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A B S T R A C T

Purpose
Stereotactic body radiation therapy (SBRT) is a technically demanding prostate cancer treatment
that may be less expensive than intensity-modulated radiation therapy (IMRT). Because SBRT may
deliver a greater biologic dose of radiation than IMRT, toxicity could be increased. Studies
comparing treatment cost to the Medicare program and toxicity are needed.

Methods
We performed a retrospective study by using a national sample of Medicare beneficiaries age
� 66 years who received SBRT or IMRT as primary treatment for prostate cancer from 2008 to
2011. Each SBRT patient was matched to two IMRT patients with similar follow-up (6, 12, or 24
months). We calculated the cost of radiation therapy treatment to the Medicare program and
toxicity as measured by Medicare claims; we used a random effects model to compare
genitourinary (GU), GI, and other toxicity between matched patients.

Results
The study sample consisted of 1,335 SBRT patients matched to 2,670 IMRT patients. The mean
treatment cost was $13,645 for SBRT versus $21,023 for IMRT. In the 6 months after treatment
initiation, 15.6% of SBRT versus 12.6% of IMRT patients experienced GU toxicity (odds ratio [OR],
1.29; 95% CI, 1.05 to 1.53; P � .009). At 24 months after treatment initiation, 43.9% of SBRT
versus 36.3% of IMRT patients had GU toxicity (OR, 1.38; 95% CI, 1.12 to 1.63; P � .001). The
increase in GU toxicity was due to claims indicative of urethritis, urinary incontinence, and/
or obstruction.

Conclusion
Although SBRT was associated with lower treatment costs, there appears to be a greater rate
of GU toxicity for patients undergoing SBRT compared with IMRT, and prospective correlation
with randomized trials is needed.

J Clin Oncol 32:1195-1201. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Stereotactic body radiation therapy (SBRT) is an
innovative and aggressively marketed1 form of radi-
ation therapy that is disseminating into national
practice for the treatment of prostate cancer. Com-
pared with the more standard intensity-modulated
radiation therapy (IMRT), SBRT is technologically
more intensive2,3 and delivers higher doses of radia-
tion per treatment, with an entire course of treat-
ment delivered in up to five visits. In comparison,
since IMRT typically delivers a complete course of
radiation in 7 to 9 weeks, SBRT may be less expen-
sive overall. The accelerated radiation therapy
course associated with SBRT may also mean

higher radiobiologic doses than standard frac-
tionated IMRT,4 which may lead to greater local
cancer control.5

Given the large doses of radiation per treatment
and complexity of SBRT compared with IMRT,
there is concern regarding its safety,6 particularly
because SBRT has disseminated nationally beyond
the originating institutions. Early reports from pio-
neering institutions suggest that SBRT has accept-
able acute toxicity and has cancer control outcomes
similar to IMRT.7-9 However, although these re-
ports have shown SBRT to be generally safe, late
urinary symptom flares have led some investigators
at these leading institutions to alter their SBRT tech-
nique.10 Given that toxicity from prostate radiation
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therapy can include symptoms that vary from rectal bleeding to in-
creased urinary frequency to erectile dysfunction, it is unclear whether
reports from pioneering institutions accurately reflect differences in
toxicity outcomes between SBRT and IMRT as practiced nationally.

Given the cost of IMRT for prostate cancer, there has been inter-
est in SBRT as a potentially more cost-effective treatment.11 This
interest is fueled in part by institutional estimates of what is typically
charged for SBRT in relation to IMRT.2,3 However, an assessment of
Medicare payments for delivery, planning, and management of SBRT
has not been performed. Measuring the cost and outcomes of radia-
tion therapy treatment for Medicare beneficiaries is particularly im-
portant, given the significant costs associated with prostate cancer
treatment and the impact of new treatment technologies in prostate
cancer care12 in men older than age 65 years.13 As SBRT disseminates
nationally, and in the absence of comparative effectiveness research, it
is important to understand what Medicare pays for SBRT treatment,
and the comparative toxicity of SBRT and IMRT for prostate cancer as
practiced nationally. To fill this knowledge gap, we compared the
treatment cost and toxicity outcomes among patients receiving IMRT
or SBRT for primary treatment of prostate cancer by using a compre-
hensive, population-based analysis of a national sample of Medicare
beneficiaries with prostate cancer.

METHODS

Data Source and Study Sample

We used the Chronic Conditions Warehouse (CCW), which is a com-
prehensive database of 100% of Medicare fee-for-service claims for patients
with specific conditions, including prostate cancer.14 The Human Investiga-
tion Committee of the Yale School of Medicine determined that this study did
not constitute human patients research.

We identified early-stage patients with prostate cancer age 66 to 94 years
from Medicare claims submitted from January 2008 through June 201115

(Appendix Figure A1, online only) who received either IMRT or SBRT as
primary treatment. We assigned treatment date as the date of first radiation
treatment. Patients who did not have Medicare Parts A and B fee-for-service
coverage in the 9 months before treatment date were excluded. For the analysis
of toxicity at 6, 12, and 24 months, we included only those patients who had
sufficient follow-up time and Medicare Parts A and B fee-for-service coverage
during follow-up.

Construction of Variables

We identified type of radiation therapy by using Healthcare Common
Procedure Coding System (HCPCS) codes. Patients were assigned to the SBRT
group if there were any codes for SBRT delivery,15 and patients were assigned
to the IMRT group if there were four or more codes for IMRT treatment
delivery or if they had the IMRT treatment planning code in addition to four or
more generic external beam treatment delivery codes. Although requiring a
greater number of treatments would have ensured a more uniform group of
patients, we included patients with four or more treatments to err on the side
of including all patients who underwent IMRT, regardless of whether they
completed treatment or not. In this sense, requiring only four delivery codes
for external beam treatment is akin to performing an intention-to-treat anal-
ysis with administrative claims. Patients with three or fewer codes for IMRT
treatment delivery (1.3% of the sample) were excluded a priori because this
number of treatment delivery claims was below what was felt to be reasonably
indicative of a full course of treatment.

To be consistent with prior work,15 we searched claims for HCPCS or
International Classification of Diseases, ninth revision (ICD-9) procedure or
diagnosis codes associated with the following a priori categories of toxicity:
genitourinary (GU), GI, and other toxicity (Appendix Table A1, online only).
Our primary outcome was whether a patient had a complication from 0 to 6, 0

to 12, or 0 to 24 months after start of treatment. We also investigated whether
patients had a complication in the 13- to 24-month time period, given that late
(occurring � 1 year after initiation of treatment) toxicity from radiation
therapy may be distinct from early toxicity.

Patient characteristics included age, race, residence in a metropolitan
county, and median household income at the ZIP Code level. Receipt of an
influenza vaccination or visit to a primary care provider between 9 months and
1 month before treatment was recorded to account for access to primary care,
which is an important factor in the development and recording of toxicity.
Androgen deprivation therapy (ADT) in the 6 months before through 3
months after initiation of radiation therapy was assessed15 by adapting algo-
rithms used in prior studies.16 Comorbidities were identified by searching
Medicare claims billed between 9 months and 1 month before treatment date
for specific ICD-9 diagnoses that appeared on at least one inpatient or two or
more outpatient/physician claims billed more than 30 days apart. We looked
for comorbid conditions that we had previously found were statistically signif-
icantly associated with survival in a sample of patients without cancer.17

Statistical Analysis

We examined characteristics among all SBRT and IMRT patients and
used the �2 test to assess differences in the distributions between groups. To
adjust for treatment selection bias from known confounders, we used Ma-
halanobis matching18 using age, race, residence in a metropolitan county,
comorbidity, receipt of ADT, prior influenza vaccination, prior visit to a
primary care provider, and income. We matched two IMRT patients to each
SBRT patient; when two or more SBRT patients matched the same IMRT
patient, one SBRT patient was randomly selected as a match, and this process
was repeated until all SBRT patients had two matched IMRT patients. Match-
ing was done separately for patients with 6, 12, and 24 months of follow-up.
We assessed the validity of the matching by using �2 tests.

To estimate the effect of SBRT on different categories of toxicity, we
estimated an adjusted random effects logit model for each of the follow-up
periods that included an indicator for whether the patient was treated with
SBRT or IMRT and specified the match group as a random effect. Although
Mahalanobis matching takes into account all variables simultaneously to
match appropriate IMRT patients to SBRT patients, there were slight imbal-
ances between individual variables after the matching. Inclusion of all match-
ing variables in the models resulted in overspecification; therefore, each model
was adjusted for age, comorbidity, and use of ADT, which were the variables
thought most likely to influence outcomes. For comparisons of the three main
categories of toxicity, we used P � .05 to determine statistical significance;
however, for the subcategories of toxicity, we assumed a more rigorous level of
statistical significance by the Šidák correction.

Calculation of Costs

The per-patient payment by Medicare for SBRT and IMRT was esti-
mated for patients in the 6-month matched sample by summing all radiation
therapy planning, management, and delivery codes in the 3 months following
treatment initiation. Costs were adjusted to 2011 dollars by using the Con-
sumer Price Index. To assess cancer-related costs, we calculated the difference
in total Medicare expenditures between the year before and the year following
treatment. We estimated the cost in the year before treatment by tallying the
costs in the 12 to 6 months before treatment and multiplying by two. We did
this to avoid including any costs associated with the cancer diagnostic and
treatment planning phase. To reduce the influence of outliers, all costs were
winsorized by setting the cost of all patients above the 97.5 percentile to the
value of the 97.5 percentile. Costs of treatment were compared by using the
Wilcoxon Mann-Whitney U test. Analysis was performed by using SAS v9.2
(SAS Institute, Cary, NC) and STATA v13 (STATA, College Station, TX).

RESULTS

We identified 53,841 patients who received IMRT and 1,335 patients
who received SBRT during the study period with at least 6 months of
follow-up (Table 1). SBRT patients were more likely to be white,
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younger, healthier, from higher income areas, and less likely to un-
dergo ADT, which may indicate less aggressive disease (Table 1). The
median number of IMRT treatments was 42 (interquartile range, 40 to
43 treatments). For our analysis of toxicity from 0 to 6 months after
initiation of treatment, we successfully matched 1,335 SBRT patients
to 2,670 IMRT patients (Table 1). We successfully matched 1,126
SBRT patients with 12 months of follow-up to 2,252 IMRT patients
(of 46,295) and 696 SBRT patients with at least 24 months of
follow-up to 1,392 IMRT patients (of 29,757; data not shown).

There was increased GU toxicity for SBRT versus IMRT for all
time periods (Table 2 and Fig 1 ). By 6 months after treatment initia-
tion, 15.6% of SBRT patients had a claim indicative of treatment-
related GU toxicity versus 12.6% of IMRT patients (odds ratio [OR],
1.29; 95% CI, 1.05 to 1.53; P � .009). By 12 months after treatment
initiation, 27.1% of SBRT versus 23.2% of IMRT patients had a claim
indicative of GU toxicity (OR, 1.23; 95% CI, 1.03 to 1.43; P � .01), and
by 24 months after treatment initiation, 43.9% of SBRT versus 36.3%
of IMRT patients had a claim indicative of GU toxicity (OR, 1.38; 95%
CI, 1.12 to 1.63; P � .001).

The increased GU toxicity associated with SBRT was largely due
to increased urethra- and bladder-related toxicity (Table 3). When

examining subcategories of toxicity, patients who underwent SBRT
had significantly more claims indicative of diagnostic procedures for
incontinence and obstruction at 6, 12, and 24 months after treatment
compared with patients who underwent IMRT, and more claims
indicative of a diagnosis of or procedures to correct or investigate
urethritis, urethral strictures, and obstruction at 12 and 24 months
after treatment. These comparisons were all significant by the level
defined by the Šidák correction of P � .003. In addition to the time
periods above, there was increased late GU toxicity when examining only
those toxicities reported 13 to 24 months after initiation of treatment for
SBRT versus IMRT (OR, 1.33; 95% CI, 1.06 to 1.59; P � .005).

There was increased GI toxicity for SBRT versus IMRT at 6
months, with 5.8% of SBRT patients having had a claim indicative of
GI toxicity versus 4.1% of IMRT patients (OR, 1.42; 95% CI, 1.00 to
1.85; P � .02; Table 2). However, by 12 months, there was no differ-
ence, with 12.2% of SBRT versus 11.6% of IMRT patients having had
GI toxicity (OR, 1.06; 95% CI, 0.82 to 1.29; P � .62). There was also no
difference at 24 months, with 21.2% of SBRT versus 22.6% of IMRT
patients having had GI toxicity (OR, 0.92; 95% CI, 0.71 to 1.12; P �
.49). There were no subcategories of GI complications that were sig-
nificantly different for SBRT versus IMRT.

Table 1. Distribution of Overall and Matched Sample Characteristics Among Patients Who Received SBRT or IMRT

Characteristic

Overall Sample Matched Sample

SBRT IMRT

P�

SBRT IMRT

P�No. % No. % No. % No. %

Total No. 1,335 100.0 53,841 100.0 1,335 100.0 2,670 100.0
Age at diagnosis, years � .01 1.00

67-69 397 29.7 12,447 23.1 397 29.7 792 29.7
70-74 464 34.8 19,021 35.3 464 34.8 934 35.0
75-79 340 25.5 15,148 28.1 340 25.5 676 25.3
80-84 112 8.4 5,954 11.1 112 8.4 224 8.4
85-94 22 1.6 1,271 2.4 22 1.6 44 1.6

Race � .01 1.00
White 1,177 88.2 45,658 84.8 1,177 88.2 2,354 88.2
Black 114 8.5 5,803 10.8 114 8.5 228 8.5
Other 44 3.3 2,380 4.4 44 3.3 88 3.3

Metro residence � .01 .99
Metro � 1,149† � 86.1 42,337 78.6 � 1,149† � 86.1 � 2,311† � 86.5
Nonmetro 175 13.1 11,430 21.2 175 13.1 347 13.0
Unknown � 11† � 0.8 74 0.1 � 11† � 0.8 � 11† � 0.4

Comorbidity score (No. of conditions) � .01 .99
None 801 60.0 30,171 56.0 801 60.0 1,606 60.1
1-2 430 32.2 19,466 36.2 430 32.2 856 32.1
� 3 104 7.8 4,204 7.8 104 7.8 208 7.8

Pretreatment influenza vaccination‡ 500 37.5 19,095 35.5 .13 500 37.5 1,000 37.5 1.00
Pretreatment primary care provider visit‡ 1,311 98.2 52,612 97.7 .24 1,311 98.2 2,622 98.2 1.00
Concomitant androgen deprivation therapy 148 11.1 23,789 44.2 � .01 148 11.1 299 11.2 .91
Median household income ($) � .01 1.00

� 32,145 170 12.7 10,752 20.0 170 12.7 340 12.7
32,146-38,374 175 13.1 10,347 19.2 175 13.1 351 13.1
38,375-46,125 215 16.1 10,407 19.3 215 16.1 430 16.1
46,126-58,861 226 16.9 10,167 18.9 226 16.9 452 16.9
� 58,862 499 37.4 9,799 18.2 499 37.4 997 37.3
Unknown 50 3.7 2,369 4.4 50 3.7 100 3.7

NOTE. Matched sample is of patients with at least 6 months of follow-up.
Abbreviations: IMRT, intensity-modulated radiation therapy; SBRT, stereotactic body radiation therapy.
�P value calculated by using �2. All P values are two-sided.
†Actual value is not provided because the Centers for Medicare and Medicaid Services prohibits publication of cell sizes � 11.
‡In the 9 months through 1 month prior to treatment.
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There was no difference in other (ie, non-GU and non-GI) tox-
icity at any time point, with 12.2% of SBRT patients and 14.7% of
IMRT patients having another complication within 24 months post-
treatment (OR, 0.80; 95% CI, 0.58 to 1.02; P � .11). The overall
toxicity rate was significantly increased for SBRT versus IMRT at 6
months but was not significantly different at 12 and 24 months.

The mean per-patient cost to Medicare for a full course of SBRT
was $13,645 (95% CI, $13,370 to $13,921), whereas the cost of a
course of IMRT was $21,023 (95% CI, $20,780 to $21,265; P �
.001; Table 4). The mean cost of the two subcategories of compli-
cations (diagnostic procedures to investigate incontinence or

obstruction, urethritis, urethral strictures, and bladder outlet ob-
structions) was $145 (95% CI, $69 to $221) for SBRT and $69 (95%
CI, $44 to $95; P � .001) for IMRT. The mean cost of nonradiation
cancer-related care in the year following SBRT treatment was
$2,963 (95% CI, $2,295 to $3,630) versus $1,978 (95% CI, $1,535 to
$2,420; P � .001) for IMRT.

DISCUSSION

In a national sample of men receiving radiation therapy for treat-
ment of prostate cancer, SBRT was associated with increased GU
toxicity compared with IMRT in the first 2 years following treat-
ment. The increased GU toxicity was present at all time points and
indicated an increase in both acute and later toxicity. This increase
was largely associated with a higher rate of urethritis, urethral
strictures, urinary incontinence, and obstruction among patients
receiving SBRT. Although randomized trials comparing different
fractionation schema are currently underway,19-22 it may be several
years before the insights from these clinical trials are known, al-
though it is possible that data may be available within 2 years. As we
await the results of these forthcoming trials, patients are still in
need of comparative data. Furthermore, complementary to ran-
domized trial data, observational study data explores clinical out-
comes in community practice.

The finding of increased GU toxicity for SBRT in comparison to
IMRT is plausible and is consistent with some clinical reports to
date.8,10,23 Although current SBRT technique may be able to minimize
radiation dose to adjacent normal tissue through the use of prostate
immobilization and targeting, the typical technique in use during the
study period did not avoid irradiating the urethra, given concerns of
local recurrence.10,23 Clinical reports have hinted at increased late
urinary complications for SBRT; King et al23 noted urethral strictures
requiring dilation and cystoscopy in 3.5% (two of 57) of patients who
underwent prostate SBRT, which is higher than what has been re-
ported for IMRT (0.5%).24 In contrast, although Chen et al10 noted a
late urinary symptom flare occurring at a median of 9 months (range,
5 to 22 months) post-SBRT, the majority of symptoms resolved with
conservative management, and other investigators have noted low
toxicity overall for SBRT.25 Despite conflicting reports, given the po-
tentially high doses of radiation delivered to the urethra and bladder
neck by SBRT, our finding of greater GU toxicities for SBRT re-
mains plausible.

Despite our finding of increased toxicity, it is still possible that
SBRT may be preferable to IMRT for both insurers and patients.
Given that a late risk of fistula is a concern for SBRT, it is important to
note that we found no statistically significant difference in the inci-
dence of fistulas between IMRT and SBRT at any time point. First,
SBRT is a more convenient treatment given its shorter treatment
length. Second, we found that despite an increased cost of complica-
tions and medical care, SBRT was still less expensive than IMRT
overall. Third, SBRT may be more effective than IMRT in terms of
cancer cure and so may be preferable in the long-term when account-
ing for the morbidity of cancer recurrence.2 Other studies support this
possibility—that despite increased toxicity of SBRT in comparison to
IMRT, SBRT still may be more cost-effective.3,26

Table 2. Adjusted Random Effects Logit Model of Categories of Toxicity

Toxicity Type and Follow-Up
Interval (months)

Adjusted Random Effects Logit
Model�

OR† 95% CI P

GU
6 1.29 1.05 to 1.53 .009
12 1.23 1.03 to 1.43 .01
24 1.38 1.12 to 1.63 .001

GI
6 1.42 1.00 to 1.85 .02
12 1.06 0.82 to 1.29 .62
24 0.92 0.71 to 1.12 .49

Other
6 0.89 0.57 to 1.20 .51
12 0.89 0.63 to 1.15 .44
24 0.80 0.58 to 1.02 .11

Any
6 1.22 1.02 to 1.41 .02
12 1.12 0.96 to 1.29 .13
24 1.16 0.94 to 1.37 .12

Abbreviations: GU, genitourinary; OR, odds ratio.
�Random effects logit model specified the match group (stereotactic body

radiation therapy or intensity-modulated radiation therapy) as a random effect
and adjusted for age, comorbidity, and use of androgen deprivation therapy.

†OR is for stereotactic body radiation therapy compared with intensity-
modulated radiation therapy.
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Fig 1. Rate of treatment-related toxicity by time period for patients receiving
stereotactic body radiation therapy (SBRT) versus intensity-modulated radiation
therapy (IMRT). (*) Statistically significant difference between SBRT and IMRT.
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Our study has several limitations. First, although we were able to
measure the relative frequency of Medicare claims of treatment-
related toxicity, the grading of toxicity was not possible. Second, al-
though we detected toxicities that required intervention or medical
diagnosis, we could not detect milder toxicities that did not require
medical intervention. Third, we included diagnostic procedures such
as cystourethroscopy and complex uroflometry as indicative of
treatment-related toxicity. This was done because we felt that an
increased rate of these claims in a matched sample of patients indi-
cated a potentially clinically significant finding. Fourth, there may
have been unmeasured confounders, in particular, differences in base-
line GU and GI function, prostate gland volume, cancer histology, and
stage that we could not adjust for; however, we believe that these
unknown confounders would likely have been biased in favor of SBRT
because, during the period of study, SBRT was initially adopted for
low-risk disease.23 For example, since patients who underwent IMRT
were more likely to undergo ADT, it is likely that patients in the IMRT
group had higher-risk disease. Therefore, patients with IMRT were
probably more likely to undergo pelvic radiation therapy, a more toxic
technique. Fifth, we lacked treatment-related information such as the
actual dose of radiation therapy and fields used (including the use of
pelvic radiation therapy) and dose volume constraints used in treat-
ment. Furthermore, it is possible that not all SBRT techniques are the
same and that there may be differences in toxicity between treatment
platforms that we were not able to take into account.10 Finally, it is
unclear whether 24 months is sufficient to capture all late toxicities.
Although current literature indicates that patients treated with at least
5 years of follow-up are unlikely to have new increments in patient
toxicity between 2 and 5 years after treatment,27 late radiation toxicity
can still arise during this time,28 necessitating longer follow-up before
definite conclusions can be made.

Given the rapid pace of innovation and the relative novelty of pros-
tate SBRT, SBRT technique may have improved in recent years, poten-
tially reducing the difference in toxicity between SBRT and IMRT. For
example, Chen et al10 have already taken steps to reduce GU toxicity
relatedtoSBRTbyrecommendingthat instrumentationof theurethrabe
limited as much as possible and by modifying their institutional protocol
to deliver a maximum of 110% of the prescription dose to the urethra.
Others have also demonstrated that it is theoretically possible to reduce
urethral doses with careful dosimetry,29 although concerns about reduc-
ingcancercontrolremain.30 Inaddition,giventhetechnicalcomplexityof
SBRT, there may be both a physician and an institutional learning curve
for using SBRT for the treatment of prostate cancer, with improved out-
comes that can come only from direct clinical experience. Regardless, as
radiation therapy techniques improve, and as practitioners become more
experienced with SBRT, the comparison between SBRT and IMRT is a
moving target. Therefore, up-to-date prospective quality-of-life compar-
isons are needed.

In conclusion, although SBRT is less expensive, we found increased
GU toxicity for men undergoing SBRT compared with standard IMRT
for treatment of prostate cancer in a national sample of Medicare benefi-
ciaries. Prospective studies are urgently needed to investigate the risks and
benefits of SBRT relative to its lower cost compared with IMRT.

AUTHORS’ DISCLOSURES OF POTENTIAL CONFLICTS
OF INTEREST

Although all authors completed the disclosure declaration, the following
author(s) and/or an author’s immediate family member(s) indicated a
financial or other interest that is relevant to the subject matter under
consideration in this article. Certain relationships marked with a “U” are
those for which no compensation was received; those relationships marked

Table 3. Adjusted Random Effects Logit Model of Subcategories of Genitourinary Toxicity

Toxicity

Duration of Follow-Up

6 Months 12 Months 24 Months

OR� P† OR� P† OR� P†

Diagnostic procedures to investigate incontinence or obstruction 1.80 < .001 1.64 < .001 2.23 < .001

Urethritis, urethral strictures, and bladder outlet obstruction 1.25 .14 1.45 .002 1.78 < .001

Therapeutic procedures to correct urinary incontinence 0.71 .22 1.00 1.00 1.33 .09
Other genitourinary toxicity 0.77 .45 1.14 .58 0.73 .23
Infections 1.01 .99 2.30 .11 2.42 .15
Erectile dysfunction 1.46 .03 1.15 .28 1.13 .35

Abbreviation: OR, odds ratio.
�Stereotactic body radiation therapy compared with intensity-modulated radiation therapy.
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GLOSSARY TERMS

comparative effectiveness research: the generation and
synthesis of evidence that compares the benefits and harms of
alternative methods to prevent, diagnose, treat, and monitor a
clinical condition or to improve the delivery of care. The purpose
of comparative effectiveness research is to assist consumers, clini-
cians, purchasers, and policy makers to make informed decisions
that will improve health care at the individual and population
levels.

intensity-modulated radiation therapy: radiation treatment
using beams with nonuniform fluence profiles that shape the dose dis-
tribution in the target volume and adjacent normal structures. Beam
modulation is typically achieved via multileaf collimators or custom-
milled compensators to achieve the appropriate fluence profiles calcu-
lated by inverse optimization algorithms. The radiation beam is divided
into beamlets of varying intensity such that the sum from multiple
beams via inverse planning results in improved tumor targeting and
normal tissue sparing. A technique of radiation therapy delivery in
which the intensity of each beamlet of radiation coming from a specific
angle can be adjusted to provide a desired dose distribution when the
doses delivered from all beamlets are added from a single angle and
from all dose delivery angles. An advanced type of high-precision radio-
therapy, which aims to improve the coverage of the radiotherapy target
and/or minimize radiation dose to surrounding normal tissue.
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Had at least two prostate cancer diagnosis codes billed > 30 days 
apart in the 9 months before through 3 months after treatment

(n = 186,621)

Received prostate cancer treatment (surgery or radiotherapy) 
from January 2008 to September 2011

(N = 192,059)

Had none of the following in the 9 months before through 1 month 
after treatment: metastatic cancer diagnosis code, chemotherapy or 

radiopharmaceuticals, claims with another cancer diagnosis
(n = 167,178)

Enrolled in fee-for-service Medicare Parts A and B in the 9 months 
before through 3 months after treatment

(n = 141,427)

Patient was between age 66 and 94 years at time of treatment
(n = 125,615)

Patient received stereotactic body radiotherapy or intensity-
modulated radiotherapy as primary treatment before July 2011

(n = 55,176)

Fig A1. Sample selection.
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