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Abstract
To study the impact of new, expensive, and unproven therapies to treat prostate cancer, we
investigated the dissemination of intensity-modulated radiotherapy (IMRT). IMRT is an
innovative treatment for prostate cancer that delivers higher doses of radiation with improved
precision compared to alternative radiotherapies. We observed rapid adoption of this new
treatment among men diagnosed with prostate cancer from 2001 through 2007, despite uncertainty
about its relative effectiveness. We compared patient and disease characteristics of those receiving
IMRT and the previous radiation standard of care, three-dimensional conformal therapy; assessed
intermediate-term outcomes; and examined potential factors associated with the increased use of
IMRT. We found that in the early period of IMRT adoption (2001–03) men with high-risk disease
were more likely to receive IMRT, whereas after IMRT’s initial dissemination (2004–07) men
with low-risk disease had fairly similar likelihoods of receiving IMRT as men with high-risk
disease. This raises concerns about overtreatment, as well as considerable health care costs,
because treatment with IMRT costs $15,000–$20,000 more than other standard therapies. As
health care delivery reforms gain traction, policy makers must balance the promotion of new, yet
unproven, technology with the risk of overuse.

More than 200,000 men are diagnosed with prostate cancer in the United States each year.
Given the condition’s protracted clinical course, this is among the most costly malignancies,
accounting for more than $7 billion in spending annually. During the past decade, growth of
spending for prostate cancer has averaged 11 percent a year, outpacing rates for other
common conditions such as cardiovascular and pulmonary diseases.1 This is due, at least in
part, to the introduction of novel, expensive technologies.

Chief among these is intensity-modulated radiotherapy (IMRT), which costs an additional
$15,000-$20,000 more per treatment course than surgical or other radiation options.2 IMRT
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uses complex equipment and computer algorithms to deliver radiation precisely to the
prostate.3

Relative to the prior radiation standard of three-dimensional conformal therapy, IMRT
yields two potential benefits resulting from its targeting capabilities. First, IMRT delivers
higher doses of radiation to cancer sites, which may result in improved cancer control and
lower recurrence rates.4 Second, by reducing radiation exposure to surrounding tissue,
IMRT may limit acute and chronic toxicity, including declines in bowel, urinary, and sexual
function.5,6

Ultimately, if these benefits prove to hold true, then IMRT would represent a major
therapeutic advance for men with prostate cancer.

However, evidence supporting IMRT as the new standard is limited. In contrast, three-
dimensional conformal therapy, IMRT’s immediate predecessor, has high-level evidence for
both reduced morbidity compared to the prior standard7 and improved cancer control with
higher doses.8,9 Unfortunately, observational studies involving IMRT are inconsistent. A
systematic review noted that only 20 percent of comparative studies demonstrated any
difference in cancer control between the approaches.10 Furthermore, only a third of the
studies reported any improvements in patient-reported quality of life, and only half showed
any benefit in terms of avoiding bowel toxicity.

Finally, because of its dose distribution and longer delivery times, IMRT may undertreat
areas, a result known as the geographical miss, and expose large volumes of normal tissue to
low doses of radiation,10,11 which raises concerns about secondary malignancies.12

For these reasons, we undertook a study to better understand the trends in adoption of
IMRT. In addition, we compared patient and disease characteristics between the two
radiation approaches, assessed intermediate-term outcomes, and examined potential factors
associated with the increased use of IMRT.

Study Data And Methods
Data Source And Study Population

We used the most current Surveillance, Epidemiology, and End Results (SEER)–Medicare
linked data available to identify men age sixty-six and older diagnosed with prostate cancer
between 2001 and 2007. The SEER database comprises a nationally representative
collection of population-based registries of all incident cancers and captures about 26
percent of the US population.13

Sixty-five-year-olds were excluded to ensure accurate comorbidity estimation using
Medicare claims for the year prior to diagnosis.14 In addition, we included only Medicare
beneficiaries who were enrolled in both Parts A and B from one year prior to diagnosis until
one year after diagnosis.

Using these exclusion criteria, we identified 125,299 men diagnosed with prostate cancer.
Patients undergoing IMRT and three-dimensional conformal therapy within one year of
diagnosis were identified using the Healthcare Common Procedure Coding System codes
from the carrier (that is, the physician) and outpatient files (see online Appendix A).15 With
these methods, we identified 19,846 men treated with IMRT and 16,644 men treated with
three-dimensional conformal therapy.
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Statistical Analysis
We obtained patient and tumor characteristics from the SEER registry data. This included
information on patients’ age, race or ethnicity, socioeconomic status evaluated at the patient
ZIP code level,16 and tumor characteristics (tumor grade and stage). Tumor grade classifies
the degree of abnormality of cancer cells, and tumor stage reflects the extent of cancer.
Together, these tumor characteristics help predict a patient’s prognosis.

We used Medicare data to measure patients’ comorbidities. Methods used to evaluate
comorbidity were based on Medicare claims for the twelve-month period prior to
diagnosis.14 As described previously,17 we categorized patients as having “low risk”
prostate cancer if they had well-differentiated tumors, regardless of their age, or if they had
moderately differentiated tumors and were age sixty-five or older at the time of diagnosis.
All other patients were categorized as having “high risk” prostate cancer. Well- and
moderately differentiated tumors are less aggressive than poorly differentiated tumors.
Tumor differentiation was based solely on grade and not stage.

A sensitivity analysis was performed using SEER data beginning with 2004, when
information on prostate-specific antigen levels and Gleason scores became available. The
analysis was used to define low-risk disease using the D’Amico classification,18 which
includes a prostate-specific antigen of 10 ng/mL or less, a Gleason score of 6 or lower, and a
clinical stage designation of no more than T2a. Gleason scores grade the architecture of
prostate cancer cells with scores ranging from 2 to 10; cancers with higher Gleason scores
are more aggressive. We calculated a kappa statistic to measure the concordance of these
two definitions of low-risk disease. A kappa statistic is a standard way to assess the
agreement between two categorical measurements. Our kappa value of 0.54 indicated that
there was good agreement between these two definitions of low-risk disease (0.40 ≤ κ <
0.75).

We analyzed rates of use of IMRT, three-dimensional conformal therapy, and overall use of
either IMRT or three-dimensional conformal therapy. Patient demographics and disease
characteristics were compared between the two approaches using chi-square tests.

For a subset of patients with at least three years of follow-up, we assessed the use of
treatment for cancer recurrence among men who received IMRT or three-dimensional
conformal therapy without additional treatments around the time of radiation. In addition,
we evaluated the risk of needing an intervention for a bowel or urinary complication. For
both these outcomes, we used a survival analysis, which is a standard way of modeling the
event rate over time.

In these models, we adjusted for age, race or ethnicity, comorbidity, socioeconomic status,
and tumor grade and stage.

To examine potential factors associated with IMRT use, we stratified our data based on race
(white, African American), socioeconomic status (low, medium, high), and disease
classification (low risk, high risk), and we fitted a logistic regression model for each stratum.
We then obtained annual predicted probabilities of treatment with IMRT compared to other
forms of radiation, such as three-dimensional conformal therapy, two-dimensional external
beam radiotherapy, and brachytherapy.

We adjusted for a variety of patient and clinical characteristics, which are specified in the
exhibits. The Institutional Review Board of the University of Michigan approved the study
protocol.
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Limitations
Our findings should be interpreted in the context of some limitations. First, our findings can
be generalized only to Medicare beneficiaries undergoing radiation therapy for prostate
cancer. Although approximately one-third of patients with prostate cancer are younger than
sixty-five,19 those treated with radiation tend to be older than those undergoing alternative
therapies (median age: sixty-nine years),20 which makes our findings generalizable to the
vast majority of men undergoing radiation for prostate cancer.

Second, because we used observational data, our inference may be biased by unmeasured
differences between the two populations. To help combat this, we adjusted for a variety of
patient characteristics and used clinical registry data, allowing us to assess tumor stage and
grade— arguably two of the most important determinants of treatment.

Third, our examination of the drivers of IMRT use would be more complete if we had data
on provider characteristics, including physicians’ ownership of treatment facilities. Our
ability to characterize providers was somewhat limited by our data set.

Physician surveys have revealed that providers who adopt IMRT tend to be fewer years
removed from training and in larger academic or private practices, compared to those who
do not adopt IMRT.21 However, more empirical data investigating the association between
provider factors and use of IMRT are needed.

Despite these limitations, our findings highlight some of the patient factors, tumor
characteristics, and financial considerations pertaining to the adoption of IMRT, as well as
some of the intermediate-term outcomes demonstrating IMRT’s mixed results, which have
both clinical and policy implications.

Study Results
From 2001 to 2007 the rate of three-dimensional conformal therapy use decreased nearly 90
percent, while the rate of IMRT use increased more than tenfold, from roughly 220 cases per
10,000 Medicare beneficiaries diagnosed with prostate cancer to more than 2,800 cases per
10,000 such beneficiaries (Exhibit 1). The overall rate of radiation treatment with either
IMRT or three-dimensional conformal therapy increased 10percent, from roughly 2,880 to
nearly 3,200 cases per 10,000 Medicare beneficiaries diagnosed with prostate cancer.

Patient And Disease Characteristics
During the study period, whites transitioned from receiving more IMRT to receiving more
three-dimensional conformal therapy (Exhibit 2). Compared to patients of medium and high
socioeconomic status, the majority of those receiving either treatment were of low
socioeconomic status. Initially, 11 percent more men with low socioeconomic status
received IMRT compared to three-dimensional conformal therapy, although this difference
diminished by 2007.

Overall, there was a trend toward decreasing radiation treatment—either IMRT or three-
dimensional conformal therapy—for men with low-risk disease. However, by 2007, 9
percent more men with low-risk disease received IMRT than three-dimensional conformal
therapy. Similarly, more men treated with IMRT had lowergrade and lower-stage tumors
(see online Appendix B).15

For the subset of patients with at least three years of follow-up, the predicted use of
treatment for cancer recurrence among men receiving IMRT or three-dimensional conformal
therapy without additional treatments around the time of radiation was 6 percent and 9
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percent, respectively, at three years (p < 0.001). Compared to three-dimensional conformal
therapy, men treated with IMRT had a higher likelihood of receiving an intervention for a
bowel (22 percent versus 18 percent, p < 0.001) or urinary complication (8 percent versus 6
percent, p < 0.001).

Use Of Therapies
The adjusted percentage of IMRT use is shown according to disease classification (Exhibit
3), race (Exhibit 4), and socio-economic status (online Appendix C).15 These models were
adjusted for several patient and tumor characteristics. The rate of IMRT adoption was very
rapid for patients with both low-risk and high-risk disease. In the early period of IMRT
adoption—2001–03—men with high-risk disease were more likely to receive IMRT
compared to three-dimensional conformal therapy, two-dimensional external beam
radiotherapy, or brachytherapy.

Conversely, after IMRT’s initial dissemination—2004–07—men with low-risk disease and
men with high-risk disease had fairly similar likelihoods of receiving IMRT. Except in when
IMRT was rare, African Americans whites had similar likelihoods of receiving compared to
the three alternative therapies. discrepancy in likelihoods of IMRT use for can Americans
and whites was always less 10 percent, making this difference marginal.

Similarly, IMRT diffused fairly evenly across all socioeconomic classes. Here, the
difference in likelihoods of IMRT use was always less than 5 percent, which suggests no
clinical differences in use across socioeconomic classes.

Discussion
Despite its unclear clinical superiority over its predecessor, three-dimensional conformal
therapy, IMRT for prostate cancer has disseminated rapidly. Furthermore, this dissemination
has been widespread, with fairly uniform use among men of different races and
socioeconomic classes.

From a quality-of-care standpoint, it is reassuring that African Americans who receive
radiation are at least as likely to get IMRT as whites, given prior evidence that African
Americans less frequently received adequate doses of conformal radiation—a prostate
cancer quality-of-care indicator.22

Reasons For Rapid Adoption
Reasons underlying IMRT’s rapid adoption are likely to be complex and multifactorial.
First, because of the potential advantages afforded by a more conformal and higher-dose
delivery, IMRTmay truly provide better cancer control and lower morbidity. In this scenario,
proponents are correct in arguing that withholding IMRT until the data become better
developed would be unjust. This may be particularly true insofar as more men are being
diagnosed with aggressive cancers, which may benefit from higher doses of treatment.
However, over time, men with low-risk disease had fairly similar likelihoods of receiving
IMRT as those with high-risk disease, which seems to dampen this argument.

Furthermore, evidence supporting IMRT’s improved cancer control and toxicity profile is
mixed.10 In a subset of patients with at least three years of follow-up, we found that men
receiving IMRT without additional treatments around the time of radiation were less likely
to require treatments for cancer recurrence than men receiving three-dimensional conformal
therapy. However, those treated with IMRT also had a higher chance of receiving an
intervention for a bowel or urinary complication.
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Second, with increasing patient demands—fueled by growing accessibility of information—
physicians may feel compelled to position themselves at the vanguard of therapeutic options
to maintain their prostate cancer treatment market share. For example, many physicians
considered economic competition a factor in their decision to adopt IMRT.21

A third reason may relate to financial incentives inherent in the fee-for-service delivery
system. Medicare started reimbursing for IMRT in 2002, setting rates high to account for the
cost of IMRT equipment and personnel.23 Because of intense physics planning, quality
assurance time, treatment delivery time, and equipment costs, IMRTis more expensive than
three-dimensional conformal therapy.24

On one hand, high Medicare reimbursement rates may be appropriate because lower
reimbursement rates might have precluded the diffusion of a promising, yet expensive, new
technology. On the other hand, reimbursements for IMRT are more than $14,000 more per
patient than are reimbursements for three-dimensional conformal therapy.25 Especially for
treatments with small or questionable benefits, these financial incentives may influence
physicians’ behavior.26

Thus, the rapid adoption of IMRT may have occurred before sufficient evidence surfaced in
support of its clinical benefits and cost-effectiveness.2 As with three-dimensional conformal
therapy, high reimbursement rates for IMRT should be temporary and decrease after its
introduction.

Indeed, reimbursement for the technical component—that is, the cost of equipment and
technical support for administering therapy, not of physicians’ involvement in care—has
decreased over time for IMRT.25 However, throughout our study period, the reimbursements
for treatment delivery remained roughly five times higher for IMRT than for three-
dimensional conformal therapy.27

Concern Regarding Overuse
The concern about overuse of IMRT as a result of high reimbursement rates is compounded
by the prospect of physicians’ ownership of treatment facilities and self-referral. Within
radiation oncology, these issues have persisted for quite some time.

Twenty years ago, radiation therapy facilities with ownership interests by nonradiation
oncologists performed 58 percent more procedures than did facilities without ownership
conflicts.28 Around that time, the Stark Law (section 1877 of the Social Security Act)29 was
passed, prohibiting a physician from referring patients to facilities in which the physician, or
an immediate family member, had a financial relationship through ownership or
compensation.30 However, under the in-office ancillary exception to the Stark Law,
physicians could refer patients for self-owned services if they had a supervisory or
managerial role, and the services were provided in a building used by the referring
physician.30,31

Because IMRT is often provided on site, it is not in violation of the Stark Law.29 As a result,
some physicians may view IMRT as an investment opportunity. The shift of radiation
delivery from oncologists to urologists has raised such speculation in the lay press.23 In fact,
some companies have aggressively marketed IMRT to urologists, claiming that treating 1.5
new patients monthly with IMRT could generate more than $425,000 in additional revenue
per physician each year.32
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In this context, financial pressures induced by considerable start-up costs may encourage
IMRT use in the marginal patient. Indeed, overuse, such as treatment among those who do
not need it, may be greatest among patients receiving radiation therapy.17

Encouragingly, the use of radiation has decreased for both IMRT and three-dimensional
conformal therapy among low-risk patients. This suggests that perhaps more patients with
indolent disease are undergoing active surveillance.

Furthermore, in the earlier years of IMRT adoption, men being treated with IMRT were
more likely to have high-risk than low-risk disease, which seems appropriate given IMRT’s
ability to deliver higher doses of radiation. However, after IMRT’s initial dissemination,
men with low-risk disease had fairly similar likelihoods of receiving IMRT as men with
high-risk disease, which raises concern regarding overtreatment.

Cost Implications
IMRT’s widespread adoption comes at a high cost. The provision of IMRT by hospitals or
physician groups requires a substantial capital investment of approximately $2 million and
the hiring of advanced support staff. These considerable outlays translate into higher per
patient costs.2,25 In fact, it is estimated that replacing conformal therapy with IMRT for
treating prostate cancer alone would increase spending by $1.4 billion per year.25

At issue, then, is what price society is willing to pay for small incremental benefits in
outcome from a more costly technology. In the context of limited resources, does everybody
deserve a “Cadillac” when a “Buick” is almost as good?

Although IMRT has largely supplanted conformal therapy as the standard method for
prostate cancer, this example of technology diffusion is just the tip of the iceberg. Proton
beam therapy is touted as an improved form of radiation and thought to deliver doses more
precisely than IMRT does. These hypothetical improvements come with a hefty price tag,
with start-up costs exceeding $100 million per facility.33 Price not-withstanding, several
centers in the United States either have built or have plans to build facilities for proton beam
therapy, although the ultimate bearer of the added costs is most assuredly the taxpayer.

Policy Implications
Given the current economic climate, spending growth for health care is unsustainable,
particularly when it occurs in such dramatic increments for relatively little gain. Moving
forward, several policy initiatives may help bend the cost curve associated with new
technology dissemination.

Delivery System Changes
First, proposed changes to the delivery system, in the form of accountable care
organizations, may mitigate some of the incentives for physicians to do more, which are
intrinsic to the fee-for-service system. By sharing the responsibility of health care for a
defined patient population, providers participating in these organizations may be encouraged
to provide more-efficient care, perhaps discouraging the unregulated use of “Cadillac”
treatments.

Payment Policy Changes
Second, changes in payment policies could limit the use of new, as yet unproven technology.
For instance, the use of bundled payments may deter less-efficient use of resources. Under
bundled payments, Medicare will pay a fixed amount for a full range of services provided
during an episode of care.
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Another payment policy that may gain footing involves prior authorization initiatives, which
have been shown to reduce the inappropriate use of imaging procedures.34 Implementing
prior authorization for prostate cancer treatments, however, would require defining
appropriate treatment, a controversial term.

Medicare could also modify its payment policies to reduce the professional or technical fees
associated with IMRT. As previously shown, the administration of hormone therapy for
prostate cancer declined rapidly after reimbursement levels were cut.35

Assessing Effectiveness
Third, efforts to better understand treatment effectiveness are blossoming, although they are
still in nascent stages.36 The American Recovery and Reinvestment Act of 2009, also known
as the stimulus bill, earmarked $1.1 billion for comparative effectiveness research, and the
Affordable Care Act of 2010 created the research. Patient-Centered Outcomes Research
Institute to identify and address research priorities for comparative effectiveness research.

Coverage With Evidence Development
Fourth, and perhaps most intriguing, is the idea of “coverage with evidence development.”
This policy avoids the “yes or no” dilemma of whether to support therapies and instead
grants Medicare coverage for designated new treatments provided that patients participate in
research, such as a clinical trial or disease registry.37 The research component generates
clinical evidence to help determine whether a treatment has a health benefit.38

An early application of coverage with evidence development involved Medicare’s coverage
novel colorectal cancer drugs for subjects willing to participate in clinical trials.39 In terms
of evaluating new radiation treatments, coverage with evidence development is an attractive
policy for prostate cancer treatment because it allows all participants to receive new
treatments, in the case of a registry as opposed to a randomized trial—in which some
participants do not receive the innovative treatment—and collects data evaluate their relative
effectiveness.

Conclusion
Collectively, these policy reforms may strike better balance between technology
dissemination and establishing relative clinical effectiveness while, at the same time, not
deterring search and development. Paying for what works, even if it does not incorporate the
newest, most expensive treatments with all the “bells and whistles,” will serve us best as we
attempt expand health care coverage and limit overall spending. ■
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Exhibit 1. Trends In Use Of IMRT Or Three-Dimensional Conformal Therapy For The
Treatment Of Medicare Beneficiaries Diagnosed With Prostate Cancer, 2001–07
SOURCE Authors’ analysis of linked Surveillance, Epidemiology, and End Results
(SEER)-Medicare data. NOTES Among beneficiaries diagnosed with prostate cancer, there
was an 87 percent decrease in the use of three-dimensional conformal therapy along with
amore than 1,000 percent increase in the use of intensity-modulated radiotherapy (IMRT)
from 2001 through 2007. Statistical significance denotes test for trend. ****p < 0:001
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Exhibit 3. Adjusted Likelihood Of Receiving IMRT Compared To Other Radiation Treatments
For Prostate Cancer, According To Disease Risk Classification, 2001–07
SOURCE Authors’ analysis of linked Surveillance, Epidemiology, and End Results
(SEER)-Medicare data. NOTES IMRT is intensity-modulated radiotherapy. Model was
adjusted for age, race, socioeconomic status, and comorbidity. Statistical significance was
determined using the omnibus Wald test. See Liao TF. Comparing social groups:Wald
statistics for testing equality among multiple logit models. Int J Comp Sociol. 2004;45(3):
3-16. ****p < 0:001
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Exhibit 4. Adjusted Likelihood Of Receiving IMRT Compared To Other Radiation Treatments
For Prostate Cancer, According To Race, 2001–07
SOURCE Authors’ analysis of linked Surveillance, Epidemiology, and End Results
(SEER)-Medicare data. Notes IMRT is intensity-modulated radiotherapy. Model was
adjusted for age, socioeconomic status, comorbidity, and tumor grade and stage. Statistical
significance was determined using the omnibus Wald test. See Liao TF. Comparing social
groups:Wald statistics for testing equality among multiple logit models. Int J Comp Sociol.
2004;45(3):3-16. ****p < 0:001
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