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ROSTATE 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 intensitymodulated 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
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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 (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
ⱕT2a, biopsy Gleason score ⱕ6, and prostate-specific antigen level ⱕ10 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.
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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 feefor-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
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 Proce2588

dure 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 noncancer mortality, and those with both
low-risk disease and a high risk of noncancer mortality.
We defined low-risk prostate cancer (clinical stage ⱕT2a, biopsy Gleason score ⱕ6, and prostate-specific antigen [PSA] level ⱕ10 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 ⱖT2c, biopsy Gleason
score ⱖ8, 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 noncancer mortality. Specifically, we as-
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sessed 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 followup; (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 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-
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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 noncancer 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 2 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 10year mortality, we sorted patients into
quartiles, which generated fairly simi-

lar 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). 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 prosta-
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tectomy, 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 noncancer 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
JAMA, June 26, 2013—Vol 309, No. 24 2589
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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 noncancer 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 lowrisk 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

Table. Demographics and Clinical Characteristics of the Study Population
No. (%) a

Characteristics
Age, y
66-69
70-74
75-79
⬎80
Race/ethnicity
White
Black
Hispanic
Asian
Other
Socioeconomic class
Low
Medium
High
Comorbidity score
0
1
2
ⱖ3
Tumor grade
Well or moderately differentiated
Poorly differentiated or undifferentiated
Clinical stage
T1
T2
T3/T4
Disease risk classification
Low
Intermediate
High
Risk of noncancer mortality
Low
Intermediate
High
Year of diagnosis
2004
2005
2006
2007
2008
2009

IMRT
(n = 23 633)

EBRT
(n = 3926)

Robotic
Prostatectomy
(n = 5881)

Open Radical
Prostatectomy
(n = 6123)

Observation
(n = 16 384)

P
Value b

5536 (23)
8540 (36)
6670 (28)
2887 (12)

978 (25)
1409 (36)
1063 (27)
476 (12)

3334 (57)
2071 (35)
438 (7)
38 (⬍1)

3479 (57)
2174 (36)
437 (7)
33 (⬍1)

3766 (23)
4557 (28)
4086 (25)
3975 (24)

⬍.001

19 232 (81)
2508 (11)
498 (2)
700 (3)
695 (3)

3207 (82)
454 (12)
96 (2)
100 (3)
69 (2)

5056 (86)
349 (6)
66 (1)
152 (3)
258 (4)

5238 (86)
461 (8)
127 (2)
114 (2)
183 (3)

13 236 (81)
2044 (12)
306 (2)
412 (3)
386 (2)

⬍.001

6151 (26)
10 305 (44)
7177 (30)

1390 (35)
1372 (35)
1164 (30)

1289 (22)
1843 (31)
2749 (47)

1703 (28)
1930 (32)
2490 (41)

4889 (30)
5836 (36)
5659 (35)

⬍.001

14 612 (62)
5697 (24)
2019 (9)
1305 (6)

2415 (62)
992 (25)
324 (8)
195 (5)

4501 (77)
1048 (18)
243 (4)
89 (2)

4537 (74)
1214 (20)
265 (4)
107 (2)

10 830 (66)
3241 (20)
1313 (8)
1000 (6)

⬍.001

8482 (36)
15 151 (64)

1260 (32)
2666 (68)

1971 (34)
3910 (66)

2276 (37)
3847 (63)

10 565 (64)
5819 (36)

⬍.001

13 080 (55)
9614 (41)
939 (4)

1923 (49)
1809 (46)
194 (5)

3551 (60)
2237 (38)
93 (2)

3099 (51)
2867 (47)
157 (3)

9611 (59)
6571 (40)
202 (1)

⬍.001

6266 (27)
8870 (38)

785 (20)
1427 (36)

1663 (28)
3022 (51)

1730 (28)
2765 (45)

8871 (54)
4618 (28)

8497 (36)

1714 (44)

1196 (20)

1628 (27)

2895 (18)

6644 (28)
8307 (35)
8682 (37)

1015 (26)
1417 (36)
1494 (38)

3169 (54)
2058 (35)
654 (11)

3078 (50)
2276 (37)
769 (13)

4113 (25)
4977 (30)
7294 (45)

⬍.001

2990 (13)
3609 (15)
4237 (18)
4569 (19)
4195 (18)
4033 (17)

1618 (41)
927 (24)
613 (16)
415 (11)
191 (5)
162 (4)

432 (7)
614 (10)
906 (15)
1191 (20)
1345 (23)
1393 (24)

1516 (25)
1219 (20)
1056 (17)
976 (16)
775 (13)
581 (9)

2624 (16)
2661 (16)
2889 (18)
2893 (18)
2737 (17)
2580 (16)

⬍.001

⬍.001

(continued)

2590

JAMA, June 26, 2013—Vol 309, No. 24

Downloaded From: http://jama.jamanetwork.com/ on 11/27/2015

©2013 American Medical Association. All rights reserved.

ADVANCED TREATMENT AMONG MEN WITH PROSTATE CANCER

Table. Demographics and Clinical Characteristics of the Study Population (continued)
No. (%) a

Characteristics
SEER region c
San Francisco
Connecticut
Detroit (Metropolitan)
Hawaii
Iowa
New Mexico
Seattle (Puget Sound)
Utah
Atlanta (Metropolitan)
San Jose
Los Angeles
Greater California
Kentucky
Louisiana
New Jersey

EBRT
(n = 3926)

Robotic
Prostatectomy
(n = 5881)

Open Radical
Prostatectomy
(n = 6123)

715 (3)
1766 (7)
2046 (9)
470 (2)

216 (6)
196 (5)
369 (9)
35 (1)

216 (4)
303 (5)
479 (8)
137 (2)

190 (3)
187 (3)
257 (4)
47 (1)

748 (5)
1011 (6)
1243 (8)
186 (1)

1168 (5)
627 (3)
1110 (5)
214 (⬍1)
1002 (4)
629 (3)
1529 (6)
3733 (16)
1276 (5)
1810 (8)
5466 (23)

337 (9)
44 (1)
271 (7)
250 (6)
128 (3)
96 (2)
141 (4)
630 (16)
489 (12)
220 (6)
475 (12)

286 (5)
87 (1)
406 (7)
121 (2)
69 (1)
110 (2)
719 (12)
1468 (25)
518 (9)
296 (5)
658 (11)

513 (8)
268 (4)
625 (10)
421 (7)
94 (2)
111 (2)
600 (10)
1536 (25)
353 (6)
497 (8)
418 (7)

750 (5)
588 (4)
1338 (8)
653 (4)
535 (3)
457 (3)
1185 (7)
3423 (21)
1187 (7)
1094 (7)
1948 (12)

IMRT
(n = 23 633)

Observation
(n = 16 384)

P
Value b

⬍.001

Abbreviations: EBRT, traditional external beam radiation treatment; IMRT, intensity-modulated radiotherapy; SEER, Surveillance, Epidemiology, and End Results.
a Percentages might not sum to 100 because of rounding.
b P values generated from 2 tests.
c Data not shown for 153 patients in the SEER Rural Georgia registry according to SEER-Medicare guidelines.

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 2 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 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 2 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 noncancer mortality) increased 11%, while
the use of prior standards decreased

10% over the study period (both
P ⬍.001, Pearson 2 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 annu-
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ally.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
JAMA, June 26, 2013—Vol 309, No. 24 2591
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Figure 1. Treatment of Prostate Cancer Among Men Who Are the Least Likely to Benefit
A Advanced treatment technologies: IMRT and robotic prostatectomy
High risk of noncancer mortality
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B Prior standards: EBRT and open radical prostatectomy
High risk of noncancer mortality
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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.

Figure 2. Use of Advanced Treatment Technologies Among Prostate Cancer Patients Who Are the Least Likely to Benefit
A IMRT
High risk of noncancer mortality
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B Robotic prostatectomy
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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
Advanced treatment technologies
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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 2 test). At the same time, the use of prior standard treatments for
these patients decreased 8% (P⬍.001, Pearson 2 test).

Figure 4. Estimating the Use of Prostate Cancer Treatments for Men Most Likely to Benefit
Advanced treatment technologies
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the prostate biopsy.24 These concerns
aside, the outcomes of men with lowrisk 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 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.
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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 2 test).

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 screen-
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ing 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, highergrade cancer was less common in the
screened group (as compared with the
control group), with a 40% lower incidence of locally advanced and metastatic 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 noncancer mortality).
There are 2 potential reasons for this
observation. First, the ability to riskstratify patients is imperfect. However, the development of molecular
markers and identification of gene signatures are examples of ongoing reJAMA, June 26, 2013—Vol 309, No. 24 2593
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search 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) trial is a
randomized controlled trial that will
provide valuable information regarding the effectiveness of radiation, surgery, and active surveillance for lowrisk 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 observa2594

tional 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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