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This Journal feature begins with a case vignette that includes a therapeutic recommendation. A discussion 
of the clinical problem and the mechanism of benefit of this form of therapy follows. Major clinical studies, 

the clinical use of this therapy, and potential adverse effects are reviewed. Relevant formal guidelines, 
if they exist, are presented. The article ends with the author’s clinical recommendations.

 

A 69-year-old man undergoes a follow-up evaluation after testing showed an elevated 
serum prostate-specific antigen (PSA) level. One year previously, he had requested 
serum PSA testing after receiving counseling regarding its advantages and disad-
vantages. His serum PSA level at that time was 8.0 ng per milliliter, and prostatic 
intraepithelial neoplasia was detected on biopsy. His serum PSA level is now 11.0 ng 
per milliliter, and the apical prostate is indurated (clinical tumor stage, T2a). Trans-
rectal prostatic ultrasonography shows a prostate gland 70 ml in size (twice normal 
size), needle biopsy reveals adenocarcinoma with a Gleason score of  7, and cancer 
staging shows no sign of spread beyond the prostate. A specialist recommends high-
dose, image-guided external-beam radiotherapy.

The Cl inic a l Problem

One in six American men receives a diagnosis of prostate cancer during his lifetime, 
usually after 60 years of age.1 With approximately 234,000 new cases expected in 
2006, prostate cancer is the most common noncutaneous malignant disease and is 
the third leading cause of cancer-related death in men.1 The established risk factors 
for the disease include race, age, and family history.2

The prognosis for patients with prostate cancer is variable and depends on the 
tumor-related characteristics at diagnosis. In practice, the clinical tumor stage at 
presentation (according to the classification of the American Joint Committee on 
Cancer),3 the histologic appearance (according to the Gleason score; scores range 
from 2 to 10, with higher scores indicating a poorer prognosis), and serum PSA val-
ues are used to assess the risk of spread of microscopic tumor beyond the pros-
tate,4-6 determine the risk of recurrence (Table 1),4 and estimate the likelihood of 
therapeutic success.5 The interaction among these factors can be assessed with the 
use of a predictive instrument, such as a nomogram,7 that quantifies the risk for 
the individual patient.6-8 Patients with higher Gleason scores, higher PSA levels, and 
rapidly rising PSA values (i.e., a PSA velocity of >2 ng per milliliter per year) have 
an increased risk of disease progression and cancer-related death.5,8,9

Pathoph ysiol o gy a nd Effec t of Ther a py

Etiologic studies have identified several genes that are associated with suscepti-
bility to prostate cancer and that may serve as a substrate for carcinogenesis.10,11 
Environmental factors such as dietary carcinogens and environmental agents may 
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also promote somatic mutations that accumu-
late over a period of several decades (Fig. 1).2,12 
Progression from multifocal neoplasia originat-
ing in the prostate to metastatic dissemination 
occurs in several steps over time. The main path-
ways of spread to the lymph nodes and bone are 
lymphatic and hematogenous.

Radiotherapy can take the form of externally 
generated electromagnetic (x-ray) and particle 
(most commonly, proton) beams directed into the 
patient or radionuclides placed in or near cancer-
ous tissue (brachytherapy). The biologic effects 
of radiotherapy result from ionization within 
the DNA helix, the interaction between radiation-
induced chemical radicals and DNA, and the modi-
fication of other intracellular targets that are re-

sponsible for apoptosis and DNA repair (Fig. 1).13 
The entire prostate is the target of radiotherapy, 
because prostate cancer is often multifocal and 
is not always fully identified even with the use 
of extensive sampling on biopsy. In addition, the 
seminal vesicles, the pelvic lymph nodes, or both, 
may be included in the therapy for a portion of 
the total dose when the estimated risk of the 
spread of microscopic cancer to these structures 
exceeds approximately 15%.6,7

Doses of radiation are measured in Gray (Gy) 
units. One Gray is equivalent to 1 joule of radia-
tion energy absorbed per kilogram of body weight. 
The probability of the eradication of the cancer 
improves with higher doses,14-27 but so too may 
the risk and severity of adverse effects. The risk 

Table 1. Risk of Recurrence and Options for Initial Management of Clinically Localized Prostate Cancer, According to 
the National Comprehensive Cancer Network (NCCN).*

Risk of Recurrence Management Options†

Low (stage T1–T2a, Gleason score of 2–6, 
and PSA <10 ng/ml)

<10 yr Expectant management, three-dimensional conformal radiotherapy, 
or brachytherapy

≥10 yr Expectant management, three-dimensional conformal radiotherapy, 
brachytherapy, or radical prostatectomy with or without dissection 
of pelvic lymph nodes‡

Intermediate (stage T2b–T2c or Gleason score 
of 7 or PSA of 10–20 ng/ml)§

<10 yr Expectant management, three-dimensional conformal radiotherapy 
with or without brachytherapy, or radical prostatectomy with or 
without dissection of pelvic lymph nodes‡

≥10 yr Three-dimensional conformal radiotherapy with or without brachy-
therapy or radical prostatectomy with or without dissection of pel-
vic lymph nodes‡

High (stage T3a or Gleason score of 8–10 
or PSA >20 ng/ml)§

Three-dimensional conformal radiotherapy with androgen-suppres-
sion therapy¶ or radical prostatectomy∥ with dissection of pelvic 
lymph nodes

Very high (stage T3b–T4) Three-dimensional conformal radiotherapy with androgen-suppres-
sion therapy¶ or androgen-suppression therapy¶

* Adapted with permission from the National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines 
in Oncology, version 2.2005.4 Localized prostatic cancer is defined by the absence of nodal or distant metastases. 
Gleason scores range from 2 to 10, with higher scores indicating a poorer prognosis. According to the NCCN,4 “These 
guidelines are a work in progress that will be refined as often as new significant data become available. . . . The 
NCCN guidelines are a statement of consensus of its authors regarding their views of currently accepted approaches 
to treatment. Any clinician seeking to apply or consult any NCCN guideline is expected to use independent medical 
judgment in the context of individual clinical circumstances to determine any patient’s care or treatment.”

† The options within each category of risk are considered similar with respect to survival and disease recurrence on the 
basis of available data. The selection of an option is based on a variety of factors, including the quality of life and the 
risk of adverse effects, and should be discussed with the patient. 

‡ Dissection of the pelvic lymph nodes is indicated unless the predicted probability of lymph-node metastasis is less 
than 3%.6,7

§ Patients with multiple adverse factors may be shifted into the next higher risk group.
¶ Long-term (2 to 3 years) androgen suppression is indicated; short-term (6 months) androgen-suppression therapy may 

be considered for selected patients with a single adverse high-risk factor.
∥ Radical prostatectomy is indicated only in patients with low tumor volume and no fixation to adjacent structures.
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of adverse effects is related to the proximity of 
the prostate to adjacent organs (especially the 
bladder and rectum) as well as variations in the 
patient’s position during radiotherapy and random 
movement of the prostate between treatment ses-
sions. The use of standard radiotherapeutic tech-
niques reduces the effect of radiation on adjacent 
organs by directing multiple radiation beams at 
the prostate from several angles. The intersec-
tion of the beams, thus the region of the highest 
intensity of the radiation, is centered on the pros-
tate (Fig. 2).

Two developments have improved the preci-
sion with which external-beam radiotherapy can 
be directed specifically to the prostate, limiting 
the potential for injury to other organs and per-
mitting the use of higher doses of radiation. In the 
first development, known as three-dimensional 
conformal radiotherapy, image-guided techniques 
are used to ensure that the alignment of the beams 
conforms tightly to the target.28 In the second 

development, known as intensity-modulated ra-
diotherapy,16-18 further enhancements allow mod-
ulation of the intensity of the dose in each of many 
minute pixels, or “beamlets,” within each beam, 
resulting in steep gradients of intensity within 
the prostate and between the prostate and adja-
cent organs.

Cl inic a l E v idence

The two standard approaches to the management 
of early prostate cancer with a curative intent are 
radiotherapy (external-beam radiation, brachyther-
apy, or both) and radical prostatectomy. However, 
data from randomized trials that directly com-
pare these two methods are lacking. Performing 
such trials is complicated by the rapid evolution 
of treatment techniques and the long clinical fol-
low-up necessary to show an effect on survival.29 
Therefore, comparison studies of these approach-
es have relied primarily on retrospective analy-
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Figure 1. Genomic Damage Resulting in Prostate Cancer.

Genomic damage is induced by dietary carcinogens and inflammatory oxidants that give rise to proliferative epithelial cells that fail 
to mature into normal columnar epithelium. Proliferative inflammatory atrophy is thought to progress to prostatic intraepithelial neopla-
sia and prostate cancer through a multistep process. Radiotherapy interacts with the DNA helix of cancer cells and other intracellular 
targets, resulting in cell death. 
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ses. Unfortunately, such studies tend to be biased, 
because younger and healthier patients are apt to 
undergo surgery whereas older and less vigorous 
patients are usually treated with radiotherapy.

A recent comparison involved 2991 patients 
who underwent prostatectomy or received low-
dose (<72 Gy) or high-dose (≥72 Gy) external-beam 
radiotherapy, brachytherapy, or a combination of 
these techniques.22 At 5 years, the rate of event-
free survival in the five study groups was 81% for 
prostatectomy, 51% for low-dose radiotherapy, 81% 
for high-dose radiotherapy, 83% for brachyther-
apy, and 77% for combination therapy, suggest-
ing similar outcomes with these forms of therapy, 
except for low-dose external radiotherapy.

Results of randomized clinical trials of stan-
dard-dose radiotherapy, as compared with high-
dose radiotherapy, are now emerging,19,23,25,26 and 
other trials are in progress.30,31 In the first of these 
clinical trials, there was a 45% reduction in dis-
ease recurrence among patients assigned to high-
dose (78 Gy) radiotherapy, as compared with 
those assigned to the then-standard dose (70 Gy).19 
However, the incidence of moderate-to-severe 
rectal adverse effects was higher among those 
treated with high-dose therapy than among those 
receiving the standard dose. Other studies have 
noted a similar efficacy but with less severe ad-
verse effects with the use of conformal radiother-
apy with image guidance.25

Cl inic a l Use

External-beam radiotherapy, prostatectomy, and 
brachytherapy are potentially curative therapies 
for prostate cancer. Expectant management (sur-
veillance with intervention for disease progres-
sion or the onset of symptoms) and androgen-sup-
pression therapy are alternatives for patients who 
are not candidates for curative therapy. The Clin-
ical Practice Guidelines of the National Compre-
hensive Cancer Network (Table 1)4 can be used to 
select one of these options on the basis of the risk 
of disease recurrence and the patient’s life expec-
tancy.32 

External-beam radiotherapy has several advan-
tages.29 Because it is noninvasive treatment and 
has no surgical risks, it may be offered to patients 
who for reasons of age, general health, or specific 
coexisting conditions might tolerate prostatecto-
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Figure 2. Image-Guided Radiotherapy.

Image-guided radiotherapy begins with the placement of intraprostatic 
markers (Panel A) and a planning session at which computed tomography 
is used to identify the markers, the prostate, and adjacent organs. The 
imaging device, which is integrated into the linear accelerator, is used to 
locate the markers. The x-ray beams are adjusted to ensure that the pre-
scribed dose encompasses the prostate and that the dose to the adjacent 
organs is limited (Panel B).
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my poorly. In addition, urinary incontinence is 
less common after radiotherapy than after sur-
gery. The most important disadvantage is the risk 
of adverse effects caused by the irradiation of 
normal organs, particularly the rectum. In ad-
dition, treatment with radiotherapy does not in-
clude pathological confirmation of disease stage; 
if spread beyond the prostate has occurred, it 
cannot be detected directly.

The few contraindications to external-beam 
radiotherapy tend to be relative, rather than ab-
solute. However, radiotherapy may not be bene-
ficial in some patients at an advanced age or with 
coexisting conditions that limit their life expec-
tancy. Patients with active collagen vascular dis-
ease or inflammatory bowel disease or those with 
microvascular damage from hypertension or di-
abetes mellitus may be less able to tolerate radio-
therapy than patients without those conditions.33

When external-beam radiotherapy is chosen, 
the specifics of treatment planning depend on 
the risks of extraprostatic tumor spread and dis-
ease recurrence (Tables 1 and 2).4 Categories 
based on the level of risk form the basis of clinical 
practice guidelines that facilitate decision mak-
ing, including the choice of a particular radio-
therapeutic technique,4 the extent of extraprostatic 
tissue treated,5 the dose of radiation prescribed,34 
and the use of complementary treatments, such as 
androgen-suppression therapy (Tables 1 and 2).

Androgen suppression may be used with ra-
diotherapy and is typically achieved with a go-
nadotropin-releasing–hormone agonist with or 
without oral antiandrogen therapy. A short course 
of androgen suppression (6 months) may be ben-
eficial in patients with intermediate-risk dis-
ease who receive no more than 70 Gy of radia-
tion,35,36 but its role in high-dose radiotherapy 
is unclear.16,22 Androgen-suppression therapy may 
also be given in an extended course that includes 
administration before radiotherapy (neoadjuvant), 
during radiotherapy, and for 2 to 3 years after ra-
diotherapy (adjuvant) in patients with high-risk 
disease.4,35

Brachytherapy is an alternative to external-
beam radiotherapy that is appropriate for some 
patients with low-risk disease (Table 1). It may 
also be added to moderate-dose (45 Gy) external-
beam radiotherapy for patients with intermedi-
ate-risk disease.4,37 In the most common form of 

brachytherapy, radioisotope iodine-125 or palla-
dium-103 “seeds” are permanently implanted into 
the prostate, but in an alternative method, cath-
eters are placed temporarily to serve as a conduit 
for a high-dose iridium-192 source.38 Whether 
brachytherapy alone or combined with external 
radiotherapy is preferable to high doses of exter-
nal radiotherapy alone is not known.

Image guidance for three-dimensional con-
formal radiotherapy is accomplished by several 
methods, but a typical approach uses gold mark-
ers that are implanted in the prostate under ultra-
sonographic guidance (Fig. 2A).28 During a prepa-
ratory process known as “simulation,” computed 
tomography is used to identify all markers, each 
of which is oriented spatially in relation to the 
prostate and the adjacent organs and to the tra-
jectory of the multiple proposed beams. Infor-
mation from this simulation is transferred to an 
integrated computerized planning system that 
formulates a patient-specific strategy based on 
the doses prescribed for radiotherapy to the pros-
tate and the dose limitations imposed by the need 
to avoid adverse effects on the adjacent organs.

Before the radiotherapy is started, the patient 
should be asked about symptoms of urinary ob-
struction, because transient prostatic edema dur-
ing therapy may worsen the severity of an obstruc-
tion. If such symptoms are present, a urologic 
evaluation is warranted, and therapies to improve 
urinary outf low should be considered. Patients 
may continue to take any medications, and restric-
tions on activity or diet are not routinely required. 
Instructions to maintain a full bladder during 
treatment may be given in order to displace ad-
jacent tissues out of the radiation beam.

The total prescribed dose of radiotherapy is 
typically administered in daily fractions of 1.8 to 
2.0 Gy at each outpatient session during a treat-
ment period of several weeks. Before each treat-
ment, an electronic imaging device in the linear 
accelerator identifies each marker, and the co-
ordinates of the marker are determined. The ra-
diotherapy beam is then realigned, the position 
of the prostate is “locked in,” and the dose of ra-
diation is delivered to within 2 mm of the intended 
location (Fig. 2B).28 The duration of exposure to 
radiation is brief (a few minutes).

The patient’s tolerance of radiotherapy is as-
sessed at each visit. It is unusual for radiotherapy 
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treatments to be postponed or discontinued be-
cause of adverse effects. The cost of image-guided 
intensity-modulated conformal radiotherapy var-
ies, but it is approximately $38,000 for the treat-
ment of a typical patient in the United States.

After the course of radiotherapy has been com-
pleted, measurements of serum PSA are obtained 
every 6 months for 5 years and annually there-
after, and an annual history-taking and digital 
prostatic examination are recommended.4 If se-
rial measurements showing rising PSA values are 
the sole sign of recurrence, a persistent level ex-
ceeding the nadir by 2 ng per milliliter is con-
sidered to indicate recurrence.39 Initial monitor-
ing of the rate of PSA increase (the PSA doubling 
time7) may be prudent. Patients with a doubling 
time of less than approximately 6 months are 
more likely to have metastatic disease and a 
higher risk of death in the near term than those 
with a doubling time of approximately 6 months 
or more.40,41

A dv er se Effec t s

Adverse effects are classified as acute or late, ac-
cording to the time of occurrence in relation to 
radiotherapy.42 The most common adverse effects 
are gastrointestinal, genitourinary, and sexual.

As an acute adverse effect, moderate-to-severe 
proctitis or (when pelvic nodal treatment is giv-
en) enteritis develops in 40% of patients treated 
with high-dose (>74 Gy) radiotherapy.23,25,26,30,43 
The symptoms include abdominal cramping, te-
nesmus, and urgency and frequency of defecation 
and are usually controlled with antidiarrheal 
agents or topical antiinflammatory preparations. 
Late gastrointestinal effects include urgency, fre-
quency, and hematochezia. Strictures, ulceration, 
and perforation are rare. Moderate-to-severe late 

gastrointestinal effects occur in approximately 
20% of patients treated with high doses of radio-
therapy, as compared with approximately 10% of 
those treated with standard doses (approximate-
ly 70 Gy).16,19,23,25,26,43,44 However, when highly 
conformal beams are used and the dose to the 
rectum is limited,16,19,23,26,30 the rate of moderate-
to-severe late gastrointestinal effects approaches 
that seen among patients who receive standard 
doses.

Moderate-to-severe acute genitourinary effects 
occur in approximately a third of patients23,25,26,30,43 
and are caused by irritability of the bladder de-
trusor or urothelial inflammation (cystitis, ure-
thritis, or both) resulting in urgency, frequency, 
or dysuria. Prostatic inflammation may result in 
prolonged or incomplete voiding, especially in the 
setting of coincident benign hypertrophy. These 
adverse effects are often lessened with the short-
term use of α

1
-adrenergic–receptor antagonist 

medications. Late genitourinary effects are rela-
tively uncommon, but bladder-neck or urethral 
stricture may cause retention, and a reduced blad-
der capacity may result in urgency and frequency. 
Acute and late genitourinary effects do not in-
crease significantly with the use of high-dose 
radiotherapy.16,19,23,25,26,30,43,44 Urinary inconti-
nence is uncommon; approximately 1% of patients 
use protective pads intermittently or daily.45

Erectile dysfunction occurs in perhaps a third 
of patients after radiotherapy, as a result of the 
disruption of penile vasculature46; however, this 
disorder may also result from causes other than 
radiotherapy.47 Because high doses of radiation 
to the corpus spongiosum double the risk of erec-
tile dysfunction,46 measures to reduce the corpo-
ral dose are now incorporated into the planning 
of radiotherapy.

Patients undergoing radiotherapy for prostate 

Table 2. Principles of Radiotherapy, According to the National Comprehensive Cancer Network.

Three-dimensional conformal or intensity-modulated radiotherapy techniques should be used.

Doses of 70 to 75 Gy in 35 to 41 fractions to the prostate (with or without inclusion of the seminal vesicles for part 
of the therapy) appear to be appropriate for patients with low-risk cancers, whereas for patients with intermediate- 
or high-risk disease, doses of 75 to 80 Gy appear to provide improved disease control as assessed on serum PSA 
testing.

Patients with high- or very-high-risk cancers are candidates for radiotherapy to the pelvic lymph nodes with neoadju-
vant or adjuvant androgen-suppression therapy, or both.

If target margins are reduced, such as for the administration of doses greater than 75 Gy, extra attention to daily image 
guidance, with the use of techniques such as implanted markers, transabdominal ultrasonography, or endorectal 
balloon, is indicated.
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cancer may have a small increase in the risk of 
second malignant diseases, as compared with 
those who undergo prostatectomy48 but not as 
compared with the population at large, since pa-
tients receiving radiotherapy are typically older 
than surgical patients and often have other medi-
cal problems. With the exception of sarcoma 
within the irradiated volume (absolute risk, 0.03%), 
a causal relationship between radiotherapy and 
second cancers is uncertain.

A r e a s of Uncerta in t y

Data comparing external-beam radiotherapy and 
expectant management, brachytherapy, or prosta-
tectomy are limited, so it is uncertain which ap-
proach provides the ideal balance between can-
cer control and the quality of life. The comparison 
between external-beam radiotherapy and prosta-
tectomy has not been the subject of a major ran-
domized clinical trial involving current thera-
peutic methods.

Despite evidence that high doses of radiation 
reduce the recurrence of prostate cancer more 
successfully than do “standard” doses,14-27 there 
is no conclusive evidence from clinical trials that 
cancer-related deaths are reduced and that the 
patient’s quality of life is enhanced as a result of 
high-dose radiotherapy. The maximal tolerated 
dose that can be achieved with image guidance 
has not been determined. It is also not clear wheth-
er combining brachytherapy or androgen suppres-
sion with radiotherapy is preferable to radiother-
apy alone when high doses of radiation are used.

Increasing the dose of radiation given at each 
treatment session may improve the efficacy of the 
therapy, even when the total dose is held constant 
or even reduced. One approach involves increas-
ing the dose administered at each session by 
approximately one third (from 1.8 Gy to 2.5 Gy) 
while decreasing the number of sessions (from 44 
to 28) and the total dose (from 79.2 Gy to 70 Gy).49 
However, this approach has not yet been adequate-
ly tested against the currently recommended ap-
proach (Table 1).

Guidel ines

The Clinical Practice Guidelines of the National 
Comprehensive Cancer Network4 are often cited 
(Table 1) and have been adopted by other organi-
zations (including the American Cancer Society) 

that advise medical professionals and the public. 
The initial guidelines were published in 2000 and 
are updated annually, and they are available at www. 
nccn.org/professionals/physician_gls/default.asp. 
Because the guidelines do not imply a preferred 
choice among the standard options, and because 
they recognize the potential limitations of cur-
rent clinical evidence, the principal recommenda-
tion is care in the context of a clinical trial.

The category of risk recurrence and life expec-
tancy form the basis for the guidelines. External-
beam radiotherapy is considered appropriate for 
patients in most categories of risk. Three-dimen-
sional conformal radiotherapy or intensity-mod-
ulated radiotherapy should be used, and doses of 
70 to 75 Gy are acceptable for the treatment of 
patients at low risk for recurrence, whereas 
doses of 75 to 80 Gy are suggested for those at 
intermediate or high risk. Image guidance is 
recommended for highly conformal radiothera-
py. The addition of androgen-suppression ther-
apy for 2 to 3 years is recommended for pa-
tients at high or very high risk. A shorter duration 
(6 months) of androgen suppression is optional 
for patients at intermediate risk who have more 
than one risk factor or for patients at high risk 
who have a single risk factor.

R ecommendations

The patient described in the vignette has inter-
mediate-risk prostate cancer,4 a fast-paced PSA 
velocity (>2 ng per milliliter per year),9 and a life 
expectancy exceeding 10 years.32 He is a suitable 
candidate for either radical prostatectomy or ex-
ternal-beam radiotherapy with or without brachy-
therapy. He should be evaluated for urinary ob-
struction, and consultations with specialists in 
radiation oncology, medical oncology, and urology 
should be sought to provide a comprehensive and 
balanced discussion of the options. It should be 
emphasized that his chances of a recurrence of 
cancer and his long-term survival appear to be 
nearly equal with either surgery or radiotherapy; 
he should therefore consider the available infor-
mation about adverse effects and the quality of life. 
Enrollment in a clinical trial should also be con-
sidered.

I recommend external-beam radiotherapy as 
the sole treatment for this patient, without irra-
diation of the seminal vesicles or pelvic lymph 
nodes. Image-guided intensity-modulated confor-
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mal beams should be used to deliver a dose of 75 
to 80 Gy to the prostate, with the final determina-
tion of the dose to be based on the proportion of 
adjacent organs that can be spared. The combi-
nation of brachytherapy and external-beam ra-
diotherapy may not be superior to high-dose 
external-beam radiotherapy alone,22 so I do not 

recommend this approach for this patient. I also 
do not recommend the addition of androgen sup-
pression, since its role with high-dose image-guid-
ed delivery is not firmly established16,22 and its 
use will increase the possibility of adverse effects.

No potential conflict of interest relevant to this article was 
reported.

References

Jemal A, Siegel R, Ward E, et al. Can-
cer statistics, 2006. CA Cancer J Clin 
2006;56:106-30.

Bostwick DG, Burke HB, Djakiew D, 
et al. Human prostate cancer risk factors. 
Cancer 2004;101:Suppl 10:2371-490.

Greene FL, Page DL, Fleming ID, et 
al., eds. AJCC cancer staging manual. 6th 
ed. New York: Springer-Verlag, 2002.

Prostate cancer. In: National Compre-
hensive Cancer Network Clinical Practice 
Guidelines in Oncology, version 2.2005. 
Jenkinstown, PA: National Comprehen-
sive Cancer Network, June 2006. (Accessed 
September 15, 2006, at http://www.nccn.
org/professionals/physician_gls/default.
asp.)

Pisansky TM. External beam radio-
therapy as curative treatment of prostate 
cancer. Mayo Clin Proc 2005;80:883-98.

Partin AW, Mangold LA, Lamm DM, 
Walsh PC, Epstein JI, Pearson JD. Con-
temporary update of prostate cancer stag-
ing nomograms (Partin Tables) for the 
new millennium. Urology 2001;58:843-8.

Prostate nomogram. New York: Memo-
rial Sloan-Kettering Cancer Center, 2006. 
(Accessed September 15, 2006, at http://
www.nomograms.org.)

Kattan MW, Zelefsky MJ, Kupelian 
PA, Scardino PT, Fuks Z, Leibel SA. Pre-
treatment nomogram for predicting the 
outcome of three-dimensional conformal 
radiotherapy in prostate cancer. J Clin 
Oncol 2000;18:3352-9.

D’Amico AV, Renshaw AA, Sussman 
B, Chen MH. Pretreatment PSA velocity 
and risk of death from prostate cancer 
following external beam radiation thera-
py. JAMA 2005;294:440-7.

Nelson WG, De Marzo AM, Isaacs 
WB. Prostate cancer. N Engl J Med 2003;
349:366-81.

Hughes C, Murphy A, Martin C, Sheils 
O, O’Leary J. Molecular pathology of pros-
tate cancer. J Clin Pathol 2005;58:673-84.

Gonzalgo ML, Isaacs WB. Molecular 
pathways to prostate cancer. J Urol 2003;
170:2444-52.

Coleman CN. International Confer-
ence on Translational Research and Pre-
clinical Strategies in Radio-Oncology 
(ICTR) — conference summary. Int J Ra-
diat Oncol Biol Phys 2001;49:301-9.

Pollack A, Smith LG, von Eschenbach 
AC. External beam radiotherapy dose re-

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

sponse characteristics of 1127 men with 
prostate cancer treated in the PSA era. Int 
J Radiat Oncol Biol Phys 2000;48:507-12.

Valicenti R, Lu JD, Pilepich M, Asbell 
S, Grignon D. Survival advantage from 
higher-dose radiation therapy for clini-
cally localized prostate cancer treated on 
the Radiation Therapy Oncology Group 
trials. J Clin Oncol 2000;18:2740-6.

Zelefsky MJ, Fuks Z, Hunt M, et al. 
High dose radiation delivered by intensity 
modulated conformal radiotherapy im-
proves the outcome of localized prostate 
cancer. J Urol 2001;166:876-81. [Erratum, 
J Urol 2001;166:1839.]

Leibel SA, Fuks Z, Zelefsky MJ, et al. 
Technological advances in external-beam 
radiation therapy for the treatment of lo-
calized prostate cancer. Semin Oncol 2003;
30:596-615.

Teh BS, Amosson CM, Mai WY, Mc-
Gary J, Grant WH III, Butler EB. Intensity 
modulated radiation therapy (IMRT) in 
the management of prostate cancer. Can-
cer Invest 2004;22:913-24.

Pollack A, Zagars GK, Starkschall G, 
et al. Prostate cancer radiation dose re-
sponse: results of the M.D. Anderson 
phase III randomized trial. Int J Radiat 
Oncol Biol Phys 2002;53:1097-105.

Kuban DA, Thames HD, Levy LB, et 
al. Long-term multi-institutional analysis 
of stage T1-T2 prostate cancer treated 
with radiotherapy in the PSA era. Int J Ra-
diat Oncol Biol Phys 2003;57:915-28.

Jacob R, Hanlon AL, Horwitz EM, 
Movsas B, Uzzo RG, Pollack A. The rela-
tionship of increasing radiotherapy dose 
to reduced distant metastases and mor-
tality in men with prostate cancer. Cancer 
2004;100:538-43.

Kupelian PA, Potters L, Khuntia D, et 
al. Radical prostatectomy, external beam 
radiotherapy <72 Gy, external beam radio-
therapy > or =72 Gy, permanent seed im-
plantation, or combined seeds/external 
beam radiotherapy for stage T1-T2 pros-
tate cancer. Int J Radiat Oncol Biol Phys 
2004;58:25-33.

Dearnaley DP, Hall E, Lawrence D, et 
al. Phase III pilot study of dose escalation 
using conformal radiotherapy in prostate 
cancer: PSA control and side effects. Br J 
Cancer 2005;92:488-98.

Kupelian P, Kuban D, Thames H, et al. 
Improved biochemical relapse-free survival 

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

with increased external radiation doses in 
patients with localized prostate cancer: 
the combined experience of nine institu-
tions in patients treated in 1994 and 1995. 
Int J Radiat Oncol Biol Phys 2005;61:415-
9.

Zietman AL, DeSilvio ML, Slater JD, et 
al. Comparison of conventional-dose vs 
high-dose conformal radiation therapy in 
clinically localized adenocarcinoma of 
the prostate: a randomized controlled 
trial. JAMA 2005;294:1233-9.

Peeters STH, Heemsbergen WD, Ko-
per PCM, et al. Dose-response in radio-
therapy for localized prostate cancer: re-
sults of the Dutch multicenter randomized 
phase III trial comparing 68 Gy of radio-
therapy with 78 Gy. J Clin Oncol 2006;
24:1990-6.

Symon Z, Griffith KA, McLaughlin 
PW, Sullivan M, Sandler HM. Dose escala-
tion for localized prostate cancer: sub-
stantial benefit observed with 3D confor-
mal therapy. Int J Radiat Oncol Biol Phys 
2003;57:384-90.

Herman MG, Pisansky TM, Kruse JJ, 
Prisciandaro JI, Davis BJ, King BF. Techni-
cal aspects of daily online positioning of 
the prostate for three-dimensional con-
formal radiotherapy using an electronic 
portal imaging device. Int J Radiat Oncol 
Biol Phys 2003;57:1131-40.

Jani AB, Hellman S. Early prostate 
cancer: clinical decision-making. Lancet 
2003;361:1045-53.

Beckendorf V, Guerif S, Le Prise E, et 
al. The GETUG 70 Gy vs. 80 Gy random-
ized trial for localized prostate cancer: 
feasibility and acute toxicity. Int J Radiat 
Oncol Biol Phys 2004;60:1056-65.

Genitourinary cancer protocols. Phil-
adelphia: Radiation Therapy Oncology 
Group, 2006. (Accessed September 15, 
2006, at http://www.rtog.org/members/
active.html#genitourinary.)

Arias E. United States life tables, 
2002. National vital statistics reports. 
Vol. 53. No. 6. Hyattsville, MD: National 
Center for Health Statistics, 2004:1-38.

Chon BH, Loeffler JS. The effect of 
nonmalignant systemic disease on toler-
ance to radiation therapy. Oncologist 
2002;7:136-43.

Horwitz EM, Hanlon AL, Pinover WH, 
Anderson PR, Hanks GE. Defining the 
optimal radiation dose with three-dimen-

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

The New England Journal of Medicine 
Downloaded from nejm.org at HEBREW UNIVERSITY on December 24, 2022. For personal use only. No other uses without permission. 

 Copyright © 2006 Massachusetts Medical Society. All rights reserved. 



Clinical Ther apeutics

n engl j med 355;15 www.nejm.org october 12, 2006 1591

sional conformal radiation therapy for 
patients with nonmetastatic prostate car-
cinoma by using recursive partitioning 
techniques. Cancer 2001;92:1281-7.

Roach M III, Lu J, Pilepich MV, et al. 
Predicting long-term survival, and the 
need for hormonal therapy: a meta-anal-
ysis of RTOG prostate cancer trials. Int J 
Radiat Oncol Biol Phys 2000;47:617-27. 
[Erratum, Int J Radiat Oncol Biol Phys 
2000;48:313.]

D’Amico AV, Manola J, Loffredo M, 
Renshaw AA, DellaCroce A, Kantoff PW. 
6-Month androgen suppression plus ra-
diation therapy vs radiation therapy alone 
for patients with clinically localized pros-
tate cancer: a randomized controlled trial. 
JAMA 2004;292:821-7.

Nag S, Beyer D, Friedland J, Grimm P, 
Nath R. American Brachytherapy Society 
(ABS) recommendations for transperineal 
permanent brachytherapy of prostate can-
cer. Int J Radiat Oncol Biol Phys 1999;
44:789-99.

Demanes DJ, Rodriguez RR, Schour 
L, Brandt D, Altieri G. High-dose-rate in-
tensity-modulated brachytherapy with ex-
ternal beam radiotherapy for prostate can-
cer: California Endocurietherapy’s 10-year 
results. Int J Radiat Oncol Biol Phys 2005;
61:1306-16.

Roach M III, Hanks G, Thames H Jr, 
et al. Defining biochemical failure fol-

35.

36.

37.

38.

39.

lowing radiotherapy with or without hor-
monal therapy in men with clinically lo-
calized prostate cancer: recommendations 
of the RTOG-ASTRO Phoenix Consensus 
Conference. Int J Radiat Oncol Biol Phys 
2006;65:965-74.

D’Amico AV, Moul JW, Carroll PR, Sun 
L, Lubeck D, Chen MH. Surrogate end 
point for prostate cancer-specific mortal-
ity after radical prostatectomy or radia-
tion therapy. J Natl Cancer Inst 2003;95:
1376-83.

Zelefsky MJ, Ben-Porat L, Scher HI, et 
al. Outcome predictors for the increasing 
PSA state after definitive external-beam 
radiotherapy for prostate cancer. J Clin 
Oncol 2005;23:826-31.

Cox JD, Stetz J, Pajak TF. Toxicity cri-
teria of the Radiation Therapy Oncology 
Group (RTOG) and the European Organi-
zation for Research and Treatment of 
Cancer (EORTC). Int J Radiat Oncol Biol 
Phys 1995;31:1341-6.

Ryu JK, Winter K, Michalski JM, et al. 
Interim report of toxicity from 3D confor-
mal radiation therapy (3D-CRT) for pros-
tate cancer on 3DOG/RTOG 9406, level III 
(79.2 Gy). Int J Radiat Oncol Biol Phys 
2002;54:1036-46.

Bey P, Carrie C, Beckendorf V, et al. 
Dose escalation with 3D-CRT in prostate 
cancer: French study of dose escalation 
with conformal 3D radiotherapy in pros-

40.

41.

42.

43.

44.

tate cancer — preliminary results. Int 
J Radiat Oncol Biol Phys 2000;48:513-7.

Liu M, Pickles T, Berthelet E, et al. 
Urinary incontinence in prostate cancer 
patients treated with external beam ra-
diotherapy. Radiother Oncol 2005;74:197-
201.

Roach M, Winter K, Michalski JM, et 
al. Penile bulb dose and impotence after 
three-dimensional conformal radiothera-
py for prostate cancer on RTOG 9406: 
findings from a prospective, multi-insti-
tutional, phase I/II dose-escalation study. 
Int J Radiat Oncol Biol Phys 2004;60:1351-
6.

Miller DC, Sanda MG, Dunn RL, et al. 
Long-term outcomes among localized 
prostate cancer survivors: health-related 
quality-of-life changes after radical pros-
tatectomy, external radiation, and brachy-
therapy. J Clin Oncol 2005;23:2772-80.

Brenner DJ, Curtis RE, Hall EJ, Ron E. 
Second malignancies in prostate carcino-
ma patients after radiotherapy compared 
with surgery. Cancer 2000;88:398-406.

Kupelian PA, Thakkar VV, Khuntia D, 
Reddy CA, Klein EA, Mahadevan A. Hypo-
fractionated intensity-modulated radio-
therapy (70 Gy at 2.5 Gy per fraction) for 
localized prostate cancer: long-term out-
comes. Int J Radiat Oncol Biol Phys 2005;
63:1463-8.
Copyright © 2006 Massachusetts Medical Society. 

45.

46.

47.

48.

49.

CLINICAL TRIAL REGISTRATION

The Journal requires investigators to register their clinical trials 
in a public trials registry. The members of the International Committee 

of Medical Journal Editors (ICMJE) will consider most clinical trials for publication 
only if they have been registered (see N Engl J Med 2004;351:1250-1). 

Current information on requirements and appropriate registries 
is available at www.icmje.org/faq.pdf.

The New England Journal of Medicine 
Downloaded from nejm.org at HEBREW UNIVERSITY on December 24, 2022. For personal use only. No other uses without permission. 

 Copyright © 2006 Massachusetts Medical Society. All rights reserved. 


