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A B S T R A C T

Purpose
The potential association between androgen deprivation therapy (ADT) and cardiovascular
mortality (CVM) remains controversial. This study assessed mortality outcomes in a large
national registry to further elucidate the association between treatment selection and cause
of mortality.

Patients and Methods
A total of 7,248 men in the CaPSURE registry were analyzed. Treatment was categorized as local
only, primary ADT monotherapy, local treatment plus ADT, and watchful waiting/active surveil-
lance (WW/AS). Competing hazards survival analysis was performed for prostate cancer–specific
mortality (PCSM), CVM, and all-cause mortality. A propensity score–adjusted and a propensity-
matched analysis were undertaken to adjust for imbalances in covariates among men receiving
various treatments.

Results
Patients treated with ADT or WW/AS had a higher likelihood of PCSM than those treated with local
therapy alone. Patients treated with primary ADT had an almost two-fold greater likelihood of CVM
(HR, 1.94; 95% CI, 1.29 to 2.97) than those treated with local therapy alone; however, patients
treated with WW/AS had a greater than two-fold increased risk of CVM (HR, 2.46; 95% CI, 1.53
to 3.95). A propensity-matching algorithm in a subset of 1,391 patients was unable to find a
significant difference in CVM between those who did or did not receive ADT.

Conclusion
Patients matched on propensity to receive ADT did not show an association between ADT and
CVM. This suggests that potential unmeasured variables affecting treatment selection may
confound the relationship between ADT use and cardiovascular risk. However, an association may
yet exist, because the propensity score could not include all known risk factors for CVM.

J Clin Oncol 29:3510-3516. © 2011 by American Society of Clinical Oncology

INTRODUCTION

Prostate cancer is the second most common
cancer-related cause of death among men in the
United States,1 with a mortality rate of 9.9 per
100,000.2 For patients with metastatic prostate
cancer, androgen deprivation therapy (ADT) is
the primary method of treatment.3 ADT is also
used in combination with local treatment modal-
ities to achieve better cancer control4,5 or as an
effective salvage therapy in patients who do not
respond to local therapy.3,6 As many as 46% of
men with prostate cancer receive ADT at some
point during their treatment.7,8 Most commonly,
ADT is achieved by medical castration with
gonadotropin-releasing hormone (GnRH) agonists.

Although ADT provides a means of effective
cancer control, studies have raised concerns regard-

ing the possible adverse effects of ADT on metabo-
lism and subsequent cardiovascular risk.9-12 The
mechanisms through which ADT has been sus-
pected to increase cardiovascular risk include in-
creased fat mass, increased low-density lipoprotein
and total cholesterol, increased triglycerides, and in-
creased insulin resistance.13-15

Despite these findings, the relationship be-
tween ADT and cardiovascular mortality (CVM)
remains controversial; some studies have identified
a statistically significant association, whereas others
have not.16-18 One hypothesis is that ADT potenti-
ates preexisting cardiac risk factors, making them
more apparent during ADT initiation.19 However,
factors that play a role in treatment selection may
also confound the relationship between ADT use
and CVM. For instance, men who are selected for
primary treatment with ADT are typically older in
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age or worse in overall health than men selected for definitive
treatment3 and thereby may have an increased risk for cardiovas-
cular death.

To better comprehend the impact of treatment selection on mor-
tality, mortality outcomes by treatment course were analyzed in a
large, national, prostate cancer registry. In an attempt to control for
various known and unknown factors that may confound the relation-
ship between ADT and CVM, patients who used and did not use ADT
were matched by their propensity to receive ADT in a subset of our
patient cohort.

PATIENTS AND METHODS

Patient Population

The Cancer of the Prostate Strategic Urologic Research Endeavor
(CaPSURE) is a national cancer registry of men with biopsy-proven prostate
cancer, recruited from 40 predominantly community-based urology practices.
Men were recruited, at the time of prostate cancer diagnosis, by participating
urologists who reported initial and follow-up data, including primary and
secondary ADT use. Information on comorbidities is ascertained via a self-
reported questionnaire given to patients at the time of enrollment. Specific
comorbidities ascertained included hypertension, heart disease, diabetes, lung
disease, kidney disease, blood disease, endocrine disorders, neurologic disor-
ders, and mental health conditions. Patients provide written, informed con-
sent under local and central institutional review board approval. Patients were
treated as per their clinicians’ standard care and were observed until death or
study withdrawal. Details regarding the CaPSURE methodology have been
reported previously.20,21

Men in the CaPSURE database, diagnosed with prostate cancer between
1995 and 2007 with localized disease (clinical stage T1 to T3a) were analyzed.
Primary treatment was defined as local only (surgery or radiation), local and
ADT (neoadjuvant, adjuvant, and/or salvage ADT), ADT only, or watchful
waiting (WW)/active surveillance (AS; WW/AS). WW and AS were com-
bined, because they could not be differentiated in the CaPSURE database.
Exclusion criteria included men who were found to have metastatic disease at
diagnosis or missing clinical data with respect to prostate-specific antigen
(PSA), stage, and/or Gleason score. Men whose primary treatment was
unknown, or who were treated with an antiandrogen only, were also
excluded from analysis. Finally, men in the local-plus-ADT arm who were
treated with ADT for less than 6 months were excluded, because it was not
clear that they received ADT as definitive secondary treatment (neoadju-

vant, adjuvant, or salvage). However, a sensitivity analysis was performed
that included these patients.

Mortality was reported in CaPSURE by participating clinicians, after
which a copy of the death certificate was obtained. The cause of death (ie,
prostate cancer–specific mortality [PCSM] v CVM v other-cause mortality)
was made by consensus of the study investigators. In general, death was
considered to be cancer-specific mortality if prostate cancer was listed as a
primary, secondary, or tertiary cause of death and if no other malignancy or
CVM was listed as a higher-order cause. CVM was defined as a death as a result
of acute myocardial infarction, sudden cardiac arrest or death, coronary artery
disease, cardiac ischemia, or malignant arrhythmia. If the patient was lost to
follow-up or the state death certificate was not available, the National Death
Index was queried to identify date and cause of death.

Statistical Analysis

The Kaplan-Meier product-limit method was used to test associations
among types of treatment and each mortality end point of interest: overall
mortality, PCSM, and CVM. Competing risks regression was used to evaluate
association of each mortality end point with type of treatment.22 This analysis
was adjusted for self-reported cardiovascular disease, hypertension, and
diabetes mellitus at baseline, as well as age at diagnosis, PSA, clinical T
stage, biopsy, and Gleason grade. Adjusted hazard ratios (HRs) with 95%
CIs were reported. Cancer risk was classified by using the University of
California, San Francisco, Cancer of the Prostate Risk Assessment score as
described previously, and men were assigned to low, intermediate, and
high risk on the basis of Cancer of the Prostate Risk Assessment scores 0 to
2, 3 to 5, and 6 to 10, respectively.23

Propensity score analysis was undertaken in an effort to adjust for poten-
tial bias associated with factors related to receiving specific treatments.24 For
each patient, propensity to receive ADT was determined by using multivari-
able logistic regression that included the following covariates: type of initial
treatment; age, PSA, Gleason score, and T stage at diagnosis; number of
positive biopsies; insurance status; ethnicity; education; household income;
marital status; specific comorbidities (eg, heart disease, hypertension, and
diabetes); and year of diagnosis.

Propensity scores thus generated were expressed as a predicted propor-
tion of patients receiving ADT. For the purposes of this analysis, given low
numbers of patients in the highest and lowest quintiles, these quintiles were
omitted, and three categories (0.1 to 0.3, 0.3 to 0.6, and � 0.6, with asymmetric
cutoffs as a result of distributional issues) were created and used in multivariate
Cox proportional hazard analysis. This is because men in the lowest quintile
have an almost zero percent chance of being treated with ADT, whereas men in
the highest quintile have an almost 100% chance of being treated with ADT.

Excluded
  Metastatic disease at diagnosis (n = 3,003)
    or diagnosis of prostate cancer
    outside of study interval
  Incomplete data (n = 2,138)

Excluded
  Unknown primary therapy or  (n = 417)
    primary therapy with cryoablation
  Secondary ADT for < 6 months (n = 1,047)
  Primary treatment with (n = 34)
    antiandrogen only

CaPSURE Study, Sept 2010
(N = 13,887)

Patients eligible for study
(n = 7,248)

Local therapy only
(surgery or radiation;

n = 5,170)

Local therapy plus ADT
(neoadjuvant, adjuvant

or salvage; n = 485)

Primary ADT
(n = 1,087)

Watchful waiting or
active surveillance

(n = 506)

Fig 1. Patient selection and flow chart. ADT,
androgen deprivation therapy; CaPSURE,
Cancer of the Prostate Strategic Urologic Re-
search Endeavor.
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Matched analysis was undertaken by using greedy propensity score–
matching techniques designed to optimize the closeness of matching, with
minimal wasted occurrences.25 This algorithm matches patient cases to
controls by selecting controls whose propensity scores are within 0.03 of
matched patient cases to optimize matching while minimizing wasted
patient cases. Each patient receiving ADT was propensity-matched to a
patient not receiving ADT, thus creating a subset of the original cohort,
composed of patients equally likely to be exposed to ADT. Adjusted HRs
with 95% CI were determined from propensity score–adjusted and pro-
pensity score–matched analyses. All analyses were performed with SAS 9.1
(SAS Institute, Cary, NC).

RESULTS

Of the 13,887 men who were enrolled on the CaPSURE database as of
2010, 7,248 met the specified inclusion criteria. Figure 1 illustrates the
selection of study patients and exclusion criteria. Table 1 provides an
assessment of baseline demographic and clinical parameters of study

patients. Overall, 1,572 men (21.7%) received ADT at some point
during their treatment; 5,170 men (71.3%) received local treatment
alone, 485 men (6.7%) received local treatment plus ADT, 1,087 men
(15%) received primary ADT, and 506 men (7.0%) received WW/AS.
The mean durations of follow-up were 51.3, 57, 52.6, and 47.6 months
in the local treatment alone, local treatment plus ADT, primary ADT,
and WW/AS groups, respectively.

Men undergoing different treatments had substantially different
clinical characteristics in both cancer risk and comorbidity. In partic-
ular, patients who received ADT, either as primary therapy or in
combination with local therapy, were older, had more comorbidities,
and had greater cancer risk compared with those who received local
therapy alone. Although men who received WW/AS were older and
had more comorbidity, their cancer risks were closer to patients who
received local therapy alone (Table 1).

Overall, 976 (13.5%) of men in the data set died as a result of any
cause: 103 men (1.4%) died as a result of prostate cancer, 195 men

Table 1. Demographic and Risk Characteristics of Study Patients

Study Characteristic

Primary ADT
Local

Treatment � ADT
Local

Treatment Only WW/AS

PNo. % No. % No. % No. %

Age at diagnosis, years
� 65 147 14 146 30 3,032 59 71 14 � .01
� 65 941 86 339 70 2,143 41 435 86

PSA at diagnosis, ng/mL
� 4 71 7 31 6 950 18 96 19 � .01
4.1-10 494 45 269 55 3,551 69 311 61
10.1-20 260 24 128 26 552 11 78 15
� 20 263 24 57 12 122 2 21 4

Gleason stage
2-4 490 45 220 45 3,793 73 404 80 � .01
5-6 211 19 96 20 837 16 54 11
7 153 14 70 14 348 7 32 6
8-10 234 22 99 20 197 4 16 3

T stage
T1 484 44 214 44 2,988 58 313 62 � .01
T2 549 50 255 53 2,152 42 185 37
T3 55 5 16 3 35 1 8 2

CAPRA
Low 272 30 123 30 3,085 67 279 66 � .01
Intermediate 363 40 182 44 1,364 29 122 29
High 277 30 110 27 178 4 24 6

Heart disease
No 823 76 392 81 4,512 87 375 74 � .01
Yes 265 24 93 19 663 13 131 26

Diabetes
No 967 89 441 91 4,843 94 443 88 � .01
Yes 121 11 44 9 332 6 63 12

Hypertension
No 676 62 315 65 3,534 68 317 63 � .01
Yes 412 38 170 35 1,641 32 189 37

No. of comorbidities
None 65 6 61 13 762 15 37 7 � .01
1-2 332 31 202 42 2,216 43 180 36
3-5 330 30 106 22 905 17 146 29
� 6 29 3 4 1 37 1 17 3

NOTE. All comparisons across treatment groups were statistically significant at P � .01 by �2 analysis.
Abbreviations: ADT, androgen deprivation therapy; AS, active surveillance; CAPRA, Cancer of the Prostate Risk Assessment; PSA, prostate-specific antigen; WW,

watchful waiting.

Punnen et al

3512 © 2011 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



(2.7%) died as a result of cardiovascular disease, and 678 men (9.4%)
died as a result of other causes (Table 2). When we compared causes of
mortality by type of treatment received, we found that those who were
treated with ADT, either as primary treatment or in combination with
local therapy, had a higher PCSM than patients treated with local
therapy alone, reflecting higher-risk disease. In addition, they had
higher CVM. Patients treated with WW/AS also had a greater PCSM
and CVM than those treated with local therapy alone (Table 2).

In competing-risks analysis, treatment with ADT, either as pri-
mary therapy or in combination with local treatment, was associated
with an increased risk of PCSM compared with local treatment alone.
Patients in the WW/AS arm also had an increased risk of PCSM
compared with patients treated with local therapy alone (Table 3).
With respect to CVM, there was an almost two-fold increased risk for
those patients treated with primary ADT compared with local therapy
alone (HR, 1.94; 95% CI, 1.29 to 2.97), but there was no increased risk

for those patients treated with a combination of local therapy and
ADT (HR, 1.36; 95% CI, 0.65 to 1.98). However, the patients in the
WW/AS group had a greater than two-fold increased risk of CVM
(HR, 2.46; 95% CI, 1.53 to 3.95) compared with patients treated with
local therapy alone (Table 3).

In the propensity-adjusted multivariate analysis, intermediate
and higher probability of receiving ADT was associated with an in-
creased mortality for each end point of interest (Appendix Table A1,
online only). The propensity-matching algorithm produced a subset
of 1,391 patients. Results from this analysis indicated that exposure to
ADT was associated with an increase in all-cause mortality (HR, 1.25;
95% CI, 1.03 to 1.5). However, there was no statistically significant
difference in PCSM (HR, 1.53; 95% CI, 0.87 to 2.69) or CVM (HR,
1.12; 95% CI, 0.73 to 1.67) between patients matched by likelihood to
receive ADT. Moreover, the strength of any association was signifi-
cantly lower compared with our nonmatched analysis (Table 4). A

Table 2. Causes of Death by Type of Treatment Group

Treatment

Cause of Mortality

Alive Prostate Cancer Specific Cardiovascular Other Total

Primary ADT
No. 735 52 73 227 1,087
Row % 67.62 4.78 6.72 20.88 100
Column % 11.72 50.49 37.44 33.48 15.00

Local � ADT
No. 391 26 16 52 485
Row % 80.62 5.36 3.30 10.72 100
Column % 6.23 25.24 8.21 7.67 6.69

Local alone
No. 4,758 17 75 320 5,170
Row % 92.03 0.33 1.45 6.19 100
Column % 75.86 16.50 38.46 47.20 71.33

Watchful waiting/active surveillance
No. 388 8 31 79 506
Row % 76.68 1.58 6.13 15.61 100
Column % 6.19 7.77 15.90 11.65 6.98

Total
No. 6,272 103 195 678 7,248
Row % 86.53 1.42 2.69 9.35 100
Column % 100 100 100 100 100

Abbreviation: ADT, androgen deprivation therapy.

Table 3. Adjusted HRs for Mortality by Selected Treatment Course

Treatment Course

Mortality

Overall� Prostate Cancer Specific† Cardiovascular‡ Other§

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Local only Ref Ref Ref Ref
ADT only 1.55 1.26 to 1.9 6.31 3.21 to 12.4 1.94 1.29 to 2.97 1.39 1.12 to 1.73
Local � ADT 1.04 0.79 to 1.36 6.44 3.37 to 12.3 1.36 0.65 to 1.98 0.75 0.55 to 1.01
WW/AS 1.7 1.34 to 2.24 5.27 2.16 to 12.86 2.46 1.53 to 3.95 1.33 1.01 to 1.75

NOTE. For each mortality end point, HR is given with 95% CIs for each treatment group relative to local therapy only.
Abbreviations: ADT, androgen deprivation therapy; AS, active surveillance; HR, hazard ratio; Ref, reference; WW, watchful waiting.
�P value significant for treatment, Gleason score, age, pretreatment prostate-specific antigen, clinical stage, number of comorbidities, diabetes, and cardiac disease.
†P value significant for treatment, age, clinical stage, and prostate-specific antigen.
‡P value significant for treatment, age, clinical stage, prostate-specific antigen, and cardiac disease.
§P value significant for treatment, age, Gleason score, prostate-specific antigen, and number of comorbidities.
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sensitivity analysis, which included patients treated with secondary
ADT for less than 6 months, showed similar CVM outcomes as the
initial analysis (Appendix Tables A2 and A3, online only). Among
patients included in the initial analysis, 31% were missing comorbidity
data. A sensitivity analysis that excluded these patients failed to show
any significant differences (data not shown).

DISCUSSION

By using a large cohort of men in a national cancer registry, this
analysis demonstrated that patients treated by WW/AS had an even
higher risk of CVM than patients treated with primary ADT. Given
that the baseline demographics and comorbidity status of the WW/AS
and primary ADT groups were similar, this suggests that unmeasured
factors affecting treatment selection may confound the association
between ADT and cardiovascular risk. In an attempt to control for
these factors, a propensity-matched analysis was performed, which
failed to demonstrate an increased risk of CVM in those patients who
received ADT.

A previously published observational study of 73,196 Medicare
enrollees with localized prostate cancer assessed whether treatment
with GnRH agonists or orchiectomy was associated with diabetes or
cardiovascular events.10 The authors found that GnRH agonist use
was associated with an increased risk of diabetes (HR, 1.44; P � .001),
coronary heart disease (HR, 1.11; P � .03), myocardial infarction
(HR, 1.11; P � .03), and sudden cardiac death (HR, 1.16; P � .004).
However, men treated with orchiectomy only had an increased risk of
diabetes (HR, 1.34; P � .001) and had no increased risk of the above-
mentioned cardiovascular events. Another study examining 22,816
men with prostate cancer who were identified retrospectively from a
population-based registry assessed the affect of ADT on subsequent
cardiovascular morbidity.26 Within this cohort, 21% of patients re-
ceived ADT at some point during treatment. The authors found that
those who received ADT for at least 1 year had a 20% higher risk of
serious cardiovascular morbidity compared with similar men who did
not receive ADT.

Finally, a study by Tsai et al,12 which also used the CaPSURE
database, described an increased risk of CVM with ADT use. The
authors assessed 3,262 patients treated with radical prostatectomy and
1,630 patients treated with external-beam radiation therapy, brachy-
therapy or cryoablation, of which 1,015 of the total cohort had been
treated with neoadjuvant or adjuvant ADT. They compared the use of
ADT with time to death as a result of cardiovascular causes between
ADT users and nonusers. Among the 266 men undergoing neoadju-
vant ADT before prostatectomy only (8.1% of the patients who un-
derwent prostatectomy), the authors reported a significant association

between ADT use and CVM (HR, 2.6; 95% CI, 1.4 to 4.7; P � .002).
There was no similar association between ADT use and CVM in the
radiation therapy group.

There is concern, however, in the above-mentioned studies that
unmeasured factors maybe confounding the relationship between
ADT use and CVM. In the study by Tsai et al,12 the analysis for
cardiovascular risk adjusted only for age and the presence of coronary
disease and diabetes. Furthermore, although the authors saw an in-
creased CVM in men using ADT in the radical prostatectomy group,
they did not see this association in the nonsurgical group despite a
similar exposure to ADT (4.1 v 4.3 months, respectively). Assessing
CVM rather than PCSM end points can be more challenging when
using administrative data or data from registries intended to study
prostate cancer. Although CaPSURE included comorbidity checklists
for diabetes and congestive heart disease, for example, it did not
include hemoglobin A1c levels, heart failure severity classifications, or
other important indicators of cardiovascular disease risk.

Other reports corroborate findings of the current analysis. A
study that used administrative databases in Ontario, Canada, com-
pared 19,079 men who used ADT to 19,079 men who did not to assess
the development of acute myocardial infarction, sudden cardiac
death, and diabetes.16 These men were matched one-to-one on age,
prior cancer treatment, and year of diagnosis, and they were
propensity-matched on comorbidities, medications, cardiovascular
risk factors, prior fractures, and socioeconomic variables. The analysis
did not identify an association between ADT use and acute myocardial
infarction (HR, 0.91; 95% CI, 0.8 to 1) or sudden cardiac death (HR,
0.96; 95% CI, 0.8 to 1.1).

Two secondary analyses of large, randomized trials have also
supported the findings of the present study. One randomized, phase
III trial examining 945 men compared the effects of radiation therapy
and adjuvant ADT to radiation therapy alone. After 9 years of follow-
up, CVM for men receiving adjuvant ADT was 8.4% compared with
11.4% for men treated without adjuvant ADT, and no significant
difference was appreciated between the two arms.18 Another recent
study analyzing 1,554 men who were randomly assigned to radiation
therapy and 4 months or 28 months of adjuvant ADT found no
association between the duration of ADT and CVM.17 The major
advantage of these trials is their ability to control, through random
assignment, for both known and unknown factors that may confound
the association between ADT and CVM; thus, these findings may be
more reliable.

Our study had several strengths, including a large data set of 7,248
men, of whom 195 had cardiovascular events. Another advantage was
the addition of a propensity-adjusted and matched analysis to eluci-
date the effect of ADT on CVM. The study also has limitations.

Table 4. Adjusted HR for Mortality for Propensity to Receive ADT-Matched Patients

ADT Status

Mortality

Overall Prostate Cancer Specific Cardiovascular Other

HR 95% CI HR 95% CI HR 95% CI HR 95% CI

ADT negative Ref Ref Ref Ref
ADT positive 1.25 1.03 to 1.5 1.53 0.87 to 2.69 1.12 0.73 to 1.67 1.24 0.9 to 1.56

Abbreviations: ADT, androgen deprivation therapy; HR, hazard ratio; Ref, reference.
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Although we were unable to see a significant association between ADT
and CVM in the matched analysis, the CIs around our risk estimate
ranged from a small protective effect to an almost two-fold increase in
risk, suggesting a possible lack of power to identify this association. No
a priori sample size calculation was performed, because this study was
limited to the patients and events within the CaPSURE database.

Second, death certificates were used to determine the cause of
mortality. Previous studies have shown that death certificates can be
unreliable, particularly when reporting mortality related to cardiovas-
cular causes.27-29 Therefore, there is a possibility of misclassification of
CVM as an end point, which may be reflected by the increase in
all-cause mortality in ADT users compared with nonusers. However,
this increase in overall mortality may be due to many other reasons,
such as sequelae of skeletal complications that are unrelated to cardio-
vascular effects of treatment. Third, evaluation of CVM end points in
a registry intended to study prostate cancer can be challenging, be-
cause CaPSURE does not include all the important indicators of car-
diovascular disease risk. Therefore, this study may also be affected by
potential unmeasured confounders, which may affect the observed
results. Attempts to minimize this effect were made by using a
propensity-matched algorithm to compare ADT users to nonusers.

Another limitation and potential bias was that 31% of the cohort
were missing comorbidity data. However, these patients were equally
distributed among the treatment groups, and 25% to 30% of patients
in each treatment group were missing comorbidity data. These pa-
tients were included in the analysis; however, a sensitivity analysis in
which these patients were excluded failed to show any significant
changes in the risk estimates. In addition, there were concerns regard-
ing the reliability of data pertaining to duration of ADT use. As a result,
a distinction between patients on continuous versus intermittent ADT
could not be made. Finally, CaPSURE did not differentiate between
men on AS and those on WW. These limitations are common to
observational studies that use large disease registries.

When studying a large cohort of men with propensity analysis,
we were unable to identify an association between ADT use and CVM,

which suggests that previous studies that found an association may
have been confounded by unmeasured variables that affected both
treatment selection and various non–prostate cancer–specific out-
comes, including CVM. However, this information does not preclude
the need for cardiovascular risk assessment in men being treated with
ADT as well as a careful and complete discussion of the need for and
risks and benefits of ADT in those being considered for such therapy.
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Help Your Patients Understand Advanced Cancer Care Planning

ASCO’s Advanced Cancer Care Planning booklet is designed to help people with advanced cancer and their families and 
caregivers understand the diagnosis and treatment options for advanced cancer, discuss these options for care throughout 
the course of the illness, and find support. Download the booklet in English and Spanish at www.cancer.net/advancedcancer 
or order copies for your practice at www.cancer.net/estore.
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