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Abstract
Purpose—National attention has focused on whether urology-radiation oncology practice
integration – known as integrated prostate cancer centers (IPCCs) – contributes to use of intensity-
modulated radiation therapy (IMRT), a common and expensive treatment for prostate cancer.

Methods—We examined prostate cancer treatment patterns pre- and post-conversion of a
urology practice to an IPCC in July, 2006. Using the SEER-Medicare database, we identified
patients age ≥ 65 years diagnosed in one state-wide registry with non-metastatic prostate cancer
between 2004 and 2007 and classified patients into 3 groups: (1) those seen by IPCC physicians
(exposure group); (2) those living in the same hospital referral region (HRR) and not seen by
IPCC physicians (HRR-control group); and (3) those living elsewhere in the state (state-control
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group). We compared changes in treatment among the 3 groups, adjusting for patient, clinical, and
socio-economic factors.

Results—Compared with the 8.1 percentage point (ppt) increase in adjusted IMRT use in the
state-control group, IMRT increased 20.3 ppts (95% confidence interval [CI] 13.4, 27.1) in the
IPCC group and 19.2 ppts (95% CI 9.6, 28.9) in the HRR-control group. Androgen-deprivation
therapy (ADT), for which Medicare reimbursement declined sharply, decreased similarly in the
IPCC and HRR-control groups. Prostatectomy declined significantly in the IPCC group.

Conclusions—Coincident with the conversion of a urology group practice to an IPCC, we
observed increases in IMRT and decreases in ADT among patients seen by IPCC physicians and
those seen in the surrounding healthcare market that were not observed in the remainder of the
state.

INTRODUCTION
Prostate cancer costs exceed $12 billion annually and account for nearly 10% of the total
cost of cancer care to Medicare.1,2 Rapid adoption of new and expensive medical
technology for prostate treatment has been an important cost driver.3,4 Medicare
reimbursement for intensity-modulated radiation therapy (IMRT), introduced in the late
1990s and now the most common radiotherapy treatment for prostate cancer, is
approximately $25,000 per treatment course, compared to $8,000 to $13,000 for
prostatectomy and $12,000 for brachytherapy.5,6

National attention has recently focused on the contribution of integrated prostate cancer
centers (IPCCs) to use of IMRT.7–12 IPCCs have formed when urology practices acquire
radiotherapy equipment and employ radiation oncologists, consolidating the provision of
prostatectomy and IMRT within a single group practice, as allowed under the In-Office
Ancillary Services Exemption of the Stark Law. The Stark Law prohibits physicians from
referring patients to a facility with which they have a financial relationship, while the In-
Office Ancillary Services Exemption permits referrals when physicians maintain care
oversight of the service within their office setting.13

Integrated care may improve quality through better coordination of specialized
multidisciplinary cancer treatment. However, ownership of highly reimbursed medical
services by referring physicians has been shown to increase the use and costs of medical
care.14,15 Moreover, companies selling turnkey IMRT programs to urology practices
explicitly market the potential for increased IMRT revenue to replace lost earnings from
androgen-deprivation therapy (ADT), for which reimbursement declined sharply as part of
the 2003 Medicare Modernization Act.7,16

To evaluate the impact of urology-radiation oncology practice integration on prostate cancer
treatment patterns, investigated the impact of one urology practice’s conversion to an IPCC
in June, 2006 on prostate cancer treatment patterns.

METHODS
We identified the month and year of the conversion of a urology practice to an IPCC based
on publically available sources. The group practice is a large provider of urologic services in
its hospital referral region (HRR). HRRs represent regional healthcare markets for tertiary
medical care.17 The practice opened a new radiotherapy center as part of the IPCC,
extending the total market capacity for radiotherapy. Other providers of radiotherapy in the
HRR include a University-based center and two community cancer cancers. To comply with
Surveillance, Epidemiology and End Results (SEER)-Medicare confidentiality guidelines,
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we redacted identifying information about the IPCC, the HRR in which the IPCC was
located, and the state.

Using state-wide cancer registry and administrative claims data from the SEER-Medicare
database, we definedpre- and post-conversion periods. Each comprised 18 months for case
ascertainment from a state-wide SEER registry, and 9 months of follow-up for treatment
ascertainment from Medicare claims (an interval allowing sufficient time for
multidisciplinary consultation and treatment initiation). No other IPCCs were formed in the
state during the study period.

We identified men age ≥ 65 years with non-metastatic prostate cancer diagnosed from
March 1, 2004 to August 31, 2005, with follow-up through May 31, 2006 (pre-period,
n=2,076) and from July 1, 2006 to December 31, 2007, with follow-up through September
31, 2008 (post-period, n=1,904).

We identified urology and radiation oncology physician members of the IPCC and obtained
their Unique Physician Identifier Numbers (UPINs) and National Provider Identifiers (NPIs)
from the Medicare Physician Identification and Eligibility Record (MPIER). We examined
physician visits based on Medicare claims occurring between diagnosis date and treatment
date (or 9 months after diagnosis) and then classified patients into 3 groups: (1) those seen
by IPCC physicians (exposure group), 97% of whom resided in the HRR; (2) those living in
the same HRR and not seen by IPCC physicians (HRR-control group); and (3) those living
elsewhere in the state (“rest of” state-control group). By comparing changes in treatment use
between these three groups, we can distinguish the impact of practice integration on patients
seen by physician members of the IPCC versus patients seen by other physicians in the same
regional healthcare market from secular trends elsewhere in the state.

The primary outcome was a categorical measure of prostate cancer treatments. Based on
Medicare billing codes for each therapy, treatment was defined as the most aggressive
therapy first delivered within 9 months following diagnosis and was classified in five
categories as 1) prostatectomy (including open and robot-assisted laparoscopic radical
prostatectomy, which were both available to patients in each of the 3 groups), 2) IMRT, 3)
other radiotherapy (referred to henceforth as ‘other RT’ and including brachytherapy and
conformal radiotherapy), 4) ADT or 5) expectant management (if no Medicare codes for
definitive treatment were found).15We calculated the proportions of patients receiving
treatment in each of the 3 groups in the pre- and post-conversion periods.

We compared changes in the proportions of patients receiving treatments across the 3 patient
groups in a differences-in-differences quasi-experimental framework. The unit of analysis
was the patient. We estimated a multinomial logit model of patients’ treatment as a function
of time period, patient group, and their interaction, adjusting for patient age, race, marital
status, SEER-modified National Comprehensive Cancer Network (NCCN) risk group
(incorporating Gleason sum, pre-treatment PSA, and tumor stage)18, comorbidity in the 12
months prior to diagnosis19, and census tract median household income. Because IMRT,
prostatectomy and other active treatments should be reserved for men with ≥ 10 years life
expectancy20, we also evaluated treatment patterns in subgroups based on age (65 – 74 years
and ≥ 75 years).

To enhance interpretability, we converted the model output to the probability scale by
calculating average partial effects.21 For each of the binary indicators for time period,
patient group and their interactions, and for each of the five treatments separately, we used
the estimated coefficients to compute the difference between the predicted probabilities of
each patient’s receiving that treatment when the covariate took the value 0 and when the
covariate took the value 1. We averaged this difference across all patients in the sample, and
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then bootstrapped the model estimation and average partial effect calculation with 1,000
replicates drawn with replacement to obtain the percentile 95% confidence intervals.22

Statistical modeling was performed using STATA release 11.2 (College Station, TX). The
study was approved by the Institutional Review Board.

RESULTS
While patients in the IPCC and state-control groups had largely similar characteristics,
patients in the HRR-control group more often were black, had high-risk prostate cancer, and
resided in areas with lower median household income (Table 1).

Unadjusted IMRT use increased in all 3 patient groups (Table 2), but the increase was larger
in the IPCC group (from 24% to 46%) and the HRR-control group (16% to 38%) compared
to the state-control group (14% to 23%). ADT declined substantially in the IPCC and HRR-
control groups but not in the state-control group. Prostatectomy declined in the IPCC group.
Brachytherapy use was more common in the state-control group compared to the IPCC
group or the HRR-control group (data masked as part of Other RT category per SEER-
Medicare confidentiality restrictions).

Figure 1 presents adjusted differences in treatment from before to after June 2006 by patient
group. Compared with the 8.6 percentage point (ppt) increase in IMRT in the state-control
group, IMRT increased 20.3 ppts (95% confidence interval [CI] 13.4, 27.1; net difference
11.7 ppts, 95% CI 3.9, 19.2) in the IPCC group and 19.2 ppts (95% CI 9.6, 28.9; net
difference 10.5 ppts, 95% CI 0.9, 20.7) in the HRR-control group. Likewise, compared with
a 3.6 ppt decline in ADT in the state-control group, ADT fell 8.9 ppts (95% CI −14.8, −3.2;
net difference −5.3 ppts, 95% CI −12.1, 1.3) in the IPCC group and 11.2 ppts (95% CI
−19.9, −3.2; net difference −7.5 ppts, 95% CI −16.7, 0.5) in the HRR-control group.
Prostatectomy declined significantly in the IPCC group (net difference IPCC vs HRR-
control: −12.9 ppts, 95% CI −23.5, −1.9; IPCC vs state-control: −12.0 ppts, 95% CI −19.4,
−5.2), while Other RT (predominantly conformal radiotherapy) declined in the HRR- and
state-control groups.

Subgroup analyses by age revealed consistent trends (Figures 2 and 3). Among younger
patients age 65 – 74, prostatectomy declined significantly in the IPCC group (net difference
IPCC vs HRR-control: −21.1 ppts, 95% CI −38.6, −3.6; IPCC vs state-control: -13.7 ppts,
95% CI −24.3, −2.7). In addition, among younger patients, expectant management declined
significantly in the HRR-control group relative to the IPCC group (net difference HRR-
control vs IPCC: −15.9 ppts, 95% CI −30.7, −0.6; HRR-control vs state-control: −13.8 ppts,
95% CI −26.8, 0.2).

DISCUSSION
We undertook this study to examine the effects of practice integration between urologists
and radiation oncologists on treatment patterns for men with prostate cancer. Coincident
with the conversion of a urology group practice to an IPCC, we observed increases in IMRT
and decreases in ADT among patients seen by IPCC physicians and those seen in the
surrounding healthcare market that were not observed in the remainder of the state, where
there were no other IPCCs.

One explanation is that practice patterns among all physicians in the IPCC’s healthcare
market were more sensitive to IMRT and ADT reimbursement than elsewhere in the state.
An alternative explanation is that IPCC formation induced a competitive response among
non-IPCC providers in the same market, resulting in greater adoption of IMRT (at the
expense of other radiotherapy modalities and ADT). This would be plausible, for example, if
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non-IPCC radiation oncologists more actively courted referrals from urologists in the HRR
as ADT use declined – and would be consistent with evidence of a broader medical arms
race and the related competition between specialties to treat similar patients.23,24 However,
in this claims-based observational study, it is not possible to verify either of these
explanations. Nonetheless, while there are few normative standards of care for prostate
cancer treatment, both explanations underscore the concern that, irrespective of IPCC
affiliation, financial considerations influence prostate cancer treatment decisions,
particularly in some healthcare markets.25

Moreover, among patients seen by IPCC physicians, and unlike patients seen by other
physicians, the increase in IMRT after IPCC conversion was partly offset by a decline in
prostatectomy. While physician ownership of expensive medical services may to some
extent explain the increase in IMRT at the expense of prostatectomy,14 patient preferences
also play an important role in prostate cancer treatment decisions. We cannot know from our
claims-based study to what extent clinical criteria, patient preferences, physicians’ financial
incentives, or other unmeasured factors contributed to an overall decline in surgical
management among patients seen by IPCC physicians. Yet, a contraction in treatments
considered equally effective but differentiated by their toxicity profile raises concerns about
the extent to which patients are offered all available options to treat their cancer.
Understanding how treatment decisions are made is an important next step in disentangling
the effects of IPCCs, and economic incentives more generally, on prostate cancer treatment
patterns.

This study has limitations. First, we cannot draw causal inferences about the effects of
urology practice integration on prostate cancer treatment patterns from this observational
study. Second, we do not know the profit sharing arrangement between urologists and
radiation oncologists at the IPCC under study. Some have contended that economic
incentives may differ between urology groups that employ radiation oncologists relative to
those in which urologists and radiation oncologists partner and share profits.10 However, in
both settings, urologists have a financial incentive to refer patients for IMRT, and radiation
oncologists’ compensation remains tied to treatment.10 Third, certain treatments and
subgroup analyses had small patient numbers which limit generalizability. Fourth, while at
least 37 IPCCs have been established in 16 states, available SEER-Medicare program data
limit us to studying the impact of a single urology practice in a single state and to men ≥ 65
years with Medicare coverage (a population that comprises over two-thirds of all men who
receive radiation for prostate cancer).

CONCLUSION
Coincident with the conversion of a urology group practice to an IPCC, we observed
increases in IMRT and decreases in ADT among patients seen by IPCC physicians and those
seen in the surrounding healthcare market that were not observed in the remainder of the
state. Prostatectomy declined significantly in the IPCC group. Our findings suggest that
multi-specialty consolidation of prostate cancer care without accompanying payment reform
may be associated with market-wide changes in practice patterns.
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Figure 1. Adjusted Differences in Treatment from Before to After July 2006, by Patient Group
Note: Multinomial logit model of patients’ treatment as a function of time period, patient
group, and their interaction, adjusting for patient age, race, marital status, and NCCN risk
group (incorporating Gleason sum, pre-treatment PSA, and tumor stage), comorbidity, and
census tract median household income. If the 95% confidence interval excludes zero, the
adjusted differences between time periods are significant at the < 0.05 level.
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Figure 2. Adjusted Differences in Treatment Use from Before to After June 2006, by Patient
Group (Patients Age 65 – 74 years)
Note: Multinomial logit model of patients’ treatment as a function of time period, patient
group, and their interaction, adjusting for patient age, race, marital status, and NCCN risk
group (incorporating Gleason sum, pre-treatment PSA, and tumor stage), comorbidity, and
census tract median household income. If the 95% confidence interval excludes zero, the
adjusted differences between time periods are significant at the < 0.05 level.
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Figure 3. Adjusted Differences in Treatment Use from Before to After June 2006, by Patient
Group (Patients Age > 75 years)
Note: Multinomial logit model of patients’ treatment as a function of time period, patient
group, and their interaction, adjusting for patient age, race, marital status, and NCCN risk
group (incorporating Gleason sum, pre-treatment PSA, and tumor stage), comorbidity, and
census tract median household income. If the 95% confidence interval excludes zero, the
adjusted differences between time periods are significant at the < 0.05 level.
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