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Abstract
Objective—To better understand associations between managed care penetration in healthcare
markets and intensity-modulated radiotherapy (IMRT) adoption.

Methods—We used Surveillance, Epidemiology, and End Results (SEER)-Medicare data to
identify men diagnosed with prostate cancer between 2001 and 2007 who were treated with
radiation therapy (n=55,162). We categorized managed care penetration in Health Service Areas
(HSAs) as low (<3%), intermediate (3–10%), and high (>10%); and assessed our main outcomes
(i.e., probability of IMRT adoption, which is the ability of a healthcare market to deliver IMRT,
and IMRT utilization in HSA markets) using a Cox proportional-hazards model and Poisson
regression model, respectively.

Results—Compared to markets with low managed care penetration, populations in highly
penetrated HSAs were more racially diverse (25% vs. 15% non-white, p<0.01), densely populated
(2,110 vs. 145 people/square mile, p<0.01), and wealthier (median income $48,500 vs. $31,900,
p<0.01). The probability of IMRT adoption was greatest in markets with the highest managed care
penetration (e.g., 0.82 (high) vs. 0.72 (low) in 2007, p=0.05). Among adopting markets, the use of
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IMRT increased in all HSA categories. However, relative to markets with low managed care
penetration, IMRT utilization was constrained in markets with the highest penetration (0.69 (high)
vs. 0.76 (low) in 2007, p<0.01).

Conclusion—Markets with higher managed care penetration demonstrated a greater propensity
for acquiring IMRT technology. However, after adopting IMRT, more highly penetrated markets
had roughly 7% slower growth in utilization over the study period. These findings provide insight
into the implications of delivery system reforms for cancer-related technologies.
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INTRODUCTION
Over the last decade, intensity-modulated radiotherapy (IMRT) has disseminated rapidly and
is now the most common form of radiation used for the treatment of prostate cancer.1

Enthusiasm for IMRT stems from its ability to deliver higher doses of radiation to cancer
sites, while limiting the exposure of surrounding tissues.2,3 Although IMRT may be
associated with more erectile dysfunction compared with its immediate predecessor, 3-
dimensional conformal therapy,4 its improved targeting capability offers potential patient
benefits, including the reduction of bowel or urinary toxicity4,5 and improve cancer control.6

However, access to IMRT for prostate cancer and its associated benefits may be hindered in
certain delivery environments that emphasize cost-containment strategies, such as managed
care organizations. The cost of acquiring IMRT equipment can exceed $1.5 million,7 and
treating patients with IMRT costs $15,000–$20,000 more per treatment course than surgical
or other radiation options.2 Indeed, there are at least two reasons why healthcare markets
with high penetrations of managed care might limit the spread of an expensive new
technology such as IMRT. First, these organizations tend to empower primary care
physicians as gatekeepers8,9 to specialty care in an attempt to reduce unnecessary use of
medical specialists. Whether intentional or not, this arrangement has resulted in the
preferential migration of specialists to healthcare markets with less managed care.10 Second,
managed care organizations establish unique incentives for physicians, such as capitation,11

which may deter the implementation of an expensive technology.12 Because payments for
IMRT are higher than for other types of radiation, markets with high penetrations of
managed care might continue to favor the less expensive alternative, resulting in slower
uptake, even after acquiring the ability to implement the technology.

How managed care penetration influences the adoption of new prostate cancer technologies
is important for two reasons. First, the evolution of medical payment systems at the federal
level, while still in flux, appears to be headed in the direction of value-based purchasing that
links payment directly to the quality of care13 as opposed to traditional fee-for-service.
Indeed, managed care’s mission to improve quality while limiting costs is largely shared by
accountable care organizations, which are becoming an integral part of current healthcare
reform. Second, newer cancer-related technologies in the development pipeline, some of
which may be more expensive, will inevitably face similar hurdles to diffusion, although
perhaps in an even more cost-conscious environment. For these reasons, we performed a
study to better understand the association between the managed care penetration in a
healthcare market and the dissemination of IMRT.
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MATERIALS and METHODS
Data Sources and Study Population

We used the Surveillance, Epidemiology, and End Results (SEER)-Medicare linked data to
identify men aged 66 years or older diagnosed with prostate cancer between 2001 and 2007.
This nationally representative population-based registry consists of all incident cancers
occurring in these areas, which collectively comprise approximately 26% of the U.S.
population.14 Next, we identified men undergoing radiation therapy within the first 12
months of diagnosis using Healthcare Common Procedure Coding System (HCPCS) codes
in the outpatient and carrier files.2 Only fee-for-service beneficiaries eligible for both
Medicare Parts A and B from 12 months prior to diagnosis until 12 months after diagnosis
were included in the study. Men aged 65 years were excluded to ensure accurate
comorbidity estimation using Medicare claims for the 12-month period prior to diagnosis.15

Using these criteria, our study population consisted of 55,162 patients treated with radiation
therapy for localized prostate cancer.

Identifying Health Care Markets
We divided the SEER registries into healthcare markets using 164 Health Service Area
(HSA) boundaries specified by the Area Resource File. Briefly, HSAs were originally
defined by the National Center for Health Statistics as a single county or cluster of
contiguous counties that are relatively self-contained with respect to hospital care.16 We
chose HSAs as opposed to a larger unit of population because radiation treatment for
prostate cancer is elective, discretionary, requires daily visits, and hence, is generally
delivered locally. We excluded one HSA because no patients from that market received
radiation for prostate cancer during the study period.

For each HSA, we characterized its managed care penetration using explicit data in the Area
Resource File. As the Area Resource File defines managed care penetration, the numerator
is the number of Medicare enrollees in managed care plans and the denominator is the
number of eligible Medicare beneficiaries. HSAs were sorted into roughly equal-sized
groups with varying levels of managed care penetration: low (<3%), intermediate (3–10%)
and high (>10%).

Outcomes
To assess the association of managed care penetration and IMRT dissemination, we first
characterized the probability of adopting IMRT (i.e., a healthcare market that acquires the
ability to deliver IMRT). To reduce measurement error, a market was considered an adopter
if it contained 5 or more patients treated with IMRT within a 12-month period. The time of
adoption was backdated to the first claim for IMRT. Because managed care penetration
might influence the diffusion of IMRT within an HSA even after it acquires this capability,
we next measured utilization among the adopting HSAs (n=128). For this ratio, the
numerator was the number of men treated with IMRT and the denominator was the number
of men treated with radiation. For both outcomes, the HSA was the unit of analysis.

Statistical Analysis
We first contrasted aggregate patient and HSA population characteristics according to
managed care penetration using a chi-square test for categorical variables and a Student’s t-
test for continuous variables. Next, we fit a Cox proportional-hazards model to assess the
probability of IMRT adoption across the managed care penetration exposure. This model
met the proportional-hazards assumptions. Time-to-event was calculated from the beginning
of the study period (January 1, 2001) until the first date of an IMRT claim or the end of the
observation window (December 31, 2008). Among HSAs that adopted IMRT, we fit a
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Poisson regression model to measure a market’s utilization of IMRT within a year of
adoption. This model was back-transformed to generate the predicted probability of IMRT
utilization according to managed care penetration. For both outcomes, models were adjusted
for patient characteristics (age, tumor grade and stage, and comorbidity). Comorbidity was
measured using established methods for claims data as described by Klabunde.15 In
addition, due to potential confounding from HSA-level characteristics, we adjusted for
several market characteristics (racial composition, population density, education, income,
percent speaking English as a secondary language, number of hospital beds and radiation
oncologists in a market, and SEER region). All analyses were performed using SAS v9.2
(Cary, NC). The probability of a type I error was set at 0.05 and all testing was two-sided.
The Institutional Review Board of the University of Michigan approved the study protocol.

RESULTS
Patient and HSA-level characteristics according to managed care penetration are shown in
Table 1. Clinical characteristics (i.e., age, tumor grade and stage, and comorbidities) were
similar across HSAs. Compared to markets with low managed care penetration, markets in
highly penetrated HSAs were more racially diverse, more densely populated, more educated,
wealthier, and more likely to use English as a secondary language. In addition, highly
penetrated markets had fewer hospital beds and more radiation oncologists per capita.

A total of 128 of the 163 HSAs (79%) adopted IMRT over the course of the study. Of the 45
HSAs with the highest managed care penetration, 43 (96%) adopted IMRT. In contrast, of
the 69 and 49 HSAs with intermediate and low managed care penetration, only 53 (77%)
and 32 (65%) adopted IMRT, respectively. After adjusting for patient- and market-level
differences, the adoption trends differed across the three categories of HSAs, with high
managed care markets showing the greatest propensity for IMRT adoption (p=0.05) (Figure
1). By 2007, intermediate and highly penetrated markets were roughly 7% to 10% more
likely to adopt IMRT compared to those with low managed care penetration. That is, the
probability of IMRT adoption in 2007 was 0.82, 0.79, and 0.72 in markets with high,
intermediate, and low managed care penetration, respectively.

Among HSAs that adopted IMRT, patient and HSA-level characteristics are shown in Table
2. Although statistically significant, the differences in patient characteristics across HSAs
were small. In these adopting markets, the use of IMRT among patients treated with
radiation is demonstrated in Figure 2, adjusting for differences in patients and healthcare
markets. In all three categories of HSAs, the probability of IMRT use increased over time
(p<0.01 for trend). However, compared to low managed care markets, the use of IMRT was
constrained in markets with the highest managed care penetration (p<0.01). The likelihood
of IMRT utilization increased from 13% in 2001 to 69% in 2007 among markets with high
managed care penetration. Conversely, in markets with low managed care penetration,
IMRT utilization increased from 14% in 2001 to 76% in 2007. Markets with high and
intermediate managed care penetration shared similar probabilities of IMRT utilization
(p=0.67).

COMMENT
New technologies are thought to be responsible for much of the growth in healthcare
spending.17,18 IMRT for prostate cancer is one example of a technology that has
disseminated rapidly over the past decade. Compared with its predecessor, 3-dimensional
conformal therapy, IMRT comes at a premium (~$31,000 vs. $20,000 per patient).2 Coupled
with secular trends towards increasing treatment for prostate cancer in general, the
dissemination of IMRT over the past decade has contributed, at least in part, to the spending
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growth of prostate cancer. However, because of its targeting capabilities, IMRT has the
ability to deliver higher doses of radiation, which may yield similar or less toxicity4,5 and
improve cancer control.6

Because of strong incentives to minimize cost, some worry that managed care organizations
may slow the system-wide diffusion of new effective technologies.12,19 Managed care can
have widespread effects on both managed care and non-managed care recipients.20 One
reason a market’s managed care penetration may influence the overall dissemination of
technology pertains to provider practice styles. Physicians have been shown to decrease their
use of expensive technology in a managed care versus a fee-for-service setting.21 Moreover,
physicians who treat mostly managed care patients offer equivalent treatment intensity
among managed care and fee-for-service participants alike.22 This phenomenon, known as a
spillover effect, helps explain why patients in similar markets receive similar care.23 As an
example, managed care activity affects expenditures and utilization patterns in both the
managed care and non-managed care sectors of a market.24 To the extent that a particular
technology improves health, this may negatively impact patients residing in markets heavily
influenced by managed care. As seen with some other expensive technologies as they are
disseminated, healthcare markets with high penetrations of managed care can be sluggish in
adopting them.19

Our study has mixed findings with regard to the impact of managed care on IMRT diffusion.
On one hand, managed care penetration in a healthcare market did not appear to constrain
the acquisition of IMRT for prostate cancer. In fact, markets with the highest managed care
penetration obtained the capability to deliver IMRT more rapidly than those with lower
penetration. Markets with low managed care penetration are oftentimes less populated and
more rural, and thus, may lack the demand, physician expertise, or resources to support such
an expensive new technology. However, even after adjusting for population density and
several other market-level characteristics, markets with high managed care penetration
markets had higher levels of adoption. Alternatively, physicians and hospitals, as opposed to
managed care organizations, are the common purchasers of the infrastructure to deliver
IMRT. Oftentimes these groups feel pressure to adopt new technologies to stay on the
“cutting edge”, making it easier to attract new physicians and patients.25 Thus, these
managed care organizations may have little to say about the upfront decision to acquire the
technology. To some extent, this finding allays concerns surrounding the impact of evolving
delivery systems (i.e., accountable care organizations), which emphasize efficiency, on the
adoption of new and expensive healthcare technologies.

On the other hand, after acquiring the ability to deliver IMRT, markets with the highest
managed care penetration limited the rate of growth in utilization of the new technology.
Although the mechanism underlying this attenuation is uncertain, there are at least a couple
of possibilities. First, managed care organizations typically empower primary care
physicians as “gatekeepers”, who control the access to specialists and their interventions.11

Ultimately, this has led to some migration of specialists to markets with less managed
care,10 and the pattern of IMRT use in this study possibly reflects this. Second, managed
care organizations enter areas with hospital competition to leverage their bargaining
power.26 While competitive markets may encourage the adoption of IMRT, growth in
utilization in these areas might be slowed by the availability of other radiation treatments,
which are less expensive but still effective.

Going forward, these findings have policy implications, particularly as accountable care
organizations gain traction. Like managed care plans, these organizations strive to decrease
costs while maintaining quality of care.27 However, with access to better patient
information, more patient involvement in decision making,27 and more quality time with
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providers,28 it is hoped that physicians in accountable care organizations will deliver care in
a more integrated and comprehensive manner. Indeed, although accountable care
organizations are different from managed care organizations,28 many of their principles
seem to stem from the managed care model.29 Thus, accountable care organizations may
influence technology dissemination in similar ways.

Our findings should be interpreted in the context of some limitations. First, as with all
observational data, our inference may be biased by unmeasured differences between
markets. For instance, the growing presence of urology ownership of IMRT could influence
adoption and utilization in certain markets.7 Although we cannot specifically account for
unmeasured factors such as this, we adjusted for several measured market factors to
minimize confounding. Further, the effects of unmeasured confounding are plausibly less
significant in our analyses, which are not assessing differences in outcomes at the patient
level. Second, managed care plans represent a variety of private health plans, including
health maintenance organizations, preferred provider organizations, and private-fee-for-
service plans, which all may have different effects on adoption and utilization. Nonetheless,
these plans share the common goal of reducing healthcare costs while providing high-quality
care. Further, our analysis involves fee-for-service beneficiaries (i.e., not managed care
participants). However, the spillover effects of managed care penetration on Medicare fee-
for-service beneficiaries are well-characterized,24 and thus, we feel our findings help tease
out the general associations between the dissemination of IMRT and managed care
penetration. Third, this study is limited to Medicare patients and may not be generalizable to
young men with prostate cancer. However, Medicare managed care market share is highly
correlated with overall managed care market share,24 which supports the notion that our
findings pertain to younger patients as well.

These limitations notwithstanding, our study has two important findings. First, managed
care penetration in a healthcare market was associated with the increased adoption of IMRT
for prostate cancer. For IMRT, which is an expensive technology, other market forces (e.g.,
patient demands, aggressive advertising, and hospital competition) potentially have a greater
influence on IMRT’s adoption. Second, after adopting IMRT, markets with the highest
managed care penetration limited the rate of growth in its utilization. The decreased
utilization of a promising new technology in markets with high managed care penetration
may lessen incentives for the development of other technologies, thus conceding potential
patient benefits in the future.30 As healthcare enters a period of reform, a deeper
understanding of the interplay between healthcare organizations that promote cost-efficient
care and market forces that fuel innovation is essential in improving the delivery of
healthcare, while sustaining the development of new technologies.
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Figure 1. Probability of IMRT adoption according to managed care penetration
Throughout the study, high managed care markets demonstrated a greater propensity for
IMRT adoption compared to low managed care markets (p=0.05).
HSA, health service area; IMRT, intensity-modulated radiotherapy
*Adjusted for patient-level (i.e., age, tumor grade and stage, and comorbidity) and market-
level characteristics (i.e., racial composition, population density, education, income, percent
speaking English as a secondary language, number of hospital beds and radiation
oncologists in a market, and SEER region).
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Figure 2. The probability of IMRT use among men treated with radiation in markets that have
adopted IMRT
In all three categories of HSAs, the probability of IMRT use increased over time (p<0.01 for
trend). However, compared to low managed care markets, the use of IMRT was constrained
in markets with the highest managed care penetration (p<0.01). Markets with high and
intermediate managed care penetration shared similar probabilities of IMRT utilization
(p=0.67).
HSA, health service area; IMRT, intensity-modulated radiotherapy
*Adjusted for patient-level (i.e., age, tumor grade and stage, and comorbidity) and market-
level characteristics (i.e., racial composition, population density, education, income, percent
speaking English as a secondary language, number of hospital beds and radiation
oncologists in a market, and SEER region).
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Table 1

Population characteristics of Health Service Areas according to managed care penetration

Health Service Area Managed care penetration P Value

Low Intermediate High

No. Health Service Areas 49 69 45 --

No. patients treated with radiation, % 5,025 25,048 25,089 --

Patient Characteristics

Mean patient age, years 73.4 73.4 73.8 0.05

Well/moderately differentiated tumor grade, % 55 55 55 0.97

Tumor stage T1, % 40 45 42 0.15

Charlson Score 2 or higher, % 11 13 10 0.05

Market Characteristics

Non-white population, % 15 16 25 <0.01

Population density, (people per square mile) 145 710 2,110 <0.01

At least college education, % 15 18 27 <0.01

Median income, $ 31,900 38,200 48,500 <0.01

English secondary language, % 1 2 4 <0.01

No. hospital beds per 1,000,000 residents 3820 3390 2810 0.03

No. radiation oncologists per 1,000,000 residents 4 8 12 <0.01

No. Health Service Areas by SEER region <0.01

Northeast 1 9 3

South 21 27 7

Midwest 17 15 3

West 10 18 32
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Table 2

Population characteristics among Health Service Areas that have adopted intensity-modulated radiotherapy

Health Service Area Managed care penetration P Value

Low Intermediate High

No. Health Service Areas 32 53 43 --

No. patients treated with radiation, % 4,710 24,659 24,964 --

Patient Characteristics

Mean patient age, years 73.6 73.5 73.8 <0.01

Well/moderately differentiated tumor grade, % 57 57 55 0.02

Tumor stage T1, % 41 45 43 <0.01

Charlson Score 2 or higher, % 11 12 10 <0.01

Market characteristics

Non-white population, % 16 17 27 <0.01

Population density, (people per square mile) 228 1,070 2,380 <0.01

At least college education, % 16 20 28 <0.01

Median income, $ 32,800 40,900 50,200 <0.01

English secondary language, % 1 2 5 <0.01

No. hospital beds per 1,000,000 residents 3840 3370 2850 <0.01

No. radiation oncologists per 1,000,000 residents 5 11 13 <0.01

No. Health Service Areas by SEER region <0.01

Northeast 1 9 3

South 16 21 7

Midwest 10 10 3

West 5 13 30
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