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Importance: Comparative effectiveness research of pros-
tate cancer therapies is needed because of the develop-
ment and rapid clinical adoption of newer and costlier
treatments without proven clinical benefit. Radio-
therapy is indicated after prostatectomy in select pa-
tients who have adverse pathologic features and in those
with recurrent disease.

Objectives: To examine the patterns of use of intensity-
modulated radiotherapy (IMRT), a newer, more expen-
sive technology that may reduce radiation dose to adja-
cent organs compared with the older conformal
radiotherapy (CRT) in the postprostatectomy setting, and
to compare disease control and morbidity outcomes of
these treatments.

Design and Setting: Data from the Surveillance, Epi-
demiology, and End Results–Medicare–linked database
were used to identify patients with a diagnosis of pros-
tate cancer who had received radiotherapy within 3 years
after prostatectomy.

Participants: Patients who received IMRT or CRT.

Main Outcomes and Measures: The outcomes of 457
IMRT and 557 CRT patients who received radiotherapy
between 2002 and 2007 were compared using their claims

through 2009. We used propensity score methods to bal-
ance baseline characteristics and estimate adjusted inci-
dence rate ratios (RRs) and their 95% CIs for measured
outcomes.

Results: Use of IMRT increased from zero in 2000 to
82.1% in 2009. Men who received IMRT vs CRT showed
no significant difference in rates of long-term gastroin-
testinal morbidity (RR,0.95; 95% CI, 0.66-1.37), uri-
nary nonincontinent morbidity (0.93; 0.66-1.33), uri-
nary incontinence (0.98; 0.71-1.35), or erectile
dysfunction (0.85; 0.61-1.19). There was no significant
difference in subsequent treatment for recurrent disease
(RR,1.31; 95% CI, 0.90-1.92).

Conclusions and Relevance: Postprostatectomy IMRT
and CRT achieved similar morbidity and cancer control
outcomes. The potential clinical benefit of IMRT in this
setting is unclear. Given that IMRT is more expensive,
its use for postprostatectomy radiotherapy may not be
cost-effective compared with CRT, although formal analy-
sis is needed.
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P ROSTATE CANCER IS THE MOST

common malignant neo-
plasm in American men, with
more than 240 000 diagno-
ses and 30 000 deaths per

year.1 Recent advances in technology have
brought forth costlier surgical and radio-
therapy options, such as intensity-
modulated radiotherapy (IMRT), which
have been rapidly adopted for clinical use
despite a lack of comparative effective-
ness research. A recent study2 showed that
the use of new technologies in prostate
cancer has increased health care costs by
$350 million each year, with most of this

cost associated with IMRT. Multiple ma-
jor institutional bodies have called for
comparative effectiveness research in
prostate cancer,3,4 with the Institute of
Medicine4 recently selecting the manage-
ment of localized prostate cancer as one

of its top priorities for comparative effec-
tiveness research.

Radiotherapy has the potential to dam-
age organs adjacent to the prostate, such
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as the bladder and rectum, leading to long-term morbid-
ity. Intensity-modulated radiotherapy is a newer tech-
nology in which the intensity of the radiation beam is
varied at each treatment beam angle. This type of treat-
ment requires more complicated radiotherapy planning
and delivery, which have led to approximately 50% higher
reimbursement rates than the older conformal radio-
therapy (CRT).2,5 Because IMRT planning studies have
demonstrated that it can consistently reduce high radia-
tion dose exposure to these nearby organs compared with
CRT, the rapid adoption of IMRT in prostate cancer likely
relates to its potential ability to reduce treatment-
related morbidity. A recent study6 demonstrated that, as
primary treatment for prostate cancer, IMRT vs CRT was
associated with lower gastrointestinal (GI) morbidity and
improved cancer control, the latter likely the result of an
ability of IMRT to safely allow higher radiation doses to
be delivered to the prostate (dose-escalated radio-
therapy). This was one of the first comparative effective-
ness studies between IMRT and CRT in prostate cancer.

In addition to being used as primary prostate cancer
treatment, radiotherapy also is used for select patients
after prostatectomy, including those with adverse patho-
logic factors7-9 and those with recurrent disease.10 Up to
half of patients may have an indication for radiotherapy
after prostatectomy.11 In this setting, because the pros-
tate has been removed, the radiation dose is lower than
that given for primary treatment.8,9,12,13 Therefore, the po-
tential benefit of IMRT vs CRT in terms of reducing treat-
ment-related morbidity may be less pronounced. There
is also no definitive evidence to support dose-escalated
radiotherapy in the postprostatectomy setting, so the po-
tential benefit of IMRT for cancer control is unclear. The
comparative effectiveness of radiation techniques in the
postprostatectomy setting is not well studied.

The goals of this institutional review board–exempt study
were to examine the utilization patterns of postprostatec-
tomy radiation techniques and to compare the morbidity
and cancer control outcomes of IMRT vs CRT using the
Surveillance, Epidemiology, and End Results (SEER)–
Medicare–linked database. The population evaluated was
a cohort of patients with recent prostate cancer.

METHODS

DATA SOURCE

The SEER-Medicare–linked data are commonly used in popu-
lation-based studies of cancer treatment and outcomes.14 Briefly,
these data are composed of cancer-specific and demographic
information from the SEER program of population-based can-
cer registries, which represent approximately 26% of the US
population. These data are linked to administrative and health
care claims data for Medicare, which insures Americans aged
65 years or older and documents the health care diagnoses, pro-
cedures, and dates of service for beneficiaries.

STUDY COHORTS

We identified a source population of 275 266 men with pros-
tate cancer diagnosed between January 2000 and December
2007; their associated claims were obtained through Decem-
ber 31, 2009. From this cohort, we excluded men with addi-

tional cancer diagnoses, metastatic disease, or disease diag-
nosed at autopsy and those missing month of diagnosis,
which left a sample of 251 787. The study sample was fur-
ther restricted to men aged 66 years or older to allow at least
1 year of claims data before diagnosis for the assessment of
baseline comorbidities, which may affect treatment selection
and outcomes. To ensure complete capture of health services
in claims for the duration of the study, we excluded men
who were enrolled in a health maintenance organization or
who were not enrolled in both Medicare Part A and Part B
from the time of prostatectomy through an event or end of
follow-up in claims (2009). This resulted in a cohort of
97 938 patients.

Using Current Procedural Terminology/Healthcare Com-
mon Procedure Coding System procedure codes (eTable 1; http:
//www.jamainternalmed.com), we identified 1539 men who un-
derwent radical prostatectomy and subsequent radiotherapy
within 3 years of surgery, representing approximately 10% of
prostatectomy patients during this period. The 3-year time win-
dow was selected to minimize identification of men undergo-
ing palliative radiotherapy for metastatic disease. Because there
was a large shift in the use of radiation techniques during the
study period (Figure 1), we restricted our analysis to the 1014
men who received radiotherapy between 2002 and 2007 to maxi-
mize the overlap in baseline characteristics in the IMRT vs CRT
cohorts and thus to allow the application of propensity score
weighting. In this analytic sample, 457 men received IMRT and
557 received CRT. Patients who received both IMRT and CRT
after surgery were excluded from the analysis.

OUTCOMES

Morbidity outcomes examined included conditions associ-
ated with radiotherapy for prostate cancer: GI morbidity, uri-
nary incontinence, nonincontinence urinary morbidity, and
sexual dysfunction.15-18 Hip fracture was evaluated initially, but
because of an insufficient number of events (n=11) was ex-
cluded from final analyses. Diagnoses and procedures (eTable
1) in each morbidity category were examined as separate out-
comes. Because a goal of this study was to compare long-term
morbidity associated with the 2 radiation techniques, we ex-
cluded person-time and diagnoses and procedures that oc-
curred within 1 year of radiotherapy to prevent confounding
from acute morbidity, most of which resolves and does not be-
come long-term morbidity.15
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Figure 1. Use of postprostatectomy intensity-modulated radiotherapy
(IMRT) vs conformal radiotherapy (CRT). All patients who received
postprostatectomy radiotherapy from 2000 to 2009 were included.
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Table 1. Baseline Characteristics

Characteristic

No. (%)

Before Propensity Weighting After Propensity Weightinga

IMRT
(n = 457)

CRT
(n = 557)

IMRT
(n = 443)

CRT
(n = 590)

Year of radiotherapy
2002 11 (2.4) 80 (14.4) 57 (12.9) 50 (8.5)
2003 28 (6.1) 112 (20.1) 52 (11.8) 76 (12.9)
2004 49 (10.7) 135 (24.2) 71 (16.1) 100 (16.9)
2005 77 (16.9) 108 (19.4) 69 (15.6) 96 (16.2)
2006 124 (27.1) 71 (12.8) 90 (20.4) 114 (19.3)
2007 168 (36.8) 51 (9.2) 103 (23.3) 155 (26.2)

Age at diagnosis, y
66-69 287 (62.8) 337 (60.5) 275 (62.1) 377 (63.9)
70-74 143 (31.3) 176 (31.6) 144 (32.5) 179 (30.3)
�75 27 (5.9) 44 (7.9) 24 (5.4) 34 (5.8)

Race
White 410 (89.7) 494 (88.7) 393 (88.7) 529 (89.7)
Black 27 (5.9) 39 (7.0) 28 (6.3) 39 (6.6)
Other/unknown 20 (4.4) 24 (4.3) 22 (5.0) 22 (3.7)

SEER region
Atlanta and rural Georgia b 14 (2.5) b b

California 228 (49.9) 233 (41.8) 217 (49.0) 270 (45.6)
Connecticut 23 (5.0) 24 (4.3) 25 (5.6) 26 (4.4)
Detroit, Michigan 11 (2.4) 24 (4.3) 11 (2.5) 18 (3.0)
Hawaii b b b b

Iowa 13 (2.8) 45 (8.1) 15 (3.4) 31 (5.2)
Kentucky 26 (5.7) 34 (6.1) 31 (7.0) 34 (5.7)
Louisiana 47 (10.3) 53 (9.5) 48 (10.8) 59 (10.0)
New Jersey 57 (12.5) 32 (5.8) 38 (8.6) 64 (10.8)
New Mexico 15 (3.3) b 11 (2.5) 18 (3.0)
Seattle, Washington 17 (3.7) 57 (10.2) 28 (6.3) 40 (6.8)
Utah b 20 (3.6) b 13 (2.2)

Tumor grade
Well/moderately differentiated b 185 (33.2) b b

Poorly differentiated 346 (75.7) 360 (64.6) 296 (66.8) 409 (69.3)
Unknown/not assessed b 12 (2.2) b b

Clinical T category
T1 217 (47.5) 219 (39.3) 191 (43.1) 257 (43.6)
T2 214 (46.8) 310 (55.7) 229 (51.7) 289 (49.1)
T3/T4 26 (5.7) 28 (5.0) 23 (5.2) 43 (7.3)

Baseline diabetes mellitus 114 (25.0) 119 (21.4) 102 (23.0) 146 (24.8)
Baseline anticoagulation, arrhythmia, or valvular disease 144 (31.5) 151 (27.1) 122 (27.5) 166 (28.1)
Baseline GI diagnosis/procedure 98 (21.4) 101 (18.1) 83 (18.7) 117 (19.8)
Baseline urinary nonincontinence diagnosis/procedure 110 (24.1) 134 (24.1) 100 (22.6) 129 (21.9)
Baseline urinary incontinence diagnosis/procedure 167 (36.5) 162 (29.1) 137 (30.9) 190 (32.3)
Baseline erectile dysfunction diagnosis/procedure 131 (28.7) 144 (25.9) 104 (23.5) 150 (25.4)
Marital status

Married 374 (81.8) 454 (81.5) 369 (83.1) 480 (81.4)
Not married 65 (14.2) 86 (15.4) 60 (13.5) 86 (14.6)
Missing/unknown 18 (3.9) 17 (3.0) 15 (3.4) 24 (4.1)

Census income, %
Low, 0-25 88 (19.3) 104 (18.7) 79 (17.9) 111 (18.8)
Low-medium, 26-50 112 (24.5) 142 (25.5) 116 (26.2) 158 (26.7)
Medium-high, 51-75 116 (25.4) 152 (27.3) 114 (25.8) 148 (25.0)
High, �75 141 (30.9) 159 (28.6) 133 (30.1) 174 (29.4)

Census educational level with at least high school education, %
Low, �25 89 (19.5) 109 (19.6) 81 (18.3) 118 (20.0)
Low-medium, 26-50 108 (23.6) 157 (28.2) 114 (25.7) 155 (26.3)
Medium-high, 51-75 116 (25.4) 146 (26.2) 129 (29.1) 156 (26.5)
High, �75 144 (31.5) 145 (26.0) 119 (26.9) 160 (27.2)

Population density
Metropolitan 405 (88.6) 466 (83.7) 395 (89.0) 510 (86.4)
Nonmetropolitan 52 (11.4) 91 (16.3) 49 (11.0) 80 (13.6)

RTOG affiliation 65 (14.2) 69 (12.4) 50 (11.3) 72 (12.2)
Concurrent androgen deprivation therapy 179 (39.2) 212 (38.1) 171 (38.6) 222 (37.6)
Type of prostatectomy

Minimally invasive 95 (20.8) 42 (7.5) 61 (13.7) 98 (16.6)
Open 362 (79.2) 515 (92.5) 383 (86.3) 492 (83.4)

Abbreviations: CRT, conformal radiotherapy; GI, gastrointestinal; IMRT, intensity-modulated radiotherapy; RTOG, Radiation Therapy Oncology Group;
SEER, Surveillance, Epidemiology, and End Results.

aThe number of samples count in each cell was rounded to integers after implementing propensity weights; therefore, the sum of the numbers does not equal
the total sample count because of rounding.

bCells with fewer than 11 patients were suppressed from being presented in the Table in concordance with SEER-Medicare guidelines.
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Consistent with prior studies,6,19-21 we identified men requir-
ing further cancer treatment after radiotherapy as an indicator of
disease recurrence. We defined subsequent treatment as that which
occurred 9 months or more after the initiation of radiotherapy,
also consistent with prior work.6 Furthermore, for patients who
receivedconcurrentandrogendeprivation therapy, additional treat-
ment was defined as cessation of all treatment for 9 months or
more followed by reinitiation of androgen deprivation therapy
or another salvage treatment. Survival was not examined be-
cause death due to prostate cancer is minimal within 5 years of
treatment and is not expected to be significantly different by ra-
diation technique within this time frame.1

CONTROL VARIABLES

Patient-level demographic variables, such as race, age at diag-
nosis, and marital status; census tract measures of income and
education; SEER region; and population density (urban vs ru-
ral) were provided by SEER data. Medicare claims data pro-
vided information on the treatments received, date of treat-
ment, baseline comorbid conditions, and institutional affiliation
with the Radiation Therapy Oncology Group, a radiation-
specific clinical trials cooperative group that requires special
quality-control measures and credentialing. Surgical tech-
nique (minimally invasive radical prostatectomy vs open radi-
cal prostatectomy) and the use of androgen deprivation therapy
concurrently with radiation were included as covariates be-
cause of their potential effects on long-term morbidity and dis-
ease control.22 Baseline diabetes mellitus and conditions asso-
ciated with the use of therapeutic anticoagulation (eg, atrial
fibrillation and valvular disease) can increase morbidity risk
from radiotherapy23-25 and were also included.

STATISTICAL ANALYSIS

We used propensity score weighting to adjust for potentially
important baseline characteristics. Specifically, we first used lo-
gistic regression to estimate the probability of receiving IMRT
vs CRT using all covariates listed in Table 1.26 No variable se-
lection was performed for the propensity score model given the
large number of patients. Distribution of propensity scores was
evaluated by treatment group to examine for sufficient over-
lap among the groups to ensure comparability. We trimmed
the sample by removing 89 patients with nonoverlapped pro-
pensity score distribution (IMRT, 10; CRT, 79). A propensity

score weight was calculated as the inverse of the propensity for
the radiotherapy received. The weight then was multiplied by
the marginal prevalence of treatment actually received to re-
flect the original sample size for each treatment group. This cre-
ates pseudocohorts by weighting each patient by the inverse
of the estimated probability of receiving the treatment actu-
ally received.27-32 We then ran Poisson regression models in these
pseudocohorts that included only the treatment variable as the
independent variable for each outcome. Because each patient
was monitored for varying lengths of time, we also included
the length of time to the first morbidity event as the offset vari-
able in the model. This allowed us to calculate incidence rate
ratios and their 95% CIs.

For each morbidity and disease control outcome, we cal-
culated the number of events per 100 person-years of fol-
low-up to be consistent with published studies.6,19 Follow-up
time was determined from the start of follow-up (12 months
after the start of radiotherapy for morbidity and 9 months for
subsequent cancer therapies) until an event or censoring due
to death or at the end of the study (December 31, 2009). Me-
dian follow-up was 45.6 months for CRT patients and 27.5
months for IMRT patients. As a sensitivity analysis, we also ap-
plied Cox proportional hazards regression models using both
the inverse of the estimated probability of receiving the treat-
ment and the conventional outcome model. Furthermore, be-
cause incidence rates may not be constant over time, we per-
formed sensitivity analyses restricting the follow-up time to 24
months. Statistical significance was set at P = .05, and all tests
were 2-tailed. Analyses were performed using commercial soft-
ware (SAS, version 9.2; SAS Institute, Inc).

RESULTS

Among the patients who received postprostatectomy ra-
diotherapy, use of IMRT vs CRT increased from zero in
2000 to 82.1% in 2009 (Figure 1). There were geo-
graphic variations in the use of IMRT, as well as in-
creased IMRT use in metropolitan vs nonmetropolitan
areas (Table 1). After propensity score weighting, base-
line characteristics among CRT and IMRT patients were
balanced.

Unadjusted and propensity model–adjusted out-
comes for IMRT vs CRT are reported in Table 2. In the

Table 2. Unadjusted and Propensity Model–Adjusted Outcomes for IMRT vs CRT

Outcome per
100 Person-years

Unadjusted Propensity Model–Adjusted

IMRT Events CRT Events
IMRT vs CRT,
RR (95% CI)

P
Value IMRT Events CRT Events

IMRT vs CRT,
RR (95% CI)

P
Value

Gastrointestinal
Procedure 16.3 16.7 0.98 (0.79-1.20) .83 15.6 17.4 0.90 (0.67-1.20) .46
Diagnosis 9.2 9.7 0.95 (0.74-1.23) .71 9.4 9.9 0.95 (0.66-1.37) .78

Urinary nonincontinence
Procedure 4.2 4.1 1.02 (0.71-1.46) .91 4.0 4.5 0.89 (0.55-1.44) .63
Diagnosis 10.9 9.7 1.12 (0.88-1.44) .37 9.9 10.6 0.93 (0.66-1.33) .70

Urinary incontinence
Procedure 11.9 8.7 1.37 (1.07-1.76) .01 11.0 9.4 1.18 (0.84-1.67) .35
Diagnosis 16.6 10.9 1.52 (1.20-1.91) �.01 11.8 12.0 0.98 (0.71-1.35) .91

Erectile dysfunction
Procedure 2.1 2.4 0.87 (0.54-1.41) .58 1.8 2.9 0.63 (0.33-1.22) .17
Diagnosis 15.0 11.7 1.28 (1.01-1.62) .04 11.7 13.8 0.85 (0.61-1.19) .33

Subsequent cancer therapy 8.4 7.1 1.19 (0.91-1.55) .20 9.5 7.2 1.31 (0.90-1.92) .16

Abbreviations: CRT, conformal radiotherapy; IMRT, intensity-modulated radiotherapy; RR, rate ratio.
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adjusted analysis, there were no significant differences
between the 2 groups in GI or urinary diagnoses or pro-
cedures, as well as in erectile dysfunction. There also was
no significant difference in receipt of subsequent cancer
therapies (Table 2 and Figure 2) that may suggest a re-
currence of prostate cancer. Sensitivity analyses using Cox
proportional hazards regression models produced very
similar results for the effect estimates in magnitude and
precision (eTable 2). The results of sensitivity analyses
performed at 24 months of follow-up were consistent with
the main analyses (data not shown).

DISCUSSION

In prostate cancer, there has been recent development
of newer and promising surgical and radiation treat-
ments. There also has been a trend of increased adop-
tion of these newer treatments without (or before) proven
benefit relative to older treatments.6,19 These trends and
their associated costs to the health care system33 high-
light the importance of comparative effectiveness re-
search. The Institute of Medicine included the manage-
ment of localized prostate cancer as a first-quartile priority
topic in its top 100 topics for comparative effectiveness
research.4

To our knowledge, this population-based study is the
first to demonstrate the rapid adoption of IMRT for post-
prostatectomy radiotherapy despite a relative lack of com-
parative effectiveness data demonstrating benefit in pa-
tient outcomes compared with the older CRT. From 2000
to 2009, IMRT use increased from zero to 82.1%. This
rate of increase closely resembles that reported6 for pri-
mary radiotherapy for prostate cancer; however, it ap-
pears that there is not yet complete adoption of IMRT
for postprostatectomy treatment. The reason for this rapid
increase may be related to expectations by physicians and
patients of a reduction in treatment morbidity from IMRT
or in part because of higher reimbursement for the use
of IMRT.5 Both the United Kingdom and Canada have

experienced increased use of advanced radiation tech-
nology such as IMRT, but not to the level of the United
States.34,35

Our study shows that these expectations may not be
based in clinical reality. In contrast to prior findings6 of
IMRT being associated with reduced GI morbidity and
improved cancer control compared with CRT in the pri-
mary treatment setting, we found no significant differ-
ence in the present study in any outcome between the 2
techniques for postprostatectomy radiotherapy. One po-
tential explanation for this null finding is the lower post-
prostatectomy radiation dose and therefore less poten-
tial need for using a more advanced technique to meet
dose requirements to limit exposure of adjacent organs.
This is supported by the low rates of morbidity as re-
ported in prospective clinical trials7,9 of postprostatec-
tomy radiotherapy using CRT: less than 5% long-term
GI and urinary adverse effects. It is unclear if and, if so,
by how much IMRT is able to lower these rates. An-
other possible explanation is that the effect of prostatec-
tomy may be the dominant factor causing morbidities such
as urinary incontinence and erectile dysfunction36,37; thus,
morbidities from postsurgical radiotherapy become less
pronounced. Studies36,37 that examined physician- and
patient-reported outcomes in prostate cancer suggest that
this may be the case. However, surgical morbidity may
be higher in the overall Medicare population than that
in high-volume academic centers, masking a potential dif-
ference between IMRT and CRT. Finally, because there
is no clear role for dose escalation for postprostatec-
tomy radiotherapy, the lack of difference in receipt of sub-
sequent cancer therapies in patients receiving IMRT vs
CRT is consistent with a priori clinical expectations.

This study adds information to recent comparative ef-
fectiveness studies examining patient outcomes with
newer vs older prostate cancer treatments, which have
shown mixed results,6,19 and is broadly illustrative of a
difficulty in health care in which new technologies are
rapidly adopted before evidence of clinical superior-
ity.38 A study19 comparing minimally invasive prostatec-
tomy vs the older open prostatectomy technique dem-
onstrated that, although minimally invasive surgery was
associated with lower rates of short-term postoperative
complications, it also was associated with higher rates
of genitourinary morbidity, incontinence, and erectile dys-
function. However, a study6 comparing IMRT with CRT
for primary prostate cancer treatment found that IMRT
was associated with lower rates of long-term GI morbid-
ity and need for subsequent cancer treatments.

Radiotherapy for prostate cancer can cause damage to
organs adjacent to the prostate, thus causing long-term
morbidity. The ability of IMRT to reduce radiation doses
to the organs (eg, bladder and rectum) compared with
CRT likely explains the reduced long-term morbidity
found in the prior study.6 Furthermore, for primary ra-
diotherapy in prostate cancer, 3 randomized trials13,39,40

have consistently demonstrated that higher radiation doses
(78-79 Gy) resulted in improved cancer control com-
pared with lower doses (68-70 Gy). Thus, the ability of
IMRT to safely deliver dose-escalated radiotherapy is a
plausible mechanism for its association with improved
cancer control compared with CRT.
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Figure 2. Adjusted rates of subsequent cancer treatment for patients who
received intensity-modulated radiotherapy (IMRT) vs conformal radiotherapy
(CRT). Time 0 was the start of follow-up as defined in the Methods section,
which was 9 months after the start of radiotherapy.
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Although IMRT for the primary treatment of pros-
tate cancer has a strong theoretical basis, the rationale
for its use in the postprostatectomy setting is less com-
pelling because a lower dose is used.41-43 With a lower
dose, the need to use a more sophisticated technique to
maintain doses to nearby organs below guideline levels
may be less pronounced. Indeed, dosimetric studies41-43

have demonstrated conflicting results on the usefulness
of postprostatectomy IMRT compared with CRT.

The optimal postprostatectomy radiation technique
is unknown. To our knowledge, prior to this investiga-
tion, only one other large study44,45 has directly com-
pared patient outcomes of postprostatectomy IMRT with
those of CRT. In a retrospective single-institutional se-
ries of 285 patients, Goenka et al45 reported no signifi-
cant difference in urinary incontinence, other urinary mor-
bidity, or sexual dysfunction among patients who received
these 2 radiation techniques; these findings are consis-
tent with ours. In addition, no significant difference in
disease recurrence was described. However, Goenka et
al found a lower rate of GI morbidity in patients receiv-
ing IMRT (5-year rate, 1.9% vs 10.2% for CRT). Their
study included patients who received CRT as early as
1988, which may not reflect the outcomes of more mod-
ern treatment, with patients having the benefit of com-
puted tomography–based radiation planning. This is ex-
emplified by the rate of GI morbidity associated with CRT
(10.2%), which is significantly higher than that re-
ported by other studies. In randomized trials7,46 of post-
prostatectomy observation compared with immediate ra-
diotherapy using CRT, long-term GI morbidity in
radiation-treated patients was 3.3% or less. Therefore, in
the more recent setting, whether IMRT vs CRT reduces
bowel morbidity requires further study.

The strengths of our study include the use of a popu-
lation-based cohort that reflects treatment outcomes in
the community setting. To the best of our knowledge,
this is the first study to demonstrate the rapid uptake of
postprostatectomy IMRT and the largest study to com-
pare patient outcomes from IMRT with those from CRT.
Furthermore, we adjusted for baseline morbidity and in-
cluded covariates that could influence treatment out-
comes, such as anticoagulation, Radiation Therapy On-
cology Group affiliation, and prostatectomy technique,
in an attempt to minimize confounding by these vari-
ables.

However, there are limitations to the use of SEER-
Medicare data for the assessment of clinical outcomes.
Because claims files are not designed to provide detailed
clinical information, outcomes examined may be sub-
ject to misclassification, and certain outcomes (eg, erec-
tile dysfunction) may be underreported.47 We believe that
claims should have an equally high specificity in the 2
patient cohorts included in this analysis to allow com-
parison of relative rates of morbidity; however, it is pos-
sible that patients receiving a novel technique may have
falsely elevated outcome expectations and thus be more
likely to report morbidity after treatment. Furthermore,
treatment choice may lead to confounding. Although we
attempted to control for a comprehensive list of ob-
served covariates, residual confounding from unmea-
sured covariates is possible. However, despite the limi-

tations of SEER-Medicare, this data set represents an
important resource with an established method for com-
parative effectiveness research. Results from this study
represent outcomes of recent patients who received treat-
ments widely available in the community. Whether pa-
tient outcomes are better in high-volume centers re-
quires further study. The population-based examination
of patient outcomes broadens the generalizability of re-
sults over institutional series, but the study is limited by
the need to exclude patients with discontinuous Medi-
care coverage.

In summary, IMRT use has increased markedly for the
treatment of prostate cancer in patients who require ra-
diotherapy following prostatectomy. We found no sig-
nificant difference in the rates of morbidity in patients
who received IMRT vs CRT or in the rate of receiving
subsequent additional cancer therapies. Our results pro-
vide new and important information to patients, physi-
cians, and other decision makers on the currently avail-
able evidence regarding the outcomes of different
postprostatectomy radiation techniques. The potential
clinical benefit of IMRT compared with CRT in this set-
ting is unclear.
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INVITED COMMENTARY

Expanding Utilization of Intensity-Modulated
Radiotherapy for Prostate Cancer

Soaring Costs, Dubious Benefits

P rostate cancer in the United States is character-
ized by a unique epidemiology: a prevalence un-
rivaled by any other visceral malignant neo-

plasm among men and a prolonged natural history often
measurable in decades rather than years. Early detec-
tion and aggressive management of higher-risk prostate
cancer explain a substantial proportion of the more than
40% drop in prostate cancer mortality rates observed since
the 1990s.1 The price of this remarkable success, how-
ever, has been high rates of avoidable overtreatment of
both newly diagnosed and recurrent prostate cancer, with
excessive attendant morbidity and cost. Reflecting both
screening of asymptomatic men and increasingly inten-
sive surveillance (eg, with ultrasensitive prostate-
specific antigen [PSA] tests, more extensive biopsies, and
growing use of advanced imaging) of those treated, men
are receiving both primary and salvage treatments at
younger ages and earlier in the natural history of the dis-
ease. Reducing the potential morbidity of these treat-
ments remains one of the central goals of prostate can-
cer clinical research.

The recent evolution of management options for lo-
calized prostate cancer largely reflects the advent of 2 tech-
nologies: robot-assisted laparoscopic surgery and intensity-
modulated radiotherapy (IMRT). The promulgation of
these 2 treatment platforms for prostate cancer has been
in many respects parallel: both have been marketed ag-
gressively and widely adopted based on relatively lim-
ited and sometimes contradictory data. The growth of
IMRT has been particularly explosive: IMRT accounted
for 0.15% of external-beam radiotherapy treatments in
2000 and 95.9% in 2008.2 In general, IMRT is associ-
ated with lower toxicity than conventional 3D confor-
mal radiotherapy (CRT), although the benefits are fairly
modest, and at least one analysis2 found greater sexual
dysfunction after IMRT than after CRT.

External-beam radiation also may be combined with
brachytherapy, and following radical prostatectomy—
whether open or robot-assisted—it may be adminis-
tered to men with high-risk pathology and/or persistent
or recurrent PSA as adjuvant or salvage therapy. Recent
trials generally support a greater role for postoperative
radiotherapy, and utilization of this combination of sur-
gery with radiotherapy may be expected to increase, par-
ticularly for men with higher-risk disease.3 Although at
least some evidence exists to support the use of IMRT
over CRT for primary monotherapy of prostate cancer,
data for its use in these other contexts are essentially ab-
sent. For combination brachytherapy with external ra-
diation, IMRT utilization nearly quadrupled in 3 years—
from 8.5% in 2002 to 31.1% in 2005, with no published
studies suggesting a benefit in this setting.

Goldin et al4 used Medicare data to examine trends
and outcomes for radiation given as adjuvant or salvage
therapy after prostatectomy. The authors found that here,
as in other settings, IMRT has rapidly overtaken CRT as
the dominant radiation modality, rising from zero cases
in 2000 to 82.1% of cases in 2009. Once again, there were
no observed benefits—in terms of either cancer control
or any quality-of-life domain—observed for IMRT vs CRT.

Important caveats to this analysis should be noted. Aside
from the fact that Medicare only enrolls men older than
65 years, the Centers for Medicare & Medicaid Services data
files only include men in Medicare fee-for-service. Indeed,
more than 61% of the potential sample was excluded either
for the availability of less than 1 year of preradiotherapy
claims data and/or for discontinuous fee-for-service en-
rollment. How representative the remaining men are of the
broader population of men with prostate cancer is unclear
because there are likely important differences between those
enrolling in managed care plans and those choosing to re-
main in fee-for-service. As more Medicare participants en-
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