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Abstract

Background—sStereotactic body radiation therapy (SBRT) for localized prostate cancer has
potential advantages over traditional radiotherapies. We compared national trends in utilization,
complications, and costs of SBRT to traditional radiotherapies.

Methods—We identified men who underwent SBRT, intensity-modulated radiation therapy
(IMRT), brachytherapy, and proton beam therapy as primary treatment for prostate cancer during
2004 and 2011 from Surveillance, Epidemiology, and End Results Program (SEER)-Medicare
linked data. Temporal trend of therapy utilization was assessed using Cochran-Armitage test. Two-
year outcomes were compared using chi-square test. Median treatment costs were compared using
Kruskal Wallis test.

Results—542 men received SBRT, 9,647 brachytherapy, 23,408 IMRT and 800 proton beam
therapy. There was significant increase in SBRT and proton beam utilization (p<0.001), whereas
brachytherapy utilization decreased (p<0.001). A higher proportion of SBRT and brachytherapy
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subjects had low grade (Gleason<6 vs. =7) cancer compared to IMRT and proton therapy (54.0%,
64.2% vs 35.2%, 49.6%, respectively; p<0.001). SBRT compared to brachytherapy and IMRT was
associated with equivalent gastrointestinal toxicity but more erectile dysfunction at two-year
follow-up (p<0.001). SBRT was associated with more urinary incontinence compared to IMRT
and proton therapy but less compared to brachytherapy (p<0.001, respectively). Median cost of
SBRT was $27,145 compared to $17,183 for brachytherapy, $37,090 for IMRT and $54,706 for
proton beam therapy (p<0.001).

Conclusions—Utilization of SBRT and proton therapy for localized prostate cancer has
increased over time. Despite men of lower stage undergoing SBRT, SBRT was associated with
greater toxicity but lower healthcare costs compared to IMRT and proton therapy.

Keywords

prostate cancer; radiotherapy; radiosurgery; proton therapy; stereotactic body radiation therapy;
health care costs; toxicity

Introduction

Stereotactic body radiation therapy (SBRT) is a form of radiosurgery that comprises the
delivery of highly conformal hypofractionated radiation to a well-defined target. SBRT is
considered to offer advantages over traditional radiation therapy, insofar as it enables
delivery of high radiation doses over fewer fractionations, thereby curtailing the overall
duration of treatment, compared to traditional external beam approaches such as intensity-
modulated radiation therapy (IMRT).1 Additionally, radiobiologic evidence suggests that a
hypofractionated approach presents the potential for therapeutic equipoise without additional
normal tissue toxicity.2 The combination of promising data and aggressive marketing of
SBRT with technologies, such as Cyberknife® (Accuray, Inc., Sunnyvale, CA), has resulted
in the utilization of SBRT for the treatment of prostate cancer in both the localized and
metastatic settings.3~7

While SBRT may confer advantages by way of a shorter treatment course and lower costs,®
there has been concern regarding the toxicity of SBRT resulting from high radiation dose
delivery to adjacent normal tissues.® Furthermore, the optimal candidate for prostate cancer
SBRT therapy remains unknown due to the absence of randomized trials.

Given the perceived rapid adoption of SBRT and the concerns regarding its toxicity, it is
crucial that stakeholders, including men diagnosed with prostate cancer, practitioners,
payors, health systems and policy makers understand the rate of diffusion, patterns of care,
outcomes and healthcare costs of this particular technology. Because of the paucity in
research regarding utilization and outcomes of SBRT and the perception that prostate cancer
is a litmus test for healthcare reform, we set out to assess temporal, geographic, and
treatment variation in the utilization of SBRT for primary prostate cancer therapy using a
nationally representative cohort. Additionally, we aimed to characterize the complications
following SBRT compared to traditional radiation therapies. Herein, we report the current
trends of SBRT utilization within the United States amongst elderly men diagnosed with
prostate cancer.
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Methods

Data Source

We used the most recent release of Surveillance, Epidemiology, and End Results Program
(SEER) and Medicare linked data with incident cancers through 2011 and Medicare follow-
up through 2012. SEER is a nationally representative, population-based cancer registry that
collects incidence, treatment, and mortality data.1? Successful linkage with Medicare
hospital and physician claims is achieved for more than 90% of subjects.}! SEER identifies
28% of all incident cancer cases in the United States, and Medicare insures approximately
97% of all Americans aged =65 years. The study was approved by the Weill Cornell Medical
College Institutional Review Board.

Study Population

We identified men aged 65 years or older who underwent either SBRT or traditional
radiotherapy (IMRT, brachytherapy, proton beam therapy or combination therapy) as
primary treatment for localized prostate cancer during 2004 through 2011. Patients who
were diagnosed prior to 2004 were excluded. We included men with a primary diagnosis of
prostate cancer without evidence of metastases and without history of non-prostate
malignancy. Primary treatment was defined as treatment within 6 months of initial prostate
cancer diagnosis in men with no prior surgical or radiation therapy. Combination therapy
was defined as receipt of multiple radiotherapies within 6 months. To ensure complete
capture of claim data, we included only patients who were continuously enrolled in
Medicare Part A and Part B and not enrolled in health maintenance organization from one
year prior to diagnosis through death or last available record in 2012.

Subjects who underwent SBRT (n=542) were identified using /nternational Classification of
Disease-9 (ICD-9) codes 92.30-92.33, 92.39 and Common Procedural Terminology-4
(CPT-4) codes 77373, 77435, G0339, and G0340. Men who underwent intensity modulated
radiation therapy (IMRT) (n=23,408), brachytherapy (n=9,647), proton beam therapy
(n=800), or combination therapies (n=6,076) during the study period were identified
consistent with prior methods.12 To accurately address the association between radiation
therapy and associated complications, our final study population did not include patients
exhibiting comorbidities associated with radiation therapy complications prior to their index
radiation. Patient selection process is depicted in Figure 1.

All subjects were followed-up for at least one year after initiation of radiation therapy, with
end of study being December 2012. A total of 17,889 of subjects undergoing SBRT (n=237),
brachytherapy (n=4,136), IMRT (n=10,715), proton beam therapy (n=363) and combination
therapy (n=2,438) were analyzed for one year outcomes. Analysis of two-year outcomes was
performed in a subgroup of patients with sufficient follow-up time.

Study Outcomes

Trends in utilization of primary radiation therapies were characterized along with
complications including urinary incontinence, non-incontinence genitourinary morbidity,
erectile dysfunction, gastrointestinal morbidity, and hip fracture consistent with prior
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studies.2 We identified complications from Medicare inpatient, outpatient, home health
agency records and carrier files within one year and two years following initial therapy
(Supplemental Material). Use of androgen deprivation therapy (ADT) from 3 months to one
year and two years following primary radiation therapy was also identified accordingly.

Health care expenditures were derived by summing the total amount paid by Medicare for
inpatient, outpatient and physician services during the year before and the year following
prostate cancer diagnosis consistent with validated methodology.3 We then subtracted the
one year pre-diagnosis expenditures from the one year post-diagnosis expenditures. The
difference was considered to equal the costs relating to radiation therapy, associated
treatments and laboratory tests within one year. Subjects who switched therapy at follow-up
were excluded from cost analysis to ensure accurate estimate of expenditures specific to a
single radiation therapy. Costs were adjusted to 2012 dollars using 2015 Annual Report of
the Boards of Trustees of the Federal Hospital Insurance and Federal Supplementary
Medical Insurance Trust Funds. For each therapy, total annual expenditures in the United
States were calculated according to previously validated methods.13

Independent Variables

Socio-demographic characteristics included age at diagnosis, race, marital status,
socioeconomic status (census tract measure of high school education and median household
income), geographic region (SEER registry), and population density. Cancer characteristics
included tumor grade and clinical stage according to the American Joint Committee on
Cancer (AJCC) tumor, node, and metastasis (TNM) staging system.14 Comorbidities were
assessed within 12 months prior to treatment from Medicare inpatient, outpatient, physician
and home health agency records using algorithms validated by Elixhauser.1® Treatment
variables included year of initiation of radiation therapy, time between diagnosis and index
treatment, and concurrent ADT, defined as ADT administered within 3 months prior to or 3
months following the initiation of radiation therapy.

Statistical Analysis

Results

Utilization

We compared characteristics, comorbidities and outcome measures between subjects who
received SBRT, brachytherapy, IMRT and proton beam therapy as primary therapy for
prostate cancer. Differences by treatment were compared using percentage of event count
and chi-square test. Temporal trend of a single radiation therapy was assessed using
Cochran-Armitage trend test. We reported overall and stratified median costs by year of
diagnosis. Differences in overall median costs were examined using Kruskal Wallis test. A
p-value < 0.05 was considered statistically significant. All analyses were performed using
SAS v9.3.

From 2004 to 2011, 542 received SBRT, 9,647 patients received brachytherapy, 23,408
patients received IMRT and 800 patients received proton beam therapy as primary treatment
for prostate cancer. There was an increase in SBRT utilization from less than 0.4% to 2.7%
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among all radiation therapies (Figure 2). Similarly, we observed an increase in IMRT and
proton beam therapy and decrease in brachytherapy over time within each type of radiation
therapy. (p<0.001, respectively).

Baseline Characteristics

Sociodemographic characteristics for all men without baseline genitourinary or
gastrointestinal comordbidity who underwent radiation therapy are presented in Table 1.
Men undergoing SBRT and IMRT were more likely to be aged equal to or greater than 75
years at diagnosis compared to brachytherapy, and proton beam (35.0%, 46.1%, 33.6%, and
33.6%, respectively; p<0.001). A lower proportion of men who underwent SBRT,
brachytherapy and proton beam were black (7.2%, 6.9% and 3.0%, respectively) compared
to IMRT (10.3%; p<0.001). SBRT was associated with greater utilization in metropolitan
areas (94.9% vs 80.2% vs 81.7% vs 89.8%) and the Northeast region (54.9% vs 15.6% vs
25.8% vs <4.7%) compared to brachytherapy, IMRT and proton beam therapy (p<0.001). In
addition, a higher proportion of men who underwent SBRT had median household annual
income greater than $60,000 compared to competing radiotherapies (p<0.001).

In terms of prostate cancer characteristics at diagnosis, SBRT was the second most likely
group to have indolent cancer of Gleason score less than or equal to 6 (54.0% vs. 64.2% vs.
35.2% vs 49.6%) compared to brachytherapy, IMRT and proton beam therapy. Moreover,
men undergoing SBRT were more likely to have low clinical stage (T1 vs =T2) cancer
(68.4% vs 63.8% vs 57.2% vs 61.4%) and less likely to undergo concurrent ADT (12.7% vs
18.9% vs 48.3% vs 16.5%) compared to men receiving brachytherapy, IMRT and proton
beam therapy.

Complications

One-year outcomes following therapy are presented in Table 2. SBRT was associated with
highest rate of erectile dysfunction (16.0% vs 11.4% vs 7.3% vs 4.7%, respectively;
p<0.001), and lowest ADT use within one year of initial treatment (5.5% vs 6.9% vs 28.6%
vs 9.1%) compared to brachytherapy, IMRT and proton beam therapy. Moreover, SBRT and
brachytherapy were associated with higher risk of urinary incontinence (15.6% vs 32.2% vs
13.1% vs 6.9%) compared to IMRT and proton therapy. On the other hand, SBRT and
proton beam therapy were associated with lower risk of non-incontinence urinary toxicity
(9.7% and 5.2%) compared to brachytherapy and IMRT (25.1% and 9.8%).

Two-year outcomes following therapy are presented in Table 3. Within two years of follow-
up, SBRT was also associated with highest rate of erectile dysfunction (23.3% vs 18.8% vs
12.3% vs 10.8%), and lowest ADT use (7.4% vs 7.7% vs 29.5% vs 9.5%) compared to
brachytherapy, IMRT and proton beam therapy. Similarly, SBRT and brachytherapy were
associated with higher risk of urinary incontinence (23.9% vs 38.6% vs 19.9% vs 14.4%)
compared to IMRT and proton therapy. Non-incontinence urinary toxicity was lower among
patients receiving SBRT and proton beam therapy (14.8% vs 10.8%) than patients receiving
brachytherapy and IMRT (30.7% vs 15.4%).
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Across all years, median cost of SBRT was $27,145 compared to $17,183 for brachytherapy,
$37,090 for IMRT and $54,706 for proton beam therapy (p<0.001) (Table 4). Estimated
national expenditures in 2011 for SBRT were $15,574,407 compared to $52,878,347 for
brachytherapy, $565,084,893 for IMRT, and $39,625,507 for proton therapy (Table 5).
Estimated national expenditures for SBRT throughout the study period were $109,203,228.
Discussion

The therapeutic and cost advantages of SBRT, bolstered by direct-to-consumer advertising,
have led to adoption of this technology for the treatment of prostate cancer.” SBRT patients
require far fewer therapy sessions compared to conventional IMRT, and while long-term data
regarding oncologic efficacy and toxicity are lacking, short- and moderate-term results are
encouraging.® Indeed, the American Society for Radiation Oncology (ASTRO) and the
National Comprehensive Cancer Network (NCCN) both note the efficacy of SBRT the
moderate-term, while cautioning that long-term results are awaited.16:17 As we anticipate
long-term data from ongoing trials, it is crucial that physicians and regulators attempt to
characterize the rate of diffusion and real-world implementation of this novel technology in
order to inform future research and policy.

Our study has several important findings. It is the first to demonstrate a significant difference
in patient selection for SBRT compared to other therapies, as SBRT patients had
significantly less aggressive prostate cancer than those receiving other therapies. Men who
underwent SBRT were more likely to have low grade (Gleason 6) prostate cancer compared
to those who underwent IMRT. Additionally, SBRT patients were also more likely to have
T1 disease compared to those who underwent alternate therapies, which is consistent with
the composition of cohorts studied in early trials of SBRT for prostate cancer.18:19 These
differences in patient selection may be indicative of a general wariness among radiation
oncologists and urologists to treat higher stage prostate cancer with SBRT given limited data
regarding long-term oncologic efficacy and efficacy in high risk cancer.20-21

Second, we characterized comparative utilization of SBRT relative to competing
radiotherapies for primary treatment of prostate cancer in a population-based sample, which
has not been previously described. Yu et al. compared toxicity of SBRT and IMRT in a
national sample of Medicare beneficiaries, however brachytherapy and proton therapy were
excluded and temporal trends in utilization were not described. We found a significant
concurrent increase in utilization of SBRT, IMRT, and proton therapy, whereas
brachytherapy utilization decreased substantially. With recent data showing increased
utilization of active surveillance in low risk prostate cancer, the current uptrend in utilization
of SBRT may represent overtreatment of low risk cancer.22 Thus, as diffusion of this
technology continues, it is critical that practitioners and policy makers attempt to identify the
precise role for SBRT in the prostate cancer treatment algorithm.

We also found that the majority of SBRT is performed in metropolitan areas, consistent with
prior findings.® Additionally, the Northeast region of the United States had greatest uptake
of SBRT, which may be due to a higher concentration of institutions with SBRT capabilities
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in this region.23 Regional imbalance in utilization of surgical therapies for prostate cancer
has been previously demonstrated in 1993 by Lu-Yao et al. who found geographic variation
in radical prostatectomy rates with lowest utilization in the New England and Mid-Atlantic
regions.24 Interestingly, this geographic variation persists more than two decades later,
though with higher rather than lower volume of SBRT in these regions. Men who underwent
SBRT had higher median income than men who underwent non-SBRT therapies, which is
consistent with prior studies demonstrating higher income among men who pursue prostate
cancer therapy with newer technologies.12:25

Third, SBRT was associated with more urinary incontinence and erectile dysfunction at two-
years compared to IMRT. This is consistent with Yu et al. who found a significantly higher
rate of genitourinary toxicity with SBRT.? In contrast, multiple prior single-institution
studies revealed comparable rates of short- and long-term genitourinary toxicities following
SBRT compared to other therapies.>20:26-28 Differences between these studies and the
population-based studies likely result from length of follow-up, cohort selection, and
definition of toxicity. Furthermore, “not all prostate SBRT or IMRT regimens are created
equal,” and single-institution studies may have unique protocols that minimize morbidity.2°
We also found equivalent gastrointestinal toxicity among SBRT subjects, despite previous
predictions that the rectal-sparing approach of SBRT would likely result in reduction of
gastrointestinal toxicity.30

Finally, we found that SBRT was less costly than IMRT and proton therapy. The rapid
adoption of new technologies despite the absence of cost effectiveness studies has raised
concerns about increased healthcare spending in the treatment of prostate cancer.13
However, multiple prior studies have shown that SBRT is less costly compared to IMRT and
proton therapy, and this is reaffirmed by the current study.®-31-34 Despite higher rates of
toxicity, Yu et al. suggested that SBRT may still be cost effective for both the patient and
payor.? The current study adds to the body of literature supporting the cost effectiveness of
SBRT. Proton therapy generated almost double the costs of SBRT, thus negating the reduced
costs associated with lower toxicity compared to traditional therapy.

Our findings must be interpreted within the context of our study design. First, the study
included a relatively small population of subjects that underwent SBRT, which was smaller
than the cohort studied by Yu et al.® We excluded men with baseline genitourinary and
gastrointestinal comorbidity, and we likely failed to capture a substantial cohort of subjects
who were treated in non-SEER regions, particularly those high-volume areas in the
Northeast where SBRT appears most popular. However, through linkage to SEER, we are
able to identify differences in tumor characteristics by treatment type, a novel finding.
Additionally, the findings of our study may only be generalizable to elderly Americans.
Second, while we reported major toxicities according to previously validated methods, we
were unable to capture toxicities that did not prompt intervention or the generation of billing
codes, which leads to an underestimation of toxicity. However, this limitation should remain
balanced across all therapies and therefore should enable accurate assessment of relative
toxicity among the therapies. Additionally, bias may exist in patient and physician reporting
of morbidity; the extent to which this bias may vary between different therapies is
unknown.12
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Conclusions

Utilization of SBRT and proton therapy for the treatment of primary prostate cancer has
increased over time. Those who underwent SBRT were less likely to have high stage cancer
or clinically significant prostate cancer and experienced higher toxicity from therapy
compared to those who underwent IMRT. With higher toxicity but lower costs compared to
alternate therapies, the precise role of SBRT in the treatment algorithm for prostate cancer
requires further definition. Randomized trials are needed to compare the long-term toxicities
and oncologic outcomes of these therapies in a prospective fashion.
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Excluded patients not in SEER
database (n=4,665)

Patients undergoing SBRT, brachytherapy,
IMRT or proton beam therapy in Medicare
between 2004 and 2011 (n=95,103)

Patients undergoing radiation therapy with
prostate cancer diagnosis in SEER between
2004 and 2011 (n=90,438

Kxcluded the following patients (n=49,965): \

missing date of diagnosis (n=518)
Diagnosis prior to 2004 (n=7,563)
<65 at diagnosis (n=5,294)
history of other cancer (n=4,675)
metastatic disease (n=2,690)

did not start therapy within 6 months of *

diagnosis (n=9,414)

therapy (n=1,459)

K (N=18,352)

o did not have radiation as primary

o notenrolled in part A and part B or
enrolled in an HMO from one year prior
to diagnosis to end of study in 2012

Excluded patients with index radiation
date after Dec 31*, 2010 (<2 years
follow-up, n=2,211)

Figure 1.

Y

(n=40,473, Figure 2)

Eligible patients analyzed for utilization

Eligible patients includ
analysis for one year o
table 1, 2, 4, 5)

ed in the main
utcome (n=17,889,

Eligible patients analyzed for two year
outcomes (n=15,678, table 3)

Flow chart of patient selection
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Utilization of Radiation Therapy
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Estimates of national expenditures due to radiotherapy, 2004-2011

Table 5

Page 18

2011
Therapy Utilization of Radiotherapy Estimated No. of Mean Cost of Total Expenditures in the
from Our Cohort (%) Radiotherapy in the US Radiotherapy ($) us ($)
SBRT 272 590 26417 15,574,407
Brachytherapy 11.96 2592 20398 52,878,347
IMRT 69.85 15140 37324 565,084,893
Proton Therapy 3.06 663 59744 39,625,507
2004-2011
Therapy Utilization of Radiotherapy Estimated No. of Mean Cost of Total Expenditures in the
from Our Cohort (%) Radiotherapy in the US Radiotherapy ($) UsS ($)
SBRT 1.34 3746 29150 109,203,228
Brachytherapy 23.82 66594 20213 1,346,060,726
IMRT 57.84 161704 39720 6,422,877,573
Proton Therapy 1.98 5536 54132 299,648,000
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