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Abstract
Background—Use of local therapy for prostate cancer may increase because of the perceived
advantages of new technologies such as intensity-modulated radiotherapy (IMRT) and robotic
prostatectomy.

Objective—To examine the association of market-level technological capacity with receipt of
local therapy.

Design—Retrospective cohort.

Subjects—Patients with localized prostate cancer who were diagnosed between 2003 and 2007
(n=59,043) from the Surveillance Epidemiology and End Results (SEER) – Medicare database.

Measures—We measured the capacity for delivering treatment with new technology as the
number of providers offering robotic prostatectomy or IMRT per population in a market (hospital
referral region). The association of this measure with receipt of prostatectomy, radiotherapy, or
observation was examined with multinomial logistic regression.

Results—For each 1,000 patients diagnosed with prostate cancer, 174 underwent prostatectomy,
490 radiotherapy, and 336 were observed. Markets with high robotic prostatectomy capacity had
higher use of prostatectomy (146 vs. 118 per 1,000 men, p=0.008) but a trend towards decreased
use of radiotherapy (574 vs. 601 per 1,000 men, p=0.068), resulting in a stable rate of local
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therapy. High versus low IMRT capacity did not significantly impact use of prostatectomy (129
vs. 129 per 1,000 men, p=0.947) and radiotherapy (594 vs. 585 per 1,000 men, p=0.579).

Conclusions—Although there was a small shift from radiotherapy to prostatectomy in markets
with high robotic prostatectomy capacity, increased capacity for both robotic prostatectomy and
IMRT did not change the overall rate of local therapy. Our findings temper concerns that new
technology spurs additional therapy of prostate cancer.
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Introduction
The development and dissemination of new technology is a major determinant of growth in
Medicare spending,1,2 which is expected to double within the next 10 years.3 New biological
agents, imaging tests, and medical devices are among the many sectors of new technology
that play a disproportionate role in spending. However, equally important and under
recognized is the dissemination of new non-pharmaceutical therapeutics, including surgical
technology and new equipment to deliver radiotherapy. These non-pharmaceutical
therapeutics vary in the extent to which they aim to substitute a new procedure for an
existing one or provide a whole new way of treating patients. In the latter case, a new
technology can expand the population eligible for treatment,4 in which case its incremental
costs are spurred by greater overall rates of treatment in addition to any increase in per
episode costs. For example, by decreasing morbidity by an order of magnitude, laparoscopic
cholecystectomy was seen as a significant advance over the open procedure. The sharp
contrast between the two morbidity profiles amplified the appeal of laparoscopy thereby
reducing barriers to cholecystectomy for minimally symptomatic patients who otherwise
would have gone untreated.5,6

Similar to laparoscopic cholecystectomy, new technologies for the treatment of prostate
cancer, including robotic radical prostatectomy and intensity-modulated radiotherapy
(IMRT), hold the promise of reduced morbidity profiles. Examining these new technologies
provides a particularly rich context to gain insight into the effects of technology
dissemination for several reasons. First, national prostate cancer spending accounts for
almost ten percent of overall cancer spending and approaches $12 billion annually.7 Second,
many men diagnosed with prostate cancer have a low risk of dying from the disease and thus
are appropriate candidates for observation.8,9 Third, while the evidence is mixed, robotic
prostatectomy and IMRT are thought to reduce side-effects affecting urinary, sexual, and
gastrointestinal quality of life while also having the potential to improve cancer control
when compared to their more traditional counterparts, i.e., open radical prostatectomy and
three dimensional radiotherapy.10–12 However, both of these advanced treatments are
associated with higher incremental costs compared to traditional treatments.13,14 In addition,
the perception of lower morbidity associated with these new treatments, regardless of
whether true or not, could shift decision making towards local therapy in lieu of observation
and thus expand the population treated. This would further spur overall spending for prostate
cancer care and, even more important, could lead to expansion of treatment among patients
who have little to gain from local therapy (e.g., those with low-risk disease or advanced age)
while being exposed to treatment related morbidity.8,9

For these reasons, we assessed the impact of new prostate cancer technology on utilization
of treatment for prostate cancer. Including patients diagnosed with localized prostate cancer
between 2003 and 2007, we examined the extent to which technology diffusion was
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associated with the substitution of one treatment for another and with expansion of the
population treated.

Methods
Study population

We used linked Surveillance Epidemiology and End Results (SEER)-Medicare data to
identify male beneficiaries with prostate cancer diagnosed between 2003 and 2007. We only
included subjects 66 years of age or older to ensure accurate assessment of comorbidity
based on Medicare claims for the 12 month period prior to diagnosis.15 Only men enrolled
in the fee-for-service program and eligible for Parts A and B of Medicare for at least 12
months before and after prostate cancer diagnosis were included. We limited the cohort to
men with prostate cancer as their only cancer (86.5% of the overall population) and
excluded subjects with metastatic disease at diagnosis (6.0%). Using these criteria, our final
study population consisted of 59,043 patients with localized prostate cancer managed with
observation, surgery, or radiotherapy.

Characterizing market-level prostate cancer technology diffusion
As previously described,16 we assessed technology diffusion for prostate cancer treatment at
the level of a health care market. Health care markets were defined by Hospital Referral
Regions (HRRs), which represent geographical areas in which Medicare beneficiaries
receive their tertiary medical care.17 We assigned Medicare beneficiaries to their respective
HRRs (n=69) using their home ZIP codes.

Next, we used explicit Healthcare Common Procedure Coding System (HCPCS) and
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD9-CM)
codes (see appendix) to categorize patients into mutually exclusive groups based on the
primary treatment they received. We then assigned robotic prostatectomy patients to their
treating surgeon, using Unique Physician Identifier and National Provider Identifier
Numbers. For patients undergoing IMRT, we used the same identifiers to assign the provider
who performed the clinical planning and simulation as the treating radiation oncologist.18

We then assigned each robotic prostatectomy provider and each IMRT provider to an HRR
based on the provider's ZIP code.

Finally, we characterized the capacity for delivering treatment with new technology for each
HRR and year by calculating robotic prostatectomy and IMRT provider densities. The
numerator was the number of physicians providing robotic prostatectomy or IMRT
treatments in each HRR in a given year. The denominator was the number of male Medicare
beneficiaries residing within the HRR based on population estimates for the ZIP Code
Tabulation Areas.19 We chose this denominator rather than the number of Medicare
beneficiaries diagnosed with prostate cancer because we wanted to uncouple our exposure as
much as possible from physician practice style. The number of beneficiaries diagnosed with
prostate cancer in an HRR depends on physicians performing prostate biopsies. Thus, this
number does depend on physician practice style whereas the number of beneficiaries
residing in each HRR does not. Next, HRRs were categorized into those with low, medium,
or high robotic prostatectomy or IMRT capacity based on tertiles of provider density. The
claims-based empirical measure of technological capacity strongly correlated with the
number of robotic prostatectomy providers in a given market as abstracted from historical
websites (r=0.81,16 Supplemental Digital Content 1), suggesting that it represents a good
proxy for technology penetration.
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Outcome
Our primary outcome was the use of radical prostatectomy, radiotherapy, or observation.
Using explicit HCPCS and ICD9-CM codes, we identified each patient's primary treatment
as that occurring first within 12 months after diagnosis (see appendix). Notable exceptions
to this rule were patients undergoing neoadjuvant androgen deprivation therapy, who were
classified based on the first treatment that followed this therapy. Local therapy was defined
as either radical prostatectomy or radiotherapy, while the remainder of the patients (i.e.,
those receiving primary androgen deprivation therapy or no prostate cancer directed
treatment in the first 12 months after diagnosis) were categorized as undergoing observation.

Statistical analyses
We estimated bivariate associations of management approach with demographic
characteristics (age, race, clinical stage, grade, D'Amico prostate cancer risk,20

comorbidity,15 education, income, rural versus urban residence), regional characteristics
(number of urologists, number of radiation oncologists, and number of hospital beds per
100,000 population; Medicare managed care penetration; HRR-level provider volume), and
technological capacity by calculating treatment rates (i.e., the number of men treated per
1,000 diagnosed) for each of the demographic or regional strata. The statistical significance
of these bivariate associations was assessed with chi-square tests. Regional characteristics
were obtained from the Health Resources and Services Administration's Area Resource File
and categorized into tertiles. Because data on Gleason grade and PSA were not available in
SEER prior to 2004, all analyses including D'Amico risk20 were restricted to patients
diagnosed between 2004 and 2007. In order to describe variation in treatment rates across
HRRs, we calculated treatment rates for each HRR and then described the median and range
of these rates across all HRRs.

We fit multinomial logistic regression models with the patient as our unit of analysis, using
Huber/White sandwich estimators of variance to account for heteroskedasticity.21 The
dependent variable was the type of treatment received (prostatectomy, radiotherapy, or
observation). We then examined the association of technological capacity with type of
treatment received by adding to the models continuous measures of robotic prostatectomy
and IMRT provider density. These measures were HRR and year specific, so technological
capacity could change from year to year within a given HRR. We also included an
interaction term between robotic prostatectomy and IMRT provider density, but removed it
from the final models because it was not statistically significant. The multivariable models
were adjusted for the patient and regional characteristics described above, and for year of
diagnosis. From these models, we calculated adjusted treatment rates for HRRs with low
versus high robotic prostatectomy capacity (i.e., robotic prostatectomy capacity in the lowest
[0 providers per 100,000 in 2007] versus highest tertile [9.6 providers per 100,000 in
2007]) and low versus high IMRT capacity (i.e., IMRT capacity in the lowest [9.2
providers per 100,000 in 2007] versus highest tertile [18.9 providers per 100,000 in
2007]). We estimated these treatment rates for white patients with no comorbidity diagnosed
in 2007 with all other covariates set at the mean. We also explored modeling regional
technological capacity as a lagged independent variable (with a one year lag), but this did
not substantially affect the results (data not shown). To assess the contribution of specific
covariates (i.e., robotic prostatectomy capacity, IMRT capacity, age, race, and comorbidity)
to the models, we compared Akaike's Information Criterion of the full model to that of a
model excluding that covariate.22 To provide more detailed information on the association
between technological capacity and type of treatment received, we fit similar multinomial
logistic regression models, but with the dependent variable being the specific treatment
received (see appendix).
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Because new technology, particularly a new surgical technology, may have a more
substantive effect on treatment choice among younger patients, we evaluated the association
of technological capacity with type of treatment in patients aged 66 to 69. Given that
expansion of local therapy would be particularly worrisome among patients who are least
likely to benefit from it (i.e., those aged 70 and older with low-risk prostate cancer20,23 and
those aged 85 and older24,25), we also investigated the effect of technological capacity on
treatment in these subgroups.

Because of concern that there may be other factors influencing the choice of procedure in
each of the 69 HRRs, we additionally fit fixed effects models to help isolate the role of
technology more closely. Thus, we examined how treatment decisions changed within each
HRR while new technology was disseminating. Moreover, we performed sensitivity
analyses excluding HRRs that crossed SEER boundaries into areas from which SEER data
were not available (21 of 69 HRRs). We also estimated models not adjusting for market-
level provider volume, because adjusting for this covariate could have masked the effect of
technological capacity. Results from these sensitivity analyses were not materially different
in direction or effect size compared with those of our main analyses, so only the latter are
presented.

We performed all analyses using Stata version 12SE and SAS version 9.3. All tests were 2-
tailed; and we considered p<0.05 as statistically significant. The University of Michigan
Medical School Institutional Review Board exempted this study from review.

Results
On average, for every 1,000 patients diagnosed with prostate cancer, 174 underwent
prostatectomy, 490 radiotherapy, and 336 were observed. Treatment rates varied widely
across HRRs, with a median surgery rate of 168 (range 71 to 419), a median radiotherapy
rate of 483 (range 176 to 663), and a median rate of observation of 336 (range 241 to 558)
per 1,000 men diagnosed. Men who were African American and those with higher stage and
more comorbid disease were less likely to undergo surgery (Table 1). Patients with
advanced age, less education, and lower income were more likely to be observed (Table 1).
In bivariate analyses, increased regional technological capacity for robotic prostatectomy
was associated with higher rates of surgery (p<0.001, Table 1). Similarly, increased
technological capacity for IMRT was associated with higher rates of radiotherapy (p<0.001,
Table 1).

In multivariable analyses, the use of radical prostatectomy was significantly higher in
markets with high robotic prostatectomy capacity (146 vs. 118 per 1,000 men diagnosed,
p=0.008, detailed model output shown in Supplemental Digital Content 2). However, these
markets had a trend towards lower rates of radiotherapy (574 vs. 601 per 1,000 men
diagnosed, p=0.068), such that rates of observation remained stable (280 vs. 281, p=0.910,
Figure 1A). In these markets, the increased use of radical prostatectomy was primarily
driven by an increase in use of robotic prostatectomy (85 vs. 42 per 1,000 men diagnosed,
p<0.001, Supplemental Digital Content 3). Similar effects were observed among the patients
in the youngest age group (n=16,218): 447 vs. 389 per 1,000 men were treated with
prostatectomy comparing high to low surgical technology HRRs (p=0.022, Figure 1B).

High versus low IMRT capacity did not significantly impact use of prostatectomy (129 vs.
129 per 1,000 men, p=0.947), radiotherapy (594 vs. 585 per 1,000 men, p=0.579), or
observation (277 vs. 286 per 1,000 men, p=0.384, Figure 1A). Nevertheless, high IMRT
capacity was associated with a significant increase in use of IMRT (352 vs. 220 per 1,000
men, p<0.001), but this was offset by decreases in use of external beam radiotherapy and
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brachytherapy (Supplemental Digital Content 3). Removing patient-level covariates such as
age, race, or comorbidity from the full model led to much more substantial increases in
Akaike's Information Criterion (15008, 524, and 509, respectively) than removing
technological capacity (56 for robotic prostatectomy capacity and 12 for IMRT capacity).
This implies that the effect of these patient-level covariates on treatment was much larger
than the impact of technological capacity (Figure 2).

Next, we assessed whether there was expansion of treatment among men who are least likely
to benefit. Rates of observation were not significantly different comparing markets with high
technological capacity to those with low technological capacity, both among men age 70 and
older who were diagnosed with low-risk cancer (n=8,497, p≥0.494, Figure 3A) and among
men 85 years and older (n=3,249, p≥0.226, Figure 3B).

Finally, we examined the effect of increasing technological capacity within each HRR by
fitting fixed effects models. Based on these models, a change from low to high robotic
prostatectomy capacity was associated with an increase in use of prostatectomy (from 117 to
137 per 1,000 men diagnosed, p=0.031) and a trend towards decreased use of radiotherapy
(from 602 to 580 per 1,000 men diagnosed, p=0.097), with rates of observation again
remaining stable (281 versus 282 per 1,000 men diagnosed, p=0.915, Supplemental Digital
Content 4).

Discussion
We found that treatment rates varied widely across HRRs. While the capacity for delivering
IMRT was not associated with type of treatment, increased capacity for robotic
prostatectomy was associated with greater use of prostatectomy and less use of radiotherapy.
However, a greater capacity for delivering either new technology did not affect the rate of
observation. The impact of technological capacity on prostate cancer treatment was much
smaller than the effect of patient-level factors. Our results reflect some redistribution of
treatment from radiotherapy to surgery after dissemination of robotic technology, rather than
expansion of treatment among those who were managed with observation. There was also
no evidence of expansion of treatment in patients who are least likely to benefit from
aggressive treatment, including those 70 years of age and older with low-risk cancer and
those aged 85 years and up.

While previous studies have taken a monolithic approach and evaluated either use of
prostatectomy or radiotherapy, this study represents the first comprehensive assessment of
technology dissemination and its effect on prostate cancer treatments. Regarding use of
prostatectomy, it has been shown that adoption of robotic prostatectomy by a hospital or
within a region was associated with increased rates of radical prostatectomy.26–28 Similarly,
dissemination of IMRT was associated with a small increase in radiotherapy rates.29

However, none of these studies was focused on the important issue of treatment expansion
and therefore did not include a population-level assessment of treatment among all patients
with localized prostate cancer. We measured technological capacity for both robotic
prostatectomy and IMRT and evaluated the distinct effects of these technologies on
treatment selection. Thus, we were able to examine whether technology dissemination was
associated with expansion of treatments (i.e., increased use of local therapy in lieu of
observation) or with redistribution of treatments from one treatment to another. Based on
our findings, a greater capacity for delivering treatment with new technology was not
associated with increased overall treatment rates. Rather, increasing robotic prostatectomy
capacity was associated with a small proportion of treatments being redistributed from
radiotherapy to radical prostatectomy. However, patient-level covariates were more
important for treatment selection, which appears appropriate. For example, older patients are
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significantly more likely to experience side-effects from prostatectomy and are increasingly
less likely to die of prostate cancer, thus justifying less aggressive management.30 Similarly,
men with more comorbid disease tend to have a higher risk of perioperative complications,
which would discourage the use of radical prostatectomy.31

Robotic prostatectomy and IMRT promise decreased morbidity and increased cancer
control, which may increase the palatability of treatment. Many worry that this would lead
to expansion of treatments among those at low risk of dying from prostate cancer, who
would be appropriate candidates for observation.32 However, our findings seem to temper
these concerns. We evaluated the effect of technological capacity on the distribution of
treatments among those 70 years of age and older with low-risk cancer or those age 85 and
up. Low-risk prostate cancer is rarely lethal;23 some have even argued to remove the
“cancer” label from this entity to decrease the urge for overtreatment.33 Men aged 85 and
older are much more likely to die from causes other than localized prostate cancer, given
their average life expectancy.24,25 Our results imply that technology dissemination did not
affect treatment rates in these men. Nevertheless, a substantial number of these men were
treated, which is in line with previous studies describing potential overuse of curative
treatments in men with non-lethal prostate cancer.34–36 While the use of new technologies is
rising both among all men with prostate cancer29,37 and among men unlikely to benefit from
local therapy,36,38 new technology appears to substitute for the prior standard as opposed to
increasing the population treated.

Ultimately, whether more use of new technology is beneficial depends, in part, on whether
the benefits of new technology exceed the costs. While recent analyses have shown similar
cost-effectiveness of open and robotic prostatectomy, IMRT was significantly more
expensive than traditional three-dimensional radiotherapy without a meaningful gain in
quality adjusted life years.39 In addition, surgical treatment tended to be more cost-effective
than radiotherapy.39 As such, substitution of radiotherapy with surgery after dissemination
of robotic technology may be associated with lower costs for payers, but substitution of
traditional three-dimensional radiotherapy with IMRT is associated with higher costs. It is
thus difficult to judge the extent to which these substitutions affect overall costs of
treatment. However, our findings alleviate concerns that technology dissemination leads to
expansion of prostate cancer treatments, which would clearly be associated with additional
overall costs.

Our study has several limitations. First, it is possible that we did not capture all providers
who use robotic prostatectomy and IMRT to treat men with prostate cancer in HRRs with
sections that fall outside the SEER catchment areas. Therefore, we performed sensitivity
analyses only including HRRs that were completely contained within SEER, with results not
materially differing from those reported here. Second, our findings are only generalizable to
men older than 65 given the limitations inherent to using Medicare data. However, older
men are less likely to benefit from prostate cancer treatment and therefore are at higher risk
for overtreatment.40 Thus, we are primarily concerned with this age group when examining
the hypothesis that dissemination of new technology may lead to expansion of treatments
among men with localized prostate cancer. Third, given the observational nature of our data,
we cannot exclude the possibility of confounding secondary to unmeasured differences in
patients across markets. To mitigate this problem as much as possible, we included many
patient- and market-level covariates in our multivariable analyses and conducted additional
analyses fitting fixed effects models. Finally, some may argue that the data from the time
period examined (2003 to 2007) are rather old. However, we believe that this time period is
highly relevant for several reasons. First, most of the dissemination of both robotic
prostatectomy and IMRT had already happened by 2007.38 Thus, our data are representative
of the effects of technology dissemination on treatment during the main period of
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dissemination. Second, we calculated treatment rates for typical HRRs with low or high
technological capacity. While the absolute provider density may have increased in later
years, it is unlikely that the relative categorization into low or high technological capacity
would change significantly by including more recent data.

These limitations notwithstanding, our study suggests that new technology for the treatment
of prostate cancer is not expanding the population treated, which has important implications
for patients, payers, and policy makers. For patients, increased technological capacity is not
driving additional treatment of disease and is thus not expanding the pool of patients at risk
for side-effects from treatment. For payers and policymakers, who are considering coverage
for other emerging treatments of prostate cancer, our findings alleviate concerns that
technology dissemination may spur more prostate cancer treatment, which would be
associated with higher costs.
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Appendix
Appendix

Healthcare Common Procedure Coding System (HCPCS) and International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD9-CM) codes used in the analyses.

Treatment received HCPCS code ICD9-CM code

Prostatectomy

Open prostatectomy 55840, 55842, 55845 60.4

Robotic prostatectomy 55866 not applicable

Other prostatectomy 55810, 55812, 55815 60.5, 60.62

Radiotherapy

External beam radiotherapy 77373, 77401, 77402, 77403, 77404, 77406, 77407, 77408,
77409, 77411, 77412, 77413, 77414, 77416, 77417, 77419,
77420, 77421, 77425, 77427, 77430, 77431, 77435, 77470,
77499

92.21, 92.22, 92.24,
V58.0

IMRT G0174, 77418, 0073T not applicable

Brachytherapy 55859, 55860, 55862, 55865, 55875, 76873, 76965, 77750,
77761, 77762, 77763, 77776, 77777, 77778, 77781, 77782,
77783, 77784, 77785, 77786, 77787, 77789, 77790, 77799,
C1164, C1174, C1325, C1350, C1700, C1701, C1702,
C1703 C1704, C1705, C1706, C1707, C1708, C1709,
C1710, C1711, C1712, C1715, C1716, C1717, C1718,
C1719, C1720, C1728, C1790, C1791, C1792, C1793,
C1794, C1795, C1796, C1797 C1798, C1799, C1800,
C1801, C1802, C1803, C1804, C1805, C1806, C2632,
C2633, C2634, C2635, C2636, C2638, C2639, C2640,
C2641, C2642, C2643, G0256, G0261, Q3001

92.20, 92.27

Proton beam radiotherapy 77380, 77381, 77520, 77522, 77523, 77525 92.33

Observation
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Treatment received HCPCS code ICD9-CM code

Androgen-deprivation therapy C9430, J1675, J1950, J3315, J9202, J9217, J9218, J9219,
J9225, J9226, Q2020, S0133, S9560, 11980, 11981, 11982,
11983, 96400, 96402, G0356, C9216, J0128, S0165, J0970,
J1000, J1056, J1380, J1390, J1410, J9165, J9155, 54520,
54522, 54530, 54535

62.3, 62.4, 62.41,
62.42, 99.24

No cancer directed therapy not applicable not applicable
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Figure 1.
Rates of surgical treatment, radiotherapy, and observation according to market-level
technological capacity. The use of radical prostatectomy was significantly higher in markets
with high robotic prostatectomy capacity, both among all patients (p=0.008, panel A) and
among men 66 to 69 years old (p=0.022, panel B). However, rates of observation remained
stable. * Models were adjusted for year, patient characteristics (age, comorbidity, stage,
grade, socioeconomic status), and market characteristics (number of urologists, of radiation
oncologists, and of hospital beds; managed care penetration; average provider volume in
market).
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Figure 2.
Effect of technological capacity on rates of prostatectomy, radiotherapy, or observation
compared with the effects of other covariates. Models were adjusted for year, patient
characteristics (age, comorbidity, stage, grade, socioeconomic status), and market
characteristics (number of urologists, of radiation oncologists, and of hospital beds;
managed care penetration; average provider volume in market). * Denotes p<0.001; tech =
technology.
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Figure 3.
Rates of surgical treatment, radiotherapy, and observation according to market-level
technological capacity among men who are least likely to benefit from active treatment
(those 70 years and older with D'Amico low-risk disease20 [n=8,497, panel A] and those 85
years and older [n=3,249, panel B]). Robotic prostatectomy and IMRT capacity did not
significantly impact rates of observation (p≥0.226). * Models were adjusted for year, patient
characteristics (age, comorbidity, stage, grade, socioeconomic status), and market
characteristics (number of urologists, of radiation oncologists, and of hospital beds;
managed care penetration; average provider volume in market).
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Table 1

Distribution of treatment with surgery or radiation versus observation by patient and regional characteristics.
p<0.001 for all bivariate comparisons.

Characteristics N Surgery (number
treated per 1,000

diagnosed)

Radiation (number
treated per 1,000

diagnosed)

Observation
(number managed

per 1,000 diagnosed)

Age, years

66-69 16,218 365 450 185

70-74 18,361 193 578 228

75-79 13,811 52 572 375

80-84 7,404 09 362 629

85+ 3,249 04 134 862

Race/ethnicity

White 48,318 182 494 324

Black 6,245 114 469 417

Hispanic 1,204 153 453 395

Asian 1,688 126 508 366

Other/unknown 1,588 238 470 292

Clinical Stage

T1 30,462 170 507 323

T2 27,036 180 468 352

T3 1,309 152 580 268

T4 236 59 386 555

D'Amico prostate cancer risk
#

Low 12,767 149 562 289

Intermediate 14,202 244 519 237

High 12,513 157 526 317

Grade

Well or moderately differentiated 29,987 141 497 362

Poorly or undifferentiated 29,056 208 483 309

Comorbidity

0 38,635 202 485 313

1 13,039 144 519 337

2 4,386 94 486 421

3+ 2,983 55 442 504

Lived in Census Tract in which 25% or more of
adults had a college education

No 31,047 156 478 366

Yes 27,996 194 503 302

Median annual household income in Census Tract

Low (≤ $39,926) 19,651 148 462 391
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Characteristics N Surgery (number
treated per 1,000

diagnosed)

Radiation (number
treated per 1,000

diagnosed)

Observation
(number managed

per 1,000 diagnosed)

Intermediate 19,697 178 489 333

High (≥ $58,412) 19,695 196 520 284

Residing in urban area

No 4,834 165 444 391

Yes 54,209 175 494 331

Number of urologists per 100,000 men 65 and over

Low (≤ 55) 19,704 158 495 347

Intermediate 21,663 207 455 338

High (≥88) 17,676 151 528 321

Number of radiation oncologists per 100,000 men 65
and over

Low (≤ 23) 20,327 159 499 342

Intermediate 22,061 197 464 339

High (≥ 38) 16,655 162 513 325

Number of hospital beds per 100,000 men 65 and
over

Low(≤ 4,797) 20,077 181 494 326

Intermediate 22,811 164 491 345

High (≥ 6,861) 16,155 180 485 335

Medicare managed care penetration

Low (≤ 5.2%) 20,083 156 487 357

Intermediate 19,072 149 543 308

High (≥ 19.4%) 19,888 216 443 342

Average market-level yearly prostatectomy volume
per provider

Low (< 2.8 prostatectomies per year) 20,047 127 530 343

Intermediate 19,578 169 498 333

High (≥ 5.1 prostatectomies per year) 19,418 228 440 332

Average market-level yearly radiotherapy volume
per provider

Low (≤ 12.6 patients treated per year) 19,762 211 427 362

Intermediate 19,444 163 502 335

High (> 20.4 patients treated per year) 19,837 149 541 311

Surgical technology

Low (0 providers per 100,000 in 2007) 10,704 166 486 348

Intermediate 29,685 166 493 341

High (9.6 providers per 100,000 in 2007) 18,654 192 487 321

IMRT technology

Low (9.2 providers per 100,000 in 2007) 16,556 190 480 330

Intermediate 28,107 167 495 338
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Characteristics N Surgery (number
treated per 1,000

diagnosed)

Radiation (number
treated per 1,000

diagnosed)

Observation
(number managed

per 1,000 diagnosed)

High (18.9 providers per 100,000 in 2007) 14,380 170 492 338

#
prostate cancer risk according to D'Amico et al.20 Because G eason grade and PSA were not available in SEER-Medicare until 2004, only

patients diagnosed in 2004 and later are included.
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