperative irradiation
a. Primary tumor ≥4 cm
b. Positive surgical margins
c. Three or more positive lymph nodes
Dose: 50 Gy to vulva and inguinal areas; boost to positive margins (10–15 Gy) via perineal portal or interstitial implant; 
boost to inguinal region via anteroposterior (AP) field (10–15 Gy).
Stage IV: pelvic exenteration
Preoperative irradiation: 45 Gy to pelvis and inguinal areas with radical vulvectomy and complete inguinal lymph node dis-
section. *Postoperative boost to primary (10–15 Gy) via interstitial and/or intracavitary and/or appositional electrons, when 
indicated

*In patients with palpable inguinal nodes, superficial inguinal node dissection and inguinal/pelvic irradiation may be an 
acceptable, less-mutilating alternative (Perez et al. 1997)
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1987). Moderate doses of 45–50 Gy in 5–6 weeks may 
increase the resectability rate and also avoid mutilat-
ing procedures such as exenteration (Boronow 1982; 
Boronow et al. 1987).

26.8.4 
Postoperative Radiation Therapy

Increasingly, radiation therapy is used in combina-
tion with surgery. Postoperative irradiation consist-
ing of 50 Gy (1.75–1.8 Gy daily) is indicated in patients 
who have undergone radical resection of the primary 
lesion and inguinofemoral lymph nodes and are con-
sidered at high risk of recurrence because of inad-
equate resection margins; in patients with positive 
inguinal nodes (in lieu of pelvic lymph node dissec-
tion); or in patients treated with wide local tumor 
excision. If the resection margins are microscopically 
involved or if there is gross residual tumor, an addi-
tional dose of 15–20 Gy needs to be administered with 
reduced portals or an interstitial implant.

When an inguinal lymph node dissection is 
performed and only superficial node involvement 
(three or more) is detected, postoperative irra-
diation is given only to the inguinofemoral lymph 
nodes (50 Gy at 4–6 cm); a boost of 5–10 Gy may be 
administered with electron beam, depending on the 
number of nodes, size, or extracapsular extension of 
the tumor (Fig. 26.6a).

Patients with metastatic deep inguinofemoral 
nodes found at node dissection may benefit from 
postoperative irradiation, including the pelvic lym-
phatics, consisting of 50 Gy at the midplane of the 
pelvis in 5–6 weeks (Fig. 26.6b, c).

26.8.5 
Treatment for Recurrent Lesions

Some recurrent lesions may be treated surgically 
(Burke et al. 1996). Recurrences after surgical 
resection remain potentially curable and must be 
treated aggressively in the manner described earlier 
to deliver tumor doses of 65–70 Gy with reducing 
fields.

26.8.6 
Patient Positioning and Simulation

The patient is usually treated in the supine “frog-leg” 
position, with the knees apart and the feet together 

(Fig. 26.7). A cast or alpha cradle in the treatment 
position facilitates everyday repositioning.

When the patient is simulated, wires should be 
used to identify surgical scars or palpable or vis-
ible lesions. If the vagina or perineum is involved, 
a radiopaque marker should be placed to identify 
the tumor margins on the radiographs. For tumors 
involving the urethra, a urethral catheter, if toler-
ated by the patient, may aid in tumor localization.

During simulation, consideration should be given 
to designing and constructing compensating filters 
to achieve a more homogeneous dose in the entire 
target volume to compensate for the sloping surface 
and decreased diameter of the perineum.

26.8.7 
Beams and Energies

Depending on the available equipment, either an 
anteroposterior (AP) beam or differentially loaded 
parallel opposed AP–posteroanterior (PA) beams or 
electron beam (for part of the treatment) can be 
used. Helpful in the design of portals covering the 
inguinal regions is a mapping of distribution of gross 
inguinal lymph nodes marked with radiopaque lead 
wire in patients with various tumors of the anus, 
low rectum, and gynecologic organs (Fig. 26.8). If 
only the vulva and inguinofemoral lymph nodes 
are treated, 60Co or 4- to 6-MV X-rays through an 
anterior portal and high-energy (>10 MV) X-rays 
through a posterior portal may be adequate. Care 
should be taken to deliver adequate doses not only 
to the primary tumor area and superficial inguinal 
nodes but also to the femoral and deep pelvic nodes 
(Fig. 26.9).

Higher-energy photon beams (15–18 MV) with 
unequal loading (AP3:PA2) and bolus on the ante-
rior portal can be used. An alternative is to treat 
the anterior portal with 60Co or 4- to 6-MV X-rays 
and the posterior portal with a high-energy photon 
beam (15–18 MV).

Kalnicki et al. (1987) and King et al. (1993) 
described a technique using a partial transmission 
block that reduces the dose to the femoral heads. CT 
is very helpful both for evaluation of size and depth 
of tumor and regional lymph nodes and for treat-
ment planning.

Gross tumor in the vulva or nodal areas may be 
boosted with en face electron fields; the energy for 
the vulva is 6–9 MeV using a 1- to 1.5-cm bolus. 
The electron-beam energy used to irradiate lymph 
nodes, which are usually 4–6 cm or even 8 cm deep 
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Fig. 26.6. a Portal for elective irradiation of regional lymphatics in patients 
with no clinical evidence of inguinal lymph node involvement. b Portal 
for irradiation of pelvic and inguinofemoral lymph nodes and vulvar area. 
The groins are subsequently boosted to a total of 60–65 Gy. A fi nal boost 
of 5–10 Gy to the positive inguinal lymph nodes may be given with further 
fi eld reduction, bringing the total dose to that area to approximately 70 Gy. 
c Simulation fi lm of portal covering pelvic and inguinofemoral lymph 
nodes and vulva (Perez et al. 1997)

a b

c

Fig. 26.7. a Supine frog-leg position for irradiation of vulva and inguinal pelvic lymph nodes. The patient’s thighs are abducted 
and outwardly rotated so that the inguinal folds are stretched fl at. b Example of portal used for irradiation of vulva and inguino-
femoral lymph nodes with patient in treatment position (Pao et al. 1988)

a b
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survival rate. In contrast, the nonirradiated group 
had a 54% survival rate. The benefit of radiation 
therapy was noted only in the patients with N2 or 
N3 lymphadenectomy. Regional lymph node recur-
rences were noted in 7 of 59 patients (11.9%) allo-
cated to irradiation in contrast to 14 of 55 patients 
(25.4%) treated with surgery only.

Stehman et al. (1992b) published results of a GOG 
protocol that randomized 58 patients with squa-
mous carcinoma of the vulva and nonsuspicious (N0 
or N1) inguinal nodes to receive either groin dissec-
tion or groin irradiation, each in conjunction with 
radical vulvectomy. Radiation therapy consisted of 
50 Gy given in daily 2-Gy fractions to a depth of 3 cm 
below the anterior skin surface. The study was closed 
prematurely because of an excessive number of 
groin relapses in the irradiation group. In the groin 
dissection group, 5 of 25 patients (20%) had positive 
groin nodes; these patients received postoperative 
irradiation. There were five groin relapses (18.5%) 
among the 27 patients on the groin-irradiation regi-
men and none on the groin-dissection regimen. The 
groin-dissection regimen had a significantly better 
progression-free interval (P=0.03) and survival 
(P=0.04). This study has been vehemently criticized 
because the protocol prescription required that 50% 
of the tumor dose be delivered with 9-MeV electrons, 
which are grossly inadequate to treat the deep ingui-
nal lymph nodes (90% depth dose at 3.1 cm).

Noteworthy, McCall et al. (1995) evaluated the 
depth of inguinal lymph nodes with CT scans in 
100 women without palpable inguinal adenopa-
thy or prior inguinal surgery. The tumor doses the 
patients would have received were determined using 
isodose curves constructed according to the guide-
lines in GOG protocol no. 88. Only 18% of women 
had all inguinal lymph nodes measured at a depth 
of 3 cm or less. More than half of all women would 
have received less than 60% of the prescribed irradi-
ation dose because their inguinal lymph nodes were 
deeper than 5 cm.

Koh et al. (1993a) also quantified inguinofemo-
ral node depths using pretreatment CT scans in 
50 patients with gynecological cancer. The distance 
of each femoral vessel beneath the overlying skin sur-
face was determined as an indicator of groin nodal 
depth. Correlative data regarding height and weight 
were used to calculate the Quetelet index, defined 
as (weight in kg)/(height in m)2. Individual femoral 
vessel depths ranged from 2.0 cm to 18.5 cm. When 
the depths of all four femoral vessels were averaged 
in each patient, the mean “four-vessel average” nodal 
depth was 6.1 cm. Recalculation of doses provided 

Fig. 26.8. Topographic distribution of inguinal lymph node 
metastases in patients with carcinoma of the vulva–vagina–
cervix (triangles), urethra (squares), or anus–low rectum (cir-
cles) (Wang et al. 1996)

(Koh et al. 1993a; McCall et al. 1995), depends 
on the depth of the inguinal nodes, which must be 
determined by CT scanning. In some cases, intersti-
tial implants or en face electron fields may be used 
to boost the dose to the primary site (Carlino et al. 
1984; Miyazawa et al. 1983). Because of the sloping 
surface of the perineum, higher doses may be deliv-
ered to this area when the tumor dose is calculated 
at the central axis of the portal, and no compensa-
tors are used (Fig. 26.10).

Although dry and moist desquamation are fre-
quently observed, we still favor the use of bolus in 
areas potentially involved with tumor.

26.8.8 
Lymphatic Irradiation

The value of elective irradiation of the pelvic lymph 
nodes was demonstrated by Homesley et al. (1986), 
who reported on a randomized study involving 
114 patients with invasive squamous carcinoma of 
the vulva and positive inguinal lymph nodes treated 
with radical vulvectomy and bilateral groin lymph-
adenectomy. Patients were randomized to receive 
irradiation of 45–50 Gy to the pelvic and inguinal 
regions over a 5- to –6-week period or pelvic lymph 
node dissection. No irradiation was given to the cen-
tral vulvar area. Of 59 patients randomized to irra-
diation, the 53 who were treated had a 68% 2-year 
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Fig. 26.9a–d. Representative treatment plans for irradiation of vulvar region and regional lymphatics. a Parallel opposed 18-MV 
photon beams, preferentially loaded anteriorly (27 Gy anteriorly, 18 Gy posteriorly); bolus is added over the inguinal areas to 
improve dose distribution in subcutaneous tissues in that area. A 15-Gy boost using 16-MeV electrons (without bolus) is added 
to the groin. b–d Alternative setups with different beam energies and loadings (Perez et al. 1997)

a b

c d

Fig. 26.10. Sagittal isodose contours on a patient. Note the 
relative underdosage of the posterior vulvar region, thereby 
requiring a supplemental en face perineal electron beam fi eld 
(Pao et al. 1988)
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to 5 patients failing prophylactic groin irradiation 
in the GOG study showed that all had received nodal 
tumor doses of less than 47 Gy, with 3 patients being 
underdosed by more than 30%.

Petereit et al. (1993) updated a study that com-
pared inguinofemoral irradiation to lymphadenec-
tomy for N0 and N1 vulvar carcinomas. Because of 
the skin reaction and possible underdosing of deep 
femoral nodes with electrons, as used in the GOG 
study, opposed AP–PA photon fields to 50 Gy were 
used; 48 patients underwent radical vulvectomy fol-
lowed by either lymphadenectomy (25 patients) or 
inguinofemoral irradiation (23 patients). Actuarial 
nodal tumor control was 100% in the first group and 
91% in the latter (P=0.14). In addition, there was no 
difference in cause-specific survival at 3 years (96% 
and 90%, respectively) (P=0.47). The morbidity of 
lymphadenectomy included lymphedema (16%), 
seroma (16%), infection (44%), and wound separa-
tion (68%). In the irradiated patients, 16% devel-
oped lymphedema, and only 9% had a significant 
skin reaction. Thus, irradiation of the N0 or N1 
inguinofemoral nodes is an alternative to lymph-
adenectomy for squamous cell carcinoma of the 
vulva if the proper irradiation technique and dose 
are used. The acute and late morbidity are less than 
with lymphadenectomy.

Van der Velden and Ansink (2001) carried 
out a literature search using the criteria set by the 
Cochrane Gynaecological Cancer Group. Of nine 
reviewed papers, only three met the selection cri-
teria. From these studies, it became clear that the 
incidence of groin recurrences after primary radia-
tion therapy was higher than after surgery, and sur-
vival was also worse in the radiation therapy group. 
Morbidity after primary irradiation was lower than 
with surgery. The conclusion was criticized, on the 
grounds that the depth of 3 cm used in the radia-
tion therapy is too shallow to administer an optimal 
dose to the deeper groin nodes. This means that sur-
gery ought still to be considered the cornerstone of 
therapy for the groin nodes in women with vulvar 
cancer. Individual patients not fit enough to with-
stand surgery can be treated with primary radiation 
therapy.

26.8.9 
Brachytherapy

A few reports have described the use of interstitial 
irradiation in vulvar cancer. Pohar et al. (1995) 
reported on 34 patients treated with 192Ir brachy-

therapy for vulvar cancer (21 at first presentation 
when surgery was contraindicated or declined); 
12 patients had FIGO stage III or  IV disease, 8 had 
stage II, 1 had stage I, and 1 had stage 0. Of these 
patients, 13 were treated for recurrent disease. 
Paris system brachytherapy rules were followed; 
the median reference dose was 60 Gy (range, 53–
88 Gy). With a median follow-up of 31 months, 10 of 
34 patients (29%) were alive. Actuarial 5-year local 
tumor control was 47%, and locoregional tumor 
control was 45%; 5-year disease-specific survival 
was 56% and overall survival 29%. Subset analy-
sis disclosed higher actuarial 5-year locoregional 
tumor control in patients treated at first presenta-
tion (80% versus 16%) (P=0.01).

At Washington University, 20 patients had an 
interstitial implant as part of therapy, usually as a 
boost at the primary tumor site, occasionally for 
positive lymph nodes. The locoregional tumor con-
trol was 100% for T1 or T2 (4 patients), 80% for T3 
(10 patients), and 50% for 6 patients with T4 or recur-
rent tumors. None of 5 patients receiving a total dose 
of 60 Gy or less had significant sequelae, in contrast 
to 8 of 15 (53%) treated with higher doses. Patients 
treated with external irradiation only had 11–26% 
moderate or severe sequelae (P=0.16).

26.8.10 
Three-Dimensional Conformal and Intensity 
Modulated Radiation Therapy

Recently, a few patients have been treated with 3-D 
conformal radiation therapy to minimize irradia-
tion to normal tissues, including the bone marrow 
in the pelvic bones (Harper et al. 2004).

An example of target delineation, including iliac 
and inguinal lymphatics, portals defined by MLC, 
and dose distributions are illustrated in Figure 26.11 
for patient with primary vulvar cancer.

26.8.11 
Patterns of Failure after Treatment

The experience of Princess Margaret Hospital 
demonstrated that 80–95% of relapses after radi-
cal vulvectomy and bilateral groin node dissection 
were locoregional and could be encompassed in 
the locoregional irradiation fields (Bryon et al. 
1991).

Perez et al. (1993) updated the results on 
50 patients with primary invasive and 17 with recur-
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rent histologically confirmed vulvar carcinoma 
treated with radiation therapy for locoregional dis-
ease. Results in 68 patients with primary and 18 with 
recurrent tumors (unpublished data) are further 
updated in this chapter. Of the patients with primary 
tumors, 18 were treated with biopsy and irradiation 
alone, 13 with wide excision plus radiation therapy, 
11 with partial or simple vulvectomy, and 24 with 
radical vulvectomy followed by irradiation to the 
operative fields and inguinofemoral/pelvic lymph 
nodes. In patients with primary tumors treated with 
biopsy or local excision, local tumor control was 
92–100% for T1-3N0 disease, 40% for similar stages 
with N1-3, and 27% for recurrent tumors. Among 
patients treated with partial or radical vulvectomy 
and radiation therapy, primary tumor control was 
90% in those with T1-3 tumors and any nodal stage, 
33% in those with any T stage and N3 lymph nodes, 
and 66% in patients with recurrent tumors. The 
actuarial 5-year disease-free survival rates were 87% 
for patients with T1N0 disease, 62% for those with 
T2-3N0 disease, 30% for those with T1-3N1 disease, 
and 11% for patients with recurrent tumors. There 
was no significant impact of type of vulvectomy on 
outcome. There were no long-term survivors with 
T4 or N2-3 disease. Of 17 patients treated for post-

vulvectomy recurrent disease, 4 remain disease-free 
after local tumor excision and radiation therapy. In 
patients with T1 or T2 tumors treated with biopsy or 
wide tumor excision and irradiation with doses less 
than 50 Gy, the local tumor control rate was 75% (3 
of 4 patients), in contrast to 100% (13 patients) with 
50.01–65 Gy. With T3 or T4 tumors treated with 
local excision and radiation therapy, tumor con-
trol occurred in none of 3 patients with doses less 
than 50 Gy and in 66% (6 of 9) with 50.01–65 Gy. In 
patients with T1 or T2 tumors treated with partial 
or radical vulvectomy and irradiation, local tumor 
control was 75% (6 of 8), regardless of dose level; in 
T3 and T4 tumors, it was 67% (4 of 6 patients) with 
50–60 Gy and 86% (6 of 7) with 65–70 Gy. Differ-
ences were not statistically significant. There was 
no significant dose response for tumor control in 
the inguinofemoral lymph nodes with doses of 50–
60 Gy for elective treatment of nonpalpable lymph 
nodes, yielding 91.6% tumor control (33 of 36), and 
60–70 Gy controlling tumor growth in 75–80% of 
patients with positive nodes when administered 
postoperatively after partial or radical lymph node 
dissection.

Dusenbery et al. (1994) reported on 27 patients 
irradiated postoperatively after radical vulvectomy 

Fig. 26.11a–c. Example of 3-D conformal treatment planning 
for a patient with carcinoma of the vulva treated with antero-
posterior–posteroanterior (AP–PA) pelvic portals including 
regional lymphatics. A total of 50.40 cGy was delivered to the 
planning target volume (PTV) in 1.8-Gy daily fractions using 
18-MV photons and 15° dynamic wedges. a Inguinofemoral 
and pelvic common iliac lymphatic volumes are outlined. 
b Low pelvis cross section dose distribution. c Sagittal dose 
distribution

a

b

c
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and bilateral lymphadenectomy (25 patients), radi-
cal vulvectomy and unilateral lymphadenectomy 
(1), or hemivulvectomy and bilateral lymphadenec-
tomy (1). There were 14 FIGO stage III, 8 stage IVA, 
and 5 stage IVB patients. Inguinal lymph nodes 
were involved with tumor in all patients. Postop-
erative irradiation was directed at the bilateral 
groin and pelvic nodes (19 patients), unilateral 
groin and pelvic nodes (6 patients), or unilateral 
groin only (1 patient); the midline area was blocked 
in all patients. One patient received irradiation to 
the entire pelvis and perineum. Doses ranged from 
10.8 Gy to 50.7 Gy (median, 45.5 Gy). Actuarial 5-
year overall and disease-free survival rates were 
40% and 35%, respectively. Recurrences developed 
in 63% (17 of 27 patients) (median of 9 months 
from surgery), and 15 of these died; two patients 
with recurrences were surviving at 24 months 
and 96 months after further surgery and radia-
tion therapy. Central recurrences (under the mid-
line block) were present in 13 of these 17 patients 
(76%), either as central only (8 patients), central 
and regional (4 patients), or central and distant (1 
patient) (Fig. 26.12). Additionally, 3 patients devel-
oped regional recurrences, and 1 patient developed 
a concurrent regional and distant relapse. Use of a 
midline block resulted in a 48% central recurrence 
rate (13 of 27), much higher than the 8.5% rate pre-
viously reported using this technique. Routine use 
of the midline block should be abandoned, and 
postoperative irradiation volumes should be tai-
lored to the tumor in each patient.

In 86 patients treated at Washington University, 
with either irradiation alone or combined with local 

excision or a partial or radical vulvectomy (always 
irradiating the vulvar area), the incidence of recur-
rence was about 38% at the primary site, 10% in the 
inguinofemoral lymph node region, and 23% distant 
metastases (Perez et al. 1993).

26.9 
Sequelae of Treatment

Common sequelae associated with radical surgery 
are those related to wound problems, primarily 
infection and necrosis. The reported incidence of 
wound infection varies greatly. Iversen et al. (1980) 
observed it in 5.7% of patients and Boutselis (1972) 
in 50% of patients. The incidence of wound dehis-
cence and necrosis varies in most reports from 30% 
to 50% (Rutledge et al. 1970; Boutselis 1972). Leg 
edema is a serious complication of nodal dissec-
tion. Transient edema occurred in approximately 
14% of patients reported on by Boutselis (1972) 
and Rutledge et al. (1970). Chronic (persistent) 
edema was reported in 71% of patients reported on 
by Boutselis (1972) and in 20% of those reported 
on by Rutledge et al. (1970). Operative mortality 
in most series varies from 3% to 6%.

With a tumor at the skin or mucosal surface, 
which requires that the peak dose be at the surface, 
it is to be expected that literally all patients will have 
a significant acute cutaneous and mucosal reaction. 
Of more concern, however, is the incidence of late 
(chronic) sequelae, some of which can be attrib-
uted to the fractionation scheme used. Schulz et 

Fig. 26.12a–c. Patterns of failure in 27 patients irradiated after radical vulvectomy in whom the vulva was shielded with a central 
block. Dots represent a single patient. If relapsing in two or more sites, dots are connected by lines. a Isolated central (under the 
midline block) recurrences. b Combined central and regional (inguinal or thigh) recurrences. c Remainder of fi rst recurrences 
consisted of either isolated regional recurrences or regional and distant recurrences (Dusenbery et al. 1994)

ba c
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al. (1980), for example, reported a very high inci-
dence of complications with 5-Gy fractions. The 
rate has been consistently low in patients treated 
with 2 Gy per day or similar fractionation schemes 
(Backstrom et al. 1972; Nobler 1972). Significant 
treatment morbidity in 86 patients treated at Wash-
ington University included one rectovaginal fistula, 
one case of proctitis, one rectal stricture, four bone 
or skin necroses, five vaginal necroses, and one 
groin abscess. Occasionally, necrosis and fracture of 
the femoral head/neck may be observed; Grigsby et 
al. (1995) reported a 5% actuarial 5-year incidence 
of fractures in patients receiving doses of 50 Gy or 
greater. Cosmetic results with conservation surgery 
and irradiation may be very rewarding if appropri-
ate surgical and irradiation techniques are applied.

In a review of 73 patients, Balat et al. (2000) 
compared complications with wide local excision 
plus postoperative radiation therapy or radical vul-
vectomy and bilateral lymphadenectomy plus pre- 
or postoperative radiation therapy. There were no 
significant differences among these treatments in 
terms of primary tumor control, 5-year disease-year 
survival, or overall survival. The best treatment for 
advanced vulvar cancer was wide local excision plus 
radiation therapy, as this method retained a high 
survival with less morbidity.

26.10 
Carcinoma of the Vulva and Pregnancy

Extremely infrequently encountered is the associa-
tion of pregnancy and vulvar carcinoma. Gitsch et 
al. (1995) reported on two women with stage II and  
III disease; the first patient, who had a 5x2-cm ulcer-
ated lesion under the clitoris, was treated by radical 
anterior vulvectomy and bilateral groin dissection 
when 22 weeks pregnant. She had an uneventful 
pregnancy; a Cesarean section was performed, and 
she was free of disease 29 months after initial sur-
gery. The second patient, who had multifocal lesions 
with a maximal depth of 1.9 mm of tumor inva-
sion, underwent modified radical vulvectomy with 
bilateral groin dissection when 17 weeks pregnant. 
Because of a grossly positive groin lymph node, she 
underwent radiation therapy after Cesarean section. 
She was alive without invasive cancer 28 months 
after diagnosis. Early histological diagnosis and 
treatment are mandatory in the management of sus-
picious vulvar lesions during pregnancy, delaying 
irradiation until the pregnancy is terminated.

26.11 
Clinical Trials

Only a small number of clinical trials are available 
for the treatment of vulvar carcinoma. A phase II 
trial to document the rates and patterns of recur-
rence in early stage I patients, all treated with ipsi-
lateral superficial inguinal lymphadenectomy and 
modified radical hemivulvectomy, is in progress by 
the Gynecologic Oncology Group (GOG-74). These 
patients must have pathologically negative ipsilat-
eral superficial inguinal lymph nodes and resection 
margins at the dermis of greater than 5 mm.

Patients with advanced or recurrent vulvar cancer 
that is refractory to curative therapy or established 
treatments are eligible for GOG no. 26. This phase II 
protocol screens new agents and drug combinations 
for activity in patients with advanced or recurrent 
pelvic malignancies.

26.12 
Treatment of Other Vulvar Malignant 
Neoplasias

26.12.1 
Adenocarcinoma

Most primary adenocarcinomas of the vulva arise 
in the Bartholin’s gland (Leuchter et al. 1982; 
Copeland et al. 1986; Burke et al. 1996). Other 
potential tissues of origin include skin appendages 
or ectopic breast tissue.

Radical wide excision, hemivulvectomy, or radi-
cal vulvectomy has been used to treat these patients 
(Copeland et al. 1986). The incidence of groin node 
metastases is about 30% (Leuchter et al. 1982), 
thus inguinal lymphadenectomy should be included 
in primary surgical resection. Radiation therapy 
may have a role in enhancing local tumor control 
for women with large primary tumors or inguinal 
node metastases (Copeland et al. 1986).

26.12.2 
Vulvar Sarcoma

Primary sarcomas are rare tumors that can arise 
from any mesenchymal tissues of the vulva; leio-
myosarcoma and rhabdomyosarcoma predominate 
(Hays et al. 1988; Tavassoli and Norris, 1979). 
Usual treatment consists of aggressive resection of 
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either primary or locally recurrent disease; post-
operative irradiation may decrease the incidence 
of local recurrence. Rhabdomyosarcoma may be 
responsive to both chemotherapy and irradiation; 
the current treatment of choice is to combine che-
moirradiation (using vincristine, dactinomycin, 
cyclophosphamide, and doxorubicin and 50–55 Gy 
in 1.6–1.8-Gy fractions) with limited surgical resec-
tion of residual tumor (Boronow 1973; Krupp et 
al. 1975).

26.12.3 
Malignant Melanoma

Superficial malignant melanoma of the vulva can 
be treated with wide local excision. The current 
accepted management for more invasive vulvar 
melanoma is radical vulvectomy and bilateral ingui-
nal lymph node dissection for levels of invasion 
greater than Clark’s level 2. Although some gyne-
cology oncologists recommend ipsilateral inguinal 
lymph node dissection, Chung et al. (1975) found 
no lymph node metastases in 8 patients with level-2 
malignant melanoma, and none of these patients 
died of the disease. Survival was closely related to 
depth of invasion; only 2 patients of 25 with Clark 
levels 3 through 5 melanoma survived 5 years. The 
most common sites of recurrence were the groin 
(9 patients), perineum, vagina, and urethra (two 
cases in each location), and cervix and rectum (one 
each). All patients who died of melanoma had wide-
spread metastases to lungs, adrenals, brain, liver, 
kidneys, or retroperitoneal lymph nodes.

Woolcott et al. (1988) reported on 50 patients 
with primary melanoma of the vulva, 42 of whom 
were treated with definitive therapy: 16 with wide 
local excision, 2 with unilateral inguinofemoral 
and 2 with bilateral inguinofemoral lymphadenec-
tomy, 2 with hemivulvectomy and inguinofemoral 
lymph node dissection, and 1 with simple vulvec-
tomy alone. Twenty-three patients were treated 
with radical vulvectomy, combined with bilateral 
inguinofemoral lymphadenectomy in 22 patients. 
Two patients also had pelvic lymphadenectomy. Of 
42 patients treated with curative intent, 3 received 
adjuvant radiation therapy. Of 50 patients, 17 (34%) 
were alive and free of disease at the last follow-up. 
The 5-year survival rate for 32 eligible patients was 
43.8%. Depth of melanocytic penetration was the 
main prognostic factor. Local recurrence developed 
in 7 of the 23 patients treated with radical vulvec-
tomy; 4 had inguinofemoral nodal recurrences, 

and 8 developed distant metastases. Of 16 patients 
treated with wide local excision, 3 developed local 
recurrence, 4 had inguinofemoral recurrences, and 
2 had distant metastases.

26.13 
Chemotherapy

Topical chemotherapy has been used for treatment 
of selected patients with vulvar or vaginal intraepi-
thelial neoplasia; 5-fluorouracil (5-FU) has been the 
most commonly used agent (Sillman et al. 1985). 
All 25 patients treated in this manner were free of 
disease for 3 months to more than 40 months after 
treatment, although 3 required retreatment at 3, 9, 
and 11 months (Calgar et al. 1981).

Several drug regimens have been used in squa-
mous cell vulvar cancer, most frequently incorpo-
rating bleomycin, vincristine, cisplatin, mitomycin-
C, or methotrexate in various three- or four-agent 
combinations with limited activity in phase II stud-
ies (Burke et al. 1996).

26.13.1 
Combination of Chemotherapy and Irradiation

Thomas et al. (1989) described results in 33 patients 
with vulvar cancer treated with a combination of 
5-FU and/or mitomycin-C; 32 had squamous cell 
carcinoma. Of 18 patients with primary disease, 9 
were treated in an adjuvant setting (5 after radi-
cal vulvectomy and inguinal node dissection; 4 had 
local excision only). Several patients had positive 
surgical margins; 6 of 9 received vulvar irradiation 
(40–64 Gy in daily fractions of 1.6–1.8 Gy), and 5 of 
6, in addition, received inguinal lymph node irra-
diation. Of 9 patients, 3 were treated to inguinal 
nodes only. At 5–45 months, 6 of 9 patients remained 
disease-free. Of the other patients with primary dis-
ease, 9 received chemotherapy and irradiation as 
definitive management; 5 had clinically suspicious 
inguinal lymph nodes. All 9 patients received irra-
diation to the vulva, and 4 of 5 with positive nodes 
also underwent treatment to the inguinal areas. 
After a follow-up of 5–43 months, 6 of the 9 patients 
were disease-free. Of 6 patients with residual or 
recurrent vulvar carcinoma after initial chemoir-
radiation, 5 had salvage surgery (local excision in 
4 and radical vulvectomy in 1). Of 9 patients, 7 had 
vulvar primary tumor control after salvage therapy. 
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No patient developed nodal or distant metastases. 
After initial surgery, 15 patients were treated for 
recurrence; 10 had a previous radical vulvectomy 
and bilateral node dissection. At 5–45 months, 7 of 
these patients remain alive without disease. A com-
plete response was never demonstrated in 3 patients 
treated for inguinal node recurrence, and all died of 
disease, 2 also having developed lung metastases. 
Of 11 patients treated for recurrence in the vulva 
only, 6 were alive without disease. Four patients who 
developed pulmonary metastases died.

Combined therapy was well tolerated, except for 
the expected oropharyngeal mucositis and hema-
tological toxicity of 5-FU. One patient developed 
severe proctitis after receiving 55 Gy in 35 fractions 
with electrons to the vulva, and one patient devel-
oped a vascular hip necrosis after a dose of 47 Gy in 
27 fractions.

The experience from Princess Margaret Hospital 
(Thomas et al. 1989) using concurrent chemoirra-
diation for vulvar cancer showed that late vulvar 
fibrosis, atrophy, telangiectasia, and necrosis can 
be almost totally avoided if the irradiation fraction 
size is kept below 1.6–1.8 Gy and excessive total dose 
is not used; disease recurred in two of six patients 
receiving less than 50 Gy, and in two of seven patients 
with doses greater than 50 Gy. Dose exceeding 60 Gy 
may substantially increase treatment morbidity, 
particularly if surgical salvage is required. If resid-
ual disease persists after 60 Gy, an attempt should be 
made to remove it surgically. The irradiation volume 
is tailored to the extent of disease.

Of patients with advanced squamous cell carci-
noma of the vulva, 42 were treated with a combina-
tion regimen of bleomycin (180 mg) and external 
irradiation (30–45 Gy) (Scheistroen and Trope 
1993); 22 patients had primary and 22 had recur-
rent disease. Of 15 patients with primary disease, 5 
showed complete and 10 partial response; 4 under-
went surgery. Of these, 1 was alive after 60 months 
with no evidence of disease, 2 died of unrelated 
causes without signs of recurrence, and 17 relapsed 
and died of carcinoma of the vulva. Of 22 patients 
treated for recurrence, 2 had complete and 11 had 
partial responses; none underwent surgery. All of 
these patients died of carcinoma of the vulva; median 
survival was 6.5 months. Toxicity was acceptable, 
and there were no treatment-related deaths. Even 
when the fact that patients had very advanced dis-
ease is taken into account, the results are disap-
pointing. Increased irradiation dose beyond 45 Gy 
and more aggressive surgery might have improved 
the results.

Russell et al. (1992) observed 16 complete 
responses in 25 women with locally advanced or recur-
rent squamous cell carcinoma of the vulva treated 
with 5-FU continuous infusion for 96 h (in 11 patients 
combined with three doses of cisplatin at 100 mg/m2) 
and pelvic irradiation (median dose 54 Gy). Of 18 pre-
viously untreated patients, 12 were cancer-free at 2–
52 months; 3 patients developed intermittent urinary 
incontinence and 4 developed leg edema.

Wahlen et al. (1995) described 19 patients with 
locally advanced vulvar cancer (4 stage II and 15 
stage III); all had clinically negative inguinal lymph 
nodes except for 2 patients who had ipsilateral ingui-
nal nodes removed before treatment. The patients 
received 45–50 Gy to the pelvis and inguinal nodes 
with concurrent chemotherapy (5-FU in a 96-h 
continuous infusion, 1000 mg/m2 per day, during 
week 1 and week 5 of radiation therapy). Boosts with 
implants or electrons were received by 10 patients, 
and 6 others underwent local excision. With median 
follow-up of 34 months, combined therapy resulted 
in a local tumor control rate of 75% (14 of 19); all five 
failures occurred within 6 months of treatment. Of 
these patients, 4 were rendered disease free by radi-
cal vulvectomy and/or exenteration, for an overall 
local control rate of 95% (18 of 19).

Han et al. (2000) published results in 54 patients 
with locally advanced vulvar cancer treated with 
radiation therapy, among which 20 received che-
motherapy and radiation therapy, while 34 patients 
received radiation therapy alone. Of the 20 patients, 
14 were treated for primary or recurrent disease, 
and after vulvectomy for high-risk disease. Of the 
34 patients, 12 were treated primarily and 22 received 
adjuvant treatment. Chemotherapy consisted of two 
courses of 5-FU and mitomycin-C administered 
during radiation therapy. Six patients received cis-
platin in place of mitomycin-C. In chemoirradiation 
groups, radiation was administered to the vulva, 
pelvic, and inguinal lymph nodes to a median dose 
of 45 Gy, with an additional 6–17 Gy to gross dis-
ease. In radiation therapy groups, the median dose 
to the microscopic disease was 45 Gy. Nine patients 
received external beam boost and 16 patients 
received supplementary brachytherapy. Overall 
survival was superior in the patients treated with 
chemoirradiation versus irradiation alone (P=0.04). 
There was also a statistically significant improve-
ment in disease-specific (P=0.03) and relapse-free 
(P=0.01) survival, favoring chemoirradiation. No 
statistically significant trends of improved survival 
rates favoring chemoirradiation over adjuvant radi-
ation therapy were observed.
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Montana et al. (2000) reported on a GOG study 
of 46 patients with vulvar cancer and N2-3 lymph 
nodes. Patients underwent a split course of radia-
tion therapy – 4760 cGy to the primary and lymph 
nodes with concurrent chemotherapy, cisplatin/5-
FU followed by surgery. The chemoirradiation was 
not completed by 4 patients because 3 died and 1 
refused to complete the treatment. The 4 patients 
who completed chemoirradiation did not undergo 
surgery because 2 died of non-cancer-related causes 
and, in the other 2, the lymph nodes remained 
unresectable. Following chemoirradiation, the dis-
ease in the lymph nodes became resectable in 38 
of 40 patients. Because of pulmonary metastasis, 2 
patients who completed chemoirradiation did not 
undergo surgery as per protocol. One underwent 
radical vulvectomy and unilateral node dissection 
and the other radical vulvectomy only. The speci-
men of the lymph nodes was histologically negative 
in 15 of 37 patients (40%). Recurrent and/or meta-
static disease developed in 19 patients. The sites of 
failure were as follows: primary area only, 9; lymph 
node area only, 1; primary area and distant metas-
tasis, 1; distant metastasis only, 8. Local control of 
the disease in the lymph nodes was achieved in 36 
of 37 and in the primary area in 29 of 38 patients. 
Of the patients, 20 are alive and disease-free, and 5 
have died without evidence of recurrence or metas-
tasis; 2 patients died of treatment-related compli-
cations.

Preliminary results of chemotherapy and irra-
diation, summarized in Table 26.6, are promising 
and suggest that patients in high-risk groups can 
be treated effectively with combinations of surgery, 
irradiation, and systemic chemotherapy. Further 
assessment of long-term results is in progress, and 
prospective clinical trials are strongly encour-
aged.
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Primary vaginal cancer is a rare entity and accounts 
for only 1–2% of all female genital neoplasias 
(Herbst et al. 1970), ranking next to last in fre-
quency among gynecological malignancies. Most 
carcinomas found in the vagina represent direct 
extension or metastasis from other primary gyne-
cological (cervix or vulva) and non-gynecological 
sites, most commonly breast and gastrointestinal 
tract. There are a number of controversies in terms 
of epidemiology, staging and diagnostic evaluation 
as well as management of vaginal cancer. Given the 
lack of prospective, randomized studies in patients 
with vaginal cancer, given its rarity, it is difficult 
to establish strong, evidence-based recommenda-
tions. Therefore, the decisions regarding therapeu-
tic options should be based on the best retrospec-
tive data and individual assessment using general 
principles derived from clinical experience in the 
management of cancer at other sites. Most of the 
available data refer to the treatment of primary inva-
sive squamous cell carcinoma (SCC) of the vagina, 
since this represents the most common histology.

27.1 
Anatomy

The vagina is a dilatable tubular structure averaging 
7.5 cm in length, lined by non-keratinizing, strati-
fied, squamous epithelium extending from the ves-
tibule to the cervix of the uterus. It lies dorsal to 
the base of the bladder and urethra, and ventral 
to the rectum. The upper fourth of the posterior 
wall is separated from the rectum by a reflection of 
peritoneum, the pouch of Douglas. The vaginal wall 
is composed of three layers: the mucosa, muscularis 
and adventitia. Beneath the mucosa lies a submu-
cosal layer of elastin and a double muscularis layer, 
highly vascularized with a rich innervation and lym-
phatic drainage. The muscularis layer is composed 
of smooth muscle fibers, arranged circularly on the 
inner portion and longitudinally in the outer por-
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tion. The adventitia is a thin, outer connective tissue 
layer that merges with that of adjacent organs.

The proximal vagina is supplied by the vaginal 
artery branch from the uterine or cervical branch 
of the uterine artery. It runs along the lateral wall of 
the vagina and anastomoses with the inferior vesical 
and middle rectal arteries from the surrounding vis-
cera (Sedlis and Robboy 1987). The accompanying 
venous plexus, running parallel to the arteries, ulti-
mately drains to the internal iliac vein. The lumbar 
plexus and pudendal nerve, with branches from the 
sacral roots 2 to 4, provide innervation to the vagi-
nal vault.

The lymphatic drainage of the vagina is complex, 
consisting of an extensive inter-communicating 
network. Fine lymphatic vessels coursing through 
the submucosa and muscularis coalesce into small 
trunks running laterally along the walls of the 
vagina. The upper anterior vagina drains along cer-
vical channels to the interiliac chain; the posterior 
vagina drains into the inferior gluteal, presacral, and 
anorectal nodes. The distal vagina lymphatics drain 
into the inguinal and femoral nodes and from there 
to the pelvic nodes. Lymphatic flow from lesions in 
the mid-vagina may drain either way (Plentl and 
Friedman 1971). However, because of the presence 
of inter-communicating lymphatics along the ter-
minal branches of the vaginal artery and near the 
vaginal wall, the external iliac nodes are at high risk, 
even in lesions of the lower third of the vagina. Such 
a complex lymphatic drainage pattern has signifi-
cant implications for therapeutic planning. There-
fore, bilateral pelvic nodes should be considered at 
risk in any invasive vaginal carcinoma, and bilat-
eral groin nodes considered at risk in those lesions 
involving the distal third of the vagina.

27.2 
Pathology

SCC represents about 80–90% of primary vaginal 
cancers (Zaino et al. 2002). These tumors occur 
in older women and are most often located in the 
upper, posterior wall of the vagina. Histologically, 
keratinizing, non-keratinizing, basaloid, warty and 
verrucous variants have been described. Tumors 
may also be graded, moderately or poorly differenti-
ated, most cases being moderately differentiated and 
non-keratinizing. Vaginal intraepithelial neoplasia 
(VAIN) is a precursor of SCC and is graded from 
I to III, depending on the degree of nuclear atypia 

and crowding, and the proportion of the epithelium 
involved. The true incidence of VAIN and its rate 
of progression to invasive carcinoma are unknown, 
ranging in several series from 9% to 28% (Aho et al. 
1991; Brinton et al. 1990; Hoffman et al. 1991).

Clear-cell adenocarcinoma (CCA) is associated 
with intrauterine diethylstilbestrol (DES) expo-
sure (Antonioli and Burke 1975; Kauffman et 
al. 1982; Maassen et al. 1993; Robboy et al. 1977, 
1982, 1984). These tumors have a predilection for the 
upper third of the vagina and the exocervix. Most 
are exophytic and superficially invasive (Herbst et 
al. 1974). Other adenocarcinomas that could involve 
the vagina include: mucinous type (Ebrahim et 
al. 2001; Hiroi et al. 2001; Munkarah et al. 1994), 
endometrioid adenocarcinoma – usually arising 
with endometriosis (Haskel et al. 1989), meso-
nephric (Hinchey et al. 1983) and papillary serous 
adenocarcinoma (Riva et al. 1997).

Creasman et al. (1998) published in 1998 the 
National Cancer Data Base (NCDB) report on 4885 
patients with primary diagnosis of vaginal cancer 
registered from 1985 to 1994. Approximately 92% 
of the patients were diagnosed with in-situ or inva-
sive SCC or adenocarcinomas; 4% with melanomas; 
3% with sarcomas; and 1% with other or unspeci-
fied types of cancer. In the NCDB report, invasive 
carcinomas accounted for 72% of the carcinoma 
cases, or 66% of all vaginal cancers. In-situ carci-
nomas accounted for 28%; SCC represented 79% of 
invasive vaginal carcinomas; and adenocarcinomas 
represented 14% (Creasman et al. 1998).

27.3 
Natural History

The majority (57–83%) of vaginal primaries occur in 
the upper third or at the apex of the vault, most com-
monly in the posterior wall; the lower third may be 
involved in as many as 31% of patients (Gallup et 
al. 1987; Rubin et al. 1985; Stock et al. 1995). Lesions 
confined to the middle third are uncommon. Vaginal 
tumors may spread along the vaginal walls to involve 
the cervix or the vulva. A lesion on the anterior wall 
may infiltrate the vesico–vaginal septum and/or the 
urethra; those on the posterior wall may eventually 
involve the recto–vaginal septum and, subsequently, 
infiltrate the rectal mucosa. Vaginal cancer may invade 
the parametrium and paracolpal tissues, extending 
into the obturator fossa, cardinal ligaments, lateral 
pelvic walls and the uterosacral ligaments.
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The issue of regional nodal metastasis, both the 
incidence of occult nodal disease and the anatomic 
pathways of lymphatic spread, are somewhat con-
troversial. The incidence of positive pelvic nodes at 
diagnosis varies with the stage and location of the 
lesion. There does seem to be a significant risk of 
nodal metastasis for patients with disease beyond 
stage I. Although data on staging lymphadenec-
tomy are sparse, two studies reported a significant 
incidence of nodal disease in early stage vaginal 
carcinoma. In Al-Kurdi’s series (Al-Kurdi and 
Monaghan 1981), the incidence of pelvic nodal 
metastasis was 14% and 32% for stages I and II, 
respectively, whereas in Davis’s series (Davis et 
al. 1991) the incidence was 6% and 26% for stages 
I and II, respectively. The incidence is expected to 
be higher for stage III, although no substantial data 
are available. Involvement of inguinal nodes is most 
common when the lesion is located in the lower third 
of the vagina.

Distant metastasis may occur, primarily in 
patients with advanced disease at presentation, or 
in those who experienced tumor recurrence after 
primary therapy. In Perez series (Perez et al. 1988), 
the incidence of distant metastasis was 16% in stage 
I, 31% in stage IIA, 46% in stage IIB, 62% in stage III 
and 50% in stage IV.

27.4 
Clinical Presentation

VAIN is most often asymptomatic (Lenehan et al. 
1986) and is usually detected by means of cytology. 
In patients with invasive disease, irregular vagi-
nal bleeding and/or discharge (often post-coital) is 
the most common presenting symptom, followed 
by vaginal discharge and dysuria. Pelvic pain is a 
relatively late symptom, generally related to tumor 
extent beyond the vagina (Gallup et al. 1987; Rubin 
et al. 1985; Tjalma et al. 2001).

27.4.1 
Diagnostic Work-up

In general, in patients with suspected vaginal malig-
nancy, thorough physical exam with detailed specu-
lum inspection, digital palpation, colposcopic and 
cytological evaluation and biopsy constitute the 
most effective procedure for diagnosing primary, 
metastatic or recurrent carcinoma of the vagina. In 

symptomatic patients, biopsy of any abnormal exo-
phytic or endophytic lesion noted at the time of the 
exam is indicated. Examination under anesthesia is 
recommended for the thoroughness of evaluation of 
all of the vaginal walls and local extent of the dis-
ease, primarily if the patient is in great discomfort 
because of advanced disease, in order to obtain a 
biopsy. Biopsies of the cervix, if present, are recom-
mended to rule out primary cervical tumor. It is 
important that the speculum is slowly withdrawn 
from the vaginal fornix so that the total vaginal 
mucosa may be visualized.

The patient with a history of pre-invasive or inva-
sive carcinoma of the cervix found to have abnormal 
cytology following prior hysterectomy or radiother-
apy (RT) should be offered colposcopy with appli-
cation of acetic acid to the entire vault, followed by 
biopsies as indicated by areas of white epithelium, 
mosaicism, punctation or atypical vascularity. It 
can be very helpful for the menopausal patient or the 
patient previously irradiated to use a short course 
of topical estrogen (Premarin) into the vault once 
or twice a week for 1 month prior to the colposcopy, 
in order to foster epithelial maturation. Another 
method of identifying the area(s) most in need of 
biopsy would be, after application of the acetic acid, 
to place half-strength Schiller’s iodine to determine 
whether the Schiller-positive (non-staining) areas 
correspond with the involved areas identified after 
acetic acid application.

27.4.2 
Staging

At present, primary malignancies of the vagina are 
all staged clinically. In addition to a complete his-
tory and physical examination, routine laboratory 
evaluations including complete blood cell count 
(CBC) with differential and platelets and assessment 
of renal and hepatic function should be undertaken. 
In order to determine the extent of disease, the fol-
lowing tests are allowed according to the Interna-
tional Federation of Gynecology and Obstetrics 
(FIGO) criteria: chest X-ray, a thorough bimanual 
and recto–vaginal exam, cystoscopy, proctoscopy 
and intravenous pyelogram. If the patient is in 
significant discomfort, the exam should be con-
ducted under anesthesia, preferably by a radiation 
oncologist and gynecological oncologist. However, 
it can be difficult even for the experienced exam-
iner to differentiate between disease confined to the 
mucosa (stage I) and disease spread to the submu-
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cosa (stage II) (Ball and Berman 1982; Rubin et 
al. 1985). Cystoscopy and proctoscopy are generally 
performed on patients with symptoms or clinical 
findings indicative of bladder or rectal infiltration, 
respectively.

Pelvic computed tomography (CT) scan is gener-
ally performed to evaluate inguino-femoral and/or 
pelvic lymph nodes, as well as extent of local dis-
ease. In patients with vaginal melanoma or sarcoma, 
chest, abdomen, and pelvis CT scans are often part 
of the work-up. Magnetic resonance imaging (MRI) 
has emerged as a potentially important imaging 
modality in the evaluation of vaginal cancers, pre-
dominantly the T1-weighted with contrast and T2-
weighted images. An additional role of MRI is dif-
ferentiation of tumor from fibrotic tissue in patients 
with suspected recurrent vaginal carcinoma (Chang 
et al. 1988).

The two commonly used staging systems for 
carcinoma of the vagina are the FIGO (Table 27.1a) 
(Pecorelli et al. 2000) and the American Joint 
Commission on Cancer (TNM) (Table 27.1b) (AJCC 
2002) classifications. According to the FIGO guide-
lines, cases should be classified as vaginal carcino-
mas only when “the primary site of the growth is 
in the vagina”. A tumor of the vagina that involves 
the cervix or vulva should be classified as a primary 
cervical or vulvar cancer, respectively. Additionally, 
in the setting of a prior gynecological malignancy, a 
neoplasm would be classified as primary carcinoma 
of the vagina if the current vaginal tumor occurred 
5 years or more after the initial cancer diagnosis and 
if there is no other clinical evidence of recurrence of 
the initial gynecological lesion (Zaino et al. 2002). It 
may be difficult or impossible histologically to dis-
tinguish a primary vaginal SCC from recurrent cer-
vical or vulvar disease. In this setting, it is unclear 
whether the vaginal lesion represents a new carci-
noma of the vagina, recurrent cervical cancer, or a 
human papilloma-virus (HPV)-related field effect in 
these patients.

Perez et al. (1973) proposed in 1973 that FIGO 
stage-II vaginal cancer should be subdivided into 
stage IIa (tumor infiltrating the subvaginal tis-
sues but not extending into the parametrium) and 
stage IIb (tumor infiltrating the parametrium but 
not extending to pelvic side walls). However, most 
authors do not use this classification, and there is 
limited published data to support the prognostic sig-
nificance of this subclassification (Perez et al. 1988; 
Prempree and Amomman 1985). In addition, FIGO 
does not assign a specific stage for those patients 
with inguino-femoral lymphadenopathy. Some 

authors assign these patients to stage III, whereas 
others consider them stage IVB. In the AJCC stag-
ing system, patients with T1–3 and positive nodes 
(pelvic or inguinal) are assigned to stage III (AJCC 
2002).

27.5 
Prognostic Factors Influencing Choice of 
Treatment

As with most primaries, stage of disease is the dom-
inant prognostic factor in terms of ultimate out-
come (Chu and Beechinor 1984; Chyle et al. 1996; 
Dancuart et al. 1988; Delclos 1984; Dixit et al. 
1993; Eddy et al. 1991; Kirkbride et al. 1995; Lee 
et al. 1994; Leung and Sexton 1993; MacNaught 
et al. 1986; Perez et al. 1988, 1999; Peters et al. 
1985). In Perez series, including 165 patients with 
primary vaginal carcinomas treated with definitive 
RT, the 10-year actuarial disease-free survival (DFS) 
was 94% for stage 0, 75% for stage I, 55% for stage 
IIA, 43% for stage IIB, 32% for stage III and 0% for 
those with stage IV (Perez et al. 1988).

The impact of lesion location has been controver-
sial. Several authors (Ali et al. 1996; Chyle et al. 
1996; Kucera and Vavra 1991; Tarraza et al. 1991; 
Urbanski et al. 1996) have shown better survival 
and decreased recurrence rates for patients with 
cancers involving the proximal half of the vagina 
when compared with those in the distal half, or those 
involving the entire length of the vagina. Chyle et 
al. (1996) observed a 17% pelvic relapse in patients 
with upper vagina lesions, 36% with mid- or lower 
vagina tumors and 42% with whole vagina involve-
ment. In addition, lesions of the posterior wall have 
worse prognosis than those involving other vaginal 
walls (10-year recurrence rates of 32% and 19%, 
respectively), which probably reflects the greater 
difficulty of performing adequate brachytherapy 
procedures in this location.

The prognostic importance of lesion size has 
been controversial, with an adverse impact noted 
by Tjalma et al. (2001) and Chyle et al. (1996) con-
trary to the findings of Perez et al. (1983). In the 
Chyle et al. (1996) series, lesions measuring less 
than 5 cm in maximum diameter had a 20% 10-year 
local recurrence rate, compared with 40% for those 
lesions larger than 5 cm. Similarly, in the Princess 
Margaret Hospital (PMH) experience, tumors larger 
than 4 cm in diameter fared significantly worse than 
smaller lesions (Kirkbride et al. 1995). In the Perez 
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series (Perez et al. 1999), stage was an important 
predictor of pelvic tumor control and 5-year DFS, 
but the size of the tumor in stage-I patients was not 
a significant prognostic factor. However, in stage-
IIA disease, lower pelvic tumor control and survival 
were noted with tumors larger than 4 cm. In stages 
IIB–III, tumor size was not a significant prognostic 
factor, probably related to the difficulty in assessing 
size, and the fact that higher doses of RT were deliv-
ered for larger tumors. Stock et al. (1995) reported 
that disease volume, a likely surrogate for stage or 
lesion size, adversely impacted survival, as well as 
local control.

Age was a significant prognostic factor in Urban-
ski’s series (Urbanski et al. 1996), with 5-year sur-
vival of 63.2% for patients below the age of 60 years, 
compared with 25% for those over 60 years of age 
(P<0.001). Similar findings were reported by Eddy 
et al. (1991) and in the NCDB of the American Col-
lege of Surgeons (Creasman et al. 1998) with better 
survival in younger patients (90% versus 30%, 
respectively). However, most of these series do not 
correct for death secondary to intercurrent disease 
in the elderly population. No statistical significance 
of age to survival was found in the series of Dixit et 
al. (1993) and Perez et al. (1999).

Table 27.1a. FIGO staging system for carcinoma of the vagina

Stage Description

Stage 0 Carcinoma in situ, intraepithelial neoplasia grade III
Stage I Limited to the vaginal wall
Stage II Involvement of the subvaginal tissue but without extension to the pelvic side wall
Stage III Extension to the pelvic side wall
Stage IV Extension beyond the true pelvis or involvement of the bladder or rectal mucosa. 

Bullous edema as such does not permit a case to be allotted to stage IV
Stage IVa Spread to adjacent organs and/or direct extension beyond the true pelvis
Stage IVb Spread to distant organs

From Pecorelli et al. (2000)

Table 27.1b. American Joint Commission on Cancer (AJCC) staging of vaginal cancer

Primary tumor(T)
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis/0 Carcinoma in situ
T1/I Tumor confined to the vagina
T2/II Tumor invades paravaginal tissues but not to the pelvic wall
T3/III Tumor extends to the pelvic wall
T4/IVA Tumor invades mucosa of the bladder or rectum and/or extends beyond the pelvis 

(bullous edema is not sufficient to classify a tumor as T4)

Regional lymph nodes (N)
Nx Regional lymph nodes cannot be assessed
N0 No regional lymph nodes
N1/IVB Pelvic or inguinal lymph node metastasis

Distant metastasis (M)
Mx Distant metastasis cannot be assessed
M0 No distant metastasis
M1/IVB Distant metastasis

AJCC stage groupings
Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage II T2 N0 M0
Stage III T1–3 N1 M0, T3 N0 M0
Stage IVa T4, any N, M0
Stage IVb Any T, any N, M1

From American Joint Committee on Cancer (2002) 
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With regard to the histological type and grade, 
several series (Kirkbride et al. 1995; Kucera and 
Vavra 1991; Urbanski et al. 1996) have shown the 
histological grade to be an independent, significant 
predictor of survival. However, the histology of the 
tumor (SCC versus other) has not been found to be 
a prognostic factor for NED survival among the 
patients with invasive tumors. Chyle et al. (1996) 
noted a higher incidence of local recurrences in ade-
nocarcinomas when compared with SCC (52% and 
20%, respectively, at 10 years), higher distant metas-
tasis rate (48% and 10%, respectively) and lower 10-
year survival (20% versus 50%, respectively). An 
increased propensity for distant metastases to the 
lung and supraclavicular nodes has been reported 
in patients with CCA (Robboy et al. 1974). Patients 
with vaginal melanoma (Reid et al. 1989) and malig-
nant mesenchymal tumors (Tavassoli and Norris 
1979) have a worse prognosis than patients with SCC 
due to a higher propensity for development of local 
recurrence and distant metastases.

Lymph node metastasis at diagnosis portends a 
poor prognosis. However, this has not been exten-
sively evaluated in vaginal cancer. The only report of 
outcome based on lymph node status is by Pingley 
et al. (2000). They reported a 56% DFS for patients 
without lymph node involvement and 33% for those 
with metastatic lymphadenopathy at presentation.

27.6 
General Management: Treatment Options

Due to its rarity, data concerning the natural his-
tory, prognostic factors and treatment of vaginal 
carcinoma derive from small, retrospective stud-
ies. Most of the currently available literature in 
terms of radiotherapeutic and surgical techniques 
refer to primary SCC of the vagina. In general, 
SCC of the vagina has been treated by means of 
RT. However, several surgical series have reported 
acceptable to excellent outcomes in well-selected 
patients, with survival rates after radical surgery 
for stage-I disease ranging from 75% to 100% 
(Ball and Berman 1982; Creasman et al. 1998; 
Davis et al. 1991; Rubin et al. 1985; Tjalma et al. 
2001), although few studies directly compared the 
two treatment modalities. Cases in which surgery 
may be the preferred treatment include selected 
stage I–II patients with lesions at the apex and 
upper-third of the posterior or lateral vagina that 
could be approached with radical hysterectomy, 

upper vaginectomy, and pelvic lymphadenectomy 
providing adequate margins (Ball and Berman 
1982; Davis et al. 1991; Gallup et al. 1987; Rubin 
et al. 1985; Stock et al. 1995) and very superficial 
lesions that may be removed with wide local exci-
sion. If the margins are found to be close or positive 
after resection, adjuvant RT is recommended. How-
ever, for lesions at other sites and in those cases 
requiring more extensive resection, definitive RT 
is the treatment of choice in order to maximize 
cure and improve quality of life; generally, those 
patients with isolated central failures are offered 
exenteration (Rubin et al. 1985).

Furthermore, most patients are elderly, and a 
radical surgical approach is often not feasible. Local 
excision and partial and complete vaginectomy have 
given way to a more individualized approach that 
takes into consideration the patient’s age, the extent 
of the lesion, and whether it is localized or multi-
centric. In younger patients with early stage disease, 
treatment can also depend on the desire to preserve 
a functional vagina as well as ovarian function. Rad-
ical surgery in the past precluded vaginal function, 
but this situation has been improved significantly by 
the use of split-thickness grafts, intestinal segments 
and myocutaneous flap reconstruction (Magrina 
and Basterson 1981). Creasman noted superior 
survival in those undergoing surgery (Creasman 
et al. 1998). However, he and Tjalma (Tjalma et al. 
2001) recognized that there may be bias in surgical 
series. Younger, healthier patients with better per-
formance status are more likely to be offered radical 
surgery, whereas older patients with multiple co-
morbid medical conditions are offered RT.

In most patients, the primary treatment modal-
ity is RT, as noted by the Society of Gynecologist 
Oncologists in practice guidelines published in 
1998 (Creasman et al. 1998). RT provides excellent 
tumor control in early and superficial lesions, with 
satisfactory functional results. This makes it imper-
ative that RT techniques yielding optimal tumor 
control and functional results are utilized. Despite 
the acceptance of RT as the treatment of choice for 
this disease, in particular for patients with lesions 
involving the mid-third of the vagina or stage II 
and greater, the optimal therapy for each stage is 
not well-defined in the literature. Intracavitary and 
interstitial irradiation is used in small superficial 
stage-I disease. A combination of external beam RT 
(EBRT), intracavitary brachytherapy (ICB) and/or 
interstitial brachytherapy (ITB) with or without 
chemotherapy is used in more extensive stage-I and 
stages II–IV disease.
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27.6.1 
RT Techniques

Radiation prescription and technique varies accord-
ing to stage, disease bulk and anatomic location. In 
recent years, several series have reported improved 
outcomes with techniques emphasizing the higher 
radiation doses that can be achieved when all or part 
of the therapy is accomplished with interstitial tech-
nique (Leung and Sexton 1993; Perez et al. 1999; 
Pingley et al. 2000; Puthawala et al. 1983).

27.6.1.1 
External Beam Radiotherapy

EBRT is advisable in patients with deeply infiltrating 
or poorly differentiated stage-I lesions, and in all 

patients with stage II–IVA disease. The treatment 
is generally delivered using opposed anterior and 
posterior fields (AP/PA). The pelvis receives between 
20 Gy and 45 Gy, depending on the stage of the dis-
ease. High-energy photons (>10 MV) are usually 
preferred. Treatment portals cover at least the true 
pelvis with a 1.5- to 2-cm margin beyond the pelvic 
rim. Superiorly, the field extends to either L4–L5 
or L5–S1 to cover the pelvic lymph nodes up to the 
common iliacs, and extends distally to the introitus 
to include the entire vagina. Lateral fields, if used, 
should extend anteriorly to adequately include the 
external iliac nodes, anterior to the pubic symphy-
sis, and at least to the junction of S2–S3 posteriorly 
(Fig. 27.1).

In patients with tumors involving the middle 
and lower vagina with clinically negative groins, 
the bilateral inguino-femoral lymph node regions 

Fig. 27.1a–c. Invasive Squamous cell carcinoma 
of the proximal vagina with Squamous-cell carci-
noma in-situ in the mid-third of the vaginal squa-
mous cell carcinoma in situ, without involvement 
of inguino-femoral nodes. Digital reconstructed 
radiographs (DRRs): a AP/PA whole pelvis fi elds. 
b Right/left lateral whole pelvis fi elds, intended to 
treat the entire length of the vagina. c Axial, sagittal 
and coronal isodose distributions

a b

c
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should be treated electively to 45–50 Gy. Planning 
CT is recommended to adequately determine the 
depth of the inguino-femoral nodes. A number of 
techniques have been used to treat the areas at risk 
without over-treating the femoral necks. Some of 
the most commonly used techniques include the 
use of unequal loading (2:1, AP/PA), a combination 
of low- and high-energy photons (4–6 MV, AP, and 
15–18 MV, PA), or equally weighted beams with a 
transmission block in the central AP field, utilizing 
small AP photon or electron beams to deliver a daily 
boost to the inguino-femoral nodes. A technique 
has been developed and implemented at Indiana 

University which uses a narrow PA field to treat the 
pelvis, and a wider AP field encompassing the pelvis 
and inguino-femoral nodes, with daily AP photon 
boost to the inguinal nodes being delivered using 
the asymmetric collimator jaws (Dittmer and 
Randall 2001). Advantages of this technique include 
simplicity of set-up and treatment (single isocenter, 
no need for transmission block), dose homogeneity, 
reduced dose to the femoral necks, low potential risk 
of nodal underdose, and elimination of dosimetric 
difficulties inherent in electron boosts (Figs. 27.2). 
In patients with clinically palpable inguinal nodes, 
additional doses of 15–20 Gy (calculated at a depth 

Fig. 27.2a,b. Vaginal cancer with distal 
third vaginal involvement, squamous 
cell carcinoma. Technique for pelvic and 
inguino-femoral nodal irradiation. a Digi-
tal reconstructed radiographs (DRRs). AP 
fi eld intended to treat pelvis and groins; 
PA fi eld intended to treat the pelvis only, in 
order to decrease the dose to the femoral 
heads; small AP photon fi eld for additional 
daily boost to the inguino-femoral nodes. 
b Axial, sagittal and coronal isodose dis-
tributions

a

b
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determined by CT scan) are necessary with reduced 
portals. This is generally achieved using low-energy 
photons or electron beam (12–18 MeV).

For patients with positive pelvic nodes, or those 
patients with advanced disease not amenable to inter-
stitial implant, additional boost to the areas of gross 
disease, as defined by CT scan, should be given using 
conformal therapy to deliver a total dose between 65 Gy 
and 70 Gy with high-energy photons (Fig. 27.3).

27.6.1.2 
Low-Dose-Rate Intracavitary Brachytherapy

VAIN and small T1 lesions with less than 0.5 cm depth 
can be adequately treated with ICB alone. Low-dose-
rate ICB (LDR-ICB) is performed using vaginal cyl-
inders such as Burnett, Bloedorn, Delclos (Delclos 
et al. 1980) or MIRALVA (Perez et al. 1990) loaded 
with cesium-137 (137Cs) radioactive sources. Delclos 
afterloading vaginal cylinders have a central hollow 
metallic cylinder in which the sources are placed, and 
plastic rings of varying diameter (2.5–4 cm), 2.5 cm 
in length, are inserted over the cylinder. Domed cyl-
inders are used to irradiate the vaginal cuff homo-
geneously, when indicated. Delclos (Delclos et al. 
1980) recommended a short 137Cs source to be used 
at the top to obtain a uniform dose around the dome, 
because a lower dose occurs at the end of the linear 
cesium source. Some cylinders have a lead shielding 
to protect selected portions of the vagina, the blad-
der and/or the rectum. The largest possible diameter 
that can be comfortably accommodated by the patient 
should be used to improve the ratio of mucosa to tumor 
dose and eliminate vaginal rogations (Fig. 27.4). The 
cylinders can be mounted in the vaginal component 
of an intrauterine tandem or along the stem of a dome 
cylinder. Before the cylinders are mounted over the 
vaginal component of an intrauterine tandem, this 
is inserted into the uterus (when present) and the 
cylinders are fitted along the protruding tandem. To 
minimize the rotation of the tandem, a flat, round 
flange with keel is placed below the last cylinder and 
is kept in position with some packing if required. In 
general, the vulva is sutured-closed with proline or 
silk for the duration of the implant in order to secure 
the position of the applicators (Fig. 27.4c, d).

In patients with upper vagina lesions with less 
than 0.5 cm depth of invasion, vaginal colpostats 
alone (after hysterectomy) or in combination with 
intrauterine tandem, loaded with 137Cs sources simi-
lar to that used in treatment of cervical cancer, can 
be used to treat the proximal vagina to a minimum 

dose of 65–70 Gy, estimated to 0.5 cm depth, includ-
ing the contribution of EBRT if given. When indi-
cated, the remainder of the vagina can be treated by 
performing a subsequent implant using vaginal cyl-
inders generally 60Gy total dose to the vaginal sur-
face will be delivered including the contribution of 
the EBRT and the intracavitary implant. It is impor-
tant to avoid the placement of a protruding source 
over the vulva, with the subsequent increased risk of 
complications. The use of LDR remote control after-
loading technology allows the reduction of radiation 
exposure to hospital personnel and optimization of 
the isodose distribution. When appropriate dose 
specification points are chosen, a very uniform dose 
distribution over the entire length of the vagina can 
be obtained.

Perez et al. (1990; Slessinger et al. 1992) 
designed and constructed a vaginal applicator, 
MIRALVA, which incorporates two ovoid sources 
and a central tandem that can be used to treat the 
entire vagina (alone, or in combination with the 
uterine cervix). The applicator has vaginal apex caps 
and additional cylinder sleeves to allow for increased 
dimensions (Fig. 27.5a). A tandem in the uterus can 
be used if clinically indicated. The dosimetry and 
dose specifications for this applicator have been 
published (Slessinger et al. 1992), showing that the 
applicator delivers 1.1–1.2 Gy/h to the vaginal apex 
and 0.95–1 Gy/h to the distal vaginal surface when 
loaded with 20 mgRaEq 137Cs tubes in each ovoid 

Fig. 27.3. Locoregionally advanced vaginal cancer. External 
irradiation – beam arrangement including initial whole pelvis 
and inguino-femoral fi elds and three-dimensional conformal 
radiotherapy boost. In magenta, the isodose distribution cor-
responds to the 65 Gy isodose line
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a b

c d

Fig. 27.4a–d. AP (a) and lateral (b) views of vaginal cylinders only. AP (c) and lateral (d) views of intrauterine tandem and 
vaginal cylinders

and 10–10–20 mgRaEq tubes in the vaginal cylinder 
(Fig. 27.5b). When the tandem and vaginal cylinder 
are used, the strength of the sources in the ovoids 
should always be 15 mgRaEq. The vaginal cylinder 
or uterine tandem never carries an active source at 
the level of the ovoids to prevent excessive doses to 
the bladder or rectum.

27.6.1.3 
High-Dose-Rate Intracavitary Brachytherapy

High-dose-rate ICB (HDR-ICB) is typically per-
formed with a 10 Ci single iridium-192 (192Ir) source 
(Micro-Selectron HDR, Nucletron). The applicators 
are similar to those described for LDR, consisting of 
vaginal cylinders of 2.5–4 cm in diameter.

Little information regarding HDR-ICB in the 
treatment of primary carcinoma of the vagina is 
available (Nanavati et al. 1993; Stock et al. 1992). 
Few patients have been treated, follow-up is short, 
publication bias is likely and there is no agreement 
on treatment regimen. With HDR, there is a need to 
adjust the total dose, and additional fractionation 
is necessary, compared with LDR brachytherapy, 
because of the biologically equivalent dose consid-
erations. Generally, the number of insertions ranges 
from 1 to 6 (median 3), with the dose per fraction 
ranging from 300 cGy to 800 cGy (median 700 cGy). 
Nanavati et al. (1993) reported 13 patients with pri-
mary vaginal cancer (5 St I, 4 St IIA and 4 St IIB) 
treated with external beam RT (45 Gy) and HDR-
ICB (20–28 Gy in three to four fractions, calculated 
at 0.5 cm from the surface of the applicator). All 13 
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Fig. 27.5. a MIRALVA structure. b Coronal, sagittal and axial 
isodose distributions for the applicator loaded with Cesium-
137 radioactive sources dose distribution, A’ B’ without and C’ 
D’ with intrauterine tandem. Reprinted with permission from 
Perez et al. (1990) and Slessinger et al. (1992)

a

b

patients had a complete response, and local control 
was achieved in 92% of the patients with a median 
follow-up of only 2.6 years (range 0.7–5.2 years). 
Originally, the planned dose was 2100 cGy in three 
fractions, 700 cGy/fraction, but because of reports 
of decreased complications with increased fraction-
ation, the planned dose was changed to 2000 cGy in 
four equal fractions. They did not observe any acute 
or chronic intestinal or bladder grade 3 or 4 toxic-
ity. However, moderate to severe vaginal stenosis 
occurred in 46% of the patients. The authors recog-
nize that “late-occurring toxicity could be missed at 
a medium follow-up of 2.6 years.” In a recent report, 
Mock et al. (2003) showed similar outcome and tox-
icity rate, stage by stage, in 86 patients with primary 
vaginal cancer treated with a variety of external 
beam and HDR brachytherapy.

Many aspects remain unknown or not well-
understood in the use of HDR-ICB. These include 
the radiobiological equivalency of HDR to LDR, frac-
tionation schedule, total dose, specification of dose 
prescription, and how to combine HDR with EBRT 
and/or LDR brachytherapy. In addition, optimiza-
tion approaches and methods of dose calculation, 
such as the inclusion of anisotropic corrections, are 
not well-described in the sparse literature available 
to date (Gore et al. 1995; Li et al. 1998). Li et al. (1998) 

have shown that when optimized dose distribution 
at a distance from the cylinder surface is calculated 
using an accurate dose calculation model, the vagi-
nal mucosa dose becomes significantly higher than 
calculated, and therefore should be carefully moni-
tored. These factors could result in an increased 
incidence of severe complications, such as vaginal 
necrosis, and recto–vaginal or vesico-vaginal fistu-
las (Rutkowski et al. 2002; Tyree et al. 2002).

In the opinion of the authors, until further data 
are available with longer follow-up, as well as a 
better understanding of the physical and radio-
biological principles involved in the HDR-ICB, this 
should not be routinely used in the management of 
primary vaginal carcinoma. We strongly encourage 
the continued use of LDR-ICB, given its excellent 
results and widely documented long-term outcome 
and complications (Chyle et al. 1996; Kirkbride et 
al. 1995; Perez et al. 1988, 1999).

27.6.1.4 
Interstitial Brachytherapy

ITB is an important component in the treatment 
of more advanced primary vaginal carcinomas, 
typically in combination with EBRT and/or ICB. In 
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the first place, a careful definition of the “target 
volume”, this is gross tumor volume (based on 
clinical, radiological and operative findings) and 
a margin of adjoining normal tissue, is required. 
Other considerations include whether a permanent 
(198Gold or 125Iodine) or temporary implant (192Ir) is 
optimal, the geometry of the implant (e.g., single or 
double plane or volume implant), source distribu-
tion, dose rate and total dose, based on tumor size, 
location, local extent and proximity of normal struc-
tures (Hilaris et al. 1987). The principal advantages 
of temporary implants are readily controlled distri-
bution of the radioactive sources and easier modifi-
cation of the dose distribution. The main advantages 
of a permanent seed implant include relative safety/
simplicity, easy applicability, cost-effectiveness and 
ability, in most cases, to be performed under local 
anesthesia. As a general rule, temporary implants 
are more commonly used in the curative treatment 
of larger gynecological malignancies, whereas per-
manent implants are usually performed for smaller 
volume disease.

The number and strength of the radioactive 
sources and their intended distribution within 
the target volume are determined pre-operatively, 
making use of available guidelines such as nomo-
grams, tables and computer-assisted optimization 
techniques. Following this, it is necessary to spec-
ify an approximate dose rate to the target volume, 
which requires careful localization of the sources 
and computer calculation of the three-dimensional 
radiation dose distribution. Finally, a dose prescrip-
tion, based on the treatment volume, tumor sensi-
tivity, dose rate, prior treatments and tolerance of 
normal surrounding tissues, is required (Hilaris et 
al. 1987).

When performing an interstitial procedure, free-
hand implants or template systems designed to assist 
in pre-planning and to guide and secure the position 
of the needles in the target volume can be employed. 
Popular commercially available templates include 
the Syed-Neblett device (SNIT) (Alpha Omega Ser-
vices, Bellflower, CA) (Syed et al. 1986), the modified 
Syed-Neblett (Disaia et al. 1990) and the “MUPIT” 
(Martinez Universal Perineal Interstitial Template) 
(Martinez et al. 1984). All rely on pelvic examina-
tion to help guide the location and depth of needle 
placement.

The Syed-Neblett device consists of two identical 
superimposed Lucite plates, each about 1 cm thick, 
held together by six screws. Both plates are drilled 
in an identical pattern of predetermined needle 
positions that can be afterloaded with iridium-192 

(192Ir) sources (Syed et al. 1986). The modified Syed-
Neblett (Disaia et al. 1990) applicator consists of a 
perineal template, vaginal obturator, and 17-gauge 
hollow guides of various lengths. The vaginal obtu-
rator is 2 cm in diameter, and 12 cm or 15 cm in 
length. The vaginal obturator has seven grooves on 
its surface for the placement of guide needles and is 
centrally drilled so it can allow the placement of a 
tandem to be loaded with 137Cs sources. This makes 
possible to combine an interstitial and intracavitary 
application simultaneously (Fig. 27.6).

A similar afterloading applicator, referred to as 
“MUPIT” (Fig. 27.7) was developed by Martinez et 
al. (1984). The device basically consists of two acrylic 
cylinders, an acrylic template with predrilled holes 
that serve as guides for trocars and a cover plate. 
Some of the guide holes on the template are angled 
outward to permit a wide lateral coverage without 
danger of striking the ischium. The cylinders have 
an axial hole large enough to pass a central tandem 
or suction tube for drainage of secretions. Thus, the 
device allows for the interstitial placement of 192Ir 
ribbons as well as the intracavitary placement of 
either 137Cs tubes or 192Ir ribbons. In use, the cylin-
ders are placed in the vagina and rectum and then 
fastened to the template, so that a fixed geometric 
relationship among the tumor volume, normal struc-
tures and source placement is preserved throughout 
the course of implantation.

The major advantage of these systems is greater 
control of the placement of the sources relative to 
tumor volume and critical structures due to the 
fixed geometry provided by the template and cylin-
ders. In addition, improved dose-rate distributions 
are obtained by means of computer-assisted optimi-
zation of the source placement and strength during 
the planning and loading phases. Due to the inac-

Fig. 27.6. Syed-Neblett and modifi ed templates
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curacies of pelvic examination and close proxim-
ity of the rectum and bladder to the target volume, 
there exists a serious risk of either underdosing the 
target volume or causing bladder and rectal mor-
bidity. In order to improve the accuracy of target 
localization and needle placement, several investi-
gators have explored performing ITI under trans-
rectal ultrasound (TRUS) (Stock et al. 1997), CT, 
MRI-planned implants with endorectal coil (Corn 
et al. 1995), laparotomy and laparoscopic guidance 
(Childers and Surwit 1993; Corn et al. 1995). 
While laparotomy facilitates the displacement of 
bowel during the procedure using slings or tissue 
expanders and/or lysis of adherent bowel, there is 
some degree of associated morbidity, such as ileus, 
bleeding and increased operative time. Laparoscopy 
is a shorter and less invasive procedure. Real time 
TRUS-guided Syed-Neblett template implantation 
technique was reported by Stock et al. (1997). TRUS 
allows the ultrasound (US) probe to be in closer 
proximity to the pelvic structures (cervix, para-
metria, vagina) than trans-abdominal US and can 
more accurately guide needle placement into tumor 
and avoid needle insertion into critical surround-
ing normal tissues. Transverse US imaging is used 
to assure that the needles cover the target area and 
do not enter the bladder, rectum or small bowel. The 
longitudinal mode of the US probe is equally impor-
tant in the implant procedure due to its ability to 
guide the optimum depth of needle insertion. With 
this technique, invasive laparotomy and/or laparos-
copy can often be avoided, providing an interactive, 
non-invasive technique allowing for highly accurate 
needle placement (Stock et al. 1997).

27.6.2 
SCC: Treatment Options and Outcome by FIGO 
Stages

27.6.2.1 
FIGO Stage 0: VAIN – CIS

VAIN has been approached both surgically and 
medically by multiple investigators. Treatment 
options include local excision, partial or com-
plete vaginectomy, laser vaporization, topical 5% 
fluorouracil (5-FU) administration, or ICB alone. 
Overall, the reported control rates are very simi-
lar among the different approaches, ranging from 
48% to 100% for laser (Diakomanolis et al. 2002; 
Hoffman et al. 1991; Jobson and Homesley 1983; 
Julian et al. 1992; Stafl et al. 1977; Townsend et 

al. 1982), 52% to 100% for colpectomy (Creasman 
et al. 1998; Fanning et al. 1999; Hoffman et al. 
1992; Robinson et al. 2000), 75% to 100% for topi-
cal 5-FU (Krebs 1989; Petrilli et al. 1980; Piver 
et al. 1979; Woodruff et al. 1975) and 83% to 100% 
for RT (Chyle et al. 1996; Kirkbride et al. 1995; 
Perez et al. 1977). The degree of VAIN and the 
age and general health of the patient are important 
treatment considerations. RT has a long history of 
documented efficacy and has a significantly better 
therapeutic ratio than other modalities (Chyle et 
al. 1996; Kirkbride et al. 1995; Perez et al. 1977; 
Prempree and Amomman 1985). Using conven-
tional LDR-ICB techniques, the entire vaginal 
mucosa should receive between 60 Gy and 70 Gy in 
one or two implants (Perez et al. 1977). Perez et al. 
(1977) reported only one distal local failure in the 20 
patients treated for CIS. This recurrence developed 
distally to the vaginal vault in a patient inadequately 
treated with vaginal ovoids only.

There have been some reports in the literature 
regarding the use of HDR-ICB for patients with 
VAIN-3. Ogino et al. (1998) reported 6 patients 
treated with HDR to a mean dose of 23.3 Gy (range 
15–30 Gy), none of whom developed recurrent dis-
ease. Limited rectal bleeding and moderate to severe 
vaginal mucosa reactions were noted in patients 
treated to the entire length of the vagina. MacLeod 
et al. (1997) used HDR-ICB to treat 14 patients with 
VAIN 3 with a dose of 34–45 Gy in 4.5-Gy to 8.5-
Gy fractions, with a local control of 78.5%. With 
a median duration of follow-up of 46 months, two 
patients developed grade-3 vaginal toxicity. At the 
present time, no definite conclusions can be drawn 
from the limited data published in the literature 
regarding the use of HDR-ICB. Based on the excel-
lent local control and functional results obtained 

Fig. 27.7. A. MUPIT template structure. Reprinted with per-
mission from Martinez et al. (1984)
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with LDR-ICB, this remains, in the authors’ opinion, 
the treatment of choice when definitive RT is used.

27.6.2.2 
Invasive SCC

Most authors emphasize that brachytherapy alone 
is adequate for superficial FIGO stage-I patients, for 
whom 95–100% local control has been achieved with 
intracavitary and interstitial techniques (Chu and 
Beechinor 1984; Kucera and Vavra 1991; Leung 
and Sexton 1993; Perez et al. 1988; Peters et al. 
1985; Reddy et al. 1991; Stock et al. 1995; Urbanski 
et al. 1996). Superficial lesions can be adequately 
treated with ICB alone using afterloading vaginal 
cylinders. Mucosal doses of 80–120 Gy are typically 
delivered, depending on the diameter of the cyl-
inders, when prescribing 65–70 Gy at 0.5 cm depth 
beyond the vaginal surface (Perez et al. 1977). For 
lesions thicker than 0.5 cm at the time of implanta-
tion, it is advisable to combine ICB and ITB in order 
to deliver tumor dose in the range of 65–70 Gy, cal-
culated to the base of the lesion, limiting the proxi-
mal and distal vaginal mucosal doses to 140 Gy and 
100 Gy, respectively (Figs. 27.8 and 27.9).

There are no well-established criteria regarding 
the use of EBRT in patients with stage-I disease. 
Perez et al. (1988, 1999) did not find a significant 
correlation between the technique of irradiation 
used and the probability of local or pelvic recurrence, 
probably since the treatment technique varied based 
on tumor-related factors. There is general consensus 
that EBRT (20–50 Gy) is advisable for larger, more 
infiltrating or poorly differentiated tumors that 
may have a higher risk of lymph node metastasis. 
Chyle et al. (1996) recommended EBRT in addition 
to brachytherapy for stage-I disease to cover at least 
the paravaginal nodes and, in larger lesions, to cover 
the external and internal iliac nodes. The 5-year sur-
vival for patients with stage-I disease treated with 
RT alone ranges from 70% to 95%.

Patients with FIGO stage-II disease are uniformly 
treated with EBRT, followed either by ICB and/or 
ITB (Fig. 27.8a–c). Perez et al. (1999) showed that 
in stage IIA, the local tumor control was 70% (37/53) 
in patients receiving brachytherapy combined with 
EBRT, compared with 40% (4/10) in patients treated 
with either brachytherapy or EBRT alone. In stage 
IIB, the local-regional control was also superior with 
combined EBRT and brachytherapy (61% versus 
50%, respectively). Generally, 40–50 Gy is delivered 
to the whole pelvis, followed by an additional boost 

of 30–35 Gy given with brachytherapy. Patients with 
lesions limited to the upper third of the vagina can 
be treated with an intrauterine tandem and vaginal 
ovoids or cylinders. In patients with parametrial 
infiltration, a “boost” with EBRT and/or an inter-
stitial implant is advisable to deliver a minimum 
tumor dose of 70–75 Gy and 55–60 Gy to the pelvic 
side wall (Fig. 27.8a–c). The 5-year survival for 
patients with stage-II disease treated with RT alone 
ranges between 35% and 70% for stage IIA and 35% 
and 60% for stage IIB. The results of several series 
published in the literature using RT with or without 
limited surgical resection for the treatment of stage-
I and -II vaginal cancer are shown in Table 27.2 
(Chyle et al. 1996; Creasman et al. 1998; Davis et 
al. 1991; Kirkbride et al. 1995; Kucera and Vavra 
1991; Perez et al. 1999; Stock et al. 1995; Urbanski 
et al. 1996).

Generally, patients with FIGO stages III–IV dis-
ease will receive 45–50 Gy EBRT to the pelvis and, 
in some cases, additional parametrial dose with 
midline shielding to deliver up to 60 Gy to the 
pelvic side walls. Ideally, ITB brachytherapy boost 
is performed, if technically feasible, to deliver a 
minimum tumor dose of 75–80 Gy (Fig. 27.8a–c). 
If brachytherapy is not feasible, a shrinking-field 
technique can be used, with fields defined using the 
three-dimensional treatment planning capabilities 
to deliver a tumor dose around 65–70 Gy (Fig. 27.3). 
The overall cure rate for patients with stage-III dis-
ease is 30–50%. Stage IVA includes patients with 
rectal or bladder mucosa involvement or, in most 
series, positive inguinal nodes. Although some 
patients with stage-IVA disease are curable, many 
patients are treated palliatively with EBRT only. 
Pelvic exenteration can also be curative in highly 
selected stage-IV patients with small volume central 
disease. Table 27.3 (Chyle et al. 1996; Creasman et 
al. 1998; Kirkbride et al. 1995; Kucera and Vavra 
1991; Perez et al. 1999; Stock et al. 1995; Urbanski 
et al. 1996) shows the treatment results in patients 
with advanced disease. However, each of these series 
reported a greater number of patients with similar 
stage disease treated with RT, which represents the 
preferred approach in contemporary practice (Perez 
et al. 1988; Prempree and Amommam 1985).

27.6.3 
Chemotherapy and Radiation

The control rate in the pelvis for stages-III to -IV 
patients is relatively low, and about 70–80% of the 
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Fig. 27.8a–c. Interstitial brachytherapy boost in a 
patient with locally advanced vaginal cancer. Left 
anterior oblique (a1) and right anterior oblique 
(a2) radiographs of the implant. Coronal (b1) and 
sagittal (b2) isodose distributions. c Placement of 
funnel needles using the modifi ed Syed-Neblett 
template

b1

a2
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a b

c1 c2

Fig. 27.9a–c. AP (a) and lateral (b) radiographs of an interstitial and intracavitary implant in carcinoma of the vagina using the 
modifi ed Syed-Neblett template. c Three-dimensional isodose distribution: c1 Ir192 only; c2 Ir192 plus Cs137

patients have persistent or recurrent disease in the 
pelvis, despite high doses of external beam RT and 
brachytherapy. Failure in distant sites does occur in 
about 25–30% of the patients with locally advanced 
tumors, much less than pelvic recurrences. There-
fore, there is a need for better approaches to the 
management of advanced disease, such as the use 
of concomitant chemo-radiotherapy. Agents such as 
5-FU, mitomycin and cisplatin have shown promise 
when combined with RT, with complete response rate 
as high as 60–85% (Evans et al. 1988; Roberts et al. 
1991) but long-term results of such therapy have been 
variable. In these small studies, many of the patients 
had advanced (stage III) disease at the initiation 
of combined modality therapy, perhaps explaining 

the lack of long-term disease control. Evans et al. 
(1988) found no local recurrences, however, among 
patients achieving a complete response with RT and 
5-FU plus mitomycin-C (12 of 25 patients), with a 
median follow-up period of 28 months, suggesting 
that local control may be improved with combined 
modality therapy since local failure is common with 
radiation alone in large volume pelvic disease. The 
survival for the entire population was 56% (66% 
for patients with primary vaginal cancer). Only 2 
patients had severe complications, although the 
authors recognize that longer follow-up is prob-
ably required to assess the true incidence of late 
effects. More sobering are the data from Roberts 
et al. (1991) who reported 67 patients with advanced 
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cancers of the vagina, cervix and vulva treated with 
concurrent 5-FU, cisplatin and RT. Although 85% 
experienced a complete response, 61% of them expe-
rienced a tumor recurrence, with a median time to 
recurrence of only 6 months, and an overall sur-
vival at 5 years of 22%. Further, of 67 patients, severe 
late complications developed in 9 (13%), 8 of whom 
required surgeries. Kersch et al. (1990) reported 
that 5 of 8 vaginal cancer patients achieved local 
control with combined modality therapy. Studies of 
primary chemo-radiation in primary vaginal cancer 
are small or heterogeneous populations including 
cervical and vulvar cancers, making it difficult to 
truly assess the role of combined modality therapy 
in the management of locally advanced disease. 

No randomized trials comparing radiation with or 
without chemotherapy have been reported.

Dalrymple et al. (2004) published recently a 
small study including 14 patients, primarily stages I 
and II SCC of the vagina treated with reduced doses 
of RT (median 63 Gy) concurrently with differ-
ent 5-FU-based chemotherapeutic regimens. They 
report a 93% control rate, probably reflecting a more 
favorable stage distribution. Interestingly, none of 
the patients required interstitial implants and no 
patients developed fistulas. The authors indicated 
that this approach, similar to that used in the man-
agement of anal and vulvar cancer, would allow 
reducing the RT dose with the subsequent improve-
ment in organ function and late toxicity.

Table 27.2 FIGO stages I–II vaginal cancer. Treatment outcome with radiation therapy with/
without surgery

Author No. of patients Outcome (survival)

Chyle et al. (1996) 59 stage I 10 years 76%
104 stage II 10 years 69%

Creasman et al. (1998) 169 stage I 5 years 73%; 79% S+RT (47), 63% RT (122)
175 stage II 5 years: 58%; 58% S+RT (39), 57% RT (136)

Davis et al. (1991) 19 stage I 5 years 100% S+RT (5), 65% RT (14)
18 stage II 5 years 69% S+RT (9), 50% RT (9)

Kirkbride et al. (1995) 40 stage I 5 years 72%
38 stage II 5 years 70%

Kucera and Vavra (1991) 16 stage I 5 years 81%
23 stage II 5 years 43.5%

Perez et al. (1999) 59 stage I 10 years 80%
63 stage IIA 10 years 55%
34 stage IIB 10 years 35%

Stock et al. (1995) 8 stage I 5 years 100% S+RT, 80% RT
35 stage II 5 years 69% S+RT, 31% RT

Urbanski et al. (1996) 33 stage I 5 years 73%
37 stage II 5 years 54%

Table 27.3 FIGO stages III–IV vaginal cancer. Treatment outcome with radiation therapy with/
without surgery

Author No. of patients Outcome (survival)

Chyle et al. (1996) 55 stage III 10 years 47%
16 stage IV 10 years 27%

Creasman et al. (1998) 180 stage III–IV 5 years 36%; 60%-S+RT (36), 35%-RT (144)
Kirkbride et al. (1995) 42 stage III–IV 5 years 53%
Kucera and Vavra (1991) 46 stage III 5 years 35%

19 stage IVA 5 years 32%
Perez et al. (1999) 20 stage III 10 years 38%

15 stage IV 0%
Stock et al. (1995) 9 stage III 5 years 0%

8 stage IV 0%
Urbanski et al. (1996) 40 stage III 5 years 22.5%

15 stage IVA 0%
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Further investigation is needed to determine 
the therapeutic efficacy of the concurrent chemo-
radiotherapy and the optimal chemotherapy regi-
men. Recently published data on locally advanced 
cervical cancer have demonstrated an advantage in 
loco-regional control, overall survival and DFS for 
patients receiving cisplatin-based chemotherapy 
concurrently with RT (Keys et al. 1999; Morris 
et al. 1999; Rose et al. 1999; Whitney et al. 1999). 
The only drug common to all the studies was cispla-
tin, suggesting it may be the only agent needed to 
improve radiation sensitivity. Based on these data, 
as well as data on loco-regionally advanced vulvar 
cancer (Moore et al. 1988), consideration should 
be given to a similar approach in patients with 
advanced vaginal cancer. Randomized trials com-
paring RT alone to chemo-radiation therapy, how-
ever, are unlikely due to small patient numbers.

27.6.4 
Patterns of Failure in SCC

Of those patients who experienced a tumor recur-
rence, at least 85% will have loco-regional failure, 
and the vast majority of these recurrences will be 
confined to the pelvis and vagina (Chyle et al. 1996; 
Davis et al. 1991; Kirkbride et al. 1995; Kucera and 
Vavra 1991; Perez et al. 1999; Stock et al. 1995; 
Tabata et al. 2002; Urbanski et al. 1996). The rate of 
loco-regional recurrence in stage I is approximately 
10–20% versus 30–40% in stage II (Davis et al. 1991; 
Perez et al. 1999; Tabata et al. 2002). The pelvic 
control rate for patients with stage III and stage IV is 
relatively low, and about 50–70% of the patients have 
recurrences or persistence, despite well-designed RT 
(Perez et al. 1999; Tabata et al. 2002). The median 
time to recurrence is 6–12 months. Tumor recur-
rence is associated with a dismal prognosis, with 
only a few long-term survivors after salvage ther-
apy. Failure in distant sites alone or associated with 
loco-regional failure does occur in about 25–40% 
of patients with locally advanced tumors (Chyle et 
al. 1996; Davis et al. 1991; Kirkbride et al. 1995; 
Kucera and Vavra 1991; Perez et al. 1999; Tabata 
et al. 2002; Urbanski et al. 1996).

27.6.4.1 
Potential RT-Related Factors Influencing Outcome

It is important to recognize that analysis of RT doses 
and techniques and their impact on local/pelvic 

tumor control is fraught with difficulty, since the 
available data is retrospective, and not the result of 
prospective randomized or dose-escalation studies. 
Given the fact that more than 75% of the recurrences 
are local, the necessity for optimizing local therapy is 
clear. Clinical experience dictates that higher doses 
of RT, greater than 70–75 Gy, when feasible, are gen-
erally prescribed for more advanced stages of the 
disease (Andersen 1989; Chyle et al. 1996; Perez 
et al. 1999; Spirtos et al. 1989). Perez et al. (1988, 
1999) reported increased tumor control in patients 
with stages IIA–IVA with EBRT and brachytherapy, 
compared with patients receiving brachytherapy 
alone. In patients with stage-I disease, no correlation 
was found between the technique of RT used and the 
incidence of local or pelvic recurrences. In addition, 
they suggested that doses in the range of 70–75 Gy 
to the primary tumor volume and 55–65 Gy to the 
medial parametria for patients with more advanced 
disease are necessary to optimize tumor and pelvic 
control. Furthermore, of 100 patients with primary 
tumors involving the upper and middle third of the 
vagina who received no elective irradiation to the 
groin, none developed metastatic inguino-femoral 
lymph nodes, in contrast to 3 of 29 (10%) with lower 
third primaries, and 1 of 20 with tumors involving 
the entire length of the vagina. Of 7 patients with 
initially palpable inguinal lymph nodes treated with 
doses in the range of 60 Gy, only 1 developed a nodal 
recurrence. The authors recommended that elective 
RT of the inguinal lymph nodes should be carried 
out only in patients with primary tumors involving 
the lower third of the vagina.

Stock et al. (1995) found a significant increase in 
local control and 5-year survival for patients receiv-
ing EBRT and brachytherapy, compared with those 
treated with EBRT alone. The 5-year actuarial local 
control and survival in the EBRT and brachytherapy 
group were 44% and 50%, respectively, compared 
with 12% and 9%, respectively, in the EBRT alone 
group. However, these two groups were not evenly 
matched with a large percentage of stage-IV lesions 
in the EBRT alone group compared with the brachy-
therapy group.

Lee et al. (1994) identified overall treatment time 
as the most significant treatment factor predicting 
pelvic tumor control in 65 patients with carcinomas 
of the vagina treated with definitive RT. If the entire 
course of RT, including EBRT and brachytherapy, 
was completed within 9 weeks, pelvic tumor control 
was 97%, in contrast with only 57% when treatment 
time extended beyond 9 weeks (P<0.01). Similarly, 
Pingley et al. (2000) reported that DFS rate was 
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reduced from 60% to 30% if the overall treatment 
time was prolonged. Conversely, Perez et al. (1999) 
did not find a significant impact of prolongation of 
treatment time on pelvic tumor control. Neverthe-
less, these authors advocate completion of treatment 
within 7–9 weeks.

27.7 
Clear Cell Carcinoma of the Vagina

Since Herbst’s first report (Herbst and Scully 1970) 
of 7 adenocarcinomas arising in the vagina of ado-
lescent females after in-utero exposure to DES, there 
have been several reports limited to DES-related 
vaginal CCA (Herbst and Anderson 1990; Herbst 
et al. 1971, 1972, 1979). In 1979, Herbst et al. (1979) 
reported 142 cases of stage-I CCA of the vagina. An 
8% risk of recurrence was seen after radical surgery 
(n=117), and an 87% survival was achieved. There 
was a 36% risk of recurrence after RT for stage-I 
lesions; however, the authors acknowledged that, in 
general, RT was reserved for large stage-I lesions 
which involved more of the vault and were less ame-
nable to surgical resection. As the majority of CCAs 
occur in the upper third of the vault, the largest 
series (Herbst et al. 1979; Senekjian et al. 1987, 
1988) addressing the surgical approach to these 
lesions have advocated radical hysterectomy, pelvic 
and para-aortic lymphadenectomy, and sufficient 
colpectomy to achieve negative margins. Senekjian 
has also reported a series of exenterations done for 
CCA (Senekjian et al. 1989). However, there have 
been efforts to also attempt fertility-sparing radi-
cal resections (Hudson et al. 1983, 1988) or more 
limited wide local excisions followed by some form 
of RT (Senekjian et al. 1987).

Senekjian et al. (1987) reported a series of 219 
stage-I CCA cases with 92% overall 5-year and 88% 
10-year survival rates, respectively, in 176 patients 
receiving conventional therapy (identical to 43 who 
had undergone local therapy). Of the 176 treated 
conventionally, 128 underwent radical hysterec-
tomy and vaginectomy; 16 had the same operation 
followed by adjuvant RT; and 32 were treated with 
RT alone. Because of the risk of node metastases, 14 
of 43 patients treated with local therapy underwent 
extraperitoneal pelvic lymphadenectomy. Of the 
43 patients treated with local therapy, 9 had vagi-
nectomy, 17 had local excision alone, 6 had brachy-
therapy alone and 11 had combined local excision 
and brachytherapy. The 10-year actuarial recur-

rence rate was an unsatisfactory 45% in those who 
underwent local excision alone, versus only 16% if 
they had received conventional therapy and 27% 
if they had received local excision followed by RT. 
Senekjian et al. (1987) advocated a combination of 
wide local excision and extraperitoneal node dissec-
tion followed by brachytherapy for patients desirous 
of fertility preservation.

In a subsequent report, Senekjian et al. (1988) 

reviewed the experience with 76 cases with stage-II 
CCA from the Registry for Research on Hormonal 
Transplacental Carcinogenesis. The overall 5- and 
10-year survival rates were 83% and 65%, respec-
tively. Of the 76 patients, 22 received surgery exclu-
sively (either radical hysterectomy with vaginec-
tomy, 13 patients, or exenterative type procedure, 9 
patients), 38 received RT alone, 12 received combi-
nation therapy and 4 underwent other approaches. 
Patients treated with primary RT achieved an 87% 
5-year survival rate versus 80% for those treated 
with surgery and 85% for those receiving both treat-
ments. The authors concluded that most patients 
with stage-II vaginal CCA should be treated with 
combination EBRT and brachytherapy; however, 
small, easily resectable lesions in the upper fornix 
might undergo resection, allowing better preserva-
tion of coital and ovarian function (Senekjian et 
al. 1988). In 1989, Senekjian et al. (1989) reported 
their experience of 20 pelvic exenterations for CCA 
of the vagina, including 13 for primary lesions and 
7 for recurrent disease. They reported a 72% suc-
cess rate if the exenterations were done as part of 
primary therapy. The authors advocated reserving 
exenterative approaches for those who have failed 
RT in order to maximize quality of life for the great-
est number of patients.

There are few published reports regarding the 
use of systemic therapy for this tumor. Fowler 
et al. (1979) reported one complete and one par-
tial response after treatment with melphalan 
(1mg/kg qd×5 days). Robboy et al. (1974) reported 
responses in recurrent disease to both 5-FU and vin-
blastine.

27.8 
Salvage Therapy

In general, the patient with recurrent cancer of the 
lower female genital tract presents a difficult clinical 
dilemma. Optimal therapy for patients with recur-
rent gynecological cancer after potentially curative 
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therapy has not been completely defined, partly due 
to the difficulty of conducting prospective random-
ized trials in this heterogeneous population. It must 
be determined whether the disease is amenable to 
curative salvage therapy, implying some reasonable 
chance of cure, or whether palliation is the primary 
goal. Treatment selection factors include primary 
therapy, extent of the disease at presentation, site 
of recurrence, extent of the recurrence, disease-free 
interval, evidence of metastatic disease, patient age, 
performance status and co-existing medical condi-
tions. The presence of distant metastasis portends 
a poor prognosis and, although chemotherapy may 
result in objective responses and improvements in 
short-term survival, the current lack of curative sys-
temic treatments focuses therapeutic attempts on 
symptom palliation and quality of life.

In most cases, only patients with small volume 
local recurrences and no metastatic disease are cur-
able. Therefore, careful work-up to establish extent 
of disease is crucial. When salvage therapies are con-
templated, local recurrences should be confirmed by 
biopsy, and, when possible, parametrial recurrences 
should be documented pathologically. Pelvic side 
wall involvement can almost always be diagnosed in 
the presence of a symptom triad of sciatic pain, leg 
edema and hydronephrosis. It is important to evalu-
ate for regional and/or distant metastasis by means 
of physical examination and imaging studies such as 
CT or MRI scans. More recently, positron emission 
tomography (PET) scan has been used to document 
the extent of recurrent disease (Sun et al. 2001) but 
both false-positive and false-negative results have 
been reported.

Generally, patients with isolated pelvic or regional 
recurrences after definitive surgery who have not 
received prior RT are managed with EBRT, often in 
conjunction with brachytherapy (Davis et al. 1991; 
Kirkbride et al. 1995; Stock et al. 1995). Concur-
rent cisplatin-based chemotherapy may also be rec-
ommended (Urbanski et al. 1996). Salvage options 
for patients with central recurrence after definitive 
or adjuvant RT are limited to radical surgery, usu-
ally exenterative (Davis et al. 1991; Kirkbride et 
al. 1995; Stock et al. 1995; Urbanski et al. 1996). 
In selected patients with small-volume disease, re-
irradiation using interstitial radiation implants or 
highly conformal three-dimensional EBRT could be 
considered. Response rates with chemotherapy are 
low, and the impact on survival is limited. Further, 
response to chemotherapy in central pelvic recur-
rences following RT tends to be less common than 
response at distant sites. Additionally, prior high-

dose RT compromises bone marrow tolerance of 
many agents that are active in this tumor (e.g., ifos-
famide and doxorubicin). However, chemotherapy-
responsive patients can obtain meaningful pallia-
tion in many cases.

27.8.1 
Surgical Considerations

Despite thorough clinical evaluation of patients con-
sidered excellent candidates for salvage surgery, this 
will be aborted in over 25% of the cases because of 
advanced disease found at the time of the explor-
atory laparotomy (Miller et al. 1993). Pelvic exen-
teration results in long-term functional and psy-
chological changes that have not been adequately 
studied (Ratliff et al. 1996). Surgical refinements 
have done much to improve body image changes 
associated with pelvic exenteration. The purposes 
of vaginal and perineal reconstruction following 
radical pelvic surgery for recurrent gynecological 
cancer are primarily twofold: to restore or create 
vulvo–vaginal function, thereby minimizing effects 
of surgical treatment on body image and normal 
sexual activity; and to minimize postoperative com-
plications by transferring to the pelvic defect healthy 
tissue with good blood supply (Burke et al. 1995; 
Magrina and Basterson 1981). Detailed review of 
urinary diversion and pelvic reconstruction tech-
niques are beyond the scope of this chapter.

27.8.2 
RT Considerations

Those patients who have not received prior RT 
should receive whole-pelvis EBRT followed, when 
feasible, by brachytherapy. Generally, the whole 
pelvis receives a dose of 40–50 Gy. Inguino-femoral 
lymph node regions should be included in patients 
with involvement of the distal third of the vagina or 
with vulvar recurrences. The gross tumor volume in 
the vagina, paravaginal tissues and/or parametrium 
should receive an additional boost, preferably with 
an interstitial implant, to bring the total tumor dose 
to 75–80 Gy. The role of combined chemo-radiother-
apy in the management of patients with recurrent 
disease is unknown. Given the rarity of vaginal car-
cinoma and the heterogeneity within the popula-
tion with recurrent disease, large randomized stud-
ies intended to answer this question will probably 
never be conducted. However, by extrapolation from 
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the available data for locally advanced cervical and 
vulvar cancer (Keys et al. 1999; Moore et al. 1988; 
Morris et al. 1999; Rose et al. 1999; Whitney et 
al. 1999) it seems that combined modality approach 
may improve the loco-regional control and survival 
in patients with isolated pelvic recurrences.

Re-irradiation in previously irradiated patients 
must be undertaken with extreme caution. How-
ever, selected patients who are medically inoper-
able, technically unresectable or refuse to undergo 
exenterative surgery are appropriately considered 
for re-irradiation to limited volumes. A variety of 
techniques are available, and the choice is based 
on patient and tumor-related factors, as well as the 
experience of the radiation oncologist. When using 
EBRT, multiple beam arrangements utilizing three-
dimensional treatment planning is favored. Only 
limited doses are possible, and the physician might 
consider a hyper-fractionated regimen in an attempt 
to decrease the incidence of late toxicity.

In patients with small, well-defined vulvo–vagi-
nal or pelvic recurrences, re-irradiation using pri-
marily interstitial techniques has been attempted 
with control rates between 50% and 75%, and grade 
3 or higher complication rates between 7% and 15% 
(Charra et al. 1998; Gupta et al. 1999; Randall et 
al. 1993; Russell et al. 1987; Wang et al. 1998). The 
rationale, logistics and selection of implant tech-
nique when performing an ITI were reviewed earlier 
in this chapter. Permanent radioactive seed implants 
(e.g., 198Gold) in patients with small vaginal recur-
rences often provides long-lasting tumor control in 
elderly or medically debilitated patients previously 
treated with definitive doses of RT. Advantages and 
disadvantages of surgery and re-irradiation as sal-

vage therapies are shown in Table 27.4 (Randall et 
al. 1993).

Other potential treatment options include the 
use of surgery and intraoperative RT (IORT), which 
allows direct visualization of the target volume, 
displacement and/or shielding of the surrounding 
normal tissues. Several approaches have been used. 
Intraoperative electron beam and HDR have been 
used for treatment of isolated central and nodal 
recurrences (Haddock et al. 1999). However, the 
published series are generally small, including a 
wide spectrum of patients with different gyneco-
logical malignancies, varying amounts of residual 
disease and disparate initial therapies. The loco-
regional recurrence and distant metastasis rates 
after IORT vary between 20% and 60% and 20% and 
58%, respectively. The 3- to 5-year actuarial survival 
is poor, ranging from 8% to 25%. Grade 3 or higher 
toxicity has been reported in about 35% of patients 
(Garton et al. 1997; Haddock et al. 1999). In the 
Memorial Sloan-Kettering Cancer Center experi-
ence using radical surgical resection and HDR-
IORT, patients with complete gross resection had a 
3-year local control rate of 83%, compared with 25% 
in patients with gross residual disease. Interestingly, 
most of the failures in the microscopic group were 
distant, perhaps indicating a potential role for adju-
vant chemotherapy (Gemignani et al. 2001).

Hockel et al. (1996) described a combined opera-
tive and radiotherapeutic treatment (CORT) for the 
treatment of recurrent gynecological malignan-
cies infiltrating the pelvic side wall. The procedure 
involves gross complete re-section of the tumor and a 
single plane interstitial implant. In order to improve 
the therapeutic index, well-vascularized tissue is 

Table 27.4 Advantages and disadvantages of salvage surgery and interstitial re-irradiation

Salvage therapy Advantages Disadvantages

Surgery • Ability to assess the extent of disease and act 
accordingly
• Applicable to larger volume recurrences

• Perioperative morbidity and mortality, particularly 
after previous RT
• Prolonged hospitalization
• High rate of re-operation
• Expense
• Applicable only to selected patients with good perfor-
mance status/good general condition
Detrimental to patient self-image

Re-Irradiation • Little perioperative morbidity or mortality
• Little or no hospitalization for permanent 
implants unless laparotomy is required
• Relatively inexpensive
• Preserves structure and function in most patients
• Applicable to patients who are medically infirm 
or aged

• Extent of disease difficult to assess in some cases
• Risk of late radiation injury
• Applicable only to small-volume recurrences if exces-
sive complication rate is to be avoided

Reprinted with permission from Randall et al. (1993)
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transposed to the pelvis to protect the hollow organs 
and reduce the late effects of RT. Reconstruction of 
pelvic organs is performed as with exenteration. The 
tumor bed is irradiated postoperatively, days 10–14, 
using HDR brachytherapy. In a total of 48 patients 
treated using this technique, the overall severe com-
plication rate was 33% at 5 years. The 5-year survival 
rate was 44%, and the absolute local control rate was 
60% for the first 20 patients and 85% for the last 28 
treated patients.

Stereotactic body radiotherapy (SBRT), also 
known as extracranial stereotactic radioablation 
(ESR), is a novel treatment paradigm that delivers a 
small number of high-dose fractions to extracranial 
targets using a linear accelerator with highly precise, 
accurate and reproducible target localization, based 
on the same principles as that of the gamma-knife 
therapy. By means of better target localization and 
patient immobilization, smaller margins or normal 
tissue surrounding the gross tumor volume are 
required, which allow treatment complications to 
be minimized. Blomgren et al. (1998) reported on 
15 patients with 19 extrahepatic abdominal tumors 
that had a mean survival of 17.7 months. The toxic-
ity was more often self-limited, except for 4 patients 
with gastrointestinal bleeding. The authors con-
cluded that this treatment, which is non-invasive, 
painless, rapid and does not require hospitalization, 
does not impair the quality of life of the patients 
when used properly.

27.9 
Treatment Complications and their 
Management

The anatomic location of the vagina places the lower 
gastrointestinal and genitourinary tracts at greatest 
risk for complications after surgery or RT. Although 
in most of the retrospective series the authors com-
ment on the nature of the complications encoun-
tered, little information is typically given regard-
ing their prevention or management (Ball and 
Berman 1982; Gallup et al. 1987; Hoffman et al. 
1992; Peters et al. 1985; Rubin et al. 1985; Stock 
et al. 1995). In modern oncology, survival rate is the 
primary end-point in treatment evaluation, but the 
analysis of treatment complications and quality of 
life are of crucial importance. Clearly, the knowl-
edge of common acute and late complications with 
standard RT and consideration of risk factors may 
improve the therapeutic ratio of RT for gynecologi-

cal malignancies in general and for vaginal cancer 
in particular (Cardenes et al. 2001).

The acute and chronic pathophysiology of vagi-
nal RT has been well described by Grigsby et al. 
(1995). As an immediate response to high-dose RT, 
there is loss of most or all of the vaginal epithelium, 
especially in areas in proximity to brachytherapy 
sources. Clinically, the severity of the acute effects 
(edema, erythema, moist desquamation, and con-
fluent mucositis with or without ulceration) vary 
in intensity and duration depending on patient age, 
hormonal status, tumor size, stage, RT dose and per-
sonal hygiene. These effects usually resolve within 
2–3 months after completion of therapy. In some 
patients, there is progressive vascular damage with 
the subsequent ulcer formation and mucosal necro-
sis, which may require up to 8 months for healing. 
Chemotherapy concurrently with RT enhances the 
acute mucosal response to both EBRT and brachy-
therapy. The effects of chemotherapy on the inci-
dence of late complications, if any, are unclear. Over 
time, most patients will develop some degree of vag-
inal atrophy, fibrosis and stenosis. Telangiectasis is 
commonly seen in the vagina. Vaginal narrowing, 
shortening, paravaginal fibrosis, loss of elasticity 
and reduced lubrication often result in dyspareunia. 
More severe complications include necrosis, with 
ulceration that can progress to fistula formation 
(recto–vaginal, vesico–vaginal, urethro–vaginal).

The RT tolerance limits of the entire vagina are 
ill-defined, given the variety of techniques employed 
for the treatment of vaginal cancers. An irradiation 
tolerance level of the proximal vagina was suggested 
by Hintz et al. (1980) based on a study of 16 patients 
who received a maximum surface dose of 140 Gy, 
none of whom developed severe complications or 
necrosis of the upper vagina. Based on their previous 
observation of a patient who developed a vesico-vag-
inal fistula after receiving a dose of 150 Gy mucosal 
dose to the anterior vaginal wall, they recommended 
a tolerance dose level of 150 Gy (direct summation 
of EBRT dose and ICB) to the anterior upper vaginal 
mucosa. They also recommended keeping the total 
dose to the distal vagina less than 98 Gy. In addi-
tion, it was also observed that the posterior wall of 
the vagina is more prone to radiation injury than the 
anterior or lateral walls, and that the dose should 
be kept below 80 Gy in order to minimize the risk 
of recto–vaginal fistula. Rubin and Casaret (1986) 
suggested that the tolerance of the vaginal mucosa 
(TD 5/5: 5% necrosis within 5 years) is around 90 Gy 
for ulceration, and more than 100 Gy for fistula for-
mation. This tolerance limit has been specified as a 
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direct summation of dosage given by LDR-ICB and 
EBRT in the treatment of cervical cancer. Within 
the low-dose-rate range, whether a correction for 
brachytherapy dose rate is necessary remains con-
troversial. In a more recent series from Washing-
ton University, the traditional LDR tolerance dose 
of 150 Gy to the mucosa of the proximal vagina was 
shown to yield a nominal 11% and 4% grades 1–2 and 
3 sequelae, respectively (Au and Grigsby 2003).

The incidence of grade 2 or higher complications 
has been reported to be 15–25%, (Chyle et al. 1996; 
Kirkbride et al. 1995; Kucera and Vavra 1991; 
Perez et al. 1999; Peters et al. 1985; Rubin et al. 
1985; Stock et al. 1995; Urbanski et al. 1996) with 
the average of severe complications (those requiring 
surgery for correction or necessitating hospitaliza-
tion) around 8–10%.

Host factors that may increase the risk of compli-
cations include prior pelvic surgery, pelvis inflam-
matory disease, immunosuppression status, colla-
gen vascular disease, low body weight, patient age, 
significant smoking history and co-morbid illness 
(e.g., diabetes, hypertension and cardiovascular dis-
ease) (Perez et al. 1988, 1999).

Lee et al. (1994) showed that the total dose to the 
primary site was the most significant factor predict-
ing the development of a severe complication (9% in 
patients receiving 80 Gy or less compared with 25% 
in those receiving higher doses). Perez et al. (1988) 
reported an increase in the rate of severe complica-
tions with higher clinical stage, probably reflecting 
the higher doses delivered with EBRT and brachy-
therapy.

Ball and Berman (1982) reported 58 patients 
with carcinoma of the vagina, including 30 who 
underwent surgery. There were four recto–vaginal 
fistulae (one following RT, and three after exentera-
tive surgery) and two vesico–vaginal fistulae (one 
following radical vaginectomy and the other follow-
ing a recurrence, being managed with cystectomy 
and diversion). The single uretero–vaginal fistula 
occurred after radical vaginectomy and partial cys-
tectomy, and was managed with ureteroneocystos-
tomy.

In Peters’ report (Peters et al. 1985) of 86 vaginal 
primaries, there were two fistulae in the 57 patients 
who received primary RT. However, there was a 44% 
rate of fistulae formation in the nine patients who 
underwent re-irradiation after having previously 
received RT for a previous cancer. Rubin et al. (1985) 
reported a 23% incidence of complications after RT, 
including a 13% rate of fistula formation and a 10% 
rate of cystitis/proctitis. Although 2 patients devel-

oped fistulae following combination therapy, the 
authors did not think that the rate of complications 
following combination therapy was greater than 
that seen following RT alone.

In Stock’s series (Stock et al. 1995) of 100 patients 
with vaginal carcinoma, there was a 16% actuarial 
complication rate at 10 years. All patients under-
going vaginectomies or exenterations lost vaginal 
function. None of the patients was offered vaginal 
reconstruction in this series. Stock et al. (1995) 
emphasized that therapeutic options needed to be 
individualized such that surgery is offered only to 
those most likely to benefit and least likely to suffer 
complications.

Treatment options for acute radiation vagini-
tis include daily vaginal douching with a diluted 
hydrogen peroxide/water mixture. This should con-
tinue for 2–3 months, or until the mucosal reactions 
have subsided. Patients are then advised to continue 
douching once or twice per week for several months. 
Regular vaginal dilation is recommended as a way 
for patients to maintain vaginal health and good 
sexual function, although the compliance rate is low. 
The lack of resolution of vaginal ulceration or necro-
sis after several months of adequate therapy must be 
appropriately evaluated, considering the possibility 
of recurrent tumor. The use of topical estrogens fol-
lowing completion of RT appears to stimulate epi-
thelial regeneration more than systemic estrogens.

Some patients with severe radiation sequelae, 
such as fistula formation, will respond to conser-
vative treatment with antibiotics and periodic lim-
ited debridement of necrotic tissue. More recently, 
Delanian et al. (2003) published a randomized trial 
demonstrating the effectiveness of the combination 
of pentoxifylline and vitamin E in the regression of 
radiation-induced fibrosis.

Patients with more severe gastrointestinal or uri-
nary late effects will require urinary or fecal diver-
sion with possible delayed re-anastomosis. Occa-
sionally, repair of the fistula may be attempted by 
employing a myocutaneous graft, in which the skin, 
subcutaneous fat and muscle are mobilized using a 
vascular pedicle to maintain the blood supply to the 
pedicled graft (Martius flap), or by excision of the 
necrotic tissue with reestablishment of organ conti-
nuity (such as in the treatment of high recto–vaginal 
fistula). A detailed review of the pathogenesis and 
management of potential late effects of treatment is 
beyond the scope of this chapter and may be found 
elsewhere in this textbook.

It is likely that improvements in modern prac-
tice such as advancements in surgical techniques 
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(such as more generous use of myocutaneous flaps) 
(Burke et al. 1995; Magrina and Basterson 1981), 
improved supportive care during the immediate 
post-operative stay, use of more sophisticated RT 
field setting (three-dimensional conformal therapy) 
and treatment delivery, more accurate brachyther-
apy techniques and dose calculations have potential 
to lessen complication rates post-therapy, regardless 
of which modality is used.

27.10 
Palliative RT

At the present time, there is no curative option for 
patients who present with stage-IVB disease. Many 
of these patients suffer from severe pelvic pain or 
bleeding. If vaginal bleeding is the main concern, 
ICB, if feasible, often offers a good symptom control 
with relatively low morbidity. For patients who have 
received prior RT, intracavitary doses in the range of 
35–40 Gy to point A should be prescribed.

A short course of EBRT using high-dose fraction-
ation schedules have been used, including single 
doses of 10 Gy per fraction, times three, with an 
interval of 4–6 weeks between courses, combined 
with misonidazole, RTOG clinical trial 79–05, result-
ing in significant palliation in selected patients with 
advanced gynecological malignancies. The overall 
response rate was 41% for patients completing the 
three courses; however, the actuarial 45% incidence 
of grade 3–4 late gastrointestinal toxicity was unac-
ceptable (Spanos et al. 1987).

Spanos et al. (1989) reported on a phase-II study 
(RTOG 85-02) of daily multifraction split-course 
EBRT in patients with recurrent or metastatic dis-
ease. The regimen consisted of 3.7 Gy per fraction 
given twice daily for two consecutive days, and 
repeated at 3- to 6-week intervals, for a total of 
three courses (tumor dose, 44.4 Gy). Occasionally, 
this regimen was combined with an ICI (4500 mgh), 
with a midline block in the last 14.4 Gy. Complete 
tumor response was noted in 15 patients (10.5%) 
and a partial response in 32 (22.5%) (Fig. 27.10a–e2). 
In patients completing three courses of irradiation 

Fig. 27.10a–c. Palliative course of external beam irradiation 
using the RTOG 85-02 regimen. a Computed tomography 
(CT) scan prior to initiation of therapy. b AP and lateral digi-
tal reconstructed radiographs (DRRs) of the initial fi elds. c CT 
scan after two split courses of hypofractionated irradiation 
(2950 cGy) in 1 week, prior to a brachytherapy boost. c AP (c1) 
and lateral (c2) radiographs of the brachytherapy implant

a

b2b1
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(59%), the rate of complete or partial response was 
45%. Of the patients, 27 survived longer than 1 year. 
Late complications were significantly less, with a 
projected actuarial rate of 5% at 12 months.

In a subsequent phase-III study (Spanos et al. 
1993), 136 patients were randomized between rest 
intervals of 2 weeks versus 4 weeks between the 
split courses of RT. Decreasing the interval between 
courses did not result in a significant improvement 
in tumor response (34% versus 26%). More patients 
in the 2-week rest group completed the three courses 
of therapy and, not surprisingly, patients complet-
ing all three courses had a higher overall response 
rate than patients completing fewer than three 
courses (42% versus 5%), and a higher complete 
response rate (17% versus 1%). This schedule offers 
significant logistic benefits and has been shown to 
result in good tumor regression and excellent pal-
liation of symptoms. Spanos et al. (1994) reported 
a trend toward increased acute toxicity in patients 
with shorter rest periods, but late toxicity was not 
significantly different in the two groups.

27.11 
Chemotherapy in Advanced-Recurrent 
Vaginal Cancer

Given its rarity, most chemotherapy reports for 
treatment of metastatic disease in vaginal cancer are 
anecdotal, or combined with reports of treatment of 
advanced or recurrent cervical cancer. Concurrent 
chemo-radiation is frequently employed in clini-
cal practice in the treatment of unresectable loco-
regionally advanced disease. Various chemothera-
peutic agents have been used with limited success 
(Evans et al. 1988; Roberts et al. 1991). Evans et al. 
(1988) reported 7 patients with vaginal cancers who 
were treated with a combination of 5-FU 1000 mg/
m2/d×4 days, mitomycin C 10 mg/m2 day 1, and 
primary irradiation, receiving 2000–6500 cGy. All 
of the vaginal cancer patients responded, and 66% 
were alive with a median follow-up of 28 months.

Treatment of recurrent or metastatic disease is 
confined to a handful of phase-II clinical trials and 
anecdotal reports. In general, regimens that are 
active in cervical cancer are usually active in vaginal 
cancer. Thigpen et al. (1986) reported the results of 
a phase-II trial of cisplatin 50 mg/m2 every 3 weeks 
in 26 patients with advanced or recurrent vaginal 
cancer. There were 22 evaluable patients, 16 with 
SCC, 2 adenosquamous carcinoma, 1 clear cell car-

cinoma, 1 leiomyosarcoma and 2 unspecified. Of the 
16 SCC patients, there was 1 with complete response 
(6.2%). It should be noted that these patients, for the 
most part, had received prior surgery and RT. Muss 
et al. (1989) reported no responses in 19 evaluable 
patients who were treated with mitoxantrone 12 mg/
m2 every 3 weeks. Median survival of patients with 
vaginal cancer was 2.7 months. Other anecdotal 
reports of responses in trials that included advanced 
cervical cancer include a report by Long et al. (1995) 
in which 3 patients with advanced vaginal SCC 
received treatment with methotrexate, vinblastine, 
doxorubicin and cisplatin (MVAC). All 3 patients 
achieved a complete response of short duration. 
Patton et al. (1991) reported results of intra-arterial 
chemotherapy with mitomycin C, bleomycin, and 
cisplatin and vincristine, including 6 patients with 
primary vaginal cancer and 40 patients with cervi-
cal cancer; 76% responded to intra-arterial chemo-
therapy and subsequently received primary RT. The 
report did not give details as to site of relapse impact 
on DFS or overall survival.

At the present time, systemic treatment of 
advanced vaginal cancer outside of a clinical trial is 
purely anecdotal, although it might be reasonable to 
extrapolate from the experience reported with SCC 
of the cervix and vulva. Although published response 
rates are low, standard therapy should include cispla-
tin alone or in conjunction with RT in patients with 
loco-regionally advanced vaginal cancer.
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28 Prostate

 Jeff M. Michalski, Gregory S. Merrick, and Sten Nilsson

28.1 
Anatomy

The prostate gland is a walnut-shaped solid organ 
that surrounds the male urethra between the base 
of the bladder and the urogenital diaphragm, and 
weighs about 20 g. The prostate is attached ante-
riorly to the pubic symphysis by the puboprostatic 
ligament. It is separated from the rectum posteriorly 
by Denonvilliers’ fascia (retrovesical septum), which 
attaches above to the peritoneum and below to the 
urogenital diaphragm. The seminal vesicles and the 
vas deferens pierce the posterosuperior aspect of the 
gland and enter the urethra at the verumontanum 
(Fig. 28.1). The lateral margins of the prostate, usu-
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ally delineated against the levator ani muscles, form 
the lateral prostatic sulci.

In young men the prostate gland can be divided 
into four distinct zones (McLaughlin et al. 2005). 
The central zone (CZ) surrounds the ejaculatory 
ducts. The anterior fibromuscular stroma (AFS) is 
an anterior band of fibromuscular tissue contigu-
ous with the bladder muscle and external sphincter. 
The transition zone (TZ) is the central component of 
the prostate that tends to hypertrophy with age. The 
hypertrophied TZ will compress the CZ and periure-
thral glandular tissue, making it nearly impossible to 
identify these zones on ultrasound, CT, or MRI. The 
hypertrophied TZ is often called the central gland 
and is readily recognized on MRI (Villeirs et al. 
2005). While in young men the peripheral zone (PZ) 
may make up 70% of the prostate tissue, it becomes 
condensed by an enlarged TZ in men with benign 
prostatic hypertrophy.

Myers et al. (1987), in a study of 64 gross pros-
tatectomy specimens, noted variations in the shape 
and exact location of the prostatic apex and pointed 
out that the configuration of the external striated 
urethral sphincter was related to the shape of the 
prostatic apex. Two basic prostatic shapes were rec-
ognized distinguished by the presence or absence of 
an anterior apical notch, depending on the degree 
of lateral lobe development and the position of its 
anterior commissure. Observations by these authors 
that the urethral sphincter is a striated muscle in 
contact with the urethra from the base of the bladder 

to the perineal membrane corroborates the previous 
description by Oelrich (1980), who pointed out that 
there is no distinct superior fascia of the so-called 
urogenital diaphragm separating the sphincter 
muscle from the prostate. The anatomy of the male 
pelvis at right angles to the perineal membrane, 
through the membranous urethra, is illustrated in 
Fig. 28.2.

28.2 
Natural History

28.2.1 
Local Growth Patterns

Almost all clinically significant prostatic carcino-
mas develop in the peripheral zone of the prostate, 
whereas benign prostatic hyperplasia arises pre-
dominantly from the central (periurethral) portions 
(McNeal 1969). In recent years, more attention 
is being paid to tumor arising in the transitional 
zone. Transition zone cancers can grow relatively 
large before extending beyond the confines of the 
fibromuscular stroma. These tumors can produce 
substantial elevations of prostate-specific antigen 
(PSA). In a series of 148 cases of TZ prostate cancer, 
70% were clinical stage T1c with a preoperative PSA 
of greater than 10 ng/ml in nearly two-thirds of the 
patients. On pathology review of the radical pros-

Fig. 28.1. a Sagittal diagram of pelvis illustrates anatomic relationships of the prostate. b Coronal MRI of prostate illustrates 
close relationship of prostate and bladder. (From Perez 1998)

a b
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tatectomy specimens 80% of cancers originating in 
the TZ had organ-confined disease (Noguchi et al. 
2000).

Breslow et al. (1977) found that 64% of 350 car-
cinoma were present in a slice taken 5 mm from the 
distal end of the prostate; therefore, the urethra must 
be transected distal to the prostate to avoid leaving 
prostatic cancer behind (Blennerhassett and 
Vickery 1966; McNeal 1969). This is an important 
detail in the design of external irradiation portals or 
in brachytherapy of prostate cancer.

Jewett (1980) reported that multiple foci of 
tumor were found throughout the prostate in 77% 
of prostatectomy specimens. Andriole et al. (1992) 
described bilateral lobe pathological involvement in 
13 of 15 patients (87%) with clinical stage-A1 (T1a) 
cancer. In a series of 486 patients, Wise et al. (2002) 
reported that 83% of the cancers were multifocal; 
therefore, the entire gland (with a margin) had to 
be treated.

As the tumor grows, it may extend into and 
through the capsule of the gland, invade seminal 
vesicles and periprostatic tissues, and later involve 
the bladder neck or the rectum. Tumor may invade 
the perineural spaces, the lymphatics, and the blood 
vessels producing lymphatic or distant metasta-

ses. The incidence of microscopic tumor extension 
beyond the capsule of the gland (at time of radical 
prostatectomy) in patients with clinical stages A2 
or B ranges from 18 to 57% (Catalona and Smith 
1994; Villers et al. 1991).

Oesterling et al. (1994), in an analysis of patients 
with stage-T1c disease treated with radical prosta-
tectomy, noted that 53% had pathologically organ-
confined tumors; 35% had extracapsular extension, 
and 9% had seminal vesicle invasion. In the latter 
group, 66% of patients had positive surgical mar-
gins, an incidence comparable to that of clinical 
stage-T2 tumors. In a similar group of patients with 
stage-T1c tumors Epstein et al. (1994) found that 
34% had established extracapsular extension, 6% 
seminal vesicle invasion, and 17% positive surgical 
margins.

Stone et al. (1995) reported none of 13 patients 
with prostate-specific antigen (PSA) <4 ng/ml, 11 
of 99 patients (11%) with PSA of 4.1–20 ng/ml, and 
12 of 45 patients (27%) with PSA >20 ng/ml having 
positive seminal vesicle biopsy. None of the patients 
with stages T1a–T1c had positive seminal vesicle 
biopsies, compared with 2 of 33 (6%) with stage T2a, 
14 of 80 (17.5%) with stage T2b, and 7 of 23 (30%) 
with stage T2c tumors. Seminal vesicle involvement 

Fig. 28.2. Frontal section of male pelvis at right angles to the perineal membrane. (From Oelrich 1980)
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has been observed in 10% of patients with stage-
A2 tumors to 30% of patients with stage-B2 lesions 
(Catalona and Bigg 1990).

Stock et al. (1995), in 120 patients with clinical 
stage-T1b to stage-T2c carcinoma of the prostate, in 
whom transrectal ultrasound-guided needle biop-
sies of the seminal vesicles were performed, reported 
on 99 who also underwent laparoscopic lymph node 
dissection. The incidence of seminal vesicle involve-
ment was correlated with PSA level, Gleason score, 
and clinical stage (Table 28.1). When PSA level and 
Gleason score were correlated, none of the patients 
with Gleason scores of 4 or lower showed seminal 
vesicle involvement, regardless of PSA level. Patients 
with Gleason scores of 5 and 6 and PSA of 4–20 ng/
ml had 10–11%, and those with PSA >20 ng/ml had 
14% positive seminal vesicle biopsy. With Gleason 
scores of 7 or higher, 25% of patients with PSA of 
4–20 ng/ml and 53% of those with PSA >20 ng/ml 
had seminal vesicle involvement.

D’Amico et al. (1995), in a pathological evalu-
ation of 347 radical prostatectomy specimens, 
reported none of 38 patients with PSA <4 ng/ml or 
less having seminal vesicle involvement, in contrast 
to 6% of 144 patients with PSA of 4–10 ng/ml, 11% 
of 101 with PSA of 10–20 ng/ ml, 36% of 45 with PSA 
of 20–40 ng/ml, and 42% of 19 with PSA >40 ng/ml. 
The incidence of positive surgical margins was 11, 
20, 33, 56, and 33%, respectively.

Roach (1993) proposed the following formula 
based on analysis of radical prostatectomy speci-
mens to estimate the probability of seminal vesicle 
involvement:

SVI = PSA + (Gleason score minus 6)  10

28.2.2 
Regional Lymph Node Involvement

Tumor size and degree of differentiation affect the 
tendency of prostatic carcinoma to metastasize to 
regional lymphatics. The incidence of lymph node 
metastases was as high as 12–28% in clinical stage-
T2 disease in the pre-PSA era (Middleton 1988). 
Fowler and Whitmore (1981) reported that 40% 
of 300 patients with apparently localized prostate 
cancer had pelvic lymph node metastases upon sur-
gery. In the era of PSA screening, there has been 
a decrease in the incidence of pelvic lymph node 
metastases. Modern series report less than a 10% 
incidence of lymph node involvement at radical 
prostatectomy (Danella et al. 1993).

Ohori et al. (1995), in 478 patients treated with 
radical prostatectomy, reported no pelvic lymph 
node metastases in 70 patients with stages T1a,b, 1 
of 43 (2%) in patients with stage T1c, 5 of 96 (5%) 
with stage T2a, and 19 of 269 (7%) with stages T2b,c. 
The incidence of seminal vesicle invasion was 6, 11, 
5, and 17%, respectively.

In a review of 2439 patients treated with radical 
prostatectomy, Pisansky et al. (1996b) reported 
positive pelvic nodes in 12 of 457 (2.6%) with stag-
es T1a–c, 15 of 456 (3.3%) with stage T2a, 130 of 1206 
(10.8%) with stage T2b,c, and 81 of 320 (25%) with 
stage-T3 tumors.

Stock et al. (1995), in 99 patients who underwent 
laparoscopic lymph node dissection (Table 28.2), 

Table 28.2. Correlation of PSA levels, Gleason score, clinical 
stage, and status of positive seminal vesicle biopsy specimen 
with incidence of positive pelvic lymph nodes. (From Stock 
et al. 1995)

Parameter No. of positive 
seminal vesicle 
biopsy specimens

p value

PSA 10 2 (6)

PSA >10 7 (15) 0.3

PSA 20 2 (3)

PSA >20 7 (24) 0.003

Grade <7 1 (2)

Grade 7 8 (35) <0.0001

T1a–T2a 0 (0)

T2b–T2c 9 (18) 0.03

Positive seminal vesicle 
biopsy specimen

9 (50)

Negative seminal vesicle 
biopsy specimen

0 (0) <0.0001

Values in parentheses are percentages

Table 28.1. Correlation of prostate-specifi c antigen (PSA) lev-
els, Gleason score, and clinical stage with positive seminal 
vesicle biopsy specimen. (From Stock et al. 1995)

Parameter No. of positive 
seminal vesicle 
biopsy specimens

p value

PSA 10 3 (6)

PSA >10 15 (21) 0.02

PSA 20 8 (9)

PSA >20 10 (37.5) 0.005

Grade <7 6 (7)

Grade 7 12 (37.5) <0.0001

T1a–T2a 2 (5)

T2b–T2c 16 (20) 0.03

Values in parentheses are percentages
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correlated incidence of positive nodes with PSA, 
Gleason score, stage, and involvement of seminal 
vesicles. None of the patients with a Gleason score of 
4 or lower, even with >20 ng/ml, had positive pelvic 
lymph nodes, and 8% in the group with Gleason 
scores of 5 or 6 had PSA levels of 4–10 ng/ml and 
had positive nodes; however, the incidence of posi-
tive lymph nodes increased significantly (24%) in 
patients with PSA >20 ng/ml.

Bluestein et al. (1994), Narayan et al. (1994), 
Partin et al. (1993, 1997, 2001), and Spevack et 
al. (1996) have offered comparable models based 
on pathological data that may predict risk for 
lymph node metastases, to decide whether the 
patient should be subjected to a staging lymph-
adenectomy (including laparoscopic technique) 
or considered for irradiation of the pelvic lymph 
nodes.

Stone et al. (1995) reported that none of 
11 patients with PSA <4 ng/ml, 4 of 77 (9%) with 
PSA of 4–20 ng/ml, and 10 of 42 (24%) with PSA 
>20 ng/ml had positive nodes. When correlated 
with clinical stage, none of the patients with 
stage T1b,c or stage T2a had positive nodes, com-
pared with 10 of 69 (15%) with T2b and 4 of 17 (24%) 

Table 28.3a. Clinical stage-T1c disease (nonpalpable, PSA elevated). (From Partin et al. 2001)

PSA range 
(ng/ml)

Pathological stage Gleason score

2–4 5–6 3+4 = 7 4+3 = 7 8–10

0–2.5 Organ confi ned 95 (89–99) 90 (88–93) 79 (74–85) 71 (62–79) 66 (54–76)
Extraprostatic extension 5 (1–11) 9 (7–12) 17 (13–23) 25 (18–34) 28 (20–38)
Seminal vesicle (+) – 0 (0–1) 2 (1–5) 2 (1–5) 4 (1–10)
Lymph node (+) – – 1 (0–2) 1 (0–4) 1 (0–4)

2.6–4.0 Organ confi ned 92 (82–98) 84 (81–86) 68 (62–74) 58 (48–67) 52 (41–63)
Extraprostatic extension 8 (2–18) 15 (13–18) 27 (22–33) 37 (29–46) 40 (31–50)
Seminal vesicle (+) – 1 (0–1) 4 (2–7) 4 (1–7) 6 (3–12)
Lymph node (+) – – 1 (0–2) 1 (0–3) 1 (0–4)

4.1–6.0 Organ confi ned 90 (78–98) 80 (78-83) 63 (58–68) 52 (43–60) 46 (36–56)
Extraprostatic extension 10 (2–22) 19 (16–21) 32 (27–36) 42 (35–50) 45 (36–54)
Seminal vesicle (+) – 1 (0–1) 3 (2–5) 3 (1–6) 5 (3–9)
Lymph node (+) – 0 (0–1) 2 (1–3) 3 (1–5) 3 (1–6)

6.1–10.0 Organ confi ned 87 (73–97) 75 (72–77) 54 (49–59) 43 (35–51) 37 (28–46)
Extraprostatic extension 13 (3–27) 23 (21–25) 36 (32–40) 47 (40–54) 48 (39–57)
Seminal vesicle (+) – 2 (2–3) 8 (6–11) 8 (4–12) 13 (8–19)
Lymph node (+) – 0 (0–1) 2 (1–3) 2 (1–4) 3 (1–5)

>10.0 Organ confi ned 80 (61–95) 62 (58–64) 37 (32–42) 27 (21–34) 22 (16–30)
Extraprostatic extension 20 (5–39) 33 (30–36) 43 (38–48) 51 (44–59) 50 (42–59)
Seminal vesicle (+) – 4 (3–5) 12 (9–17) 11 (6–17) 17 (10–25)
Lymph node (+) – 2 (1–3) 8 (5–11) 10 (5–17) 11 (5–18)

with T2c tumors. Eleven of 23 patients (48%) with 
positive seminal vesicles also had positive nodes, 
compared with 3 of 107 (3%) with negative seminal 
vesicle biopsy.

Partin et al. (1997, 2001) analyzed surgical data 
from three academic institutions to develop vali-
dated nomograms that predict lymph node involve-
ment based on clinical stage, preoperative PSA and 
Gleason score. These nomograms are useful in pre-
dicting the risk of lymph node involvement and aid 
in the decision to use elective pelvic lymph node 
radiation (Table 28.3).

Roach (1993) suggested a revised formula based 
on pathological findings in prostatectomy speci-
mens incorporating clinical stage, to estimate the 
incidence of metastatic pelvic lymph nodes:

Risk of node positive = 
2/3 PSA + [(GS-6) + TG-1.5] × 10,

where GS is Gleason score and TG is clinical tumor 
group; TG is as follows: TG 1 (stages T1c and T2a) 
is assigned a value of 1, TG 2 (T1b and T2b) is given 
a value of 2, and TG 3 (T2c and T3) is assigned a 
value of 3.
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Table 28.3b. Clinical stage-T2a disease (palpable, <50% of one lobe). PSA prostate-specifi c antigen. (From 
Partin et al. 2001)

PSA range 
(ng/ml)

Pathological stage Gleason score

2–4 5–6 3+4 = 7 4+3 = 7 8–10

0–2.5 Organ confi ned 91 (79–98) 81 (77–85) 64 (56–71) 53 (43–63) 47 (35–59)
Extraprostatic extension 9 (2–21) 17 (13–21) 29 (23–36) 40 (30–49) 42 (32–53)
Seminal vesicle (+) – 1 (0–2) 5 (1–9) 4 (1–9) 7 (2–16)
Lymph node (+) – 0 (0–1) 2 (0–5) 3 (0–8) 3 (0–9)

2.6–4.0 Organ confi ned 85 (69–96) 71 (66–75) 50 (43–57) 39 (30–48) 33 (24–44)
Extraprostatic extension 15 (4–31) 27 (23–31) 41 (35–48) 52 (43–61) 53 (44–63)
Seminal vesicle (+) – 2 (1–3) 7 (3–12) 6 (2–12) 10 (4–18)
Lymph node (+) – 0 (0–1) 2 (0–4) 2 (0–6) 3 (0–8)

4.1–6.0 Organ confi ned 81 (63–95) 66 (62–70) 44 (39–50) 33 (25–41) 28 (20–37)
Extraprostatic extension 19 (5–37) 32 (28–36) 46 (40–52) 56 (48–64) 58 (49–66)
Seminal vesicle (+) – 1 (1–2) 5 (3–8) 5 (2–8) 8 (4–13)
Lymph node (+) – 1 (0–2) 4 (2–7) 6 (3–11) 6 (2–12)

6.1–10.0 Organ confi ned 76 (56–94) 58 (54–61) 35 (30–40) 25 (19–32) 21 (15–28)
Extraprostatic extension 24 (6–44) 37 (34–41) 49 (43–54) 58 (51–66) 57 (48–65)
Seminal vesicle (+) – 4 (3–5) 13 (9–18) 11 (6–17) 17 (11–26)
Lymph node (+) – 1 (0–2) 3 (2–6) 5 (2–8) 5 (2–10)

>10.0 Organ confi ned 65 (43–89) 42 (38–46) 20 (17–24) 14 (10–18) 11 (7–15)
Extraprostatic extension 35 (11–57) 47 (43–52) 49 (43–55) 55 (46–64) 52 (41–62)
Seminal vesicle (+) – 6 (4–8) 16 (11–22) 13 (7–20) 19 (12–29)
Lymph node (+) – 4 (3–7) 14 (9–21) 18 (10–27) 17 (9–29)

Table 28.3c. Clinical stage-T2b disease (palpable, >50 of one lobe, not on both lobes). (From Partin et al. 2001)

PSA range 
(ng/ml)

Pathological stage Gleason score

2–4 5–6 3+4 = 7 4+3 = 7 8–10

0–2.5 Organ confi ned 88 (73–97) 75 (69–81) 54 (46–63) 43 (33–54) 37 (26–49)
Extraprostatic extension 12 (3–27) 22 (17–28) 35 (28–43) 45 (35–56) 46 (35–58)
Seminal vesicle (+) – 2 (0–3) 6 (2–12) 5 (1–11) 9 (2–20)
Lymph node (+) – 1 (0–2) 4 (0–10) 6 (0–14) 6 (0–16)

2.6–4.0 Organ confi ned 80 (61–95) 63 (57–69) 41 (33–48) 30 (22–39) 25 (17–34)
Extraprostatic extension 20 (5–39) 34 (28–40) 47 (40–55) 57 (47–67) 57 (46–68)
Seminal vesicle (+) – 2 (1–4) 9 (4–15) 7 (3–14) 12 (5–22)
Lymph node (+) – 1 (0–2) 3 (0–8) 4 (0–12) 5 (0–14)

4.1–6.0 Organ confi ned 75 (55–93) 57 (52–63) 35 (29–40) 25 (18–32) 21 (14–29)
Extraprostatic extension 25 (7–45) 39 (33–44) 51 (44–57) 60 (50–68) 59 (49–69)
Seminal vesicle (+) – 2 (1–3) 7 (4–11) 5 (3–9) 9 (4–16)
Lymph node (+) – 2 (1–3) 7 (4–13) 10 (5–18) 10 (4–20)

6.1–10.0 Organ confi ned 69 (47–91) 49 (43–54) 26 (22–31) 19 (14–25) 15 (10–21)
Extraprostatic extension 31 (9–53) 44 (39–49) 52 (46–58) 60 (52–68) 57 (48–67)
Seminal vesicle (+) – 5 (3–8) 16 (10–22) 13 (7–20) 19 (11–29)
Lymph node (+) – 2 (1–3) 6 (4–10) 8 (5–14) 8 (4–16)

>10.0 Organ confi ned 57 (35–86) 33 (28–38) 14 (11–17) 9 (6–13) 7 (4–10)
Extraprostatic extension 43 (14–65) 52 (46–56) 47 (40–53) 50 (40–60) 46 (36–59)
Seminal vesicle (+) – 8 (5–11) 17 (12–24) 13 (8–21) 19 (12–29)
Lymph node (+) – 8 (5–12) 22 (15–30) 27 (16–39) 27 (14–40)
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At least two modern European series of extended 
lymph node dissection did discover a signifi-
cantly increased number of men with lymph node 
metastases, compared with a similar group who 
had undergone standard lymph node dissection 
( Heidenreich et al. 2002; Wawroschek et al. 
2003). In both these series, PSA screening was not 
prevalent in the patient population. The incidence of 
lymph node metastases discovered by the extended 
pelvic lymph node dissection was 26.2–26.8%. This 
finding raises the question as to whether or not the 
incidence of lymph node metastases is underesti-
mated in modern series.

Clark et al. (2003) performed a randomized trial 
of standard lymph node dissection vs an extended 
lymph node dissection in a series of 123 patients. 
In that trial each patient served as his own control, 
with one side having a standard dissection and 
the other side an extended dissection. There was 
no difference in the rate of lymph node metasta-
ses discovered with the extended dissection. The 
patient population was generally low risk with 72% 
clinical stage T1c, 84.6% having a PSA of <10 ng/
ml and 67% with cancers of Gleason score 6 or less 
(Clark et al. 2003).

The pattern of lymph node metastases has been 
described by well-known series. Periprostatic and 
obturator nodes are involved first, followed by exter-
nal iliac, hypogastric, common iliac, and periaortic 
nodes (Pistenma et al. 1979). While the incidence 
of metastases is less than in the past, the pattern of 
involvement is unchanged. Wawroschek reported 
a series of 194 patients who underwent an extended 
pelvic lymph node dissection. The overall rate of 
lymph node involvement was 26.8%. Table 28.4 
demonstrates the number of node-positive patients 
who would have been detected, provided only that 
lymph nodes from different regions had been histo-
logically investigated. These data suggest that 98% 
of the involved lymph nodes would be covered by 
fields that encompassed the obturator, external, 
and internal iliac chains. Only 2% of lymph nodes 
would be missed if the presacral, pararectal, and 
paravesical nodes were omitted (Wawroschek et 
al. 2003).

Prognosis is closely related to the presence of 
regional lymph node metastases. Patients with 
positive pelvic lymph node metastasis have a sig-
nificantly greater probability (>85% at 10 years) of 
developing distant metastasis than those with nega-

Table 28.3d. Clinical stage-T2c disease (palpable on both lobes). (From Partin et al. 2001)

PSA range 
(ng/ml)

Pathological stage Gleason score

2–4 5–6 3+4 = 7 4+3 = 7 8–10

0–2.5 Organ confi ned 86 (71–97) 73 (63–81) 51 (38–63) 39 (26–54) 34 (21–48)
Extraprostatic extension 14 (3–29) 24 (17–33) 36 (26–48) 45 (32–59) 47 (33–61)
Seminal vesicle (+) – 1 (0–4) 5 (1–13) 5 (1–12) 8 (2–19)
Lymph node (+) – 1 (0–4) 6 (0–18) 9 (0–26) 10 (0–27)

2.6–4.0 Organ confi ned 78 (58–94) 61 (50–70) 38 (27–50) 27 (18–40) 23 (14–34)
Extraprostatic extension 22 (6–42) 36 (27–45) 48 (37–59) 57 (44–70) 57 (44–70)
Seminal vesicle (+) – 2 (1–5) 8 (2–17) 6 (2–16) 10 (3–22)
Lymph node (+) – 1 (0–4) 5 (0–15) 7 (0–21) 8 (0–22)

4.1–6.0 Organ confi ned 73 (52–93) 55 (44–64) 31 (23–41) 21 (14–31) 18 (11–28)
Extraprostatic extension 27 (7–48) 40 (32–50) 50 (40–60) 57 (43–68) 57 (43–70)
Seminal vesicle (+) – 2 (1–4) 6 (2–11) 4 (1–10) 7 (2–15)
Lymph node (+) – 3 (1–7) 12 (5–23) 16 (6–32) 16 (6–33)

6.1–10.0 Organ confi ned 67 (45–91) 46 (36–56) 24 (17–32) 16 (10–24) 13 (8–20)
Extraprostatic extension 33 (9–55) 46 (37–55) 52 (42–61) 58 (46–69) 56 (43–69)
Seminal vesicle (+) – 5 (2–9) 13 (6–23) 11 (4–21) 16 (6–29)
Lymph node (+) – 3 (1–6) 10 (5–18) 13 (6–25) 13 (5–26)

>10.0 Organ confi ned 54 (32–85) 30 (21–38) 11 (7–17) 7 (4–12) 6 (3–10)
Extraprostatic extension 46 (15–68) 51 (42–60) 42 (30–55) 43 (29–59) 41 (27–57)
Seminal vesicle (+) – 6 (2–12) 13 (6–24) 10 (3–20) 15 (5–28)
Lymph node (+) – 13 (6–22) 33 (18–49) 38 (20–58) 38 (20–59)



694 J. M. Michalski et al.

tive nodes (<20%; Gervasi et al. 1989). Gervasi et 
al. (1989) reported that the risk of metastatic disease 
at 10 years was 31% for patients with negative lymph 
nodes compared with 83% for those with positive 
nodes. The risk of dying of prostate cancer was 17 
and 57%, respectively.

Rukstalis et al. (1996) compiled data from 
the literature that documented the strong prog-
nostic implications of the number of involved 
lymph nodes. In general, patients with a single 
metastatic lymph node have a 5-year survival rate 
ranging from 60 to 80%, whereas in those with 
more involved lymph nodes, the 5-year survival 
is 20–54%.

Metastases to the peri-aortic nodes are seen in 
5–25% of patients, depending on tumor stage and 
histological differentiation (Pistenma et al. 1979). 
They are associated with a higher incidence of dis-
tant metastases and lower survival (Lawton et al. 
1997).

28.2.3 
Distant Metastases

Prostatic carcinoma metastasizes to the skeleton, 
liver, lungs, and occasionally to the brain or other 
sites, Perez et al. (1988) reported an overall inci-
dence of distant metastases of 20% in stage B, 40% 
in stage C, and 65% in stage D1.

28.3 
Prognostic Factors

28.3.1 
Tumor Stage, Pretreatment PSA, and 
Histological Features

The strongest prognostic indicators in carcinoma 
of the prostate are clinical stage, pretreatment PSA 
level, and pathological tumor differentiation (Perez 
1998). This is a consequence of the more aggressive 
behavior and greater incidence of lymphatic and dis-
tant metastases in the larger and less-differentiated 
tumors. Bastacky et al. (1993) noted that perineu-
ral invasion on prostate biopsies is correlated with 
a higher probability of capsular penetration, and 
Bonin et al. (1997) reported a lower 5-year biochem-
ical failure-free survival rate in the presence of peri-
neural invasion (39 vs 65%; p = 0.0009) in patients 
with PSA <20 ng/ml treated with three-dimensional 
conformal radiation therapy (3D CRT).

D’Amico described a three-tiered prognostic 
risk-group categorization that utilizes pretreat-
ment PSA, biopsy Gleason score, and clinical stage 
(D’Amico et al. 1998). Low-risk patients are those 
with a PSA 10 ng/ml and a Gleason Score of 2–6 
and stages T1–T2c. Intermediate-risk patients have 
PSA of 10 ng/ml to 20 ng/ml and/or Gleason score 
7, and no high-risk features. High-risk patients have 
PSA >20 ng/ml and/or Gleason score 8–10 and/or 
stage T3. These risk categories were significantly 
associated with an increasing rate of biochemical 
failure using the ASTRO failure definition (1997). 
In a pooled data set of 4839 patients, Kuban (2003) 
reported that pretreatment PSA, Gleason score, 
radiation dose, tumor stage, and year of treatment 
were all significant prognostic factors in a multi-
variate analysis. The risk groups were defined as 
follows: low risk (group 1), stages T1b, T1c, or T2a, 
Gleason score 6, and PSA 10 ng/ml; intermediate 
risk (group 2), stage T1b, T1c, or T2a, Gleason score 

7, and PSA >10 ng/ml but 20 ng/ml or stage T2b or 
T2c, Gleason score 7, and PSA 20 ng/ml; and high 
risk (group 3), Gleason score 8–10 or PSA >20 ng/ml. 
The 5-year clinical DFS rate was 78, 66, and 49% for 
low-, intermediate-, and high-risk patients, respec-
tively.

Kattan (2000) has developed a nomogram 
from patients treated at Memorial Sloan-Ketter-
ing Cancer Center to predict outcome after 3D 
conformal radiation therapy that employs clinical 
parameters including stage, biopsy Gleason score, 
pretreatment PSA level, and whether neoadjuvant 

Table 28.4. Percentage of node-positive patients who would 
have been detected if only lymph nodes from different regions 
had been histologically investigated (based on the results of 
sentinel lymphadenectomy in 194 patients with or without ad-
ditional pelvic lymphadenectomy and with serial sections and 
immunohistochemistry of all sentinel lymph nodes.) (From 
Wawroschek et al. 2003)

Regions of lymphadenectomy Node-positive 
patients (%)

Obturator fossa, external and internal 
iliac region, presacral, pararectal, para-
vesical

100 (93.2–100)

Obturator fossa, external and internal 
iliac region

98 (89.7–100)

Obturator fossa, internal iliac region 82.7 (69.7–91.8)

Obturator fossa, external iliac region 65.4 (50.9–78)

Obturator fossa 44.2 (30.5–58.7)
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hormone therapy was administered and the radia-
tion dose administered. The nomogram has been 
validated using clinical data from the Cleveland 
Clinic.

28.3.2 
Tumor Volume

Tumor volume is a powerful predictor for patient 
outcome. In a series of 151 patients undergoing 
radical prostatectomy, investigators found that the 
number positive biopsy sites, tumor bilaterally, and 
the percentage of biopsy sites positive for disease 
were all useful predictors of tumor volume in surgi-
cal specimens (Poulos et al. 2004). Selek reported 
that the percentage positive prostate biopsy (PPPB) 
was a predictor of post-external beam radiotherapy 
PSA outcome in clinically localized prostate cancer. 
The 5-year PSA failure-free survival rate was 79% vs 
69% (p = 0.02) and the clinical disease-free survival 

rate was 97% vs 86% (p = 0.0004) for patients with 
<50% vs 50% PPPB (Selek et al. 2003).

28.4 
Radiation Therapy Techniques

28.4.1 
General Treatment Guidelines

The treatment volume guidelines used at Washing-
ton University are outlined in Table 28.5. Patients 
are treated according to their risk category. Some 
patients may be a candidate for either external-beam 
radiation therapy or brachytherapy. Unless there 
are contraindications for one type of treatment, the 
choice of primary treatment modality often depends 
on patient choice. Elective pelvic lymph node irra-
diation is used along with neoadjuvant hormone 
therapy when patients have a risk of lymph node 

Table 28.5. Washington University 3D and IMRT Radiation Treatment Volume Guidelines. EBRT external-beam radiation ther-
apy, HDR high dose rate, LN lymph node SV seminal vesicle, CTV clinical target volume, PTV planning target volume. 

Risk 
group

Prognostic factorsa Treatment T stage LN risk 
(%)b

Pelvic node 
fi eld size 
(cm)c

CTV boost PTV 
margin 
(mm)d

Total PTV 
dose 
(EBRT; Gy)

Low 
risk

Stage T1b, T1c, 
or T2a, Gleason 
score 6, and PSA 

10 ng/ml

EBRT to prostate or per-
manent seed brachythera-
py or HDR brachytherapy

T1–T2a – – Prostate 5–10 70.2–75.6

Inter-
mediate 
risk

Stage T1b, T1c, 
or T2a, Gleason 
score 7 and PSA 
>10–20 ng/ml; or 
stage T2b or T2c, 
Gleason score 7 
and PSA 20 ng/ml

EBRT to prostate and 
seminal vesicles; external 
beam RT to prostate and 
seminal vesicles (45 Gy), 
and brachytherapy boost 
(permanent or HDR); 
elective pelvic irradiation 
if LN risk >15% Neoadju-
vant hormone therapy to 
be considered if LN risk 
>15%

T1–T2a <15 – Prostate 
and proxi-
mal SV

5–10 70.2–75.6

T2b–c <15 – Prostate 
and SV

5–10 73.8–75.6

T1–T2a 15 16.5 16.5 Prostate 
and proxi-
mal SV

5–10 70.2–75.6

T2b–c 15 16.5 16.5 Prostate 
and SV

5–10 73.8–75.6

High 
risk

Stage T3, Gleason 
score 8–10, PSA 
>20 ng/ml

Neoadjuvant hormone 
therapy; adjuvant 
hormone therapy for 
Gleason score 8–10; 
elective pelvic irradia-
tion; prostate and seminal 
vesicle boost (EBRT or 
brachytherapy)

T1–T2a – 16.5 16.5 Prostate 
and proxi-
mal SV

5–10 70.2–75.6

T2b–T3 – 16.5 20.0 Prostate 
and SV 
and EPE

5–10 73.8–75.6

a From Kuban et al. 2003
b LN risk  =  2/3 PSA + [(GS-6) + TG-1.5]  10
c Pelvic fi elds receive 45 Gy/25fractions. All treatments are in 1.8 Gy per fraction
d PTV margin varies by localization method and patient stability
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metastases that exceeds 15% as determined by the 
Roach equation (Roach et al. 2003).

28.4.2 
External Irradiation

With the advent of megavoltage equipment, an 
increase in the use of external irradiation rapidly 
emerged for the treatment of patients with car-
cinoma of the prostate (del Regato et al. 1993). 
Various techniques have been used, ranging from 
parallel anteroposterior (AP) portals with a perineal 
appositional field to lateral portals (box technique) 
or rotational fields to supplement the dose to the 
prostate (Bagshaw et al. 1988; del Regato et al. 
1993; McGowan 1981), In recent years, 3D conformal 
and intensity-modulated radiation therapy (IMRT) 
techniques have been increasingly used (Hanks et 
al. 1996; Leibel et al. 1994; Perez 1998).

In patients in whom transurethral resection of 
prostate (TURP) has been carried out for relief of 
obstructive lower urinary tract symptoms, 4 weeks 
should elapse before radiation therapy begins in 
order to decrease sequelae (e.g., urinary inconti-
nence, urethral strictures; Perez 1998).

28.4.3 
Conventional Radiation Therapy Techniques

28.4.3.1 
Volume Treated

When the pelvic lymph nodes are treated, the ante-
rior and posterior field size is 16.5 16.5 cm at iso-
center. Patients younger than 71 years of age with 
clinically localized disease and a risk of lymph node 
metastases that exceeds 15%, as well as all patients 
with stage-C (T3) lesions, are treated to the whole 
pelvis with four fields (45 Gy) and additional dose to 
complete 70 Gy or higher to the prostate, with a six-
field 3D conformal or IMRT technique. For node-
positive disease, the pelvic field size is increased 
to 16.5 20.5 cm at isocenter to cover the common 
iliac lymph nodes. The inferior margin of the field 
can be determined using an urethrogram with 25% 
radiopaque iodinated contrast material. The inferior 
field edge usually is 1.5–2 cm distal to the junction 
of the prostatic and membranous urethra (usually at 
or caudal to the bottom of the ischial tuberosities). 
The lateral margins should be about 1–2 cm from 
the lateral bony pelvis (Fig. 28.3a).

With lateral portals, which are used with the box 
technique (including the lymph nodes) or to irradi-
ate the prostate with two-dimensional (2D) station-
ary fields or rotational techniques, it is important 
to delineate anatomic structures of the pelvis and 
the location of the prostate in relation to the blad-
der, rectum, and bony structures with computed 
tomography (CT) scan or magnetic resonance imag-
ing (MRI).

The initial lateral fields encompass a volume 
similar to that treated with AP-posteroanterior 
(PA) portals. The anterior margins should be 1.5 cm 
posterior to the projection of the anterior cortex of 
the pubic symphysis (Fig. 28.3b). Some of the small 
bowel may be spared anteriorly, keeping in mind the 
anatomic location of the external iliac lymph nodes. 
Posteriorly, the portals include the internal iliac 
nodes anterior to the S1–S2 interspace, which allows 
for some sparing of the posterior rectal wall distal 
to this level.

Figure 28.4 shows examples of digitally recon-
structed radiograph (DRR) simulation films outlin-
ing the AP and lateral portals used for the box tech-
nique with coverage of the iliac nodes. For the boost 
with 2D treatment planning, the upper margin is 3–
5 cm above the pubic bone or acetabulum, depending 
on extent of disease and volume to be covered (i.e., 
prostate with or without seminal vesicles). The ante-
rior margin is 1.5 cm posterior to the anterior cortex 
of the pubic bone. The inferior margin is 1.5 cm 
inferior to the genitourinary diaphragm as dem-
onstrated by urethrogram. The posterior margin is 
2 cm behind the marker rod in the rectum.

The reduced fields for treatment of the prostatic 
volume can be about 8 10 cm at isocenter for stages 
T1a–T2b to 10 12 or 12 14 cm for stages T2c–T3 or 
T4 (Fig. 28.3c) or ideally are anatomically shaped 
fields, using CT scans or MRI volume reconstruc-
tions of the prostate and seminal vesicles. The semi-
nal vesicles are located high in the pelvis and pos-
terior to the bladder, which is particularly critical 
when reduced fields are designed in patients with 
clinical or surgical stage-T3b tumors. Perez et al. 
(1993) demonstrated a correlation between size of 
the reduced portal and probability of pelvic tumor 
control.

The boost portal configuration and size should 
be individually determined for each patient, 
depending on clinical and radiographic assessment 
of tumor extent. After the appropriate portals have 
been determined, the central axis and some corners 
of the reduced portals for both portals are tattooed 
on the patient with India ink.
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Fig. 28.3. a Diagrams of the pelvis show volumes used to con-
ventionally irradiate the pelvic lymph nodes, when indicated, 
and the prostate. Lower margin is at or even 1 cm below ischial 
tuberosities. At Washington University, 15 15-cm portals at 
source-to-skin distance are used for selected stage-T1b, stage-
T2, and all stage-T3 diseases, and for high-risk postoperative pa-
tients, whereas for stage-N1 disease, 18 15-cm portals are used, 
when necessary, to cover all lymph nodes up to the bifurcation 
of the common iliac vessels. Sizes of reduced fi elds are larger 
(up to 12 14 cm) when the seminal vesicles and/or periprostatic 
tumor is irradiated compared with prostate boost only (up to 
8 10 cm) or larger for patients with stage-T3 tumors. b Lateral 
portals used in conventional box technique to irradiate pelvic 
tissues and prostate. The anterior margin is 1 cm posterior to 
projected cortex of pubic symphysis. Presacral lymph nodes are 
included down to S2; inferiorly the posterior wall of rectum is 
spared. c Boost fi elds, lateral projection, are used to irradiate the 
prostate with conventional radiation therapy.
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Fig. 28.4a,b. Anteroposterior (a) and lateral (b) virtual simulation digitally reconstructed radiographs (DRRs) for carcinoma 
of the prostate treating the pelvic lymph nodes. Note the relationship of the portals to the roof of the acetabulum, the pubic 
symphysis anteriorly, and the ischial tuberosities posteriorly.
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To simulate these portals with the patient in the 
supine position, a small plastic tube is inserted in 
the rectum to localize the anterior rectal wall. After 
thorough cleansing of the penis and surrounding 
areas with Betadine, using sterile technique, 28–40% 
iodinated contrast material is injected in the urethra 
until the patient complains of mild discomfort, and 
AP and lateral radiographs are taken after the posi-
tion of the small portals is determined under fluo-
roscopic examination. For 3D CRT a topogram and 
a CT scan of the pelvis are performed. The urethro-
gram documents the junction of the prostatic and 
bulbous urethra and accurately localizes (within 
1 cm) the apex of the prostate, which may be diffi-
cult to identify on CT scans without contrast. Care 
should be taken to avoid overdistension of the bul-
bous urethra with contrast. Malone et al. (2000) 
reported that the prostate could be displaced an 
average of 6.1 mm due to the urethrogram. Others 
have described minimal movement due to the ure-
throgram, suggesting that it may be related to tech-
nique of urethrography and not to the contrast itself 
(Liu et al. 2004).

A great deal of controversy has developed in ref-
erence to the most accurate anatomic location of the 
prostate apex. In a study of 115 patients, none of the 
urethrograms showed the urethral sphincter to be 
caudal to the ischial tuberosities; 10% were located 
<1 cm cephalad to a line joining the ischial tuberosi-
ties. If 2 cm or more are arbitrarily considered, 42.5% 
of patients would have received unnecessary irradi-
ation to small volumes of normal tissues (Sadeghi 
et al. 1996). Cox et al. (1994) evaluated urethrogram 
and CT scans of the pelvis for treatment planning 
in prostate cancer. Interobserver identification of 
the prostatic apex varied in 70% of cases. This vari-
ability resulted in an inadequate margin (<1 cm) 
beneath the urogenital diaphragm in 5% of patients. 
In contrast, placing the inferior border of the portal 
at the ischial tuberosities or the base of the penis, as 
seen on CT scans, ensured an adequate margin for 
all patients. They concluded that urethrography is 
more accurate than CT scanning in determining the 
inferior extent of the urogenital diaphragm.

Wilson et al. (1994) determined the anatomic 
location of the apex of the prostate in 153 patients 
undergoing 128-I implants by direct surgical expo-
sure (133 patients) or transrectal ultrasound (TRUS; 
20 patients). There was excellent agreement in the 
estimate of location of the prostatic apex between 
the two methods. It was located 1.5 cm or more 
above the ischial tuberosities in approximately 95% 
of patients and within 1 cm in 98% (150 of 153).

Algan et al. (1995) reviewed the location of the 
prostatic apex in 17 patients in whom an MRI scan 
was obtained in addition to retrograde urethrogram 
and CT scan of pelvis for 3D treatment planning. 
The location of the prostatic apex as determined 
by the urethrogram alone was, on average, 5.8 mm 
caudad to the location on the MRI, whereas the loca-
tion of the prostatic apex as determined by CT/ure-
throgram was 3.1 mm caudad to that on MRI. If the 
prostatic apex is defined as 12 mm instead of 10 mm 
above the urethrogram tip (junction of membra-
nous and prostatic urethra), the difference between 
the urethrogram and MRI locations of the prostatic 
apex is no longer present.

Crook et al. (1995), in 55 patients with localized 
carcinoma of the prostate, placed one gold seed 
under TRUS at the base of the prostate near the 
seminal vesicles, at the posterior aspect, and the 
apex of the prostate. At the time of first simulation 
an urethrogram was performed, and the rectum 
was opacified with 10–15 cc of barium. The tip of 
the urethrogram cone varied in position from 0 to 
2.8 cm above the most inferior aspect of the ischial 
tuberosities. At initial simulation the apex of the 
prostate was <2 cm above the ischial tuberosities in 
42% of patients, <1.5 cm in 19%, and <1 cm in 8% 
of patients. Because of variability in the thickness 
of the urogenital diaphragm, only 12 of 22 (55%) of 
these low-lying prostates would have been detected 
by urethrogram.

28.4.3.2 
Beam Energy and Dose Distribution

Ideally, high-energy photon beams (>10 mV) should 
be used to treat these patients, which simplify tech-
niques and decrease morbidity.

With photon-beam energies below 18 mV, lateral 
portals are always necessary to deliver part of the 
dose in addition to the AP–PA portals (box tech-
nique). In our experience, an advantage of using the 
box technique is a decrease in erythema and skin 
desquamation in the intergluteal fold, which occurs 
more frequently with exclusively AP–PA portals. 
The additional prostate dose is administered with 
anatomically shaped lateral and oblique or rota-
tional portals.

For the reduced volume, a reasonable dose distri-
bution is obtained with bilateral 120  arc rotation, 
skipping the midline anteriorly and posteriorly (60  
vectors). Figure 28.5 illustrates the dose distribution 
for 8 10-cm bilateral 120  arcs using the 3D treat-
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ment-planning software. It is readily apparent that 
this technique irradiates significantly more volume 
of bladder and rectum than 3D CRT.

28.4.3.3 
Standard Tumor Doses (Non-Conformal 
Treatment Planning)

A frequently used minimum tumor dose to the pros-
tate is 66–70 Gy for stage T1a when these patients 
are irradiated, 70–72 Gy for T1b, c-T2b tumors, and 
approximately 74 Gy for stage C. For stage T4 or 
node-positive lesions, treatment is usually pallia-
tive, and the minimum tumor dose can be held at 
60–65 Gy to decrease morbidity. Most institutions 
treat with daily fractions of 1.8–2 Gy, five fractions 
per week (Perez 1983; Taylor et al. 1979). Occa-

sionally, four weekly fractions of 2.25 Gy have been 
used (Bagshaw et al. 1985). At least two portals 
should be treated daily to improve tolerance to irra-
diation.

Biggs and Russell (1988) described an average 
dose decrease of approximately 2% for patients with 
metallic hip prostheses who were treated with lat-
eral portals, and an average increase of 2% for 10-
mV X-rays and 5% for 60Co.

The usual dose for the pelvic lymph nodes (when 
the latter are to be irradiated) is 45 Gy, with a boost 
(24–26 Gy) to the prostate or enlarged lymph nodes 
(5 Gy) through reduced fields (Perez 1998).

28.4.4 
Conformal Radiation Therapy Simulation and 
Treatment Planning

The scientific basis and process of 3D CRT are 
described in Chapter 9. The process of 3D CRT plan-
ning entails patient positioning and immobilization 
followed by acquisition of a treatment-planning CT 
data set. Defining target volumes and organs at risk 
is accomplished by contouring anatomy on a slice-
by-slice basis. Radiation beams are created with vir-
tual simulation software tools that are analogous 
to the operation of a conventional fluoroscopic iso-
centric radiation therapy simulator. The radiation 
beams or apertures are shaped using a beam’s eye 
view (BEV) display and the contributing dose from 
each beam is entered into the treatment-planning 
software. Finally, the plan is reviewed using a vari-
ety of dose display and analysis tools.

28.4.4.1 
Patient Immobilization and Positioning

Patient immobilization devices are more frequently 
used in 3D CRT compared with traditional treat-
ment planning. Some investigators have reported 
improved treatment setup accuracy with these 
devices, whereas others have reported no signifi-
cant advantage with their use (Nutting et al. 2000; 
Rosenthal et al. 1993). In a randomized study, 
Kneebone demonstrated that the average simula-
tion-to-treatment deviation of the isocenter posi-
tion was 8.5 mm in a control group and 6.2 mm 
in an immobilized group (p<0.001). The use of 
immobilization devices reduced isocenter devia-
tions exceeding 10 mm from 30.9 to 10.6% in the 
immobilized arm (p<0.001). The average deviations 

Fig. 28.5. a Isodose curves to deliver 68 Gy to the prostate with 
18-mV photons, bilateral 120  arcs, and skipping 60  anterior 
and posterior vectors. b Isodose curves for irradiation of pel-
vic lymph nodes and prostatic volume using anteroposterior/
posteroanterior and lateral fi elds to deliver 45 Gy to the pelvis 
and 26 Gy to prostate with reduced fi elds with bilateral 120  
arcs. (From Perez 1998)
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in the anteroposterior, right–left, and superior–infe-
rior directions were reduced to 2.9, 2.1, and 3.9 mm 
for the immobilized group, respectively (Kneebone 
et al. 2003). It is recommended that each radiation 
therapy center study and review the treatment setup 
variations with either method and choose the one 
that gives the best reproducibility.

There is significant debate regarding the appro-
priate positioning for patients treated with localized 
carcinoma prostate. Some groups advocate a prone 
position which they claim minimizes prostate posi-
tional uncertainty and decreases volume of rectum 
irradiated with conformal radiation therapy when 
the seminal vesicles are irradiated. Furthermore, 
in the prone position the seminal vesicles fall for-
ward and increase the separation from the rectum 
(Zelefsky et al. 1997b). More recent data suggest 
that a prone position is associated with greater 
prostate motion accompanying normal ventilation. 
The increased intra-abdominal pressure associ-
ated with breathing in a prone position results in 
significant movement of the prostate and seminal 
vesicles. Dawson et al. (2000) evaluated the impact 
of breathing on the position of the prostate gland in 
four patients treated in four different positions in 
whom radiopaque markers were implanted in the 
periphery of the prostate using transrectal ultra-
sound guidance. Fluoroscopy was performed in four 
different positions: prone in foam cast cradle; prone 
in thermoplastic mold; supine on a flat table; and 
supine with a false table under the buttocks. During 
normal breathing maximum movement of prostate 
markers seen in the prone position (cranial–caudal) 
ranged from 0.9 to 5.1 mm and anterior–posterior 
ranged up to 3.5 mm. In the supine position prostate 
movements during normal breathing was <1 mm in 
all directions; however, deep breathing resulted in 
movements of 3.8–10.5 mm in the cranial–caudal 
direction in the prone position (with and without 
thermoplastic mold). This range was reduced to 
2.7 mm in the supine position and to 0.5–2.1 mm 
with the use of the false tabletop. Deep breathing 
resulted in anterior–posterior skeletal movements 
of 2.7–13.1 mm in the prone position, whereas in the 
supine position these variations were negligible.

Malone et al. (2000) also characterized inaccu-
racies in prostatic gland location due to respiration 
observed fluoroscopically in 28 patients in whom 
three gold fiducial markers were implanted under 
ultrasound guidance at the apex, posterior wall, and 
base of prostate. Patients were immobilized on a cus-
tomized thermoplastic shell placed on a rigid pelvic 
board. A second group of 20 patients were evaluated 

both prone (with or without thermoplastic shell) 
and supine (without immobilization shell). When 
the patients were immobilized prone in the thermo-
plastic shell, the prostate moved synchronously with 
respiration a mean distance of 3.3±1.8 mm (range 1–
10 mm). In 9 of 40 observations (23%) the displace-
ments were 4 mm or greater. The respiratory-asso-
ciated prostate movement decreased significantly 
when the thermoplastic shells were removed. Other 
investigators have confirmed this finding of pros-
tate movement with respiration being significantly 
less in patients placed in a supine position (Dawson 
et al. 2000; Kitamura et al. 2002; Litzenberg et 
al. 2002; Malone et al. 2000; McLaughlin et al. 
1999; Weber et al. 2000). Bayley (2004) conducted 
a randomized trial of the supine vs prone posi-
tion in patients undergoing conformal radiation 
therapy. Twenty-eight patients were randomized to 
commence radiation therapy in the prone or supine 
position and then change to the alternate posi-
tion midway through their treatment course. After 
placement of fiducial markers in the prostate for 
daily prostate localization, the patients underwent 
CT simulation and treatment planning in both posi-
tions. Observed prostate motion was significantly 
less in the supine position than the prone position. 
Pretreatment positioning corrections were required 
more often for patients in the prone position. A DVH 
(dose-volume histogram) analysis revealed more 
bladder wall, rectal wall, and small bowel in the 
high-dose volumes when patients were in the prone 
position than in the supine position. Finally, patients 
were more comfortable in the supine position than 
the prone position. Seven patients that started in the 
supine position refused to be treated in the prone 
position due to discomfort.

28.4.4.2 
Clinical Target Volume Definition

Because prostate cancer is often found to be multifo-
cal at the time of radical prostatectomy, the entire 
gland is commonly considered the gross tumor 
volume for radiation treatment-planning purposes. 
The clinical target volume (CTV) may expand the 
gross tumor volume to account for direct extension 
or the CTV can be extended to encompass adjacent 
organs or regions of spread. In prostate cancer, the 
CTV may encompass the seminal vesicles and pos-
sibly the regional pelvic lymph nodes.

Additional CTV margin for possible extraprostatic 
extension (EPE) has been recommended by several 
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authors. In a study of radical prostatectomy specimens, 
Davis et al. (1999) demonstrated that EPE was present 
in 28% of 376 patients. The average radial EPE distance 
from the prostate capsule was 0.8 mm with a range of 
0.04–4.4 mm. Sohayda and colleagues (2000) reported 
EPE in 35% of 265 cases. When EPE was present, it 
extended posterolateral in 53%, lateral in 24%, and 
posterior in 13%. The 90th percentile of EPE distance 
was 3.3 mm for patients with clinical T1–T2, pretreat-
ment PSA of 10 ng/ml, and biopsy Gleason score of 6 
or less. For patients with more unfavorable tumors, the 
90th percentile of EPE extended to 3.9 mm. Both these 
series did not correct for possible specimen shrink-
age related to formalin fixation. In another series of 
712 prostatectomy specimens, Teh (2003) reported 
that the mean radial distance from the capsule was 
2.93 mm (accounting for formalin fixation). The deci-
sion to add additional CTV margin may be a function 
of both the total dose prescription and the degree of 
conformality expected to be achieved. With 3D CRT 
and escalated radiation doses, the tissues immediately 
adjacent to the prostate receive a dose of radiation that 
would be expected to control microscopic disease. On 
the other hand, with highly conformal radiation plans 
with IMRT or proton therapy, and small uncertainty 
margins for the PTV, marginal misses may be antici-
pated unless an adequate CTV margin is added to 
account for microscopic EPE.

In selected patients it is necessary to outline the 
seminal vesicles, which in most patients are well 
demonstrated on the cross-section CT scans of the 
pelvis, superior, lateral, and posterior to the base of 
the prostate. The nomograms developed by Partin 
et al. (1993), Pisansky et al. (1996a) and Roach et 
al. (1997) may be used to determine the probability 
of seminal vesicle or pelvic lymph node involvement 
using clinical stage, pretreatment PSA, and Gleason 
score. Kestin et al. (2002) published an analysis of 
344 radical prostatectomy specimens in which they 
measured the length of seminal vesicles, length of 
involvement by carcinoma, and percentage of semi-
nal vesicle involved. They found an excellent correla-
tion between the various prognostic parameters and 
the probability of seminal vesicle involvement. Also, 
in 81 patients with positive seminal vesicle involve-
ment, the median length of tumor presence was 
1 cm. In the entire population only 7% of patients 
had seminal vesicle involvement beyond 1 cm. They 
concluded that in selected patients seminal vesicles 
need to be treated and only 2.5 cm (approximately 
60% of the seminal vesicle) should be included 
within the CTV, unless there is radiographic evi-
dence of involvement.

When there is evidence of extraprostatic exten-
sion on physical examination or imaging modalities, 
such as MRI (clinical stage T3), the seminal vesicles 
should be included for the total radiation dose pre-
scription. In cases where the disease is confined to the 
gland (clinical stages T1–T2) and the risk of seminal 
vesicle invasion exceeds 15%, we define two clinical 
target volumes; the first encompasses the prostate 
and the seminal vesicles, and with the second, the 
boost target volume is the prostate alone. In these 
cases a radiation dose that controls subclinical dis-
ease is prescribed to the first target volume and a 
higher dose is intended for the prostate itself.

As described in the section on conventional radi-
ation therapy treatment planning, identification of 
the prostatic apex can be facilitated with a retro-
grade urethrogram, which can be performed using 
25% iodinated contrast material. The prostatic apex 
is 3–13 mm above the most proximal aspect of the 
urogenital diaphragm as defined by the urethro-
gram (Rasch et al. 1999; Wilder et al. 1997). Care 
should be taken not to overinflate the urethra with 
iodinated contrast, as this may distend or move the 
prostate from its relaxed position.

Some authors feel that MRI may be more accu-
rate in delineating the prostate and seminal vesicles 
( Perrotti et al. 1996). Several publications have 
shown some discrepancy (0.5–1 cm) in defining the 
location of the apex of the prostate using CT scanning 
or MRI (Algan et al. 1995; Cox et al. 1994; Crook et 
al. 1995). Parker et al. (2003) studied co-registration 
of CT and MR images in the radiation treatment plan-
ning of six patients with localized prostate cancer to 
assist with GTV delineation and identification of 
prostate position during radiation therapy. The over-
all magnitude of contoured GTV was similar for MR 
and CT; however, there were spatial discrepancies in 
contouring between the two modalities. The greatest 
systematic discrepancy was at the posterior apical 
prostate border, which was 3.6 mm more posterior on 
MR- than CT-defined contouring.

At Washington University we treat the entire pros-
tate as our CTV for patients with low-risk disease. 
For patients with intermediate-risk disease we treat 
the prostate and seminal vesicles to 55.8 Gy, followed 
by a boost to the prostate alone (with appropriate 
PTV margin, vide infra). When using IMRT we uti-
lize a single CTV for these patients to avoid the need 
for two IMRT plans. In this case we treat the prostate 
and the first 1–2 cm of seminal vesicle tissue in our 
CTV (Fig. 28.6). For patients with stage-T3 disease, 
we treat the prostate along with the seminal vesicles 
to the total prescription dose.
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28.4.4.3 
Planning Target Volume Definition

The magnitude of the PTV margin is dependent 
upon several treatment-related factors. A technol-
ogist’s inability to precisely reproduce a patient’s 
position on a daily basis is one contributing factor. 
Some patients may move while on the treatment table 
because of fatigue or discomfort. Internal organs, 
including the prostate gland, can shift because of 
variable filling of the bladder and rectum. The shifts 
can be anisotropic with most movement occurring 

in the anterior and posterior directions. Langen 
(2001) summarized institutional experiences study-
ing setup errors and internal-organ motion. These 
studies investigated both internal organ motions and 
setup errors to determine an appropriate margin for 
the planning target volume. Increasing the size of 
the PTV margin increases the probability of encom-
passing the CTV by the prescribed isodose from a 
complete course of radiation therapy. In order to 
assure that an adequate radiation dose is encom-
passing all areas at risk of harboring disease, the 
radiation oncologist needs to include an appropriate 

Fig. 28.6. Target volumes and organs at risk are defi ned on serial images of a treatment-planning CT scan. For illustration pur-
poses only every fourth CT image is displayed. The bladder (yellow) and rectum (orange) are contoured as solid organs. The 
prostate (red) is contoured from its base superiorly to the apex at the genitourinary diaphragm. In this patient the fi rst 1 cm of 
seminal vesicle tissue (violet) is included with the CTV and no attempt is made to treat them above this level. The PTV (cyan) 
margin is 7 mm from the prostate border. In this example the fi ducial markers are seen inside the prostate gland
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PTV margin. There is a trade-off between assuring 
nearly 100% coverage during each treatment and 
the volume of adjacent organs irradiated unneces-
sarily.

Antolak et al. (1998), in a study of 17 patients 
with prostate cancer who underwent CT scanning for 
treatment planning and three subsequent CT scans 
obtained at approximately 2-week intervals during 
external-beam fractionated irradiation, observed 
CTV motion of 0.09 cm (left to right), 0.36 cm (cra-
nial–caudal), and 0.41 cm (anterior–posterior) 
directions. Prostate mobility was not significantly 
correlated with bladder volume, but both prostate 
and seminal vesicle positions were significantly 
influenced by rectal volume. From this study, the 
authors concluded that margins between the CTV 
and PTV necessary to enclose 95% of the PTV were 
7 mm in the lateral and cranial–caudal directions 
and 11 mm in the anterior–posterior direction.

In a study of 11 patients with repeated CT scans 
during a course of radiation therapy for prostate 
cancer, van Herk et al. (1995) showed that the larg-
est deviation in prostate position was 2.7 mm in the 
anterior–posterior direction with a rotation about 
the left–right axis of 4 . They found that the apex of 
the prostate does not move, and the majority of any 
motion is rotation around the apex.

Zelefsky et al. (1999) evaluated prostate and 
seminal vesicle motion in 50 patients treated in the 
prone position using CT scans for initial treatment 
planning and three scans obtained throughout the 
course of radiation therapy. Before the initial CT 
scans, patients had an enema and were given 250 ml 
of bowel contrast by mouth. Patients had an empty 
bladder and 10 cc of air was inserted into the rectum 
via rectal catheter. Prior to all CT scans, patients 
voided, and no additional procedures were per-
formed. Relative to the initial planning CT, mean 
displacements of the prostate were –1.2±2.9 mm in 
the AP, –0.5±3.3 mm in the superior/inferior, and –
0.6±0.8 mm in the lateral direction. The seminal ves-
icle displacements were –1.4±4.9 mm, 1.3±5.5 mm, 
and –0.8±3.1 mm in the AP, superior–inferior (SI), 
and lateral directions, respectively. (Negative values 
indicated displacements to the posterior, inferior, 
and left directions.) A combination of rectal volume 
>60 cc or a bladder volume >40 cc was found to be 
predictive for systematic deviations of the prostate 
and seminal vesicles of more than 3 mm. Based on 
the data and the prescription of irradiation dose to 
achieve at least 93% coverage of the CTV, Zelefsky 
et al. (1999) calculated the margins be added to the 
CTV for defining the PTV. Based on these reports, 

it is apparent that beyond the CTV, additional mar-
gins of 5–8 mm are necessary to provide adequate 
coverage of the prostate and 6–11 mm for adequate 
coverage of the seminal vesicles when there is no 
organ distension that would result in a systematic 
error.

Strategies to reduce the uncertainty in daily 
treatment delivery, and therefore to reduce the 
magnitude of the PTV margin, have been success-
fully introduced. Each of these methods employs 
daily imaging of the prostate with the patient in 
the treatment position on the linear accelerator 
treatment table. Some institutions have employed 
radiopaque implanted fiducial markers that are 
subsequently imaged with electronic portal imag-
ing devices. Crook et al. (1995) evaluated prostate 
motion in 55 patients in whom gold seeds were 
implanted at the base of the gland. Initial simula-
tion was obtained in a supine position with a full 
bladder and was repeated after patients received 
40 Gy. Prostate motion was observed in the pos-
terior direction (5.6±4.1 mm) and in the inferior 
direction (5.9±4.5 mm). In 30% of patients the base 
of the prostate was displaced posteriorly and in 11% 
in the inferior direction by >10 mm. Vigneault et 
al. (1997) investigated inter- and intrafraction daily 
motion of the prostatic apex relative to pelvic bony 
structures in 11 patients using radiopaque mark-
ers implanted under ultrasound guidance near the 
prostatic apex. After the completion of treatment, a 
transrectal ultrasound performed in 8 of 11 patients 
verified that the position of the radiopaque markers 
had not shifted. Marker displacements up to 1.6 cm 
were measured between two consecutive days of 
treatment on portal images. The marker displace-
ment relative to the center of the irradiation field 
was sensitive to both setup variations and internal 
prostate motion. The authors created treatment 
films (six consecutive electronic portal images 
during the same treatment fraction) and observed 
no visible intratreatment displacement of the mark-
ers. The position of the fiducial markers visualized 
on daily port films or electronic portal images can 
be used to align isocenter on a daily basis to assure 
precise and accurate treatment of the PTV. Paired 
images need to be acquired in order to calculate the 
3D position of the center of three fiducial markers. 
We have begun to employ anterior oblique portal 
images for daily target localization because the 
density of the hips makes viewing the markers on 
lateral radiographs difficult (Fig. 28.7).

Transabdominal ultrasound has been used to 
localize the prostate for treatment planning and 
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during daily radiation therapy delivery with an 
accuracy parallel to that of CT scanning of the 
pelvis (Fig. 28.8). Lattanzi et al. (1999, 2000) stud-
ied 23 patients with CT simulations in whom pros-
tate-only fields based on CT scans were created 
with no PTV margin. Ten of the patients also had 
prostate localization with a transabdominal ultra-
sound system. The absolute magnitude difference in 
CT and ultrasound was small (AP mean 3±1.8 mm, 

lateral mean 2.4±1.8 mm, superior/inferior mean 
4.6±2.8 mm). The authors felt that transabdominal 
ultrasound was simple and expeditious, and they 
improved their ability to localize the position of the 
prostate with the patient at the treatment machine 
for daily irradiation.

Yan et al. (2000) have developed a strategy of 
adaptive radiation therapy. Patients undergo daily 
CT imaging during the first week of radiation ther-

Fig. 28.7a,b. A pair of a left and b right anterior oblique digitally reconstructed radiographs (DRR) with corresponding elec-
tronic portal images demonstrating positions of intraprostatic fi ducial markers for daily setup localization. White arrows in-
dicate the seed positions which have been previously defi ned on the treatment-planning CT, making their positions visible on 
the DRR. If necessary, offsets of the isocenter are calculated and the patient table position is shifted to bring the epicenter of 
the markers in alignment with the beam isocenter

a

b
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apy. A patient-specific PTV is then calculated and the 
patients are reassessed. A patient-specific margin 
allows reduction of the PTV, which is otherwise cal-
culated based on population averages. This strategy 
does mean that some patients will be treated to larger 
PTVs if their CTV error is larger than average. Those 
patients may require other strategies to account for 
organ motion if dose escalation is necessary.

De Crevoisier (2005) reported that a large 
rectal volume defined at the time of treatment plan-
ning was associated with a decrease in biochemical 
tumor control. It has been suggested that a distended 
rectum at the simulation results in a systematic 
anterior displacement of the posterior prostate. Sub-
sequent days of treatment with a less-distended or 
empty rectum results in a geographical miss, unless 
the PTV is enlarged posteriorly to accommodate the 
expected prostate location. An enema prior to the 
simulation, along with a rubber catheter or hollow 
tube to deflate flatus in the rectum at the treat-
ment-planning CT, helps avoid the introduction of 
systematic errors in organ and target definition due 
to rectal distension (Tinger et al. 1998). The enema 
prior to simulation will empty the rectum and allow 
the prostate to move to its most posterior position. 

This allows use of a tighter uncertainty margin pos-
teriorly, as it eliminates the random error associated 
with a variably filled rectum.

Several authors have reported the use of an 
endorectal balloon during each daily treatment to 
stabilize the position of the gland. The balloon also 
moves the prostate anteriorly, allowing more com-
plete shielding of the posterior rectal wall. Unlike a 
rectum distended by stool and flatus, the endorec-
tal balloon is a controlled intervention that can be 
reproduced during the course of radiation therapy. 
Air in the balloon decreases the rectal surface dose 
by decreasing the electronic build-up and equilib-
rium at the air–soft tissue interface. Teh (2002) 
and associates reported results of 100 consecutive 
patients treated with IMRT and an endorectal rectal 
balloon. Ten of those patients also participated in a 
prostate motion study following gold-seed implan-
tation. Each of these ten patients underwent ten CT 
scans during the course of their radiation therapy. 
The mean and standard deviation of superior–infe-
rior (SI) target displacements were 0.92 and 1.78 mm, 
respectively. Of the 100 patients treated with a rectal 
balloon, 80% had no rectal complaints and 11 and 
6% had grade-1 or grade-2 acute toxicity, respec-

Fig. 28.8. Transabdominal ultrasound images of the prostate with transverse and sagittal projections. The CT-defi ned contours 
of the bladder (yellow), rectum (green), prostate (red), and seminal vesicles (pink) are superimposed on the ultrasound images 
to determine whether a table shift is necessary to make the treatment isocenter identical to the planned isocenter position
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tively. They measured the radiation dose at a bal-
loon–tissue interface using a phantom. The dose at 
the air–tissue interface is approximately 15% lower 
than the dose at the same point without an air cavity. 
The dose builds up rapidly so that at 1 and 2 mm 
away from the interface, the dose is only approxi-
mately 8 and 5% lower, respectively. Wachter et 
al. (2002) demonstrated in 10 patients that the dose 
to the posterior wall of the rectum could be signifi-
cantly reduced with the use of an endorectal balloon 
when the prostate only was boosted. The advantage 
of the balloon was lost when the seminal vesicles 
were treated. Patel et al. (2003) demonstrated sig-
nificant dosimetric sparing of the rectum with 3D 
CRT or IMRT when a rectal balloon was used during 
an entire course of radiation therapy in five patients. 
Patients tolerated daily insertion of the balloon 
exceptionally well.

28.4.4.4 
Organs-at-Risk Definition

Organs at risk need to be defined for the treat-
ment-planning process. In the treatment of pros-
tate cancer, the organs at risk include the bladder, 
rectum, femoral heads, panile bulb, and occasionally 
the small bowel. There can be considerable variation 
in the definition of these organs from physician to 
physician. When comparing dosimetric constraints 
and clinical outcomes from various series, a con-
sistent definition of these structures is important. 
The Radiation Therapy Oncology Group (RTOG) has 
described their method for normal organ definition 
(Michalski et al. 2000). The femoral heads are con-
toured from the level of the ischial tuberosities to 
their proximal joint at the pelvis. The rectum and 
bladder are both defined as solid organs. Inferiorly, 
the rectum is defined from the level of the ischial 
tuberosities. It extends superiorly until the colon 
moves anteriorly toward the sigmoid. The bladder 
is contoured inferiorly from the prostate base to 
the dome. Radiation to the penile bulb tissue of the 
corpora spongiosa inferior to the prostatic apex and 
urogenital diaphragm appears to play a role in the 
development of radiation induced erectile dysfunc-
tion (Fisch et al. 2001). Magnetic resonance imag-
ing allows more accurate definition of the pros-
tate apex, urogenital diaphragm, and penile bulb 
( Steenbakkers et al. 2003).

It has been argued that the bladder and rectum, 
being hollow organs, should have the inner contents 
subtracted from volumetric dose information. The 

remaining volume then represents the volume of the 
organ wall. Unfortunately, the calculation of wall 
volume is not a trivial task and requires the added 
work of contouring both the inner and rectal or 
additional software that is not available on many 3D 
CRT computer planning systems. As a result, most 
institutions and cooperative groups report dosim-
etry data to the whole organ volume. Early clini-
cal outcomes suggest that wall volume may indeed 
be a more important parameter with respect to 3D 
dosimetry in the whole organ volume (Koper et al. 
2004).

28.4.4.5 
Beam Selection and Shaping

A variety of treatment techniques have been 
described for 3D conformal radiation therapy for 
prostate cancer. One of the first methods simply 
applies traditional orthogonal four-field-beam 
orientation but employs BEV shaping (Fiorino et 
al. 1997; Soffen et al. 1991). A four-field 3D CRT 
technique confers a significant advantage over a 
conventional four-field “box” or bilateral 120  arc 
technique (Magrini et al. 1999; Ten Haken et al. 
1989). A four-field 3D CRT technique shields sig-
nificant portions of the bladder and rectum from 
the primary beam in the lateral projections. This 
leads to significant sparing of these organs from a 
high radiation dose.

A six-field technique has been favored by many 
institutions (Fig. 28.9). This technique employs par-
allel opposed anterior and posterior oblique fields 
in addition to the traditional lateral fields. Typically 
the oblique fields are angled 45  from the lateral 
fields, although they can be at shallower angles to 
minimize treatment to the organs at risk. Compared 
with a four-field conformal technique employing 
prescription doses of 70–74 Gy, the six-field tech-
nique does not appear to confer a clear dosimetric 
advantage; however, institutions that have deliv-
ered radiation doses in excess of 74 Gy have pre-
ferred a six-field technique, as it may reduce dose 
bladder, rectum, and the bilateral femoral heads 
(Magrini et al. 1999; Perez et al. 1997; Ten Haken 
et al. 1989). At Washington University unequally 
weighted beams are used in the six-field technique 
with 40% of the dose contribution coming from the 
lateral fields and the other 60% of the dose divided 
evenly between the anterior and posterior oblique 
fields. The lateral beams are weighted more heav-
ily in our six-field technique because this direc-
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tion allows maximum shielding of the bladder and 
rectum. Beam’s eye view treatment planning with 
a six-field technique significantly improves PTV 
coverage and provides better bladder and rectum 
sparing compared with traditional bilateral arcs 
(Figs. 28.10, 28.11).

Perez compared 174 patients planned with either 
3D conformal radiation therapy or standard radia-
tion therapy and demonstrated that when field sizes 
were adjusted to adequately encompass the plan-
ning target volumes there was a significant reduc-
tion in the volumes of bladder and rectum irradiated 
with conformal technique (Table 28.6; Perez et al. 
1997).

A noncoplanar technique has been described and 
used at the University of Michigan since 1992. This 
technique employs two lateral fields paired with non-
coplanar anterior inferior oblique fields. The direc-
tion of the anterior inferior oblique fields is selected 
on a patient-by-patient basis using angles that opti-
mally exclude the maximum amount of bladder and 
rectum. This technique has been demonstrated to 
effectively reduce the volume of the bladder and 

rectal walls that receive significant radiation dose 
(Marsh et al. 1992). A technique employing blocked 
arc fields has been used at the University of Califor-
nia San Francisco. This technique has been used in 
patients with prostate treatment without the semi-
nal vesicles. Bilateral 120  arc fields are blocked in 
the corners with a 2-cm margin on the PTV. This 
technique results in a lower dose to the rectum and a 
tighter dosimetric margin around the prostate com-
pared with either a six-field or four-field fixed-beam 
3D CRT technique (Akazawa et al. 1996; Roach et 
al. 1994).

The choice of technique for any given institution 
may depend as much on the availability of techni-
cal resources as on any dosimetric advantage that 
the various techniques may or may not have. For 
example, the non-coplanar method may not be pos-
sible on all linear accelerators due to the presence of 
a beam stop or limited clearance of the gantry and 
collimator to the patient. In some busy clinics, the 
longer treatment times with six fields, as compared 
with four, may not be justified if doses <74 Gy are 
used.

Fig. 28.9. Beam’s eye view displays on left anterior oblique and right posterior oblique (lower panels) digitally reconstructed 
radiographs. Graphic representations of multileaf collimator leaves demonstrate beam shaping relative to the contour of the PTV 
(solid light blue) and shielding of the rectum (brown wire cage) and bladder (yellow wire cage). The upper left panel displays a 
six-fi eld 3D conformal beam arrangement viewed along the superior–inferior axis. The upper right panel shows the 7380-cGy 
isodose line covering the PTV and prostate in the isocenter axial plane
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Fig. 28.10a,b. Radiation dose distribution is represented by a color-wash display on axial, sagittal, and coronal CT reconstruc-
tions for a 2D “arc” plan and b 3D six-fi eld conformal plan. The upper right panel is a dose-volume histogram of the bladder, 
rectum, and PTV. (From Sandler and Michalski 2005)

a

b
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28.4.5 
Intensity-Modulated Radiation Therapy

Intensity-modulated radiation therapy planning 
begins in nearly an identical manner to that of for-
ward-planned 3D CRT; however, patient positioning 
and reproducibility is far more critical due to the 
sharp dose gradients that are seen with this modal-
ity. We feel that a daily target localization method 
is critical in patients receiving IMRT for prostate 
cancer. Suitable methods include transabdominal 
ultrasound, intraprostatic fiducial markers with 
daily megavoltage portal or X-ray imaging, endorec-

tal balloon immobilization, or daily in-room CT 
imaging. Figure 28.12 demonstrates the close prox-
imity of the prescribed isodose to the edge of the 
PTV and emphasizes the importance of precise daily 
localization.

The target definition for IMRT proceeds in a 
manner similar to that of 3D CRT. Due to the sig-
nificant time and effort required to execute quality 
assurance of the dose distribution for IMRT, cone 
down boosts requiring two separate IMRT plans are 
commonly avoided. For this reason at Washington 
University for our intermediate-risk patients we 
include the first 1 cm of seminal-vesicle tissue in 
a single CTV. This allows treatment for the semi-
nal vesicle volume, which is most at risk in these 
patients without a separate boost plan for the pros-
tate only.

The definition of organs at risk should include all 
radiosensitive structures in the pelvis including any 
small bowel near the PTV and the penile bulb infe-
rior to the prostate and genitourinary diaphragm.

The IMRT treatment planning requires defining 
dose constraints for the target and each critical struc-
ture. The IMRT creates more heterogeneity of dose 
than 3D CRT, and the planning prescription needs 
to define a minimum dose to cover a predetermined 
volume of the PTV as well as a maximum dose to a 
small volume inside the PTV. Dose limits to organs 

Table 28.6. Comparison of mean dosimetric parameters for 
3D conformal or standard bilateral arc rotation in carcinoma 
of prostate. PTV planning target volume, ICRU International 
Commission on Radiation Units and Measurements. (From 
Perez et al. 1997)

Parameter Prostate irradiation only

3D conformal 
therapy

Standard 
therapy

No. of observations 87 87

Percentage of PTV receiving 
the prescribed dose or more

92.9±13.9 92.9±10.8 

ICRU dose (Gy) 69.1±2.6 69.2±2.6

Minimum tumor dose (Gy 66.3±5.3 63.5±8.6

Mean tumor dose (Gy) 69.8±2.6 69.7±2.8

Maximum dose (Gy) 71.7±2.4 71.3±2.8

Percentage of volume rectum 
65 Gy

33.7±15 62.7±21

Percentage of volume rectum 
70 Gy

8.5±11.8 28.8±28.9

Percentage of volume bladder 
65 Gy

22.3±12.5 50.5±22.8

Percentage of volume bladder 
70 Gy

6.3±8.4 19.4±24.4

Fig. 28.11. Cumulative dose-volume histograms (DVH) dem-
onstrate coverage of the PTV and a reduction in dose to the 
bladder and rectum using 3D CRT (solid curve) compared 
with a 2D plan with bilateral 120  arcs (dashed curve). (From 
Sandler and Michalski 2005)
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at risk need to take into account both upper dose 
limits as well as the volume of those organs that are 
allowed to exceed those limits. The dose guidelines 
utilized in the RTOG randomized trial are listed in 
Table 28.7. (This trial is described in more detail in 
the next section.) The minimum dose prescription is 
the dose that encompasses at least 98% of the PTV. 
To minimize the heterogeneity within the PTV, we 

attempt to have no more than 2% of the PTV exceed 
10% of the prescription dose.

Treatment techniques depend highly on the plan-
ning system and treatment delivery system. (See 
Chapter 10 for details about the various methods 
used for delivering IMRT including slice-based 
tomotherapy, dynamic MLC, step-and-shoot static 
MLC, and compensator-based systems.)

Fig. 28.12. An intensity-modulated radiation therapy dose distribution demonstrates the 7560-cGy isodose in a color-wash 
display in the axial (upper left), coronal (lower left), and sagittal (lower right) planes. The dose distribution is tighter against 
the PTV than the similar six-fi eld 3D CRT plan demonstrated in Figs. 28.10 and 28.11. More heterogeneity is also demonstrated 
with “hot spots” in this target exceeding 8000 cGy for the prescribed dose of 7560 cGy

Table 28.7. Normal organ-dose guidelines utilized in the randomized dose trial, RTOG-0126

Normal organ limita No more than 15% 
volume receives dose 
that exceeds

No more than 25% 
volume receives dose 
that exceeds

No more than 35% 
volume receives dose 
that exceeds

No more than 50% 
volume receives dose 
that exceeds

Bladder constraint 80 Gy 75 Gy 70 Gy 65 Gy

Rectum constraint 75 Gy 70 Gy 65 Gy 60 Gy

Penile bulb 
(mean dose 52.5 Gy)

aThe volume of the organ that should not exceed the dose limit
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28.4.6 
Dose Prescription for 3D CRT or IMRT

Several institutions have reported a radiation 
dose response for localized prostate cancer based 
on retrospective data analyses. The dose response 
outcomes for selected institutions are listed in 
Table 28.8. In some cases there has not been a ben-
efit for doses in excess of 70 Gy for low-risk pros-
tate cancer ( Hurwitz et al. 2002; Pollack et al. 
2004; Symon et al. 2003). Pollack et al. (2004) 
reported no benefit to doses above 77 Gy compared 
with 67–77 Gy for low-risk patients. The Fox Chase 
Cancer Center experience also did not suggest a dose 
response for doses higher than 72 Gy. Hurwitz et al. 
(2002) did not see a difference in biochemical dis-
ease-free survival for patients receiving more than 
68 Gy compared with those patients treated to lower 
doses. This lack of benefit to higher doses may be 
due to the small local tumor burden that is readily 
controlled with conventional doses. On the other 

hand, investigators from the Cleveland Clinic and 
Memorial Sloan-Kettering have shown a biochemi-
cal disease-free survival benefit for patients with 
low-risk disease who receive escalated doses with 3D 
CRT or IMRT (Khuntia et al. 2004; Pollack et al. 
2000; Zelefsky et al. 2001). In their dose escalation 
trial, Zelefsky (2001) reported 5-year biochemical 
disease-free survival rate of only 77% for patients 
receiving 64.8–70.2 Gy compared with 90% for low-
risk patients receiving 75.6–86.4 Gy. Khuntia et al. 
(2004) from the Cleveland Clinic reported a 5-year 
biochemical disease-free survival of 52, 82, and 
93% for low-risk patients receiving 68, 68–72, and 
>72 Gy, respectively.

Intermediate-risk disease has been shown to ben-
efit from escalated radiation doses in most retro-
spective analyses (Hurwitz et al. 2002; Khuntia et 
al. 2004; Pollack et al. 2000, 2004; Zelefsky et al. 
2001). Pollack et al. (2004) reported a 5-year bio-
chemical disease-free survival of 24, 65, and 79% for 
patients receiving isocenter doses of <72, 72–75.9, and 

Table 28.8 Institutional experience with dose escalation

Institution Dose response Dose levels, 5-year biochemical disease-free 
survival

Comment

Low-risk patients

FCCC 
(Pollack et al. 2000)

No <72 Gy 
81%

72–75.9 Gy 
78%

76 Gy 
82%

3D CRT for all patients; 
dose prescribed to isocenter for all 
patients

CCF 
(Khuntia et al. 2004)

Yes 68 Gy 
52%

68–72 Gy 
82%

>72 Gy 
93%

Conventional RT for lowest dose, 
3D CRT or IMRT for high doses, 3D 
CRT prescribed to isocenter, IMRT 
isodose prescribed to cover PTV

MSKCC 
(Zelefsky et al. 2001)

Yes 64–70.2 Gy 
77%

75.6–86.4 Gy 
90%

3D CRT for low dose, 3D CRT or 
IMRT for high doses, minimum 
dose prescribed to PTV (exclusive of 
normal organ overlap)

Intermediate-risk patients

FCCC 
(Pollack et al. 2000)
 PSA <10, GS 7–10
 PSA 10–19.9

Yes <72 Gy

–
24%

72–75.9 Gy

50%
65%

76 Gy

83%
79%

Dose prescribed as above, FCCC

CCF 
(Khuntia et al. 2004)

Yes 68 Gy 
27%

68–72 Gy 
51%

>72 Gy 
83%

Dose prescribed as above, CCF

MSKCC 
(Zelefsky et al. 2001)

Yes 64–70.2 Gy 
50%

75.6–86.4 Gy 
70%

Dose prescribed as above, MSKCC

High-risk patients

FCCC 
(Pollack et al. 2000)

No <72 Gy 
–

72–75.9 Gy 
27%

76 Gy 
34%

Dose prescribed as above, FCCC

CCF 
(Khuntia et al. 2004)

Yes 68 Gy 
21%

68–72 Gy 
29%

>72 Gy 
71%

Dose prescribed as above, CCF

MSKCC 
(Zelefsky et al. 2001)

Yes 64–70.2 Gy 
21%

75.6–86.4 Gy 
47%

Dose prescribed as above, MSKCC
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76 Gy, respectively. Khuntia et al. (2004) reported 
5-year biochemical disease-free survival rates of 27, 
51, and 83% for radiation doses of 68, 68–72, and 
>72 Gy, respectively. In the Cleveland Clinic series 
the low-dose patients were treated with either stan-
dard techniques or 3D CRT with doses prescribed to 
the isocenter. The intermediate-dose and high-dose 
patients were treated with either 3D CRT or IMRT. 
Radiation dose was prescribed to an isodose line 
that covered the PTV when IMRT was utilized at the 
Cleveland Clinic. Zelefsky et al. (2002) reported a 
5-year biochemical disease-free survival in interme-
diate-risk patients of 50 and 70% in patients receiv-
ing 64–70.2 or 75.6–86.4 Gy, respectively.

Patients with high-risk disease do not uniformly 
demonstrate a benefit to escalated radiation doses 
(Pollack et al. 2004; Symon et al. 2003). This may 
be due to the greater burden of subclinical metasta-
ses in patients with high pretreatment PSA or high 
Gleason scores. Khuntia et al. (2004) reported 
improved 5-year biochemical disease-free survival 
rates for high-risk patients of 21, 29, and 71% for radi-
ation doses of 68, 68–72, and >72 Gy, respectively. 
Zelefsky reported a 5-year biochemical disease-
free survival in intermediate-risk patients of 21 and 
47% in patients receiving 64–70.2 or 75.6–86.4 Gy, 
respectively (Levegrun et al. 2002; Zelefsky et al. 
2002). Cheung et al. (2003) from M.D. Anderson 
suggested a dose response for biochemical disease-
free survival for high-risk patients. They suggested 
that a 5-Gy dose increase beyond 78 Gy may improve 
PSA control for these patients.

Several randomized trials have been undertaken 
to demonstrate whether there is a benefit to high-
dose 3D CRT. The first completed and published 
study from M.D. Anderson demonstrated a signifi-
cant in biochemical disease-free survival in patients 
randomized to receive 78 Gy compared with 70 Gy 
(Pollack et al. 2002). In this trial all patients began 
with radiation to a limited pelvic field with a stan-
dard four-field arrangement. Patients were then 
randomized to receive a conventional field boost 
to a total isocenter dose of 70 Gy or a 3D CRT boost 
to a total isocenter dose of 78 Gy. The largest gain 
from this 8-Gy dose increase was seen in the patients 
with pretreatment PSA >10 ng/ml. In those interme-
diate-risk patients the 5-year biochemical disease-
free survival was 72 vs 44% for 78 or 70 Gy, respec-
tively. The RTOG is conducting a randomized trial 
of 70.2 vs 79.2 Gy in intermediate-risk patients with 
pretreatment PSA of 10–20 and Gleason score 6 or 
pretreatment PSA of 0–15 with Gleason score 7. The 
radiation doses are prescribed as a minimum to the 

PTV with either 3D CRT or IMRT. The study is pow-
ered to detect an overall survival difference between 
the two arms. Quality-of-life end points will also be 
evaluated.

Normal tissue dose limits play an important role 
in 3D CRT and are critical in IMRT treatment plan-
ning. Reports of morbidity following 3D CRT pro-
vide radiation oncologists with dose guidelines for 
acceptable conformal radiation treatment plans that 
minimize the risk of complications. In the RTOG 
prospective dose escalation trial, Michalski et al. 
(2000, 2004, 2005) and Ryu et al. (2001) reported the 
administration of minimum PTV doses from 64.8 
to 79.2 Gy in 1.8-Gy/day fractions and 74–78 Gy in 2-
Gy/day fractions with lower than expected incidence 
of grade-3 or worse intestinal or urinary toxicity 
based on comparisons with historical controls.

Boersma et al. found a significantly higher actu-
arial incidence of severe rectal bleeding in patients 
where more than 40 and 50% of the rectal wall volume 
received at least 65 Gy (p<0.02) than in patients in 
whom these volumes were smaller. Other significant 
cut-off levels were a rectal wall volume of 30% receiv-
ing at least 70 Gy (p<0.008), and a rectal wall volume 
of 5% receiving at least 75 Gy (p<0.02; Boersma et 
al. 1998). Based on their review of rectal toxicity 
in patients who received 3D CRT in the Memorial 
Sloan-Kettering dose escalation study, Jackson et 
al. (2001) recommended keeping 60% of the rectal 
wall to receive 40 Gy and 30% of the rectal wall to 
receive 75.6 Gy to minimize the risk of grade-2 or 
greater rectal toxicity. In a recent update on their 
IMRT experience, Zelefsky et al. (2002) reported 
that the rate of late grade-2 rectal bleeding was 1.5%, 
and only 0.5% experienced grade-3 toxicity requir-
ing one or more transfusions or laser cauterization 
procedures. Late grade-2 urethritis occurred in 10% 
of patients and another 0.5% experienced grade-3 
urethral stricture. Dose constraints for this study 
were 100% of the prescription to the PTV (exclud-
ing overlap with normal organs) and limits of 40 
and 58% of the prescription dose to the rectal wall 
and bladder wall, respectively. In the overlap region 
between the PTV and these critical organs, the con-
straint was set at 88% of the prescription dose for the 
rectum and 98% for the bladder. The prescription 
doses to the PTV ranged from 81.0 to 86.4 Gy in 1.8-
Gy fractions (Zelefsky et al. 2002).

Data from M.D. Anderson indicate that volumes 
receiving relative high radiation dose are of major 
importance. The incidence of grade-II/III toxicity at 
3 years decreased from 28 to 12%, if <25% of rectum 
volume was 70 Gy or more. Huang et al. (2002) 
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recommended additional volume cut-off points 
at other dose levels: 41% not to exceed 60 Gy, 16% 
not to exceed 75.6 Gy, and 5% not to exceed 78 Gy 
( Pollack et al. 2002; Storey et al. 2000).

In a dose escalation trial employing an adaptive 
radiotherapy process, Brabbins et al. (2005) esca-
lated dose to the PTV as long as normal organ dose 
constraints could be met. Minimum dose prescrip-
tions to the PTV ranged between 70.2 and 79.2 Gy 
based upon the following rectal and bladder con-
straints: <5% of the rectal wall has a dose >82 Gy, 
<30% of the rectal wall has a dose >75.6 Gy, <50% 
of the bladder volume has a dose >75.6 Gy, and the 
maximum bladder dose is 85 Gy. Employing these 
dose constraints and a patient specific “confidence-
limited” PTV margin determined by daily CT scans 
acquired during the first week of radiation, they 
were able to administer a dose of 70.2–72 Gy in 49 
of 277 patients (18%), >72–75.6 Gy in 131 patients 
(47%), and >75.6–79.2 Gy in 100 patients (36%). 
Chronic toxicity of patients receiving >75.6 Gy was 
not significantly worse than it was in patients receiv-
ing doses in the lower dose groups.

Kupelian (2002) reported a dose–volume rela-
tionship between rectal bleeding and rectal dosim-
etry in 128 patients treated with either 3D CRT or 
hypofractionated IMRT. The actuarial rate of rectal 
bleeding at 24 months was only 8% with a prescribed 
dose of 78 Gy in 2-Gy fractions with 3D CRT or 70 Gy 
in 2.5-Gy fractions with IMRT. Patients receiving 
hypofractionated IMRT were localized daily using 
a transabdominal ultrasound. The IMRT PTV 
margins were 4 mm posterior, 8 mm laterally, and 
5 mm in all other directions. The absolute volume of 
rectum receiving the prescription dose was signifi-
cantly associated with a risk of rectal bleeding. The 
relative volume of rectum exceeding the prescrip-
tion dose was not associated with toxicity, but the 
length of rectum was variably contoured and depen-
dent on the height of the PTV. The rectum was only 
contoured 1 cm above and below the PTV and not for 
a uniform length or anatomic definition. Kupelian 
(2002) recommends keeping the absolute volume of 
rectum receiving the prescription dose <15 cm3.

Many institutions report dose constraints by a 
volume threshold exceeding a specified dose. The 
VN refers to the volume of an organ that exceeds 
that dose. For example, a V25 of 70 Gy means only 
25% of the organ receives more than 70 Gy. Fiorino 
(2003) reported acceptable rectal toxicity rates in 
245 patients treated with 3D CRT and doses ranging 
from 70 to 78 Gy to the ICRU reference point. With 
a median follow-up of 2 years they had 23 patients 

with late grade-2 or worse rectal bleeding. To keep 
the rate of severe bleeding below 5–10% they recom-
mend keeping the rectal V50 to 60–65%, the V60 to 
45–50%, and the V70 to 25–30%.

28.4.7 
Considerations for Postoperative Irradiation

Postoperative radiation therapy has an important 
role in maintaining tumor control in patients who 
have high-risk disease on pathological examination 
of the surgical specimen, or in patients who have 
biochemical failure following radical prostatec-
tomy. While some authors have argued that adju-
vant or salvage radiation therapy offers no benefit 
(Cadeddu et al. 1998), there is substantial evidence 
from both retrospective series and prospective clini-
cal trials that radiation may improve both biochemi-
cal and clinical disease-free survival.

Leibovich (2000b) reported a matched control 
study of 76 patients who had a single positive surgi-
cal margin with pathological T2N0 prostate cancer. 
Patients who received radiation therapy in the adju-
vant setting (within 3 months of surgery with an 
undetectable postoperative PSA) had a significant 
improvement in their biochemical, local, or systemic 
rates of failure. Valicenti (1999) reported a matched-
pair analysis of 149 patients with pathological stage-
T3 disease. Fifty-two of these patients received 
postoperative radiation therapy to a median dose of 
64.8 Gy. Patients who received radiation therapy had 
a significant reduction in the rate of biochemical fail-
ure compared with the matched controls.

The EORTC has conducted a randomized trial 
of adjuvant irradiation (60 Gy in 30 fractions over 
6 weeks) vs observation in 1005 men with pathologi-
cally confirmed T3 prostate cancer and at least one 
of the following risk factors: capsule perforation; 
positive resection margin; or invasion of the semi-
nal vesicles. With a median follow-up of 5 years, 
there was a significant benefit of radiotherapy 
in biochemical disease-free survival and clinical 
locoregional failure rate: 52.6–74.0% (p 0.0001) 
and 15.4–5.4% (p = 0.0009), respectively (Bolla et 
al. 2005). A similar randomized trial was conducted 
in Germany and it demonstrated an advantage over 
adjuvant radiation therapy (Wiegel et al. 2005). 
Data from a similar North American trial conducted 
by the Southwest Oncology Group is expected to be 
reported soon.

Salvage radiation should be considered for men 
who have had prior prostatectomy and now have a 
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detectable or rising PSA. Patients that have a persis-
tent PSA or a rising PSA within the first year after 
surgery do not have as good a response rate to sal-
vage radiation therapy as men who have an initially 
undetectable PSA that later becomes detectable 
(McCarthy et al. 1994). Those patients may have 
occult distant metastases and therefore radiation 
therapy is less effective. The level of PSA at the time 
of salvage radiation therapy is an important predic-
tor for response. Nudell et al. (1999) reported the 
results of 68 patients that received salvage radia-
tion therapy with a 60% 3-year relapse-free survival 
if the PSA was <1.0 compared with only 25% if the 
preradiation therapy PSA was >1.0. Zelefsky et al. 
(1997a) reported 2-year relapse-free survival of 74% 
in men with a preradiation therapy PSA of <1.0 com-
pared with 17% with a higher PSA.

Stephenson et al. (2004) reported the results of 
salvage therapy in 501 patients from five institu-
tions who had failed prior radical prostatectomy. 
With salvage radiation therapy, the 4-year progres-
sion-free survival was 45%. They identified several 
prognostic factors that were associated with a poor 
response to radiation therapy, including a surgical 
Gleason score of 8–10, preradiation therapy PSA of 
>2.0, negative surgical margins, a postoperative PSA 
doubling time of <10 months, and seminal vesicle 
invasion. Patients with none of these adverse fea-
tures had a 4-year progression-free survival of 77% 
following salvage radiation therapy. Some subsets of 
patients with Gleason score of 8–10 benefited from 
salvage radiation therapy if they had a pretreatment 
PSA of <2.0, positive surgical margins, and a PSA 
doubling time of >10 months.

28.4.8 
Postoperative Radiation Therapy Techniques

When indicated, as in patients with Gleason score 7 
or higher, seminal vesicle involvement, or positive 
pelvic nodes, the pelvis may be irradiated to the 
bifurcation of the common iliac vessels with AP–PA 
and right/left lateral fields to a dose of 45–50 Gy (1.8-
Gy per fraction). In the past the prostate bed and 
periprostatic tissues were irradiated with reduced 
fields (8–10 cm wide and 10–12 cm cephalad to 
caudal dimensions) using four stationary fields (box 
technique; Fig. 28.13) or bilateral 120  arc rotation. 
In recent years 3D CRT/IMRT techniques have been 
used because of the low treatment morbidity and 
potential for dose escalation. After pelvic irradia-
tion (45–50 Gy), additional dose is delivered to the 

prostatic bed to complete 65 Gy minimal tumor dose 
in 1.8- to 2-Gy fractions. When only the prostatic 
bed is treated, the minimal tumor dose is 64–66 Gy 
in 1.8- to 2-Gy fractions. Figure 28.14 demonstrates 
the boost postoperative clinical target volume (CTB) 
on a treatment-planning CT scan.

Valicenti (1998) reported on 86 patients with 
pathological stage-T3N0 prostate cancer who received 
post-radical prostatectomy radiation therapy (55.8–
70.2 Gy, median dose 64.8 Gy) to the prostate and 
seminal vesicle bed. For 52 patients with an unde-
tectable preirradiation PSA level, the 3-year chemical 
disease-free survival rates were 91% for patients irra-

Fig. 28.13. Digitally reconstructed radiographs (AP and right 
lateral) demonstrate boost fi elds for patients receiving postop-
erative radiation therapy utilizing a four-fi eld box technique. 
The CTV (red) is encompassed by a PTV margin (blue). In 
the lateral fi eld the contours of the bladder and rectum are 
shielded by the block edges
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diated to 61.5 Gy or higher doses and 57% for those 
irradiated to lower doses (p = 0.01). For the 21 patients 
with preirradiation PSA levels >0.2 ng/ml but <2 ng/
ml, the 3-year biochemical disease-free survival rates 
were 79% for patients irradiated to 64.8 Gy or greater 
doses and 33% for those irradiated to a lower dose 
(p = 0.02). They concluded that higher postoperative 
irradiation doses were more effective in patients with 
postoperative PSA levels <2 ng/ml. Data from Duke 
University Medical Center demonstrated improved 

biochemical disease-free survival for patients receiv-
ing >65 Gy to the prostate fossa (Anscher et al. 
2000). Because of the risk of occult metastatic disease, 
patients with PSA levels >2.0 ng/ml are less likely to 
benefit from higher radiation doses. Strong consider-
ation should be given to treating them with hormone 
therapy in addition to radiation therapy.

28.5 
Prostate Brachytherapy

28.5.1 
Introduction

Prostate brachytherapy represents the ultimate 3D 
conformal therapy, permitting dose escalation far 
exceeding other radiation modalities with canceri-
cidal treatment margins substantially larger than 
those obtainable with radical prostatectomy (RP). 
The resurgence of interest in brachytherapy was due 
to the availability of transrectal ultrasonography, 
the development of a closed transperineal approach 
and sophisticated treatment-planning software. 
These imaging and planning advances dramati-
cally improved the accuracy of seed placement. In 
addition, computed tomography (CT)-based post-
operative dosimetry provided the ability to evaluate 
implant quality and proactively influence outcome 
(Merrick et al. 2003i).

28.5.1.1 
Patient Selection

Although not all patients are acceptable candidates 
for brachytherapy, a reliable set of pretreatment cri-
teria for predicting outcome has not been formulated 
(Blasko et al. 2002; Crook et al. 2001; D’Amico et 
al. 1998; Hakenberg et al. 2003; Merrick et al. 
2003h,i; Nag et al. 1999). The continued elucidation 
and adoption of evidence-supported planning phi-
losophies, intraoperative techniques, and medical 
management should further improve biochemical 
results and quality-of-life (QOL) domains.

28.5.1.2 
Prostate Size

Despite the absence of a clear relationship between 
prostate size and a greater incidence of urinary mor-

Fig. 28.14a,b. Target volumes and critical structures displayed 
on CT (a) and sagittal reconstruction (b) for 3D or IMRT treat-
ment planning. For illustration purposes, only every fourth 
CT image is displayed. CTV (red) encompasses the region of 
the seminal vesicles and the bladder (yellow) neck inferiorly. 
The PTV (blue) encircles the CTV. The rectum (orange) is 
posterior

a

b
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bidity (Merrick et al. 2000d, 2003d; Sherertz et 
al. 2001; Stone and Stock 2000), large prostate size 
remains a relative contraindication to brachyther-
apy due to technical concerns and the perception 
that large prostate size increases the risk for acute 
and prolonged urinary morbidity (Ash et al. 2000; 
Pedley 2002). Multiple investigators, however, have 
successfully implanted large prostate glands with 
acceptable morbidity (Merrick et al. 2000d, 2003d; 
 Sherertz et al. 2001; Stone and Stock 2000). In a 
study using a validated patient-administered instru-
ment (Expanded Prostate Cancer Index Composite, 
EPIC), long-term urinary function did not corre-
late with prostate size (Merrick et al. 2003d). On 
the other hand, favorable dosimetry with minimal 
urinary morbidity has been reported for patients 
with small glands (<20 cm3; Merrick et al. 2001a, 
2003d).

28.5.1.3 
Transition Zone

The transition zone (TZ) has consistently corre-
lated with brachytherapy-related urinary morbid-
ity (Fig. 28.15; Hinerman-Mulroy et al. 2004; 
 Merrick et al. 2001c; Thomas et al. 2000). Har-
vard University investigators reported TZ volume 
to be the most important predictor of acute urinary 
retention following brachytherapy (Thomas et al. 
2000). In patients receiving neoadjuvant androgen 
deprivation therapy (ADT) for cytoreduction, Inter-
national Prostate Symptom Score (IPSS) normaliza-
tion, and prolonged catheter dependency, and the 

need for a postbrachytherapy transurethral resec-
tion (TURP) were best predicted by the percentage 
of decrease in TZ volume (Hinerman-Mulroy et 
al. 2004). In particular, prolonged urinary morbid-
ity was extremely unlikely in patients with a >30% 
decrease in TZ volume (Hinerman-Mulroy et al. 
2004). The currently available data suggest that TZ 
may have a greater predictive power for urinary 
dysfunction than any other single parameter. TZ 
volume should always be assessed at the time of 
preimplant transrectal ultrasound.

28.5.1.4 
Median Lobe Hyperplasia

Median lobe hyperplasia (MLH; the protrusion 
of hypertrophied prostate tissue into the blad-
der) is a relative contraindication to brachyther-
apy because of concerns of an increased risk of 
postimplant urinary morbidity and/or techni-
cal difficulties associated with the implantation 
of intravesical tissue (Pedley 2002). In a small 
series, complete dosimetric coverage of the median 
lobe was reported; however, 38% of the patients 
developed prolonged postimplant urinary reten-
tion, whereas others experienced persistent IPSS 
elevation (Wallner et al. 2000). Although MLH 
should not be considered an absolute contrain-
dication to brachytherapy, such patients should 
be approached with caution. It is conceivable that 
preimplant resection of the intravesical compo-
nent may reduce the incidence of brachytherapy-
related urinary morbidity.

Fig. 28.15a,b. Transverse (a) and sagittal (b) ultrasound images. The prostate is outlined in gray and the transition zone in white. 
The transverse image also illustrates the planning target volume in black

a b
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28.5.1.5 
International Prostate Symptom Score

The role of IPSS in predicting urinary morbid-
ity (including urinary retention) has been studied 
extensively with conflicting conclusions (Ash et 
al. 2000; Bucci et al. 2002; Gelblum et al. 1999; 
 Hakenberg et al. 2003; Landis et al. 2002; Merrick 
et al. 2000d, 2003d; Pedley 2002; Terk et al. 1998). 
Although almost all brachytherapy patients develop 
urinary irritative/obstructive symptoms with up to 
34% developing acute urinary retention (Gelblum 
et al. 1999; Han et al. 2001a; Landis et al. 2002; 
Merrick et al. 2000d; Terk et al. 1998; Thomas et 
al. 2000), <5% require a urinary catheter for >1 week 
( Merrick et al. 2000d, 2002e). Preimplant IPSS 
predicted the duration of postimplant obstructive 
symptomatology (Bucci et al. 2002; Merrick et al. 
2000d; Terk et al. 1998) but did not correlate with 
long-term urinary QOL (Merrick et al. 2003d). In 
contrast to three recently published patient-selec-
tion guidelines (Ash et al. 2000; Hakenberg et 
al. 2003; Pedley 2002), prospective studies have 
demonstrated little correlation between preimplant 
IPSS, urodynamic studies, postvoid residual urine 
or preimplant cystourethroscopy, and acute or long-
term urinary function (Gray et al. 2000; Landis et 
al. 2002).

28.5.1.6 
Prostatitis

A recent study reported no relationship between the 
presence or severity of prostatitis and the incidence 
of urinary retention or prolonged IPSS elevation fol-
lowing implantation (Hughes et al. 2001).

28.5.1.7 
Pubic Arch Interference

Pubic arch interference (the obstruction of ante-
rior needle placement insertion by a narrow pubic 
arch) is a relative contraindication to brachytherapy. 
Surprisingly, prostate volume has proved to be a 
poor predictor of pubic arch interference (Bellon 
et al. 1999). With the use of the extended lithotomy 
position and/or veering needles around the arch, 
almost all patients can be successfully implanted 
with favorable postimplant dosimetry regardless of 
the degree of pubic arch interference (Bellon et 
al. 1999).

28.5.1.8 
Transurethral Resection of the Prostate

In contemporary brachytherapy series with the 
use of peripheral source loading and limitation of 
the radiation dose to the transurethral resection of 
the prostate (TURP) defect to approximately 110% 
of prescription dose, the risk of incontinence in 
patients with a preimplant TURP has been reported 
to be 6% (Stone et al. 2000; Wallner et al. 1997). 
Using EPIC, patients with a preimplant TURP have 
been found to have urinary QOL approaching that 
of non-TURP brachytherapy patients (Merrick et 
al. 2004a).

Following brachytherapy, approximately 2% 
of patients develop prolonged urinary reten-
tion with the vast majority eventually sponta-
neously urinating (Merrick et al. 2004a). If a 
postimplant TURP or transurethral incision of 
the prostate (TUIP) is necessary, it should be 
delayed for as long as possible (ideally a mini-
mum of 12 months). Significant urinary mor-
bidity has been demonstrated in approximately 
half of patients undergoing a postimplant TURP. 
Patients requiring a pre- and postimplant TURP 
have an especially high risk of urinary inconti-
nence (Merrick et al. 2004a).

To minimize postbrachytherapy TURP-related 
incontinence, the preservation of the bladder neck 
at the 5 and 7 o’clock positions with minimal use 
of cautery is essential to maintain sufficient pros-
tatic–urethral blood supply (Stone and Stock 
2002).

Age

Although there remains a surgical bias to recom-
mend RP for younger patients, patient age alone 
should not influence treatment decisions. In fact, 
patient age may be a stronger predictor of prostate 
cancer curability than differences in preimplant 
PSA (Carter et al. 1999). Older patients have been 
reported to be at increased risk for extracapsular 
extension, higher Gleason scores, and a greater pro-
pensity for distant metastases when compared with 
younger patients (Carter et al. 1999; Herold et al. 
1998; Smith et al. 2000). Following brachytherapy, 
outstanding biochemical outcomes (median PSA 
<0.1 ng/ml) have been reported for hormone-naïve 
patients 62 years of age (Merrick et al. 2004b). 
On the other hand, older patients tolerate brachy-
therapy as well as younger men (Merrick et al. 
2000d, 2003d).
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Obesity

Obesity presents substantial procedural difficulties 
for RP and external-beam radiation therapy (XRT), 
but only relatively minor problems for brachyther-
apy (Merrick et al. 2005a). Favorable biochemical 
and QOL outcomes have been demonstrated for 
brachytherapy patients regardless of body mass 
index (BMI; Merrick et al. 2002c, 2005a).

28.5.1.9 
Tobacco

Consistent with a correlation between cigarette 
smoking and aggressive prostate cancer, tobacco 
consumption has correlated with a trend for poorer 
biochemical progression-free survival following 
brachytherapy (Merrick et al. 2004d). In addi-
tion, tobacco consumption has been demonstrated 
to delay wound healing, compromise small blood 
vessel function, and exacerbate brachytherapy-
related morbidity. Although the absolute differ-
ences were small, tobacco was a robust predictor 
for adverse late urinary and rectal QOL following 
brachytherapy (Merrick et al. 2003d,f). Following 
RP and XRT, the role of tobacco in treatment-related 
morbidity has not been explored but is likely to be 
consistent with tobacco-related brachytherapy out-
comes.

28.5.1.10 
Inflammatory Bowel Disease

Inflammatory bowel disease, ulcerative colitis, 
and regional enteritis (Crohn’s disease) have been 
considered relative contraindications to radiation 
therapy; however, in a small brachytherapy series, 
no increased risk of gastrointestinal morbidity was 
reported (Grann and Wallner 1998).

28.5.1.11 
Adverse Pathological Features

High Gleason score, perineural invasion, and per-
centage of positive biopsies correlate with a greater 
likelihood of extracapsular extension leading some 
to conclude that patients with high-risk features may 
not be adequately treated with brachytherapy (Crook 
et al. 2001; D’Amico et al. 1998;  Hakenberg et al. 
2003). In contrast, multiple brachytherapy studies 

have demonstrated favorable biochemical outcomes 
for hormone-naïve patients at high risk of extrapros-
tatic extension (Blasko et al. 2000; Dattoli et al. 
2003; Merrick et al. 2001b, 2003a, 2004e). Patho-
logical evaluation of RP specimens demonstrate 
that extraprostatic extension is almost always lim-
ited to within 5 mm of the prostate capsule (Davis 
et al. 1999). As such, high-quality brachytherapy 
with or without supplemental XRT should steril-
ize extraprostatic extension (Fig. 28.16; Merrick et 
al. 2003b). The relative resiliency of brachytherapy 
to adverse pathological features is likely a result 
of intraprostatic dose escalation with therapeutic 
radiation dose delivery to the periprostatic region 
(Merrick et al. 2001a, 2003b, 2004e).

28.5.1.12 
Prostatic Acid Phosphatase

Pretreatment enzymatic prostatic acid phosphatase 
(PAP) is predictive of biochemical outcome and/or 
disease-specific survival following potentially cura-
tive local treatment (Dattoli et al. 2003; Han et al. 
2001b). In a contemporary RP series, PAP did not 
predict for organ-confined disease and/or lymph 
node status but was an independent predictor of bio-
chemical recurrence (Han et al. 2001b). Similarly, 
PAP was the strongest predictor of freedom from 
biochemical progression for intermediate and high-
risk brachytherapy patients (Dattoli et al. 2003). 
Although a substantial minority of brachytherapy 
patients with an elevated pretreatment PAP remain 
curable, it is conceivable that these patients may 
benefit from adjuvant systemic therapy.

Fig. 28.16. Mean postimplant dosimetric margins >6 mm at 
the 100% isodose line
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28.5.2 
Brachytherapy Planning

Favorable biochemical results have been obtained 
with a variety of planning and intraoperative tech-
niques, of which no method has been proven supe-
rior (Butler et al. 2000b; Merrick and Butler 
2000). In general, four seed loading philosophies 
(uniform loading, peripheral loading, modified 
uniform loading, and modified peripheral loading) 
have been utilized with peripherally based plan-
ning philosophies most commonly used (Prete et 
al. 1998). Although quality is easy to conceptualize, 
it is more difficult to quantitate. It is universally 
accepted that an adequate implant should encom-
pass the target volume, but no consensus exists as 
to what represents the target. In addition, urethral 
and rectal tolerances have not been well defined, and 
the significance and degree of dose homogeneity 
throughout the implant region remains unclear. A 
multi-institutional analysis revealed that although 
prostate brachytherapy prescription doses are uni-
form, substantial variability exists regarding target 
volume, seed strength, dose homogeneity, treat-
ment margins, and extracapsular seed placement 
( Merrick et al. 2005c).

Brachytherapy planning entails either preplan-
ning (in which a transrectal ultrasound volumet-
ric study of the prostate gland is obtained before 
implantation) or intraoperative planning using 
nomograms or real-time techniques (Merrick and 
Butler 2000; Stock et al. 1998). In our preplanned 
approach, the planning target volume (the prostate 
gland with a periprostatic margin) is determined by 
a 3- to 8-mm enlargement of each ultrasound slice 
with a resultant planning target volume approxi-
mately 1.75 times the ultrasound-determined 
volume (Merrick and Butler 2000). The ratio-
nale for treatment margin is based on pathological 
measures of the probability of microscopic extra-
capsular disease and estimates that seed placement 
uncertainty is approximately 5 and 3 mm in the 
longitudinal and transverse directions, respectively 
(Roberson et al. 1997). In addition, the utilization 
of treatment margins significantly decreases the 
effect of edema on postoperative dosimetry (Butler 
et al. 2000a; Waterman et al. 1998). At the periph-
ery of the implant target volume, the radiation dose 
decreases by as much as 20 Gy/mm (Dawson et al. 
1994). Our planning technique mandates that the 
radiation dose be prescribed to the planning target 
volume with margin (Butler et al. 2000b; Merrick 
and Butler 2000). Table 28.9 outlines criteria by 

Table 28.9. Preimplant dosimetric evaluation criteria

Evaluated quantity Parametera Value

I-125 Pd-103

Patient-specifi c 
needs

Tx volume, 
TURPb, etc.

Primary importance

Coverage of the 
planning volume

V100 
D90

>99.8% volume 
125–140% mPD

Dose homogeneity V150 40–55% 
volume

55–70% 
volume

High dose volume V200 <15% 
volume

15–25% 
volume

Urethra volume 
coverage

UV125 

UV150 

80–100% 
volume 
<15% 
volume

50–100% 
volume 
<25% 
volume

Urethra dose UD50 

UD10

130–145% 
mPD 
140–150% 
mPD

120–140% 
mPD 
130–160% 
mPD

a V100, V150, and V200 are the percentages of the planning tar-
get volume (PTV) covered by 100, 150, and 200% of the pre-
scribed dose (mPD), respectively. D90 is the minimum dose 
covering 90% of the PTV. UV125 and UV150 are percentage of 
volume of the urethra at the defi ned mPD. UD50 and UD10 
are the minimum doses covering 50 and 10%, respectively, 
of the urethra volume
b TURP, transurethral resection of prostate 

which all plans are evaluated based on DVH of the 
planning target volume and urethra.

28.5.3 
Post-Implant Evaluation

Postoperative CT-based dosimetric analysis pro-
vides detailed information regarding the coverage 
and uniformity of an implant, affords the ability 
to compare various intraoperative techniques, and 
provides a sound basis for future improvement. 
Although CT determination of prostate volume is 
widely accepted for external beam planning, the use 
of CT for brachytherapy purposes remains contro-
versial (Crook et al. 2004). Accurate delineation of 
prostate contours on postimplant CT may be dif-
ficult because of postoperative edema, degradation 
of the image due to implanted metallic seeds, and a 
possible tendency to overestimate prostate volume 
from CT compared with transrectal ultrasound; 
however, a close correlation has been demonstrated 
for CT and ultrasound-determined prostate vol-
umes, provided that the levator ani muscles and 
the anterior venous complex are not included in 
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the CT volume (Badiozamani et al. 1999; Merrick 
et al. 1999a). When provided with instructions for 
prostate volume determination, postbrachytherapy 
prostate volumes were comparable among multiple 
brachytherapists (Han et al. 2003). Fortunately, if 
implants are designed and executed with generous 
periprostatic margins, the determination of post-
implant CT prostate volume does not significantly 
influence the dosimetric outcome (Merrick et al. 
1999a).

The timing of CT after implantation remains 
controversial. Some groups recommend CT evalu-
ation be obtained 30 days following implantation to 
allow for resolution of edema, whereas others pro-
pose day-0 dosimetry to provide information about 
edema when it is close to its maximum extent and for 
prompt closure of the learning curve (Merrick et 
al. 2001a). For intraoperative dosimetric evaluation, 
a detailed knowledge of day-0 threshold dosimetric 
parameters is essential to evaluate the advisability 
of corrective seed placement.

Biochemical progression-free survival is directly 
related to implant quality. Stock et al. (1998) 
reported a dose-response curve for patients undergo-
ing monotherapeutic I-125 with superior biochemi-
cal results with a day-30 D90 140 Gy. Detailed day-
0 dosimetry demonstrated that prescribed radiation 
doses are routinely obtainable with day-0 evaluation 
using brachytherapy target volumes that include 

generous periprostatic margins and urethral sparing 
techniques (Figs. 28.17, 28.18; Merrick et al. 2001a, 
2003b). Extracapsular treatment margins of 6.5 and 
9.6 mm at the 100 and 75% isodose lines, respec-
tively, have been reported (Fig. 28.16; Merrick et 
al. 2003b). Except for the bladder neck and poste-
rior prostate border, the 100% isodose margin was 
5 mm or greater. Approximately 35% of the seeds are 
placed in extracapsular locations with a seed fixity 
rate >98% (Merrick et al. 2000b). There is a strong 
suggestion that day-0 brachytherapy treatment mar-
gins may be as important as the traditional dosimet-
ric parameters (i.e., V100, D90) for predicting PSA 
outcomes after prostate brachytherapy (Choi et al. 
2004; Merrick et al. 1999b). Generous periprostatic 
treatment margins are useful in patients with any 
risk of extracapsular extension and a low risk of 
pelvic lymph node involvement/distant metastases.

28.5.3.1 
Isotope

Although traditionally I-125 has been used for Glea-
son scores 2–6 and Pd-103 for Gleason scores 7–10, 
no definitive data support the potential curative 
superiority of one isotope over another for any clini-
cal stage, Gleason score, or pretreatment PSA (Cha 
et al. 1999; Wallner et al. 2002a, 2003).

Fig. 28.18. Cumulative dose volume histograms of the pros-
tate, urethra, and the volume encompassed by the rectal 
wall. Prostate dosimetric summary parameters of inter-
est are V100 = 98.3% of the 38.7 cm3 day-0 CT volume. The 
prostate: V150 = 68.8% and V200 = 34.0% of the volume, and 
D90 = 116.7% of the 125-Gy monotherapy Pd-103 dose pre-
scribed; the urethra: V100 = 100%, V120 = 1.0%, and V150 = 0%. 
The volume of the rectal wall receiving 100% of the prescribed 
dose was 0.18 cm3
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Fig. 28.17. Transverse postimplant isodose coverage of the 
prostate, urethra, and rectal wall for a 125-Gy monotherapy 
implant of a prostate which had a preimplant ultrasound 
volume of 25.9 cm3 and a day-0 CT volume of 38.7 cm3. The 
isodoses displayed are 65, 100, 50, and 200% of the prescribed 
dose. The dose point shown is at the center of the urethra. Tick 
marks on the border are at 1-cm increments
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28.5.4 
Supplemental Therapies

Both XRT and adjuvant ADT are commonly used 
as supplements to brachytherapy in patients with 
adverse pathological and/or biochemical features. 
Contemporary series, however, strongly suggest 
that with high-quality brachytherapy dose distribu-
tions and generous periprostatic treatment margins 
(Blasko et al. 2000; Merrick et al. 2003b), the vast 
majority of brachytherapy patients can be managed 
with implant alone.

28.5.4.1 
External-Beam Radiation Therapy

The rationale for supplemental XRT combined with 
brachytherapy is to enhance the coverage of peri-
prostatic tissue, escalate the dose to the intrapros-
tatic tumor, supplement inadequate radiation dose 
distributions, and/or treat locoregional disease. The 
ABS has recommended monotherapy for patients 
with clinical stage T1–T2a, PSA 10 ng/ml, and Glea-
son score 6 with the addition of supplemental XRT 
for all other patients (Nag et al. 1999). Recently, 
however, the utility of supplemental XRT has been 
questioned by favorable biochemical outcomes fol-
lowing monotherapeutic brachytherapy in patients 
with higher pretreatment PSAs and/or Gleason 
scores (Blasko et al. 2000). Supplemental XRT has 
also been demonstrated to exacerbate brachyther-
apy-related morbidity (Merrick et al. 2003d,f).

28.5.4.2 
Androgen Deprivation Therapy

Despite recent reports detailing favorable biochemi-
cal outcomes for hormone-naïve brachytherapy 
patients with higher-risk features (Dattoli et al. 
2003; Davis et al. 1999; Merrick et al. 2003b), inter-
mediate- and high-risk brachytherapy patients often 
receive adjuvant ADT as an extrapolation from the 
conventional XRT dose (65–70 Gy) in the literature. 
The favorable interaction between conventional 
dose XRT and ADT likely results from the inability 
of conventional XRT doses to sterilize large bulky 
prostate cancers and as such may not be applicable 
to brachytherapy. In a large retrospective matched-
pair analysis, no benefit for ADT with brachyther-
apy was discerned for any risk group, Gleason score, 
pretreatment PSA, or clinical stage (Potters et al. 

2000). Although subgroups of high-risk brachy-
therapy patients may benefit from adjuvant ADT, 
that patient population has not been definitively 
identified. In addition, ADT has been implicated 
in brachytherapy-related morbidity (Merrick et al. 
2003d,h, 2004f; Terk et al. 1998).

28.5.5 
PSA Spikes

Following brachytherapy, up to one-third of all hor-
mone-naïve patients develop a temporary PSA spike 
without adverse impact on long-term biochemical 
control (Merrick et al. 2002d, 2003g). It has been 
proposed that spikes are a result of any mechanism 
compromising membrane integrity in PSA-pro-
ducing epithelium (Merrick et al. 2002d, 2003g). 
The PSA spikes have been correlated with younger 
patient age, clinical stage, benign prostatic hyper-
plasia, baseline postimplant PSA, and postopera-
tive dosimetric parameters (Merrick et al. 2002d, 
2003g). The PSA spikes are least common in patients 
with a posttreatment PSA 0.2 ng/ml (Merrick et 
al. 2002d). For patients receiving neoadjuvant ADT, 
postbrachytherapy “PSA progression” is often 
observed; however, the absolute increase is usually 
minimal (<0.5 ng/ml; Merrick et al. 2004c).

Posttreatment prostate biopsies to differentiate 
viable cancer from a PSA spike can be misleading. 
Previous studies of prostate biopsies following XRT 
have demonstrated a slow resolution in the histolog-
ical evidence of prostate cancer which may require 
3 years of follow-up for accurate pathological assess-
ment. Despite an increasing PSA and a biopsy posi-
tive for recurrent cancer, prostate brachytherapy 
patients have been reported to normalize serum PSA 
without additional therapeutic intervention (Reed 
et al. 2003).

28.5.6 
Approaches to Minimize Morbidity

28.5.6.1 
Urinary

An enlarging body of data demonstrates that brachy-
therapy-related urinary morbidity can be lessened 
with refinements in patient selection, medical inter-
vention, and intraoperative techniques.

Urinary morbidity in the immediate postimplant 
setting has been well documented with preimplant 
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IPSS correlating with the duration of postimplant 
obstructive symptoms (Desai et al. 1998; Merrick 
et al. 2000d, 2002e; Terk et al. 1998). Alpha blockers 
are widely used to ameliorate brachytherapy-related 
urinary morbidity, and the timing of their initiation 
may substantially influence their effect (Merrick et 
al. 2000d, 2002e). Following a policy of prophylactic 
and prolonged medication use, IPSS values returned 
to baseline values 3 months following brachytherapy 
(Merrick et al. 2000d, 2002e). In contrast, without 
the use of prophylactic alpha blockers, a timeline of 
approximately 12 months was reported for IPSS res-
olution (Desai et al. 1998); however, the use of alpha 
blockers did not correlate with the incidence of pro-
longed urinary catheter dependency or the need for 
postimplant surgical intervention (Merrick et al. 
2002e). The initiation of alpha blockers 2–3 weeks 
before implantation, with continuation until IPSS 
normalization, maximizes their beneficial effect. 
In terms of isotope, a prospective randomized trial 
comparing Pd-103 with I-125 reported a statisti-
cally faster rate of IPSS resolution in the Pd-103 arm 
(Wallner et al. 2002a).

Although dysuria is a relatively common event 
during the first few years following brachytherapy, 
only rarely is it severe in frequency or intensity 
(Merrick et al. 2003e). To date, no significant fac-
tors for the prediction of dysuria have been reported. 
In addition, the use of alpha blockers has not signifi-
cantly diminished the duration of dysuria; however, 
anti-inflammatory agents (low-dose prednisone, 5–
10 mg daily) and the avoidance of bladder irritants 
(i.e., caffeine, alcohol) may alleviate the intensity 
and frequency of treatment-related dysuria.

Wallner and colleagues (1995) reported an 
association between urinary morbidity and urethral 
doses >250% minimum peripheral dose (mPD). In 
contemporary series, urethral doses have not been 
correlated with urinary morbidity because of sophis-
ticated treatment planning with urethral sparing 
(100–140% mPD; Allen et al. 2005). While urethral 
doses >150% mPD should be minimized, underdos-
age (<100% mPD) should be avoided. Leibovich et 
al. (2000a) reported that the mean distance from the 
urethra to the nearest foci of cancer was 3 mm with 
17% of all prostate cancers abutting the urethra.

It is conceivable that certain segments of the ure-
thra may be more sensitive to radiation-induced 
morbidity; however, detailed urethral dosimetry 
did not substantially improve the ability to predict 
urinary morbidity (Allen et al. 2005). Radiation 
doses of 100–140% mPD were well tolerated by all 
segments of the prostatic urethra with resultant 

tumoricidal doses to foci of periurethral cancer 
(Allen et al. 2005).

Urethral strictures occur in 5–12% of patients 
and are directly related to overimplantation of the 
periapical region (Merrick et al. 2002b). Strictures 
typically involve the bulbomembranous urethra 
and are easily managed with dilatation. Day-0 CT-
based dosimetry demonstrated that radiation doses 
to the bulbomembranous urethra were significantly 
greater in patients with strictures than in those 
without (Merrick et al. 2002b). With careful atten-
tion to implant technique, including extensive use 
of the sagittal plane for deposition of the seeds, it 
is possible to implant the apex with a 5-mm margin 
without “dragging” seeds into the region of the bul-
bomembranous urethra. An ADT of longer than 
6-month duration also increased the likelihood of 
urethral strictures (Merrick et al. 2002b).

28.5.5.2 
Rectal Morbidity

Rectal complications primarily consist of mild 
self-limiting proctitis with an incidence of 4–12% 
and usually resolve spontaneously (Gelblum and 
 Potters 2000; Merrick et al. 2003c,f; Snyder et al. 
2001). Snyder et al. (2001) reported grade-II proc-
titis to be volume dependent for a given dose with 
no case developing more than 36 months following 
implantation. With day-30 dosimetry, an 8% rate 
of grade-II proctitis was reported when <1.8 cm3 of 
rectum was exposed to 160 Gy following I-125 mono-
therapy, whereas the risk increased to 25% when 
>1.8 cm3 of rectum was exposed. In a prospective 
randomized trial, the minimum dose received by 5% 
of the rectum best correlated with brachytherapy-
related rectal dysfunction (Merrick et al. 2003c). 
A limited number of errant perirectal sources did 
not increase the risk of rectal bleeding, provided 
that the overall rectal wall doses were within accept-
able values (Mueller et al. 2004). To compare rectal 
doses between series, the timing of postimplant CT 
must be documented. Waterman and Dicker (1999) 
reported that the minimum dose that encompassed 
10% of the surface area of the rectum increased on 
average by 68% from day 0 through day 30.

Rectal ulceration and fistula formation have 
occasionally been reported (Howard et al. 2001). 
Although dose is associated with rectal bleeding, 
no correlation between rectal dose and the develop-
ment of a fistula were identified with the subsequent 
conclusion that severe complications may occur in 
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an unpredictable manner typically unrelated to 
known clinical, treatment, or dosimetric parameters 
(Howard et al. 2001). Although no studies have cor-
related constipation with rectal toxicity, constipa-
tion significantly increases the radiation dose to the 
rectum (Merrick et al. 2000a). Postimplant atten-
tion to bowel habits for two half-lives of the implanted 
isotope will minimize rectal distention and decrease 
the dose to the anterior rectal wall. Bowel function 
assessment by patient-administered questionnaires 
has documented that long-term bowel dysfunction 
following brachytherapy is relatively uncommon 
(Merrick et al. 2003c,f; Talcott et al. 2001).

Intraoperatively, careful attention to implant 
technique and ultrasound anatomy will reduce the 
dose to the anterior rectal wall and minimize bowel 
dysfunction. Extensive use of both transverse and 
sagittal images to confirm appropriate needle place-
ment and the use of multiple ultrasound frequencies 
helps ensure proper seed placement. Higher trans-
ducer frequencies results in clearer definition of 
anatomy closer to the probe. Posterior-row needle 
placements performed with the 7.5-MHz setting help 
ensure that needles are placed just within the poste-
rior prostate capsule and not in the rectal wall.

28.5.5.3 
Erectile Dysfunction

The penile erectile bodies (the paired corpora cav-
ernosa and midline corpora spongiosum) represent 
potential targets for structure-specific radiation-
associated erectile dysfunction (ED; Fig. 28.19). 
Detailed reports illustrating the image-based anat-
omy of the proximal penis have been published 
(Wallner et al. 2002b). The penile bulb is best 
visualized on T2-weighted MR images and appears 
as an oval-shaped, hyperdense midline structure 
located on average 10–15 mm inferior to the apex of 
the prostate gland.

In XRT studies, dose to the proximal penis has 
been related to posttreatment ED with the conclu-
sion that XRT either directly or indirectly damaged 
the vascular supply of the erectile tissue as well as 
the nerves that supply the cavernosa smooth mus-
cles (Carrier et al. 1995; Fisch et al. 2001; Roach 
et al. 2004). Subsequent histological examination 
of proximal penile shaft specimens demonstrated 
that the number of nitric oxide synthase-contain-
ing nerve fibers per corpora cavernosa were signifi-
cantly decreased in the irradiated groups (Carrier 
et al. 1995). Following brachytherapy, Merrick et al. 

Fig. 28.19. Transverse magnetic resonance image of the proxi-
mal penis

(2001d, 2005b) reported that treatment-induced ED 
was highly dependent on the radiation dose to the 
proximal penis. With day-0 dosimetry, maximum 
potency preservation was dependent on limiting the 
penile bulb D50 to 30% of prescription dose and 
the proximal crura D50 to 50% of prescription dose 
(Merrick et al. 2005b). With adherence to these cut-
points, >70% of patients maintained potency vs only 
30% in patients who received higher doses.

Following RP, ED has been correlated with surgi-
cal trauma to the neurovascular bundles (NVB). It is 
conceivable that excessive NVB radiation could also 
represent a potential mechanism of brachytherapy-
induced ED (DiBiase et al. 2000); however, in both 
prospective and retrospective studies, no relationship 
between NVB radiation doses and the development of 
brachytherapy-induced ED was discerned ( Merrick 
et al. 2000c, 2001e). Although initial reports have been 
negative, it is possible that with additional follow-up, 
radiation dose to the NVB may contribute to brachy-
therapy-related erectile dysfunction.

From a clinical perspective, potency preservation 
after brachytherapy is most closely related to preim-
plant erectile function (Merrick et al. 2002a, 2005b; 
Stock et al. 2001). The role of neoadjuvant ADT has 
been mixed (Merrick et al. 2002a, 2005b; Potters 
et al. 2001; Stock et al. 2001), whereas the choice of 
isotope appears unrelated (Merrick et al. 2002a, 
2005b; Stock et al. 2001). A prospective randomized 
trial reported that only preimplant erectile function 
and dose to the proximal penis were statistically 
significant predictors of brachytherapy-related ED 
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(Merrick et al. 2005b). Fortunately, brachytherapy-
related ED responds favorably to sildenafil citrate 
(Merrick et al. 1999c, 2002a).

A lack of erectile activity may be deleterious to 
erectile function, and as such, patients should be 
encouraged to develop regular erections with or 
without sexual relations (Mulhall 2001). In the 
absence of routine penile erections, the corpo-
ral smooth muscle experiences chronic hypoxia 
with a resultant loss of elasticity and distensibil-
ity which may lead to a venous leak (Moreland 
1998). The early institution of phosphodiesterase 
(PDE)-5 inhibitors in patients with compromised or 
absent erections may help restore erectile function 
 (Mulhall 2001).

Although brachytherapy-induced ED is likely 
multifactorial, the available data strongly support 
the proximal penis as an important site-specific 
structure. Suboptimal seed placement (either due to 
poor planning or poor implementation) of periapi-
cal radiation sources results in excessive radiation 
doses to the proximal penis. Refinements in implant 
technique to avoid overaggressive periapical implan-
tation, along with the extensive use of sagittal ultra-
sonography during implantation, will decrease the 
radiation dose to the proximal penis and ultimately 
may improve potency preservation.

Although the majority of the brachytherapy lit-
erature has demonstrated biochemical results and 
morbidity profiles that compare favorably with 
competing local modalities, it has become increas-
ingly apparent that efficacy and morbidity are 
highly dependent on implant quality. Sophisticated 
dosimetric analyses have demonstrated that cure 
rates, urinary and rectal complications, and potency 
preservation are related to specific source placement 
patterns and the subsequent dose gradients pro-
duced. Our upcoming challenges include the devel-
opment of intraoperative planning and dosimetry to 
improve implant quality, improved intraoperative 
technique to include manual dexterity and imaging, 
and the development of evidence-based algorithms.

28.6 
High-Dose-Rate Brachytherapy

28.6.1 
Introduction

The recognition that the radiation dose is an inde-
pendent determinant of biochemical outcome has 

been reported in several retrospective, sequential, 
prospective, and now randomized trials (Pollack 
et al. 2002; Vicini et al. 2002). This is especially 
true for patients with intermediate- and high-risk 
prostate cancer (for overviews, see Mangar et al. 
2005; Nilsson et al. 2004). The development of 
sophisticated technologies has contributed to the 
resurgence of prostate cancer brachytherapy as a 
viable option for the treatment of localized prostate 
cancer. With high-dose-rate brachytherapy (HDR-
BT) the delivery of highly conformal radiotherapy 
can be achieved to the target and with comparatively 
low radiation burden to the adjacent normal tissues 
(e.g., rectum and bladder). The apparent advantages 
with hypofractionation in prostate cancer and the 
total doses achievable with HDR-BT are discussed 
below.

28.6.2 
Technological Aspects

The HDR-BT techniques using temporary iridium-
192 implantation were introduced in the early 1980s 
(Charyulu 1980; Martinez et al. 1985; Syed et 
al. 1983), and encouraging long-term outcome data 
have been reported (Borghede et al. 1997; Kovacs 
et al. 1999; Martinez et al. 2003; Syed et al. 2001). 
The introduction of transrectal ultrasound (TRUS)-
guided implantation technologies and 3D dose-
planning systems have further revolutionized this 
treatment modality. A large variety of dose-planning 
systems are currently being used, both commercially 
available systems and systems developed at different 
treating centers. There are also different optimization 
programs available, such as, for example, dose-point 
optimization, geometrical optimization, and inverse 
optimization programs (Edmundson 1994; Hsu et 
al. 2004; Kolkman-Deurloo et al. 1994;  Lessard 
and Pouliot 2001; Yoshioka et al. 2005). Many 
centers use intraoperative optimization dose-plan-
ning systems, whereas others perform pre-therapy 
dose planning. No prospective randomized studies 
have been performed between different dose plan-
ning systems and, thus, no firm recommendations 
can yet be given. Most dose-planning techniques are 
TRUS-based, but CT- and MRI-based dose-planning 
systems are being advocated at other centers. Briefly, 
when using the TRUS-based techniques, the patient is 
placed in an extended lithotomy position and a Foley 
catheter is inserted into the bladder to visualize the 
urethra. An ultrasound transducer is introduced to 
the rectum to evaluate the prostate, urethra, urinary 
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bladder, and seminal vesicles. A matrix indicating 
possible positions for the needles (according to the 
template to be used for the transperineal insertion of 
needles) is overlaid in the TRUS image. During TRUS, 
axial cross sections are acquired in 5-mm steps using 
a stepping device and transferred to the treatment-
planning software. The dose-planning system is used 
to optimize the dose in such a way that, in each 5-mm 
step, it enables coverage of the target without exceed-
ing tolerance of rectum, urethra, and bladder. The 
planning target volume (PTV) is defined as the entire 
prostate without the central area around the urethra. 
One of the obvious advantages with HDR-BT is, in 
comparison with permanent seed implantation, the 
greater ability to optimize dose distribution by vary-
ing source dwell times along the needles/catheters.

Most patients have spinal anesthesia for pain 
management, and the treatment is performed with 
the patient placed in the extended lithotomy posi-
tion with a Foley catheter inserted into the bladder. 
The treatment is usually delivered with the use of 
17-G needles which are inserted transperineally into 
the prostate through the template mounted on the 
probe stand. (Some centers prefer the use of flex-
ible catheters instead of needles.) The positioning 
(x–y axis) of each needle according to the template–
matrix coordinates and the insertion length (z axis) 
are verified with the TRUS. The positioning of each 
needle should be within 0–2 mm from the position 
recommended by the dose plan. Typically, 9–20 nee-
dles are used depending on the size and anatomy of 
the prostate and adjacent organs at risk.

The treatment is performed using a computer-
based remote afterloading technique in which the 
iridium-192 source is inserted into each of the nee-
dles utilizing stop positions and dwell times accord-
ing to the dose plan. There is no consensus on dose 
constraints to normal tissues; however, the Radia-
tion Therapy Oncology Group (RTOG) phase-II 
HDR study (p0321) has limited to 1 cc the volume of 
urethra receiving 125% of the prescription dose and 
to 1 cc of rectum and bladder receiving 75% of pre-
scription dose. Usually it is possible to achieve these 
dose constraints while obtaining at least 90–95% of 
the prescribed dose to the clinical target volume.

28.6.3 
Radiobiological and Dose Fractionation Aspects

There is ample clinical data supporting the assump-
tion that prostate tumors have exceptionally low /  
values, i.e., reflecting a stronger enhancement of 

tumor effect than late complications for larger and 
fewer radiation dose fractions (Brenner and Hall 
1999; Brenner et al. 2002; Fowler et al. 2001, 2003; 
Fowler 2005). The careful dose escalation studies by 
Martinez and co-workers (2001), and the remark-
ably good outcome data, have resulted in the first 
direct clinical evidence that /  is as low as 1.2–1.5 Gy 
(Brenner et al. 2002). In most studies, HDR-BT has 
been used as a radiation boost technique in combina-
tion therapy with external-beam radiation therapy 
(EBRT). A wide range of HDR fractionation schedules 
have been reported in these studies. A review of the 
literature shows that the median brachytherapy dose 
used in the larger trials is 20 Gy and the median EBRT 
dose 45 Gy in 5 weeks (Morton 2005). Two different 
approaches to HDR fractionation have evolved: sepa-
rate catheter insertions for each brachytherapy treat-
ment or, alternatively, one single insertion followed 
by two to four fractions delivered over 2 days. The 
approach can be performed on an outpatient basis, 
whereas the latter, which is more commonly used in 
the U.S., requires hospital admission. The treatment 
regimens, technological aspects, and calculated total 
dose equivalents at 2 Gy per fraction from the largest 
treatment series are summarized in Table 28.10.

28.6.4 
Clinical Outcome Data from HDR-BT Plus EBRT

The majority of patients treated with combined 
HDR-BT and EBRT have had relatively unfavorable 
prognostic factors (Table 28.11). The follow-up time 
reported differs markedly between different series 
(range from 30 months to 8 years), which makes 
outcome comparisons difficult. Despite a high pro-
portion of patients with unfavorable prognostic 
factors, the reported disease-free survival prob-
ability is high, ranging between 68 and 93%. The 
local control rate, usually based on biopsy results, is 
>90% in most series. Outcome data from the larger 
single-institution treatment series are summarized 
in Table 28.11. Only one prospective randomized 
study has been performed thus far between HDR-
BT and EBRT. The study was performed by Sathya 
and co-workers (2005) at Hamilton Regional Cancer 
Center, Ontario. Patients with localized T2 and T3 
disease were randomly assigned to EBRT of 66 Gy 
in 33 fractions during 6.5 weeks (n = 53) or to HDR-
BT of 35 Gy delivered to the prostate during 48 h 
plus EBRT of 40 Gy in 20 fractions during 4 weeks 
(n = 51). The primary outcome consisted of bio-
chemical or clinical failure (BCF). The BCF was 
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Table 28.11. Patient characteristics by stage, Gleason score, and initial PSA, and outcome data from single-institution series. 
(Adapted and modifi ed from Morton 2005)

Reference Center Stage (%) Grade (%) Initial PSA (%)

N T1 T2 T3 1 2 3 <10 10-20 >20 Median 
follow-up

Disease-free 
survival (%)

Late toxicity 
(%; >grade 2)

Kovacs and 
Galalae 
(2003)

Kiel 144 1 67 32 15 49 36 42 38a 16a 8 years 82.6 2 (GU), 4.1 (GI)

Martinez 
et al. (2002)

William 
Beaumont

207 17 73 10 39 42 19 59 31 10 53 months 68 8 (GU), 1 (GI)

Borghede 
et al. (1997)

Göteborg 50 6 68 26 28 60 12 60 24 16 45 months 84 4 (dysuria), 
2 (proctitis), 
8 (diarrhea)

Mate et al. 
(1998)

Seattle 104 30 60 10 79 16 5 52 28 20 46 months 84 (PSA 20), 
50 (PSA >20)

8 (urethral 
stricture)

Deger et al. 
(2002)

Berlin 230 7 35 58 23 60 17 Median 
12.8

40 months 100 (T1), 70 
(T2), 65 (T3)

12.2 (GU), 
3 (inconti-
nence)

Syed et al. 
(2001)

Long Beach 200 14 65 21 14 75 11 ‘Average 
of 10’

30 months 93 2 (GU), 
1.5 (GI)

Pellizzon 
et al. (2003)

Dao Paolo 119 52 35 13 14 57 29 48 34 18 41 months 75.3 No late grade 3, 
GU or GI

Martin et 
al. (2004a)

Offenbach 102 2 68 30 28 45 27 26 35 39 2.6 years 82 4.9 (GU), 
1 (GI)

Hiratsuka 
et al. (2004)

Kawasaki 71 17 58 25 64 18 18 35 35 30 44 months 93 7 (urethral 
stricture)

Total 1227 16 57 27 31 50 19 47 33 20

aRefers to PSA values 10–40 ng/ml and >40 ng/ml. Grade reported as either WHO grade or Gleason score usually divided as <7; 7, 
and 8–10

Table 28.10. Treatment regimens, technological aspects, and calculated total dose equivalents at 2 Gy per fraction using 
/  = 1.5 Gy and /  = 3 Gy. (Adapted and modifi ed from Morton 2005)

Reference Center HDR per fraction 
(Gy)  no. of 
fractions

No. of 
catheter 
insertions

External-beam 
dose (Gy)

Dose equivalent 
( /  = 1.5 Gy)

Dose equivalent 
( /  = 3 Gy)

Kovacs and Galalae 
(2003) 

Kiel 15 2 2 50 (40 Gy to 
prostate)

115–191 102–158

Martinez et al. (2002) William 
Beaumont

5.5 3 3 46 79–131 74–113

Borghede et al. (1997) Göteborg 10 2 2 50 115 102

Mate et al. (1998) Seattle 3–4 4 1 50.4 63–73 63–71

Deger et al. (2002) Berlin 10 2, 
9 2

2 40–50.4 101–105 91–92

Syed et al. (2001) Long Beach 5 3, 
5.5 4, 
6.5 4

1 39.6–45 70–79 67–87

Pellizzon et al. (2003, 
2004)

Sao Paulo 4 4, 
5 4

1 45 67–80 65–75

Martin et al. (2004b) Offenbach 5–7 4 4 39.6–45 79–105 75–94

Curran et al. (2000) Burlington 6 3 1 50 89 82

Hiratsuka et al. (2004) Kawasaki 5.5 3, 
5.5 4

1 45, 
41.8

75–83 71–78

Chiang et al. (2004) Kaohsiung 4.2 3 2 50.4–54 68–71 67–70
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defined by biochemical failure, clinical failure, or 
death as a result of prostate cancer. Secondary out-
comes included 2-year postradiation biopsy posi-
tivity, toxicity, and survival. The median follow-up 
was 8.2 years. In the HDR-BT plus EBRT arm, 17 
patients (29%) experienced BCF compared with 33 
patients (61%) in the EBRT arm (hazard ratio 0.42; 
p = 0.0024). Eighty-seven patients (84%) underwent 
a postradiation biopsy; 10 (24%) of 42 in the HDR-
BT plus EBRT arm had biopsy positivity compared 
with 23 (51%) of 45 in the EBRT arm (odds ratio 0.30; 
p = 0.015). It was concluded that the combination of 
HDR-BT plus EBRT was superior to EBRT alone for 
BCF and postradiation biopsy. The trial provides 
evidence that higher doses of radiation delivered in 
a shorter duration of time results in improved local 
as well as biochemical control in locally advanced 
prostate cancer (Sathya et al. 2005).

28.6.5 
Health-Related Quality-of-Life Data After HDR-
BT Plus EBRT

Long-term outcome data in terms of health-related 
quality of life (HRQoL) have been presented by 
Galalae and co-workers (2004) at Beaumont Hos-
pital and by Wahlgren and co-workers (2004) at 
the Karolinska Hospital. Both studies showed that 
the levels HRQoL were generally high. The Karo-
linska Hospital prospective study showed that the 
HRQoL data were comparable to those of normative 
and did not change over time (Wahlgren et al. 
2004). The negative contribution from late neoad-
juvant androgen deprivation therapy on symptom 
development was substantial but mostly transitory. 
Jo and co-workers (2005) at the Kawasaki Medi-
cal School have compared HRQoL data from pros-
tate cancer patients after combination therapy with 
HDR-BT and EBRT with prostate cancer patients 
after radical prostatectomy (RP). The study was per-
formed between 1997 and 2002. A total of 182 men 
diagnosed with T1c to T3bN0M0 disease had RP 
(n = 89) or HDR-BT combined with EBRT (n = 93), 
and were followed for 6 months or more. A postal 
survey was sent in which HRQoL was assessed using 
the 36-item Short-Form Health Survey (SF-36) QoL 
questionnaire, and disease-specific QoL using the 
University of California Los Angeles Prostate Cancer 
Index (UCLA-PCI). Questionnaire responses were 
obtained from 151 of 182 patients. There was no 
significant difference in SF-36 scale scores between 
men treated with RP or HDR-BT plus EBRT. In 

the UCLA-PCI, the HDR-BT plus EBRT group had 
better urinary function (p<0.001) and sexual func-
tion scores (p = 0.043). Men treated with RP had 
better bowel bother scores (p = 0.027). In patients 
with 2 years or more of follow-up, urinary func-
tion (p<0.001) and sexual function (p = 0.029) were 
better for men treated with HDR-BT plus EBRT than 
for men treated with RP. Men treated with HDR-BT 
plus EBRT had significantly better urinary function 
(p = 0.009) and sexual function (p = 0.013) than 30 
men treated with unilateral nerve-sparing RP. The 
conclusions drawn by the investigators were that in 
terms of HRQoL, RP and HDR-BT plus EBRT did not 
differ, but HDR-BT plus EBRT resulted in better uri-
nary and sexual function than RP (Jo et al. 2005).

28.6.6 
HDR-BT Monotherapy: Initial Experience

Several HDR-BT schedules are currently being 
explored as monotherapy for patients with low-risk 
(organ-confined) prostate cancer. The schedule of 
Martinez and co-workers (2001) is based on four 
HDR fractions of 10 Gy each given with a catheter 
technique (see above) in two successive days and 
the doses being at least 6 h apart. The NTD2Gy dose 
equals 131 Gy to the prostate, assuming /  = 1.5 Gy. 
The schedule described by Yoshioka et al. (2000) 
uses nine HDR insertions of 6 Gy each, giving all 
nine fractions in 5 days at two fractions per day, 
equaling an NTD2Gy dose of 116 Gy. The monother-
apy schedule used at the Karolinska Institute and at 
the Sahlgrenska University Hospital in Gothenburg 
involves two fractions of 15 Gy with 2 weeks apart, 
equaling an NTD2Gy dose of 141 Gy. Table 28.12 sum-
marizes the radiobiological data from HDR mono-
therapy regimens used in clinical practice or in 
prospective trials at four American and European 
centers.

Grills and co-workers (2004) at the Beaumont 
Hospital have reported on a comparison between 
HDR monotherapy and LDR permanent seed (pal-
ladium-103) brachytherapy (120 Gy). A total of 
149 patients with early-stage prostate cancer were 
consecutively treated with either HDR-IMBT 
(65 patients) or LDR BT (84 patients). The median 
follow-up time was 35 months. The majority of 
patients had clinical stage-2, stage-T1c, or stage-T2a 
disease, iPSA <10 ng/ml, and Gleason score 6. Neo-
adjuvant hormone therapy (NHT) was used in 36% 
of patients for prostate volume reduction. The two 
treatment groups were well balanced with respect 
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to age, clinical stage, iPSA, Gleason score, use of 
NHT, pretreatment genitourinary (GU) symptoms, 
implanted gland volume, and length of follow-up. 
Biochemical control according to the ASTRO defini-
tion was 98 and 97% for HDR and LDR, respectively. 
The conclusions reached from this prospective, but 
non-randomized, study were that the use of HDR 
brachytherapy as monotherapy was associated with 
decreased rates of acute urinary frequency, urgency, 
dysuria, and rectal pain, as compared with LDR. 
Chronic urinary frequency, urgency, and grade-2 
rectal toxicities were also decreased with HDR. A 
pronounced decrease, 66%, was noted in the rate 
of sexual impotency with HDR. The investigators 
state that HDR-IMBT monotherapy is an accepted, 
convenient, cost-effective method of prostate BT 
for prostate cancer patients with favorable-risk dis-
ease. Encouraging data have also been obtained by 
Martin and co-workers(2004a) from a pilot study 
on 52 patients with localized disease. The treatment-
associated toxicity was low.

28.6.7 
The Role of Neoadjuvant and Concomitant 
Endocrine Therapy

Several prospective randomized trials have demon-
strated that hormonal manipulation, in conjunction 
with conventional doses (65–70 Gy) of EBRT, results 
in improvements in disease-free survival and over-
all survival in patients with locally advanced pros-
tate cancer (for reviews see Gottschalk and Roach 
2004; Nilsson et al. 2004). D’Amico and co-workers 

(2004) have also shown that a 6-month course of 
androgen suppression can prolong survival when 
given in combination with EBRT compared with 
EBRT alone in men with clinically localized disease; 
however, the possible role for hormone therapy in 
conjunction with combined HDR-BT and EBRT is 
less clear. Martinez and co-workers (2005) have 
presented outcome data on this topic from a large 
series of consecutive patients (n = 1260) treated 
between 1986 and 2000 at William Beaumont Hospi-
tal, Kiel University Hospital, and California Endocu-
rietherapy Cancer Center, respectively. The biologi-
cally equivalent EBRT dose used in this study ranged 
between 90 and 123 Gy (median 102 Gy) using an  /

 of 1.2. Patient eligibility criteria included iPSA 10, 
Gleason score 7, or clinical stage T2b. A total of 934 
of 1260 patients met the inclusion criteria and were 
included in the study. These patients were divided 
up for analysis between the 406 who received up to 
6 months of androgen deprivation therapy and the 
528 patients who did not. Median follow-up time was 
4.4 years for androgen-deprivation therapy patients 
and 4.9 for radiation alone. There was no difference 
at 5 and 8 years in overall survival, cause-specific 
survival, or biochemical control. The corresponding 
8-year rates with and without androgen depriva-
tion therapy were as follows: biochemical control 85 
and 81%; overall survival 83 and 78%; cause-specific 
survival 89 and 94%; and metastatic rates of 16.6 
and 7.3%. The authors concluded that at 8 years, the 
addition of a course of 6 months or more of neoadju-
vant/concurrent androgen-deprivation therapy to a 
very high radiation dose did not confer a therapeutic 
advantage (Martinez et al. 2005). The question that 

Table 28.12. Brachytherapy as monotherapy for early-stage prostate cancer. BED biologically 
effective dose, NTD normalized total dose. (Adapted from Fowler 2005)

Reference/schedule Tumor Late rectal reactions

BED Gy1,5 NTD2Gy Rectal dose as 
percentage of 
tumor dose

BED Gy3 NTD2Gy

/  = 1.5 Gy /  = 3 Gy

Martinez et al. (2001)

  Monotherapy 4F 9.5 Gy 278 119 75% 128 77

  Monotherapy 4F 10 Gy 306 131 75% 140 84

Gustafson et al. (2003)

  Monotherapy 6F 7 Gy 238 102 If 100% 140 84

If 70% 80 49

Yoshioka et al. (2000)

  Monotherapy 9F 6 Gy 271 116 70% 96 61

Nilsson et al. (unpublished data)

  Monotherapy 2F 15 Gy 330 141 60% 72 43
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remains to be answered is whether the favorable 
interaction between hormone therapy and radiation 
seen with respect to disease-free and overall sur-
vival in the large prospective trials mentioned above 
may be a result of the inability of conventional doses 
of EBRT as a monotherapeutic approach to steril-
ize large prostate cancers, and as such it may not 
be applicable to brachytherapy. Carefully designed 
prospective studies stratifying between low-, inter-
mediate-, and high-risk groups will hopefully give 
a conclusive answer as to whether or not short-term 
neo-adjuvant hormone therapy increases the cure 
rate also after combination therapy HDR-BT and 
EBRT or not.

28.6.8 
Discussion/Future Aspects

High-dose-rate brachytherapy provides an accurate 
means of delivering very high doses to the pros-
tate with great dose conformality. The rapid dose 
fall-off beyond the gland enables sparing of the 
adjacent normal tissues. The source positions and 
dwell times allow a wide range of doses that can be 
delivered from a single source position and the tech-
nique can thus, with the use of modern dose-plan-
ning systems, be characterized in terms of an inten-
sity-modulated brachytherapy (IMBT) modality or 
in terms of 4D conformal radiotherapy (4D CRT), 
where the dwell time represents the fourth dimen-
sion. The outcome data both in locally advanced 
and in organ-confined disease are excellent with 
high local radicality. Future trials need to focus on 
improved predictive markers in order to tailor the 
treatment even better in each individual case, and 
to combine it with systemic endocrine and/or che-
motherapeutic regimens in cases with high risk for 
micrometastatic disease.
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29.1 
Introduction

The majority of testicular tumors occur in young 
men with a peak incidence at 30 years of age. 
Although testicular tumors are uncommon, the inci-
dence is increasing (Thompson et al. 1999; Stone 
et al. 1991; Power et al. 2001; Dos et al. 1999), with 
most cases occurring in white males (Daniels et al. 
1981). While nonseminomatous germ cell tumors 
(NSGCTs) are primarily treated with surgery and 
systemic chemotherapy, radiation treatment con-
tinues to have a major role in the management of 
seminoma.

Over 95% of testicular malignancies are germ 
cell tumors. These are separated into two histo-
logical subgroups – seminoma and non-seminoma. 
NSGCTs include teratoma, embryonal carcinoma, 
endodermal (yolk sac) tumors, choriocarcinoma 
and mixed tumors.

There is increasing evidence that intratubular 
germ cell neoplasia (IGCN) is a precursor of all types 
of germ cell tumors except spermatocytic seminoma 
and infantile testicular cancer. In patients with 
invasive germ cell tumors, IGCN is identified adja-
cent to the invasive component in 90–99% of cases 
(Coffin et al. 1985; Dieckmann and Skakkebaek 
1999; Jacobsen et al. 1981), and approximately 5% 
of patients with unilateral germ cell neoplasms have 
IGCN in the contralateral testicle (Dieckmann and 
Loy 1996).

With the advent of effective cisplatin chemo-
therapy, the role of radiotherapy in NSGCTs has 
dramatically diminished. Radiotherapy still plays 
an important role in the treatment of stage I and 
II seminoma, IGCN and residual disease following 
chemotherapy. Radiotherapy is also utilized in the 
palliation of distant metastases.
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29.2 
Anatomy and Natural History

29.2.1 
Anatomy

Evaluation of lymphangiograms, surgical series of 
retroperitoneal lymph node dissections and ana-
tomical studies in cadavers have provided valuable 
information on the lymphatic drainage of the testis 
(Ray et al. 1974). In the developing embryo, the 
testes originate from the genital ridge located near 
the second lumbar vertebra. Accompanied by their 
blood supply and lymphatics, they descend into the 
scrotum via the inguinal canal. As a result, the pri-
mary lymphatic drainage from the testis is to the 
retroperitoneal lymph nodes. The lymphatic vessels 
first drain into the collecting trunks at the hilum 
of the testicle. These lymphatic trunks accompany 
the testicular artery, vein and spermatic cord to the 
internal ring, and then continue proximally to the 
retroperitoneal lymph nodes. The retroperitoneal 
lymph nodes are situated anterior to the T11 to L4 
vertebral bodies, although are concentrated at the 
L1–L3 level. On the left, the lymphatics drain pri-
marily into the pre-aortic and para-aortic lymph 
nodes around the left renal hilum and thence to 
the inter-aortocaval nodes. On the right, the first 
echelon of nodes is in the inter-aortocaval region, 
followed by the pre-aortic and para-aortic lymph 
nodes. Early lymphographic studies demonstrated 
rapid crossover from right to left as well as from left 
to right. Clinically, however, contralateral spread is 
mainly seen with right-sided tumors and rarely with 
left-sided.

From the retroperitoneal nodes, the lymph drains 
into the cisterna chyli, thoracic duct, posterior 
mediastinum and the left supraclavicular fossa. The 
thoracic duct drains into the left subclavian vein in 
the left supraclavicular region. In 5–10% of patients, 
drainage into the right supraclavicular area can 
occur.

Aberrant lymphatic drainage may occur. Her-
niorrhaphy alters the drainage of the testicle. The 
testicular lymphatic vessels anastomose with the 
regional lymph vessels resulting in drainage into the 
ipsilateral inguinal and iliac lymph nodes (Perez 
et al. 2005). In addition, the testicular trunks may 
abandon the spermatic vessels at the internal ingui-
nal ring and pass posteriorly and superiorly into 
the external iliac lymph nodes. The scrotum drains 
directly into the inguinal and external iliac lymph 
nodes.

29.2.2 
Natural History

In the majority of patients, pathological examina-
tion of the radical orchidectomy specimen reveals 
the tumor confined to the testis. Occasionally, in 
advanced disease invasion of the epididymis, rete 
testis or spermatic cord can occur. Rarely, the tumor 
extends through the tunica albuginea to involve the 
scrotum.

Seminoma has an orderly and predictable pat-
tern of spread. Locoregional lymphatics are the 
first site of metastatic disease. From the retroperi-
toneal lymph nodes, seminoma spreads proximally 
to involve the next echelon, the mediastinal lymph 
nodes, and then the supraclavicular lymph nodes. 
Very occasionally, metastases from retroperitoneal 
lymph nodes can drain directly via the thoracic duct 
to the supraclavicular fossa, resulting in supracla-
vicular metastases in the absence of mediastinal 
disease.

Hematogenous metastases are rare in pure sem-
inoma, being much more common with NSGCT. 
Lung is the most common site of distant dis-
ease, although bone, liver and brain may also be 
involved.

29.3 
Seminoma: General Management

If the clinical and radiological features are consis-
tent with a testicular tumor, a radical orchidectomy 
is performed. Via an inguinal incision, the testicle 
and spermatic cord are removed en bloc with high 
ligation of the spermatic cord at the deep inguinal 
ring. An inguinal approach is used to minimize the 
risk of aberrant lymphatic spread and local contami-
nation. A transscrotal approach risks development 
of alternative lymphatic drainage to the inguinal 
and pelvic lymph nodes. In addition, the spermatic 
cord remains in place from the external to the inter-
nal inguinal ring.

Laboratory investigations include a complete 
blood count, renal and liver function tests and 
serum tumor markers including alpha-fetoprotein 
(AFP), human chorionic gonadotropin (HCG) and 
lactate dehydrogenase (LDH). To assess the extent 
of metastatic disease, a chest X-ray and computed 
tomography (CT) scan of the abdomen and pelvis 
are obtained. Of patients diagnosed with seminoma, 
80% have stage I disease at presentation.
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29.3.1 
Staging

A number of staging systems for testicular cancer 
are used. The commonly used American Joint 
Committee on Cancer (AJCC) 2002 classifica-
tion is outlined in Table 29.1. This staging system 
incorporates the features of the primary tumor 
(T), nodes (N), metastases (M) and level of serum 
tumor marker (S). The nodal staging is based on 
the greatest dimension of the largest involved lymph 
node and does not take into account the total bulk 
of lymphadenopathy, a well-recognized prognostic 
factor.

29.3.1.1 
Stage I Seminoma

Following orchidectomy alone, relapse occurs in 
12–20% of patients with stage I seminoma. The 
majority of these relapses occur in the para-aortic 
lymph nodes (Horwich et al. 1992a; Maier et al. 
1968; Miki et al. 1998; von der Masse et al. 1993; 
Warde et al. 1993). Management approaches include 
adjuvant radiotherapy and surveillance. Although 
adjuvant chemotherapy is not considered standard 
treatment for stage I seminoma, single agent carbo-
platin chemotherapy is presently under investiga-
tion.

Table 29.1. American Joint Committee on Cancer (AJCC) (2002) Staging for Testicular Neoplasms

Primary Tumor (T) (pathological classification)
Tx Primary tumor cannot be assessed
T0 No evidence of primary tumor (e.g., histological scar in testis)
Tis Intratubular germ cell neoplasia (carcinoma in situ)
pT1 Tumor limited to testis and epididymis without vascular/lymphatic invasion; tumor may invade into the tunica albu-

ginea but not the tunica vaginalis
pT2 Tumor limited to 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 without vascular/lymphatic invasion
pT4 Tumor invades scrotum with or without vascular/lymphatic invasion

Lymph Node (N)
N0 No regional node metastasis
N1 Metastasis within a lymph node mass 2 cm or less in greatest dimension; or multiple nodes no more than 2 cm in 

greatest dimension
N2 Metastasis within a lymph node mass that is >2 cm but not more than 5 cm in greatest dimension or multiple lymph 

nodes 2–5 cm, any one mass greater than 2 cm but not more than 5 cm in greatest dimension
N3 Metastasis within a lymph node mass that is more than 5 cm in maximum diameter

Distant Metastasis (M)
M0 No distant metastasis
M1a Non-regional lymph node or pulmonary metastasis
M1b Non-pulmonary visceral metastasis

Serum Tumor Markers (S)
Sx Serum tumor markers not performed
S0 Serum tumor markers within normal limits
S1 LDH <1.5xN and HCG <5,000 and AFP <1,000
S2 LDH 1.5–10xN or HCG 5,000–50,000 or AFP 1,000–10,000
S3 LDH >10xN or HCG >50,000 or AFP >10,000

Staging Groupings
From the TNM system, patients are grouped into either stage 1, 2 or 3
IA T1 N0 M0 S0
IB T2–4 N0 M0 S0
IS Any T N0 M0 S1–3
IIA Any T N1 M0 S0/1
IIB Any T N2 M0 S0/1
IIC Any T N3 M0 S0/1
IIIA Any T, any N M1a S0/1
IIIB Any T, any N M1a S2
IIIC Any T, any N M1b or S3
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The standard post-operative management of 
patients with stage I seminoma has been adjuvant 
radiotherapy to the para-aortic and ipsilateral 
pelvic lymph nodes (the “dog-leg” or “hockey stick” 
radiation field). In view of the exquisite radiosen-
sitivity of seminoma, this treatment results in an 
excellent recurrence-free survival of 97% and a 
disease-specific survival greater than 99% (Perez 
et al. 2005). Several retrospective reviews have 
reported similar disease-free and overall survival 
(OS) in patients with stage I seminoma treated 
with para-aortic radiotherapy alone (Kiricuta 
et al. 1996; Melchior et al. 2001; Santoni et al. 
2003; Sultanem et al. 1998; Taylor et al. 2001; 
Read and Johnston 1993). The Medical Research 
Council performed a randomized controlled trial 
comparing dog-leg and para-aortic irradiation in 
stage I seminoma (Fossa et al. 1999). At a median 
follow-up of 4.5 years, there was no difference in 
the 3-year relapse-free survival (RFS) or OS. Less 
than 2% of patients in the para-aortic alone arm 
relapsed in the pelvis. Radiotherapy was better 
tolerated in the para-aortic alone arm with a 
reduction in the severity and frequency of acute 
gastrointestinal and hematological toxicity. The 
post-treatment peptic ulcer rate was similar in both 
arms, but sperm counts within the first 18 months 
were significantly higher in the para-aortic alone 
arm. Reducing the clinical target volume (CTV) 
to include the para-aortic lymph nodes alone is an 
option for many patients.

Prior to radiotherapy, sperm analysis and sperm 
banking may be carried out in patients who wish to 
preserve fertility.

29.3.1.2 
Stage II Seminoma

Only 10–20% of patients are diagnosed with stage II 
disease, mostly of small volume.

Patients with stage IIA and IIB disease treated 
with radiotherapy alone have an excellent disease-
free survival (88–93%) and OS (95–100%) (Bauman 
et al. 1998b; Chung et al. 2004; Classen et al. 2003b; 
Schmidberger et al. 1997; Warde et al. 1998). How-
ever, following radiotherapy alone, the relapse rate 
ranges between 20% and 50% in patients with stage 
IIC disease (Warde et al. 1998) and between 33% 
and 100% in patients with retroperitoneal adenopa-
thy greater than 10 cm (Anscher et al. 1992; Ball 
et al. 1982; Speer et al. 1995; Thomas 1997; Warde 
et al. 1998).

Although radiotherapy provides adequate local 
control for patients with bulky stage II disease, the 
risk of distant relapse is high. Primary chemother-
apy is therefore the treatment of choice providing 
excellent local control and treating possible distant 
micrometastases. In addition, radiotherapy in bulky 
stage II disease may be technically difficult, particu-
larly if nodal disease covers a significant portion of 
the kidney.

29.4 
Radiotherapy Treatment

29.4.1 
Target Volume and Field Borders

For stage I disease, the CTV consists of the inter-aor-
tocaval, pre-aortic and para-aortic nodes. The left 
renal hilar nodes are included for left-sided tumors. 
The ipsilateral external iliac and common iliac nodes 
may also be included, particularly if there is concern 
about aberrant drainage. Inclusion of the inguinal 
scar, inguinal lymph nodes or hemiscrotum is not 
warranted in the routine treatment of stage I dis-
ease. For stage II disease, a gross tumor volume is 
identified from diagnostic imaging, and the CTV 
also includes the ipsilateral pelvic nodes.

The planning target volume (PTV) includes the 
CTV plus a margin to account for positional and 
set-up uncertainties. To cover the known location 
of the retroperitoneal and iliac lymph nodes with 
an appropriate margin, standard anatomical field 
borders have been used. This is commonly referred 
to as the “dog-leg” or “hockey stick” field. The 
superior border is placed between the T9 and T10 
vertebral bodies, with the inferior border at the 
top of the obturator foramen. The field is approxi-
mately 10–12 cm wide and usually covers the trans-
verse processes (Fig. 29.1). On the left, the lateral 
border is extended to include the left renal hilum 
and customized shielding is positioned to reduce 
the amount of kidney irradiated (Fig. 29.2). At the 
mid L4 level the field is extended laterally to cover 
the ipsilateral external iliac nodes. Shielding is 
placed forming the “dog-leg” configuration. Multi-
leaf collimators now largely replace lead blocks to 
define the field shape.

Once these borders are placed, the planning CT 
can be used to ensure adequate coverage of the 
target. Distance from the PTV to the field border is 
8–15 mm depending on field size, energy, separa-
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Fig. 29.1a,b. Radiotherapy fi eld – stage I seminoma, right-sided tumor. The fi eld includes the para-aortic and right pelvic lymph 
nodes (“dog-leg” fi eld). a The superior border placed at the T9/T10 interspace, lateral borders at the edge of the transverse 
processes and inferior border above the obturator foramen. b A soft tissue image showing the location of the vessels within 
the radiotherapy fi eld

a b

tion and shielding. Originally, separate para-aortic 
and iliac fields were used to encompass this large 
volume and were matched at the L5/S1 junction. As 
the iliac nodes are anterior to the para-aortic nodes, 
this technique allowed differential weighting of the 
fields. A “dog-leg” field has the advantage of avoid-

ing a field junction between the iliac and para-aortic 
nodes.

If retroperitoneal nodes alone are to be treated, 
the superior and lateral borders are as described 
above, although some use a lower superior border, 
e.g., T10/11. The inferior border is placed at the L5/
S1 disc space (Fig. 29.3).

In stage II disease, the PTV includes the CTV plus 
an appropriate margin. A modified “dog-leg” field 
covers the macroscopic retroperitoneal nodal dis-
ease and optionally the contralateral common iliac 
nodes if there is low-lying retroperitoneal adenopa-
thy (Fig. 29.4). Organs at risk, including the kidney 
and liver, can be identified. Shielding is customized 
to allow adequate coverage of disease, while reduc-
ing the dose to normal tissues. If the retroperitoneal 
lymphadenopathy is greater than 4 cm in size, a 
two-phase technique is used. The first phase encom-
passes the PTV as described above. A second phase 
includes the gross disease with a tight margin.

29.4.2 
Simulation and Beam Arrangement

The patient is simulated in the supine position with 
arms at his sides. This simple position is comfort-
able. Testicular shielding (often in the form of a 
clam-shell device) is used. Foot stocks and knee 

Fig. 29.2. Radiotherapy fi eld – stage I seminoma, left-sided 
tumor. The fi eld is extended to include the left renal hilar 
lymph nodes
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taken from the seventh thoracic vertebra to 2 cm 
below the ischial tuberosities. Utilization of a CT-
based planning technique enables visualization of 
the location of the lymph node regions, adjacent 
tissues and critical normal structures including the 
kidneys and liver. In addition, the beams eye view 
(BEV) allows evaluation of the coverage of the PTV, 
and shielding can be appropriately placed. If a plan-
ning CT is not available, an intravenous urogram is 
performed to identify the position of the kidneys.

Tattoos are placed at the center, superior and 
inferior borders of the field. A lateral tattoo is also 
placed at mid-plane. The interplanar distance is 
measured at the central tattoo using a sliding rod if 
a planning CT is not available.

Treatment is delivered with a linear accelerator 
using an anterior and posterior parallel opposed 
pair. The beams are equally weighted. Both fields 
are treated daily, 5 days per week. Depending on 
the separation, 6- to 18-MV photons are utilized. If 
the separation is greater than 24 cm, an energy of 
greater than 6 MV provides less dose inhomogene-
ity. The patient is treated with either an isocentric, 
source axis distance (SAD) technique or, alterna-
tively, a standard source skin distance (SSD) tech-
nique. In most patients, standard SSD is adequate, 
although if the field is longer than 40 cm, the patient 
is treated with extended SSD. With extended SSD, 
the patient may need to change position between 
fields. If extended SSD is employed, the width of the 

Fig. 29.3a,b. Para-aortic nodes alone. a The superior border is placed either at the T10/T11 interspace (although some use T9/
T10), with the inferior border at the L5/S1 interspace. The lateral borders are at the edge of the transverse processes. The left renal 
hilum is included for left-sided tumors. b A soft tissue image showing the location of the vessels within the radiation fi eld

a b

Fig. 29.4. Radiotherapy fi eld – stage II seminoma. The fi eld is 
extended to cover the para-aortic nodal disease and often the 
contralateral proximal external iliac lymph nodes

or ankle restraints may be used to immobilize the 
patient and decrease external movement. A volu-
metric planning CT scan is acquired with the patient 
in this position. Contiguous 5-mm CT slices are 
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penumbra is increased, and this must be taken into 
account when selecting the field borders.

Rarely dose inhomogeneity due to contour obliq-
uity occurs and a compensator is placed in the 
beam. For a 10-MV beam at 100 cm SSD, a difference 
in separation of 7 cm results in a variation in dose 
of approximately 10%. A compensator or wedge is 
recommended if there is a variation in dose of 10% 
or greater.

For stage II disease, a parallel opposed anterior 
and posterior pair is used. However, depending on 
the location of the mass and the position of organs 
at risk relative to the mass, a CT planned technique 
with oblique fields may result in a reduced dose to 
normal structures.

29.4.3 
Dose and Fractionation

29.4.3.1 
Stage I Seminoma

Radiation doses between 25 Gy and 40 Gy at 1.25–
2.0 Gy per fraction have been most commonly used 
in the past. A 1986 consensus statement recom-
mended an adjuvant dose of 25 Gy in 20 fractions 
(Thomas 1986), which still remains the standard.

More recently, several authors have reported simi-
lar RFS, OS and infield failure rates with lower doses 
(Giacchetti et al. 1993; Gurkaynak et al. 2003; 
Logue et al. 2003; Niewald et al. 1995). The U.K. 
Medical Research Council (MRC TE18) completed a 
randomized controlled trial of 30 Gy in 15 fractions 

over 3 weeks or 20 Gy in 10 fractions over 2 weeks. 
RFS was similar in both groups. Acutely, there was 
significantly more moderate or severe lethargy and 
inability to carry out normal work in the group that 
received 30 Gy. However, by 12 weeks, there were 
no differences between the two groups (Jones et al. 
2001).

Radiation dose is generally prescribed to a point 
in the mid-line, and ideally a homogeneous dose dis-
tribution is obtained with a variation in the coverage 
of the PTV of –5% and +7% (Fig. 29.5).

29.4.3.2 
Stage II Seminoma

1. Retroperitoneal lymphadenopathy less than 4 cm. 
25 Gy in 20 fractions is delivered over 4 weeks.

2. Retroperitoneal lymphadenopathy greater than 
4 cm.
– Phase I – 25 Gy in 20 fractions is delivered over 

4 weeks.
– Phase II – 10 Gy in 5–8 fractions is delivered to 

the residual mass.

29.4.4 
Organs at Risk

Table 29.2 shows the organs in the treatment field 
and their tolerance doses (TDs) (Emami et al. 1991) 
for treatment delivered at 1.8–2 Gy per fraction. The 
dose resulting in a 5% risk of nephritis at 5 years 
is 23 Gy (TD 5/5=23 Gy, whole kidney) or 27 Gy at 
1.25 Gy per fraction.

It is also necessary to minimize the radiation dose 
to the remaining testis. In these relatively young 
men, fertility and hormonal function are impor-
tant. For the endpoint of infertility, the TD5/5 for the 
testis at standard fractionation is around 1 Gy.

Fig. 29.5. Stage I seminoma. Axial computed tomography (CT) 
slice at the level of the kidneys showing the isodose distribu-
tion (parallel opposed fi elds). The 95% isodose curve covers 
the CTV

Table 29.2 Tolerance doses

TD 5/5 Volume

Organ 1/3 2/3 3/3 Endpoint

Kidney 50 30 23 Clinical nephritis
Liver 50 35 30 Liver failure
Small bowel 50 40 Obstruction/perforation/fistula
Stomach 60 55 50 Ulceration/perforation
Heart 60 45 40 Pericarditis
Bladder 80 65 Symptomatic bladder contrac-

ture and volume loss

From Emami et al. (1991)
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29.4.5 
Treatment Delivery

29.4.5.1 
Testicular Shielding

During a fractionated course of radiotherapy to the 
retroperitoneal and ipsilateral iliac lymph nodes, the 
dose to the remaining testis ranges between 0.3 Gy 
and 1.5 Gy. A variety of factors contribute to this 
dose. A component is from leakage from the head. 
External scatter is generated from the collimator, 
field-shaping blocks and air. A significant proportion 
of the scattered dose is produced internally within 
the patient. A number of effective shielding devices 
have been described (Bieri et al. 1999; Fraass et al. 
1985; Kubo and Shipley 1982). Most departments 
use simple forms of gonadal shielding such as the 
clam-shell device. The testis is placed in the 1-cm 
thick lead gonadal cups. This technique reduces the 
amount of internal scatter to the remaining testis to 
approximately 1% of the mid-plane dose. Shielding 
devices are available that shield both the penis and 
testis, although shielding the penis does not impact 
on the gonadal dose. In addition, these shielding 
devices are large, more cumbersome and less con-
venient when compared with the clam-shell device. 
Bieri et al. (1999) reported a greater than 50% 
reduction in testicular dose with gonadal shield-
ing, and Gordon et al. (1997) noted the testicular 
dose was 5.1% of the target dose for patients with no 
or pipe cap type shields and 1.6% for patients with 
clam-shell type shields.

In addition to shielding, distance from the field 
is an important factor. Jacobsen et al. (1997) report 
a significant correlation between the symphysis-to-
testicle distance and gonadal dose. The authors sug-
gest the ideal placement of the testicle is at 30 degrees 
rotation from the patient’s long axis. This allows the 
testicle to lie in the scrotum as distally as possible 
from the field edge.

29.4.5.2 
Treatment verification

An electronic portal image or port film is obtained 
on day 1 and optionally at weekly intervals to 
verify the field placement. This is compared with 
the simulation film or digitally reconstructed 
radiograph, which is important to verify the geo-
metric set-up. The patient is reviewed weekly to 
assess toxicity.

29.5 
Intratubular Germ Cell Neoplasia

Untreated, 50% of patients with IGCN will progress 
to invasive disease at 5 years (von der Masse et 
al. 1986b) and 70% at 7 years (Classen et al. 1998). 
In view of this, treatment is usually recommended. 
Both orchidectomy and radiotherapy yield excel-
lent local control rates (Dieckmann et al. 1993; 
Dieckmann and Loy 1994; von der Masse et al. 
1986a), and it is often the clinical situation that 
dictates which approach is employed. Unilateral 
disease is treated with orchidectomy. In the situa-
tion of bilateral disease or in patients with IGCN 
in a solitary testis, an organ preservation approach 
using radiotherapy is the preferred option. Initial 
reports using chemotherapy were promising (von 
der Masse et al. 1985). However, recently several 
authors have reported the persistence or recurrence 
of IGCN in patients treated with primary chemo-
therapy (Christensen et al. 1998; Dieckmann 
1988; von der Masse et al. 1988). Residual germ 
cell cancer is often found in orchidectomy speci-
mens after cisplatin-based chemotherapy (Greist 
et al. 1984).

Intratubular germ cell neoplasm is a radiosensi-
tive tumor. The aim of treatment is to eradicate the 
IGCN while preserving hormone function. The CTV 
is the whole testis.

At simulation, the patient is supine, with the 
thighs abducted and soles together (this is com-
monly referred to as the “frog-leg” position). A lead 
shield is placed posteriorly to shield the perineum 
and immobilize the testis. The penis is taped out of 
the field, usually over the symphysis pubis.

The optimal radiotherapy technique to treat the 
testis is not defined. A number of different modali-
ties have been employed. Due to the position of the 
testis and scrotum, a direct anterior field is preferred. 
Although parallel opposed beams provide a more 
homogeneous dose distribution, in this setting, the 
addition of a posterior beam would irradiate a large 
area of perineum resulting in extra toxicity.

Historically, a direct orthovoltage beam was 
commonly used to treat the testis. Although this 
provided a simple technique, there were several 
disadvantages. For a standard orthovoltage beam, 
the maximum dose is at or very close to the skin. 
The 90% depth dose for 270 KV is at approximately 
2 cm. In view of this, a single direct field does not 
adequately treat to the depth required, and the pos-
terior testis is underdosed. In addition, the high skin 
dose results in an increase in the skin reaction.
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A direct electron beam has the advantage of a 
rapid fall off in dose with depth, reducing the dose 
to the perineum. A testicular ultrasound is acquired 
with the patient in the treatment position. This 
ultrasound provides a measurement of the thick-
ness of the testis in the anterior–posterior plane. 
This measurement is used to determine the depth 
required for treatment. The electron energy is then 
selected. Commonly, the energy ranges between 9  
and 15 megaelectron volts (MeV). A customized lead 
cut out is made to ensure that the testis with a 1-cm 
margin is treated and any adjacent tissue is shielded. 
Bolus is used to provide a homogeneous dose distri-
bution, avoiding hot spots, and a rapid fall off in dose 
at the field edge. The bolus covers the entire testis, 
which also provides backscatter, thereby improving 
the dosimetry.

A direct cobalt beam has also been used as a 
treatment modality in this setting. As with ortho-
voltage, the depth dose characteristics of a cobalt 
beam results in under dosing of the posterior part 
of the target volume. For a 10×10-cm field, the Dmax 
is at approximately 5 mm and 93% at approximately 
2 cm. A further disadvantage is the relatively wide 
penumbra when compared with that of a linear 
accelerator. This must be taken into account when 
defining the lateral field borders.

In summary, the optimal treatment modality 
and technique for irradiation of the testis is unclear. 
However, electrons appear to have the advantage of 
delivering an adequate dose at depth. The curved 
contour of the testis can be adjusted for using bolus 
resulting in a homogeneous dose distribution.

Treatment with low dose radiotherapy (18–20 Gy) 
is able to eradicate IGCN and preserve hormone 
function avoiding life-long hormone supplementa-
tion (Dieckmann et al. 1993). There is, however, evi-
dence that with longer-term follow-up some impair-
ment of androgen synthesis occurs (Dieckmann 
and Loy 1994; Dieckmann and Skakkebaek 1999). 
In addition, patients with contralateral IGCN have a 
higher rate of baseline Leydig cell dysfunction than 
patients with a normal contralateral testis: 11/24 
(45.8%) and 2/30 (6.6%), respectively (Petersen et 
al. 1999).

IGCN is a radiosensitive tumor and there is 
emerging evidence that doses less than 20 Gy in 10 
fractions may be adequate to eradicate this tumor. 
Sedlmayer et al. (2001) reported eradication of 
IGCN in nine patients treated with 13 Gy in 10 frac-
tions. Petersen et al. (2002) evaluated radiation 
doses of 14 Gy, 16 Gy, 18 Gy and 20 Gy delivered at 
2 Gy per fraction, 5 days per week. IGCN was eradi-

cated in all patients treated with doses of 16 Gy or 
more. However, Classen et al. (2003a) compared a 
dose of 18 Gy in 9 fractions with 16 Gy in 8 fractions. 
One patient relapsed with IGCN after 16 Gy and two 
other patients had persistent spermatogonia follow-
ing 16 Gy and 18 Gy.

Although patient numbers in the above-men-
tioned series are small and the follow-up period 
short, the data suggests that 16 Gy or more may 
eradicate a high proportion of IGCN. However, in a 
study by Dieckmann et al. (2002), two patients sub-
sequently developed a germ cell cancer (one patient a 
seminoma and the other patient a mixed seminoma 
and embryonal carcinoma) despite a total dose of 
20 Gy. These tumors occurred at 5 years and 7 years 
after completion of radiotherapy. At present, 20 Gy 
in 10 fractions over 2 weeks is a widely accepted 
fractionation schedule for IGCN.

29.6 
Special Considerations

29.6.1 
Scrotal Invasion/Scrotal Interference

Although most patients present with T1 disease, tes-
ticular GCT can invade locally to involve the rete 
testis, epididymis and spermatic cord. As the tunica 
albuginea acts as a natural barrier, direct invasion 
of the scrotum is rare and occurs late. Historically, 
the hemiscrotum and inguinal lymph nodes were 
included in the treatment portal in patients with 
tunica albuginea invasion or scrotal interference. 
This practice has now been abandoned, as the risk 
of relapse is low and treatment would result in high 
dose to the remaining testis. However, if scrotal inva-
sion occurs, adjuvant radiotherapy to the hemiscro-
tum and ipsilateral inguinal lymph nodes is recom-
mended. The scrotal field is matched to the tattoo at 
the inferior border of the dog-leg field. Electrons are 
commonly used and a lead cut out is custom made 
to limit the dose to the remaining testis.

29.6.2 
Contralateral Germ Cell Tumors

The prevalence of bilateral testicular cancer ranges 
between 1.5% and 5% (Bokemeyer et al. 1993; 
Fossa et al. 1989; Hamilton et al. 1986; Hay et 
al. 1984; Ohyama et al. 2002; Vallis et al. 1995). 
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Although synchronous tumors occur, the majority 
are metachronous occurring at a median time inter-
val of 5–8 years (Bokemeyer et al. 1993; Hay et al. 
1984; Ohyama et al. 2002). A similar incidence of a 
second testicular tumor is observed in patients on 
surveillance (Bokemeyer et al. 1993).

Standard treatment is radical orchidectomy. 
Following this procedure, the patient is sterile and 
requires life-long hormone replacement. Organ-
sparing techniques have been reported. Kazem 
and Danella (1999) described two patients that 
developed seminoma in the contralateral testis. 
Both patients were treated with an organ-spar-
ing technique. Local excision of the tumor was 
followed by radiotherapy to the remaining testis. 
One patient received 19.8 Gy in 11 fractions and 
the other 20 Gy in 10 fractions. After more than 
3 years, both patients have no evidence of disease. 
Androgen production is preserved but reduced and 
virility is retained. The authors conclude that this 
approach provides an alternative to radical orchi-
dectomy with the advantage of avoiding long-term 
hormone replacement.

29.6.3 
Management of a Residual Mass Following 
Chemotherapy

Following chemotherapy for metastatic seminoma, 
a residual mass may persist in up to 80% of patients 
(Duchesne et al. 1997; Horwich et al. 1992b, 1997; 
Motzer et al. 1988; Peckham et al. 1985; Puc et al. 
1996; Schultz et al. 1989). A variety of strategies 
have been proposed including surveillance, sur-
gery and radiotherapy. Pathological examination of 
the resected specimen reveals viable tumor in only 
10–20% of patients. Surgery is technically difficult 
following chemotherapy as a desmoplastic reaction 
occurs and the residual mass is densely adherent. 
In view of these factors, surveillance with careful 
monitoring of the residual mass has been suggested 
(Clemm et al. 1986).

A number of authors have observed that the size of 
the residual mass (>3 cm) predicts the risk of viable 
tumor (Fossa et al. 1989; Herr et al. 1997; Motzer 
et al. 1987; Puc et al. 1996), although this is not sup-
ported by others (Horwich et al. 1992b; Schultz 
et al. 1989). The radiographic appearance of the 
residual mass (well defined versus poorly defined) 
has also been reported to predict residual tumor. In 
a series by Ravi et al. (1999), 6 of 11 (54.5%) patients 
with a well-defined residual mass of 3 cm or more 

had positive histology versus only 1 of 14 (7.1%) 
patients with a poorly defined mass of similar size. 
None of the patients with a residual mass less than 
3 cm had a viable tumor.

Routine radiotherapy is not recommended and 
does not improve OS (Duchesne et al. 1997). How-
ever, if the residual mass increases in size and sur-
gery is not technically feasible, radiotherapy is the 
preferred option. If radiotherapy is employed, a CT 
planned technique allows accurate delineation of 
the gross tumor volume and organ at risk. In the 
post-chemotherapy setting, the CTV is generally 
limited to the gross disease identified on imaging. 
Technique is individualized. The total dose is 35–
40 Gy in 1.6- to 2-Gy fractions, depending on bulk 
and location of disease.

29.6.4 
Prophylactic Contralateral Pelvic Lymph Node 
Irradiation

The contralateral pelvic lymph nodes may be 
included in the CTV for patients with stage II 
disease if retrograde spread is a concern, although 
the risk of contralateral iliac lymph node involve-
ment is extremely low (Mason and Kearsley 
1988).

29.7 
Treatment Sequelae

29.7.1 
Acute Side Effects

Low dose infradiaphragmatic radiotherapy is well 
tolerated acutely. From the available literature, some 
nausea occurs in up to 100% of patients (Aass et 
al. 1992; Bauman et al. 1998a; Khoo et al. 1997; 
Sommer et al. 1990; Vallis et al. 1995), with vom-
iting and diarrhea in up to 80% of patients (Aass 
et al. 1992; Bauman et al. 1998a; Khoo et al. 1997; 
Vallis et al. 1995). These side effects are generally 
mild in most patients, with the incidence of grade-
3 and grade-4 acute toxicity ranging between 1.5% 
(Sommer et al. 1990) and 2.5% (Vallis et al. 1995). 
Most of the data reporting toxicity was collected in 
an era when higher total dose and dose per fraction 
were used. These rates of nausea, vomiting and diar-
rhea are not typically seen today with the current 
total dose and fractionation regime.
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29.7.2 
Late Side Effects

Late effects are uncommon. Analyzing the records 
of 1,026 patients treated with infradiaphragmatic 
radiotherapy, Coia and Hanks (1988) observed 
the 3-year actuarial complication rate was 4% for 
major complications and 14% for any complication. 
With increasing dose, there was a statistically sig-
nificant increase in complications (P<0.01). The risk 
of major bowel complications increased from 1% 
for doses less than 35 Gy to 3% for doses of 35 Gy 
or more (P=0.03). Gastrointestinal injury includ-
ing peptic ulceration, hemorrhage, chronic diarrhea 
and intestinal obstruction were the most frequent 
complications (Coia and Hanks 1988).

Table 29.3 shows the incidence of late effects fol-
lowing infradiaphragmatic radiotherapy in patients 
treated for testicular GCT. The incidence of second 
malignancies and radiation-induced impairment in 
spermatogenesis is discussed separately.

Peptic ulceration is relatively common, occur-
ring in up to 16% of patients at a median follow-up 
of 12 months (Akimoto et al. 1997). It is more often 
seen with a higher dose and in patients with prior 
abdominal surgery, a prior history of dyspepsia or in 
those who had significant acute toxicity (Hamilton 
et al. 1986; Aass et al. 1992). Others have reported 
no late toxicity (Sommer et al. 1990; Zagars and 
Babaian 1987).

29.7.3 
Impaired Spermatogenesis

Following radiotherapy or chemotherapy for testic-
ular germ cell tumors, impairment of spermatogen-
esis can occur. A number of authors have reported 
that less than 50% of patients have a normal sperm 
count following radical orchidectomy even without 
radiotherapy (Gordon et al. 1997; Hahn et al. 1982; 
Hansen et al. 1990; Jacobsen et al. 1997; Nijman 
et al. 1987).

A radiotherapy-induced reduction in sperm count 
can take several weeks. The spermatogonia are more 
radiosensitive than the differentiated stages and, at 
low doses of radiation, aspermia occurs at approxi-
mately 10–12 weeks (Hahn et al. 1982).

The gonadal dose impacts on the recovery of 
sperm count (Gordon et al. 1997; Hahn et al. 1982; 
Hansen et al. 1990). Gordon et al. (1997) reported 
recovery within 12 months if the gonadal dose was 
less than 0.79 Gy, but this was delayed for more than 

Table 29.3. The incidence of late complications following 
infradiaphragmatic radiotherapy for testicular cancer

Complication Incidence

Peptic ulcer disease 0–16%
Chronic diarrhea 0–2.6%
Dyspepsia 0–27.7%

Aass et al. (1992); Akimoto et al. (1997); Hamilton et al. 
(1986); Sommer et al. (1990); Yeoh et al. (1993); Zagars and 
Babaian (1987)

2 years in patients who received a gonadal dose 
of more than 0.79 Gy. In a further study, Hahn et 
al. (1982) observed that recovery took between 
21 weeks and 41 weeks with doses below 60 rad and 
47–88 weeks with doses of 60–148 rad. Other fac-
tors that may prolong the recovery time include age 
over 25 years, low pretreatment sperm count and 
the addition of chemotherapy (Hansen et al. 1990). 
Nevertheless, there are several reports in the litera-
ture describing survivors of testicular cancer father-
ing healthy infants (Centola et al. 1994; Gordon et 
al. 1997; Hahn et al. 1982; Akimoto et al. 1997). In a 
series by Akimoto et al. (1997), 79% of patients who 
wanted to have children after postorchidectomy 
radiotherapy were successful.

29.7.4 
Second Malignant Neoplasms

Following exposure to ionizing radiation, there is a 
latent period prior to the development of a second 
malignant neoplasm (Fossa et al. 1990; Hay et al. 
1984; Moller et al. 1993; Smith and Doll 1982). 
The incidence of solid tumors increases with time 
from exposure.

The relative risk of second cancer ranges between 
1.5 and 7.5 (Bokemeyer and Schmoll 1995). Patients 
diagnosed with testicular cancer may already be at 
an increased risk of developing a second malignancy 
(Kleinerman et al. 1985). Although some reports 
find no difference in the incidence of second malig-
nant neoplasm within or outside the radiation field 
(Hanks et al. 1992; Hay et al. 1984), most second 
cancers occur within or at the margins of the radia-
tion field (Fossa et al. 1990; Jacobsen et al. 1993).

The increased risk of solid malignancies fol-
lowing radiotherapy for testicular cancer appears 
to be higher at certain sites, notably the genitouri-
nary tract (Fossa 2004; Hay et al. 1984; Moller 
et al. 1993; Wanderas et al. 1997), gastrointesti-
nal tract (Bokemeyer and Schmoll 1995; Fossa 
2004; Moller et al. 1993; Travis et al. 1997; 
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Table 29.4. The relative risk of second malignancy in survivors of testicular cancer

Site of second malignancy Author Relative risk

All sites Moller et al. (1993) 1.6
Wanderas et al. (1997) 3.54
Travis et al. (1997) 1.43
Van Leeuwen et al. (1993) 1.6
Hanks et al. (1992) 3.4
Hay et al. (1984) 1.55
Fossa et al. (1990) 1.58

Bladder Moller et al. (1993) 2.1
Wanderas et al. (1997) 2.1
Travis et al. (1997) 2.02

Kidney Moller et al. (1993) 2.3
Gastric cancer Moller et al. (1993) 2.1

Wanderas et al. (1997) 2.46
Travis et al. (1997) 1.95
Van Leeuwen et al. (1993) 3.7

Pancreatic cancer Moller et al. (1993) 2.3
Travis et al. (1997) 1.5

Gallbladder Horwich and Bell (1994) 8.3
Colon Moller et al. (1993) 1.5

Travis et al. (1997) 1.27
Rectum Travis et al. (1997) 1.41
Leukemia Horwich and Bell (1994) 6.2

Van Leeuwen et al. (1993) 5.1
Moller et al. (1993) 2.4
Travis et al. (1997) 2.13

Non-Hodgkin’s lymphoma Travis et al. (1997) 1.88
Connective tissue/sarcoma Jacobsen et al. (1993) 4.0

Travis et al. (1997) 3.16
Wanderas et al. (1997) 9.2

Non-melanomatous skin cancer Moller et al. (1993) 2.0
Melanoma Travis et al. (1997) 1.69

Fossa et al. (1990) 3.89
Unknown primary Hay et al. (1984) 8.36
Lung Wanderas et al. (1997) 2.19
Thyroid Travis et al. (1997) 2.92t

van Leeuwen et al. 1993; Wanderas et al. 1997) 
and in connective tissue (Fossa 2004; Travis et al. 
1997; Wanderas et al. 1997) (Table 29.4). The risk 
of leukemia is also increased following radiotherapy 
(Fossa 2004; Hay et al. 1984; Horwich and Bell 
1994; van Leeuwen et al. 1993). Other rare second 
cancers may also occur. Amin et al. (2001) reported 
two cases of malignant peritoneal mesothelioma 
many years after previous abdominal radiation 
therapy for testicular carcinoma. Saiki et al. (1997) 
described a patient with metastatic testicular cancer 
who developed a glioblastoma multiforme after 
radiotherapy for a brain metastasis.

Cytotoxic treatment is associated with an 
increased risk of second malignant neoplasm. Not 
only do patients treated for testicular cancer have 
an increased incidence of second malignancy, most 
of these malignancies are significant neoplasms 
resulting in an increased mortality (Bokemeyer 
and Schmoll 1993; Hanks et al. 1992; Zagars et 
al. 2004). In view of this serious late complication of 
radiotherapy, long-term follow-up is necessary.
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30.1 
Abstract

When treating soft tissue sarcomas (STSs) of the 
extremities, the major therapeutic goals are survival, 
local tumor control, optimal function, and minimal 
morbidity. Surgical resection of the primary tumor 
is the essential component of treatment for virtually 
all patients. However, local control by surgery alone 
is poor for the majority of patients with extremity 
lesions, unless the procedure removes large volumes 
of grossly normal tissue, i.e., widely negative mar-
gins are attained because sarcomas tend to infiltrate 
normal tissue adjacent to the evident lesion. Thus, 
removal of the gross lesion by a simple excision 
alone (only a narrow margin) is followed by local 
recurrence in 60–90% of patients. Radical resections 
are associated with a reduction in the local recur-
rence rate of 10–30%, but they may compromise 
limb function. The combination of function-spar-
ing surgery and radiation achieves better outcomes 
than either treatment alone for nearly all patients 
with STSs. Because both surgical and radiation tech-
nique are both critically important for optimizing 
local control of tumor and functional outcome, it 
is important to manage these patients in dedicated 

CONTENTS

30.1 Abstract 755
30.2 Introduction 756
30.3 Clinical Evaluation 756
30.3.1 Clinical History 756
30.3.2 Anatomical Site, Sex, and Age 756
30.3.3 Physical Examination 757
30.3.4 Laboratory Investigations 757
30.3.5 Radiographic Evaluation 757
30.3.6 Biopsy 759
30.4 Pathology 759
30.4.1 Histological Classification 759
30.4.2 Grading 760
30.5 Staging 761
30.6 Management of the Primary Tumor 762
30.6.1 Overview 762
30.6.2 Surgical Considerations 763
30.6.3 Selection of Patients for Treatment with 
 Conservative Surgery Alone 764
30.6.4 Combining Surgery with RT 764
30.6.5 Preoperative (Neoadjuvant) Versus Postoperative 
 (Adjuvant) Radiotherapy 765
30.6.6 Brachytherapy 766
30.6.7 EBRT Planning 767
30.6.8 Radiation Treatment Volumes and Dose 768
30.6.9 Intensity-Modulated Photon RT 770
30.6.10 Proton Beam Radiotherapy 771
30.6.11 Neoadjuvant Doxorubicin-Based 
 Chemotherapy Plus RT 772
30.6.12 STSs of the Hand and Foot 773
30.6.13 Wound Healing After Surgery and Radiation 773

30.6.14 Preoperative Radiation and 
 Wound Complications 773
30.6.15 BRT and Wound Complications 774
30.6.16 Strategies to Reduce Wound Morbidity 774
30.6.17 Adjuvant Chemotherapy 775
30.6.17.1 Rhabdomyosarcoma 775
30.6.17.2 Adjuvant Chemotherapy for Other STSs 775
30.6.18 Functional Outcome 777
30.6.19 Treatment of Local Recurrence 777
30.6.20 Treatment of Unresectable or 
 Locally Advanced Soft Tissue Sarcoma 777
30.7 Treatment of Metastatic Disease 778
30.7.1 Overview 778
30.7.2 Resection of Pulmonary Metastases 778
30.7.3 Chemotherapy for Metastatic Disease 778
30.8 Summary 779
 References 780



756 T. F. DeLaney et al.

multispecialty clinics comprised of physicians with 
expertise in sarcomas, including orthopedic and 
general oncology surgeons, radiation oncologists, 
medical oncologists, sarcoma pathologists, and bone 
and soft tissue diagnostic radiologists. Radiation 
therapy (RT) can be given by external beam radia-
tion (EBRT) or brachytherapy (BRT) or combination 
thereof. EBRT can be given either preoperatively or 
postoperatively. The clinical considerations and the 
outcome data that must be considered in choosing 
the most appropriate treatment technique for the 
individual patient will be discussed.

30.2 
Introduction

Sarcomas are malignant tumors that arise from skel-
etal and extraskeletal connective tissues, including 
the peripheral nervous system. The term sarcomas 
of soft tissues embraces all of the malignant tumors 
that arise from the mesenchymal tissues, excluding 
bone, i.e., malignant fibrous histiocytoma, liposar-
coma, leiomyosarcoma, synovial sarcoma, rhabdo-
myosarcoma, epithelioid sarcoma, angiosarcoma, 
fibrosarcoma, etc. In addition, malignant tumors of 
peripheral nerve sheaths are included despite being 
ectodermal in origin, as their clinical behavior is not 
measurably different from the other sarcomas.

STSs are rare, with an estimated incidence in the 
United States of approximately 8,680 diagnosed annu-
ally, representing less than 1% of all newly diagnosed 
malignant tumors (Jemal et al. 2005). Approximately 
37% of these patients are expected to die of this dis-
ease. Review of the statistics of recent years suggests 
an increase in the incidence of STSs, although it is not 
clear whether this represents a true increase or merely 
reflects more accurate diagnosis and increasing inter-
est in these tumors (Weiss and Goldblum 2001). 
Although the malignant tumors of soft tissue are rare, 
benign tumors are common. It is estimated that the 
frequency of benign tumors is 100 times that of the 
malignant lesions (Weiss and Goldblum 2001). To 
appreciate the rarity of the sarcomas, note that during 
the same period, there are expected to be 211,240 
newly diagnosed cases of breast cancer in women in 
the US, as compared with only 3,890 STSs in women. 
Thus, women are approximately 54 times more likely 
to develop a carcinoma of the breast than a sarcoma.

Sites of appearance of STSs, in order of frequency, 
are: lower extremity (46%), torso (19%), upper extrem-
ity (14%), retroperitoneum (13%), head/neck (8%) 

(Abbas et al. 1981; Potter et al. 1985; Lawrence et 
al. 1987; Torosian et al. 1988). The small number of 
cases seen and the great diversity in anatomic site, 
histopathology, and biology complicate understand-
ing of the natural history of these tumors and their 
response to diverse therapies. This discussion will 
be focused on STSs arising in the extremities and 
treatment strategies designed to maximize cure rates 
while optimizing post-treatment function.

30.3 
Clinical Evaluation

30.3.1 
Clinical History

The most frequent initial complaint is that of a pain-
less lump with a duration of a few weeks to several 
months. Occasionally, pain or tenderness precede 
the detection of a lump. With progressive growth of 
tumor, symptoms that are secondary to infiltration 
of or pressure on adjacent structures (e.g., tendons, 
muscles, nerves) or organs appear. Occasionally, 
symptoms secondary to the metabolic effects of the 
tumor products are seen, e.g., fever, anemia, leth-
argy, weight loss, histamine-like reactions. These 
are not rare in patients with malignant fibrous his-
tiocytoma (Weiss and Goldblum 2001). To accrue 
clinical genetic data in sarcoma patients, the his-
tory should include details of the cause of death and 
history of malignant disease in siblings, parents, 
grandparents, and progeny.

30.3.2 
Anatomical Site, Sex, and Age

As previously mentioned, the sites of appearance 
of STSs, in order of frequency, are: lower extremity 
(46%), torso (19%), upper extremity (14%), retroper-
itoneum (13%), head/neck (8%) (Abbas et al. 1981; 
Potter et al. 1985; Lawrence et al. 1987; Torosian 
et al. 1988). There is a very slight preponderance 
of STSs in males. They are more common in older 
people, with 40% in persons 55 years of age or older 
and 15% in patients 15 years of age or younger (Weiss 
and Goldblum 2001). Rhabdomyosarcomas almost 
always arise in children, synovial sarcomas develop 
in late adolescence and young adulthood, and lipo-
sarcoma and malignant fibrous histiocytoma usu-
ally occur during mid and late adulthood.
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30.3.3 
Physical Examination

There must be a complete physical examination with 
particular attention paid to the region of the primary 
lesion: definition of size, site of origin (superficial or 
deep, attached to or fixed to deep structures), soli-
tary or multinodular, involvement or discoloration 
of overlying skin, functional status of vessels and 
nerves, presence of distal edema, muscular strength, 
range of motion of affected part, etc. If the patient 
has had prior excision, the operated site should 
be examined for presence of ecchymosis, status of 
wound healing, palpable evidence of residual tumor, 
and location of drain site. The regional and distant 
lymph-node groups need to be examined with care in 
all patients, especially those with large grade-2 and 
-3 sarcomas. In an analysis of the experience at Mas-
sachusetts General Hospital, no patient with grade-1 
sarcoma developed regional node involvement. The 
incidence in patients with grade-2 and -3 sarcomas 
were 2% and 12%, respectively. Of the patients with 
grade-3 sarcoma, the incidences were 3% and 15%, 
respectively, for lesions 5 cm or less and those more 
than 5 cm (Mazeron and Suit 1987). Fong et al. 
(1993) found a slightly lower frequency of metas-
tasis to regional nodes in the Memorial Hospital 
series. Involvement of regional nodes is relatively 
frequent in patients with rhabdomyosarcoma and 
epithelioid sarcoma but uncommon in patients with 
fibrosarcoma and malignant fibrous histiocytoma. 
Myxoid liposarcoma may also metastasize to soft 
tissue or bone.

30.3.4 
Laboratory Investigations

Laboratory studies need not go beyond a complete 
blood count and blood urea nitrogen/creatinine [if 
IV contrast is to be administered for the chest com-
puted tomography (CT) scan or for radiation-plan-
ning CT scan] unless the patient is to receive che-
motherapy, in which case liver-function tests should 
be performed as well.

30.3.5 
Radiographic Evaluation

For the primary site, the radiographic evaluation 
should include plain films and magnetic resonance 
imaging (MRI) scanning. The most useful radio-

logical study to evaluate the primary site is the MRI 
(Bland et al. 1987); CT can be useful to evaluate 
the relatively uncommon situation where there is 
suspected bony involvement. Plain radiographs 
are helpful in evaluation of soft tissue tumors by 
demonstrating bone involvement and soft tissue 
masses arising from bone tumors. However, unlike 
bone tumors, imaging studies cannot be used to 
assess the biological behavior of soft tissue tumors 
(Kransdorf et al. 1993). Indeed, specific diagno-
sis remains impossible for many soft tissue lesions, 
regardless of the choice of imaging (O’Keefe et al. 
1990). Imaging studies alone cannot definitively 
distinguish malignant from benign soft tissue 
lesions. MRI (Fig. 30.1) may prove of clinical value 
in planning the biopsy site, either using needle or 
incisional techniques. Furthermore, the demonstra-
tion of necrotic regions appears to be of diagnostic 
importance in discrimination between benign and 
malignant tumors (Gustafson et al. 1992). Positron 
emission tomography (PET) scanning (Fig. 30.2) has 
been shown to be useful in discriminating between 
benign and high-grade lesions, although is unsuit-
able for distinguishing between benign and low- to 
intermediate-grade lesions (Nieweg et al. 1996). In 
the future, PET may be of substantial value in defin-
ing response to preoperative therapy (Prosnitz et 

Fig. 30.1. T1-weighted, fat-suppressed magnetic resonance 
image of a high-grade, biphasic synovial sarcoma in the right 
popliteal fossa of a 27-year-old man following gadolinium 
administration
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al. 1999). MRI studies should always include T2-
weighted sequences, as these provide the optimum 
contrast between lesion and muscle. Contrast-
enhanced T1-weighted images (especially with fat 
suppression techniques) are also helpful. MRI often 
provides a clearer demonstration of the anatomical 
location of the lesion and the pattern of local exten-
sions. The findings from these scans should be cor-
related with those of the physical examination to 
assess the details of the anatomical site of the tumor. 
It should be determined whether the lesion is in the 
subcutaneous tissue, transgressing the fascia, inter-
muscular or intramuscular, displacing or envelop-
ing major vessels or nerves, abutting or invading 
bone, etc. Depending on the pattern of presentation 
and the nature of any planned surgery, an arterio-
gram or CT angiogram may be of value. For rhab-
domyosarcoma, epithelioid sarcoma, high-grade 
synovial and unclassified sarcomas, PET or PET/CT 
evaluation of the regional nodes should be obtained. 
Bone scans need not be performed unless specifi-
cally indicated. We do not consider a positive bone 
scan of bone near or adjacent to a STS to be proof of 
invasion of periosteum or bone. For a diagnosis of 

invasion of bone, there must be clear radiographic 
evidence of destruction of cortical bone. The single 
most important examination for distant metasta-
sis is whole-lung CT; this should be obtained in all 
patients with intermediate or high-grade tumors. 
This has been extensively confirmed by the study 
of Peuchot and Libshitz (Peuchot and Libshitz 
1987), who reported that, of the nodules detected 
using CT but not by chest X-ray and those biopsied, 
94% were metastatic tumors.

Imaging of the response to treatment has been 
generally disappointing up to the present. Decrease 
in tumor size may occur (Sanchez et al. 1990) but 
does not correlate well with successful radiation 
or chemotherapy. Furthermore, although tumor 
volume can be approximated from two-dimensional 
images (CT or plain films), reliable algorithms to 
objectively distinguish tumor from surrounding 
tissues are not available, and, thus, three-dimen-
sional (3-D) imaging techniques have not, as yet, 
found a role. Changes in MRI signal characteris-
tics have been unreliable. Absence of high signal 
intensity on T2 images has been shown to indicate 
freedom from tumor. However, residual high signal 
may be due to tumor, edema, or fibrosis (Vanel 
et al. 1987). MRI spectroscopy has been used to 
detect high-energy phosphate metabolism in the 
lesions. This has helped in the distinction between 
malignant and benign tumors (Negendank et al. 
1989). Several studies with phosphorus-31 magnetic 
resonance spectroscopy have shown changes in 
high-energy phosphate metabolism after effective 
chemotherapy (Dewhirst et al. 1990; Koutcher 
et al. 1990; Redmond et al. 1992), but the range of 
variation in sarcoma is large, and, because of limita-
tions in spatial resolution, the procedure cannot be 
done reliably unless a large soft tissue mass is pres-
ent. Schuetze and colleagues evaluated 46 patients 
with high-grade sarcoma who received neoadju-
vant chemotherapy and reported that reductions 
in SUVmax correlated with the degree of necrosis in 
the resection specimen (Schuetze et al. 2005). They 
also noted that tumors with a baseline SUVmax of 6 
or more had a higher risk of developing subsequent 
metastatic disease with disease recurrence. Patients 
with a 40% or greater decrease in tumor SUVmax had 
a significantly lower risk of disease recurrence and 
of metastasis. All 4 patients with local disease recur-
rence as the initial event had less than 40% reduction 
in tumor SUVmax after chemotherapy. A reduction 
in the pre-surgery sarcoma SUVmax of greater than 
or equal to 40% relative to the baseline SUVmax cor-
related with overall survival. A metabolic response 

Fig. 30.2. FDG (F18-fl uorodeoxyglucose)–positron emission 
tomography (PET) scan demonstrating markedly increased 
FDG avidity at the site of the high-grade, biphasic synovial 
sarcoma also seen on magnetic resonance imaging (MRI) scan 
in Fig. 30.1
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determined using F-18 fluorodeoxygluose–PET 
scans correlated with a pathological response to 
preoperative doxorubicin-based chemotherapy but 
it was a stronger determinant of distant recurrence 
of disease than the pathological response.

30.3.6 
Biopsy

An adequate biopsy must be obtained so that the 
best feasible histopathological diagnosis as to tumor 
type and grade can be made. The optimal treatment 
strategy is based on the correct diagnosis. Under 
optimal conditions, the biopsy procedure should be 
performed by an experienced surgeon, who is part 
of the multidisciplinary care-taking team and will 
be responsible for the definitive surgery. Prior to 
the biopsy, the imaging studies should be carefully 
studied to ascertain the most logical approach to 
the lesion, with explicit consideration of the regions 
to be traversed in subsequent surgical procedures 
(including marginal or wide resection or amputa-
tion), so that the biopsy track will not interfere with 
either surgery or radiation field.

The most commonly employed biopsy technique 
is currently the core needle biopsy. For palpable 
lesions with a superficial component that is away 
from the neurovascular bundle, a Tru-Cut needle 
biopsy can often be obtained in the clinic. For non-
palpable, deeper lesions and those near the neuro-
vascular bundle, core biopsies can be obtained under 
CT or ultrasound guidance. There is experience in 
some centers with cytological diagnosis by ‘skinny’ 
needle aspiration. The amount of tissue obtained 
using these procedures is limited, and this should 
be considered before deciding which procedure to 
perform; incisional biopsy may be required in some 
cases to histologically classify a tumor or obtain 
sufficient tissue for immunohistochemical, electron 
microscopic, and/or gene arrays. Needle biopsy is 
particularly useful to confirm metastatic or recur-
rent tumor. Biopsy by the needle technique may also 
be used in those anatomical situations where inci-
sional biopsy would require a major procedure.

When incisional biopsies are performed, the inci-
sion for the biopsy of lesions on an extremity should 
be longitudinal (there is almost never a reason for a 
transverse incision on an extremity). The incision 
should be as short as possible, yet long enough to 
avoid excessive retraction of tissue or to make dis-
section and hemostasis difficult. The biopsy track 
should go through a muscle belly rather than along 

fascial planes (the former tends to keep the tumor 
‘spill’ within an anatomical compartment while 
the latter allows transgression of two or more com-
partments) and careful attention should be paid to 
achieve hemostasis in order to avoid ecchymosis or 
a hematoma. The wound should be closed in layers 
with a narrow skin closure; as a rule, drains should 
not be utilized (the tract of the drain is considered to 
be contaminated with tumor and may greatly extend 
the planes of subsequent surgery or the radiation 
treatment volume).

For the occasional small lesion in a readily acces-
sible site (e.g., wrist or ankle), an excisional biopsy 
may be the approach of choice. The surgeon should 
adhere to the same principles as for the defini-
tive surgery (see below) if complications are to be 
avoided.

The biopsy specimen needs to be of sufficient 
volume to be certain that it is representative. A path-
ological assessment of a frozen section is useful in 
assuring that the tissue obtained is from the lesion 
and is adequate for the diagnostic evaluation. Cul-
tures should always be obtained. Specimens are 
processed for hematoxylin and eosin staining and 
various immunohistochemical stains considered 
necessary to aid in the diagnosis. A small portion of 
the tissue is set aside for electron microscopy, cyto-
genetics, and increasingly gene arrays.

30.4 
Pathology

30.4.1 
Histological Classification

The rationale for developing a well-defined, com-
prehensive, and flexible classification system of soft 
tissue tumors is to provide morphological guide-
lines that expand our understanding of neoplasia, 
predict biological behavior, and facilitate the devel-
opment of more effective treatment. Originally, clas-
sification schemes were descriptive in nature and 
based on tumor cell configuration. Subsequently, 
they have evolved through the concept of histogen-
esis or ‘cell of origin’ to the current belief that a 
primitive or stem-like mesenchymal cell undergoes 
neoplastic transformation and, depending on the 
genetic code translated, differentiates along one or 
multiple cell lines.

Light microscopy in most instances is the modal-
ity of choice for determining whether a soft tissue 
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tumor is benign or malignant and determining the 
subtype, grade, margins, and presence or absence of 
vascular invasion. However, electron microscopy, 
immunohistochemistry, DNA flow cytometry, cyto-
genetics, and molecular analysis can provide valu-
able information that substantiates the histological 
interpretation. Cytogenetic analysis is now being 
performed more frequently on sarcomas. It is a diag-
nostically useful technique, because some sarcomas 
have specific cytogenetic alterations that appear to 
be pathognomonic. As noted above, characteristic 
translocations are found in Ewing’s sarcoma/primi-
tive neuroectodermal tumors alveolar rhabdomyo-
sarcomas (DeChiara et al. 1993; Delattre et al. 
1994; Parham et al. 1994), myxoid liposarcomas 
(Aman et al. 1992), clear cell sarcomas, extraskel-
etal myxoid chondrosarcomas, and synovial sar-
comas (Clark et al. 1994). Molecular biology will 
play a more important role in evaluating STSs in 
the near future, as the technology becomes more 
widely available. The identification of specific DNA 
and RNA gene sequences and oncogenes will help 
to diagnose and predict the biological behavior of 
sarcomas. For example, the expression of the gene 
product MYO D1 has already proved to be helpful 
in recognizing tumors showing skeletal muscle dif-
ferentiation (Angervall and Kindblom 1993; Dias 
et al. 1994).

Currently, the most widely used classification 
system is the Enzinger and Weiss modification of the 
World Health Organization formulation (Weiss and 
Goldblum 2001). In this system, soft tissue tumors, 
including non-neoplastic tumor-like lesions, are 
categorized into three broad groups: (1) tumors 
that differentiate along cell or tissue lines and have 
normal counterparts, i.e., fibrous tissue, fat, ves-
sels, smooth muscle, skeletal muscle, nerve, ganglia, 

synovium, bone, and cartilage; (2) tumors whose 
lines of differentiation have no normal counterpart 
but are consistent and recognized by a distinctive 
morphology, i.e., myxoma, epithelioid sarcoma, and 
alveolar soft part sarcoma; and (3) tumors that are 
so poorly differentiated and morphologically unique 
that they defy classification. The vast majority of 
tumors fall into the first two groups. Overall, there 
are approximately 200 different entities, of which 80 
are malignant.

As intensive study of these tumors is rapidly 
expanding and new diagnostic procedures are 
increasingly employed, there is inevitably some flux 
in the diagnostic criteria for the diverse groups of soft 
tissue tumors. Examples include: (1) the reclassifi-
cation of most adult pleomorphic rhabdomyosarco-
mas and many pleomorphic liposarcomas to malig-
nant fibrous histiocytoma; (2) the recognition that a 
granular cell tumor is a Schwann cell neoplasm; (3) 
clear cell sarcoma is a malignant melanoma primary 
to the soft tissues; and (4) extraskeletal Ewing’s sar-
coma is a primitive neuroectodermal tumor.

The distribution of histological types of sarcoma 
of soft tissue from several large series is presented 
in Table 30.1.

30.4.2 
Grading

The histological typing of soft tissue tumors does 
not provide sufficient information per se on which to 
base therapeutic decisions. Tumor grading is based 
on the concept that morphology reflects biological 
behavior. The specific microscopic characteristics 
of soft tissue tumors that best predict their aggres-
siveness, i.e., the potential for regional and distant 

Table 30.1. Frequency of histopathological types of soft tissue sarcoma in a large series of patients 
with extremity and trunk soft tissue sarcomas. MPNST malignant peripheral nerve sheath tumor, 
NR not reported, MGH Massachusetts General Hospital, MSKCC Memorial Sloan-Kettering Cancer 
Center. MFH malignant fibrous histiocytoma (DeLaney et al. 2003a); Milan (Gronchi et al. 2005); 
Lund (Engellau 2004); MSKCC (Pisters et al. 1996b)

MGH 1994 Milan 2005 Lund 2004 MSKCC 1996

Number of patients 738 911 298 1041
MFH 22% 8% 13% 25%
Liposarcoma 16% 31% 14% 29%
Fibrosarcoma 11% NR 13% 10%
Leiomyosarcoma 10% 14% 33% 8%
Sarcoma, not otherwise specified 9% NR 9% NR
Synovial sarcoma 8% 15% 6% 12%
MPNST 10% 10% 7% 5%
Rhabdomyosarcoma 3% NR NR NR
Vascular sarcomas NR 5% 1% NR
Other 11% 16% 4% 12%
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metastasis, can be identified, integrated, and repre-
sented by grade.

The American Joint Committee on Cancer (AJCC) 
and the International Union Against Cancer staging 
systems for sarcoma of soft tissue are based on clas-
sification of the tumors into low- and high-grade 
tumors. The World Health Organization employs a 
four-tiered grading system: G1 well differentiated, 
G2 moderately differentiated, G3 poorly differenti-
ated, and G4 undifferentiated; with the G1 and G2 
lesions considered low grade and the G3 and G4 
considered high grade. Some institutions employ 
a three-step grading, i.e., low-, intermediate-, and 
high-grade neoplasms, with the intermediate- and 
high-grade designations considered to be high grade 
for staging purposes. The designation of grade is 
based on a consideration and integration of each of 
these morphological features: degree of cellular dif-
ferentiation, extent of necrosis, number of mitoses, 
cellularity, pleomorphism or anaplasia, quantity 
of matrix, vascularity, hemorrhage, vascular inva-
sion, and encapsulation (Suit et al. 1975; Myhre-
Jensen et al. 1975; Rydholm et al. 1984; Costa et al. 
1984; Trojani 1984; Lack et al. 1989; Kulander et 
al. 1989). Among these variables, necrosis, mitoses, 

and degree of differentiation appear to be the best 
predictors of outcome.

Despite some lack of agreement on the number of 
grades employed and the significance of individual 
morphological parameters (there is inevitably a subjec-
tive component in assigning grade, and only a part of 
the tumor is examined), grading, more than any clini-
cal and pathological parameter available, is the most 
important prognosticator (Russell et al. 1977). High-
power views of a STS, grades 1, 2, and 3 of 3 are shown 
in Figure 30.3a–c. The problems with current grading 
systems are that their criteria are not precisely defined, 
application and interpretation is subjective, and imple-
mentation is complex. Consistent grading requires 
adequate tissue and experienced pathologists.

30.5 
Staging

The Task Force on Soft Tissue Sarcomas of the AJCC 
Staging and End Result Reporting has established a 
staging system for STSs, which is an extension of the 
tumor node metastasis (TNM) system to include G 

Fig. 30.3. Photomicrographs showing low-, intermediate-, and 
high-grade soft tissue sarcoma

a b

c
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for histological grade. Grade, size, depth, and pres-
ence of nodal or distant metastases are the determi-
nants of stage. This staging system is applied to all 
sarcomas of soft tissue except rhabdomyosarcoma 
(for which there is a special staging system), Kapo-
si’s sarcoma, dermatofibrosarcoma, desmoid, and 
sarcoma arising from the dura mater, brain, par-
enchymatous organs, or hollow viscera. The stag-
ing system was revised in 1998 with the addition of 
subgroupings of the T stage to designate superficial 
and deep lesions and the assignment of patients with 
nodal involvement to stage IV. Superficial lesions 
do not involve the superficial investing fascia in 
extremity lesions. The current system, last updated 
in 2002, is outlined in Table 30.2. Grade of sarcoma is 
determined on the basis of the histological features 
of the individual tumor. No tumor is assigned to a 
grade because of the histological type. The grading 
system cited in the AJCC staging manual is outlined 

Table 30.2. American Joint Committee on the Staging 
of Cancer Staging System for Soft Tissue Sarcomas 
(2002)

Primary tumor (T)
TX: primary tumor cannot be assessed
T0: no evidence of primary tumor
T1: tumor 5 cm or less in greatest dimension
T1a: superficial tumora

T1b: deep tumora

T2: tumor more than 5 cm in greatest dimension
T2a: superficiala

T2b: deepa

Regional lymph nodes (N)
N0: no regional lymph node metastasis
N1: regional lymph node metastasis

Distant metastases (M)
M0: no distant metastasis
M1: distant metastasis

Histological grade (G)
G1: well differentiated
G2: moderately differentiated
G3: poorly differentiated
G4: undifferentiated

Stage groupingb

I: low grade, small or large, superficial or deep: G1-2, 
T1a-2b, N0, M0

II: high grade, small, superficial or deep or large superfi-
cial: G3-4, T1a-b, T2a N0, M0

III: high grade, large, deep: G3-4, T2b, N0, M0
IV: any metastasis, any G or T, at least N1 or M1 or both

aSuperficial tumor is located exclusively above the superficial 
fascia without invasion of the fascia; deep tumor is located 
either exclusively beneath the superficial fascia, superficial to 
the fascia with invasion of or through the fascia or both super-
ficial and beneath the fascia
bThis staging system is not to be used for Kaposi’s sarcoma, 
dermatofibrosarcoma (protuberans), fibrosarcoma grade I 
(desmoid tumor) and sarcoma arising from the dura mater, 
brain, parenchymatous organs, or hollow viscera

Table 30.3. The 5-year actuarial distant metastasis (DM) prob-
ability in 501 consecutive local control patients as a function 
of tumor size for grades 2 and 3 in series from Massachu-
setts General Hospital (treatment by radiation and surgery) 
(DeLaney et al. 2003a)

Size (mm) No. of patients DM (%)

<25 058 03
26–50 128 22
51–100 177 34
101–150 068 43
151–200 049 58
200 021 57

Total 501 35

in Table 30.2. T stage is determined on the basis of 
size and depth. As evidence for the importance of 
size as a determinant of frequency of distant metas-
tasis, we present, in Table 30.3, an analysis of distant 
metastasis versus tumor size among patients who 
have achieved local control. For patients with grade-
1 sarcomas, distant metastases are quite uncom-
mon. The pooled data for G2 and G3 lesions show 
regular increases in distant metastases with tumor 
size. From these data, there clearly is importance in 
stratification of patients according to grade and size 
in attempts to compare efficacy of different modes 
of treatment, defining the natural history of various 
histological types or assessing the role of site, patient 
age, sex, etc.

30.6 
Management of the Primary Tumor

The intent of treatment is to eradicate tumor while 
optimizing limb function.

30.6.1 
Overview

Because sarcomas tend to infiltrate normal tissue 
adjacent to the evident lesion, simple excision alone 
is followed by local recurrence (LR) in 60–90% of 
patients (Markhede et al. 1981). Radical resection of 
a wider margin of apparently normal tissue around 
the tumor reduces the local failure rate to approxi-
mately 25–30% (Simon and Enneking 1976). More 
recently, with the advent of compartmental resec-
tions, the local failure rate has fallen to 10–20% with 
surgery alone (Simon and Enneking 1976). One 
study that reported a zero local failure rate derives 
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from the amputation arm of the National Cancer 
Institute trial comparing amputation with limb sal-
vage treatment (Rosenberg et al. 1982).

The combination of surgery and radiation 
achieves better outcomes than either treatment 
alone for nearly all STS (Suit et al. 1975; Lindberg 
et al. 1981). The rationale for combining radiation 
with surgery is to avoid the functional and cosmetic 
deformity associated with radical resection and the 
late consequences of high radiation doses to large 
volumes of normal tissue in patients treated with 
primary radiation alone. Radiation at moderate dose 
levels (60–65 Gy) is as effective as radical resection 
in eradicating the microscopic extensions beyond 
the gross lesion, resulting in similar high rates of 
local control. This has allowed maximization of 
functional and cancer-related outcome without the 
significant morbidity of radical surgery. Most cen-
ters report local control rates of approximately 90% 
for high-grade extremity STS and 90–100% for low-
grade STS depending on the size (Rosenberg et al. 
1982; Potter et al. 1985; Karakousis et al. 1986; 
Brant et al. 1990; Harrison et al. 1993; DeLaney 
et al. 2003a; Eilber et al. 2003).

In addition to its benefit in improving local con-
trol rates, adjunctive radiotherapy has also had 
a significant impact on limb salvage for extrem-
ity sarcomas. As an example, in the 1970s, 50% of 
patients with extremity sarcoma underwent ampu-
tation; those patients treated by wide excision alone 
with limb preservation experienced a 30% rate of 
LR. With the subsequent application of radiotherapy 
and advanced reconstructive techniques, the rate of 
amputation at major centers has been reduced to less 
than 10%, and the incidence of LR with limb pres-
ervation has been reduced to 10–15% without any 
measurable fall in overall survival (OS) (Rosenberg 
et al. 1982; Williard et al. 1992; LeVay et al. 1993; 
Karakousis and Driscoll 1999). A single, pro-
spective randomized trial showed similar rates of 
disease-free survival and OS for patients treated 
with amputation or the combination of limb-spar-
ing surgery and radiotherapy for extremity STS 
(Rosenberg et al. 1982).

The success of a conservative surgical approach 
has, as mentioned above, resulted in an amputa-
tion rate at major centers of only 5% in patients with 
extremity STS. The current indications for amputa-
tion include: massive disease such that a functional 
limb is not achievable, as well as severely compro-
mised normal tissues due to age, peripheral vascu-
lar disease, and other comorbidities. The functional 
and cosmetic results of conservative procedures are 

dependent on the size and anatomic location of the 
tumor, the magnitude of the surgical procedure, 
extent to which muscles, tendons or nerves must 
be sacrificed, volume of tissues irradiated, and the 
radiation dose administered.

30.6.2 
Surgical Considerations

The most important surgical variable that influences 
local control is the presence or absence of tumor 
cells at the surgical margins (Rosenberg et al. 1982; 
Williard et al. 1992; LeVay et al. 1993; Sadoski et 
al. 1993; Tanabe et al. 1994; Pisters et al. 1996b; 
Trovik et al. 2000; Zagars et al. 2003b). In series 
that report radical resection with clear margins, such 
as the Scandinavian Sarcoma Group, the local failure 
rates are quite low (8%) (Alvegard et al. 1989). In 
contrast, in a second study of 559 patients who were 
treated with surgery alone from the same group, an 
inadequate surgical margin led to a 2.9-fold greater 
risk of LR than did clear surgical margins (Trovik 
et al. 2000). Distant metastases are extremely uncom-
mon for low-grade lesions but occur with high-grade 
lesions with a frequency that is influenced by the size 
of the lesion (Potter et al. 1985) and whether local 
control is achieved. In the Scandinavian Sarcoma 
Group experience, local recurrence was identified as 
a risk factor for distant metastasis (4.4-fold higher) 
(Alvegard et al. 1989).

The status of the surgical margins also influences 
the local recurrence rate in patients treated with 
combined surgery and radiation (LeVay et al. 1993; 
Sadoski et al. 1993; Zagars et al. 2003b). In one 
review of 132 consecutive patients with STS of the 
extremities who were treated with preoperative RT 
followed by resection, the 5-year actuarial local con-
trol rates were 97% and 81%, respectively, for patients 
with negative and positive margins (Sadoski et al. 
1993). Local control was not a function of sarcoma 
size in patients with negative surgical margins. In a 
second series of 225 patients, all of whom received 
combined surgery and radiotherapy (either preop-
erative, postoperative, or both), local control rates at 
5 years were 88, 76, and 64% for patients with nega-
tive, uncertain, and positive margins, respectively 
(Zagars et al. 2003b).

The exact size of the negative margin that is opti-
mal for local control is not known. In one study, the 
local control rate did not differ in patients with a 
margin of 1 or less or more than 1 mm (local control 
96% versus 97%) (Sadoski et al. 1993). Most clini-
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cians recommend that if surgery is used as the sole 
modality of treatment, the margin should be at least 
1 cm in all directions (Eilber and Eckardt 1997) or, 
if less, include a supervening fascial barrier. If surgery 
is combined with RT, the surgical margin can prob-
ably be safely reduced to 0.5 cm without compromis-
ing the rate of local control (Sadoski et al. 1993).

The guiding principle of surgery is total en bloc 
excision of the primary tumor without cutting into 
tumor tissue. Tissues should be cut outside of the 
tumor pseudocapsule, if one exists, through normal 
uninvolved tissue. Violation of the tumor results in a 
higher local failure rate. In one report, for example, 
the local control rate in 95 patients with extremity 
STS was 47% if tumor violation occurred compared 
with 87% without violation (Tanabe et al. 1994). 
The majority of STSs do not involve bone; as a result, 
it is seldom necessary to resect adjacent bone. It is 
also rarely necessary to resect a major nerve unless 
the tumor is a neurogenic sarcoma. Nonamputative 
surgery is now accomplished in more than 90% of 
patients.

In planning primary therapy for a patient who has 
had a suboptimal resection by a non-oncology sur-
geon and/or insufficient imaging with preoperative 
CT or MRI, it is important to consider re-resection. 
Approximately 37–68% of such patients will have 
residual tumor in a re-resection specimen (Noria et 
al. 1996; Karakousis and Driscoll 1999; Zagars 
et al. 2003a). A partial excision of the tumor before 
referral to a tertiary center does not appear to com-
promise limb preservation, local control, or survival 
rates in such patients (Karakousis and Driscoll 
1999), although the re-resection may entail a larger 
procedure than a de novo procedure and impact on 
the functional result. In one series of 295 patients 
who underwent re-resection at a single institution 
(final resection margins negative in 87%), local 
control rates at 5, 10, and 15 years were 85, 85, and 
82%; the corresponding values for those who did not 
undergo re-resection were 78, 73, and 73%, respec-
tively (Zagars et al. 2003a). A similar degree of ben-
efit for re-resection was apparent for metastasis-free 
and disease-specific survival.

30.6.3 
Selection of Patients for Treatment with 
Conservative Surgery Alone

Because of potential acute and late morbidity from 
RT, it is important to select patients who may be 
effectively treated with conservative surgery alone. 

Several published series have evaluated wide-exci-
sion, limb-sparing surgery alone. In one report, 119 
selected patients with extremity STS were grouped 
according to anatomic location as subcutaneous 
(n = 40), intramuscular (n = 30), or extramuscu-
lar (n = 49) (Rydholm et al. 1991). The 70 patients 
with subcutaneous and intramuscular tumors were 
all treated by local surgery, and a wide margin, 
requiring a cuff of fat tissue around the tumor and 
inclusion of the deep fascia beneath the tumor, was 
obtained in 56. These patients were followed without 
postoperative radiation. During a median follow-up 
of 5 years (range, 3.5–10 years), only 4 had a local 
recurrence, despite the fact that 84% had high-grade 
tumors. The authors concluded that postoperative 
radiation may not be necessary in this subgroup. 
In another study, 74 patients with localized STS of 
the extremity or trunk underwent function-spar-
ing surgery without radiation (Baldini et al. 1999). 
The overall 10-year actuarial local control rate was 
93% and was dependent on the adequacy of surgical 
margins (87% versus 100% for patients with margins 
of less than 1 cm and 1 cm or more, respectively). 
The 10-year survival rate was 73%. This approach 
may be appropriate for carefully selected patients 
with small (<5 cm), superficial tumors that can be 
resected with all margins 1 cm or more.

30.6.4 
Combining Surgery with RT

The recommended treatment for patients who are 
medically and technically operable is the combina-
tion of function-preserving surgery and radiation, 
with the exception of that minority of patients with 
small, superficial lesions that can be widely excised 
with secure margins and good functional results. 
In most instances, the probability of tumor con-
trol and the late functional and cosmetic result is 
clearly superior following this combined modality 
approach. Radiation is an effective treatment for STS, 
as the radiation sensitivity of cell lines derived from 
sarcomas is not less than that of epithelial cell lines 
(Ruka et al. 1996). For small sarcomas, good local 
control rates can be achieved by radiation alone. 
However, local control probabilities of more than 
90% for tumors of estimated volumes of 15–65 ml 
(approximately a sphere of 3–5 cm in diameter) 
requires high radiation doses (>75 Gy) (Tepper and 
Suit 1985). For unresected sarcomas, there appears 
to be an advantage for doses above 63 Gy (Kepka et 
al. 2005). As most treatment volumes are relatively 
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large, the late normal tissue changes resulting from 
these dose levels are clinically important in nearly 
all patients. In animal models, a significantly lower 
radiation dose is required to achieve local control 
when radiation is combined with simple excision 
than with radiation alone (Todoroki and Suit 
1985).

The impact of combined modality treatment that 
includes EBRT on both local control and survival 
has been evaluated in only one prospective random-
ized trial. In this study, 91 patients with high-grade 
lesions were randomly assigned to surgery plus 
postoperative chemotherapy with or without post-
operative adjuvant EBRT, and 50 with low-grade 
lesions were randomized to surgery plus adjuvant 
EBRT or surgery alone (O’Sullivan et al. 2002). 
In the patients with high-grade lesions, there were 
no LRs in the patients randomized to EBRT, while 
the patients receiving only adjuvant chemotherapy 
had a 22% actuarial local failure rate at 10 years. In 
patients with low-grade sarcoma, the LR rates were 
4% versus 33% in the postoperative EBRT and sur-
gery alone groups, respectively. There was no influ-
ence of postoperative radiation on OS for either 
high- or low-grade tumors.

30.6.5 
Preoperative (Neoadjuvant) Versus Postoperative 
(Adjuvant) Radiotherapy

There are potential advantages to both preopera-
tive and postoperative administration of radiation. 
Preoperative RT might be expected to reduce tumor 
burden prior to resection, theoretically allowing 
more conservative surgical therapy. Radiation fields 
can be limited to the tumor and adjacent tissues 
at risk for microscopic infiltration, a volume that 
is considerably smaller than that which must be 
treated following surgery, where the entire surgical 
bed is included in the initial target volume irradiated 
to 50 Gy. Radiation doses are lower (50 Gy preopera-
tive versus 60–66 Gy postoperative). Postoperative 
radiotherapy allows histological examination of the 
tumor specimen, especially the margins, aiding in 
further treatment planning; it is also associated with 
fewer acute wound complications.

There is one randomized, controlled study com-
paring preoperative versus postoperative radio-
therapy. This study was designed to evaluate the 
incidence of acute wound healing complications 
in patients with potentially curable extremity STS 
(O’Sullivan et al. 1999). In this Canadian trial, 190 

patients were randomly assigned to either preopera-
tive (50 Gy preoperative for all 94 patients random-
ized to this arm with 16–20 Gy postoperative boost 
reserved for the 14 patients in this arm with a posi-
tive margin) or postoperative (50 Gy initial field + 
16–20 Gy boost field for all patients) radiotherapy. 
Complications were defined as secondary wound 
surgery, hospital admission for wound care, or the 
need for deep packing or prolonged wound dress-
ings within 120 days of tumor resection.

The study was terminated when a highly signif-
icant result was obtained at the time of a planned 
interim analysis. With a median follow-up of 
3.3 years, a significantly higher percentage of pre-
operatively treated patients had acute wound com-
plications (35% versus 17%). Other factors associ-
ated with wound complications were the volume of 
resected tissue and lower limb location of the tumor. 
Late morbidity was initially not reported. Because 
the RT fields for the postoperative RT were larger, 
and the dose delivered for most patients was higher, 
the authors indicated that more follow-up would be 
needed to assess whether these larger radiation vol-
umes and higher radiation doses would lead to more 
late treatment effects in these patients.

In a later publication, the local recurrence rate, 
regional or distant failure rate, progression-free sur-
vival, and functional outcome did not differ between 
the groups (Davis et al. 2002). This data has now been 
updated with a median follow-up of 6.9 years. There 
remain no differences in local control between the 
patients in the two arms of the study with over 90% 
local control. The regional and distant failure rates 
as well as the progression-free and overall survival 
rates are also no different between the two arms of 
the study. The postoperative patients, however, have 
now developed more grade-2 to -4 late toxicity (86%) 
when compared with the preoperative patients (68%), 
P = 0.02. Notably, grade 3 (severe induration and loss 
of subcutaneous tissue or field contracture greater 
than 10% linear measurement) or grade 4 (necrosis) 
was significantly more common in the postopera-
tive group, 36% versus 23%, P = 0.02 (O’Sullivan et 
al. 2004).

There is, thus, a difference in the morbidity profile 
between preoperative and postoperative radiother-
apy, with a higher rate of generally reversible acute 
wound healing complications in the patients receiv-
ing preoperative treatment, offset by a higher rate of 
generally irreversible late complications, including 
grade 3–4 fibrosis, in those patients receiving post-
operative RT. Because very few acute wound-heal-
ing complications occurred in either group when 
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the tumor was in the upper extremity, it would seem 
prudent to treat these patients with preoperative RT. 
We have also favored preoperative radiation for the 
majority of lower extremity patients, because acute 
wound complications can usually be managed and 
will go on to heal, whereas the late treatment effects 
are generally irreversible. For patients with lower 
extremity lesions, this study, however, makes it 
clear that new strategies are needed to (1) reduce the 
risk of acute wound healing problems when patients 
receive preoperative RT and (2) reduce the risk of 
late-treatment-induced effects when higher dose, 
larger field postoperative radiation is given.

30.6.6 
Brachytherapy

Compared with EBRT, BRT minimizes the radiation 
dose to surrounding normal tissues, maximizes the 
radiation dose delivered to the tumor, and short-
ens treatment times. In the usual dosage schedule, 
treatment is completed within 6 days and requires 
only one hospitalization. Afterloading catheters are 

placed in a target area of the tumor operative bed, 
defined by the surgeon, and spaced at 1-cm intervals 
to cover the entire area of risk (Fig. 30.4). BRT can 
also be used for delivery of a boost to the tumor bed 
in conjunction with EBRT (Schray et al. 1990).

A phase-III trial of postoperative BRT versus no 
BRT was conducted in 126 patients who had com-
plete resection of either extremity or superficial 
trunk STS (Harrison et al. 1993). The BRT dose 
was 45 Gy. The 5-year local control rates were 82% 
and 67% for the BRT and surgery alone groups, 
respectively. The advantage of BRT was seen only 
in the high-grade sarcomas (Harrison et al. 1993; 
Pisters et al. 1996a). It was limited to local control, 
since there was no difference between the groups 
in distant metastasis or disease-specific survival 
(Harrison et al. 1993).

Although it is unclear whether BRT is associ-
ated with a higher risk of wound complications 
(see “Wound healing after surgery and radiation” 
below), the rate of wound reoperation may be higher 
(Alektiar et al. 2000). BRT has been combined 
with free flap construction as a means of enhanc-
ing primary healing in difficult anatomic situations 

Fig. 30.4a–c. This boy with a recurrent epithelioid sarcoma 
on the hypothenar eminence of his left hand following an 
excisional biopsy 1 year earlier (lesion mistakenly called a 
benign fi brous histiocytoma at that time by an inexperienced 
pathologist) was treated at age 11 years with a combination 
of excision (a), 45 Gy of low dose rate iridium-192 brachy-
therapy (b), and 20 Gy delivered following the implant with 
6-MeV electrons (c). At 5 years, he is free of any evidence of 
disease with normal hand function

a b

c
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without an increase in the incidence of wound break-
down (Panagopoulos et al. 1996). There have been 
no randomized comparisons of the relative efficacy 
or morbidity of EBRT compared with BRT.

BRT for sarcomas has traditionally been given by 
low dose rate. There is some preliminary information 
on the use of fractionated high dose rate schedules 
(Nag et al. 2001; Kretzler et al. 2004; Petera et al. 
2004). High dose rate BRT has been used in conjunc-
tion with EBRT for the tumor bed boost in doses of 
15–24 Gy, often hyperfractionated at 2.3–4 Gy b.i.d. 
(Nag et al. 2001). One report using high dose rate 
BRT alone in doses of 40 Gy at 2.3–3 Gy b.i.d unfor-
tunately reported poor local control of only 20%, in 
contrast with 100% when BRT was combined with 
EBRT (Petera et al. 2004).

30.6.7 
EBRT Planning

The radiation treatment technique should be care-
fully planned so that the tissues being irradiated are 
only those judged to be at risk. To utilize smaller 
treatment volumes, the part to be irradiated must 
be securely and reproducibly immobilized. We 
have special immobilization devices prepared for 
the individual patient. This may require casting, 
especially for hand, foot, or elbow sites (Fig. 30.5). 
For some sites, the part is placed in standard plastic 
supports and the extremity fastened tightly in place 
using a Velcro fastener. Others describe their expe-
rience with casts and polyurethane foam systems 
(Niewald et al. 1990).

The principal tasks involved in the development 
of a treatment plan are to:

Design an immobilization device and a means to 
assure that the target is on the beam (Fig. 30.6).
CT scan the immobilized, affected extremity for 
radiotherapy planning. This is facilitated by the 
availability of a large bore scanner that allows 
maximum fl exibility in arranging the limb such 
that the contralateral extremity and the trunk will 
be out the beam.
Defi ne the target volume(s) (on each section of the 
CT/MRI of the affected region).
Defi ne non-target critical structures in the treat-
ment volume and specify dose constraints for 
each such structure.
Estimate the distribution of number of tumor 
clonogens/unit volume of tissue throughout the 
target volume.
Defi ne a series of target volumes to realize the 

appropriate dose distribution using "shrinking 
treatment volume methods".
Design treatment techniques that achieve the clos-
est feasible conformation of treatment to target 
volume. This may require complex fi eld arrange-
ments, treatment angles, gapped fi elds, wedge fi l-
ters, tissue compensators, and/or bolus.

Fig. 30.5. Customized immobilization device for a 34-year-old 
physician with a G3/3T1bN0MO (stage II) monophasic syno-
vial sarcoma of the thenar eminence of his right hand under-
going 50 Gy of external beam photon radiation therapy prior 
to tumor bed excision

Fig. 30.6. Customized immobilization device for a 23-year-old 
female undergoing 60 Gy of postoperative radiation therapy for 
treatment of grade-1–2/3 myxoid liposarcoma of the medial, 
left thigh, low-to-intermediate grade, pT2BN0 M0 (stage III) 
with negative but close (0.2 cm) medial and deep resection 
margins. Involved lower extremity was rigidly immobilized for 
computed tomography (CT) simulation, while contralateral 
extremity was placed in a neutral position to allow it to get 
through a conventional-width CT simulator bore. For treat-
ment, the involved extremity remains in same rigid immobili-
zation, while additional immobilizer was added to frog-leg the 
contralateral extremity out of the treatment beam
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Avoid inclusion of an entire joint space.
Avoid full dose irradiation of adjacent bone to 
reduce the risk of pathological fracture.
Utilize wedges and tissue compensators as needed 
to account for tissue heterogeneities and minimize 
dose inhomogeneity.
Review the treatment plan at multiple levels along 
the extremity to assess dose homogeneity to the 
target and normal tissues (Fig. 30.7).

30.6.8 
Radiation Treatment Volumes and Dose

The extent of normal tissue to be irradiated adja-
cent to the tumor bed in the case of preoperative 
RT and adjacent to the surgical bed in the case of 
postoperative RT is not definitively known. Few pat-
terns of failure studies to relate the extent of the RT 
field to the site of local tumor recurrence have been 
reported. Because sarcomas are judged to infiltrate 
along rather than through tissue planes, longitudi-
nal margins proximally and distally have tradition-

ally been considerably more generous than radial 
margins. Historically, fields that extended from the 
muscle origin to insertion (Tepper et al. 1982) or 
provided generous proximal/distal margins on the 
tumor were employed (Suit et al. 1988). In some 
centers from the 1970s through the mid 1990s, 5- 
to 10-cm proximal and distal block margins were 
used for large grade-1 and small grade-2 lesions and 
more generous fields with 10- to 15-cm margins 
were encompassed for large grade-2 to -3 lesions 
(Suit et al. 1988). The advent of improved MRI 
delineation of tumor extent and subsequent surgi-
cal experience with high rates of local control when 
surgical margins 1 cm or more could be obtained 
prompted radiation oncologists to employ proxi-
mal/distal margins of 5 cm or less for small grade-1 
lesions and 5- to 7-cm proximal/distal margins for 
larger, higher grade lesions. Newer (3-D) treatment 
planning systems appear to allow smaller and more 
accurate treatment volumes in patients with extrem-
ity STS.

There are very few studies in the literature look-
ing at the target volume used when planning radio-

Fig. 30.7a-c. A 3-D conformal radiation therapy plan for 
a patient with a grade-3/3 T2bN0M0 (stage III) malignant 
fi brous histiocytoma along the anteromedial aspect of the left 
knee just above the patella and superfi cial to the quadriceps 
tendon undergoing preoperative radiation therapy of 50 Gy 
in 25 fractions

a b

c
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therapy. This tends to be poorly reported. One group 
found a remarkable difference in 5-year local control 
where the margin was less than 5 cm (30%) or at least 
5 cm (93%) (Mundt et al. 1995). This conflicts with 
the BRT data, where acceptable results are achieved 
using 4-cm margins longitudinally and 2 cm later-
ally. A recent publication from the Royal Marsden 
Hospital has suggested that, as in other tumor sites, 
the great majority of local recurrences occur within 
the high dose volume (Cleator et al. 2001). This 
raises the question as to whether the large-volume 
phase 1 is necessary or whether the boost is neces-
sary where an adequate surgical margin has been 
achieved. This question is particularly relevant now 
because of the advent of techniques such as inten-
sity-modulated radiotherapy (IMRT) and protons 
that allow us to selectively spare normal tissues. It 
will be important to determine the volumes that can 
safely be spared before implementing these tech-
niques. Such studies are currently being considered 
by cooperative groups in the US and Europe. One 
recent paper presented some very provocative find-
ings that will need to be very carefully considered in 
the discussion of RT volumes. This study, performed 
by investigators in Toronto, provided a histological 
assessment of peritumoral edema as demonstrated 
by increased T2-weighted signal intensity on MRI 
scans performed preoperatively on 15 patients with 
high grade extremity or truncal sarcomas ranging 
from 3.1 cm to 30.1 cm (mean, 13.8 cm) who did not 
undergo any neoadjuvant therapy prior to resection 
(White et al. 2005). The extent of peritumoral T2-
weighted signal intensity changes beyond the tumor 
ranged from 0 cm to 7.1 cm (mean, 2.5 cm); contrast 
enhancement ranged from 0 cm to 5.3 cm (mean 
1.1 cm). Tumor cells were identified histologically 
in the tissues beyond the gross tumor in 10 of 15 
cases. In 6 cases, the tumor cells were located within 
1 cm of the tumor margin, and in 4 cases, malignant 
cells were found at a distance greater than 1 cm and 
up to 4 cm. The location of the tumor cells did not 
correlate with tumor size or extent of peritumoral 
changes on the MRI scans. In 9 of 10 cases, however, 
the tumor cells were identified histologically in 
areas with corresponding high T2-weighted signal 
changes on MRI. With ever-increasing ability of the 
available radiation oncology technology to conform 
the radiation dose to the target, this study has very 
significant implications for radiotherapy target 
design and must be considered in future studies of 
radiotherapy volumes in this disease.

The radial margins should be viewed with respect 
to the direction of most likely spread; the beam edges 

can be designed to deliver the prescription dose to 
a clinical target volume consisting of a margin of 
1 cm radial to the gross tumor volume with approxi-
mately 0.5 cm for daily set-up variation. This 1-cm 
radial margin is rationally derived from the surgi-
cal experience with high rates of local control with 
greater than or equal to 1-cm margins. Because of 
the penumbra of the beam, this usually means that 
the radial block edge is approximately 2 cm from 
the edge of gross tumor. Where there is interven-
ing bone, interosseous membrane, or major fascial 
planes, and these planes are intact in the imaging 
studies, the full prescription dose can be delivered to 
the surface of these structures, which approximates 
the tumor, again allowing for daily set-up variation. 
When a fascial plane has been violated, wider mar-
gins are appropriate to cover areas of potential con-
tamination by tumor.

The use of 5-cm proximal and distal block mar-
gins for the first 50 Gy (on the tumor for preopera-
tive radiotherapy and the surgical bed for postoper-
ative radiotherapy) and 2-cm radial block margins 
provided very high rates of local control in the ran-
domized National Cancer Institute Canada trial dis-
cussed above.

For patients receiving preoperative radia-
tion, 50 Gy is administered over 5 weeks, followed 
3–5 weeks later by a conservative resection. For 
patients with negative surgical margins and no other 
unfavorable prognostic features such as tumor cut-
through or satellite lesions after prior surgical inter-
ventions, 50 Gy of preoperative RT appears sufficient 
to provide local control in a very high proportion of 
patients. Sadoski et al. (1993) analyzed 132 consecu-
tive patients with STS of the extremities treated with 
preoperative radiotherapy and resectional surgery 
and found that: (1) the 5-year actuarial local control 
rates were 97% and 81% for patients with negative 
margins and positive margins, respectively (this dif-
ference is highly significant); (2) there was no differ-
ence between the various sub-categories of negative 
margins [negative at less than 1 mm (96%), negative 
at greater than 1 mm (97%), not measured (94%), and 
no tumor in the specimen (100%)]; (3) there was no 
difference in local control for treatment of primary 
and locally recurrent lesions (after previous surgery 
alone) when the tumors were stratified for margin 
status; and (4) for the patients with negative margin, 
local control was not a function of sarcoma size.

For patients with positive margins following pre-
operative RT, it is recommended to use a “shrink-
ing treatment volume technique” with delivery of 
either BRT or a postoperative EBRT boost dose of 
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16–18 Gy to the tumor bed once the surgical wound 
has healed. A boost dose to 66 Gy is given postopera-
tively or intraoperatively for microscopically posi-
tive margins and to 75 Gy if there is gross residual 
disease. In patients with frozen section evidence of 
close or positive margins, a boost dose can be admin-
istered intraoperatively using BRT or electron beam. 
We prefer BRT and use a low dose rate of 16 Gy for 
microscopically positive margins (or more recently, 
HDR of 14–16 Gy given as 3.5–4 Gy b.i.d.) and 25 Gy 
for gross residual tumor.

For patients undergoing postoperative RT, irradi-
ation usually begins 14–20 days following surgery, 
once the wound is healed. Following resection of 
large tumors, it may be necessary to wait 3–4 weeks 
to allow resorption of the seroma. The initial volume 
must include all tissues handled during the surgical 
procedure, including the drain site, often encom-
passing the surgical bed with 5-cm proximal/distal 
block margins and 2-cm radial block margins. The 
dose to the initial volume is 50 Gy. Progressively 
shrinking treatment volumes are then employed to 
encompass the tumor bed and, if needed, areas of 
positive margins or gross residual disease; the final 
dose is 60 Gy for volumes with negative margins, 
66–68 Gy for areas of positive margins or locally 
recurrent disease (Zagars and Ballo 2003), and 
75 Gy for gross residual sarcoma.

The available information on a dose–response 
relationship for the local control of sarcomas treated 
with surgery and postoperative RT is somewhat con-
flicting. Mundt reported that local control was dose 
dependent. While postoperative patients receiving 
less than 60 Gy had a worse local control than those 
receiving 60 Gy or more, no difference was seen in 
local control between patients receiving 60–63.9 Gy 
(74.4%) and those receiving 64–66 Gy (87.0%) 
(P = 0.5). Severe late sequelae were more frequent in 
patients treated with doses 63 Gy or more than in 
patients treated with lower doses (23.1% versus 0%) 
(Mundt et al. 1995).

Fein noted that patients receiving less than 
62.5 Gy had a 5-year local control of 78% versus 95% 
where the dose was greater than 62.5 Gy (Fein et al. 
1995). In a multivariate analysis of patients undergo-
ing postoperative radiotherapy, Zagars and Ballo 
(2003) identified dose as an independent variable 
for local control. Doses of 64 Gy or more correlated 
with improved local control. Recognizing that the 
effectiveness of a particular dose was also related 
to other factors influencing local control, such as 
margin status, anatomic site, and locally recurrent 
presentation, they recommended postoperative 

doses of 60 Gy for patients with negative margins 
and otherwise favorable prognostic features, while 
suggesting increasing doses for less favorable pre-
sentations, up to doses of 68 Gy for positive margins. 
In contrast, other investigators have not been able 
to demonstrate a clear dose–response relationship 
in their reviews of their patients undergoing post-
operative RT (Bell et al. 1989; Pao and Pilepich 
1990; LeVay et al. 1993; Robinson et al. 1990). In 
practice, most centers give 60 Gy of postoperative 
radiotherapy for patients with negative margins 
and 66–68 Gy for positive margins, using shrinking 
fields as described above.

With regard to preoperative RT, Robinson et al. 
failed to demonstrate a variation in local control 
according to dose, although the response rate to 
preoperative radiotherapy was clearly dose depen-
dent (Robinson et al. 1992). The accepted dose for 
preoperative radiotherapy is 50 Gy.

For treatment of an extremity lesion, a good 
functional result demands that only a portion of the 
cross section of the extremity be irradiated to any 
worthwhile dose level (Stinson et al. 1991). Thus, 
some tissue should not be irradiated to provide 
for lymphatic drainage. For very large tumors that 
are treated with wide resection, there may be per-
sistent leg edema, requiring the use of a pressure-
type stocking, even though the radiation treatment 
volume is less than circumferential. This can be a 
problem for patients with large (>10 cm) sarcomas 
of the medial thigh.

When postoperative radiation is combined with 
adjuvant chemotherapy, radiation daily dose has 
generally been reduced by 10% from 200 cGy to 
180 cGy; radiation is not given concurrently with 
doxorubicin. Instead, 2–3 days are allowed between 
the doxorubicin and radiation. Some preoperative 
protocols have interdigitated chemotherapy and RT 
(see below); total preoperative radiation has been 
reduced (i.e., 44 Gy) in this setting.

30.6.9 
Intensity-Modulated Photon RT

The purpose of RT is to maximize the dose deliv-
ered to the tumor while minimizing the exposure of 
dose-sensitive critical structures to high dose. This 
has been achieved traditionally by shaping the spa-
tial distribution of the high radiation dose to con-
form to the target volume (hence, 3D conformal RT), 
thereby reducing the dose to the non-target struc-
tures. Although this approach is satisfactory in the 
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treatment of targets that are roughly convex in shape, 
it is less than optimal for targets that contain complex 
concavities or that wrap around critical structures 
(Verhey 1999). Growing experience suggests that 
intensity-modulated photon RT (IMRT) plans pro-
duce dose distribution to the patient superior to 3D 
conformal plans, both in terms of dose conformity in 
the tumor and dose reduction to the specified criti-
cal normal structures, albeit at the cost of increased 
integral dose to the normal tissues (Fig. 30.8). Recent 
dosimetric studies comparing IMRT and conformal 
radiotherapy for STS have been reported. When eval-
uating sarcomas arising in the extremities, pelvis, 
trunk, and paranasal sinuses, IMRT plans were more 
conformal. In the extremities, bone and subcutaneous 
doses were reduced by up to 20%. A conformal-IMRT 
comparative planning study has been reported for a 
large extraskeletal chondrosarcoma of the extrem-
ity (Chan et al. 2001). Not surprisingly, IMRT pro-
duced excellent conformal treatment plans for this 
complex target volume, with a greater reduction of 
the maximum dose to the bone than the 3D-photon 
plan. Hong et al. (2004) performed treatment-plan-
ning comparisons of IMRT and 3-D conformal radio-
therapy for ten patients with STS of the thigh. They 
were able to document a reduction in femur dose 

without compromise in tumor coverage. In addition, 
IMRT reduced hot spots in the surrounding soft tis-
sues and skin.

It is worth noting, however, that IMRT treatment 
plans often have localized areas within the high 
dose volumes, where dose inhomogeneities can be 
in the range of 10–15% above the prescription dose. 
Because there can also be dose inhomogeneities in the 
range of 5% below the target dose, treatment plans 
may be normalized to the 95% isodose line, mean-
ing that selected areas of the treatment volume are 
receiving daily fractions and total doses of 15–20% 
above the target dose. Depending on the location of 
these “hot spots”, there can be unanticipated acute 
normal tissue toxicity (Lee et al. 2002). Because of 
the multiple field angles employed with IMRT, inte-
gral doses to the extremity will likely also be higher 
with IMRT, meaning that more of the extremity 
will see some radiation dose, albeit relatively lower 
levels. Whether there are late effects attributable to 
these focal areas of high dose or the higher integral 
dose remains to be seen.

30.6.10 
Proton Beam Radiotherapy

The rationale for the use of protons (or other charged 
particles) rather than photons (i.e., X-rays, which 
have traditionally been used for RT) is the superior 
dose distribution that can be achieved with protons. 
Protons and other charged particles deposit little 
energy in tissue until near the end of the proton 
range, where the residual energy is lost over a short 
distance, resulting in a steep rise in the absorbed 
dose, known as the Bragg peak (Fig. 30.9) (Wilson 
1946; Austin-Seymour et al. 1989). The Bragg peak 
is too narrow for practical clinical applications, so 
for the irradiation of most tumors, the beam energy 
is modulated by superimposing several Bragg peaks 
of descending energies (ranges) and weights to create 
a region of uniform dose over the depth of the target; 
these extended regions of uniform dose are called 
“spread-out Bragg peaks” (Fig. 30. 9). Although the 
beam modulation to spread out the Bragg peaks 
does increase the entrance dose, the proton dose 
distribution is still characterized by a lower dose 
region in normal tissue proximal to the tumor, a 
uniform high dose region in the tumor, and zero 
dose beyond the tumor (Fig. 30.9).

Although protons have been extensively employed 
for sarcomas of the skull base and spine/paraspinal 
tissues, there are clearly opportunities to employ 

Fig. 30.8. Axial intensity-modulated radiotherapy (IMRT) 
treatment plan for an 82-year-old gentleman with a history of 
type-2 insulin-dependent diabetes mellitus treated for a 5.7-
cm, grade-2–3/3 malignant fi brous histiocytoma arising deep 
in his left anterior thigh adjacent to the femur, clinical stage 
T2B N0 M0 (stage III). He underwent preoperative radiation 
therapy to a total dose of 48.6 Gy at 1.8 Gy, with reduction in 
fraction size and total dose because of his diabetes. An IMRT 
plan was used to contour the dose around the femur, to reduce 
the risk of late pathological fracture. The IMRT plan was able 
to accomplish this, but as would be anticipated, more low-dose 
radiation was delivered to the posterolateral thigh normal tis-
sues than would have been the case for a three-dimensional 
conformal plan
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gery in patients with high-grade sarcomas (Eilber 
et al. 2001). They were able to achieve a high rate 
of primary limb salvage, low rate of local recur-
rence (approximately 9%), and long-term survival 
in 65% of patients. The current regimen consists of 
doxorubicin (30 mg per day for 3 days) followed by 
radiation given at 28 Gy in 8 fractions.

A number of other groups have utilized this regi-
men, also obtaining low rates of local recurrence 
with varying degrees of toxicity. As an example, the 
Southeastern Cancer Study Group evaluated this 
protocol in 66 patients with nonmetastatic high-
grade extremity sarcoma who received intraarterial 
doxorubicin infused directly into the vessel feeding 
the tumor (30 mg per 24 h for 3 days) (Wanebo et 
al. 1995). Concurrent RT was administered (30 Gy in 
10 fractions, 35 Gy in 10 fractions, or 46 Gy in 23–25 
fractions). Limb-sparing surgery was possible in 
60 of 66 patients; an additional 2 patients required 
amputation due to wound healing complications. 
The 5-year survival and disease-free survival rates 
were 59% and 44%, respectively. The local failure 
rate was 1.5%.

It is not clear that intraarterial administration 
provides added benefit to intravenous doxorubicin. 
One study compared these two methods of admin-
istration (Eilber et al. 1995). The intraarterial route 
was thought to be associated with a higher incidence 
of complications and no improvement in survival or 

protons with very significant sparing of normal tis-
sues in patients with extremity STSs. Large, medial 
proximal thigh lesions can be effectively treated 
with sparing of the femur, hip joint, genitalia, and 
anorectal tissue. Lesions around the shoulder can 
be treated without irradiating the lung apex and 
avoiding the shoulder (Fig. 30.10). With the recent 
or anticipated completion of proton beam facilities 
in major sarcoma centers in the United States (Mas-
sachusetts General Hospital, MD Anderson Cancer 
Center, and University of Florida), it is anticipated 
that a larger proportion of these patients will be 
treated with protons.

30.6.11 
Neoadjuvant Doxorubicin-Based 
Chemotherapy Plus RT

The UCLA group popularized preoperative regional 
chemotherapy and RT followed by limb salvage sur-

Fig. 30.9. Depth-dose distributions for a spread-out Bragg peak 
(SOBP, red), its constituent pristine Bragg peaks (blue), and a 
10-MV photon beam (black). The SOBP dose distribution is 
created by adding the contributions of individually modulated 
pristine Bragg peaks. The penetration depth, or range, mea-
sured as the depth of the distal 90% of plateau dose, of the 
SOBP dose distribution is determined by the range of the most 
distal pristine peak (labeled “Pristine Peak”). The dashed lines 
(black) indicate the clinically acceptable variation in the pla-
teau dose of +/–2%. The dot-dashed lines (green) indicate the 
90% dose and spatial, range and modulation width, intervals. 
The SOBP dose distribution of even a single fi eld can provide 
complete target volume coverage in depth and lateral dimen-
sions, in sharp contrast to a single photon dose distribution; 
only a composite set of photon fi elds can deliver a clinical 
target dose distribution. Note the absence of dose beyond the 
distal fall-off edge of the SOBP. (Reprinted with permission 
from Levin WP, Kooy H, Loeffl er JS, and DeLaney TF. Proton 
beam therapy. Br J Cancer 2005; 93:849–854)
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Fig. 30.10. Proton dose distribution for a 38-year-old man with 
newly diagnosed alveolar sarcoma involving the soft tissues 
anterior to the right shoulder. The use of protons allowed 
sparing of the shoulder joint, which was not in the clinical 
target volume (CTV contoured in fi ne purple line). The poste-
rior portion of the clinical target volume was too deep for the 
use of electrons, and use of intensity-modulated radiotherapy 
would have markedly increased the integral dose received by 
the patient

CTV
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function. Another report evaluated two separate pro-
tocols utilizing preoperative treatment with intra-
venous doxorubicin and ifosfamide with or without 
intraarterial cisplatin; the histological response 
and local failure rate following surgery were better 
with the all-intravenous regimen (Merimsky et al. 
1999).

Combination chemotherapy regimens such as 
MAID (mesna, doxorubicin, ifosfamide, and dacar-
bazine) may provide better anti-tumor activity than 
single-agent doxorubicin. Interesting early results 
have been noted with neoadjuvant MAID plus RT 
(Kraybill et al. 2001; DeLaney et al. 2003b). The 
experience with preoperative MAID chemotherapy 
interdigitated with 44 Gy radiation and followed by 
surgery, postoperative MAID, and further radiation 
(16 Gy) for those with positive margins was reported 
in a series of 48 patients with high-grade extremity 
sarcomas greater than or equal to 8 cm (DeLaney et 
al. 2003b). Despite the low objective response rate to 
preoperative therapy (partial response in five, stable 
disease in 36), all patients were able to undergo limb-
sparing surgery initially, with 7 having positive 
margins. Median tumor necrosis was 95%, suggest-
ing that conventional imaging in this setting may 
underestimate the degree of response to therapy. 
Of the patients, 25% required hospitalization for 
febrile neutropenia at some time during treatment. 
Wound healing complications occurred in 14 of 48 
MAID patients (29%). One MAID patient developed 
late fatal myelodysplasia. The 5-year rates of local 
control (92% versus 86%), freedom from distant 
metastases (75% versus 44%), disease-free survival 
(70% versus 42%), and overall survival (87% versus 
58%) all compared favorably with the outcomes 
of a cohort of historical control patients who were 
matched for tumor size, grade, patient age, and era 
of treatment.

Similar results were noted when this regimen 
was utilized in a multicenter United States Coopera-
tive Group trial, in which 66 patients with primary 
high-grade STS 8 cm or larger in diameter received 
a modified MAID regimen plus granulocyte colony-
stimulating factor and radiation, followed by resec-
tion and postoperative chemotherapy (Kraybill et 
al. 2001). In a preliminary report, although preoper-
ative chemotherapy and radiation was successfully 
completed by 79% and 89% of patients, respectively, 
grade-4 hematological and non-hematological tox-
icity was experienced by 80% and 23% of patients. 
Delayed wound healing was noted in 31%. With a 
median follow-up of 2.75 years, the estimated 3-year 
survival, disease-free survival and local control rates 

were 75, 55, and 79%, respectively. Of the patients, 
2 developed late myelodysplasia. It remains to be 
confirmed in randomized studies whether these 
aggressive interdigitated approaches offer benefit 
to the subgroup of patients with large, high-grade 
sarcomas, who are at the highest risk of treatment 
failure.

30.6.12 
STSs of the Hand and Foot

The 5-year survival rate for sarcoma of the hand 
and foot is approximately 80%, better than that 
usually given for extremity STSs (Talbert et al. 
1990; Johnstone et al. 1994; Karakousis et al. 
1998). This is likely related to the smaller size of 
these lesions at presentation. With surgical exci-
sion and the use of adjunctive radiotherapy when 
the minimum surgical margin is narrow (less than 
2 mm), limb amputation can be avoided as primary 
therapy in most patients, and up to two-thirds 
of patients can retain a normal or fairly normal 
extremity (Fig. 30.11).

30.6.13 
Wound Healing After Surgery and Radiation

In general, the use of adjunctive radiation is associ-
ated with a higher frequency of wound complica-
tions. Quantification of the impact of radiation on 
wound healing is difficult because of the significant 
complications seen with surgery alone. In addition, 
there is much heterogeneity among patients with 
STS with respect to anatomic site, histological type, 
lesion size, prior surgery, medical status, and age. 
The use of adjunctive radiotherapy can also be asso-
ciated with joint stiffness, edema, and decreased 
range of motion (Bujko et al. 1992; Yang et al. 1998). 
In one trial, extremity radiation resulted in signifi-
cantly worse limb strength, edema, and range of 
motion than with surgery alone for extremity STS, 
but the symptoms were transient and did not affect 
global quality of life (Yang et al. 1998).

30.6.14 
Preoperative Radiation and Wound Complications

Preoperative radiation is associated with a higher 
incidence of acute wound complications (O’Sullivan 
et al. 2002). In the randomized study of preopera-
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Fig. 30.11a–c. A 51-year-old right-handed composer and pia-
nist with low-grade spindle cell neoplasm with features most 
suggestive of fi brosarcoma involving the fl exor tendon sheath 
of the fourth fi nger, initially excised with a positive margin, 
subsequently treated with tumor bed re-excision and low-
dose rate Ir-192 brachytherapy (a) of 45 Gy over 4.5 days. She 
returned to playing the piano approximately 2 months later. 
Photos taken 8 months after her brachytherapy document 
excellent functional and cosmetic results, as seen in b and c

a

b c

tive versus postoperative RT, a significantly higher 
percentage of preoperatively treated patients had 
acute wound complications (35% versus 17%). In 
another series of 202 patients undergoing preop-
erative RT, the overall wound complication rate was 
37% (Bujko et al. 1992). Of the patients, 1 died with 
necrotizing fasciitis, and 33 (17%) required second-
ary surgery, including 6 (3%) who required amputa-
tion. In another report, wound morbidity was 25% 
(4 of 16) in patients treated with preoperative EBRT 
plus BRT at the time of surgery but only 5% (2 of 40) 
in those treated postoperatively with EBRT plus BRT 
(Schray et al. 1990).

30.6.15 
BRT and Wound Complications

The use of perioperative BRT may increase the 
incidence of wound complications. In one study 
of 105 patients with extremity and truncal sarco-
mas, major wound complications occurred in 9 of 
41 (22%) cases treated with BRT compared with 2 
of 64 (3%) non-BRT-treated patients (Arbeit et al. 
1987). Patients treated with BRT also had a higher 
total number of complications as well as a higher 
combined frequency of major and moderate wound 
complications (44% versus 14%), and a longer time 
to wound healing (189 days versus 49 days).

However, the findings were different in a ran-
domized trial of adjuvant BRT versus no BRT in 
164 patients with resected extremity or truncal STS 

(Arbeit et al. 1987). The incidence of serious wound 
complications was not significantly increased in the 
group receiving BRT (24% versus 14%, P=0.133), but 
the incidence of wound reoperation was increased 
(6% versus 0%) (Alektiar et al. 2000).

30.6.16 
Strategies to Reduce Wound Morbidity

Based on published experience, the following strate-
gies are suggested to reduce acute wound morbidity 
in patients being treated with preoperative radiation 
(Bujko et al. 1992) or perioperative BRT (Alektiar 
et al. 2000):

Gentle handling of tissue during surgery
Meticulous attention to achieving hemostasis 
before wound closure
Avoidance of closure under tension
Elimination of all wound dead space, using a 
rotated fl ap to fi ll the space, if necessary
Wound drainage with tubes remaining in place 
until drainage is decreasing in a satisfactory 
manner
Use of compression dressings
Immobilization of the affected part for approxi-
mately 7 days
Delineation of a subgroup of patients where post-
operative boost dose can be omitted, which would 
include patients with negative margins and no 
tumor cut-through, complete tumor necrosis, or 
absence of tumor in the resection specimen



Extremity Soft Tissue Sarcoma in Adults 775

30.6.17 
Adjuvant Chemotherapy

Adjuvant chemotherapy is standard treatment for 
rhabdomyosarcoma (Crist et al. 2001), osteosar-
coma (Bramwell 1997), and Ewing’s sarcoma 
(Rosen et al. 1981) but is not definitively estab-
lished in other adult STSs (Antman 1997; Scurr 
and Judson 2005).

30.6.17.1 
Rhabdomyosarcoma

The vast majority of patients with rhabdomyosar-
coma are children. In this population, the use of 
postoperative multiagent chemotherapy (typically 
vincristine, dactinomycin, and cyclophosphamide) 
contributes to cure rates in 65–75% of children with 
localized rhabdomyosarcoma (stages I–III) who are 
also treated with surgery and/or irradiation (Crist 
et al. 2001). This is the standard of care for these 
patients. Ifosfamide has also found a role as part 
of the chemotherapy for patients with poorer prog-
nosis disease, while the use of high-dose induc-
tion chemoradiotherapy followed by autologous 
bone marrow transplantation is being evaluated in 
younger patients with high-risk disease (Boulad 
et al. 1998).

30.6.17.2 
Adjuvant Chemotherapy for Other STSs

Many randomized trials and meta-analyses have 
addressed the potential benefit of adjuvant chemo-
therapy in resected extremity STS in adults. The vast 
majority of available studies have utilized doxoru-
bicin, either alone or with dacarbazine. Among 14 
previously published randomized trials, 2 reported 
a significant overall survival advantage for com-
bination chemotherapy, while 3 noted higher sur-
vival in the observation arm (Antman 1997). The 
remainder shows no significant difference when 
patients receiving adjuvant therapy are compared 
with controls.

Individual patient data from these studies, 
which involved 1,568 adults with localized resect-
able STS (only some of which were on the extremi-
ties), were analyzed by the Cochrane Collaborative 
and published in 1997 (Sarcoma Meta-Analysis 
Collaboration 1997). All evaluated studies ran-
domly assigned patients postoperatively to receive 

or not receive adjuvant chemotherapy containing 
doxorubicin. The following benefits were noted in 
the chemotherapy group:

Longer local recurrence-free interval – hazard 
ratio 0.73 [95% confi dence interval (CI) 0.56–
0.94]
Longer distant recurrence-free interval – hazard 
ratio 0.70 (95% CI 0.57–0.85)
Higher overall recurrence-free survival – hazard 
ratio 0.75 (95% CI 0.64–0.87), corresponding to a 
signifi cant absolute benefi t of 6–10% at 10 years
For overall survival, the hazard ratio of 0.89 was 
not signifi cant but potentially represented an 
absolute benefi t of 4% (95% CI -1–9) at 10 years

There was no consistent evidence of a difference 
in effect according to age, sex, stage, site, grade, 
histology, extent of resection, tumor size, or expo-
sure to radiotherapy. However, the strongest evi-
dence of a beneficial effect on survival was shown 
in patients with sarcoma of the extremities. Among 
these patients, the hazard ratio was 0.80 (P=0.029), 
equivalent to a 7% absolute benefit at 10 years.

In summary, doxorubicin-based adjuvant che-
motherapy appears to significantly improve time to 
local and distant recurrence and overall recurrence-
free survival in adults with localized resectable STS 
of the extremities. There is some evidence of a trend 
toward improved overall survival.

Since the publication of the meta-analysis, three 
additional randomized trials have explored the 
benefit of doxorubicin or ifosfamide-based chemo-
therapy in extremity STS (Brodowicz et al. 2000; 
Frustaci et al. 2001; Petrioli et al. 2002), two of 
which have shown a survival benefit for adjuvant 
chemotherapy (Frustaci et al. 2001; Petrioli et al. 
2002):

In a trial in which two-thirds of the enrolled 
patients had either synovial sarcoma or liposar-
coma (two particularly chemosensitive STS histol-
ogies), 144 patients with high-grade large (5 cm or 
larger) or recurrent spindle cell sarcomas involv-
ing the extremities or girdles were randomly 
assigned to no postoperative therapy or to fi ve 
cycles of a dose-intensive epirubicin/ifosfamide 
combination (epirubicin 60 mg/m2 on day 1 and 
day 2 plus ifosfamide 1.8 g/m2 on days 1–5) with 
mesna and granulocyte colony-stimulating factor 
support (Frustaci et al. 2001). Accrual was pre-
maturely discontinued at 2 years, when a signifi -
cant difference in the cumulative incidence of 
distant metastasis was found (45% versus 28%, 
favoring the chemotherapy group); the overall 
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survival difference (85% versus 72%), also favor-
ing the chemotherapy group, did not reach the 
level of statistical signifi cance.

 When the trial was reported, the 4-year overall 
survival rates were significantly higher in favor 
of chemotherapy (69% versus 50%), although 
the distant relapse rates were by then similar in 
both groups (44% and 45% for the chemotherapy 
and control groups, respectively). It is difficult to 
interpret these results, since the main benefit of 
adjuvant systemic chemotherapy is expected to be 
in reducing the rate of distant relapse. There was 
a trend toward improved local control in the adju-
vant chemotherapy group, with a 17% local failure 
rate at 4 years in the control group compared with 
6% in the adjuvantly treated group, P = 0.07.
The second trial, also from Italy, randomly 
assigned 88 patients with high-risk STS to surgery 
with or without RT (n = 43) or to surgery plus che-
motherapy (n = 45, 26 with epirubicin alone, and 
19 to epirubicin plus ifosfamide) with or without 
RT (Petrioli et al. 2002). The 5-year survival 
rate of patients treated with chemotherapy was 
signifi cantly higher than that of patients who 
did not receive chemotherapy (72% versus 47%). 
However, the large number of treatment variables 
and the small number of studied patients makes 
interpretation of this result impossible.

 The importance of long-term follow-up in assess-
ing benefit from chemotherapy was shown in a 
report of the combined experience of two major 
cancers (Memorial Sloan Kettering and MD 
Anderson) that included 674 consecutive adults 
undergoing resection of a stage-III extremity STS 
between 1984 and 1999 (Cormier et al. 2004). 
Adjuvant doxorubicin-based chemotherapy was 
administered to 336 (50%), while the remain-
der received local therapy only. Although not a 
randomized trial, there were no significant dif-
ferences between the chemotherapy and non-
chemotherapy groups with respect to tumor 
size, anatomic site, histopathological subtype, or 
resection margin status. With a median follow-up 
of 6.1 years, the effect of chemotherapy appeared 
to vary over time. During the first year, the hazard 
ratio (HR) for disease-specific survival for chemo-
therapy versus no chemotherapy was 0.37 (95% CI 
0.20–0.69); thereafter, the HR was 1.36 (95% CI 
1.02–1.81).

Another recent study from Memorial Sloan Ket-
tering Cancer Center retrospectively analyzed the 
relationship between neo-adjuvant chemotherapy 

(NAC) and outcome in patients with high-grade, 
deep, greater than 5-cm extremity sarcomas. 
Patients diagnosed between 1990 and 2001 were 
treated with surgery only (n = 282) or NAC contain-
ing doxorubicin/ifosfamide/mesna (AIM) (n = 74). 
NAC was associated with improved disease-spe-
cific survival for this cohort of patients (P = 0.02). 
This overall improvement appears to be driven by 
the benefit of NAC on disease-specific survival for 
patients with tumors greater than 10 cm. The 3-year 
disease-specific survival for tumors of this size was 
0.62 (95% CI: 0.53–0.71) for patients not receiv-
ing NAC and 0.83 (95% CI: 0.72–0.95) for patients 
receiving NAC (Grobmyer et al. 2004). A study of 
concurrent, interdigitated neoadjuvant MAID che-
motherapy and RT in patients with extremity sarco-
mas 8 cm or larger showed higher disease-free and 
overall survival than that of a historical matched 
patient cohort (DeLaney et al. 2003b). These data 
emphasize the need for further prospective clinical 
studies of neo-adjuvant or adjuvant chemotherapy 
for patients with large high-grade extremity sarco-
mas.

Despite many randomized trials, the role of 
adjuvant chemotherapy remains uncertain and 
cannot be adopted as the standard of practice for 
all extremity sarcomas. The positive Italian trial is 
the only study that enrolled predominantly patients 
with chemosensitive types of STS (i.e., liposarcomas 
and synovial sarcomas) (Frustaci et al. 2001). How-
ever, the lack of a difference in the distant metastatic 
rate at 4 years (the time point at which the survival 
benefit was most pronounced) calls into question 
the validity of the conclusion that adjuvant chemo-
therapy improves survival in patients with high-
grade or recurrent sarcomas. If there is a survival 
benefit for adjuvant chemotherapy, it is probably 
small (no more than 4–8% absolute increase in sur-
vival at 5–10 years). Although it has been proposed 
that patients be selected for adjuvant chemotherapy 
based on poor prognostic tumor characteristics such 
as histology [i.e., synovial sarcoma (Ferrari et al. 
2004]), grade, or size, there is no evidence to date 
that this approach leads to improved outcome in any 
subset of patients (Coindre et al. 1996). The abso-
lute benefit, patient selection, and optimal regimen 
remain to be defined. A large, randomized study of 
postoperative adjuvant adriamycin and ifosfamide 
was recently completed by the European Oncol-
ogy Research and Treatment Cooperative (EORTC) 
Group. The results of this study, which are pending, 
may help to better define the role for adjuvant che-
motherapy in these patients.
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30.6.18 
Functional Outcome

There are increasing data available on the functional 
outcome of patients undergoing limb salvage pro-
cedures (Robinson et al. 1991; Stinson et al. 1991; 
LeVay et al. 1993; Davis et al. 1999). The majority of 
patients have good or excellent functional outcome. 
In one series of 88 patients treated with surgery 
and either preoperative or postoperative RT, 68 had 
acceptable functional results, and 61 returned to work 
(LeVay et al. 1993). Large tumors, neural sacrifice, 
proximal thigh tumors, and postoperative complica-
tions were associated with poor outcome. Subcutane-
ous tumors have a more favorable functional outcome 
(Gerrand et al. 2004). In a single institution series 
of 145 patients who underwent limb-sparing surgery 
plus RT, long-term treatment complications included 
bone fracture in 6%, contracture in 20%, significant 
edema in 19%, moderate to severe decrease in muscle 
strength in 20%, requirement for a cane or crutch 
in 7%, and tissue induration in 57% (Stinson et al. 
1991). Of the patients, 3 (2%) required amputations 
for treatment-related complications. The percentage 
of patients ambulating without assistive devices and 
with mild or no pain was 84%. Higher doses of RT, 
a long radiation portal, and irradiation of more than 
75% of the extremity diameter were associated with 
increased complications. Another study examined 
issues related to quality of life in patients with STS 
of the lower limb (Robinson et al. 1991). Although 
RT was associated with reduced muscle power and 
range of motion, compared with the use of surgery 
alone, most patients retained good to excellent limb 
function and quality of life.

The functional outcome is often not as good in 
patients requiring amputation. In a matched case-
control study of patients with lower extremity sar-
coma undergoing amputation (n = 12) or a limb-
sparing approach (n = 24), there was a trend toward 
increased disability and handicap for those in the 
amputation group (Davis et al. 1999). Of the 12 
amputees, 7 reported ongoing problems with the 
soft tissue overlying the stump. A few studies have 
assessed quality of life issues in amputees who had 
been treated for STS with amputation and chemo-
therapy compared with patients who underwent 
limb salvage with radiotherapy and chemotherapy 
(Weddington et al. 1985; Sugarbaker et al. 1982). 
Contrary to expectations, there were no significant 
differences in measures of psychological outcome. 
Thus, a psychological advantage of limb-salvage sur-
gery over amputation has yet to be demonstrated.

30.6.19 
Treatment of Local Recurrence

Approximately 10–15% of patients with extremity 
STS who are treated with complete resection and 
adjuvant radiation will develop a local tumor failure, 
the majority within the first 2 years (LeVay et al. 1993; 
Sadoski et al. 1993; Karakousis and Driscoll 1999; 
Zagars et al. 2003b). The approach to the patient 
with an isolated local recurrence is similar to that for 
primary disease with some modifications. As with 
primary treatment, the goal is to provide limb sal-
vage with conservative resection. However, approxi-
mately 10–25% of patients with locally recurrent dis-
ease will require amputation (Catton et al. 1996a,b; 
Karakousis et al. 1996; Ueda et al. 1997). Surgery 
is an important component of successful salvage 
therapy (Catton et al. 1996b). For patients whose 
primary treatment was surgery alone, re-excision 
combined with adjuvant radiation is the treatment of 
choice. If RT was used in primary treatment, further 
radiation may not be possible because the maximal 
tolerance for adjacent normal tissues would have to be 
exceeded, resulting in problems with wound healing 
and radiation fibrosis, although additional radiation 
given by BRT (mean dose 47.2 Gy) has been employed 
in these cases, with a 52% local control and a 33% 
disease-free survival rate in one series of 26 patients 
(Pearlstone et al. 1999a).

Optimal treatment for a local recurrence may 
require both surgery and radiation. This was illus-
trated in one report of salvage therapy using surgery 
alone or surgery plus re-irradiation for 25 patients 
with locally recurrent extremity STS (Catton et 
al. 1996b). Of the patients, 18 underwent surgery 
alone; 11 were treated by a conservative procedure 
and 7 required amputation. Of these 18 patients, 7 
relapsed. Of the 10 patients treated with surgery plus 
radiation, none experienced relapse, with a median 
follow-up of 24 months. Of these patients, 6 (60%) 
experienced significant wound healing complica-
tions, but 3 recovered completely.

30.6.20 
Treatment of Unresectable or Locally Advanced 
Soft Tissue Sarcoma

In patients with advanced STS in whom the tumor 
has progressed beyond surgical resectability, treat-
ment options depend on the site of tumor involve-
ment. For patients with unresectable disease limited 
to the extremity, isolated limb perfusion protocols 
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have been applied with striking early success. 
Selected patients can have their tumors, especially 
when small, controlled with RT with or without 
chemotherapy. For patients treated with a dose of 
6,400 cGy or greater, Tepper and Suit noted control 
of unresected STSs in 87.5% of cases where tumors 
were less than 5 cm in diameter (Tepper and Suit 
1985). Treatment was less effective for larger tumors, 
with local control falling to 53% for lesions 5–10 cm 
diameter (53%) and 30% for those greater than 
10 cm. Kepka and colleagues recently updated and 
expanded this experience, reporting on the efficacy 
of radiation on 112 patients with unresected STSs. 
For patients receiving 63 Gy or more, local control 
at 5 years was 72.4% in patients with lesions 5 cm or 
less, 42.4% for lesions 5–10 cm, and 25.4% for lesions 
greater than 10 cm (Kepka et al. 2005).

Several centers have reported local control rates 
of approximately 50% with fast neutron irradiation 
of inoperable STS (Pickering et al. 1987; Schmitt 
et al. 1990; Steingraber et al. 1996). In addition, 
several radiation sensitizers have been used to 
treat patients with extensive sarcoma with promis-
ing early preliminary results (Goffman et al. 1991; 
Rhomberg et al. 1996).

30.7 
Treatment of Metastatic Disease

30.7.1 
Overview

Metastatic disease rarely occurs in patients with 
low-grade sarcomas but occurs at an appreciable fre-
quency, which is related to grade and size, in patients 
with high-grade sarcomas (Coindre et al. 1996). 
With intermediate or high-grade sarcomas, this risk 
may exceed 50% when the tumor is larger than 10 cm 
(Pisters et al. 1996b; Trovik et al. 2000; Gronchi 
et al. 2005). For extremity sarcomas, the lung is the 
most common site of metastatic disease (Potter et 
al. 1985; Gadd et al. 1993). Some histologies – nota-
bly myxoid liposarcoma, which can metastasize 
to abdominal sites and bone (Pearlstone et al. 
1999b; Spillane et al. 1999), and epithelioid sar-
comas, which manifest regional nodal failure – are 
exceptions to the more general pattern. While most 
patients with metastatic sarcoma will ultimately die 
from their tumor, a modest proportion of patients 
will be long-term survivors after management with 
surgery and/or chemotherapy.

30.7.2 
Resection of Pulmonary Metastases

The median survival of patients with pulmonary 
metastases is in the range of 15 months. Patients 
whose lung metastases can be resected fare better 
than those who are unresectable – the greatest 
impact on survival after lung metastasis. In one 
series, patients treated with resection had a median 
survival after complete resection of 33 months 
(Billingsley et al. 1999). Their 3-year actuarial 
survival rate was 46%, with a 5-year actuarial sur-
vival rate of 37%. The patients who did not undergo 
resection had a median survival of 11 months and a 
3-year actuarial survival rate of 17%.

Patients to be considered for pulmonary resection 
are medically fit patients with controlled primary 
tumors without pleural effusion or hilar disease. The 
procedure generally involves wedge resections of the 
nodules. Patients with limited number of nodules 
fare better, but there is no consensus on the upper 
limit of nodules that should be considered for resec-
tion. The role for additional adjuvant chemotherapy 
after resection is not settled. A subset of patients 
may benefit from repeat thoracotomy for recurrent 
disease in the chest (Pogrebniak et al. 1991). There 
are reports of resection of isolated metastatic dis-
ease in liver and also other extrapulmonary sites 
(Lang et al. 2000).

30.7.3 
Chemotherapy for Metastatic Disease

For most patients with metastatic disease that is 
not respectable, treatment with chemotherapy is 
likely to be palliative in outcome. A small number 
of patients will be long-term survivors. An analysis 
of 1888 patients treated on studies organized by the 
Soft Tissue and Bone Sarcoma Group of the EORTC 
reported 66 5-year survivors, which translates to an 
8% 5-year survival rate (Blay et al. 2003). A brief 
discussion of chemotherapy for metastatic disease 
will be presented here; readers can find more com-
plete discussion in recent reviews on this subject 
(Judson 2004; Maki 2004).

Doxorubicin and ifosfamide have been demon-
strated to be the most active chemotherapy agents 
in widely disseminated STS (Clark et al. 2005). For 
doxorubicin, objective response rates between 20% 
and 40% for the single agent have been reported; 
few are complete responses, and response duration 
averages 8 months. A steep dose-response curve for 
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objective responses was described by O’Bryan et al. 
(1977). There is also a dose–response for ifosfamide 
(Christman et al. 1993; van Oosterom et al. 2002). 
Dacarbazine (DTIC) by itself has a modest response 
rate of approximately 16% (Gottlieb et al. 1976). 
Cyclophosphamide appears less active in adults 
than in children and less active than the related 
compound ifosfamide (Bramwell et al. 1993). 
Gemcitabine with or without a taxane is active in 
a subset of patients with sarcomas (Hensley et al. 
2002). Taxanes are active against angiosarcomas 
(Fata et al. 1999). Newer agents such as ecteinasci-
din-743 have at least some activity against sarcomas 
(Yovine et al. 2004). Other less active agents include 
methotrexate (Subramanian and Wiltshaw 
1978; Pinedo and Verweij 1986) and cisplatin 
(Karakousis et al. 1979; Grabois et al. 1994).

Many combination chemotherapy regimens for 
metastatic disease have been studied in phase-II 
trials. Responses are higher than with single agents. 
Most of these trials include doxorubicin (or epi-
rubicin) and an alkylating agent. Adding DTIC to 
doxorubicin improved the response rate to 41%, 
as described by Gottlieb et al. (1972), but the 
response rate has decreased over time (Gottlieb 
et al. 1976). Comparisons have shown that the addi-
tion of less active drugs necessitate lower doses of 
doxorubicin and, accordingly, reduces overall effec-
tiveness (Cruz et al. 1979; Schoenfeld et al. 1982). 
Adding ifosfamide, however, seems to be clearly 
beneficial as reported by Blum et al. (1993) and 
Schutte et al. (1993). Nevertheless, the improve-
ment in response rate has not clearly translated into 
an improvement in overall survival. A prospective 
randomized trial was performed by EORTC, which 
compared single-agent doxorubicin with a combi-
nation of doxorubicin and ifosfamide and also the 
four-drug CYVADIC (cyclophosphamide/vincris-
tine/doxorubicin/dacarbazine) combination. There 
was no improvement in progression-free or overall 
survival associated with combination therapies, 
although they were significantly more toxic. Simi-
lar findings were reported by Eastern Cooperative 
Group, which conducted a three-arm trial compar-
ing doxorubicin alone, doxorubicin plus ifosfamide, 
and mitomycin plus doxorubicin plus cisplatin 
(Santoro et al. 1995). Objective tumor regression 
occurred more frequently in the combination arms 
than in the single agent arm (20% with doxorubicin 
alone, 34% in doxorubicin plus ifosfamide, and 32% 
in the mitomycin plus doxorubicin plus cisplatin 
arm). However, the combination regimens resulted 
in significantly greater myelosuppression, e.g., 80% 

of the doxorubicin/ifosfamide group had grade-3 or 
greater myelosuppression. Most notably, no signifi-
cant survival differences were observed among the 
three treatment regimens (Edmonson et al. 1993). A 
popular regimen adds ifosfamide to adriamycin and 
DTIC (Elias and Antman 1986). A combination of 
ifosfamide with mesna, doxorubicin and dacarba-
zine (MAID regimen) has resulted in response rates 
in measurable metastatic sarcomas as high as 47%, 
with complete response rates as high as 10% (Elias 
et al. 1989). In the absence of any clear benefit for the 
combination regimens, many clinicians favor initia-
tion of chemotherapy with single-agent Adriamcyin 
(Judson 2004).

Attempts to intensify treatment by increasing the 
dose of doxorubicin in combination with ifosfamide, 
although promising in phase-II studies (Steward et 
al. 1993), were not confirmed in a subsequent ran-
domized trial compared with the standard doses (Le 
Cesne et al. 2000). High-dose therapy with growth 
factor support has been evaluated in several inves-
tigational studies, but the data to date demonstrate 
increased toxicity with clear evidence of therapeutic 
gain; thus, this is still considered investigational treat-
ment (Dumontet et al. 1992; Schwella et al. 1998).

30.8 
Summary

Treatment for STS requires individual tailoring of 
the approach because of the wide variety of clinical 
situations that can arise from a tumor that involves 
a variety of anatomic sites with a range of histologies 
of variable grade and size. Nevertheless, the follow-
ing suggestions can serve as useful guides. Surgery 
is always indicated, but the use of adjuvant therapy 
can vary according to the anatomic site, size, and 
histological grade.

In general, patients with superfi cial low-grade 
tumors that are less than 5 cm in diameter can be 
treated with surgical excision alone when nega-
tive margins of 1 cm are achieved and can expect 
excellent local control and survival rates approxi-
mating 90%.
In patients with intermediate grade lesions, surgi-
cal excision with negative margins in combination 
with radiotherapy has achieved excellent local 
control, with overall survival rates approximating 
80%. For larger, deep-seated tumors, preoperative 
RT appears to be more effective than postopera-
tive radiation to prevent local tumor recurrence. 
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Acute wound healing complications are higher 
with preoperative RT for lower extremity lesions, 
but generally irreversible late complications, 
including grade 3–4 fi broses, are more common 
in those patients receiving postoperative RT.
In patients with high-grade STS greater than 5 cm, 
excellent local control can be achieved with sur-
gery and radiotherapy, but at least 50% of these 
patients will develop metastatic disease. In this 
setting, the use of neoadjuvant chemotherapy may 
benefi t some and should be considered in the con-
text of a clinical trial, to be followed by defi nitive 
surgery combined with either pre- or postopera-
tive radiotherapy or BRT.
BRT can provide excellent local control and func-
tional results in appropriately selected patients.
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immune (Thomas 1997) or genetic disorders are 
being offered transplantation (Iannone et al. 2003; 
Peters et al. 2003). The rationale for SCT differs 
depending on the disease treated and the source of 
bone marrow cells. In both autologous and alloge-
neic SCT for malignant diseases, the rationale for 
SCT is to allow chemotherapeutic dose escalation. 
The SCT “rescues” the patient from what otherwise 
would be a lethal dose of chemotherapy.

In an allogeneic SCT, a healthy donor marrow 
regenerates in its place and the infused donor 
lymphocytes have a proven anti-tumor effect 
(graft versus leukemic effect) (Schleuning 2000; 
Remberger et al. 2002; Zecca et al. 2002). Donor 
lymphocytes can also serve to supply absent 
enzyme for patients with inborn errors of metabo-
lism. In autologous SCT, the infused marrow may 
be contaminated with malignant cells. Various 
methods have been used to purge the marrow of 
residual malignant cells (Freedman et al. 1998; 
Colombat et al. 2000; Schouten et al. 2000; van 
Besien et al. 2003). As there is no anti-tumor (graft 
versus leukemia) effect, various cytokines are 
being tried in an effort to mimic the graft versus 
leukemia effect and improve the efficiency of 
autologous transplantation (Hawley et al. 1996; 
Imamura et al. 1996; Klingemann 1996; Leshem 
et al. 2000). In the future, the autologous cells may 
be manipulated with genes that confer relative che-
motherapeutic resistance (Wood and Prior 2001), 
thus allowing for additional post transplantation 
chemotherapy with little damage to the new bone 
marrow (Heslop et al. 1995).

The development of HLA (human lymphocyte 
antigen) and MLC (mixed lymphocyte culture) 
assays allowed physicians to determine whether 
potential marrow donors were “histocompatible” 
(i.e., matched by HLA antigens and non-reactive to 
MLC cultures) and therefore less likely to develop 
graft-versus-host disease (GVHD) (Mahmoud 
et al. 1985; Parr et al. 1991; Petersdorf et al. 
1998). Initially, transplants were only performed 
between HLA-matched related donors, but, with 

Since the first successful bone marrow transplanta-
tion was performed at the University of Minnesota 
in 1960 (Gatti et al. 1968), bone marrow and stem 
cell transplantation (SCT) has gained prominence 
as a therapy for a variety of diseases as outlined in 
Table 31.1. The majority of bone marrow transplants 
are carried out in an effort to eradicate malignant 
disease, but a growing number of patients with auto-
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the advent of effective therapies directed at decreas-
ing the probability and severity of GVHD, matched 
unrelated donor transplants have become more 
common. The National Marrow Donor Program 
(NMDP) types potential bone marrow and stem cell 
donors. More than 16,000 transplants have been 
performed using unrelated donors provided by the 
NMDP (McCullough et al. 1989; Karanes 2003; 
Cornetta et al. 2005). With more than four million 
donors listed in the registry, over 70% of patients 
can now find an HLA-A, -B, -DR phenotypic match 
at the initial search.

In recent years, in addition to related and unre-
lated bone marrow donor sources, additional 
sources of pluripotential stem cells have been inves-
tigated, including the use of umbilical cord blood 
(Cornetta et al. 2005), a rich source of stem cells. 
A bank of HLA typed umbilical cord blood harvests 
has also been established (Krishnamurti et al. 
2003).

Another source of pluripotential stem cells are 
circulating blood stem cells. These cells can be har-
vested through leukapheresis, frozen for later use, 
then thawed and reinfused. In addition to sparing 
the donor the discomfort of a bone marrow har-
vest, these peripheral stem cell harvests usually 
result in a more prompt engraftment than occurs 
with bone marrow infusions, resulting in a shorter 
period of pancytopenia and thus less risk of infec-
tion (Korbling et al. 1991; Steingrimsdottir et al. 
2000).

31.1 
Conditioning Regimen

Presumed desired endpoints of the pre-transplan-
tation conditioning regimen are to eradicate the 
recipient’s native bone marrow, immune suppress 
the recipient sufficiently to avoid rejection of the 
donor transplant, and to do this with minimal toxic-
ity to other tissues. In some situations, these three 
goals are attainable with a chemotherapy-only con-
ditioning regimen; however, multiple variables need 
to be considered including the age of the patient, the 
underlying disease, the source of the donor marrow, 
and whether the donor marrow is manipulated (i.e., 
T depleted) (Fehr and Sykes 2004).

At the University of Minnesota, total body irradia-
tion (TBI) is generally part of the conditioning regi-
mens for the situations outlined in Table 31.2. These 
situations include unrelated marrow or cord blood 
donor transplants, certain underlying malignancies 
that are considered radiosensitive [acute lymphocytic 
leukemia (ALL), multiple myeloma], and for patients 
in whom a TBI-containing conditioning regimen has 
been shown to be superior to a chemotherapy-only 
conditioning regimen [acute myeloid leukemia (AML) 
in second remission] (Dusenbery et al. 1996).

There are theoretical advantages and disadvan-
tages of a TBI-containing preparative regimen. Most 
often patients undergoing SCT have been exposed 
to multiple chemotherapeutic regimens; therefore, 
potential SCT recipients may be relatively chemo-
therapy “resistant.” As most patients undergo-
ing SCT have not been irradiated previously, their 
malignant cells may be more radiation sensitive 
than chemotherapy sensitive. Additionally, there 
are known sanctuary sites where chemotherapy 
does not penetrate well, such as the central nervous 
system (CNS) or testicles. There are no sanctuary 
sites for irradiation and, in certain situations such 
as relapsed ALL, a TBI-containing regimen may be 
especially beneficial. Lastly, chemotherapy which is 
usually given intravenously (busulfan may be given 
orally) needs to be metabolized and eliminated from 
the body. It is known that chemotherapy pharma-
cokinetics differ among patients resulting in some 
areas of the body exposed to higher or lower con-
centrations of drug. TBI requires no metabolism for 
clearance and all areas of the body receive the same 
dose of irradiation. The disadvantages of using a TBI 
regimen are the potential late side effects, such as 
sterility, cataracts, and growth retardation, as well 
as the potential neurological toxicity that may occur 
with irradiation.

Table 31.1. Diseases treated by stem cell transplantation

Acute myeloid leukemia
Acute lymphoblastic leukemia
Chronic myelogenous leukemia
Chronic lymphocytic leukemia
Myelodysplasia
Lymphoma
 Non-Hodgkin‘s
 Hodgkin‘s disease
Multiple myeloma
Aplastic anemia
 Idiopathic
 Fanconi
 Paroxysmal nocturnal hemoglobinuria
Congenital/immunodeficiency
 SCIDS
Autoimmune disease
 Rheumatoid arthritis
 Systemic lupus erythematosus
 
Osteopetrosis
Leukencephalopathies
Hurlers syndrome
Other inborn errors of metabolism
Sickle cell anemia/thalassemia



Total Body Irradiation Conditioning Regimens in Stem Cell Transplantation 787

31.2 
Fractionation and Dose Rate

Initial trials with TBI use a single fraction of up to 
10 Gy. Subsequently, it was suggested that the thera-
peutic ratio (i.e., increased leukemic cell kill and 
decreased toxicity of late responding tissues, such 
as lung, heart, spinal cord, kidney, and CNS) of TBI 
might be improved by either going to a very low dose 
rate (not practical since treatment times of up to 24 h 
would be required) or using a fractionated schema. 
This was based on radiobiological data suggesting 
that leukemic cells (and their normal counterparts, 
the hematopoietic stem cells) were relatively radio-
sensitive, with a narrow “shoulder” on the survival 
curve and with little capacity of sublethal radiation 
damage repair capacity (Hall 1994). However, late 
responding tissues are better able to repair sublethal 
damage and have a relatively “broad shoulder” on 
the dose–response curve. Formulations based on 
dose survival models have been proposed to evalu-
ate the biological equivalence of various doses and 
fractionation schedules. Assumptions are based on 
the linear-quadratic model that takes into account 
the α and β (non-reparable and reparable) compo-
nents of cell kill. The values for the α and β compo-
nents of cell kill can be derived experimentally, but 
are not available for many human tissues. Extrapo-
lating from animal data and cell cultures, it has been 
found that the ratio of α/ β is a useful indicator of 
the effect of fractionation on cell damage. Tissues 
with a high α/ β include the gastrointestinal tract, 

skin, and bone marrow cells (“early” responding); 
whereas, tissues with a low α/ β include spinal cord, 
kidney, brain, and lung (“late” responding) (Hall 
1994).

Although not completely applicable in the setting 
of TBI schemes, the biological effective dose (BED) 
of one TBI regimen can be compared with another 
regimen if several estimates are taken into consider-
ation. The units are arbitrary but allow one to com-
pare the theoretical effects of different TBI regimens 
on different tissues.

BED = n × d (1+d/(α/β))

where n=number of fractions, d=dose per fraction  
(Gy/fraction) and α/β=estimate (10 for early tissues, 
3 for late tissues).

In engineering an optimal TBI regimen, the goal 
is to cause minimal damage to late responding tis-
sues, while having a high probability of damaging 
the early responding bone marrow cells (and malig-
nant cells). Regimens can be evaluated for their 
potential effect on late responding tissues or on 
early responding tissues. If evaluating for late effects 
of different TBI regimens:

Assume an α/β of 3 BED

750 cGy in 1 fraction 26
750 cGy in 3 fractions 14
1200 cGy in 6 fractions 20
1320 cGy in 8 fractions 20
1395 cGy in 12 fractions 19

One can see that fractionation would be expected 
to spare late effects. One could go to a higher total 
dose, without increasing the probability of late 
effects. If considering the early effects of different 
TBI regimens:

Assume an α/β of 10 BED

750 cGy in 1 fraction 13
750 cGy in 3 fractions 9
1200 cGy in 6 fractions 14
1320 cGy in 8 fractions 15
1375 cGy in 12 fractions 16

It becomes apparent that fractionation spares 
early effects. Since bone marrow ablation is desired, 
the total dose must be increased to 1200 cGy or more 
to get the same myeloablative effects as a single frac-
tion of 750 cGy.

These theoretical equations are supported by 
data from reports of bone marrow transplantation 

Table 31.2. University of Minnesota protocols utilizing total 
body irradiation or total lymphoid irradiation in the condi-
tioning regimen (CR)

1320 cGy in eight fractions over 4 days:
– Acute lymphoblastic leukemia in second or subsequent CR
– Acute lymphoblastic leukemia high risk in first CR
– Chronic myelogenous leukemia
– Acute myeloid leukemia (some children receive chemo-

therapy only conditioning)
– Myelodysplastic syndrome
– Non-Hodgkin‘s lymphoma (depending on dose of prior 

irradiation)
– Unrelated donor transplantation
– Cord blood transplantation

Other regimens
– Fanconi anemia: 450 cGy in single fraction, ±thymus block
– Non-myeloablative transplants: 200 cGy in a single fraction
– Sickle cell anemia or thalassemia: total lymphoid irradiation, 

block gonads
– Osteopetrosis: TLI to include spleen, liver and mesenteric 

lymph nodes
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regimens. For example, the risk of cataract for-
mation (a late responding tissue) is substantially 
higher when the TBI is given in a single fraction 
of TBI than when it is fractionated (Aristei et al. 
2002).

Although no randomized clinical trials exist, 
the majority of retrospective reviews looking at 
the rate of interstitial pneumonitis after single 
fraction TBI compared with multiple fraction TBI 
strongly suggest an advantage for a fractionated 
TBI schedule (Shank et al. 1983; Cardozo et al. 
1985; Kim et al. 1985; Molls et al. 1986; Standke 
1989; Valls et al. 1989; Carlson et al. 1994). One 
must keep in mind the fact that these trials are 
non-randomized and usually compare recently 
transplanted patients on fractionated schemas 
with former single fraction patients. Numerous 
variables are potentially implicated in the devel-
opment of interstitial pneumonitis, including 
other TBI variables such as dose rate, use of lung 
shielding, and timing of the TBI (before or after 
chemotherapy) (Molls et al. 1986).

Initially single fraction TBI was delivered with 
cobalt units at extended distances. The dose rate 
achievable was only 5–10 cGy/min and it required 
several hours to deliver the dose. When using 
fractionated TBI, it is not clear that the dose rate 
needs to be this low, although the risk of pneumo-
nitis may be higher with higher dose rate (Kim et 
al. 1985; Carruthers and Wallington 2004). 
However, most institutions have kept the dose rate 
low (under 10 cGy/min), since a fraction of 200 cGy 
can be delivered in a reasonable amount of time 
(20 min in this case).

31.3 
Sequence

TBI can either precede or follow the chemotherapy 
portion of the conditioning regimen. An advantage 
to delivering the TBI first is that, with the appro-
priate use of antiemetics, it can be given as an out-
patient treatment and thus reduce inpatient costs. 
Following completion of TBI, patients are then hos-
pitalized for the chemotherapy portion of the condi-
tioning regimen. Clinical data are lacking, however, 
on whether TBI is less toxic or more effective when 
given before chemotherapy, although it is theoreti-
cally possible that the variety of cytokines released 
during chemotherapy may influence the incidence 
of pneumonitis.

31.4 
Technical Aspects

Numerous techniques for irradiation of the entire 
body are described in the literature. At the Univer-
sity of Minnesota, two general TBI techniques are 
currently in use, with modifications of the tech-
niques for certain situations. The vast majority of 
our patients are treated using the first technique, 
which involves right and left lateral fields with the 
patient semi-recumbent at an extended distance 
on a specially designed couch. The second tech-
nique is an anterior–posterior treatment technique 
patterned after that developed at Memorial Sloan 
Kettering (Shank et al. 1983). For the latter, adult 
patients are treated in a standing position with ante-
rior and posterior beams, while younger (smaller) 
patients are treated in a reclined position if they 
can fit within the available field size at the floor 
of the treatment room. The goal of both of these 
techniques is to deliver a uniform dose to the entire 
body within ±10% of the dose at the prescription 
point. This second technique has the advantage that 
certain organs such as the thymus or testicles can 
be blocked.

31.5 
Right and Left Lateral TBI

This technique uses lateral photon beams with the 
patient in a semi-recumbent position, as described 
by Khan et al. (1980). The treatment is delivered 
at a source to patient midline distance of 410 cm, 
which produces a field approximately 120 cm wide at 
the 95% isodose line. Aluminum compensators are 
used to produce a uniform dose through all body 
regions to within +10% of the dose specified at the 
umbilicus.

31.6 
Simulation and Patient Measurements

Pretreatment measurements for TBI are performed 
in the simulator room to accurately reproduce the 
treatment position within the treatment room and to 
calculate the size and thickness of the compensating 
filters. The simulation procedure consists of three 
steps. During the first step, an anterior chest film is 
taken to determine the amount of lung traversed by 
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the treatment fields. The radiograph is taken with 
the patient seated on the simulator couch with his 
or her back resting against the film cassette holder. 
The source–skin distance (SSD) to the patient’s chest 
is measured and because the source–film distance 
(SFD) is known, the magnification factor for the size 
of the lungs can be determined. Using this informa-
tion, the thickness of the lung inhomogeneity can be 
computed. This information is used later when the 
need for lung compensation is evaluated.

The second step is to establish the patient treat-
ment position so that the entirety of the body fits 
within the 95% isodose line. An overhead projector 
is used to cast an isodose pattern that represents the 
uniformity of the actual treatment field (Fig. 31.1). 
The head and back of the patient are positioned 
within the 98% line, while the toes of the feet are 
within the 95% isodose line of the radiation field. 
Once this position has been established, setup mea-
surements are recorded on the form, as illustrated 
in Figure 31.2.

To describe the position of the lower extremities, 
measurements are made from our reference point 
[the anterosuperior point of the iliac spine (ASIS)] to 
the knee and to the back of the heel. The length of the 
feet is also recorded. The distance from the sternal 
notch to the top of the knee or patella is documented 
to describe how compressed the patient is within the 
field. Finally, with the arms in the treatment position, 

Fig. 31.1. For the bilateral technique, the patient is positioned 
within the homogeneous portion of the beam. The simulation 
is performed in the simulator room and an overhead projector 
is used to produce a representation of the treatment fi eld

Fig. 31.2. The form used to document the patient treatment 
position when the bilateral body technique is used

the distance from the middle of the shoulder to the 
top of the head is measured. The latter information 
is used to scale the size of the head compensator. The 
chin extension, measured from the sternal notch to 
the point of the chin, is also recorded. Additionally, 
the need for positional devices, such as pillows for 
the back of the head, foam sponges underneath the 
hips, or sandbags under the feet, is recorded on the 
form. For future reference, the names of the indi-
viduals who made and checked the measurements 
are recorded.

The third step is to measure the right–left lateral 
thickness of the patient at certain anatomical loca-
tions. These measurements are recorded on the form 
shown in Figure 31.3 and constitute the basic data 
needed to determine the thickness of the compensa-
tors at these locations. The key measurement is the 
width of the patient at the umbilicus since this is the 
location where the dose is prescribed. Values of lat-
eral thickness are also measured at the head, neck, 
shoulders, mid-mediastinum, pelvis, knees, and 
ankles. The mid-mediastinal thickness is measured 
midway between the sternal notch and the xiphoid 
and includes the thickness of the arms.
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simulation. The form shown in Figure 31.3 also 
serves as the calculation sheet for the determi-
nation of compensator thickness at the different 
locations. The compensators are usually designed 
in three pieces: one for the lower extremities, one 
for the head and neck region, and one for the lungs. 
In most cases, a lung compensator is not required 
since the effective thickness at the mid-mediasti-
num is usually greater than that at the umbilicus. 
The arms are deliberately positioned in line with 
the lungs and act to increase the total thickness 
in this region.

The first step in designing tissue compensators is 
to determine the tissue deficit (TD), the difference 
in tissue-equivalent thickness between the prescrip-
tion point (which in our case is the umbilicus) and 
the other locations. The following equation is used 
to calculate tissue deficit:

TD L L Lref lung lung= − + −( )1 ρ  (1)

where Lref is the lateral separation at the umbili-
cus, L is the lateral separation at that particular 
anatomical location, Llung is the separation of the 
lung determined from the anterior radiograph, and 
ρlung is the density of the lung. For ρlung, a value of 
0.25 g/cm3 is used as the average lung density for 
healthy lung tissue (Van Dyk et al. 1982). Equa-
tion 1 is used only for the mid-mediastinal location 
where lung tissue is present. At all other locations, 
Llung is zero and the tissue deficit can be obtained 
using Eq. 2:

TD L Lref= −  (2)

Llung is determined using the anterior chest radio-
graph that was taken in the simulator. The lung 
thickness is determined at a point midway between 
the sternal notch and the most superior aspect of the 
domes of the diaphragms as seen on the radiograph. 
As shown in Figure 31.4, two lateral measurements 
are made for both the right and left lobes of the lung: 
the first measurement, represented by LRt1 and LLt1, 
extends from the most lateral aspect to the most 
medial portion of the lung. The second measure-
ment, represented by LRt2 and LLt2, spans from the 
most lateral extent of the lung to the mediastinum. 
The lung thickness is calculated using the following 
equation:

L
L L L l

SSD SFD

SFDlung
rt rt lt lt=
+ + +( )

×
× +

⎛
⎝
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2

1
2

( )  
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Fig. 31.3. The form used to record the values of right–left lateral 
thickness of the patient. This information is used to calculate 
the tissue defi cits that exist at various body locations versus 
the umbilicus thickness. Values of compensator thickness are 
subsequently calculated from these data. The fi nal column pro-
vides a location to document the percentage of the prescribed 
dose delivered to the midline of the indicated regions

Once the lateral separations are recorded, the 
point where the lower extremities compensator is 
to start must be determined. Since the dose is pre-
scribed for the midline thickness at the umbilicus, 
and the pelvis is usually of greater thickness, the 
compensator must be started at some point below 
the pelvis. The location where the compensator is to 
begin is that point on the legs that has the same sep-
aration as the umbilicus. As final documentation, 
a photograph is taken with the patient in the treat-
ment position with respect to the radiation field.

31.6.1 
Compensators for TBI

Compensator thickness determination is calcu-
lated from measurements taken at the time of 
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where SSD is the source–skin distance and SFD is the 
source–film distance measured when the anterior 
chest radiograph was obtained during the first step 
of the simulation. In Eq. 3, the terms in the second 
parentheses serve to de-magnify the lung dimen-
sions measured on the chest radiograph to life-size 
at the midplane of the patient.

The compensator thickness, Lc, is determined 
using the following equation:

L TD
K

c
comp eff comp

= × × − ×
⎛

⎝
⎜⎜⎜⎜

⎞

⎠

⎟⎟⎟⎟⎟
1

2

τ
ρ µ

τ
ρ

ln
 (4)

In this expression, τ is the thickness ratio (Khan et 
al. 1970; Kirby et al. 1988). For beam energies from 
cobalt 60 (Co-60) to 10 MV, a value for τ of 0.70 is 
a good approximation for compensator distances 
greater than 20 cm from the surface (Khan et al. 
1980). The density of the compensating material is 
pcomp (aluminum in this case), K is the off axis cor-
rection factor that accounts for both the decreases in 
beam intensity away from the central axis and effec-
tive scattering field size for the various locations, and 
µeff is the broad-beam linear attenuation coefficient 
in tissue for this beam energy. The effective field size 
at various locations can be determined by Clarkson 
integration. The data in Table 31.3 were calculated in 
this manner for a Rando phantom and represents the 
equivalent scattering field at various locations of the 
body as a function of beam energy for an average 
adult (Kirby et al. 1988). This data can be used to 
determine accurate values for K in Eq. 4.

An alternate method to determine compensator 
thickness for TBI has been suggested by the Ameri-
can Association of Physicists in Medicine (AAPM) 
(1986). Comparisons made between the system of 

compensator thickness determination described 
above and that suggested by the AAPM (1986) show 
that the two systems produce compensators the 
thickness of which varies by less than 1 mm of alu-
minum. Finally, the percentage difference in dose 
between the prescription point and other locations 
of the body are calculated and recorded in the last 
column of the form.

31.7 
Compensator Design

The compensators are designed to be located at a 
distance of 72 cm from the virtual source of the 
accelerator so that appropriate compensation can be 
provided without the devices becoming excessively 
large and difficult to handle. Thus, the measurements 
recorded on the setup sheet in Figure 31.2 must be 
de-magnified from the treatment distance to the 
location of their use. Using the information supplied 
in Figures 31.2–31.4, the size of the compensators is 
determined in the following manner. For the lower 
extremities compensator, the base length for section 
A in Figure 31.5 is obtained by taking the ASIS to knee 
distance, subtracting the distance below the ASIS that 
the compensator is to start, and multiplying that 
dimension by the lateral magnification factor:

Lateral magnification factor =
Source-Compensator tray distance

Source-axis distance-
Lref

2

⎛⎛
⎝
⎜⎜⎜

⎞
⎠
⎟⎟⎟ (5)

Section B of the lower extremities compensator is the 
de-magnified distance from the knee to the back 
of the heels, while section C is the de-magnified 
length of the feet plus an additional 2 cm to ensure 
adequate coverage of the feet. Section D is simply an 
additional 2 cm of aluminum that is needed to clamp 
the compensator to the compensator tray during the 
actual treatment. The thickness of the compensator 
is obtained from the compensator thickness column 
as shown on Figure 31.3 for the corresponding ana-
tomical location.

The head and neck compensator is designed in 
much the same manner. The base length of section 
E of this compensator is the de-magnified distance 
from the middle of the shoulder to the top of the 
head. Section F is an additional 1 cm of material to 
ensure adequate coverage, while section G is pro-
vided for clamping. The thicknesses of the compen-

Table 31.3. The equivalent square field size for various ana-
tomical locations. Determined at midline in a Rando phantom. 
The lateral dimensions of the phantom at these locations is 
also listed in addition to the equivalent lengths required to 
obtain the calculated field sizes by equivalent square calcula-
tion. Reproduced from Khan et al. (1970)

Photon energy Side of equivalent square (cm)

Head Neck Chest Umbilicus Hips

Co-60 17 22 31 30 28
4 MV 16 20 30 29 23
6 MV 18 23 29 27 26
10 MV 17 22 33 27 26
18 MV >18 >18 >18 >18 >18
Mean 17 22 31 28 26
Lateral dimension 15 12–16 31 27 31
Equivalent length 19 30 31 29 20
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sator are again obtained from Figure 31.3 for the 
head and neck regions.

The length of the lung compensator is obtained 
by de-magnifying Hcomp from the chest radiograph 
(Fig. 31.4) to life size using (1/2)(SSD–SFD)/SFD, then 
again de-magnifying these dimensions to the treat-
ment position of the compensators using Eq. 5. The 
compensator thickness is obtained from Figure 31.3.

The width of the compensators (the dimension 
of the compensator that is not shown in Fig. 31.5) is 
typically 11 cm for the lower extremities compensa-
tor, 6.5 cm for the head and neck compensator, and 
7.5 cm for the lung compensator.

Figure 31.6 shows the compensator design form 
that is sent to the machine shop for fabrication. Fig-
ure 31.7a shows the finished aluminum compensa-
tors and Figure 31.7b illustrates the compensators 
in use and how they are attached to the tray using 
specially designed clamps. The lung compensator, 
when required, is attached to the tray with double-
sided tape.

Machine calibration and treatment calculation. 
The linear accelerator is calibrated according to 
the protocol outlined by the AAPM (Almond et al. 
1999). To determine the total number of monitor 
units (MUs) for TBI, the calculation is done as an 
isocentric treatment at an extended distance. Equa-
tion 6 is used in the determination as follows:

MU = 
TD  STF

k  S r   S r   TMR d,r   
f
f
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× × × ×
′
⎛
⎝
⎜⎜⎜
⎞
⎠
⎟( ) ( ) ( ) ⎟⎟⎟

⎛

⎝

⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜⎜

⎞

⎠

⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟⎟

2
 

(6)

In this equation, k is the machine calibration factor 
equal to 1 cGy per MU in tissue at dmax depth at 
the standard calibration distance, which is f, for the 
calibration field size of 10×10 cm2; Sc (ro) represents 
the collimator scatter correction factor for ro; the 
collimator field size, SP(re), is the phantom scatter 
factor for the effective scattering field, re; at the 
umbilicus, (f/f’)2 is the inverse square factor from 
the calibration distance, f, to the treatment distance, 
f’, set to the midline of the patient; and TMR(d,re) is 
the tissue maximum ratio for the midline depth, d, 
for the effective field size. The accuracy of the TMR 
values taken at 100 cm source-axis distance has been 
verified at the extended treatment distance. Finally, 
a combined spoiler plus tray factor (STF) for both 
the 1-cm acrylic beam spoiler and the blocking trays 
that support the compensators is included.

The beam spoiler or degrader is necessary because 
of the large degree of skin sparing that is still present 

Fig. 31.4a,b. a The anterior chest radiograph obtained during 
simulation indicating the lateral measurements taken to de-
termine lung thickness, Llung. Also shown is the level where 
these measurements are taken, the midpoint between the 
sternal notch and the xiphoid. This dimension, Hcomp, is also 
the one used if a lung compensator is required. b The inset, 
which is a diagrammatic representation of a transverse CT 
scan through the chest, illustrates the rationale behind these 
measurements

a

b

Fig. 31.5. A schematic diagram showing the relationship 
between the compensators used for the bilateral total-body 
technique and the patient treatment position
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for the large field sizes and extended treatment dis-
tances employed in TBI. Figure 31.8a illustrates the 
buildup characteristics of 10-MV X-rays for a single 
incident beam with and without the beam spoiler in 
place. The measurements are normalized to dmax for 
the single field in this figure. Figure 31.8b shows the 
percentage surface dose for parallel-opposed 10-MV 
beams, for both open and degraded fields, normalized 
to the dose delivered to the midplane of a 25-cm thick 
patient. For both data sets, the beam spoiler was placed 
at a distance of 20 cm from the phantom surface. With-
out the beam spoiler, the dose delivered to the superfi-
cial regions of the patient could be inadequate.

31.7.1 
Patient Treatment

To ensure that all the information is accurately 
transferred to the treatment room, the first setup 
of every patient is rigorously checked. The treat-
ment position is checked for accuracy versus the 
data recorded on the setup sheet (Fig. 31.2). Next, it 
is verified that the patient is positioned within the 
uniformly flat portion of the radiation field. It is 
verified that the upper arms are properly positioned 
to provide shielding for the lungs so that they do 
not receive excessive dose, and that the forearms 
and hands are in line with the thighs. The fit, size, 
and positioning of the compensating filters are 
also checked to ensure that the proper amount of 
compensation is being applied to each anatomical 
region. For the lower extremities compensator, posi-
tioning is accomplished by aligning the pegs on the 
side of the compensator (indicated by “Mark” on the 
compensator design form, Fig. 31.6) with the knee 
and the back of the heel. The head and neck com-
pensator is positioned so that compensation begins 
at the mid-shoulder and extends beyond the top of 
the head. The lung compensator, when required, is 
placed with the superior border of the compensator 
at the sternal notch and perpendicular to the back 
of the treatment couch. The final check before irra-
diation is to make sure that the beam spoiler is in 
place and that it is 20 cm or closer to the patient’s 
most proximal surface.

31.7.2 
Dose Verification

The dose delivered to the patient during TBI has been 
verified using both lithium fluoride (LiF) thermolu-

Fig. 31.6. The compensator design from showing the informa-
tion provided to the machine shop for fabrication of the alu-
minum compensators. For the position on the lower extremi-
ties compensator indicated by “Mark”, a small peg is inserted 
into the side of the compensator. This peg aids in aligning the 
compensator with the knee and the ankle when the patient is 
in the treatment position

Fig. 31.7a,b. The completed aluminum compensators used for 
the bilateral total body technique. a The aluminum compensa-
tors for the lower extremities, lung, and head and neck (from 
left to right). b An illustration of the aluminum compensa-
tors attached to the block tray of the linear accelerator. The 
head and lower extremities compensators are attached using 
clamps while the lung compensator is mounted on the tray 
using double-sided tape

a

b
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minescent dosimetry (TLD) chips and encapsulated 
powder. The dosimeters for the head and neck region 
were taped to the side of these regions and covered 
by 2.5 cm of wax bolus. The location of the TLDs 
for the mid-mediastinal readings was between the 
upper arm and the chest wall. The TLDs for the lower 
extremities were all placed between the legs at the 
indicated locations. The results of these measure-
ments shown in Table 31.4 illustrates that there is 
fairly good dose uniformity throughout the entire 
treatment region when using parallel-opposed high-
energy photon beams.

For routine treatment, TLD powder capsules 
embedded between 1-cm slabs of plastic are placed 
between the patient’s legs as close to the groin for 
the first treatment. This is done to ensure that the 
proper dose is being delivered.

31.7.3 
Dose Prescription

The usual dose prescribed using this technique is 
165 cGy twice daily for 4 days for a total of eight frac-
tions. This results in a cumulative dose of 1320 cGy. 
Each fraction is separated by at least 6 h. The dose 
rate is between 10 Gy/min and 19 cGy/min. A sum-
mary of the patient treatment schedule is shown in 
Table 31.5.

31.8 
Anteroposterior TBI

An anteroposterior (AP) TBI technique used at 
the University of Minnesota is adapted from that 
developed at the Memorial Sloan Kettering Hospital 
in New York (Shank et al. 1983). The patients are 
treated in either a standing or reclining position, 
alternating anterior and posterior surfaces for each 
fraction. The prescription dose is 1375 cGy to the 

midplane of the pelvis delivered in 11 125-cGy frac-
tions using 3 fractions per day at approximately 4.5-
h intervals. 6-MV X-rays are used at a dose rate of 
10–19 cGy/min at the midline of the pelvis, which 
is the prescription point. For each X-ray treat-
ment, 2.1-cm thick cerrobend lung blocks are used 
to reduce the dose to the lungs by approximately 
50%. The chest wall overlying the lungs, which were 
shielded by the lung blocks, are given an additional 
600 cGy to dmax using electron beams of appropri-
ate energy. The electron energy used for these chest 
wall boost fields is selected to place the 90% isodose 
line at the lung–chest wall interface. In addition, all 
male patients receive a testicular boost of 400 cGy 
to dmax on day 1. The electron energy for this boost 
is chosen to set the 90% isodose at the posterior 
surface of the scrotum. A summary of the patient 
treatment schedule is shown in Table 31.6.

The workup for the TBI patients consists of a 
simulation procedure to obtain lung block shape 
and position during treatment, measurements of 
patient thickness, and locating the CT scan region 
that will be used to determine the optimum electron 
energy for the chest wall boost. Details of the patient 
workup and treatment procedures are given below.

Simulation and patient measurements. Three 
steps are associated with the simulation of the 
patient: (1) fit the patient within the available field 
size, (2) take both an anterior and a posterior chest 
radiograph for the location of lung blocks, and (3) 
measure and record AP patient thickness at specific 
anatomical sites.

Patient positioning within the treatment field. 
The simulation of the patient is performed inside 
the treatment room with the gantry rotated to the 
lateral treatment position. The gantry is rotated to 
provide the best coverage of the patient within the 
visible field. However, the gantry angulation should 
not deviate by more than 2° from the lateral treat-
ment position so that the proper treatment distance 
is maintained. The treatment room is preferred over 
the simulator because fitting the patient within 

Table 31.4. Lithium fluoride thermoluminescent chip and disposable powder capsule measurement showing percentage of pre-
scribed dose to various anatomical locations for the right and left lateral TBI technique. Aluminum compensators were used to 
account for differences in thickness. These results are for the 10-MV right–left lateral technique

Anatomical location

Head Neck Chest wall Pelvis Thigh Knee Ankle Oral cavity

Mean 095.5 099.8 097.8 102.1 097.3 097.2 099.9 109.0
Standard deviation 005.94 007.20 005.76 005.11 006.04 006.54 006.63 010.6
Maximum 110 122 116 111 118 113 116 143
Minimum 084 088 083 090 087 085 088 093
Number 036 035 035 036 036 036 035 020
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Table 31.5. Summary of patient treatment schedule for right and left lateral total body irradiation treatment

Radiation therapy: BMT day

Day 1: -4 Day 2: -3 Day 3: -2 Day 4: -1
TBI fractions 1, 2: 18-MV or 
25-MV X-rays, 165 cGy/frac-
tion

TBI fractions 3, 4: 18-MV or 
25-MV X-rays, 165 cGy/frac-
tion

TBI fractions 4, 6: 18-MV or 
25-MV X-rays, 165 cGy/frac-
tion

TBI fractions 7, 8: 18-MV or 
25-MV X-rays, 165 cGy/frac-
tion

Table 31.6. Summary of patient treatment schedule for standing total body technique showing timing of total body X-ray and 
electron treatments

BMT day

Day 1: -7 Day 2: -6 Day 3: -5 Day 4: -4
TBI fractions 1, 2, 3: 6-MV 
X-rays, 125 cGy/fraction

TBI fractions 4, 5, 6: 6-MV 
X-rays, 125 cGy/fraction

TBI fractions 7, 8, 9: 6-MV 
X-rays, 125 cGy/fraction

TBI fractions 10, 11: 6-MV X-
rays, 125 cGy/fraction

Fraction 1: testicular electron 
boost, 400 cGy/fraction

Fraction 7: electron chest wall 
boost, 300 cGy/fraction

Fraction 10: electron chest wall 
boost, 300 cGy/fraction

Fig. 31.8a,b. a The buildup characteristics of 10-MV X-rays for a single incident beam both with and without the beam spoiler 
in place. The measurements are normalized to dmax for the single fi eld in this fi gure. b The percentage surface dose for parallel-
opposed 10-MV beams for both open and degraded fi elds normalized to the dose delivered to the midplane of a 25-cm-thick 
patient

a b

the available field size is a crucial step at our insti-
tution. For our treatment distance of 410 cm, the 
diagonal field size is 170 cm (5'8") inside the 90% 
isodose line. Patients shorter than 170 cm (5'8") can 
be easily treated in the standing position. However, 
it is necessary for taller patients to sit on the seat of 
the treatment stand in order to fit within the treat-
ment field. Although this is not the optimum treat-
ment position, acceptable dose uniformity can still 
be achieved.

Films for lung blocks. Once the position of the 
patient within the treatment field has been deter-
mined, chest radiographs are taken. The anterior 
film is taken with a small BB placed at the tops of 
the diaphragms. The distance of this BB below the 
sternal notch is measured and recorded on the form 
illustrated in Figure 31.9. Additionally, a posterior 
radiograph is taken with a BB placed at C7. The loca-
tion of the BB is indicated on the form and marked 
with a tattoo. Also recorded are the gantry angle 
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of the accelerator, the seat extension and height, 
the separation of the supports located under the 
arms, and the position of the hand rests. For shorter 
patients, an additional wooden platform is placed 
below their feet to position them more in the center 

of the beam. The information on this form is later 
used to duplicate the patient treatment position.

Patient thickness measurements. Following the 
radiographs, AP separations are measured at the 
head, neck, sternal notch, mid-mediastinum, umbi-
licus, pelvis, knees, and ankles. The target dose is 
prescribed at the midplane thickness of the pelvis. 
The names of the individuals who made and checked 
the measurements are recorded.

Treatment planning computed tomography (CT) 
scans. The staff physician next outlines the lung 
blocks on both the anterior and posterior chest 
radiographs. For adult patients, the blocks are drawn 
so that there is a 2-cm margin between both the dia-
phragm and edge of the vertebrae and a 1.5-cm gap 
between the edge of the block and the rib cage. Once 
these lung blocks are indicated on the films, the 
patient is taken for treatment planning CT scans.

A CT scan is then taken through the region of the 
lung blocks. Treatment planning is performed on 
the CT scans to ensure proper dose coverage. Ultra-
sound scans are occasionally performed instead of 
CT scans, when the values of chest wall thickness of 
the patient lying supine compared with in the stand-
ing position are significantly different, for instance 
in women with pendulous breasts.

Once the scanning is completed, computerized 
treatment planning is performed to determine the 
appropriate electron beam energy for the electron 
chest wall boost. This is done by placing the 90% 
isodose line at the lung chest wall interface. A typi-
cal treatment plan is illustrated in Figure 31.10.

Fig. 31.9. The form used to document the patient treatment 
position when using the standing total body technique

Fig. 31.10. A computerized 
treatment plan done to deter-
mine the proper electron 
energy for the chest wall boost 
fi elds. The objective is to place 
the 90% isodose line at the 
lung–chest wall interface
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Construction of lung blocks and electron cut-
outs. The lung blocks are constructed from the 
outlines drawn on the anterior and posterior chest 
films and are held together by a plastic plate that 
maintains the proper block separation (Fig. 31.11a). 
The cerrobend blocks are 2.1 cm thick, which is 
approximately the half-value thickness, including 
scatter, for 6-MV photons. The cerrobend cut-out 
used for the electron chest wall boost fields is an 
exact negative of the anterior and posterior lung 
blocks (Fig. 31.11b).

31.8.1 
Patient Treatment Technique

Total body photon irradiation. The treatment is deliv-
ered using 6-MV X-rays with a dose rate between 
10 cGy/min and 19 cGy/min at the midplane of the 
pelvis. The patient is treated in the standing posi-
tion resting against the back plate of the total body 
treatment stand that was specifically designed for 
this treatment (Fig. 31.12). The treatment distance 
for this particular setup is 410 cm source–axis dis-
tance (SAD) to the midline of the pelvis.

The lungs are shielded with the appropriate lung 
blocks throughout the total body photon portion of 
the treatment. The lung blocks are hung by a Lexan 
hook from the anterior plate of the total body treat-
ment stand. The location of the top of the lung blocks 
is positioned at the level of the skin tattoos and is 
verified with measurements from bony landmarks. 
Verification films confirm the positioning of the 
blocks during the photon treatments. A 1-cm-thick 
acrylic beam spoiler is placed between the patient 
and the beam to produce a high dose on the patient’s 
skin surface. The screen is located 20 cm or less from 
the patient surface. The skin dose with this location 
of the beam spoiler is approximately 92% of the 
delivered midline dose for the 6-MV beam.

Electron chest wall boost. For fractions 7 and 10, 
an electron chest wall boost is given to that portion 
of the chest wall that was shielded by the lung blocks. 
A special couch extension has been designed so that 
both adult and pediatric patients are in the same 
upright treatment position for the chest wall boost 
fields as they were for the standing total body treat-
ments (Fig. 31.13). The prescribed dose is 600 cGy 
to dmax, delivered in two 300-cGy fractions. The 
selection of electron energy and the need for bolus 
is based on the results of computerized treatment 
planning using the CT scan so that the 90% isodose 
line is placed at the lung–chest wall interface.

b

a

Fig. 31.11a,b. The apparatus used to shield the lungs during 
standing total body irradiation. a The proper separation of the 
two cerrobend lung blocks is maintained by the acrylic plate. 
The Lexan hook is used to suspend the blocks from the plastic 
plate that is placed in front of the patient when positioned in 
the total body treatment stand. This arrangement allows easy 
adjustment of both the height of the blocks and their right–left 
placement with respect to the patient. b The cerrobend insert 
that is used for the chest wall electron boost treatment exactly 
matches the shape of the cerrobend lung blocks

Fig. 31.12. The standing total body treatment position with the 
back of the patient resting against the back plate of the total 
body treatment stand. The lung blocks are shown, in position, 
hanging from the front acrylic plate
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Testicular boost. Male patients are given a testicu-
lar electron boost on the first day of treatment. The 
prescribed dose is 400 cGy to dmax in one fraction. 
The patient is treated in the supine position with a 
sheet of lead placed under the testes to minimize 
the dose to the rectal area. A 6-mm-thick sheet of 
wax bolus is placed between the lead and the pos-
terior surface of the scrotum to reduce the amount 
of backscatter from the lead. The electron energy is 
based on the thickness of the testes and is chosen so 
that the 90% isodose line is at the posterior surface 
of the scrotum.

Infant irradiation. Total body treatments for 
infants are done with the patient supine on a sep-
arate treatment couch positioned on the floor. We 
have found that the treatments are best performed 
with sedation or anesthesia. The gantry is directed 
vertically down for these cases and the collimator is 
rotated 45° to produce the largest available field size. 
A 1-cm acrylic beam spoiler is positioned approxi-
mately 20 cm above the torso of the patient both to 
provide a high surface dose and to support the lung 
blocks used for the anterior and posterior X-ray fields. 
The lower extremities are simply bolused to provide 
a high skin surface dose (Fig. 31.14). The chest wall 

electron boost is also delivered with the patient in the 
supine position.

LiF TLD was performed on several patients to 
establish the homogeneity of dose throughout the 
treatment field. The TLD chips were covered by 
approximately 1 cm of bolus to indicate the dose at 
dmax at these locations and were placed at the same 
locations for both anterior and posterior treatments. 
The results of the measurements, shown in Table 31.7, 
indicate an acceptable level of dose homogeneity for 
this treatment technique.

31.9 
Normal Tissue Shielding

Shielding of normal tissues must be carefully consid-
ered in TBI because shielding may potentially reduce 
the dose to the target volume (bone marrow cells, 
leukemic cells, and circulating stem cells). Despite 
this concern, there are situations in which partial 
shielding of critical tissues, including the lungs, kid-
neys, eyes (lens), and brain, is considered.

31.9.1 
Lung Shielding

Because pneumonitis is a leading cause of death 
after SCT, with total dose of TBI implicated as a 
potential contributing cause, partial blocking of the 
lung has been advocated. The dose received by the 

Fig. 31.13. A special couch extension designed to reproduce the 
standing TBI treatment position when treating the electron 
chest wall boost fi elds. The device is separated into two pieces 
for ease of handling and, since it is attached directly to the 
couch, it has the same range of motion as the couch. Patients 
up to approximately 5 feet tall can be treated in the standing 
position, while taller patients are treated in a seated position. 
This style of chair keeps the back of the patient in about the 
same orientation when seated as when they are standing

Fig. 31.14. An illustration showing the treatment position used 
for pediatric patients. The lung blocks are placed on top of 
the acrylic beam spoiler. The lower extremities are bolused to 
provide a high dose at the surface
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of pneumonitis, omit the electron beam chest wall 
boost. No increased risk of leukemia relapse has 
been noted, but a prospective trial is lacking.

31.9.2 
Kidney Shielding

The risk of renal injury after SCT is dependent on 
multiple factors, including previous chemother-
apy, use of nephrotoxic antibiotics, and therapies 
directed at the prevention and treatment of GVHD 
(Moulder et al. 1987, 1988; Lawton et al. 1989, 
1992; Moulder and Fish 1989, 1991; Emminger 
et al. 1991; Cowen et al. 1992; Cole et al. 1994; 
Miralbell et al. 1996). In a recent review of the 
incidence of acute renal failure in patients treated 
at the University of Minnesota SCT program, up to 
30% of patients undergoing SCT in 1993 had acute 
renal failure, defined as a doubling of creatinine 
over the baseline creatinine (Lane et al. 1994). Of 
these patients, 10% required dialysis.

Late-onset renal failure occurs in up to 20% of 
survivors of SCT. On the beneficial effect of partial 
kidney blocking in the setting of T-depleted SCT, 
Lawton (Lawton et al. 1992) found that the inci-
dence of chronic renal failure was reduced from 
26% to 6% when posterior 1-HVL renal blocks were 
placed, reducing the estimated kidney dose from 
14 Gy to 12 Gy (given at 200 cGy twice a day). In 
another series of 79 patients transplanted with TBI-
containing regimens, Miralbell et al. (Miralbell et 
al. 1996) reported that the 18-month probability of 

Table 31.7. Lithium fluoride thermoluminescent dosimeters (TLD) establish homogene-
ity of dose for standing TBI technique. The TLD chips were covered by approximately 
1 cm of bolus to indicate the dose at dmax at these locations. The chips were in place 
during both anterior and posterior treatments. SD standard deviation, D deviation

Anatomical Location Prescription dose (%)

Mean SD Highest D Lowest D n

Umbilicus 097.4 04.21 104 090 27
Right palm – opposite knuckles 113.9 09.15 134 095 27
Right palm – heel of hand 104.7 08.76 117 090 06
Between breasts 101.0 05.97 118 092 27
Right hip 113.0 09.41 137 098 26
Left inner thigh 107.9 09.59 131 093 25
Perineal 105.2 06.38 120 093 23
Left outer ankle 112.3 11.6 130 103 07
Sternal notch 103.6 06.36 113 085 27
Forehead 097.0 07.44 109 083 26
Left lateral calf 111.7 08.77 128 092 27
Top of head 109.7 11.6 136 096 18
Under lung block 062.5 09.79 086 048 26
Neck-thyroid notch 100.8 06.37 110 092 06

lungs is influenced by both the irradiation geometry 
as well as lung density. At the University of Minne-
sota, when delivering TBI with right and left lateral 
fields, the arms are placed at the sides; the thickness 
of the arms is considered in determining whether 
additional compensation is needed to reduce the 
lung dose to within 10% of the dose received at the 
prescription point (level of the umbilicus at mid-
plane). Often no additional compensation is needed 
to achieve this goal, but if needed, tissue compensa-
tors are placed to reduce the lung dose to within 10% 
of the prescription dose.

Using a similar right and left lateral technique, 
in addition to using the arms to decrease lung dose, 
some institutions use partial blocks to reduce the 
lung dose further, usually to an arbitrary amount 
(for instance 1000 cGy).

For AP–posteroanterior (PA) fields, partial atten-
uation blocks (80–90% transmission) or thicker 
blocks (usually one half-value layer; HVL) can be 
placed in front of the beam to decrease the lung 
dose to the desired amount. With one HVL block, 
the underlying ribs receive approximately half of the 
prescription dose and electron beams of the appro-
priate energy can be used to “boost” the underly-
ing ribs. A CT scan through the lung can be used 
to determine the appropriate electron energy. This 
technique was initially reported at Memorial Sloan 
Kettering Cancer Center (Shank et al. 1983) and 
was used at the University of Minnesota for about 
10 years, although has now largely been abandoned 
as it is considerably more difficult to administer. 
Some institutions, in an effort to decrease the risk 
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renal dysfunction-free survival decreased from 95, 
to 74, to 55% for patients conditioned with 10, 12, 
and 13.5 Gy, respectively. The other factor that pre-
dicted for renal dysfunction was the risk of develop-
ing GVHD. Renal dysfunction-free survivals were 
93% for patients at lower risk of GVHD and 52% for 
patients with a high GVHD risk (e.g., unrelated allo-
geneic SCT, absence of T-cell depletion).

31.10 
Gonad Shielding

A common late complication after SCT is sterility. 
In certain diseases, such as acute lymphoblastic leu-
kemia, the gonads are considered sanctuary sites, 
and shielding would possibly increase the risk of 
relapse (Quaranta et al. 2004). In other situations, 
especially SCT for non-malignant diseases, there is 
probably less risk. The challenge in shielding either 
of the testes is to use sufficient attenuating material 
and to do it in such as way as to minimally shield 
marrow sites. The challenges in shielding the ova-
ries are even more complicated because they lie in 
the pelvis near a rich supply of marrow; they are 
difficult to visualize, especially in young girls; and 
they are mobile and may move between the planning 
process and treatment days. Despite these obstacles, 
we have attempted to decrease the dose to the gonads 
on occasion, usually at the request of a parent or 
as part of a protocol. For patients transplanted for 
sickle cell anemia or thalassemia, the SCT goal is 
to provide a supply of normal red blood cells. Even 
partial engraftment ameliorates the symptoms of 
the disease. For this protocol, we localize the ovaries 
by ultrasound and use five HVL cerrobend blocks 
anteriorly and posteriorly to decrease the dose to 
the ovaries. The testicles are placed in a cerrobend 
“clam shell”. Instead of TBI, total lymphoid irradia-
tion to a dose of 500 cGy is used.

31.10.1 
Thymus Shielding

At the University of Minnesota, we are conducting 
a trial in which the thymus is blocked in the hopes 
of speeding immune reconstitution in patients with 
Fanconi Anemia undergoing unrelated donor trans-
plantation (Storek et al. 2003). The thymus is diffi-
cult to visualize, especially in older children. For this 
protocol, a treatment planning CT scan is performed 

with the patient in the TBI treatment position, if pos-
sible. Intravenous contrast is given and the thymus 
is delineated. Patients treated via this protocol are 
treated with AP and PA total body fields with 5-
HVL cerrobend thymus blocks positioned over the 
thymus gland in both the anterior and posterior 
fields (Fig. 31.15). To design these blocks, a 1-cm 
margin is placed around the outline of the thymus 
on the AP and PA CT contours. Additionally, alumi-
num compensators are placed over the lungs with 
both the AP and PA fields to diminish the lung dose 
to be no more than the prescription point dose. Thus 
far, only a handful of patients have been treated on 
this regimen and whether there is speedier immune 
reconstitution remains to be seen.

31.10.2 
TomoTherapy

It is theoretically desirable to deliver radiation only 
to the immune organs and bone marrow spaces 
while sparing sensitive structures such as the brain, 
lens, lung, and kidneys. Intensity modulated radio-
therapy (IMRT) planning could accomplish this, 
but most systems are limited by field size issues. 
Additionally, accurate IMRT depends on a repro-
ducible patient position, which is complicated when 
considering treating the entire marrow spaces. The 

Fig. 31.15. Distally reconstructed radiograph showing location 
of thymus block (5 HVL) and lung block (1 HVL) used in 
Fanconi anemia
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technology to accomplish this is now available with 
TomoTherapy (Mackie et al. 2003; Beavis 2004). 
The TomoTherapy radiation system is a linear accel-
erator mounted in the head of a spiral CT unit. IMRT 
can be delivered as beams spiral down the axis of a 
patient supine on the treatment couch. The beams 
can be planned to deliver dose to the bones and 
bone marrow, liver and spleen as well as major nodal 
groups and to relatively spare the lungs and kidneys 
(Fig. 31.16). Prior to treatment, a conformation CT 
is performed and the patients position on the treat-
ment couch verified and adjusted, so as to match the 
position the patient was in for planning. There are 
technical hurdles to overcome in order to accom-
plish this, but it holds the promise of possibly being 
able to decrease the toxicity of TBI and increase the 
dose to the tumor and marrow sites thus decreasing 
the risk of non-engraftment or relapse.

31.10.2.1 
Special Considerations for TBI in Young Children

A fundamental requirement for TBI is immobility 
during treatment. Whereas many children even as 
young as 3 years of age are able to cooperate and 
remain immobile with the encouragement of their 
parents, many children must be anesthetized. We 
usually try to determine at the time of simulation 
whether a patient will require anesthesia. Clues 
about whether a patient will be cooperative include 
whether the patient willingly leaves his or her par-
ents for the measurements, whether they listen to the 
instructions the therapist gives, and how anxious 
they appear. Additionally, the parents usually have 
a good indication of how their child has done with 
other medical procedures. In an effort to avoid anes-
thesia, we sometimes arrange for a potential TBI 
patient come to the department for several consecu-
tive days so he or she can become acquainted with 
our therapists. The therapist will spend 10–15 min 
with the patient in the treatment room practicing for 
the TBI treatment. As there are intercoms and video 
monitors, the therapist can place the patient in the 
treatment position, leave the room, and talk to the 
patient over the intercom. With practice, even young 
patients are often able to be spared anesthesia.

Obviously, there are situations where anesthesia 
is necessary. Anesthesia for TBI presents unique 
situations not ordinarily encountered by most anes-
thesiologists. Foremost is the fact that the anesthe-
siologist cannot be in the treatment room during 
the TBI. Additionally, for the AP/PA technique, the 

Fig. 31.16. Example of the isodose distribution achieved with 
TomoTherapy. Because this is delivered locally, an extremely 
conformal dose distribution can be achieved, thus delivering 
the dose only to the narrow spaces, while avoiding irradiation 
of sensitive structures (lung, kidney, liver)

patient is prone, and the airway is more difficult to 
keep patent.

If TBI under general anesthesia is scheduled, the 
patient fasts for 6 h before the scheduled procedure. 
For infants, an interval of 4 h from intake of for-
mula is sufficient. On arrival to the radiation ther-
apy room, atropine and propofol are administered 
intravenously. Dolasetron is effective at preventing 
nausea during and after the treatment.

As the patient loses consciousness, a blood pres-
sure cuff is placed around the upper arm and the 
electrocardiogram (ECG) is monitored continu-
ously. Pulse oximetry is used for continuous moni-
toring of oxygen saturation. Supplemental oxygen 
is administered with nasal prongs. A continuous 
drip of propofol is started. The patient is placed 
in the treatment position. The child’s head is fixed 
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firmly in position by a sponge rubber donut or Sty-
rofoam. Adhesive tape is used to secure the head in 
the appropriate position so that airway patency and 
ventilation are secured.

Two closed-circuit television cameras are focused 
on the patient and on the physiological monitor con-
sole. When the patient is ready for irradiation, all 
attendant personnel withdraw from the treatment 
room. During the treatment, airway and respira-
tory adequacy are observed constantly by means of 
a zoom television monitor system, while blood pres-
sure, ECG, and pulse oximetry are monitored on the 
second television monitor.

After the treatment is complete, the patient is trans-
ferred to the post-anesthetic recovery room, where 
surveillance is continued until full arousal occurs. 
Patients who receive several treatments on consecu-
tive days show increased tolerance to propofol and 
the dose may need to be increased accordingly.

31.10.2.2 
Complications Following Preparation With TBI

The major causes of morbidity and mortality follow-
ing a SCT are infectious complications (Auner et al. 
2002). Additionally, interstitial pneumonitis devel-
ops in up to 20% of transplanted patients depend-
ing on the source of the marrow and previous thera-
pies received (Cardozo et al. 1985; Abraham et al. 
1999; Emmanouilides et al. 2003; Carruthers and 
Wallington 2004). Acute side effects of TBI include 
nausea and vomiting, alopecia, diarrhea, low grade 
fever, mucositis, and pancytopenia. Intermediate side 
effects include interstitial pneumonitis, veno-occlu-
sive disease, and nephrotoxicity. Late side effects 
include restrictive lung disease, possible decreased 
growth, endocrine abnormalities (especially hypo-
thyroidism) sterility, cataracts, chronic renal failure, 
and neurological damage. Sanders reported that boys 
given single-fraction TBI were significantly shorter 
than boys given fractionated TBI (P<0.03). The same 
(non-significant) trend was demonstrated in girls.

Few studies of neuropsychiatric testing of patients 
treated after TBI exist. One might expect lower 
cumulative doses to be associated with less impair-
ment, but data are lacking. Younger patients seem to 
be at a higher risk of neurological damage (Faraci 
et al. 2002; Rubin et al. 2005).

The incidence of second tumors after SCT is low; 
Seattle reported 4 in 1800 patients. At the Univer-
sity of Minnesota, 53 second malignant neoplasms 
developed among 2150 patients for an estimated risk 

of 9.9% at 1–3 years after transplantation (Bhatia et 
al. 1996). Second neoplasms were more common in 
patients likely to have GVHD.
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Improved understanding of the biological mecha-
nisms of Hodgkin’s disease, along with advances 
in staging and treatment, have made it one of the 
most successfully treated malignancies. This chap-
ter focuses on the role of radiotherapy in the treat-
ment of Hodgkin’s disease, particularly on modern 
radiation therapy techniques used in conjunction 
with combination chemotherapy in the treatment of 
early and advanced disease. Of emphasis is the need 
to individualize treatment to achieve optimal out-
comes while minimizing long-term complications.

32.1 
Diagnostic Evaluation and Staging

Critical for the successful treatment of Hodgkin’s 
disease is a careful evaluation of prognostic factors 
predictive of the ultimate outcome of the disease 
– factors such as disease stage, histopathology, per-
formance status, bulk of disease, number and loca-
tion of involved sites (including extra nodal sites), 
as well as age and gender of the patient.

A diagnostic work-up begins with a complete 
physical examination including documentation 
of any B symptoms (e.g., fever, night sweats, >10% 
weight loss during previous 6 months) and other 
symptoms such as pruritus intolerance, fatigue, 
respiratory problems, and alcohol intolerance. 
Evaluation of all nodal sites, including tonsillar and 
other lymphoid tissue-containing sites, is manda-
tory. For patients who may need radiation therapy 
that includes the oral cavity, it is essential to have a 
pre-radiation evaluation of the teeth and complete 
oral cavity by a dentist. After a physical examina-
tion, laboratory assessment is necessary and should 
include a complete differential blood count, eryth-
rocyte sedimentation rate (ESR), serum electrolytes, 
liver and renal function tests, serum alkaline phos-
phatase, and beta2-lactate dehydrogenase. Other 
optional blood tests that may be useful include 
serum copper, microglobulin, and various cell sur-
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face cytogenetic analyses (Friedman et al. 1988; 
Ray et al. 1973; Tubiana et al. 1984; Agnarsson 
and Kadin 1989).

To identify the extent of the disease, radiologi-
cal studies are essential and should include a chest 
X-ray and computed tomography (CT) scans of the 
chest, abdomen, and pelvis. Magnetic resonance 
imaging (MRI) and positron emission tomography 
(PET) should be done as needed. PET-CT is a new 
tool to identify the active disease.

Over 60% of Hodgkin’s disease patients present 
with initial radiographic evidence of intrathoracic 
disease. Because of the ability of CT scans to detect 
small, unsuspected masses, determine the full 
extent of large masses, and detect involvement of the 
lung parenchyma, it is most often the test of choice 
(Castellino et al. 1986; Rostock et al. 1983). Eval-
uation of the extent of mediastinal disease is nec-
essary to quantify the potential for intrathoracic 
relapse; a greater risk of relapse, particularly in 
the intrathoracic area and transnodal sites, is seen 
in patients with large mediastinal masses (LMMs). 
Several definitions are used to define a LMM. At the 
University of Minnesota, a large mass is defined as 
a mass with an MT ratio greater than 0.35. The MT 
ratio is defined as the largest transverse diameter 
of the mediastinal mass divided by the transverse 
diameter of the thorax at the level of T5-6 (Lee et 
al. 1980) (Fig. 32.1). Other institutions define a LMM 
as a mass whose greatest diameter is greater than 
one-third of the largest diameter of the thorax at 
the diaphragm on an upright posteroanterior chest 
radiograph (Mauch et al. 1988) or a mass 5–10 cm in 
size using the transverse diameter of the mass.

Despite improvements in diagnosis with inclu-
sion of CT scans, detection of occult abdominal and 
pelvic disease remains challenging. Imaging stud-
ies show a false-negative rate of 20–25% in detec-
tion of occult disease in these areas. This is largely 
due to the difficulty of detecting occult disease in 
the spleen (Leibenhaut et al. 1989; Mauch et al. 
1990). Available radiological studies that result in a 
much better yield in the detection of intra-abdomi-
nal disease are MRI, PET, gallium scans combined 
with single photon-emission computed tomography 
(SPECT), and bipedal lymphangiography (Ng et al. 
2002). The role of these ancillary tests is still under 
investigation. Some evidence suggests that gallium 
scans, particularly when combined with SPECT, 
are useful in assessing residual masses (Front and 
Israel 1995). Other studies suggest a continued role 
for bipedal lymphangiography to assess lymph node 
size and internal architecture, despite the increas-

ingly less frequent use of this procedure due to the 
diminishing skill of physicians in performing and 
interpreting the results of this test (Castellino et 
al. 1984). All of these imaging methods, however, 
remain limited in their ability to accurately identify 
occult abdominal disease. Whole-body PET using 
18F-fluorodeoxy-glucose (FDG-PET) is a new imag-
ing method currently under investigation and has 
shown some promise in improving overall diagnos-
tic accuracy (Ng et al. 2002; Hueltenschmidt et al. 
2001). It may also aid in evaluating response after 
systemic treatment in patients with a positive PET 
scan prior to treatment (de Wit et al. 2001; Spaepen 
et al. 2001; Schoder et al. 2001).

Although surgical staging with laparotomy and 
splenectomy was once relied on to provide the most 
precise way to determine abdominal involvement, 
this procedure is no longer used in most parts of 
the world because it does not greatly impact the 
eventual treatment strategy and involves an 
invasive procedure with possible morbidity in 
patients treated with combined modality. Surgi-
cal staging may still play a role in selecting patients 
for treatment if the patient is to be treated with radi-
ation therapy alone (Ng et al. 2002). Traditional his-
torical surgical staging includes inspection, palpa-
tion, and biopsy of nodes in the abdomen and pelvis; 
wedge and needle biopsy of the liver; and the place-

Fig. 32.1. The MT ratio (largest transverse diameter of the medi-
astinal mass divided by the transverse diameter of the thorax at 
the level of T5-6) is determined by measuring the mediastinal 
on the posteroanterior (PA) chest fi lm (Defi nition used at the 
University of Minnesota). (From Lee et al. 1980. Copyright © 
(1980) American Cancer Society. Reprinted by permission of 
Wiley-Liss, Inc., a subsidiary of John Wiley & Sons, Inc.)
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ment of splenic pedicle clips. Premenopausal women 
also usually undergo a bilateral midline oophoro-
pexy in anticipation of pelvic irradiation.

The use of staging laparotomy in Hodgkin’s dis-
ease has resulted in a better understanding of the 
natural evolution of the disease. The disease appears 
to spread contiguously to adjacent lymph nodes first. 
There is frequent extension to the spleen during the 
early course of the disease before it spreads to other 
visceral organs such as the liver. In 20–30% of clini-
cal stage IA–IIA patients and 35% of IB–IIB patients, 
occult splenic or upper abdominal disease may be 
identified at staging laparotomy that is not detected 
on presurgical clinical staging studies (Leibenhaut 
et al. 1989; Mauch et al. 1990; Castellino et al. 
1984; Front and Israel 1995; Brada et al. 1986; 
Rutherford et al. 1980; Aragon de la Cruz et 
al. 1989). By removing the spleen during staging 
laparotomy, the volume of irradiation is reduced 
significantly and radiation to the left kidney can be 
avoided. In patients with negative laparotomy and 
other favorable prognostic factors, the radiation field 
can be confined to above the diaphragm (Tubiana 
et al. 1989; Haybittle et al. 1985; Sutcliff et al. 
1985; Madelli et al. 1986; Mauch et al. 1995a). 
Staging laparotomy has allowed for the selection of 
early-stage patients who could be treated with radia-
tion alone and has helped identify the selective crite-
ria for determining the low incidence of abdominal 
disease. These criteria include clinical stage-IA and 
-IIA female patients, patients younger than 26 years 
of age, and clinical stage-IA male patients with lym-
phocyte predominance (LP) histology.

Staging laparotomy is associated with potential 
morbidity and mortality. Small-bowel obstruc-
tion, development of wound or subdiaphragmatic 
abscess, and postoperative bleeding are the major 
complications but are as low as 3% (Tayor et al. 
1985). Following splenectomy, patients are also at 
increased risk for infection with encapsulated bacte-
ria (Molrine et al. 1995; Siber et al. 1986). Vaccina-
tions against pneumococcus and meningococcus or 
prophylactic antibiotics should be used to decrease 
risk. An approximate twofold increased risk of leu-
kemia following splenectomy has been reported in 
some studies, especially in patients who received 
chemotherapy following splenectomy (van der 
Velden et al. 1988). However, the mechanisms for 
this finding are poorly understood, and the increase 
is not recognized by all observers.

Table 32.1 summarizes the procedures recom-
mended for proper work-up and staging of Hodg-
kin’s disease.

Table 32.1. Diagnostic and staging procedure

Mandatory
– Biopsy of any mass or lymph nodes

History
– Age and gender
– Evaluation of systemic B symptoms
 • Unexplained fever
 • Night sweats
 • Weight loss >10% body weight in last 6 months
– Other symptoms
 • Alcohol intolerance
 • Pruritus
 • Respiratory problems
 • Easily fatigued

Physical examination
– Lymphadenopathy (note number, size, location, shape,  
 consistency, and mobility of nodes)
– Palpable liver, spleen, and other masses

Laboratory studies
– Standard
 • Complete blood count including platelet counts
 • Liver and renal function
 • Blood chemistry
 • Erythrocyte sedimentation rate
– Optional
 • Serum copper
 • β2 microglobulin

Radiographic
 • Standard
  Chest radiograph: posteroanterior and lateral
  Thoracic, abdominal and pelvic computerized tomography
 • Optional
  Bipedal lymphogram
  Gallium scan-67 (with high-dose SPECT)
  Technicium-99 bone scan
  Magnetic resonance imaging
  Positron emission tomography scan
  Echo-cardiography

Special tests
– Pulmonary function test
– Cardiac function test
– Immunophenotyping
– Molecular genetic analysis
– Morphological and immunophenotype features
– Cytological examination of effusions, if present
– Bone marrow, needle biopsy (especially subdiaphragmatic  
 disease of B symptoms)
– Optional
 • Percutaneous or computed tomography-guided liver biopsy
 • Peritoneoscopy
 • Staging laparotomy with splenectomy, liver biopsy, selected
  lymph node biopsies, and open bone marrow biopsy

In 1971, the Ann Arbor classification for Hodg-
kin’s disease was established (Carbone et al. 1971) 
(Table 32.2). This staging system was used for over 
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two decades for both clinical and pathological stag-
ing of Hodgkin’s and non-Hodgkin’s lymphoma. 
However, inadequacies of the Ann Arbor staging 
system, including failure to account for bulk and 
extent of disease and to precisely define extralym-
phatic involvement, led to a modified classification 
system proposed at a 1989 international meeting at 
Cotswolds, England. The new classification relied 
on anatomic regions based on the knowledge that 
Hodgkin’s disease spreads along the lymphatic 
channel in an orderly fashion (Fig. 32.2). The modi-
fications incorporated some important prognostic 
factors, such as bulk of disease and a more precise 
definition of extralymphatic involvement (Lister et 
al. 1989) (Table 32.3).

32.2 
Histopathological Classification

Histopathological classification of Hodgkin’s dis-
ease includes four histological subtypes as defined 
by the Rye modification of the Lukes and Butler 
system: (1) LP, (2) nodular sclerosis (NS), (3) mixed 
cellularity (MC), and (4) lymphocyte depletion (LD) 
Hodgkin’s disease (Lukes and Butler 1966).

LP Hodgkin’s disease comprises 5–10% of all 
Hodgkin’s disease and is often localized to a single 
peripheral nodal region. Only 8% of these patients 
have mediastinal and abdominal involvement in 
early-stage disease (Mauch et al. 1993). This sub-
type is found most often in male patients younger 
than 15 years of age or older than 40 years. It con-
tains an abundance of benign-appearing cells and 
frequent variant lymphocytic and histiocytic cells 
with multilobulated nuclei (popcorn cells). Some 

Table 32.2. Hodgkin’s disease staging classification

Stage Definition

I Involvement of a single lymph node region (I) or of a single extralymphatic organ (IE)

II Involvement of two or more lymphatic regions on the same side of the diaphragm (II), or localized extralymphatic 
involvement as well as involvement of one or more regional lymphatic sites on the same side of the diaphragm

III Involvement of lymphatic regions on both sides of the diaphragm (III); such involvement may include splenic involve-
ment (IIIS), localized extra lymphatic disease (IIIE), or both (IIISE)

IV Diffuse or disseminated involvement of one or more extralymphatic organs or tissues, with or without nodal involve-
ment. The absence or presence of unexplained fever, night sweats, or loss of 10% or more of body weight in the 
6 months preceding diagnosis are designated by the suffix letters A or B, respectively. Biopsy-proven involvement of 
extralymphatic sites is designated by letter suffixes: bone marrow M+; lung L+; liver H+; pleura P+; bone O+; skin 
and subcutaneous tissue D+

a Adopted at the workshop on the staging of Hodgkin’s disease held at Ann Arbor, MI in April, 1971 (reprinted with permis-
sion from Carbone et al. 1971)

investigators have proposed classifying nodular LP 
histology as a separate clinically and histologically 
distinct entity (Mason et al. 1994).

Nodular sclerosis Hodgkin’s disease is the most 
common histology and accounts for 40–60% of all 
cases. It usually affects patients between the age of 
15 years and 40 years, and affects males and females 
equally. It presents with central nodal regional 
involvement in 80–90% of cases (Lukes and Butler 
1966).

Fig. 32.2. Clinical lymphoid regions, as defi ned by the Ann 
Arbor Staging System
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About 25% of Hodgkin’s disease cases have MC 
histology. Patients with MC Hodgkin’s disease 
are older and more likely to present with systemic 
symptoms and advanced stages. Both malignant 
Reed-Sternberg cells and pleomorphic variant cells 
in an inflammatory background are seen more com-
monly in this histology (Lukes 1971).

Only 5% of Hodgkin’s disease patients have LD his-
tology. Generally, these patients have advanced dis-
ease with systemic symptoms (Neiman et al. 1973).

In addition to the above four major subtypes 
of histopathology, interfollicular Hodgkin’s dis-
ease presents with an uncommon pattern of focal 
involvement of a lymph node in the interfollicular 
zone. It may be easily confused with reactive hyper-
plasia (Doggett et al. 1983).

32.3 
General Treatment Considerations

The goal of radiotherapy in treating Hodgkin’s disease 
is to treat all of the involved and potentially involved 
lymphatic chains with an adequate irradiation dose 
to increase the potential for tumor eradication while 
minimizing long-term treatment-related morbidity. 
With increasing reliance on combined chemotherapy 
regimens to treat early as well as advanced disease, 
the role of radiation therapy has evolved from a single 
modality mainstay of treatment for early disease to 
its current role as combination therapy with chemo-
therapy regimens. Use of radiation alone is currently 
reserved largely for patients who wish to avoid che-
motherapy and a special category of patient with low 
risk factors as described previously. (Ng et al. 2002). 
The current controversies surrounding radiotherapy 
in the treatment of Hodgkin’s disease are determi-
nation of optimal radiation field size (involved or 
extended field?) and radiation dose (Ng et al. 2002).

32.3.1 
Treatment of Stage-I and -II Favorable Disease

Radiation therapy alone. Although not commonly 
practiced, radiation alone, either by mantle field or 
subtotal nodal field plus splenic irradiation (STNI), 
can be used to treat stage-I and -II patients without 
the following features: LMM with or without hilar 
disease, bulky disease, systemic symptoms, four or 
more sites of involvement, advanced age (defined 
as older than 40 years), elevated ESR, male gender, 
and MC or LD histologies (Friedman et al. 1988; 
Mauch et al. 1988; Somers et al. 1989; Crnkovich 
et al. 1987; Specht and Nissen 1988; Lee et al. 1990; 
Henry-Amar et al. 1991; Tubiana et al. 1982; Hoppe 
et al. 1982b).

Historical data suggest that patients with patho-
logical stage-IA and -IIA disease who were treated 
with sequential mantle and para-aortic fields or the 
mantle alone had an expected 10-year free-from-
failure rate of 75–80% (Lee et al. 1990; Mauch et al. 
1988; Hoppe et al. 1982a).

Most relapses occur within the first 3 years after 
radiation therapy, although up to 10% of patients 
relapse after 3 years. Prolonged late relapses beyond 
5–10 years are uncommon. Following STNI, there is 
recurrence in the pelvis and inguinal femoral nodal 
region in 5–15% of patients.

In the past, the standard approach of most cen-
ters in the United States was to require pathological 
staging of Hodgkin’s disease prior to recommend-
ing radiation therapy alone. However, Canadian 
and European studies have shown excellent overall 
survival for patients who were selected for radiation 
therapy alone based on clinical staging. Therefore, 
clinically staged patients with favorable prognostic 
factors may be treated with radiation therapy alone. 
The following subgroups have less than 10% risk 
of infradiaphragmatic involvement: clinical stage-
IA females (6%), patients with involvement of the 

Table 32.3. Cotswold modifications to Ann Arbor Staging Classification

I Suffix “X” to designate bulky disease as >1/3 widening of the mediastinum or >10 cm maximum dimension of nodal 
mass

II The number of anatomical regions involved should be indicated by a subscript (e.g., II3)

III Stage III may be subdivided into:
   III1: with or without splenic, hilar, celiac, or portal nodes
   III2: with para-aortic, iliac, mesenteric nodes

IV Staging should be identified as clinical stage (CS) or pathological stage (PS)

V A new category of response to therapy, unconfirmed/uncertain complete response (CR(U)) can be introduced because of 
the persistent radiological abnormalities of uncertain significance

(From CA-A Cancer Journal for Clinicians, Anonymous 1993)
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mediastinum alone (0)%, stage-I males with LP his-
tology (4%), and young (<27 years of age) females 
with limited (fewer than four supradiaphragmatic 
sites) stage-II disease (9%) (Specht and Nissen 
1988). These patients may be treated effectively with 
a supradiaphragmatic field only. At the University 
of Minnesota Hospital, patients with clinical stage-I 
and -II disease with favorable features are selected 
for treatment with radiation therapy alone with-
out staging laparotomy. Data from the European 
Organization for Research and Treatment of Cancer 
(EORTC) support the efficacy of this strategy. Treat-
ing extended or total nodal field has become an 
almost historical approach. It is important however 
to know the evolution of the treatment approach.

Influence of pathological and clinical staging on 
the outcome of stage-I and -II Hodgkin’s patients 
following radiotherapy has been studied by the 
EORTC lymphoma cooperative group. Both groups 
of patients were treated with STNI with spleen 
included in clinical stage patients. At 10 years, there 
was no statistical difference in recurrence-free sur-
vival (clinical stage 68% versus pathological stage 
73%); however, a higher number of patients with 
positive findings at laparotomy relapsed compared 
with those with negative laparotomy (56% versus 
83%, respectively) (Friedman et al. 1988).

Randomized trials conducted to define the 
proper fields for early-stage Hodgkin’s disease show 
better relapse-free survival for patients treated with 
extended field than for those treated with involved 
field irradiation (Rosenberg and Kaplan 1966; 
Kaplan 1980). Results of mantle or limited field 
irradiation alone in early-stage Hodgkin’s disease 
have been disappointing with an increasing risk of 
relapse in the abdomen, except in patients who pres-
ent with very favorable features (Specht and Nissen 
1988).

Treatment for stage-I and -II infradiaphragmatic 
Hodgkin’s disease is less well studied than for supra-
diaphragmatic disease. The prognosis of patients 
with clinical para-aortic lymph node involvement 
(stage II) is probably worse than those with a single 
site of peripheral nodal disease (stage I). The former 
patients are likely to have more disease in another 
site in the abdomen or have B-symptoms, or MC or 
LD histology. Staging laparotomy should be done if 
radiation therapy alone is carried out. Pathological 
stage-IA patients can be treated with radiation using 
an inverted-Y field only.

Radiation treatment alone using extended fields 
includes sequential mantle and para-aortic irra-
diation, including the spleen if it is not removed 

(STNI). The mantle field includes the cervical, axil-
lary, infraclavicular, mediastinal, and hilar lymph 
node regions. Most of the lungs and part of the 
heart (mainly the left ventricles) are shielded in the 
mantle field. The infradiaphragmatic field includes 
the abdominal nodes and spleen. A 4-week break 
is usually given between the mantle and infradia-
phragmatic treatment. Since clinical stage-I and -II 
disease may be associated with a 25% risk of occult 
abdominal involvement, the infradiaphragmatic 
field is treated prophylactically except in the very 
favorable group who have a less than 10% incidence 
of occult infradiaphragmatic involvement.

Combined modality therapy. Currently com-
bined modality therapy (CMT) is the main treat-
ment approach for most Hodgkin’s disease 
patients. Management of most patients with favor-
able stage-I and -II disease will be based on clini-
cal staging, CMT, and chemotherapy regimens 
that are less toxic. Several randomized trials show 
improved free-from-failure survival rates with 
the use of CMT in favorable early-stage Hodgkin’s 
patients (Zittoun et al. 1985; Cosset et al. 1992; 
Bonadonna 1994; Fuller et al. 1988; Hoppe et al. 
1982a). However, a survival benefit has not been 
definitively shown because of the good salvage 
rates following radiation failures.

Previous data from the review of randomized 
trials of more versus less extensive radiotherapy, 
with or without chemotherapy, suggested the use of 
less extensive radiation fields and resulted in simi-
lar survival rates to those achieved with more inten-
sive treatment (Specht et al. 1998). Recent evidence 
suggests that limited field irradiation in CMT is 
also feasible without compromising outcomes while 
reducing the risk of long-term toxicity. A study that 
examined the efficacy of adriamycin, bleomycin, 
vinblastine, and dacarbazine (ABVD) chemother-
apy followed by limited field irradiation showed a 
high 5-year actuarial overall survival (100%) and 
progressive-free survival (97%) with no observation 
of secondary malignancies and only mild pulmo-
nary toxicity (Karmiris et al. 2003).

For the group of favorable patients, the overall 
survival rates are good regardless of the treatment 
modality used. Of importance in the choice of treat-
ment for these patients is the risk of long-term treat-
ment-related toxicities and side effects. Radiation 
therapy has long been employed in the treatment of 
Hodgkin’s disease, and its long-term toxicities are 
well described. On the contrary, the long-term side 
effects of chemotherapy and its combination with 
radiation therapy have not been as well evaluated 
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or understood. If the long-term toxicities of CMT 
are demonstrated to be equal to or less than radia-
tion therapy alone, CMT would be the treatment of 
choice even if the benefit in outcome is shown only 
in terms of free-from-failure rates. To reduce long-
term toxicities, the field size and dose of the radia-
tion may have to be reduced.

32.3.2 
Special Considerations for LMM

For patients with stage-I and -II disease with unfa-
vorable prognostic features, CMT is used. Altering 
treatment modalities may change the prognostic 
significance of some unfavorable factors.

Patients with a LMM require special therapeutic 
attention. Although the definition of large or bulky 
mediastinal disease varies, it is usually defined as a 
mass measuring greater than one-third of the larg-
est transverse chest diameter (Mauch 1994) or the 
transverse diameter of the mass at the T5-6 level 
divided by the largest transverse diameter of the 
chest (Lee et al. 1980) (Fig. 32.1).

In patients treated with mantle field irradia-
tion, the majority of failures occur outside or at 
the edge of the radiation port in the intrathoracic 
region (Mauch et al. 1988; Lee et al. 1990). This 
suggests that there are geometric difficulties in 
treatment volumes when trying to shield the lung 
parenchyma. This problem has led to modifications 
in treatment techniques, including low-dose lung 
irradiation to treat the microscopic disease and the 
use of a shrinking field technique as the size of the 
lung mass is reduced. The addition of low-dose (15–
18 Gy) whole or hemi-lung irradiation has resulted 
in excellent clinical outcomes with acceptable side 
effects (Mauch et al. 1983, 1988; Mai et al. 1991; 
Mauch 1994; Rosenberg and Kaplan 1985; Lee et 
al. 1990).

The increased use of chemotherapy in the treat-
ment of Hodgkin’s disease coupled with the greater 
risk of relapse after standard mantle field irradia-
tion has led to the wide acceptance of CMT in the 
treatment of patients with LMM. CMT has lowered 
the local recurrence rate but has not significantly 
impacted overall survival. Chemotherapy treats 
sub-clinical disease and decreases the bulk of dis-
ease. This allows for the use of smaller fields and 
lower doses of radiation.

Chemotherapy as the sole treatment for a poor-
risk group of patients frequently fails to achieve 
complete response (CR) and results in greater relapse 

than when radiation therapy is used alone (Zittoun 
et al. 1985; Biti et al. 1992). Therefore, radiation is 
absolutely needed to maximize local regional con-
trol in this situation (Pavlovsky et al. 1988; Biti et 
al. 1992).

32.3.3 
Delivery and Dose of CMT

Prior to the administration of chemotherapy, CT, 
gallium, and PET scans are recommended to permit 
evaluation of the post-treatment response and dis-
cern the need for additional treatment.

The optimal regimen for CMT remains unsettled. 
Multiple chemotherapeutic regimens with various 
numbers of cycles have been used. Largely based 
on the results of prospective trials in advanced 
Hodgkin’s disease, ABVD has become the stan-
dard regimen for patients with stage-I or -II unfa-
vorable prognosis. Other regimens used include 
MOPP (mechlorethamine, Oncovin, procarbazine, 
and prednisone), MOPP/ABV and BEACOPP (bleo-
mycin, etoposide, adriamycin, cyclophosphamide, 
Oncovin, procarbazine, and prednisone). Most 
trials have incorporated four to six cycles of chemo-
therapy (Somers et al. 1989).

Results from the German Hodgkin’s Study Group 
HD8 showed comparable outcomes among patients 
randomized to extended field irradiation versus 
involved field irradiation after two cycles of COPP/
ABVD, with reduced toxicity in the involved field 
treatment arm (Engert et al. 2001).

The Milan group recently presented the result of 
their trial comparing 4 cycles of ABVD with STNI 
and the same chemotherapy with involved field radi-
ation therapy for stage I–II unfavorable Hodgkin’s 
disease (Bonfante et al. 2001). No difference was 
found between the two groups with regard to over-
all survival and free-from-progression. Currently, 
the National Cancer Institute of Canada is conduct-
ing an ongoing trial comparing two cycles of ABVD 
followed by either extended mantle or mantle plus 
para-aortic irradiation versus four to six cycles of 
ABVD with the same radiation regimen for those 
with stage I–II Hodgkin’s disease with unfavorable 
features.

Since the ABVD (doxorubicin, bleomycin, vin-
blastine, dacarbazine) era, combined modality (che-
motherapy and radiotherapy) has become almost 
the standard approach in the treatment of disease 
for unfavorable as well as favorable early-stage 
Hodgkin’s disease.
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To find the optimal dose and better regimen of che-
motherapy and radiation port and dose, numerous 
studies are being carried out throughout the world. 
The total radiation dose to the involved area of pre-
chemotherapy region is 25–30 Gy with no detectable 
disease after chemotherapy, and 30–36 Gy with small 
residual disease. After chemotherapy, bulky residual 
disease receives a total radiation dose of 40 Gy. Estab-
lishing the extent of the disease prior to receiving 
chemotherapy is important for RT planning.

Multiple trials and studies have provided evi-
dence that radiation fields may be safely limited 
to an involved or regional field in most combined 
modality programs if four to six or fewer cycles of 
chemotherapy are given. Table 32.4 aims to iden-
tify appropriate radiation volume for unfavorable 
Hodgkin’s lymphoma. The treatment of stage-I and 
-II unfavorable Hodgkin’s disease with CMT should 
result in a survival in the range of 90%. The long-
term toxicities of CMT are not fully defined because 
of the relatively short follow-up.

At the University of Minnesota, unless the patient 
is being treated in a particular study, irradiation of 

the modified mantle or involved field with doses of 
25–36 Gy is used following four to six cycles of sys-
tematic therapy. The site of initial bulky disease such 
as LMM is boosted up to 30–36 Gy if a CR is achieved, 
and to a dose of 40 Gy if a CR is not achieved. In 
patients with initial pericardial invasion, the initial 
field includes the entire heart with a cone-down to a 
mantle field after 15 Gy (Fig. 32.3). For patients with 
chest wall invasion, 25–30 Gy is given to the pre-che-
motherapy volume in patients achieving CR. A total 
dose of 36–40 Gy is given if there is residual dis-
ease. Whenever possible, shrinking field techniques 
should be used (Fig. 32.3, 32.4)

Table 32.5 reveals some recommendations for 
primary treatment outside clinical trials.

32.3.4 
Advanced Stage Hodgkin’s Disease

Chemotherapy is the primary treatment modality 
for advanced stage Hodgkin’s disease (ASHD). The 
role of radiation in these patients is a controversial 

Table 32.4 Randomized clinical trials in unfavorable-prognosis stage-I and -II Hodgkin’s lymphoma: trials to identify the 
appropriate radiation volume (used with permission from de Vita et al. 2005). ABV doxorubicin (Adriamycin), bleomycin, 
vinblastine; ABVD doxorubicin, bleomycin, vinblastine, dacarbazine; COPP cyclophosphamide, vincristine (Oncovin), procar-
bazine, prednisone; CS clinical stage; DFS disease-free survival; EFRT extended-field radiotherapy; EORTC European Orga-
nization for Research and Treatment of Cancer; ESR erythrocyte sedimentation rate; FFP freedom from progression; FFTF 
freedom from treatment failure; GELA Groupe d’Etude des Lymphomes de l’Adulte; GHSG German Hodgkin Study Group; 
IFRT involved-field radiotherapy; MOPP mechlorethamine, vincristine (Oncovin), procarbazine, prednisone; NS not signifi-
cant; RFS relapse-free survival; STLI subtotal nodal irradiation; SV survival

Trial Eligibility Treatment regimens No. of 
patients

Outcome

French Cooperative, 
1976–1981

CS I–II without age >45 years; 
≥ 3 involved areas; bulky disease

A: 3 MOPP + IFRT (40 Gy) + 
3 MOPP

82 DFS, 87%; SV (6 years), 92%

  B: 3 MOPP + EFRT (40 Gy) + 
3 MOPP

91 DFS, 93%; SV (6 years), 91%

    (DFS: P=NS; SV: P=NS)
Istituto Nazionale 
Tumori, Milan, 
1990–1997

All CS I–II A: 4 ABVD + STLI 65 FFP, 96%; SV (5 years), 93%

  B: 4 ABVD + IFRT 68 FFP, 94%; SV (5 years), 94%
    (FFP: P=NS; SV: P=NS) 
EORTC/GELA H8U, 
1993–1998

CS IA–IIB with age ≥ 50 y; ESR 
≥ 50 mm/h in A, ≥ 30 mm/h in B; 
≥ 4 involved sites; large mediasti-
nal disease

A: 6 MOPP/ABV + IFRT 
(36 Gy)

335 RFS, 94%; SV (4 years), 90%

  B: 4 MOPP/ABV + IFRT 
(36 Gy)

333 RFS, 95%; SV (4 years), 95%

  C: 4 MOPP/ABV + STLI 327 RFS, 96%; SV (4 years), 93%
    (RFS: P=NS; SV: P=NS)
GHSG HD8, 
1993–1998

CS IA–IIB with ESR ≥ 50 mm/
h in A, ≥ 30 mm/h in B; 
≥ 3 involved sites; large mediasti-
nal disease

A: 4 COPP/ABVD + EFRT 532 FFTF, 86%; SV (5 years), 91%

  B: 4 COPP/ABVD + IFRT 532 FFTF, 84%; SV (5 years), 92%
    (FFTF: P=NS; SV: P=NS)
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Fig. 32.3a–c. A 19-year-old female patient with clinical stage 2a, nodular sclerosis Hodgkin’s disease with a large mediastinal mass 
extending left pericardial border. Positron emission tomography (PET) scans became negative after receiving six cycles of adriamy-
cin, bleomycin, vinblastine, dacarbazine (ABVD) chemotherapy with remaining soft tissue density in the mediastinum. a Radiation 
port including left cardial border up to 1500 cGy with 100 cGy per day, treated anteroposterior–posteroanterior (AP–PA) fi elds. 
b Shielded left cardial border and lower mediastinum carried up to 2550 cGy. c Final boost fi eld carried up to 3600 cGy

ba c

Fig. 32.4a–d. A 27-year old male with clinical stage 2a treated with six cycles of adriamycin, bleomycin, vinblastine, dacarbazine 
(ABVD) chemotherapy. a Field designed to include pre-chemotherapy sites and volume except mediastinum, which is designed 
using post-chemotherapy remaining soft tissue width. Treated up to 1650 cGy using 150-cGy daily dose. b Shielded low medi-
astinum and carried up to 2550 cGy. c,d Field design using post-chemotherapy volume carried up to 3600 cGy at the central 
axis point using 180 cGy daily dose. Neck, superclavicular, and axillary regions were shielded as off-axis calculation points 
accumulated up to desired total dose by the Clarkson off-axis calculation point

b

d

a

c

issue. With combination chemotherapy, about 20% 
of patients fail to achieve CR and about one-third 
of patients who achieve a CR will eventually relapse 
(Longo et al. 1986; Raemaekers et al. 1997). The 

majority (80–90%) of failure occurs in previous dis-
ease sites, especially bulky and nodal disease areas 
(Fabian et al. 1994). For these reasons, radiation 
therapy has been added in ASHD patients, espe-
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cially those with bulky disease. Several phase-II and 
-III studies have explored whether adding radiation 
treatment improves disease-free or overall survival 
in these patients. Controversy still exists over proper 
total radiation dose and field size because of the 
questionable efficacy and the toxicity of consolida-
tive RT. The type, intensity, duration, and dose of 
chemotherapy add difficulty to the assessment of 
the efficacy of RT in this setting.

Radiation therapy is employed in three different 
clinical settings in ASHD: (1) as consolidative treat-
ment after CR post-chemotherapy; (2) as an inte-
grated part of a CMT program, possibly with reduced 
dose chemotherapy; and (3) as a non-cross-resistant 
agent for treatment after partial response from che-
motherapy. Most large prospective trials include 
radiation therapy in the treatment program.

Many retrospective studies suggest that, com-
pared with chemotherapy alone, low-dose (20–
30 Gy) consolidative RT increases survival benefits 
with the use of CMT (Fabian et al. 1994; Diehl et 
al. 1995). Since these studies are all retrospective 
they are subject to potential selection bias. Some 
of the studies used chemotherapy consolidation 
instead of radiotherapy. The potential contribu-
tion of radiotherapy is dependent on several factors 
such as patient characteristics, various prognostic 
factors, and response and duration of the chemo-
therapy program.

The guidelines for the dose and volume of radia-
tion therapy in CMT are not well defined. Low-dose 
irradiation (15–30 Gy) has been employed based on 
the hypothesis that a lower dose of radiation may be 
all that is needed in the adjuvant setting. Table 32.6 
summarizes randomized clinical trials in ASHD 
treatment combined modality radiation and chemo-
therapy. At the University of Minnesota institution, 

patients with ASHD receive a dose of 25–30 Gy to the 
involved field if there is bulky disease (defined as 
mass >3–5 cm) but a CR is achieved. If there is less 
than a CR, a boost to 30–40 Gy will be given to the 
residual tumor mass.

32.4 
Radiation Therapy Techniques

There has been a gradual evolution in concept and 
application in the use of radiation therapy to treat 
Hodgkin’s disease since Gilbert proposed “segmen-
tal roentgen therapy” in 1939 (Gilbert 1939) and 
Peters proposed “radical radiation” in 1950 (Peters 
1950). Knowledge of the predictable patterns of 
relapse, the contiguous character of regional lymph 
node involvement, and the availability of megavolt-
age beam techniques have led to the development 
of current techniques and reasonably standardized 
radiation fields for the treatment of Hodgkin’s dis-
ease (Kaplan 1962). Rosenberg and Kaplan demon-
strated in 1966 that in the vast majority of untreated 
patients with disease limited to lymph nodes only 
contiguous areas were involved, which proved the 
orderly progression in which Hodgkin’s disease 
spreads (Rosenberg et al. 1966).

Widely accepted terms to denote treatment fields 
– such as mantle, para-aortic, inverted Y field, pelvic 
field, Waldeyer’s ring, preauricular field, spade-
shape field, extended field (mantle and para-aortic 
fields), total nodal irradiation (mantle and inverted 
Y fields), and involved field – reflect the variation 
and growing standardization of these fields. Despite 
this apparent standardization, differences exist in 
the actual techniques used by different institutions. 

Table 32.5. Recommendations for primary treatment outside clinical trials (used with permission from de Vita et al. 2005). 
CS clinical stage; CT chemotherapy; EFRT extended-field radiotherapy; IFRT involved-field radiotherapy; RF risk factors (see 
Table 41.5-7); RT radiotherapy

Group Stage Recommendation

Early stages (favorable) CS I–II A/B no RF EFRT (30–36 Gy) or 4–6 cycles CTa + IFRT (20–36 Gy)

Early stages (unfavorable) CS I–II A/B + RF 4–6 cycles CTb + IFRT (20–36 Gy)

Advanced stages CS IIB + RF; CS III A/B; CS IV A/B 6–8 cycles CTc + RT (20–36 Gy) to residual lymphoma and bulk

aABVD [doxorubicin (Adriamycin), bleomycin, vinblastine, and dacarbazine], EBVP (epirubicin, bleomycin, vinblastine, and 
prednisone), or VBM (vinblastine, bleomycin, and methotrexate)
bABVD, Stanford V (mechlorethamine, adriamycin, vinblastine, vincristine, etoposide, bleomycin, and prednisone), or MOPP/
ABV [mechlorethamine, vincristine (Oncovin), procarbazine, and prednisone/Adriamycin, bleomycin, vinblastine]
cABVD, MOPP/ABV, ChlVPP/EVA (chlorambucil, vinblastine, procarbazine, and prednisone/etoposide, vincristine, and Adriamy-
cin), or BEACOPP (bleomycin, etoposide, adriamycin, cyclophosphamide, vincristine, procarbazine, and prednisone) escalated
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An example of the techniques used at the Univer-
sity of Minnesota for extended field and total nodal 
field with liver irradiation are shown in Figures 32.3 
and 32.4. Differences in treatment technique may 
account for different outcomes reported in the lit-
erature. A Pattern of Care survey of 163 treatment 
facilities found that recurrence significantly corre-
lated with technique (involved field versus extended 
field), treatment machine (less than 80 cm cobalt-60 
[60Co] versus greater than 80 cm 60Co, linear accel-
erator), simulation, and presence of splenic pedicle 
clips (Hanks et al. 1983).

One way to ensure quality control in the treat-
ment of Hodgkin’s disease is by routine field simu-
lation and frequent film verification to verify that 
involved tissues are adequately treated and sensitive 
structures properly shielded. Portal films examined 
in the Patterns of Care Study demonstrated and 
increased overall recurrence rate (54% versus 14%, 
P<0.001) and an infield or marginal recurrence rate 
(33% versus 7%, P<0.001) between patients treated 
with inadequate margins between the protective 
lung and cardiac blocks and the tumor, and patients 
treated with adequate margins.

Careful follow-up of patients in large-scale clini-
cal trials has permitted a rapid advance in our knowl-
edge and optimal treatment of Hodgkin’s disease.

Radiation therapy planning involves the radiation 
oncologist, radiation physicist, medical dosimetrist, 
and radiation therapist. The patient undergoes a 
simulation procedure where treatment parameters 
are set. Films are taken for the design of customized 
blocks and the points for dose measurements are 
marked. After the measurements are obtained, com-
puterized planning determines the dose delivered 
to each reference point. A compensator is computer 
generated if necessary to achieve a uniform dose dis-
tribution to different reference points. If treatment 
to both the mantle and the para-aortic area is nec-
essary, extra caution is exercised to match the two 
fields and avoid overdosing areas, especially spinal 
cord, as a result of the possible field overlap.

Radiation therapy will be delivered by stan-
dard megavoltage (4–10 MV) techniques, utiliz-
ing shaped fields with blocks individualized to the 
specific patient. In general, parallel opposed fields 
will be most appropriate. The minimum source-
skin distance or source-axis distance should be 
80 cm. Radiation treatments are administered in 
150- to 180-cGy fractions, 5 days a week. There 
has been controversial data and opinion regard-
ing total radiation dose in Hodgkin’s disease. Dose 
has been strongly influenced by data from Stanford 

that initially used 40–44 Gy (1 Gy=100 cGy). This 
recommendation was derived from a retrospec-
tive analysis of in-field control in the early 1960s. 
Subsequent reports demonstrated excellent results 
with 30–36 Gy. Data from another comprehensive 
retrospective study on dose–response showed that 
a 98% in-field control rate could be achieved with 
37.5 Gy. With megavoltage radiotherapy, the doses 
required for 98% in-field control for subclinical dis-
ease and disease of less than 6 cm and greater than 
6 cm are 32.4 Gy, 36.9 Gy, and 37.4 Gy, respectively. 
Data from German Hodgkin’s Disease Study Group 
showed that 30 Gy was adequate for the control of 
subclinical disease. In our institution, 30 Gy in 20 to 
24 fractions is delivered to subclinical disease and 
36–40 Gy to clinically detectable disease sites with 
special attention given to the placement of a subcari-
nal block to protect the heart. The para-aortic area 
and spleen receive a dose of 30 Gy in 150- to 180-cGy 
fractions.

32.4.1 
Mantle Fields

Mantle fields were first used at Stanford in 1956 
and since then modifications to mantle fields have 
been adopted by various institutions. Typical mantle 
fields include all the major lymph node bearing 
areas above the diaphragm, neck, axilla, medias-
tinal, and occipital. Preauricular lymph nodes and 
Waldeyer’s ring area are included if needed. The 
mantle field is used to treat the major supradia-
phragmatic nodal chains that are at high risk for the 
involvement of Hodgkin’s disease, while maximally 
shielding the lungs. Preauricular lymph nodes are 
treated when there is high neck disease. Optimal 
design of the mantle field relies on imaging studies. 
A chest CT scan for patients with significant medi-
astinal adenopathy provides important information 
on disease extension to the lung, pericardium, chest 
wall, and internal mammary or pericardial lymph 
node. Incorporation of the CT scan into treatment 
planning decisions for patients treated with radio-
therapy alone results in treatment field changes in 
about 15% of patients (Somers et al. 1989).

32.4.2 
Simulation of Mantle Field

The following techniques are used at the University 
of Minnesota to simulate mantle fields.
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32.4.2.1 
Anterior Fields

1. Patients are placed in a supine position with arms 
above the shoulder. The arm position is 90º from 
the axilla and should eliminate any skin folds of 
the axilla. Others have used various arm posi-
tions as shown in Figure 32.5. Different arm posi-
tions may be used but attention must be paid to 
how the lymph nodes move in relation to the arm 
position for a given situation. Upper extremity 
lymphangiograms show that the elevation of the 
arms results in changes to the location of the axil-
lary lymph nodes (Crnkovich et al. 1987; Grant 
and Jackson 1973; Weisenberger and Juillard 
1977). When the hands are over the head with 
a greater than 90º angle at the axillae, axillary 
lymph nodes are moved away from the lung area, 
which allows for the design of lung and shoulder 
shielding.

2. The head position should allow the mandible to 
be perpendicular to the table top to avoid the pos-
sibility of unnecessary radiation through the oral 
cavity and mandible Figure 32.6.

3. Palpable lymph nodes can be outlined with a thin 
wire at the time of simulation to help design the 
fi eld.

4. Field boundaries are placed superiorly to the level 
of mastoid tip through the chin line and inferi-
orly at T9–10 or T10–11 vertebral interspace. Infe-
rior border should be extended as needed to the 
level of T11–12, to include the mediastinum. In 
patients with an intact spleen, special consider-
ation should be given to the inferior border of the 
mantle because the spleen is usually included in 

the para-aortic fi eld. In this situation, lung and 
diaphragmatic movement by respiration should 
be watched. In patients who receive whole lung 
irradiation, lower margins of the mantle fi eld 
are inferior to the diaphragm to include the lung 
parenchyma.

5. Laterally, the fi eld includes the axillae as deter-
mined clinically.

6. The central axis is defi ned at the center of the 
treatment and lies usually close to or at the sternal 
notch. Simulation radiographs are taken includ-
ing all borders. This will often require two radio-
graphs to show all the fi eld margins. If the fi eld 
size to cover the treatment area is too large, an 
extended source-skin distance may be used.

7. Mark the fi eld boundaries and central axis on 
the patient. A tattoo may be placed at the central 
axis and inferior border to help daily setup and 
for future reference when the infraradiodiaphrag-
matic fi eld is setup. Tattoos may also be placed 
about 10 cm lateral to the right and left of the 
central axis line, which helps to confi rm the arm 
position relative to the central axis line.

8. When all the fi eld borders and the central axis 
positions have been determined, a mantle mea-
surement sheet for irregular fi eld calculations 
is prepared. Patient separation is taken at the 
central axis, axillae, midneck, supraclavicular, 
midmediastinum, and low mediastinum, about 
3 cm above the bottom of the fi eld (Fig. 32.7). An 
irregular fi eld point dose calculation is performed 
at midseparation for each point using a computer-
ized Clarkson method. These point dose calcula-
tions help to achieve the desired cumulative dose 
to all areas of interest (Fig. 32.8).

Fig. 32.5a–c. Arm positions for mantle fi elds. a Arm positions bring axillary lymph nodes medially close to the lateral part of 
the lung. Shielding the lung properly can be diffi cult. b Arm extension position makes the lymph nodes move over the shoulder 
area. Shielding the humeral head and shoulder joint can be diffi cult. c Right angle position gives reasonable room to shield the 
shoulder and place the lung block without including too much lateral strip of lung

ba c
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Fig. 32.6. Proper chin extension prevents excess dose to the 
oral cavity and mandible

Fig. 32.7. Measurement sheet for mantle fi elds for various cal-
culations is completed at the time of simulation

Fig. 32.8. Computer output sheet showing cumulative midthickness doses for mantle fi elds

32.4.2.2 
Posterior Fields

If the treatment machine and the table permit, ante-
rior and posterior treatments should be delivered 
in the same positions. The patient should remain 
in the supine position and the beam rotated 180º 
from the anterior field to set up the posterior field. 
In this case, a posteroanterior Beam’s eye view will 
include more of the oral cavity, which requires spe-
cial attention to shield the excess oral cavity in the 
field (Fig. 32.9). Treating the patient in the supine 
position, however, makes it difficult to evaluate pos-

Irregular Field Daily Dose, Output for: on:  3-Apr-90
Point # 1 2 3 4 5 6
 75.6% 72,5% 69.2% 87.3% 79.0% 75.1%

CA Mid Media Low Media Neck S. Clav. Axilla
RX #
1 150 144 137 173 157 149
2 300 288 275 346 313 298
3 450 432 412 520 470 447
4 600 575 549 693 627 596
5 750 719 687 866 784 745
6 900 863 824 1039 940 894
7 1050 1007 961 1213 1097 1043
8 1200 1151 1098 1386 1254 1192
9 1350 1295 1236 1559 1411 1341
10 1500 1438 1373 1732 1567 1490
11 1650 1582 1510 1905 1724 1639
12 1800 1726 1648 2079 1881 1788
13 1950 1870 1785 2252 2038 1937
14 2100 2014 1922 2425 2194 2086
15 2250 2158 2060 2598 2351 2235
16 2400 2302 2197 2771 2508 2384
17 2550 2445 2334 2945 2665 2533
18 2700 2589 2471 3118 2821 2682
19 2850 2733 2609 3291 2978 2831
20 3000 2877 2746 3464 3135 2980
21 3150 3021 2883 3687 3292 3129
22 3300 3165 3021 3860 3448 3278
23 3450 3309 3158 3984 3605 3427
24 3600 3452 3295 4157 3762 3576
25 3750 3596 3433 4330 3919 3725
26 3900 3740 3570 4504 4075 3874
27 4050 3884 3707 4677 4232 4023
28 4200 4028 3844 4850 4389 4172
29 4350 4172 3982 5023 4546 4321
30 4500 4315 4119 5196 4702 4470
31 4650 4459 4256 5370 4859 4619

upper 
Neck

Department of Radiation Oncology 

Mantle Field Measurement Sheet 

Name 

Hosp. No. 

Date 

Point #1: Central
 Axia

Point #2: Mid-
 Mediastinum

Point #3: Lower 
 Mediastinum 
 (3 cm above 
 the lower border 
 of the field)

Point #4: Neck (midway
 from upper border
 to base of neck at
 anterior border of
 sterno-cleidomas-
 toid muscle)

Point #5: Supraclavicular
 (1-2 cm medial
 to mid-clavicular
 line and just 
 superior to the
 clavicle

Point #6: Upper axilla
 (apex of axilla)

Reference Point Perpendicular Source-skin 
Distance at Ref. Point 

AP/PA Thickness 
at Ref. Point 

1. Central Axis

2. Mid-Mediastinum

3.  Lower Mediastinum

4. Neck

5. Supraclavicular

6. Axilla

Aterior Posterior Ant. Post. Ant. Post 
  Gap Gap Separation Separation

Overall Field-size at Surface = 

Source-Film Distance: Anterior = 

Posterior = 

Source-Tray Distance: Anterior = 

Posterior = 

(Mantle Field Measurement (10/97) 
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Fig. 32.9a,b. Techniques used at the University of Minnesota. a Anterior mantle fi eld. b Posterior mantle fi eld

a b

terior neck nodes and posterior beam exit. Using 
the same superior border for the posterior field, as 
in the anterior radiograph, may miss the posterior 
neck node.

If simulation is done in the prone position for 
the posterior field, the same steps are followed as 
described above. Since the junction point for the 
anterior and posterior field is at the midthickness 
point, the posterior field border in the prone posi-
tion will usually fall at one vertebrate higher than 
the anterior field, as seen in the simulation radio-
graph because the spine is located in the posterior 
part of the body relative to the middle of the antero-
posterior thickness.

32.4.3 
Design Shielding

The key to good mantle field setup is in the place-
ment of lung blocks. Lung blocks must protect as 
much lung and heart as possible while irradiating 
macroscopic and microscopic disease to minimize 
the risk of treatment failure. The most important 
aspect of the mantle field design is the individu-
alization that is needed in shaping lung blocks to 
conform to the specific contours of a given patient. 
Careful design and placement of shielding blocks 
protects the pulmonary parenchyma from the effects 
of excessive dose.

On simulation film, or port film, individualized 
diversion blocks should be designed for both anterior 
and posterior films that are not necessarily identical 
but that include identical nodal groups. The actual 
blocks are custom designed by following the outline 

of the block as drawn on the simulation film as well 
as by the additional use of thoracic CT scans. For 
uncomplicated cases, the anterior field lung blocks 
should allow about 2 cm below the medial end of the 
clavicle to include the infraclavicular lymph node 
and leave the strip of the lateral part of the lung to 
include the axillary lymph node with adequate mar-
gins. To include the axillary lymph node in the strip, 
one should pay attention to the patient’s arm posi-
tion (Grant and Jackson 1973). Posteriorly, the 
lung block can be higher than the anterior field and 
leaves less strip of lung in the infraclavicular area 
since the lymph nodes in this area are anteriorly 
located. To include the axilla, there should be falloff 
outside of the lateral chest wall. It is also necessary 
to shield soft tissue of the lower lateral chest wall 
below the level of the fourth intercostal space, unless 
there is low axillary lymph node involvement.

In the design of lung blocks, medially at least a 
1- to 1.5-cm margin should be allowed for any medi-
astinal shadow – except for the heart – or any mass 
shadow. The hilum is hard to define radiographi-
cally as its anatomical delineation. Therefore, the 
medial edge of the lung blocks around the hilum can 
be a source of variation among different institutions. 
Stanford advocates whole pericardial irradiation to 
the lower prophylactic doses (15 Gy) for mediasti-
nal disease (Carmel and Kaplan 1976; Page et al. 
1970). This practice is not universally followed.

If there is no gross midline neck disease, trap-
ezoidal or ovoid anterior larynx and posterior cer-
vical spine blocks in addition to lung blocks are 
recommended. Stanford also recommends an entire 
posterior thoracic spine block after the delivery of 
2000–2500 cGy, as well as a subcarinal block. At 
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the University of Minnesota, a 2-cm-wide posterior 
cervical block placed above the level of the thoracic 
inlet after delivery of 2000 cGy to the central axis 
is used (Fig. 32.10). If there is no presence of sub-
carinal disease, the subcarinal block can be used 
after the delivery of 3000 cGy. Radiation dose at 
each off axis point provides information on when to 
shield each necessary region. The subcarinal block 
is placed at the lower edge of the field extending 
cephalad to within 6 cm of the carina. This appears 
to significantly reduce the risk of radiation-induced 
heart disease. When the humeral head is shielded in 
patients with bulky axillary disease, extreme cau-
tion must be used.

After all of the blocks have been drawn, dosi-
metric calculations should be made at the multiple 
points of interest. Doses received in these areas can 
vary considerably because of varying patient thick-
ness in the large field and in the different scatter 
contributions from the blocks. For example, nodes 
in the axilla and the high neck receive a greater dose 
than nodes in the lower mediastinum. Therefore, 
the dose differences at each site should be calcu-
lated (Fig. 32.7) and compensation should be pro-
vided by placing the shielding block earlier for the 
particular anatomic area or by using compensators 
(Fig. 32.11).

In the presence of inferior mediastinal disease or 
pericardial extension, the entire cardiac silhouette 
is irradiated to 15 Gy and then changed to shield the 
apex of the heart. After a dose of 30–35 Gy is deliv-
ered, a block is placed about 5 cm below the carina 
to provide more cardiac and pericardial protection. 
However, in no instance do we treat areas of clini-
cal involvement of Hodgkin’s disease with doses 
of less than 36 Gy if radiotherapy alone is planned. 
Figure. 32.12 represents examples of field modifica-
tions and shielding of the extended field which has 
been used in the CALGB and SWOG inter-group 
study.

Patients with massive mediastinal disease and/or 
hilar disease who are treated with radiation alone 
require further modifications to the lung blocks.

When hilar adenopathy is present, there is sub-
stantial risk of subclinical Hodgkin’s disease in the 
lung. There is also an increased risk of subsequent 
pulmonary relapse; therefore, low-dose lung irradi-
ation has been recommended using thin lung blocks 
that transmit 37% of the total 1650-cGy dose deliv-
ered to the central axis (Page et al. 1970; Lee et al. 
1979).

In patients with LMM, locoregional recurrence is 
the major cause of failure (Lee et al. 1980). These 

patients are treated with low-dose bilateral or unilat-
eral lung irradiation to eliminate microscopic lung 
disease as well as to shrink tumor mass (Fig. 32.13). 
Total dose to the lung parenchyma of 1000–1600 cGy 
in daily doses of 100 cGy is given (Lee et al. 1979). 
The shrinking field technique should be used several 
times during the treatment course. One can consider 
a 10- to 14-day treatment break during the course of 
radiation treatment to allow for tumor shrinkage, as 
Stanford originally introduced (Johnson et al. 1976) 
(Fig. 32.14). The technique of reshaping and enlarg-
ing lung blocks as the mass responds to treatment 
reduces the risk of pulmonary toxicity.

Although historically whole lung irradiation was 
the best radiation treatment to provide optimal sur-
vival rates for patients with LMM, most patients 
currently receive CMT with modifications to the 
radiation fields and dose to deliver less aggressive 
treatment (Leopold et al. 1989). An unresolved issue 
is what volume should be used in patients with LMM 

Fig. 32.10. Posterior mantle fi eld port fi lm with posterior cer-
vical spine block

Fig. 32.11. Schematic fi gure for the shielding of the off-axis 
areas according to cumulative dose output
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Fig. 32.14a,b. Reduction 
in size of large mediasti-
nal mass after 1500 cGy to 
the whole lung using 100-
cGy daily fractions

ba

Fig. 32.13a,b. Unilateral 
lung irradiation for a 
patient with protruding 
mediastinal disease on 
the right side

a b

Fig. 32.12. Example of modi-
fi ed mantle and para-aortic 
spleen fi elds used in CALGB 
#9497 and SWOG #9133
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who have received CMT – the volume of post-che-
motherapy disease or the original volume of disease. 
A possible solution is to treat the pre-chemotherapy 
volume with a low dose (15–18 cGy) followed by a 
boost to residual disease from 25 Gy to 36 cGy. To 
reduce lung complications, it is generally accepted 
to use the post-chemotherapy width of the medias-
tinal mass (transverse diameter) to reduce the lung 
volume to be treated with radiation. The longitudi-
nal volume of the field is designed by the extension 
of the pre-chemotherapy disease volume.

32.4.4 
Subdiaphragmatic Fields

The para-aortic field encompasses the para-aortic 
nodes with splenic pedicle as well as the spleen in 
clinically staged patients (Fig. 32.15). If the patient 
is to have a staging laparotomy with splenectomy, 
surgical clips should be placed to mark the splenic 
pedicle. The splenic pedicle field is designed with 
a 2.5- to 3-cm margin around the clips of the left 
side of the para-aortic field. In patients who did not 
have a splenectomy but who are receiving STNI, the 
spleen needs to be included in the field. An ultra-
sound or CT scan of the abdomen should be used to 
localize the spleen and to allow blocking of the left 
kidney as much as possible.

The lower margin of the para-aortic field usually 
extends down to the L4–L5 interface. In some cases, 
it can extend below the bifurcation of the aorta to 
include the common iliac nodes (spade-shape field).

The inverted-Y field is used when the patient has 
indications for total nodal irradiation. This field 
includes the para-aortic field and pelvic and ingui-
nal femoral lymph nodes. With the development of 
CMT, the total nodal field is rarely used. In some sit-
uations, the pelvic nodal field is treated separately.

Both Stanford and the University of Minnesota 
have reported excellent results of low-dose liver irra-
diation in pathological stage IIIA patients (Hoppe 
et al. 1980; Lee et al. 1984) (Fig. 32.4). In recent 
practice, this is almost historic since most of these 
patients will receive CMT.

Careful blocking is required when the pelvic 
region is treated. The fields must be shaped carefully 
to minimize the amount of marrow treated. If a lym-
phogram has been performed, a more precise delin-
eation of the pelvic field is possible and more bone 
marrow can be spared. Gonadal toxicity may also be 
an issue in women, since the ovaries normally over-
lie the iliac lymph nodes, and oophoropexy must be 
performed to avoid irradiation-induced amenor-
rhea (LeFloch et al. 1976). The surgeon marks the 
ovaries with radiopaque sutures or clips and places 
them medially and as low as possible behind the 
uterine body. A double thickness [10 half-value layer 
(HVL)] midline block is then recommended and its 
location is guided by the position of the opacified 
nodes and transposed ovaries. When the ovaries are 
at least 2 cm from the edge of this block, the dose is 
decreased to 8% of that delivered to the iliac nodes 
(LeFloch et al. 1976).

In males, the testicular dose may be as high as 
10% of the dose delivered to the inguinal femo-
ral nodes if no special blocking is provided for the 
testes. The dose is largely from internal scatter due 
to the proximity of the position of the testes in rela-
tion to the inferior margin of the inguinal femoral 
field (Carmel et al. 1976). Use of a double thickness 
midline block and a specially constructed testicular 
shield can reduce this dose to 0.75–3.0%.

32.4.5 
Preauricular and Waldeyer’s Ring Fields

The preauricular lymph nodes are treated either 
when there is involvement of the preauricular nodes 
or of the high cervical lymph nodes above the level 
of the thyroid notch. The superior border is placed at 

Fig. 32.15. View of a para-aortic fi eld that includes the spleen. 
University of Minnesota technique
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the top of the zygomatic arch such that the sphenoid 
sinus is included in the field. The posterior border 
is at the external auditory canal and anteriorly the 
field extends up to the third molar. The inferior 
border is matched, on skin, to the divergence of the 
mantle field. Most commonly, this area is treated 
with about 9 MeV unilateral electron field to spare 
the parotid in the uninvolved side.

Waldeyer’s Ring is treated in patients with 
involvement of the region or with bulky superior 
cervical lymph nodes. This volume is treated with 
opposed lateral photon beams. The treatment volume 
includes occipital, preauricular, and submandibular 
lymph nodes as well as the nasopharynx, tonsillar 
fossa, and base of the tongue. The superior border is 
placed at the top of the zygomatic arch, the anterior 
border includes the submandibular triangle, and 
the posterior border extends beyond the spinous 
processes. The inferior border is a direct match to 
the superior border of the mantle field. The match 
line is placed inferior to any palpable cervical dis-
ease to avoid underdosing the disease or overdosing 
the spinal cord (Fig. 32.16). With disease regression 
after 2500–3000 cGy, the Waldeyer’s field is discon-
tinued at some institutions. The treatment volume is 
changed to a mantle with a high superior border and 
matched to a unilateral preauricular field, thereby 
decreasing the risk of xerostomia.

32.4.6 
Gap of Matching Fields

When two fields are matching on the skin, a poten-
tial overlap area will be created between the fields. 
With sequential treatment of separate mantle, 
para-aortic, or inverted Y fields, calculation of the 
gap between mantle and subdiaphragmatic fields 
is very important. Beam diversion from supra- and 
infradiaphragmatic fields creates the potential 
for field overlap and subsequent radiation doses 
that exceed spinal cord tolerance. A well-planned 
matching technique is essential and appropriate 
gap calculations should be applied. If the patient 
is being treated in the supine and prone positions, 
a four-field match can be created at the patient’s 
midseparation.

A number of different matching techniques have 
been published (Lutz and Larsen 1983; Fraass 
et al. 1983). The gap can be calculated at the mid-
line of the body or at the spine to create a junction 
at the same vertebrae. The depth of the matching 
point length of source-skin distance or source-axis 

distance and field sizes (both mantle and subdia-
phragmatic fields) will dictate the divergence of the 
beam and will show the different levels of vertebrae 
between the anterior and posterior radiographic 
fields.

When mantle (AP/PA) and subdiaphragmatic 
fields are treated sequentially and field length of 
upper and lower fields is often different, longer 
fields diverge into the opposing smaller fields. When 
four fields meet, three fields can be overlapped and 
total dose of the overlapped area may exceed the 
central axis dose and it can be in the middle of the 
body thickness or at the vertebrae. This is a con-
cern especially if the overlapped area is the spinal 
cord. Therefore, it is important to use small blocks 
to shield the spinal cord area for the second pair of 
the fields in addition to calculating the proper skin 
gap using the formula in Figure 32.17. This figure 
shows the geometry of adjacent beams that join at a 
given depth to calculate skin gap. Isodose distribu-
tion at the midline is almost uniform but cold spots 
are created anterior and posterior at the junction 
point (Fig. 32.18).

The tattoo at the inferior margin of the mantle 
field usually helps to show where the skin gap should 
be given when subdiaphragmatic fields are simu-
lated with a gap. It is very important to verify the 
inferior margin of the mantle fields at the time of 
simulation.

Actual treatment of the patient is an important 
factor after precise simulation plans are completed. 
In a review of portal films from five major universi-
ties in the United States, the Patterns of Care study 
showed an 11% variation among the institutions 
(Kinzie et al. 1983). The most frequent inadequate 
margins were the mediastinum, the hilum, and the 
axillae. Infield or marginal recurrence was 8% in 
patients with adequate margins and 32% in patients 
with inadequate margins.

32.5 
Limited Field 
(Involved Field/Regional Field)

In recent years, limited or regional irradiation or 
treatment to the involved field has been used with 
combination modality treatment. Involved field 
has become the standard field for irradiation in 
patients with both early and advanced disease to 
reduce morbidity and achieve a compatible out-
come to extended field radiation. Currently, there 
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Fig. 32.16. Matching for head and neck and mini-mantle fi elds

Fig. 32.17. Gap calculation measurement sheet

Fig. 32.18a,b. Two pairs of parallel opposed fi elds. Adjacent fi elds 
are separated on the surface so that they all join at the point on 
the midline. a Ideal geometry in which there is no three-fi eld 
overlap. b Arrangement in which there are two regions (shaded) 
of three-fi eld overlap. (From Khan 1994, p 335)

is a trend toward decreasing the radiation field 
size in the form of consolidation therapy follow-
ing chemotherapy in aggressive lymphoma. Results 
from a recent study that examined the role of con-
solidation radiotherapy following chemotherapy in 
patients who achieved CR after six cycles of ABVD 
showed that the addition of RT to CT significantly 

improved event-free survival and overall survival 
compared with chemotherapy alone (89% versus 
76%, P=0.01; 100% versus 88%, P=0.002, respec-
tively). Consolidation RT was particularly benefi-
cial in younger patients (<15 years) and in those 
with B symptoms, advanced stage, and bulky dis-
ease (Laskar et al. 2004).

b

a
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Figure 32.19 shows an example of local and 
regional fields used by the British National Lym-
phoma Study (Haybittle et al. 1985). Involved 
fields are usually designed with the concept of the 
lymph node regions diagram presented at the RYE 
Symposium in 1966 for staging purposes. The design 
is to treat the whole region of the lymph node chain, 
not just a single lymph node. With one positive cer-
vical lymph node in the neck, the involved field is 
designed to include the entire ipsilateral neck and 
the superclavicular area.

The question arises whether to treat the pre-che-
motherapy versus post-chemotherapy volume. The 
pre-chemotherapy volume and site is usually used 
as the initial port with the exception of the bulky 
mediastinal and para-aortic lymph nodes. Involved 
fields usually allow 2- to 5-cm margins around the 
tumor sites. Whenever possible, shrinking field 
techniques should be used (Figs. 32.3 and 32.4). It 
is important to review pre-chemotherapy and post-
chemotherapy imaging studies at the time of radia-
tion field design to identify the pathological disease 
site.

The definition of bulky disease can vary, rang-
ing from 3 cm to 5 cm in diameter. Bulky medias-
tinal mass is usually defined as a mass of one-third 
the thoracic transverse diameter. It is also difficult 
to define what is residual disease. Some patients 
have residual soft tissue density on CT scan, yet 
PET scan does not show any activity. If there is 
any soft tissue densities that have been gradually 
reduced by chemotherapy, these areas should be 
irradiated.

There are no clear guidelines established on the 
size and volume of the radiation field for post-che-

motherapy field design. The Cancer and Leukemia 
Group B has made some guidelines for CALGB Pro-
tocol 59905 (ECOG 2496/SWOG2496). The Univer-
sity of Minnesota approach is similar to these guide-
lines.

32.6 
Limited Field Above the Diaphragm

Schematic guidelines of limited fields above the dia-
phragm are shown in Fig. 32.20.

32.6.1 
Cervical/Supraclavicular Region

The entire ipsilateral cervical/supraclavicular 
regions should be treated if bulky disease is pres-
ent in any part of this region. If the disease extends 
to the midline and/or both sides of neck, the bilat-
eral cervical/supraclavicular regions should be 
treated.

32.6.1.1 
Unilateral Cervical/Supraclavicular Region

If there is involvement at any cervical lymph node 
with or without supraclavicular disease, arms can 
be in the extended position, akimbo, or at the sides. 
The upper border is placed 1–2 cm above the lower 
tip of the mastoid process and through the lower 
border of the mandible. If tumor is at the mid- 

Fig. 32.19. Limited and regional fi elds used by the BNL1 study for early stage Hodgkin’s disease. Slash-marked area indicates 
prophylactic treatment area. These fi elds have been used in combined modality treatment for primary or relapsed disease
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Fig. 32.20. Schematic guidelines of limited fi elds above the diaphragm

or lower neck area, the upper border should be 
below the mastoid tip. The lower border is 2 cm 
below the bottom of the clavicle. The lateral border 
includes the medial two-thirds of the clavicle. If the 
supraclavicular nodes are not involved, the medial 
border of the field is placed at the edge of ipsilat-
eral vertebrae. When nodes close to the vertebral 
bodies or near midline of the neck are seen on the 
initial staging of the next CT scan, the entire ver-
tebral body should be included and allow margins 
around the region. When the unilateral supracla-
vicular nodes are involved, the field border should 
be placed at the contralateral traverse processes of 
vertebrae. If the larynx is included in the field, it 
may be blocked at the start of the treatment or the 
dose of 15–20 Gy if it is at all possible. The humeral 
heads may be blocked anteriorly and posteriorly. 
A posterior cervical cord block is required if the 
cord dose exceeds 40 Gy. Mid-neck calculations 
should be performed to determine the maximum 
cord dose, especially when the central axis is in 
the mediastinum.

32.6.1.2 
Bilateral Cervical/Supraclavicular Region

Treat both cervical and supraclavicular regions as 
described above, regardless of the extent of disease 
on each side. Posterior cervical cord and larynx 
blocks should be used as described above. Use a 
posterior mouth block if treating the patient supine 
(preferably with an extended travel couch at a source 
skin distance greater than 100 cm) to block the 
upper field divergence through the mouth. The chin 
should be marked anteriorly with a radio-opaque 
material to aid in drawing the block.

32.6.2 
Mediastinum/Hilar/Axillary Region

The mediastinal field should encompass the poten-
tial residual disease present after the completion of 
4–6 cycles of chemotherapy and should be a shaped 
field encompassing the mediastinum. The field 
should have a 1.5-cm margin laterally and inferi-
orly and can be extended at least 2–3 cm below the 
lower extent of disease at the time of initial presen-
tation, or 5 cm of the post-chemotherapy volume. 
If there is disease in the mid-mediastinum or the 
carina area, the lower margin of the field should 
be placed 5 cm below the carina and include the 
bilateral hilar regions. The entire cardiac silhou-
ette need not be treated, except when disease is 
extending along the cardiac border. The dose to 
the pericardium is limited to 1500 cGy with a 100-
cGy daily dose.

When there is bulky upper mediastinal disease, 
the portal should also include the bilateral supra-
clavicular regions, even if uninvolved. The supe-
rior margin is at the level of the superior border of 
the larynx if supraclavicular adenopathy is present 
without other neck disease or at the inferior border 
of the larynx if there is no supraclavicular adenopa-
thy. Intrathoracic sites of extralymphatic extension 
(e.g., lungs, pleura, chest wall, pericardium) should 
also be included if these extralymphatic sites of 
extension are considered to be part of the patient’s 
initial bulky disease.

When there is mediastinum, cervical, and supra-
clavicular lymph node disease, the shape of the 
field is a modified mantle field without the axil-
lary region. When there is additional axillary dis-
ease, the modified mantle field will be used. In case 
of axillary involvement only, infraclavicular and 
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supraclavicular regions are treated with the arm 
position of regular mantle field. The lower border 
is 2 cm below the scapula or insertion of latissimus 
dorsi muscle.

32.7 
Limited/Regional Field Below 
the Diaphragm

Schematic guidelines of limited fields below the dia-
phragm are shown in Figure 32.21.

32.7.1 
Inguinal/Femoral/External Iliac Lymph Node 
Area

The most common field below the diaphragm is the 
inguinal/femoral/external iliac lymph node area. 
The superior border of this field is placed at the 

Fig. 32.21. Schematic guidelines of limited fi elds below the diaphragm

superior border of the sacroiliac joint area down to 
5 cm below the lesser trochanter to include the femo-
ral triangle inferiorly. The lateral border extends to 
the lateral aspect of the greater trochanter or 2 cm 
outside the initial gross disease site. The medial 
border is placed at the obturator foramen or at 2 cm 
medial to the initial gross disease.

When common iliac or high pelvic nodes are ini-
tially involved with disease, the upper margin of the 
field should include lower periaortic lymph nodes. 
When both pelvic and groin areas are required to be 
treated, one should pay special attention to ovarian 
and testicular doses.

32.7.2 
Paraaortic Lymph Nodes

The paraaortic field is designed to include lymph 
nodes at the level of the T10–T11 to L4–5 vertebral 
interspace. The width of the para-aortic field should 
conform to the volume necessary to treat residual 
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disease after chemotherapy with a 1.0- to 1.5-cm 
margin. The superior margin will be matched to the 
mediastinal field if treated.

32.7.3 
Spleen

The spleen is one of the most common sites of 
disease in the abdomen. If the spleen needs to be 
treated, one should pay special attention to the left 
kidney. It should be outlined on the computer plan-
ning CT scan and every effort should be made to 
avoid including more than 40% of the left kidney. 
The spleen will move with respiration and diaphrag-
matic motion. This should be weighed as much as 
possible, especially if a small localized lesion in the 
spleen is being treated.

32.8 
Radiation Dose and Fractionation

An optimal radiation dose results in a high rate of 
local disease control and acceptable side effects. 
Several factors are involved in determining radia-
tion dose, including disease extent (macroscopic or 
microscopic), treatment modality (radiation alone 
or combined with chemotherapy), total dose deliv-
ered, and number of daily fractions.

32.8.1 
Radiation Therapy Alone

There has been controversy regarding the total cura-
tive doses for the treatment of Hodgkin’s disease 
(Schewe et al. 1989; Vijayakumar et al. 1989). 
Early studies by Peters showed that improvement 
in the 5-year survival in 319 stage-I patients treated 
with prophylactic irradiation to the subclinical 
area depended on the total dose delivered and the 
extent of treatment (Peters 1966). Involved areas 
received more than 2500 cGy, and the adjacent unin-
volved area received prophylactic irradiation of less 
than 2500 cGy. A review of the literature in 1966 
by Kaplan reported that local control of Hodgkin’s 
disease patients with radiation therapy was dose 
dependent (Kaplan 1966, 1980). Doses of at least 
4400 cGy over 4–5 weeks achieved a 98.6% infield 
control rate and doses of 3500–4000 cGy resulted 
in a recurrence rate of 4.4%. Subsequent analysis of 

most of the same data by Fletcher and Shukovsky 
showed a 93% control rate with 3000 cGy or less and 
a 97% control rate for the doses 3100–4000 cGy. It 
was concluded that a dose of 3500 cGy in 6 weeks 
was needed to control Hodgkin’s disease (Fletcher 
and Shukovsky 1975).

A recent compilation of dose–response data by 
Vijayakumar from a megavoltage series demon-
strated a 90% control rate of subclinical disease with 
22.1 Gy and 95% control for 27 Gy (Vijayakumar 
and Myrianthopoulos 1992). In patients with 
lymph nodes smaller than 6 cm, the corresponding 
doses for 50%, 90%, and 95% control were 26.7 Gy, 
33.4 Gy, and 35.2 Gy. For nodes larger than 6 cm, 
the majority of patients received doses of more 
than 36 Gy. This retrospective analysis of patients 
treated at the University of Chicago was performed 
to assess the dose–response in patients treated 
in a more uniform manner in a single institution 
(Myrianthopoulos et al. 1995). Local control of 
subclinical disease was 100% with 25–35 Gy. For 
gross disease, there was also no dose dependence in 
the range of 35–55 Gy. Local control in gross disease 
was 98.3% with 35–45 Gy.

A trial from the German Hodgkin’s Lymphoma 
Group randomized early-stage Hodgkin’s disease 
patients to 40-Gy extended field irradiation versus 
30-Gy extended field plus 10-Gy involved field irra-
diation (Duehmke et al. 1995). No infield relapses 
were noted in the extended field volumes, and there 
was no significant difference in overall survival or 
freedom from failure. Patients with bulky disease 
(mass of greater than 6 cm or LMM) commonly 
receive more than 36 Gy, although the need for a 
higher dose has not been well studied.

In summary, based on available data on the treat-
ment of Hodgkin’s disease with radiation, the Amer-
ican College of Radiology in their Patterns of Care 
Study recommended that optimal doses for local 
control were 36–44 cGy for treatment of involved 
portions of the field and 30–36 cGy for prophylactic 
portions of the fields (Hoppe 1990-1991).

32.8.2 
Radiation Dose in CMT

The doses recommended for patients undergoing 
CMT are not as specific and well established. Most 
of the dose–response data with CMT are from data 
on pediatric and advanced Hodgkin’s disease. Based 
on the experience of the German Austrian Pediat-
ric Study Group, 18–20 Gy to subclinical sites after 
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chemotherapy was effective as high dose radiation 
(Schellong et al. 1988). Dose–response data from 
this cooperative group for childhood Hodgkin’s dis-
ease show about a 95–97% control rate with 15–25 Gy 
to gross disease sites in patients treated with CMT 
(Schellong et al. 1994; Donaldson and Link 1987; 
Oberlin et al. 1992). When treated with CMT, patients 
who respond poorly to initial chemotherapy show a 
poor rate of control using 25 Gy. In adults, it is general 
practice to use 25–30 Gy for a completely responded 
area of previous bulky disease and 36–40 Gy to gross 
disease despite previous chemotherapy.

32.8.3 
Radiation Dose in Salvage Treatment

For patients who relapse after primary treatment 
(either chemotherapy or radiation therapy) and who 
are treated with salvage chemotherapy, low doses of 
radiation can be used to sites previously irradiated 
if maximum tissue tolerance has not been exceeded. 
Higher doses of radiation should be considered if no 
previous radiation therapy was given to the involved 
sites. The radiation field size is usually confined to 
the loco-regional area. Total dose of radiation for 
these patients is similar to that for patients treated 
with primary chemotherapy (Prosnitz 1990; 
Noordijk et al. 1994).

32.9 
Normal Tissue Tolerance and Complications

32.9.1 
Lung

The lung parenchyma is the most sensitive organ 
in the thorax to irradiation. Doses as low as 15 Gy 
can cause acute pulmonary reactions. Areas of lung 
treated with 35–44 cGy often show fibrosis during 
long-term follow-up, with varying degrees of sever-
ity depending on the volume treated, total dose 
used, and fraction size. Both lungs may be treated 
safely with a dose as high as 15–16 cGy, especially if 
partial transmission lung blocks are used or open 
fields at a 75- to 100-cGy daily dose rate (Henry-
Amar et al. 1991; Palos et al. 1971; Lee et al. 1979). 
When patients received 1650 cGy in 10 fractions, 
35% developed pulmonary symptoms whereas only 
15% developed these symptoms after the same dose 
in 20 fractions.

Radiation pneumonitis may develop 6–12 weeks 
after completion of mantle irradiation (Carmel et 
al. 1976). The likelihood of radiation-related pulmo-
nary complications may increase with the additional 
use of chemotherapy, such as bleomycin (Cosset et 
al. 1991).

32.9.2 
Heart

Symptomatic pericarditis is rare with entire peri-
cardium doses of 30 cGy or less. However, subclini-
cal injury to the pericardium may occur at lower 
doses. Partial field blocking (apical portion of heart 
at 15 cGy, subcarinal portion of the heart at 30 cGy) 
is associated with a decreased risk of pericarditis. 
The myocardium is slightly more resistant than the 
pericardium, but doses of 35 cGy can cause a higher 
risk of coronary heart disease.

Heart irradiation modestly increases the rela-
tive risk of coronary artery disease and myo-
cardial infarction. To modify the risk, attention 
should be paid to the total dose, the radiation port 
used, the size of the left ventricular block, and the 
fraction size. Long-term cardiovascular complica-
tions include coronary artery disease, pericarditis, 
pancarditis, and valvular disease (Hancock et al. 
1993b; Hancock and Hoppe 1996). In an analysis of 
factors affecting the risk of cardiac-related deaths 
with long-term follow-up, patients who received a 
dose of 30 Gy to the mediastinum had a 3.5 times 
relative risk of cardiac-related mortality compared 
with a 2.6 relative risk in patients who received less 
than 30 Gy (Hancock and Hoppe 1993). The risk 
of coronary artery disease appears to be primarily 
related to mediastinal irradiation; however, che-
motherapeutic agents, such as anthracyclines, are 
also potential cardiotoxic agents. Therefore, it is 
a concern when combined modality that includes 
cardiotoxic chemotherapy and radiation is consid-
ered.

32.9.3 
Central Nervous System

The Lhermitte sign develops in about 10–20% of 
patients after mantle field irradiation. It may be 
related to transient demyelinization of the spinal 
cord occurring 1–2 months after completion of treat-
ment and usually resolves completely 2–6 months 
after.
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Spinal cord tolerance is reported to be reached at 
dose levels of 45–50 Gy and above, with the length 
and location of the area involved affecting total dose 
tolerance. Although spinal cord tolerance should 
not be an issue with standard lymphoma therapy, 
extreme attention to treatment details should be fol-
lowed. These details, all of which demand conserva-
tive dose guidelines, include attention to the length 
of the spinal cord included in the field, the expected 
success of treatment, a long follow-up, and the use of 
contiguous fields that overlap the spinal cord. Lat-
eral simulator radiographs or treatment planning 
CT scans may be used to determine the doses at key 
points along the length of the spinal cord. The cord 
dose should be limited to no more than 40 cGy in 
posterior spinal cord blocking.

32.9.4 
Thyroid

Thyroid glands are usually included when the neck 
is treated. Subclinical hypothyroidism develops in 
about half of the patients who receive regular mantle 
fields (Hancock and Hoppe 1996). It is important 
to check the long-term thyroid function after mantle 
field treatment.

32.9.5 
Liver

A portion of the left lobe of the liver is included 
in the para-aortic field. This may cause a transient 
elevation of the serum alkaline phosphatase, but it is 
not associated with long-term sequelae. If necessary, 
the entire liver may be treated safely with a dose 
up to 25 cGy using protracted fractionation; higher 
doses should be avoided.

32.9.6 
Gastrointestinal Tract

The gastrointestinal tract (GI) generally tolerates 
doses up to 44 Gy. After doses of 35 Gy or more, there 
is some risk. Small-bowel obstruction could occur 
where intra-abdominal adhesions have formed after 
a staging laparotomy. The Patterns of Care review 
on complications after intradiaphragmatic field 
irradiation reported that 6% of major bowel com-
plications occurred after 4000–4500 cGy (Coia and 
Hanks 1988). The incidence of GI complications was 

especially high in patients with previous GI prob-
lems (19%).

32.9.7 
Head and Neck

Xerostomia may develop after mantle or head and 
neck field irradiation, and prophylaxis including 
daily fluoride treatments is recommended. A dental 
examination before irradiation should be done for 
all patients who receive mantle field and Waldeyer’s 
field irradiation to minimize long-term complica-
tions.

32.9.8 
Reproductive Organs

The ovaries are the most sensitive organ in the pelvis, 
particularly in those women over age 30 years. The 
gonads are sensitive. Even with oophoropexy and 
shielding for the relocated ovaries and with testicu-
lar shielding, the scattered dose of irradiation may 
be sufficient to develop menopause and aspermia. 
Mantle field irradiation delivers 0.2–0.5% of the pre-
scribed dose to the testis, 0.5–1.0% from the para-
aortic field, and 5–10% from the pelvic field (Miller 
et al. 1995). Alkylating chemotherapy agents also 
affect the gonads, especially in women older than 
30 years (Horning et al. 1988). Combined modality 
with chemotherapy and pelvic irradiation should be 
cautiously designed and used because of possible 
further damage to the gonads as well as to bone 
marrow reservation.

32.9.9 
Secondary Neoplasms

One of the long-term sequelae of radiation is the 
development of secondary cancers, including solid 
tumors and leukemia-lymphoma. Overall, there is 
a 6.4 times relative risk of developing a secondary 
malignancy after treatment for Hodgkin’s disease 
and an 84% absolute risk (Hancock and Hoppe 
1996). The incidence of breast cancer in female 
patients has been increasing after mantle irradia-
tion. Secondary solid tumors, such as lung, breast, 
and GI cancers, are most likely related primarily 
to radiation therapy and develop with a longer 
latent period of 7–10 years than soft cancers, such 
as lymphoma or leukemia (Hancock et al. 1993a; 
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Birdwell et al. 1995; van Leeuwen et al. 1995; 
Mauch et al. 1995b).

Long-term follow-up of treated patients provides 
important information on outcomes and complica-
tions of treatment, which allow for modification of 
irradiation techniques to improve results (Hancock 
and Hoppe 1996). Continual attempts should be 
made to reduce any life-threatening consequences 
of treatment and to balance complications with the 
benefits of treatment.
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clear that, regardless of the intervention, restenosis 
remains a major problem. There are several reasons 
restenosis may occur: immediate recoil of the artery 
after PTCA, remodeling of the artery over time caus-
ing recoil of the artery, and scar formation in the 
PTCA area.

Radiotherapy has long been successfully used in 
treating benign conditions such as keloids, hetero-
topic bone formation, pterygia, and more recently 
macular degeneration. As radiation delays the heal-
ing process, it has been postulated that radiotherapy 
could be used to delay the scar formation within a 
coronary artery and therefore decrease the risk of 
restenosis.

In the late 1990s, brachytherapy proved to be effec-
tive in decreasing neointimal hyperplasia and subse-
quent restenosis after stenting in animal models. In 
1995, the first human randomized trial was carried 
out at the Scripps Clinic in La Jolla, CA, confirming 
the efficacy of gamma irradiation in using iridium-
192 seeds in decreasing in-stent restenosis after 
repeat angioplasty (Teirstein et al. 1997). Over the 
next 5 years, three major systems were developed: 
the Checkmate system using iridium-192 seeds, the 
Galileo system using phosphorus-32 wire, and the 
Beta-Cath system using strontium-90 (Sr-90) seeds 
(Fig. 33.1; Leon et al. 2001; Popma et al. 2002; Sieber 
et al. 2005; Urban et al. 2003). These three systems 
were approved by the Food and Drug Administra-
tion (FDA) for use in humans for coronary in-stent 
restenosis after repeat angioplasty (Bhargava et al 
2004). A slight increase in sub-acute thrombosis was 
noted and was effectively treated with anti-plate-
let agents with no other significant complications 
(Giap et al.1999a,b).

Radioisotope-coated stents were studied in clini-
cal trials and were found to be ineffective due to 
candy wrapper failure at the edges of the stents. 
A large trial was carried out for de novo stenosis 
randomizing between PTCA with or without stent-
ing versus the same with IVB using the Beta-Cath 
system. This trial demonstrated no added benefit 
from IVB. There were many trials for peripheral ves-

33.1 
Introduction

Coronary artery disease (CAD) is an important 
factor in the morbidity and mortality of Ameri-
cans. There are many ways to treat CAD, including 
medications, percutaneous transluminal coronary 
angioplasty (PTCA), stent placement, and coronary 
artery bypass surgery. Recent advances include 
intravascular brachytherapy (IVB) and drug-elut-
ing stents (DESs).

The advent of PTCA has created the subspecialty 
of interventional cardiology. The deployment of 
stents has significantly decreased the acute compli-
cation of acute closure and dissection, resulting in 
the wider use of PTCA. However, stent placement 
has increased the risk of neointimal hyperplasia.

Restenosis of the coronary artery is a significant 
problem in the United States. In 2000, there were 
an estimated 882,000 coronary artery procedures 
in the United States. Of these, 6% involved a PTCA 
alone, 30–50% of which were at risk of restenosis. Of 
the procedures, 76% involved the use of a stent. The 
risk of restenosis in these individuals was 20–30%. 
Finally, 18% of the procedures were carried out on 
patients with an in-stent restenosis. In this subset, 
the risk of restenosis was very high at 40–80%. It is 
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sels, mainly for femoral popliteal arteries, mostly in 
Vienna, Austria, other parts of Europe, and in the 
United States. The pivotal trial for the femoral pop-
liteal artery, testing the efficacy of brachytherapy 
using a centering balloon “Paris” catheter with a 
high dose rate remote afterloader, did not show any 
superior efficacy with radiation over angioplasty. 
However, the single institution and multi-institution 
trials in Europe have shown the efficacy of the same 
technique in both de novo and in-stent restenosis 
of femoral popliteal arteries both with and without 
centering catheters. IVB has not been approved for 
use in peripheral vessels in the United States. A few 
prospective trials were done using external beam 
radiation both for coronary in-stent restenosis and 
femoral popliteal stenosis with mixed results. The 
prevailing opinion is that external beam is not the 
way to go (Tripuraneni et al. 2001)!

It is estimated that, in 2002, there were approxi-
mately 50,000–80,000 cases of IVB done in the US 
alone and more around the world. At about that 
time, DESs using rapamycin and later taxol were 
coming into clinical trials. The early clinical trials 
and the subsequent randomized trials for coronary 
de novo stenosis confirmed the benefit of DESs in 
significantly reducing in-stent restenosis from about 
15–18% to less than 2–4%. This is a good example 
of a new “destructive technology” that evolved into 
clinical use, obviating the need for an older technol-
ogy that is quite useful. The newer DES technology 
significantly decreased the need for IVB by dramati-
cally decreasing the in-stent restenosis occurrence. 
Since DESs have significantly decreased or elimi-
nated the need for IVB for coronary in-stent reste-

nosis, the major manufacturers, Johnson & Johnson 
and Guidant, have discontinued the manufacturing 
and support of their respective systems, Checkmate 
and Galileo. Therefore, with the lack of availability 
of delivery catheters and radioisotopes for the two 
discontinued systems in 2005, the only system that 
is currently available for IVB is the Beta-Cath system 
and it will be reviewed in this chapter.

IVB is a truly multi-disciplinary procedure involv-
ing an interventional cardiologist, a radiation oncol-
ogist, and a medical physicist. The cardiologist is 
responsible for obtaining vascular access, determin-
ing the location and the extent of the in-stent reste-
notic lesion, performing the PTCA (preferably with-
out further stent placement), and finally positioning 
the brachytherapy delivery catheter in the appropri-
ate position. The radiation oncologist is responsible 
for obtaining informed consent for the radiation por-
tion of the procedure, determining the details of the 
IVB delivery, and prescribing and delivering IVB. 
The medical physicist is responsible for the initiation 
of the Cath Lab Radiation Safety Quality Assurance 
Program, radiation delivery time calculations, and 
assistance with the delivery of IVB and safekeeping 
of the equipment (Tripuraneni et al. 2001).

33.2 
Beta-Cath System for Coronary In-Stent 
Restenosis

The Novoste Beta-Cath system uses Sr-90 as its 
radioactive source. The Sr-90 has a half-life of 
28 years. It decays into yttrium-90(Y90) and a 0.54-
MeV beta particle. The Y90 has a half-life of 64 h 
and decays into zirconium-90 and a 2.27-MeV beta 
particle. The zirconium-90 is a stable isotope and 
does not undergo any further decay.

The Sr-90 of the Beta-Cath system has several 
advantages. It has a long half-life, so the source 
does not have to be replaced frequently (Azeem et 
al. 2005). The dose rate is high enough that the dose 
is delivered in less than 5 min. As the penetration 
of beta particles is small, the physicians and cath-
eter lab staff can stay with the patient during the 
procedure with manageable radiation protection 
precautions. The dose to the surrounding organs is 
minimal.

The Beta-Cath system consists of four main 
components: the source train, the transfer device, 
the Beta-Cath delivery catheter, and accessories 
(Fig. 33.2). It is a hydraulic delivery system. It comes 

Fig. 33.1. Beta-Cath system
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in two diameters, with an outer diameter of 5 French 
(slightly less than 2 mm in diameter) and 3.5 French 
(a bit more than 1 mm in diameter). The larger 
diameter of the 5-F system comes in three lengths of 
30, 40, and 60-mm source trains. The smaller diam-
eter of the 3.5-F system comes in only two lengths 
of 30 mm and 40 mm. The source train consists of 
Sr-90 seeds, each 2.5 mm in length. There are non-
radioactive marker seeds at both the proximal and 
distal ends of the radioactive sources and are useful 
in fluoroscopic verification of the appropriate place-
ment of the radioactive seeds and also the visual 
verification of the return of the all sources into the 
delivery device (Fig. 33.3). For practical purposes, 
we use a 40-mm long 3.5-F system and a 40-mm and 
60-mm-long 5-F system. The smaller diameter cath-
eter is used for smaller and tortuous vessels. This 
should cover the majority of the instances of IVB for 
both native coronary and saphenous vein graft in-
stent restenosis.

The Beta-Cath delivery catheter is a triple lumen 
catheter that allows the use of a guidewire to place 
it into the coronary artery. The transfer device 
houses the radiation sources with the hydraulic 
delivery system. Once the Beta-Cath delivery cath-
eter is placed into the coronary artery to be irradi-

ated, the transfer device is connected to the cath-
eter making it a closed loop system. With the help 
of hydraulic pressure, the sources are sent into the 
delivery catheter end and radiographically verified. 
They are kept in place for the designated length of 
time to deliver the desired dose. At the end of the 
procedure, the switch is reversed and the seeds are 
brought back into the transfer device with hydraulic 
pressure. After visual verification of source return, 
the transfer device is disconnected from the delivery 
catheter. The delivery catheter is then removed from 
the coronary artery.

The first step involves placing the Beta-Cath 
system into a sterile bag. The bag is then closed. In 
the next step, we attach a syringe filled with saline 
through the opening in the bag and into the Beta-
Cath system. We have found that attaching two 
syringes using a three-way stopcock seems to assure 
that we have enough saline for the procedure, but 
this makes the unit slightly harder to handle. The 
catheter is then attached to the system and the 
system is primed. Once the system is primed, the 
unit is ready.

During the angioplasty, the reference vessel diam-
eter (RVD) is estimated to determine the dose to be 
delivered. After the angioplasty has been accom-
plished, the brachytherapy catheter is placed in the 
appropriate position. This catheter is placed over the 
existing guidewire and through the guide catheter. 
There are radio opaque markers on the brachyther-
apy catheter which can be seen on fluoroscopy and 
help with positioning of the catheter. The treatment 
portion of the catheter should be placed across the 
entire area of injury caused by the angioplasty, not 
just the area of restenosis. In addition, it is impor-
tant to add margins at both the proximal and distal 
ends of at least 5 mm and more to minimize edge 
restenosis.

Once the catheter is in the appropriate position, 
the saline-filled syringe is used to deliver hydraulic 
pressure to move the source train into the appropri-
ate position. Once the source positioning in the target 
is fluoroscopically confirmed, constant pressure on 
the syringe will keep the sources in the appropriate 
position. This can be verified by periodic fluoros-
copy and by watching the pressure monitor on the 

Fig. 33.2. Close up view of the transfer device and the delivery 
catheter

Fig. 33.3. Strontium-90 seeds of 2.5 mm length (60-mm long source train) and radio opaque markers at both ends for radio-
graphic visualization



840 S. Gorty and P. Tripuraneni

Beta-Cath system. After the prescribed dose is deliv-
ered (usually in less than 5 min), the syringe is used 
to apply hydraulic pressure to return the source to 
the unit. The return of the sources needs to be veri-
fied visually before disconnecting the delivery cath-
eter from the transfer device.

The IVB team must be ready to handle both 
cardiac and radiation emergencies in the catheter 
lab and be able to quickly remove the radioactive 
sources. A quality management program, with 
appropriate training, needs to be in place.
• Dose: 18.4 Gy is prescribed at a 2-mm radius from 

the center of the source axis for vessels with a refer-
ence vessel diameter between 2.7 mm and 3.3 mm. 
If the RVD is greater than 3.3 mm and less than 
or equal to 4 mm, then 23 Gy is delivered. With 
the source activity, the typical delivery times are 
in the range of 2–5 min. With the long half-life of 
strontium, the delivery times are adjusted once in 
6 months (Tripuraneni et al. 2001).

• Volume to be irradiated: The gross target volume 
is the in-stent restenotic length of the vessel. The 
clinical target volume is the dilated portion of 
the vessel. The planning target volume includes 
margins of at least 5 mm, if not more, at both the 
proximal and distal ends of the dilated portion of 
the vessel (Fig. 33.4; Giap et al. 2001a; Giap et al. 
2001b, Tripuraneni et al. 2002).

• Longer lesions: For lesions longer than 40 mm in 
the injured length of the vessel, the sequential 
positioning and pullback technique has been suc-
cessfully used. Care should be taken to avoid any 
significant overlap or gap in order to minimize 
hot or cold spots. The branch vessels are useful 
in the positioning; so also is careful review of the 
cine angiograms in the same position of the table 
and the gantry (Crocker et al. 2001).

• Saphenous vein graft in-stent restenosis: The Beta-
Cath system has been successfully used in the 
treatment of saphenous vein graft in-stent reste-
nosis. Typically, these vessels have larger diame-
ters in the range of 3–5 mm, so the dose may need 
to be adjusted (Schiele et al. 2003).

• Bifurcations: The sequential positioning and 
pullback technique may be used in the treatment 
of bifurcation in-stent restenosis (Costa et al. 
2003).

• Repeat irradiation: The success rate of repeat 
irradiation of the same segment of the restenotic 
vessel after first IVB is lower. There appears to 
be no additional significant complications from 
repeat irradiation (Bae et al. 2004).

Enrollment is complete in two major ongoing 
trials that randomize patients having in-stent reste-
nosis and will compare the use of drug-coated stents 
with the standard arm of IVB. The results are eagerly 
awaited and will determine the fate of any further 
continued use of IVB in the US (Tripuraneni 
2003).

There are several small studies reviewing the effi-
cacy of IVB in the management of instances of in-
stent restenosis after the use of DESs. It appears that 
the efficacy of IVB is somewhat lower in this group 
of drug resistant in-stent restenosis. The results of 
studies with a larger number of patients and longer 
follow-up are awaited.

In summary, IVB has revolutionized the entry 
of brachytherapy in the management of cardiac 
disease and was briefly the most common brachy-
therapy technique used. For a year or two, IVB was 
also the most common radiotherapy technique used 
for non-malignant conditions. However, with the 
advent of DESs, the incidence of in-stent restenosis 

Fig. 33.4. Adequate margins at both ends of dilated segment of in-stent restenosis are included for irradiation
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of coronary arteries has dramatically decreased, 
thereby obviating the need for IVB. The results of 
the randomized trials comparing the efficacy of IVB 
with drug-coated stents and the long-term results of 
a large group of patients with drug-resistant in-stent 
restenosis will determine the future of IVB, if any!
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