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Abstract

Background: The treatment for men diagnosed with localized prostate cancer has changed
over time given the increased attention to the harms associated with over-diagnosis and the
development of protocols for active surveillance.

Methods: We examined trends in the treatment of men diagnosed with localized prostate cancer
between 2004 and 2015, using the most recently available data from Surveillance, Epidemiology,
and End Results Program (SEER)-Medicare. Patients were stratified by Gleason score, age, and
race groups.

Results: The use of active surveillance increased from 22% in 2004—2005 to 50% in 2014-2015
for patients with a Gleason score of 6 or below and increased from 9% in 2004—2005 to 13% in
2014-2015 for patients with a Gleason score of 7 or above. Patients with a Gleason score of 7

or above had increased use of intensity-modulated radiation therapy and prostatectomy, especially
among patients aged 75 years and older. Among patients with a Gleason score of 6 or below
non-Hispanic black men were less likely to undergo active surveillance than non-Hispanic white
men.

Conclusions: There has been a large increase in the use of active surveillance among men with
a Gleason score of 6 or below. However, non-Hispanic black men with a Gleason score of 6 or
below are less likely to receive active surveillance.
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1. Introduction

Prostate cancer accounts for about 20% of newly reported cancer cases (not including
nonmelanoma skin cancer) among US men in 2017 [1] and 90% of prostate cancers

are diagnosed at local or regional stage [2]. Treatment options for localized prostate

cancer include prostatectomy, intensity-modulated radiation therapy (IMRT), brachytherapy,
3-dimensional conformal radiation therapy, and conservative management that include active
surveillance [3]. Treatments differ in terms of their impact on disease progression [4],

side effects [5], and costs [6], but much of the data quantifying these tradeoffs is based

on observational studies or randomized trials conducted before the era of widespread
prostate-specific antigen (PSA) screening. There is considerable uncertainty about which
treatment option offers the best balance of quality of life and survival [7]. The introduction
of protocols for active surveillance [3] has expanded options for patients but has made
patients’ decisions even more complex.

We undertook this analysis to describe trends in the management of men diagnosed with
localized stage prostate cancer using the most recently-available data from Surveillance,
Epidemiology, and End Results Program (SEER)-Medicare [8]. In light of the growing
awareness of overdiagnosis [9], the development of active surveillance protocols and
practice guidelines [3], and the release of professional recommendations advising against
the routine use of active treatment [10], we hypothesized that the share of men undergoing
active surveillance would increase over time. In addition, given the growing attention to
personalization of treatment decisions, we expected that increases in the use of conservative
management strategies would be particularly large among men with low-risk disease and
those aged 75 years and older. We further hypothesized that there would be slower uptake of
active surveillance among low-risk non-Hispanic black (NHB) men. Previous research has
found that the introduction of new technologies, such as drugs and procedures, often expand
social inequalities [11].

2. Methods

2.1. Data source and patient cohort

We evaluated trends in disease management using the SEER-Medicare database, which is

a population-based database containing Medicare claims for cancer patients residing within
one of the 18 SEER registry-regions. These regions contain 34.6% of the U.S. population
[8]. We identified 547,383 men newly diagnosed with prostate cancer between 2004 and
2015. We excluded patients who were younger than age 66 years at diagnosis (1= 187,528),
as well as those who did not have continuous Medicare Part A and Part B coverage (7

= 48,826) and those who enrolled in Medicare Advantage (7= 96,299) 12 months before
and 12 months after diagnosis (or until death for patients who died within 12 months).
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We excluded patients whose diagnosis reporting source was hospice/nursing home, autopsy
report, or death certificate, as well as patients whose diagnosis date was after the date of
death (n=4,643). We further excluded patients whose cancer was not “localized/regional”
as defined by the “SEER Historic Stage A” variable (n= 25,198) and patients with missing
Gleason score (1= 6,592). Our final study population consisted of 178,297 patients.

To analyze the treatment trends among different patient groups, we stratified the sample by
Gleason score (6 or below, 7 or above). We used the Gleason score from needle core biopsy/
transurethral resection of prostate. Race was categorized as non-Hispanic white (NHW),
NHB, and other race/ethnicity (included Asian, Hispanic and other race/ethnicity groups).
We calculated patients’ Klabunde comorbidity index [12] using Medicare claims in the
window 12 months before the diagnosis month. We used the scoring method designed by
Roux et al. [13] as a proxy for patients’ socioeconomic status at zip-code level.

2.2. Outcome measures and statistical analysis

We identified patients undergoing active treatment, which included prostatectomy, IMRT,
and other treatments (external radiotherapy other than IMRT, brachytherapy, androgen
deprivation therapy [ADT], and cryotherapy), based on Medicare claims up to 183 days after
diagnosis date, following previous work [14]. For patients who had 2 or more treatments
among office, outpatient, and inpatient claims, we categorized treatment based on the
treatment billed first to determine the definitive treatment (e.g., surgery or radiation therapy).

Among patients who did not undergo any active treatment, we categorized patients as
undergoing active surveillance if they had at least one PSA or prostate biopsy test between
the second and the 12 month after the diagnosis month, following validated algorithms [15]
and no subsequent medical claim for any active treatment. We used this algorithm because it
provided the highest specificity (99%), and relatively high negative predictive values (84%)
and positive predictive values (86%) [15]. Patients who did not undergo any active treatment
or active surveillance were grouped into a “no treatment” category (which included watchful
waiting). The Healthcare Common Procedure Coding System and ICD-9/ICD-10 Procedure
Codes used to define each treatment are listed in Supplementary Table 1.

We described trends in the percent of patients undergoing each type of treatment by year
of diagnosis, and trends were stratified by Gleason score, age, and race (NHB vs. NHW).
There were only a small number of patients with races other than NHW or NHB, and their
treatment patterns as a group were similar to those of NHW patients. We fit multinomial
logistic regression models to estimate the differences in the distribution of treatment types
by age and by race groups. Multinomial logistic models are a generalization of the logistic
regression model that can accommodate multiple, mutually exclusive binary outcomes. In
our case, each patient was associated with multiple treatment options, only one of which
took the value of “1”, corresponding to the patient’s actual treatment choice. We also fit a
logistic regression to estimate the differences between NHB and NHW men with a Gleason
score 7 or above in the probabilities of undergoing active surveillance or no treatment.

We included “other race/ethnicity” as a separate category along with NHB and NHW in
summary statics and regression analyses; however, we did not report results of “other race/
ethnicity” on Fig. 4, Table 2, and Supplementary Table 3. In addition to stratifying patients
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by Gleason score (Gleason score of 6 or below VS Gleason score of 7 or above), we

also analyzed the treatment trends for patients by National Comprehensive Cancer Network
(NCCN) criteria of high risk (i.e., clinical stage T2c or greater, or Gleason score of 8 or
above, or PSA > 19.9 ng/ml), low risk (i.e., clinical stage T1 to T2a, Gleason score of 6

or below, and PSA < 10.0 ng/ml), and intermediate risk (all other patients). The results are
reported in Supplementary Table 4, Supplementary Table 5, and Supplementary Table 6.

Models were adjusted for patients’ comorbidity, socioeconomic status, year of diagnosis,
SEER region, Medicaid coverage, and residence in a rural or urban area. The coefficients
from multinomial logistic regression models are difficult to interpret, so we used the
coefficient estimates to calculate the estimated probabilities that patients would undergo
each type of treatment. All statistical analyses were conducted in SAS version 9.4 and
STATA version 15.1. The Emory Institutional Review Board exempted this study from
human subjects review.

3. Results

Of the 178,297 patients who met the study inclusion criteria, 73,435 had a Gleason score

6 or below and 104,862 had a Gleason score or 7 or above. Table 1 shows patients’
characteristics by year of diagnosis. The number of patients in the sample declined from
36,244 in 2004-2005 to 22,074 in 2014-2015, with a decreasing percent of patients aged 66
to 74 and who had a Gleason score of 6 or below. We reported the percent of patients with a
Gleason score 6 or below by year and stratified by age group in Supplementary Table 7.

Fig. 1 shows the percent of patients receiving each type of treatment by year of diagnosis.
The use of IMRT and active surveillance increased over time, with offsetting declines in the
use of treatments in the “Other” category. Supplementary Figure 1 shows the trends among
patients receiving each of the 3 large categories of treatments (brachytherapy, other external
radiation, and ADT and cryotherapy) within the “Other” category. Between 2004 and 2015,
ADT and cryotherapy ranged from 45% to 50% of other treatments, brachytherapy ranged
from 25% to 30% of other treatments, and other external radiation therapy ranged from
25% to 30% of other treatments. Fig. 2 shows the percent of patients receiving each type of
treatment, stratified by Gleason score. Among patients with Gleason score 6 or below, there
was a large increase in the percent of patients undergoing active surveillance, from 24% in
2004-2005 to 53% in 2014-2015. There was a corresponding decrease in the percent of
patients receiving treatments in the “Other” category, which included external radiotherapy
other than IMRT, brachytherapy, androgen deprivation therapy, and cryotherapy. Among
patients with a Gleason score 7 or above, there was a large increase in the use of IMRT,
from 16% in 2004—2005 to 34% in 2014-2015, and a corresponding decrease in the use of
treatments in the “Other” category. The percent of patients undergoing active surveillance
increased from 9% in 2004-2005 to 12% in 2014-2015.

Fig. 3 shows the percent of patients undergoing prostatectomy, IMRT, active surveillance,
other active treatment, and no treatment by age group and year of diagnosis, stratified by
Gleason score. Among patients with a Gleason score 6 or below, the percent of patients
undergoing active surveillance increased from 18% to 50% in patients aged 66 to 74 years
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and increased from 32% to 61% in patients aged 75 years and older. Among patients with a
Gleason score 7 or above, there was a small increase (6% to 10% in patients aged 66 to 74
and 13% to 15% in patients aged 75 and older) in the percent of patients undergoing active
surveillance offset by a shift away from treatments in the Other category, which included
brachytherapy, toward IMRT. Among patients with a Gleason score 6 or below, those aged
75 and older were less likely to undergo active treatment compared to patients aged 66 to
74 years. Among men with a Gleason score 7 or above, men aged 75 years and older were
much less likely to have a prostatectomy compared with men aged 66 to 74.

Fig. 4 shows the percent of patients undergoing each treatment by race groups and year of
diagnosis, stratified by Gleason score. Regardless of Gleason scores, a greater percent of
NHW patients underwent prostatectomy compared to NHB patients. For example, among
men with Gleason score 7 or above diagnosed in 2014 and 2015, 24% of NHW patients
underwent prostatectomy compared to 16% of NHB patients. For patients with a Gleason
score 6 or below, the percent of NHW and NHB patients undergoing active surveillance rose
by equal amounts over the study period, though at any point in time NHW patients were
slightly more likely to undergo surveillance. For example, for patients with a Gleason score
6 or below, a total of 42% of NHB patients vs. 55% of NHW patients underwent active
surveillance in 2014 and 2015. For patients with a Gleason score 7 or above, at any point

of time, NHB patients were more likely to undergo no treatment. NHB patients were also
more likely to undergo active surveillance or no treatment among men with a Gleason score
7 or above. For example, among men with a Gleason score 7 or above diagnosed in 2014
and 2015, NHB men were 7.37 percentage points more likely to undergo active surveillance
or no treatment than NHW (P < 0.0001). The marginal effects, standard errors, and 95%
confidence intervals of the regression results are presented in Supplementary Table 3.

Table 2 shows the estimates of the probabilities of patients undergoing prostatectomy, IMRT,
active surveillance, and no treatment by age, race groups, and year of diagnosis, stratified by
Gleason score. These estimates were constructed using results from the multinomial logistic
regression models and were adjusted for the patient characteristics described in Table 1.

The original coefficients of the regression results are presented in Supplementary Table 2.
The results are similar to the unadjusted share of patients undergoing each treatment in Fig.
3 and Fig. 4. Among patients with a Gleason score 6 or below, the adjusted probabilities

of patients undergoing active surveillance increased from 0.193 to 0.494 in patients aged

66 to 74 years and increased from 0.292 to 0.632 in patients aged 75 and older. Among
patients with a Gleason score 7 or above, the adjusted probabilities of patients undergoing
active surveillance increased from 0.073 to 0.094 in patients aged 66 to 74 and increased
from 0.116 to 0.168 in patients aged 75 and older. Among patients with a Gleason score

6 or below, the adjusted probabilities of patients undergoing active surveillance increased
from 0.209 to 0.493 for NHB patients and increased from 0.240 to 0.545 for NHW patients.
Among patients with Gleason 7 or above, NHB and NHW patients showed similarly slight
increases in the probabilities of active surveillance usage over the study period (NHB 0.107
to 0.143, NHW 0.093 to 0.123).

Urol Oncol. Author manuscript; available in PMC 2021 August 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Liuetal.

Page 6

4. Discussion

Consistent with prior studies [16], we found a large increase in the use of active surveillance
over time among patients with a Gleason score 6 or below. The shift may be due to the
growing awareness of the harms associated with aggressive treatment, the recent treatment
guidelines that introduced active surveillance as an option [3], and the 2011 National
Institutes of Health State of the Science conference consensus statement that recommended
offering active surveillance to patients diagnosed with low-risk disease [17].

There is limited data with which to compare the use of active surveillance in the US and
Europe. In Sweden, the use of active surveillance exceeded 90% among very low-risk
prostate cancer patients and exceeded 70% among low-risk patients in 2014 [18]. Some
features of the US health care system (e.g., fee for service reimbursement, medicolegal
concerns, etc.) may drive patients and providers toward more aggressive treatment. We also
observed an increase in the use of IMRT and prostatectomy among patients aged 75 and
older with a Gleason score 7 or above. Use of definitive treatment, especially high-cost
radiation therapies, among prostate cancer patients with limited life expectancy may not be
cost-effective [19].

Our results build upon previous work by distinguishing between patients who received active
surveillance vs. those receiving no treatment, presenting trends over a longer period, and
using the most recently available data from SEER-Medicare. A closely-related recent study
documented increases in the use of active surveillance using SEER registry data [20]. Our
analysis incorporated information from claims, thus providing a more accurate description
of treatment patterns. SEER registry data tend to underestimate active treatment for prostate
cancer patients who received chemotherapy by 6 percentage points and hormone therapy by
8 percentage points [21], and may not differentiate active surveillance from no intervention
[21]. In addition, we stratified patients by age and race/ethnicity groups.

NHB men diagnosed with localized prostate cancer are more likely to experience disease
progression [22]. This pattern has been variously attributed to biological factors [23], social
and economic status [23], and/or dietary differences [23], though more recent research
suggests that socioeconomic status and treatment patterns are the largest contributors to
racial differences in outcomes [24]. Hence, active surveillance is appropriate for NHB
patients, though physicians may set a lower bar for treatment following an indication of
progression [25]. However, our results showed that NHB patients with a Gleason score

6 or below were less likely to undergo active surveillance compared to NHW patients.
Active surveillance requires routine monitoring by PSA or prostate biopsy tests. Lower
active surveillance uptake rate for the NHB patients may also reflect disparities in access to
regular preventive and wellness management [26] or patient preferences for active treatment
[27]. Vignette studies, and/or the impact of shared decision making tools on differences in
treatment may further help understanding of the reasons for treatment disparities.

Among men with a Gleason score 7 or above, our results show that NHB men were
significantly less likely to undergo active treatment at any time between 2004 and 2015.
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Lower use of active treatment among NHB patients with a Gleason score of 7 or above may
contribute to higher prostate cancer mortality rates among NHB men.

There are limitations of this analysis. When identifying treatments, we tried to account for
changes to the Healthcare Common Procedure Coding System and ICD procedure codes
for each treatment to produce consistent trends. However, it is possible that trends reflected
changes to coding practices rather than the treatments actually received by patients.

Consistent with other studies [28], our results showed that the number of newly diagnosed
localized prostate cancer cases declined. Trends in treatment may partially reflect the
changing composition of the pool of patients diagnosed with localized cancer. The
proportion of patients with a Gleason score 6 or below decreased from 47.8% in 2004-2005
to 32.1% in 2014-2015. For patients aged 66 to 74, the percent of patients with a Gleason
score 6 or below decreased from 51.8% in 2004—-2005 to 36.3% in 2014-2015. This is
most likely due to the changes to the prostate cancer screening recommendations [9], and a
more restrictive pathology definition of Gleason Score 6 or below [29]. Still, it is possible
that patients diagnosed toward the end of our study period differed in terms of prognosis
compared to patients diagnosed earlier. For example, there may be a relatively higher share
of patients diagnosed based on symptoms in the years near the end of our study period
compared to years in earlier period of our study. Our sample included only men aged 66
years and older. Treatment patterns, and differences in treatment patterns by Gleason score
and race, may be different among men aged <65 years.

We selected patients with localized disease and stratified results by Gleason score, an
important indicator of patients’ prognosis. We did not adjust for PSA or clinical stage,
because we wanted to maximize our sample size given the number of patients missing
either PSA or clinical stage data (a total of 16% of our patients lacked either PSA or

clinical stage). Without these variables, we were unable to assess the suitability of active
surveillance for men with a Gleason score of 7 or above [30]. Our analysis for patients
within the NCCN high-risk category (Supplementary Table 4) showed that the patients in
the high-risk category were less likely to use active surveillance compared to a broader
patient population with a Gleason score 7 or above. Patients within the NCCN low-risk
category (Supplementary Table 5) had a similar trend of active surveillance use compared to
a broader patient population with a Gleason score 6 or below. The active surveillance usage
for patients within the intermediate risk group (Supplementary Table 6) was between the
usage for patients with a Gleason score 6 or below and the usage for patients with a Gleason
score 7 or above.

At last, active surveillance was introduced in 2010 as a viable management alternative to
active treatment. Active surveillance requires regular prostate-specific antigen tests, digital
rectal examinations, needle biopsies, or magnetic resonance imaging at different timeframes
after diagnosis for patients with different life expectancy and clinical risk [3]. Therefore,
there is no standard approach yet for identifying active surveillance using claims data.
Different algorithms to identify patients on an active surveillance protocol reflect the level
of surveillance intensity, ranging from the most “active” surveillance by biopsy test to

less “active” approach by PSA. We used the algorithms that included both biopsy test and
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PSA to account for the variations of active surveillance approaches used by patients and
clinicians. Still, it is possible that other algorithms may show different trends of active
surveillance.

5. Conclusions

Concern about the harms of use of surgery and radiotherapy for men with low-risk, localized
stage prostate cancer may have influenced practice patterns: The share of men with a
Gleason score 6 or below undergoing active treatment declined over time. More men
underwent active surveillance, which avoids the side effects associated with active treatment
and reduces the risk of progression compared to no treatment. Growing differences among
men receiving active treatment in the proportion of men with a Gleason score 6 or below
and those with a Gleason score 7 or above suggests that treatment is becoming increasingly
personalized and that patients and clinicians may welcome the validation of additional
biomarkers to differentiate between high- and low-risk diseases.

A large proportion of men, especially NHB men, did not undergo active treatment or active
surveillance. It is unclear if the lack of treatment and surveillance was consistent with their
preferences or reflects a lack of comfort seeking medical care, inadequate communication by
clinicians, a lack of familiarity with active surveillance by their clinicians, or transportation
difficulties. The fact that NHB men are historically more likely to undergo no treatment
suggest that care patterns may not be entirely preference-driven.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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The treatment for men with localized prostate cancer has changed over time.

There had been an increase in the use of active surveillance among men with
a Gleason score of 6.

Non-Hispanic black men with a Gleason score of 6 were less likely to
undergo active surveillance.

The introduction of a new treatment approach often expands social
inequalities.
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Figure 1: Trends in initial treatment of new localized prostate cancer, SEER-Medicare, 2004-2015
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Fig. 1.
Trends in initial treatment of new localized prostate cancer, SEER-Medicare, 2004—

2015. Percent of patients undergoing prostatectomy, IMRT, other active treatment, active
surveillance, or no treatment by treatment year. IMRT = intensity-modulated radiation
therapy, SEER = Surveillance, Epidemiology, and End Results.
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Figure 2: Trends in initial treatment of new localized prostate cancer by Gleason score, SEER-Medicare, 2004-2015
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Fig. 2.

Tr?ends in initial treatment of new localized prostate cancer by Gleason score, SEER-
Medicare, 2004-2015. Percent of patients undergoing prostatectomy, IMRT, other active
treatment, active surveillance, or no treatment by treatment year and Gleason score (6 and
below, 7 and above). IMRT = intensity-modulated radiation therapy, SEER = Surveillance,
Epidemiology, and End Results.
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Figure 3: Trends in initial treatment of new localized prostate cancer by age group and Gleason score, SEER-Medicare, 2004-2015
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Fig. 3.

Tr?ends in initial treatment of new localized prostate cancer by age group and Gleason score,
SEER-Medicare, 2004-2015. Percent of patients undergoing prostatectomy, IMRT, other
active treatment, active surveillance, or no treatment by treatment year, age (66—74 years,
75 years and above), and Gleason score (6 and below, 7 and above). IMRT = intensity-
modulated radiation therapy, SEER = Surveillance, Epidemiology, and End Results.
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Figure 4: Trends in initial treatment of new localized prostate cancer by race and Gleason score, SEER-Medicare, 2004-2015
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Fig. 4.
Trends in initial treatment of new localized prostate cancer by race and Gleason score,

SEER-Medicare, 2004-2015. Percent of patients undergoing prostatectomy, IMRT, other
active treatment, active surveillance, or no treatment by treatment year, race (non-Hispanic
white, non-Hispanic black), and Gleason score (6 and below, 7 and above). IMRT

= intensity-modulated radiation therapy, SEER = Surveillance, Epidemiology, and End
Results.
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