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Abstract
Background: The current NCCN Clinical Practice Guidelines in Oncology for Prostate Cancer recommend long-term androgen deprivation therapy
(ADT) for all men with high-risk prostate cancer treated with external-beam radiation therapy (EBRT). We determined whether the use of longterm ADT varied by the recently defined subcategories of high-risk disease (favorable, other, and very high) versus unfavorable intermediate-risk
disease. Methods: We identified 5,524 patients with unfavorable-risk prostate cancer diagnosed from 2004 to 2007 and managed with EBRT using
the SEER-Medicare linked database. Patients were stratified by risk group: unfavorable intermediate-risk, favorable high-risk (previously defined
and validated as clinical stage T1c, Gleason score of 4 + 4 = 8, and prostate-specific antigen [PSA] level <10 ng/mL, or clinical stage T1c, Gleason score
of 6, and PSA level >20 ng/mL), very-high-risk (clinical stage T3b–T4 or primary Gleason pattern 5), or other high risk (ie, neither favorable nor very
high). We used multivariable competing risks regression to estimate the rates of long-term (≥2 years) ADT by group. Results: Men with favorable
high-risk prostate cancer were significantly less likely to receive long-term ADT than those with other high-risk disease (15.4% vs 24.6%, adjusted
hazard ratio [AHR], 0.68; 95% CI, 0.60–0.76; P<.001), and similarly likely as those with unfavorable intermediate-risk disease (AHR, 1.10; 95% CI,
0.99–1.23; P=.087). Other high-risk disease was less likely to receive long-term ADT than very high-risk cancer (24.6% vs 30.8%; AHR, 0.83; 95% CI,
0.74–0.93; P=.002). Conclusions: Despite current guidelines, patients with EBRT-managed high-risk prostate cancer received significantly different
rates of long-course ADT based on subclassification. Our results suggest that oncologists view these patients as a heterogeneous group with favorable high-risk cancer warranting less aggressive therapy than other high-risk or very high-risk disease.
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Learning Objectives
Upon completion of this activity, participants will be able to:
•	Describe patterns of use of long-term ADT by subcategories of high-risk and unfavorable intermediate-risk
prostate cancer
•	Explain factors that might be associated with different
durations of ADT use in men with high-risk prostate
cancer managed with EBRT

Background
The current NCCN Clinical Practice Guidelines in
Oncology (NCCN Guidelines) for Prostate Cancer
recommend long-course (2–3 years) androgen deprivation therapy (ADT) for all patients with high- or
very high-risk prostate cancer managed with externalbeam radiation therapy (EBRT).1 These recommendations are primarily based on data from 2 randomized
controlled trials, the first of which was published in
2003, that demonstrated the superiority of 28 to 36
months of ADT over 4 to 6 months of ADT for locally advanced disease.2,3 These results have been subsequently extrapolated to all high-risk prostate cancer
in the NCCN Guidelines, and this extrapolation was
supported in a recently published randomized trial.4
Despite these data from randomized trials, many
patients do not receive long-term ADT. We recently
found that in a tertiary referral care center, genitourinary oncology specialists prescribed less than 2
years of ADT for approximately half of patients with
high-risk prostate cancer managed with radiation.5
In most cases, physicians stopped ADT early because
of patient intolerance of side effects, physician judgment about the aggressiveness of the disease (eg,
clinical stage T3a on MRI only as the sole high-risk
feature), or patient age/comorbidity, especially given
recent controversy around possible cardiovascular
toxicity of ADT in patients with preexisting cardiac
comorbidity.5–10 These results highlight the delicate
balance that must be struck between survival, quality of life, and toxicity when prescribing long-course
ADT for high-risk prostate cancer. However, this
study was limited to only one center and included
approximately 300 patients.

In addition, we have recently created and validated a definition for “favorable high-risk” prostate
cancer, defined as clinical stage T1c, Gleason score
of 4 + 4 = 8, and prostate-specific antigen (PSA)
level less than 10 ng/mL, or clinical stage T1c, Gleason score of 6, and PSA level greater than 20 ng/
mL. Among patients managed with radiation, those
with favorable high-risk disease have much better
outcomes than those with other high-risk disease,
and have outcomes similar to those with unfavorable intermediate-risk disease. Despite inclusion
with higher-risk patients in guideline recommendations, it is possible that physicians have already been
considering some patients with favorable high-risk
prostate cancer to have less aggressive disease than
those with other high-risk disease, and treating such
patients less aggressively, including with shorter-duration ADT when managed with EBRT.
Therefore, we used a national cancer database
linked to Medicare insurance claims data to determine patterns of prescribing long-course ADT for
high-risk prostate cancer. We also determined the
patterns of long-course ADT use among the 3 subcategories of high-risk disease, including favorable
high-risk, other high-risk, and very high-risk disease.
As a comparison group, we also report the pattern
of long-course ADT for the unfavorable subgroup
of intermediate-risk disease, for whom short-course
ADT is standard.1,11 We hypothesized that the 3
subcategories of high-risk disease would have significantly different rates of ADT, with favorable highrisk and unfavorable intermediate-risk disease being
treated with similar durations of ADT. In addition,
we hypothesized that the rates of long-term ADT use
would be low (<50%) in all study subgroups.

Methods
Patient Population

The SEER database is a population-based cancer
registry that collects cancer diagnostic, treatment,
and survival data in addition to patient-specific
demographic characteristics, covering 28% of the
US population and 97% of incident cancers.12 SEER
was linked to Medicare administrative data, which
contains insurance claims data for patients older
than 65 years enrolled in Medicare.13 We extracted
clinical and demographic data about patients from
SEER, including T stage, Gleason pattern and score,
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PSA level, lymph node status, distant metastasis
status, race, marital status, zip code median income
level, zip code educational attainment (percentage
of adults aged ≥25 years who have completed high
school only), geographic region (Midwest, West,
Northeast, or South), age at diagnosis, and year
of diagnosis. We used Medicare claims data to
determine the duration of ADT received by patients
(codes C9216, C9430, J0128, J1950, J9202, J1675,
J9217–19, J9225–26, J3315, S0133, S0165, and
Q2020). Codes that referred to orchiectomy (a
currently rare and permanent form of androgen
deprivation) or diethylstilbestrol (DES; a rarely used
form of hormonal therapy), or codes that were not
specific enough to determine a duration of ADT
were not included. The total corresponding months
of androgen suppression were summed as in previous
studies.14–17 For example, a patient who received 8
injections of leuprolide acetate, 22.5 mg (3-month
dosing), would be considered to have completed
2 years of ADT. We also derived the Charlson
comorbidity index from Medicare claims data 1 year
before prostate cancer diagnosis and categorized the
index as 0 to 1 versus 2 or greater using a previously
described and validated algorithm.18 This study was
approved by the Institutional Review Board at the
Dana-Farber Cancer Institute.
We used the SEER-Medicare database to
identify 5,524 patients diagnosed in 2004 through
2007 with N0M0 unfavorable intermediate-risk or
high-risk prostate cancer and managed with EBRT
alone. The years of inclusion were selected because
Gleason score and PSA level are available in SEER
starting in 2004 (allowing risk stratification), and
we had access to Medicare claims data until the end
of 2009, allowing at least 2 years of follow-up for
patients diagnosed in 2007 or earlier. Unfavorable
intermediate-risk disease was defined based on the
classification recently described by Zumsteg et al,19
namely intermediate-risk disease (clinical stage
T2b–c, Gleason score of 7, or PSA level 10–20 ng/mL
with no high-risk features) with more than one
intermediate-risk feature or primary Gleason pattern
4; because of limitations in the availability of data
in the SEER database, we were not able to include
patients who had 50% or more positive biopsy cores
as the original classification system suggested. Highrisk disease was defined as clinical stage T3 to T4,
Gleason score of 8 to 10, or PSA level of 20 ng/mL

or more. Patients were excluded if they did not have
available Gleason score information.
Furthermore, we subclassified high-risk disease
according to favorable high-risk (clinical stage T1c,
Gleason score of 4 + 4 = 8, PSA level <10 ng/mL, or
clinical stage T1c, Gleason score of 6, PSA level >20
ng/mL), other high-risk (clinical stage T3a, Gleason
score 8–10, PSA >20 ng/mL without favorable or
very high-risk features), and very high-risk (clinical
stage T3b–T4 or primary Gleason pattern 5).1,20
Because of limitations in the SEER database, we were
not able to include patients in the very high-risk
classification based on the number of biopsy cores
with a Gleason score of 8 to 10 as recommended
by NCCN. In addition, to account for possible
inaccuracies in the recording of some PSA values
in the SEER database,21,22 we excluded 223 of 5,747
initial patients (3.9%) who had discordant values
for PSA and PSA interpretation recorded in SEER
(eg, PSA level <4.0 ng/mL recorded as “positive/
elevated” or PSA level >4.0 ng/mL recorded as
“negative/normal”). This approach was based on the
observations of Schymura et al.23
Statistical Analyses

Stata/MP 14.0 (StataCorp LP, College Station,
TX) was used for all statistical analyses. Baseline
characteristics were compared using the KruskalWallis or χ2 test as appropriate. We used competing
risks regression to model the time to ADT
discontinuation,24 with death before completion of
long-term ADT treated as a competing risk; hazard
ratios greater than 1 represented an increased rate of
receiving long-course ADT. To account for possible
delays in reporting claims data, patients were not
considered to have discontinued ADT at less than
24 months if their last month of ADT coverage
was within 2 months of their last follow-up time.
Differences in the rate of ADT discontinuation
between subgroups of patients were determined after
adjusting for year of diagnosis, race, zip code income
level (stratified by below or above the median
zip code income of $46,706), zip code percentage
of adults older than 25 years having completed
high school only (stratified by below or above the
median of 26.2%), geographic area, patient age, and
comorbidity. As a sensitivity analysis, we repeated
our comparisons after restricting the population
of patients to only those who initiated ADT (ie,
received ≥1 dose).

© JNCCN—Journal of the National Comprehensive Cancer Network |

Volume 14 Number 4

|

April 2016

CE

424

Original Research

Muralidhar et al

Table 1. Baseline Patient Characteristics

Patient Characteristic
Median follow-up, y (IQR)
From diagnosis
Year of diagnosis
2004–2005
2006–2007
Median patient age, y
Race
White
Black
Other
Zip code median income
≤$46,706
>$46,706
Unknown
Zip code education level
≤26.2%
completed high
school only
>26.2%
completed high
school only
Unknown
Region
Midwest
Northeast
South
West
PSA level (ng/mL)
<10
10–20
>20
Median PSA level (ng/mL)
Gleason score
≤6
7
8–10
T stage
T1
T2
T3
T4

Unfavorable
Intermediate-Risk
(N=2,286)
N
%
3.6 (2.8–4.8)

Favorable
High-Risk
(N=429)
N
%

Other
High-Risk
(N=2,267)
N
%

3.8 (2.7–4.8)

3.6 (2.7–4.8)

Very
High-Risk
(N=542)
N
%

P Value

3.3 (2.5–4.5)
.592

1,108
1,178
74.8

48.5%
51.5%

203
226
75.1

47.3%
52.7%

1,089
1,178
75.6

48.0%
52.0%

277
265
75.7

51.1%
48.9%

1,855
258
173

81.1%
11.3%
7.6%

333
60
36

77.6%
14.0%
8.4%

1,790
298
179

79.0%
13.1%
7.9%

461
49
32

85.1%
9.0%
5.9%

1,131
1,029
126

49.5%
45.0%
5.5%

220
187
22

51.3%
43.6%
5.1%

1,234
921
112

54.4%
40.6%
4.9%

263
249
30

48.5%
45.9%
5.5%

1,132

49.5%

199

8.7%

1,044

45.7%

268

11.7%

1,028

45.0%

208

9.1%

1,111

48.6%

244

10.7%

126

5.5%

1,879

82.2%

131

5.7%

1,774

77.6%

364
570
457
895

15.9%
24.9%
20.0%
39.2%

53
124
106
146

2.3%
5.4%
4.6%
6.4%

345
533
508
881

15.1%
23.3%
22.2%
38.5%

71
135
101
235

3.1%
5.9%
4.4%
10.3%

1,179
1,107
–

51.6%
48.4%
–
9.5

278
–
151

64.8%
–
35.2%
8.2

690
505
1,072

30.4%
22.3%
47.3%
18.0

223
156
163

41.1%
28.8%
30.1%
12.0

83
2,203
–

3.6%
96.4%
–

151
–
278

35.2%
–
64.8%

138
577
1,552

6.1%
25.5%
68.5%

22
51
469

4.1%
9.4%
86.5%

999
1,287
–
–

43.7%
56.3%
–
–

429
–
–
–

834
1,332
101
–

36.8%
58.8%
4.5%
–

147
184
142
69

27.1%
33.9%
26.2%
12.7%

.001
.029

.005

.048

.010

<.001

<.001
<.001

<.001
100%
–
–
–

Abbreviations: ADT, androgen deprivation therapy; IQR, interquartile range; PSA, prostate-specific antigen.

Results
Baseline Patient Characteristics

Baseline patient characteristics are shown in Table
1. Although statistically significantly different,
absolute differences in baseline demographic
characteristics among the groups were small. Of
patients who received any ADT, 88.9% received

their first dose within 4 months of the recorded date
of diagnosis.
Rate of Long-Course ADT Among Patients With
Unfavorable Intermediate and High-Risk Prostate
Cancer

Among patients with high-risk disease (ie, clinical
stage T3–T4, Gleason score of 8–10, or PSA level
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>20 ng/mL), the rate of long-term (≥2 years) ADT
was 24.4%. In comparison, the rate of long-term
ADT for patients with unfavorable intermediaterisk disease was 12.3%. When adjusting for patient
sociodemographic factors and comorbidity level,
patients with high-risk disease were significantly
more likely to receive long-course ADT than
those with unfavorable intermediate-risk disease
(adjusted hazard ratio [AHR] 1.62; 95% CI, 1.53–
1.72; P<.001) (Figure 1). This difference remained
significant when only considering the 85.4% of highrisk patients and 71.4% of unfavorable intermediaterisk patients who initiated ADT (AHR, 1.43; 95%
CI, 1.34–1.52; P<.001).
In multivariable analysis, increasing patient
age was associated with longer-course ADT and
later year of diagnosis was associated with receiving
shorter durations of ADT (Table 2). Race, marital
status, income level, and comorbidity level were
not significantly associated with differences in the
duration of ADT.
Rate of Long-Course ADT Among
Subclassifications of High-Risk Prostate Cancer

To explore the rate of long-term ADT use among
subgroups of men with high-risk prostate cancer, we
evaluated the 3 subclassifications (favorable, other,
and very high) separately (Figure 2). We found
that patients with favorable high-risk disease were
significantly less likely to receive long-term ADT than
those with other high-risk disease (15.4% vs 24.6%;
AHR, 0.68; 95% CI, 0.60–0.76; P<.001) and similarly
likely as those with unfavorable intermediate-risk
disease (15.4% vs 12.3%; AHR, 1.10; 95% CI, 0.98–
1.22; P=.107). Those with other high-risk prostate
cancer were less likely to receive 2 years of ADT than

Table 2. Multivariable Competing Risks
Regression for Receipt of
Long-Course ADT
AHR

95% CI

P Value

1.51–1.70

<.001

Risk group
Intermediate

1

High/very high

1.60

Race
White

1

Black

0.91

0.82–1.00

.055

Other

1.00

0.90–1.12

.975

0.96

0.93–0.98

.001

0.95–1.09

.643

0.88–1.01

.073

0.96–1.11

.415

Year of diagnosis
(increasing)
Marital status
Unmarried

1

Married

1.02

Zip code median income
≤$46,706

1

>$46,706

0.94

Zip code education level
≤26.2% completed
high school only

1

>26.2% completed
high school only

1.03

Geographic region
Midwest

1

Northeast

1.03

0.93–1.14

.546

South

0.87

0.78–0.97

.009

West

0.87

0.78–0.96

.006

1.01

1.00–1.01

.003

0.96–1.01

.315

Patient age (increasing)
Comorbidity index
Klabunde/Charlson 0

1

Klabunde/Charlson 1+

1.04

Abbreviations: ADT, androgen deprivation therapy; AHR, adjusted
hazard ratio.

100%
High-risk
Unfavorable intermediate-risk

90%
80%

Patients on ADT

70%
60%
50%
40%
30%
20%

P<.001

10%
0%

0

6

12

18

24

Months

Figure 1. Androgen deprivation therapy (ADT) duration by risk

group. High-risk disease includes favorable, other, and very high-risk
prostate cancer.

those with very high-risk disease (24.6% vs 30.8%;
AHR, 0.83; 95% CI, 0.74–0.93; P=.002).
The rates of initiating ADT among those with
favorable high-risk, other high-risk, or very highrisk disease were 75.8%, 86.2%, 90.2%, respectively.
When only patients who initiated ADT were
considered, we observed similar relationships
(favorable high-risk vs other high-risk: AHR,
0.78; P=.001; favorable high-risk vs unfavorable
intermediate-risk: AHR, 1.09; P=.244; other highrisk vs very high-risk: AHR, 0.84; P=.009).

© JNCCN—Journal of the National Comprehensive Cancer Network |

Volume 14 Number 4

|

April 2016

CE

426

Original Research

Muralidhar et al
100%
90%

Very high-risk
Other high-risk
Favorable high-risk
Unfavorable intermediate-risk

80%

Patients on ADT

70%
60%
50%
40%
30%

P=.002

P<.001

20%

P=.087

10%
0%
0

6

12

18

24

Months

Figure 2. Androgen deprivation therapy (ADT) duration by risk
group, including subclassifications of high-risk disease.

Discussion
In this patterns-of-care study using a large national
cancer database linked to Medicare insurance claims,
we found that the rate of long-term (≥2 years) ADT
use among patients with EBRT-managed prostate
cancer varied significantly by risk subclassification
within high-risk disease, despite NCCN Guidelines
recommending similar management (2–3 years
ADT) for all such patients. In particular, patients
with favorable high-risk disease (clinical stage T1c,
Gleason score of 4 + 4 = 8, PSA level <10 ng/mL,
or clinical stage T1c, Gleason score of 6, PSA level
>20 ng/mL) had much lower rates of long-term
ADT use (15.4%) than those with other high-risk
disease (24.6%) and comparable rates as those with
unfavorable intermediate-risk disease (12.3%).
On the other hand, patients with very high-risk
disease tended to be significantly more likely than
other patients to receive long-term ADT (30.8%).
Even when patients who received no ADT at all
were excluded, these relationships among these 4
subgroups persisted, suggesting that differences in
ADT initiation cannot completely explain these
differences in the use of long-term ADT.
Our results suggest that oncologists view the
subcategories of high-risk disease to be heterogeneous
in disease aggressiveness, thereby warranting different
levels of therapy. Although we could not determine the
reasons for patients receiving shorter durations of ADT,
our findings suggest that physicians might consider
favorable high-risk disease to be similarly aggressive as
unfavorable intermediate-risk disease, which is typically
treated with short-course (4–6 months) ADT when
managed with radiation. On the other hand, very highrisk disease is likely viewed as a more aggressive clinical
entity that warrants a greater rate of long-term ADT use.

Our findings affirm the current substratification of high
risk versus very high-risk prostate cancer in the NCCN
Guidelines for Prostate Cancer,1 but also suggest that
“favorable high risk” be considered a distinct disease
subgroup.
The absolute difference in the rates of longterm ADT use between favorable high-risk disease
and other high-risk disease was higher than the
difference in rates between other high-risk and very
high-risk (9.2% vs 6.2%), suggesting the possibility
that high-risk disease should be further subclassified
into favorable versus other high-risk prostate cancer.
Recent data suggest that patients with favorable highrisk disease have much better cancer-specific outcomes
than those with other high-risk disease, and similar
outcomes as those with unfavorable intermediate-risk
prostate cancer.20 The data presented here suggest
that EBRT-managed favorable high-risk disease and
unfavorable intermediate-risk disease are already
treated similarly by physicians in the United States.
We also found that despite randomized data published in 2003 from the RTOG 92-02 trial showing
an improvement in cancer-specific outcomes with
long-term compared with short-term ADT for patients with high-risk prostate cancer,3 most high-risk
patients in our study did not complete a 2-year course
of ADT. Although one explanation for the relatively
low rate of long-term ADT used in our study may be
slow adoption of this published data, we did not find
any increase in the rate of long-term ADT use associated with increasing year of diagnosis. Alternatively,
the somewhat low rates of long-term ADT use may
reflect a balancing act between the survival benefit
with long-term ADT and the side effects associated
with ADT use. In particular, ADT has known side
effects related to quality of life, including decreased
libido, fatigue, weight gain, and sexual dysfunction.6
Given these significant side effects, patient preference may also influence the duration of ADT ultimately received. In addition, controversy exists over
whether ADT increases the risk of cardiovascular
events, especially in men with preexisting cardiac
comorbidity,6,7,10,25,26 although the years included in
the present study precede this controversy. Therefore, it may be reasonable for physicians to prescribe
shorter courses of ADT for patients who cannot tolerate the side effects or who may be harmed from the
various described toxicities. We have recently shown
that in a tertiary care referral center, genitourinary
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oncology specialists tended to give less than longterm ADT for approximately half of patients, most
often because of intolerance of side effects and patient comorbidity/age.5
In multivariable analysis, we found that some
patient-specific factors, including race, marital status, income level, and comorbidity level, were not
associated with different durations of ADT. The lack
of association between these demographic factors
and receipt of hormonal therapy is reassuring, particularly because other studies have noted race and
socioeconomic treatment disparities in the receipt of
radiation or surgery for high-risk prostate cancer.27,28
Because everyone in our cohort was treated with
EBRT, it is possible that they represent a group of
patients that already had access to care, hence eliminating the factors that may otherwise underlie such
treatment disparities. This explanation is consistent
with prior work suggesting that insurance may mitigate racial disparities in the treatment for high-risk
prostate cancer.29 Although other work has suggested
that increasing comorbidity is associated with an increased probability of stopping ADT before 2 years,5
we did not find such an association in the present
study. One explanation is that the included years of
the present study slightly precede the controversy regarding the possibility of cardiovascular harm from
ADT in patients with preexisting cardiac comorbidity, and therefore comorbidity may not have influenced physician decisions for this study cohort.
Our study should be interpreted with respect
to its limitations. First, we were limited in the data
that we had access to within the SEER database.
For example, we were not able to determine the
reasons for discontinuation. Although prior work
in a single tertiary care referral center has described
some of the reasons for receipt of less than 2 years
of ADT, future work is needed to study the reasons
for receipt of shorter-course ADT in other contexts.
In addition, because detailed core biopsy data were
not available in SEER for the years of our study, we
were not able to include these data in the definitions
of unfavorable intermediate-risk19 or very high-risk1
disease. Therefore, some patients with unfavorable
intermediate-risk or very high-risk disease may have
been excluded from our study or misclassified as other
high-risk, respectively. However, the overall number
of patients in this category is likely small and unlikely
to affect the overall conclusions of this study.

Second, our risk classification depended on
recorded values of PSA in the SEER database, which
may contain some errors due to a misplaced decimal
point.21,22 However, preliminary study by the SEER
program has suggested that these errors would cause
misclassification of only approximately 5% of patients
within the 3 main categories relevant to this study
(PSA <10 ng/mL, 10–20 ng/mL, and >20 ng/mL).
Based on the work of others,23 we attempted to account
for these errors by excluding the 3.9% of patients in
our initial cohort who had PSA values of less than 4
ng/mL listed as “positive” and who had PSA values of
greater than 4 ng/mL listed as “negative.” Although
this approach did not likely account for all possible
errors in the SEER database, the errors are not likely
to systematically bias our results given the relatively
low rate of incorrect classification and random nature
of these coding errors.
Third, we only included patients diagnosed from
2004 to 2007 based on the availability of data in the
SEER-Medicare database. It is possible that practice
patterns changed after the 2009 publication of the
EORTC 22961 trial,2 as was suggested in an institutional
series at a single tertiary referral center.5 Future work is
needed to determine national practice trends after the
2009 publication of this important study.

Conclusions
Using a large national cancer database linked
with Medicare claims information, we found that
patients with EBRT-managed high-risk prostate
cancer received significantly different durations of
ADT based on subclassification of disease. Patients
with favorable high-risk prostate cancer received
significantly lower rates of long-term ADT than
those with other high-risk disease, and similar rates
as those with unfavorable intermediate-risk disease.
These data suggest that physicians nationwide
already consider favorable high-risk and unfavorable
intermediate-risk prostate cancer to represent
similarly less aggressive forms of the disease compared
with other high-risk or very high-risk disease.
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