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Abstract
Importance—The use of advanced treatment technologies (ie, intensity-modulated radiotherapy
[IMRT] and robotic prostatectomy) for prostate cancer is increasing. The extent to which these
advanced treatment technologies have disseminated among patients at low risk of dying from
prostate cancer is uncertain.

Objective—To assess the use of advanced treatment technologies, compared with prior standards
(ie, traditional external beam radiation treatment [EBRT] and open radical prostatectomy) and
observation, among men with a low risk of dying from prostate cancer.

Design, Setting, and Patients—Using Surveillance, Epidemiology, and End Results (SEER)-
Medicare data, we identified a retrospective cohort of men diagnosed with prostate cancer between
2004 and 2009 who underwent IMRT (n=23 633), EBRT (n=3926), robotic prostatectomy
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(n=5881), open radical prostatectomy (n=6123), or observation (n=16 384). Follow-up data were
available through December 31, 2010.

Main Outcomes and Measures—The use of advanced treatment technologies among men
unlikely to die from prostate cancer, as assessed by low-risk disease (clinical stage ≤T2a, biopsy
Gleason score ≤6, and prostate-specific antigen level ≤10 ng/mL), high risk of noncancer mortality
(based on the predicted probability of death within 10 years in the absence of a cancer diagnosis),
or both.

Results—In our cohort, the use of advanced treatment technologies increased from 32% (95%
CI, 30%–33%) to 44% (95% CI, 43%–46%) among men with low-risk disease (P<.001) and from
36% (95% CI, 35%–38%) to 57% (95% CI, 55%–59%) among men with high risk of noncancer
mortality (P<.001). The use of these advanced treatment technologies among men with both low-
risk disease and high risk of noncancer mortality increased from 25% (95% CI, 23%–28%) to 34%
(95% CI, 31%–37%) (P<.001). Among all patients diagnosed in SEER, the use of advanced
treatment technologies for men unlikely to die from prostate cancer increased from 13% (95% CI,
12%–14%), or 129.2 per 1000 patients diagnosed with prostate cancer, to 24% (95% CI, 24%–
25%), or 244.2 per 1000 patients diagnosed with prostate cancer (P<.001).

Conclusion and Relevance—Among men diagnosed with prostate cancer between 2004 and
2009 who had low-risk disease, high risk of noncancer mortality, or both, the use of advanced
treatment technologies has increased.

Prostate cancer is a common and expensive disease in the United States.1,2 In part because
of the untoward morbidity of traditional radiation and surgical therapies, advances in the
treatment of localized disease have evolved over the last decade. Chief among these are the
development of intensity-modulated radiotherapy (IMRT) and robotic prostatectomy.
Although the evidence underlying these technologies is mixed,3,4 both are generally
perceived as being more targeted and less toxic than prior therapies. During a period of
increasing population-based rates of prostate cancer treatment,5,6 both of these advanced
treatment technologies have disseminated rapidly.

However, the rapid growth of IMRT and robotic prostatectomy may have occurred among
men with a low risk of dying from prostate cancer.7,8 Recognizing the protracted clinical
course for most of these cancers, clinical guidelines recommend local treatment only for
men with at least a 10-year life expectancy.9,10 Men with low-risk cancer have a particularly
favorable prognosis, with a much greater likelihood of dying from other causes even 20
years after diagnosis.11 Because many older men will die with rather than from prostate
cancer, observation (with delayed intervention if needed) has been promoted by some
experts,12 although the extent to which this has gained traction in the community is
uncertain. Aggressive direct-to-consumer marketing and incentives associated with fee-for-
service payment may promote the use of these advanced treatment technologies.

For these reasons, we performed a study to better understand relationships among the use of
advanced treatment technologies (ie, IMRT and robotic prostatectomy), prior standards (ie,
traditional external beam radiation treatment [EBRT] and open radical prostatectomy), and
observation for men with a low risk of dying from prostate cancer. Understanding patterns
of new technology use in this population is particularly important given the growing
concerns about overtreatment.

METHODS
We used Surveillance, Epidemiology, and End Results (SEER)-Medicare data to identify
patients with newly diagnosed prostate cancer between 2004 and 2009, with follow-up data
available through December 31, 2010. SEER represents approximately 26% of the US
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population.13 Using the Medicare Provider Analysis and Review (MEDPAR), outpatient,
and carrier files, we further identified men aged 66 years or older who were primarily
treated with IMRT (Healthcare Common Procedure Coding System [HCPCS] codes 77418,
G0174, and 0073T), EBRT (HCPCS codes 77401-77416), robotic prostatectomy (HCPCS
code 55866), open radical prostatectomy (HCPCS codes 55840, 55842, 55845), and
observation (ie, no treatment) within the first 12 months of diagnosis. We included only fee-
for-service beneficiaries who were eligible for both Medicare Parts A and B from 12 months
prior to diagnosis to 12 months after diagnosis. Men aged 65 years were excluded to ensure
accurate comorbidity estimation using Medicare claims for the 12-month period prior to
diagnosis.14

Outcomes
The objective of our study was to compare the use of advanced treatment technologies to
treat prostate cancer (ie, IMRT or robotic prostatectomy) with prior standards (ie, EBRT or
open radical prostatectomy) and observation. Because we were primarily interested in the
use of these treatments among men who would least likely benefit from any treatment, we
focused on 3 groups of patients: men with low-risk prostate cancer, those with a high risk of
non-cancer mortality, and those with both low-risk disease and a high risk of non-cancer
mortality.

We defined low-risk prostate cancer (clinical stage ≤T2a, biopsy Gleason score ≤6, and
prostate-specific antigen [PSA] level ≤10 ng/mL), intermediate-risk prostate cancer (clinical
stage T2b, biopsy Gleason score=7, or PSA level between 10.1 and 20 ng/mL), and high-
risk prostate cancer (clinical stage ≥T2c, biopsy Gleason score ≥8, or PSA level >20 ng/mL)
according to the well-established D’Amico classification.15 Generally speaking, patients
with low-risk disease are the least likely to die from prostate cancer.16 For example, men
older than 65 years with low-risk disease have about a 25% chance of dying from prostate
cancer 20 years after diagnosis but more than a 60% chance of dying of other causes.11

Thus, we also chose to examine treatment among men at high risk of non-cancer mortality.
Specifically, we assessed the probability of noncancer mortality within 10 years, largely
because clinical guidelines recommend active treatment only in men with a life expectancy
of at least a decade.9,10

We estimated each patient’s probability of dying within 10 years in the absence of a cancer
diagnosis based on methods established by Gross et al.17 Briefly, using the 5% random
sample of Medicare beneficiaries without cancer, we modeled mortality as a function of
demographic data available in the Medicare Surveillance Summarized Denominator
(SUMDENOM) file as well as comorbidity measurements extracted from the MEDPAR,
outpatient, and carrier files. Specifically, we generated a random sample of patients within
the SUMDENOM file (n=5000). Because these patients do not have a cancer diagnosis date,
an index date was chosen based on the following 2 criteria: (1) the date had to be prior to
December 31, 1999, allowing for the possibility of 10 years of follow-up; (2) patients had to
be enrolled in both Medicare Parts A and B for 12 months prior to the index date to ensure
accurate comorbidity estimation.14 Of note, patients who died within this follow-up window
were observed and censored at death.

Using this sample, we modeled the probability of dying within 10 years based on age, race,
comorbidity, socioeconomic class, area of residence (eg, rural vs urban), and SEER region.
This model was internally cross-validated using a bootstrap aggregating technique.18 The
discrimination of the prediction model was high (C index= 0.90). We applied this model to
men diagnosed with prostate cancer as their first and only cancer to estimate their
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probability of dying within 10 years. We sorted patients into terciles based on this mortality
probability.

In addition, we estimated the use of prostate cancer treatments for men least likely and most
likely to benefit. When we calculated the percentage of men treated, the numerator was
determined by the sum of the number of men least likely to benefit (ie, those with low-risk
disease or a high risk of noncancer mortality) or the number of men most likely to benefit
(ie, those with high-risk disease or a low risk of non-cancer mortality). The denominator was
the total number of Medicare beneficiaries diagnosed with prostate cancer during the study
period.

Statistical Analysis
We first compared demographics and clinical characteristics of patients treated with IMRT,
EBRT, robotic prostatectomy, open radical prostatectomy, and observation using χ2 tests.
For each of the 3 groups of patients (those with low-risk disease, high risk of noncancer
mortality, and both), we fit multinomial logistic regression models.19 To assess the fit of
these models, we used a likelihood ratio test for the null hypothesis that independent
variables have no effect on treatment type (P <.001). We assessed the use of advanced
treatment technologies, prior standards, and observation among men least likely to benefit.
We then looked more critically at advanced treatment technologies by examining IMRT and
robotic prostatectomy individually. All models were adjusted for age, race, socioeconomic
class, comorbidity, tumor grade, year of diagnosis, SEER region, and disease risk, where
appropriate.

Race was self-determined by patients and was examined because it has been shown to
influence cancer treatment.20 Socioeconomic class was ascertained at the zip code level
using the approach of Diez Roux et al.21 Because it is difficult to interpret the marginal
effect of an independent variable on treatment probabilities directly from a multinomial
regression model’s coefficient estimates, we back-transformed the model estimates into
predicted probabilities. We derived 95% CIs using bootstrapping (n=1000).

We performed several sensitivity analyses to assess the strength of our results. First, to
examine the robustness of our predicted model of 10-year mortality, we sorted patients into
quartiles, which generated fairly similar mortality probabilities for the lowest and highest
groups. Second, because some case records lack the specific staging information to precisely
classify disease risk (eg, differentiate T2a from T2b from T2c), we repeated our analyses
after excluding these patients. Third, because of the concern that older patients would
generally not be considered for surgery, we reran our analyses stratified by age. These
additional analyses did not alter our findings, so we present results from our primary
analyses only.

All analyses were performed using SAS version 9.2 and R version 2.11.22 The probability of
a type I error was set at .05 and all testing was 2-sided. Because patients cannot be
identified, the institutional review board of the University of Michigan exempted this study
from review.

RESULTS
Our study population included men who had prostate cancer as their first and only cancer
(n=83 191). We then excluded those with metastatic disease (n=2621) and those not
receiving one of the designated treatments (n=21 898). Among these men, we further
excluded those with missing information needed to classify disease risk (ie, missing stage,
Gleason score, or PSA levels; n=1647) or with missing demographic information (n=1078).
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Using these criteria, our study population consisted of 23 633 IMRT, 3926 EBRT, 5881
robotic prostatectomy, 6123 open radical prostatectomy, and 16 384 observation patients.
When we applied our predictive model to our cohort of prostate cancer patients, the
predicted mortality rates at 10 years were 19%, 61%, and 91% for patients in low,
intermediate, and high terciles, respectively.

As shown in the Table, the use of IMRT and observation was more common than EBRT,
robotic prostatectomy, and open radical prostatectomy among Medicare beneficiaries with
prostate cancer. The use of advanced treatment technologies increased over time,
particularly for robotic prostatectomy, while the use of prior standards significantly
decreased. Throughout the study period, the overall treatment of prostate cancer was
relatively stable. For example, in 2004 and 2009, there were 6556 and 6169 patients,
respectively, treated with either surgery or some form of external beam radiotherapy (ie,
IMRT or EBRT). Intensity-modulated radiotherapy was a common method of treatment
regardless of socioeconomic class and disease risk. Robotic prostatectomy use was more
common among younger men, while those undergoing observation tended to have low-risk
disease. Many SEER regions that contained a large number of patients treated with
advanced treatment technologies also had a relatively large number of patients treated with
prior standards or observation (eg, Greater California, New Jersey, Seattle, and Detroit).

We next assessed the treatment of prostate cancer among patients least likely to benefit from
treatment because of either nonaggressive cancer biology or competing causes of death
(Figure 1). The use of advanced treatment technologies was common among men with low-
risk disease (an increase from 32% [95% CI, 30%–33%] in 2004 to 44% [95% CI, 43%–
46%] in 2009), those with a high risk of non-cancer mortality (from 36% [95% CI, 35%–
38%] in 2004 to 57% [95% CI, 55%–59%] in 2009), and those with both low-risk disease
and a high risk of noncancer mortality (from 25% [95% CI, 23%–28%] in 2004 to 34%
[95% CI, 31%–37%] in 2009). For each of these 3 groups of patients, there was greater use
of advanced treatments over time, particularly among those with an increased probability of
noncancer mortality (P <.001 for trend). Conversely, there was a decreased use of prior
standards across these 3 groups of patients (P <.001 for trend), making the overall use of
treatment among men least likely to benefit relatively stable over time.

We next examined the use of IMRT and robotic prostatectomy separately among men who
are the least likely to benefit (Figure 2). Use of IMRT increased among men with low-risk
disease (from 27% [95% CI, 25%–28%] in 2004 to 33% [95% CI, 32%–35%] in 2009),
those with a high risk of non-cancer mortality (from 35% [95% CI, 33%–36%] in 2004 to
52% [95% CI, 50%–53%] in 2009), and those with both low-risk disease and high risk of
noncancer mortality (from 24% [95% CI, 22%–26%] in 2004 to 32% [95% CI, 28%–34%]
in 2009; P <.001 for trend). Although less common than IMRT, robotic prostatectomy use
increased over time among men with low-risk disease (from 5% [95% CI, 4%–6%] in 2004
to 11% [95% CI, 10%–12%] in 2009), those with a high risk of non-cancer mortality (from
2% [95% CI, 1%–2%] in 2004 to 5% [95% CI, 5%–6%] in 2009), and those with both low-
risk disease and a high risk of noncancer mortality (from 1% [95% CI, <1%–2%] in 2004 to
3% [95% CI, 2%–4%] in 2009; P <.001 for trend).

In addition, we estimated the use of prostate cancer treatments for men least likely (Figure
3) and most likely to benefit (Figure 4). Among Medicare beneficiaries diagnosed with
prostate cancer, the use of advanced treatment technologies for men unlikely to die of
prostate cancer increased from 13% (95% CI, 12%–14%) in 2004 to 24% (95% CI, 24%–
25%) in 2009, a relative increase of 85% (P <.001, Pearson χ2 test). That is, rates of IMRT
and robotic prostatectomy use increased from 129.2 per 1000 patients in 2004 to 244.2 per
1000 patients diagnosed with prostate cancer in 2009. At the same time, the use of prior
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standard treatments for men least likely to benefit decreased from 11% (95% CI, 10%–11%)
in 2004 to 3% (95% CI, 2%–3%) in 2009 (P <.001, Pearson χ2 test). For these men, rates of
EBRT and open radical prostatectomy use decreased from 106.9 per 1000 patients
diagnosed with prostate cancer in 2004 to 27.2 per 1000 patients diagnosed with prostate
cancer in 2009. The estimated use of advanced treatment technologies for men most likely to
benefit (ie, those with high-risk disease or a low risk of non-cancer mortality) increased
11%, while the use of prior standards decreased 10% over the study period (both P <.001,
Pearson χ2 test).

DISCUSSION
The use of advanced treatment technologies for prostate cancer was common among patients
with low-risk disease and among those with a high risk of noncancer mortality. The most
common treatment modality was IMRT, which accounted for the greatest use among men
who stand the least to gain in terms of survival. The increasing use of both IMRT and
robotic prostatectomy in populations unlikely to benefit from treatment was largely
explained by their substitution for the treatments they aim to replace, namely EBRT and
open radical prostatectomy.

The absolute magnitude of the use of advanced treatment technologies in these populations
has 2 important implications. First, both treatments are considerably more expensive than
the prior standards. Start-up costs for both approach $2 million.5,7 Further, IMRT is
associated with higher total episode payments, which translate into an additional $1.4 billion
in spending annually.23 Thus, the implications of any potential overtreatment with these
advanced treatment technologies are amplified in financial terms. Second, and perhaps more
important, the implementation of these technologies in populations unlikely to benefit from
treatment occurred during a time of increasing awareness about the indolent nature of some
prostate cancers and of growing dialogue about limiting treatment in these patients.11,12 Our
findings suggest that, even during this period of enhanced stewardship, incentives favoring
the diffusion of these technologies outweighed those related to implementing a more
conservative management strategy.

There are several potential explanations as to why this might be the case. First, there is
uncertainty about the natural history of prostate cancer. Even for low-risk cancer, patients or
physicians may be reluctant to observe when there is a high chance of cure with treatment.
Patients who choose observation may live with a high level of anxiety knowing that they
have cancer. Further, there is potential to underestimate the severity of disease based on the
prostate biopsy.24 These concerns aside, the outcomes of men with low-risk disease
following conservative management (ie, observation) are fairly well established,16 causing
some to even push for removing the label of cancer from low-risk tumors.25 Second, a
perceived improvement in outcomes compared with prior alternatives may make these
advanced treatment technologies seem more palatable. However, comparative studies have
shown that the advantages of these newer treatments are marginal at best.3,4 Third, financial
incentives—through ownership opportunities,7 growing market share,26 and fee-for-service
reimbursement23—may be too strong to overcome.

In quantifying the use of advanced treatment technologies among men who are unlikely to
benefit from treatment, we rely on 2 measures of patient risk. The first is the risk of death
from prostate cancer, which is determined entirely by the biology of the disease itself. It is
well established that men with low-risk disease—as assessed by low grade, stage, and PSA
level (the criteria used in this study)—have an extremely low chance of dying from prostate
cancer, particularly in the elderly population.16 Because of its protracted course, clinical
guidelines recommend treating prostate cancer only in men expected to live at least 10
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years,9,10 which informs our second measure of patient risk, noncancer mortality. For this
competing measure of mortality, we calculated the 10-year probability of death in a cohort
of patients without prostate cancer. Although our model lacked certain information (eg,
baseline functional status), we were able to generate a robust model with high discrimination
(C index=0.90) by incorporating several conditions closely associated with mortality.17,27

Although neither risk assessment is absolute, both are well informed by the expansive
knowledge about the natural history of prostate cancer and provide an objective approach for
quantifying the potential overtreatment burden.

Another limitation of our study is the inclusion of only Medicare beneficiaries 66 years or
older. Younger men are frequently diagnosed with prostate cancer. However, nearly two-
thirds of men with prostate cancer are older than 65 years.28 In addition, we are unaware of
a biological rationale for why the use of advanced treatment technologies would be different
across ages. For these reasons, our findings are informative to the vast majority of men with
prostate cancer.

These limitations notwithstanding, the increasing use of advanced treatment technologies
among men unlikely to die of prostate cancer carries significant policy implications,
particularly in light of the recent US Preventive Services Task Force recommendations. The
task force recently recommended against screening asymptomatic men for prostate cancer,
largely based on the evidence that PSA screening results in the detection of many cases of
indolent cancer that remain insignificant over a person’s lifespan.29 However, by using
treatments more selectively, the benefits of screening may become clearer. For instance, in
the European Randomized Study of Screening for Prostate Cancer trial, higher-grade cancer
was less common in the screened group (as compared with the control group), with a 40%
lower incidence of locally advanced and meta-static disease.30 From our findings, the use of
advanced treatment technologies is not much higher in men who would most likely benefit
(ie, those with high-risk disease and low risk of non-cancer mortality).

There are 2 potential reasons for this observation. First, the ability to risk-stratify patients is
imperfect. However, the development of molecular markers and identification of gene
signatures are examples of ongoing research that may make it easier to differentiate indolent
disease from “bad actors” in the near future. Second, it is difficult for clinicians to evaluate a
patient’s risk of noncancer mortality.31,32 For example, clinicians inaccurately predict 10-
year life expectancy nearly 20% of the time.32 With this in mind, clinicians and policy
makers could better focus efforts on identifying men who will benefit from screening and
subsequent treatment, rather than on eliminating screening efforts altogether.

At the same time, more diligence is needed to reduce the potentially unnecessary treatment
of men with a low risk of dying from prostate cancer. Patients with medical conditions that
portend poor prognoses are still aggressively treated with radiation or surgery for their
prostate cancer.31 A Swedish study demonstrated that patients diagnosed with indolent
prostate cancer account for a substantial and growing part of the increase in radical
prostatectomies.8 Although the majority of physicians consider active surveillance an
effective strategy, less than one-third of urologists and radiation oncologists recommend
surveillance over treatment for patients with low-risk disease.33 Understanding the
underpinnings of the discrepancy between these physician beliefs and what is occurring in
practice will be fundamental to broadening the use of observation among appropriate
patients. Furthermore, garnering support for surveillance in an environment that encourages
the adoption of novel technologies will remain a challenge.

Research and policy change represent 2 avenues that could affect the current treatment
patterns for prostate cancer. The Surveillance Therapy Against Radical Treatment (START)
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trial is a randomized controlled trial that will provide valuable information regarding the
effectiveness of radiation, surgery, and active surveillance for low-risk prostate cancer.34

However, because of the protracted natural history of prostate cancer, results from this trial
are not expected for another 5 to 10 years. In the interim, well-designed observational
studies can inform this debate. More immediately, policy change may help curtail the
excessive use of advanced treatment technologies among patients least likely to benefit. For
example, value-based insurance design encourages the use of services when clinical benefits
outweigh the cost and discourages their use when the benefits do not justify the cost.35

Taken together, efforts in these domains can help eliminate the overuse of advanced
treatment technologies when patients stand little to gain.

In conclusion, we found that the use of advanced treatment technologies increased among
men diagnosed with prostate cancer between 2004 and 2009 who had low-risk disease, high
risk of noncancer mortality, or both. Continued efforts to differentiate indolent from
aggressive disease and to improve the prediction of patient life expectancy may help reduce
the use of advanced treatment technologies in this patient population.
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Figure 1.
Treatment of Prostate Cancer Among Men Who Are the Least Likely to Benefit
The percentage of treatment was adjusted for age, race, socioeconomic class, comorbidity,
tumor grade, year of diagnosis, and Surveillance, Epidemiology, and End Results region.
Use of advanced treatment technologies significantly increased among prostate cancer
patients with low-risk disease, high risk of noncancer mortality, and both low-risk disease
and high risk of noncancer mortality (P<.001 for trend). Conversely, there was a decreased
use of prior standards among these patients (P<.001 for trend), making the overall use of
treatment relatively stable over time. Error bars indicate 95% CIs; EBRT, traditional
external beam radiation treatment; IMRT, intensity-modulated radiotherapy.
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Figure 2.
Use of Advanced Treatment Technologies Among Prostate Cancer Patients Who Are the
Least Likely to Benefit
The percentage of treatment was adjusted for age, race, socioeconomic class, comorbidity,
tumor grade, year of diagnosis, and Surveillance, Epidemiology, and End Results region.
Use of intensity-modulated radiotherapy (IMRT) and robotic prostatectomy both increased
among men who stand the least to gain in terms of survival (both P<.001 for trend). The
majority of these patients were treated with IMRT. Error bars indicate 95% CI.
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Figure 3.
Estimating the Use of Prostate Cancer Treatments for Men Least Likely to Benefit
Among Medicare beneficiaries diagnosed with prostate cancer, the use of advanced
treatment technologies increased from 13% (95% CI, 12%–14%) in 2004 to 24% (95% CI,
24%–25%) in 2009 for men unlikely to die of prostate cancer (P <.001, Pearson χ2 test). At
the same time, the use of prior standard treatments for these patients decreased 8% (P <.001,
Pearson χ2 test).
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Figure 4.
Estimating the Use of Prostate Cancer Treatments for Men Most Likely to Benefit
Among Medicare beneficiaries diagnosed with prostate cancer, the use of advanced
treatment technologies for men most likely to benefit (ie, those with high-risk disease or a
low risk of noncancer mortality) increased 11%, while the use of prior standards decreased
10% over the study period (both P <.001, Pearson χ2 test).
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