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Abstract
Purpose—Androgen deprivation therapy (ADT) for prostate cancer increased substantially
through the 1990s, but more recent national trends regarding incident and prevalent use have been
incompletely characterized.

Methods—Linked Surveillance, Epidemiology and End Results-Medicare data were used to
study patterns of ADT utilization. Prevalence of ADT in the male Medicare population was
estimated by examining a cohort of prostate cancer patients and a 5% non-cancer control
population, from 1991 to 2005. ADT use across different indications was examined for men with
incident cancers from 2000 to 2002. Nested logit models were used to examine determinants of
ADT use in men with lower risk prostate cancer not treated definitively by surgery or radiation.

Results—Prevalent ADT use increased through the 1990s, peaked in 2000 at 3.17% of all male
Medicare beneficiaries, subsequently stabilized, then dropped in 2005 to 2.92%. Between 2000
and 2002, use in incident prostate cancer was stable, with 44.8% use in all cases, 15% of cases as
an adjuvant with radiation, and 14% as a primary therapy. In the nested logit model, predictors of
ADT use in a lower risk setting were older age, higher stage and grade, and elevated prostate-
specific antigen levels.

Conclusions—Following a period of rapid expansion during the 1990s, incident and prevalent
use of ADT has leveled, and may be starting to decline. Further research is needed to monitor how
reductions in reimbursement for GnRH agonists will affect appropriate use of ADT as well as use
in settings where its benefits may be marginal.
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Introduction
Although the potential benefits of androgen deprivation therapy (ADT) have been
recognized for more than 50 years,1 solid evidence regarding its efficacy in prostate cancer
has been limited to relatively few clinical indications, including in metastatic settings and as
an adjunct to local therapy in high-risk disease.2 3 4 5 The use of ADT, however, increased
markedly during the 1990s across all stages and grades. Between 1991 and 1999, for
example, the proportion of men with prostate cancer treated with ADT within 6 months of
diagnosis nearly doubled from 22.9% to 42.7%. During the same period, primary androgen
deprivation increased dramatically from 3.7% to 30.9% in older men with localized cancers.
6

Identifying ongoing trends in use of ADT, particularly in low risk settings where its benefits
are uncertain, is important for a number of reasons. The costs associated with ADT are
substantial; Medicare expenditures for gonadotropin-releasing hormone (GnRH) agonists
totaled over a billion dollars in the year 2003 alone.7 More recently, unintended adverse
consequences related to ADT have become more apparent.8 9 10

Although recent evidence suggests that primary androgen deprivation therapy among men
presenting with low risk disease has begun to decline,11 changes in practice trends have not
yet been confirmed at a national level. Further, relatively little is known regarding the
prevalence of androgen deprivation exposure,12 which may continue to increase from long-
term use in settings of localized disease and biochemical recurrence. Accordingly, we
undertook this study using linked Surveillance, Epidemiology, and End Results (SEER)-
Medicare data to describe national trends in incident and prevalent use of ADT in the period
beyond the 1990s, and to examine use in low-risk settings where evidence is lacking and the
benefit of therapy may be marginal.

Methods
Data Source

Linked SEER-Medicare data including incident cancer cases through 2002 with health
service claims through 2005 were used for analysis.13 14 The SEER program is overseen by
the National Cancer Institute (NCI), consists of regional and state-based tumor registries
located throughout the country, and represents approximately 25% of the US population.15
For the purposes of this analysis, 11 SEER sites were used (San Jose-Monterey, San
Francisco-Oakland, Connecticut, Detroit, Hawaii, Iowa, New Mexico, Seattle-Puget Sound,
Utah, Atlanta and Los Angeles). Medicare is a federal health services program covering
97% of US residents 65 years of age and older that provides information on healthcare
services received by program beneficiaries.16 Both data sources have been linked to provide
reliable information regarding incident cancer cases and related health services. The linked
database also includes a 5% random sample control group of beneficiaries residing in SEER
areas who do not have a registered diagnosis of cancer.

Study Subjects
Prevalence of androgen deprivation exposure in the male Medicare population was
estimated using a cohort of men 65 years of age and older registered in SEER-Medicare with
any cancer diagnosis in addition to men in the 5% random sample from 1991 through 2005
(prevalent ADT cohort). To reduce chances of underestimation, no attempt was made to
limit this analysis to men with a diagnosis of prostate cancer either in SEER or in Medicare
claims.17 To examine more recent trends, androgen deprivation use among incident cases
diagnosed from 2000 through 2002 with follow-up through 2005 was examined (incident
ADT cohort). In analyses focusing on time trends in the use of androgen deprivation in
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incident cases of lower-risk disease, ADT use among men with clinical stage T1 or T2, well
to moderately differentiated (Gleason 2–7) prostate cancer was examined from 1992 to 2002
(lower-risk ADT cohort). The application of commonly used clinical risk categories was not
possible due to the absence of prostate-specific antigen (PSA) values and predefined SEER
grade classifications. To ensure complete claims information, men without both Medicare
Part A and B coverage and those enrolled in a HMO at any time were excluded from
analyses.

Definitions
Androgen deprivation was defined as receipt of either GnRH agonist or orchiectomy.6 Use
of antiandrogens could not be identified. Treatment with radical prostatectomy, external
radiation therapy, interstitial radiation therapy or ADT was identified through SEER
treatment codes or Medicare claims as previously described.6 Demographic information,
including age, geographic region, race/ethnicity, and socioeconomic status was abstracted.
Race and ethnicity were defined as White, Black, Hispanic and Other according to reporting
used in SEER. Socioeconomic status was assigned based on the 2000 US census median
income and education level corresponding to zip code of residence. Cancer characteristics
were derived from SEER data. Cancer grade was categorized as well differentiated (Gleason
grade 2–4), moderately differentiated (Gleason grade 5–7), and poorly or undifferentiated
(Gleason grade 8–10) according to predefined SEER grading classifications. Clinical stage
(T1–T4) was assigned according to the SEER Extent of Disease classification system.
Information regarding prostate-specific antigen (PSA) was available for a subset of the
cohort, although not as discrete values. Accordingly, PSA information was classified as
within reference, above reference or missing in accordance with abstraction procedures used
to collect SEER data. Comorbidity was assessed using a standard index by identifying pre-
existing medical conditions present 12-month prior to prostate cancer diagnosis.18

Outcomes
The primary outcome was patient level ADT use. “Any ADT” was defined as use of at least
one dose of a GnRH agonist or orchiectomy within one year of diagnosis for incident cases
of prostate cancer, or within a given calendar year for prevalent cases. “Primary ADT” was
defined as receipt of at least six doses of a GnRH agonist or orchiectomy in the absence of
surgery or radiation within a year of diagnosis. “Adjuvant ADT” was defined as
administration of at least six doses of a GnRH agonist or orchiectomy with radiation therapy
or one dose of a GnRH agonist or orchiectomy with surgery within a year of diagnosis. No
attempt was made to distinguish between adjuvant or neoadjuvant therapy given limitations
in precisely identifying timing of treatment in Medicare claims and SEER data. In addition,
it is possible that some of the cases classified as “Adjuvant ADT” in this way would actually
represent early salvage use of ADT for progression within the first year. Remaining cases of
ADT use were classified as “Other ADT.”

Statistical analysis
The estimated proportion of men with prevalent androgen deprivation exposure was
calculated for each calendar year and plotted. Exposure to androgen deprivation in a given
year was counted if claims were identified for: 1) one dose of a GnRH agonist in that year or
2) orchiectomy in that year or any previous year within the available study period. A
limitation to this approach is that men managed with orchiectomy prior to 1991 were not
identified as ADT cases during subsequent years of the study, potentially resulting in
underestimation of androgen deprivation exposure. To provide national estimates, both
numerator and denominator counts obtained from the 5% control group were multiplied by
20.
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Androgen deprivation use for incident cases was defined as receipt of ADT in the first year
following diagnosis. Incident use was calculated and stratified by cancer and patient
characteristics. Differences in proportions of men treated with ADT were then analyzed
using chi square statistics corrected for multiple comparisons.

A two-stage nested logit model was used to examine treatment of lower risk prostate cancer
within the first year following diagnosis with a specific interest in factors predictive of ADT
use. This modeling approach addresses scenarios with more than two alternative choices
(radical prostatectomy, radiation, ADT or observation), but unlike the more commonly used
multinomial logit model does not require the assumption of “independence of irrelevant
alternatives”,19 which may be violated when some treatment alternatives are more similar
than others. In this case, choice between definitive (surgery and radiation therapy) and non-
definitive (ADT and observation) treatment alternatives are interrelated, and therefore not
independent. The first stage (“upper level” model) addresses the initial choice between
definitive therapy (defined here as radiation or surgery, regardless of whether adjuvant ADT
is given) or not, and the second stage (“lower level” model) addresses the choice between
ADT (defined here as orchiectomy or ≥1 dose of GnRH agonist) or not, given an initial
choice of non-definitive therapy. Parameters of the nested logit model were estimated from
the full log-likelihood function, which was obtained by adding the conditional log-likelihood
function at each level. Odd ratios with associated 95% CI were calculated for independent
variable categories. Standard statistical software (SAS v9.1, Cary, NC) was used for
analyses, tests were 2-sided, and a p<0.05 was used to determine significance.

Results
As shown in Figure 1, the estimated prevalence of androgen deprivation therapy among
male Medicare beneficiaries increased steadily through the 1990s, peaking at 3.17% in 2000
from a low of 0.78% in 1991. Between 2000 and 2004, prevalence leveled and then
decreased slightly to 2.92% in 2005. Prevalent use of GnRH agonists was primarily
responsible for overall ADT use, and increased steadily throughout most of the period.

Incident use is shown in Table 1. Between 2000 and 2002, nearly half (44.8%) of men with
incident prostate cancer were exposed to ADT during the first year after diagnosis. Adjuvant
ADT with radiation was the most common use of ADT comprising just over 15% of cases,
followed by primary ADT use in 14% of cases. Other ADT use comprised a substantial
proportion of cases (12.8%) and consisted mainly of short-term use (median of 4 months)
either alone or together with radiation or surgery.

Primary ADT was associated with higher risk characteristics, with the highest rates of use
occurring in late stage and high-grade cancers, as well as in those patients with elevated
PSA levels. Nevertheless, even in men aged 75 and older with T1 or T2, low to moderate
grade tumors, the rate of primary ADT use was 17.9% (with 0.7% as orchiectomy and
17.2% as GnRH agonists; proportion of ADT as orchiectomy, 3.9%). This contrasts with
primary ADT use in men aged 75 and older who had higher risk features (T1 or T2 with
high grade histology, or T3/T4 tumors) in which the rate of use was 48.7% (with 7.3% as
orchiectomy and 41.4% as GnRH agonists; proportion of ADT as orchiectomy, 15.0%). Use
of primary ADT was also higher with increasing age and comorbidity, in unmarried men,
and in those living in areas with lower income and education.

Figure 2 shows plots over time of the proportion of patients with lower risk prostate cancer
(stage T1 or T2, low to moderate grade tumors) receiving definitive therapy (radiation or
radical prostatectomy) and the proportion receiving any ADT (orchiectomy or ≥1 dose of
GnRH agonist) among those not treated definitively in the first year following diagnosis.
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While rates of definitive therapy remained relatively stable, the use of ADT increased
steadily from 25.4% in 1993 to 40.8% in 2002 among men managed without definitive
therapy.

Results of the nested logit model are shown in Table 2. The likelihood of receiving
definitive therapy was significantly higher with younger age and lower comorbidity level,
and significantly lower among black men, unmarried men, and those residing in areas of
lower income or education. The likelihood of receiving ADT in those not undergoing
definitive therapy was strongly influenced by age; men age 80 years or older were more than
twice as likely to receive ADT than men less than 70 years old. Significant variation within
relatively confined cancer characteristics was also apparent. Men with clinical stage T2
disease were greater than twice as likely to receive ADT than those with T1 cancers, and
men with moderately differentiated tumors were nearly 2.5 times more likely to be treated
with ADT than those with well differentiated cancers. Trends over time in use of ADT were
confirmed in the model, with the likelihood of use in 2002 being greater than 40% higher
than at the start of the study in 1992 (OR 1.42, 95% CI 1.26–1.59). The likelihood of ADT
use, however, remained relatively stable from 1997 onwards. Significant geographic
variation in the use of definitive therapy and ADT was evident.

Discussion
Despite leveling in more recent years, the results of our study indicate that through the
1990s, primary androgen deprivation was used increasingly in place of observation among
men with lower risk prostate cancer. Use of androgen deprivation as primary therapy or as
an adjuvant with radiation in low risk prostate cancer continues to be controversial. Notably,
clinical guidelines do not support ADT use in low risk settings,20 21 and there is little
evidence supporting its use for biochemical recurrence, which likely comprises a significant
portion of the prevalent ADT use note in this study. Despite these controversies, findings
from this and other studies have demonstrated dramatic growth of ADT in settings of
uncertain benefit.6 22 23 24 In fact, the oldest men in our study were more likely to receive
ADT, despite their low risk of death from prostate cancer.25 A large proportion of this use
may have been driven by the favorable reimbursement for GnRH agonists and financially
driven practices.26 27 Recent changes brought about by the Medicare Modernization Act,
which reduced reimbursement for GnRH agonists by an estimated 50%28 may explain some
of the decrease in ADT use noted in 2005. Because these changes took effect in 2005,
however, additional years of data will be necessary to determine the extent of and time to
lower ADT utilization.

Our findings are consistent with other recent work in this area. A study of national Medicare
claims showed that reimbursement for androgen deprivation decreased from a peak of $1.2
billion in 2003 to $450 million in 2005 which was coupled with a more modest 10%
decrease in androgen deprivation use.29 However, because the authors relied on summary
counts of services as the primary data source, insight into important information regarding
indications, clinical setting, incident use and prevalence of ADT was not possible.
Observations from several community and academic practices suggest a decreased use of
both primary and adjuvant ADT in low risk cancers between 2004–2006, but not in settings
of high risk cancers, where supporting evidence is clearer.11 Our results support these
finding, although in a broader and more representative range of practices across the United
States.

Despite a decline in use in 2005, exposure to androgen deprivation remains high. Currently,
ADT is used in approximately 3% of the male Medicare population, corresponding to over
400,000 men. Although, ADT will continue to be an important component of care given
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evidence of benefit in high risk and metastatic prostate cancer,2 3 4 the role of ADT in
lower-risk settings and as primary therapy remains relatively unclear.30 31 While the
apparent reduction in discretionary use of ADT is a positive development, a recent report
noting decreased survival in men with cardiovascular comorbidity managed with ADT as an
adjuvant to radiation raises important questions about androgen deprivation even in settings
where the benefits were thought to be clear.32 33 Such concerns are particularly relevant in
light of our results demonstrating considerable ADT use among men with multiple medical
comorbidities (Table 1). Research directed toward identifying patients who are at risk for
harm from ADT, as well as developing interventions that may mitigate the adverse effects of
ADT, should therefore be a priority.

Several study limitations should be considered. The study cohort was limited to Medicare
beneficiaries, so ADT use in men younger than 65 years of age or those insured through
HMOs could not be assessed. Further, prevalence of androgen deprivation exposure was
estimated from SEER regions, which may not be completely nationally representative.
However, our results are very similar to that of previous work using a national 5% Medicare
sample.11 Additional data limitations included predefined grade categories used in SEER
grouping Gleason 5, 6 and 7 disease and absence of PSA values preventing application of
commonly used clinical risk classifications. Information regarding use of antiantrogens was
also not available, and overall use of ADT may have been underestimated due to
misidentification of a small number of men treated with antiandrogen monotherapy. Because
detailed clinical information such as changes in PSA values was not available, more subtle
aspects of the decision to treat with ADT could not be investigated. Still, the use of ADT for
a rising or high PSA level alone is not supported by clear evidence.

Conclusion
The incident and prevalent use of androgen deprivation therapy has leveled in recent years,
although a significant proportion of men with prostate cancer are managed with androgen
deprivation during the course of their disease. In lower-risk settings where indications and
benefits are unclear, androgen deprivation therapy is more commonly used in more recent
years and among older men, suggesting that continued monitoring of ADT use will be
necessary.
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Figure 1.
Prevalence of androgen deprivation therapy among male Medicare beneficiaries between
1991 and 2005
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Figure 2.
Proportions of definitive treatment (radiation or surgery) and use of ADT in patients not
managed with active treatment among men with lower-risk prostate cancer over time
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Table 2

Likelihood of management with definitive treatment (radiation or surgery) or androgen deprivation therapy
(GnRH agonist) based on nested logit models among men with lower-risk prostate cancer (clinical T1/T2
stage, Gleason ≤ 7 grade)

Nested Logit Regression Model

Characteristics Category Upper Level Model:
Use of Definitive

Treatment (yes/no)
OR (95% CI)

Lower Level Model:
Use of ADT,

conditional on initial
choice of non-

definitive treatment
(yes/no)

OR (95% CI)

Age 65–69 1.00 1.00

70–74 0.64 (0.60–0.67) 1.18 (1.08–1.29)

75–79 0.25 (0.23–0.26) 1.50 (1.37–1.64)

≥80 0.06 (0.05–0.06) 2.04 (1.86–2.24)

Race/ethnicity White 1.00 1.00

Black 0.73 (0.68–0.79) 0.98 (0.88–1.08)

Hispanic 0.87 (0.79–0.96) 1.19 (1.05–1.35)

Other 0.54 (0.49–0.59) 1.21 (1.08–1.35)

SEER Region San Jose 1.00 1.00

San Francisco 1.37 (1.22–1.54) 0.55 (0.47–0.64)

Connecticut 1.39 (1.24–1.55) 0.95 (0.83–1.10)

Detroit 1.75 (1.57–1.95) 0.77 (0.67–0.88)

Hawaii 2.98 (2.51–3.54) 0.83 (0.67–1.03)

Iowa 1.18 (1.05–1.34) 1.15 (0.99–1.34)

New Mexico 1.18 (1.03–1.34) 0.49 (0.41–0.59)

Seattle 1.43 (1.27–1.61) 0.54 (0.46–0.63)

Utah 1.09 (0.96–1.24) 0.75 (0.64–0.89)

Atlanta 1.95 (1.71–2.22) 0.60 (0.50–0.71)

Los Angeles 1.38 (1.24–1.54) 0.93 (0.82–1.07)

Marital status Not married 1.00 1.00

Married 1.86 (1.79–1.94) 1.00 (0.95–1.06)

Education level <8.4% 1.00 1.00

8.4–13.3% 0.96 (0.90–1.02) 1.11 (1.03–1.21)

13.4–20.3% 0.86 (0.81–0.92) 1.10 (1.01–1.21)

≥20.4% 0.87 (0.80–0.95) 1.15 (1.03–1.29)

Median income < $37,500 1.00 1.00

$37,500 to $47,499 1.19 (1.12–1.27) 1.01 (0.94–1.09)

$47,500 to $61,999 1.20 (1.12–1.29) 1.07 (0.98–1.18)

≥ $62,000 1.19 (1.09–1.31) 0.99 (0.88–1.11)

Comorbidity 0 1.00 1.00

1 0.80 (0.76–0.84) 1.02 (0.96–1.09)

2 0.60 (0.55–0.66) 1.00 (0.90–1.11)

≥3 0.34 (0.30–0.39) 0.91 (0.79–1.05)
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Nested Logit Regression Model

Characteristics Category Upper Level Model:
Use of Definitive

Treatment (yes/no)
OR (95% CI)

Lower Level Model:
Use of ADT,

conditional on initial
choice of non-

definitive treatment
(yes/no)

OR (95% CI)

Year of diagnosis 1992 1.00 1.00

1993 0.71 (0.65–0.77) 0.92 (0.82–1.03)

1994 0.64 (0.59–0.70) 1.16 (1.04–1.30)

1995 0.63 (0.58–0.69) 1.14 (1.01–1.27)

1996 0.71 (0.65–0.77) 1.37 (1.22–1.53)

1997 0.82 (0.75–0.90) 1.45 (1.30–1.63)

1998 0.85 (0.78–0.93) 1.36 (1.21–1.53)

1999 0.88 (0.81–0.96) 1.55 (1.38–1.73)

2000 0.87 (0.79–0.95) 1.39 (1.24–1.56)

2001 0.94 (0.86–1.02) 1.40 (1.25–1.59)

2002 0.94 (0.86–1.02) 1.42 (1.26–1.59)

Clinical stage T1 1.00 1.00

T2 1.71 (1.65–1.78) 2.34 (2.20–2.48)

Gleason score 2–4 1.00 1.00

5–7 2.74 (2.60–2.89) 2.48 (2.28–2.70)

PSA Within reference 1.00 1.00

Above reference 0.86 (0.59–1.27) 1.82 (1.07–3.09)
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