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Abstract

Prostate cancer (PCa) is the most common cancer among men. Advances in early detection and successful treatments have improved can-
cer-specific survival. With prolonged survival, PCa patients now suffer from the effects of aging and are at increasing risk for the develop-
ment of cardiovascular (CV) risk factors and CV disease. Androgen deprivation therapy (ADT) is the mainstay treatment of advanced PCa.
There is conflicting evidence about whether or not ADT is associated with increased CV morbidity and mortality. Metabolic abnormalities
such as increasing body weight, reduced insulin sensitivity, dyslipidemia, and activation of T cells to the Th1 phenotype, resulting in athero-
sclerotic plaque destabilization, have been proposed as possible mechanisms by which ADT may increase the risk of CV events. Type of
ADT and preexisting CV history also seem to play a major role in the risk of subsequent CV events. Ongoing prospective clinical trials will
help define whether there is any difference between gonadotropin-releasing hormone agonists and antagonists in terms of CV morbidity and

mortality. © 2019 Elsevier Inc. All rights reserved.
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Prostate cancer (PCa) is the most common cancer among
men (after skin cancer) and affects mainly older men (about
80% of cases are in men >65 years old). For all stages of
PCa at diagnosis, the 5-year relative survival rate is 99%
and the 15-year relative survival rate is 96% [1]. With
aging, men are more likely to develop cardiovascular (CV)
risk factors and die of related causes, such as heart disease
[2]. Incidence of both PCa and CV disease is highest in
older men, and CV disease is the second most common
cause of death in men with PCa [3].

Androgen deprivation therapy (ADT) is the mainstay of
systemic therapy for PCa and results in castrate serum levels
of testosterone (<50ng/dl). In order to lessen or block cancer
progression, ADT needs to reduce serum testosterone (the
main androgen hormones) to the recommended level of <50
ng/dl. ADT encompasses surgical castration (bilateral orchi-
ectomy) and chemical castration (gonadotropin-releasing
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hormone [GnRH] agonists or GnRH antagonists) with or
without the addition of antiandrogen therapy. ADT has been
shown to improve survival rates, delay cancer progression,
and mitigate cancer-related symptoms [4]. The duration of
ADT therapy is variable, but is often continued for months
to years, if not indefinitely; and therefore, consideration
should be given to the most appropriate type of ADT for a
given patient [4].

Approximately a decade ago, initial reports of a link
between ADT and risk of CV events, including myocardial
infarction (MI) and CV mortality, were published [5,6].
Although conflicting evidence exists on a definite and quan-
tifiable link between ADT and CV effects, a joint scientific
statement from the American Heart Association, American
Cancer Society, and American Urological Association was
published in 2010 suggesting a possible association between
ADT and risk of CV events [7]. The statement had the goal
of increasing awareness of the possible connection between
ADT and CV risk, emphasizing the importance of a CV
risk assessment at baseline before starting ADT, and ensur-
ing appropriate follow-up of patients with preexisting CV
risk factors [7]. Shortly after this publication, the Food and
Drug Administration and Health Canada revised the GnRH
agonist label warning of the possible risks of CV disease
and diabetes [8]. The European Medicines Agency required
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Fig. 1. Mechanism of action of GnRH agonist and antagonist.

a similar warning for both GnRH agonists and antagonists.
Since then, there has been a growing body of literature
evaluating the effect of ADT on CV risk, exploring poten-
tial mechanisms underlying the risk, and understanding clin-
ical implications of 1 type of ADT treatment vs. another;
yet optimal management of these patients and clear under-
standing of the benefit-risk ratio remains uncertain.

GnRH agonists and antagonists reduce testosterone lev-
els through 2 different pathways, and their distinctive
mechanisms of action could potentially explain the differ-
ing impacts on CV risk. GnRH agonists (such as leuprolide,
goserelin, and triptorelin) bind to GnRH receptors on the
pituitary gland, causing an initial release of luteinizing
hormone (LH) and follicle stimulating hormone (initial
“flare” response), but with continuous administration, they
desensitize the gland, determining a down regulation of LH
secretion and subsequent fall in androgens levels (mainly
testosterone). On the other hand, GnRH antagonists (such
as degarelix) bind in a competitive way to GnRH receptors
in the pituitary gland, blocking the release of follicle stimu-
lating hormone and LH and leading to a rapid suppression
of testosterone release from the testes (Fig. 1).

Potential mechanisms of CV disease

Some hypotheses have been generated on the possible
mechanism by which ADT increases risk of CV events, but
a clear understanding of this relationship is still lacking.
Loss of the cardio-protective effect of testosterone has been
cited as a possible reason, and metabolic abnormalities
such as increasing body weight, reduced insulin sensitivity,
and dyslipidemia have been described in the first few
months after start of ADT.

Two prospective studies have demonstrated changes in
lean body mass and composition, with a decline in lean
body mass by 2.5% to 3.8% and an increase in fat mass by
9.4% to 11%, over the course of the first year of ADT treat-
ment [9,10]. The effect of ADT on fat mass was also noted
to be primarily an increase in subcutaneous rather than vis-
ceral fat [11]. During the first 3 months of ADT, significant
changes in patients’ lipid profiles have also been described
in a few studies [12,13]. Smith et al. have shown that after
48 weeks of treatments, total cholesterol, HDL cholesterol,
and LDL cholesterol increased by 9.0% (P < 0.001), 11.3%
(P =0.001), and 7.3% (P = 0.05), respectively, in 40 men
with locally advanced PCa [14]. A single prospective study
has reported a decrease in the insulin sensitivity index of
12.9% and a rise in fasting plasma insulin levels of 25.9%
in a group of patients receiving ADT for 12 weeks [14].
Another cross-sectional study exploring the effect of longer
ADT treatment (>12 weeks) on glucose and insulin resis-
tance showed that glucose levels were 131 mg/dl in the
ADT group compared with 103 mg/dl in the non-ADT
group and 99 mg/dl in the age-matched control group; simi-
larly, insulin levels were higher in the ADT group
(45.0 uU/ml vs. 24.0 uU/ml vs. 19.0 uU/ml, respectively).
While these changes seem to mimic the typical metabolic
syndrome, it is worth noticing that no alterations in blood
pressure have been observed in these studies, no change in
inflammatory markers such as C-reactive protein has been
described, and an increase in subcutaneous fat rather than
visceral fat has been noted. More recently, an interesting
pathway has been explored. T cells express GnRH recep-
tors, and they are present in atherosclerotic plaque; activa-
tion of these receptors by GnRH agonists can stimulate
T cell expansion and differentiation in the Th1 phenotype,
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potentially promoting fibrotic cap disruption and plaque
destabilization [15].

Clinical data

In the past decade, data from retrospective and prospec-
tive clinical studies have yielded conflicting results on the
effect of ADT on clinical CV events. Two observational
studies using data from the Surveillance Epidemiology and
End Results-Medicare Program were among the first to
report an increased incidence in CV events in patients
treated with ADT [5,16]. Keating et al. reported data from a
population-based cohort of >70,000 men diagnosed with
locoregional PCa, a third of whom received a GnRH ago-
nist. During the follow-up period (>2 years), compared
with patients not receiving treatment, those receiving
GnRH agonists were at increased risk of incident diabetes
(adjusted hazard ratio [aHR] 1.44, 95% confidence interval
[CI] 1.34—1.55), incident coronary heart disease (aHR
1.16, 95% CI 1.10—1.21), MI (aHR 1.11, 95% CI 1.01
—1.21), and sudden death (aHR 1.16, 95% CI 1.05—1.27).
Orchiectomy was associated with increased risk of incident
diabetes but none of the CV events. Similarly, the second
study showed that patients newly diagnosed with PCa
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receiving a LH-releasing hormone agonist experienced a
20% higher risk of CV morbidity (HR 1.2, 95% CI 1.15
—1.26) over a 5-year follow-up period [16]. O’Farrell et al.
in another large observational study found a consistent
increase in risk of CV disease in men with PCa treated with
a GnRH agonist when compared with a matched PCa-free
group [17]. They showed that the risk peaked sharply dur-
ing the first 6 months of treatment, yet it lasted over the first
year of treatment. A meta-analysis of 3 randomized clinical
trials (RCTs) in men randomized to receive radiation
therapy vs. ADT (different durations) showed that men
>65 years old who received 6 months of ADT experienced
shorter times to fatal MIs compared with those who did not
receive ADT. No difference in time to MI was observed
when a shorter duration of ADT (3 months) was compared
with longer treatment. The increased risk was not observed
among those aged <65 years [18]. Two recent meta-analy-
ses including observational studies consistently showed an
increased risk of CV events in patients treated with ADT
compared with patients receiving a non-ADT treatment.
The meta-analysis of 6 observational studies (n =295,407)
led by Zhao et al. [19] found ADT was linked to increased
risk of CV disease (HR 1.10, 95% CI 1.00—1.21) and CV
mortality (HR 1.17, 95% CI 1.04—1.32) (Fig. 2). Subgroup
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Fig. 2. Androgen deprivation therapy (ADT) is associated with cardiovascular (CV) morbidity and mortality.
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Fig. 3. Relative risk of cardiovascular (CV) death associated with androgen deprivation therapy (ADT) in men with prostate cancer (PCa) (adapted from

Nguyen [22]).

analysis by type of ADT showed that increased risk of CV
disease was associated with GnRH agonists alone (HR
1.19, 95% CI 1.04—1.36) and GnRH agonists plus anti-
androgen (AA) (HR1.46, 95% CI 1.03—2.08) but not with
AA alone or orchietomy (HR 0.94, 95% CI 0.85—1.03; and
HR 1.15, 95% CI 0.92—1.43, respectively). A similar
association was found in the subgroup analysis by ADT
type and CV mortality (GnRH alone: HR 1.36, 95% CI
1.10—1.68; GnRH plus AA: HR 1.44, 95% CI 1.33—1.57;
AA alone: HR 0.95, 95% CI 0.70—1.27). Similarly, Bosco
et al. showed an increased risk of non-fatal CV events (MI
and stroke) among patients treated with ADT, specifically
GnRH agonists, compared with those not receiving ADT
(relative risk [RR] 1.38, 95% CI 1.29—1.48) [20]. When
they looked at the associations between GnRH agonists and
nonfatal and fatal MI and stroke, they appeared to be even
stronger (RR 1.57, 95% CI, 1.26—1.94; and RR 1.51, 95%
CI, 1.24—1.84, respectively) [20].

Conversely, during the same time frame, secondary
analyses from RCTs reported no association between
ADT and CV risk. An RCT comparing radiotherapy plus
ADT for 6 months vs. radiotherapy plus ADT for 3 years
in patients with locally advanced PCa showed no differ-
ence in the rate of fatal cardiac events at 5 years [21].
Another RCT randomizing 206 men with localized but
high-risk PCa to radiation therapy alone vs. radiation
therapy plus ADT showed no difference in cardiac deaths
between the 2 groups. Yet, a higher number of cardiac

deaths were observed in men with moderate to severe
comorbidities [18].

A meta-analysis of 8 RCTs comparing immediate ADT
treatment (all modalities and different durations) with non-
immediate ADT in 4,141 men with high-risk, non-meta-
static PCa did not find an association between ADT and
increased risk of CV death, both when long-term (at least 3
years) or short-term (6 months or less) ADT treatment dura-
tion was taken into account (RR 0.91, 95% CI 0.75—1.10;
and RR 1.00, 95% C10.73—1.37; P =0.99) [22] (Fig. 3).

Many factors have been called into play to try to explain
these differences in study results, such as study-specific
characteristics, treatment-specific factors, or patient factors.
For example, heterogeneity in study population, in study
design (including different follow-up periods/methods), and
intrinsic selection bias in men receiving a type of ADT
observed in observational studies make generalizability of
results difficult. Treatment-specific factors such as lack of
data on type of ADT, extensive variability in duration of
ADT, and comparison to age-matched groups rather than to
patients with PCa not treated with ADT, also make compari-
son difficult. Furthermore, since the GnRH antagonist degar-
elix was approved only in 2008, it is important to keep in
mind that the majority of patients enrolled in the above stud-
ies were most likely treated with agonists and not antago-
nists. Finally, all these studies included mixed cohorts of
both patients with and without existing CV disease, and CV
events were not systematically collected or adjudicated.
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Table 1

Androgen deprivation therapy and incidence of cardiovascular disease.

Treatment
No ADT

Adjusted HR (95% CI)

Incident CHD
Ref

Myocardial infarction

Ref

Sudden cardiac death

Ref

Stroke
Ref

GnRH agonist

Orchiectomy

Combined androgen blockade
Antiandrogen

1.19 (1.10—1.28)
1.40 (1.04—1.87)
1.27 (1.05—1.53)
1.10 (0.80—1.53)

1.28 (1.08—1.52)
2.11 (1.27-3.50)
1.03 (0.62—1.71)
1.05 (0.47—2.35)

1.35 (1.18—1.54)
1.29 (0.76—2.18)
1.22 (0.85—1.73)
1.06 (0.57—1.99)

1.21 (1.05—1.40)
1.49 (0.92—2.43)
0.93 (0.61—1.42)
0.86 (0.43—1.73)

ADT = androgen deprivation therapy; CHD = coronary heart disease; CI = confidence interval; HR = hazard ratio. (Keating, O’Malley, et al. 2010).

Due to increased awareness of these differences, some
studies have subsequently looked specifically at the effect
of ADT on CV risk in patients with preexisting CV comor-
bidities and have accounted for type and length of ADT
received.

Does preexisting CV history or mode of ADT matter?

A retrospective analysis of 5,077 men with localized or
locally advanced PCa treated with or without ADT for
4 months followed by radiotherapy showed that ADT treat-
ment was not associated with an increased risk of all-cause
mortality among those without cardiac risk factors/known
CV disease (9.6% vs. 6.7%, aHR 0.97, 95% CI 0.72—1.32)
or with a single CV risk factor (10.7% vs. 7.0%, aHR 1.04,
95% CI 0.75—1.43). All-cause mortality was higher only
among those with CAD (26.3% vs. 11.2%, aHR 1.96, 95%
CI 1.04-3.71) [23]. Another study led by Ziehr et al. found
that among 5,077 men with non-metastatic PCa treated
with brachytherapy with and without ADT, a link between
ADT and CV death existed only among those with a history
of congestive heart failure and MI (aHR 3.28, 95% CI
1.01—-10.64) [24]. Keating et al. specifically investigated
each ADT modality and found that each one is associated
with a different risk profile [25] (Table 1). A few years
later, an analysis from the Surveillance Epidemiology and
End Results-Medicare database in 104,474 patients with
non-metastatic PCa found that treatment with GnRH ago-
nists and not orchiectomy was associated with increased
10-year rates of coronary artery disease, acute MI, and sud-
den cardiac death [26]. Pooled data from 6 phase-3 RCTs
that randomized 2,328 patients to a GnRH agonist vs.
antagonist found that among patients with preexisting CV
disease receiving GnRH antagonists, their risk of subse-
quent CV events within 1 year of initiation of therapy was
lower compared with those receiving a GnRH agonist (HR
0.44,95% CI1 0.26—0.74) [15] (Fig. 4). Bosco et al., in their
meta-analysis of observational data on ADT and risk of CV
disease in men with PCa, performed a secondary analysis
to explore the risk profile by type of ADT, showing that the
risk was consistently higher among those receiving ADT
treatment compared with those not treated, but it differed
based on type of treatment (GnRH agonist: RR 1.38, 95%

CI 1.29—1.48; orchiectomy: RR 1.448, 95% CI 1.28—1.62;
and antiandrogens: RR 1.21, 95% CI 1.07—1.37) [20]. Sim-
ilar findings were observed in a pooled analysis of 1,704
men from 9 clinical trials [13].

Although there is increased awareness of the changes in
patients’ metabolic profiles, potential risk of CV events in
men with PCa receiving ADT, and the fact that at treatment
initiation a high percentage of men already present CV risk
factors, there are no written guidelines that confirm whether
screening or intervention practices for CV disease preven-
tion should mimic those used for the general population.
Some centers have proposed and are implementing a screen-
ing and treatment algorithm (e.g., ABCDE) to control base-
line CV risk factors and prevent subsequent CV events
(Fig. 5). Increased patient awareness, counseling on the
potential CV effects of ADT treatment, and education on
how to address modifiable CV risk factors should be a criti-
cal part of the management of these patients.

Three studies are currently underway and will address
some of the key questions on the relationship between ADT
and risk of CV events. RADICAL-PC combines 2 prospec-
tive studies, 1 of which is inserted in the other. The role of
ADT in CV disease—a longitudinal PCa study (RADICAL
PC1) is a prospective cohort study of men (n=1,884)
enrolled within the first year of their initial diagnosis of
PCa, or who are within 1 month of initiation of ADT. The
main objective of the study is to identify factors associated
with the development of CV disease among men with PCa,
with a focus on ADT. The second study, the randomized
intervention for CV andlLifestyle risk factors in PCa
patients (RADICAL PC2) is an RCT embedded in RADI-
CAL PC1 aiming to enroll >4,000 patients. RADICAL
PC2 will test a systematic approach to modifying CV and
lifestyle risk factors. The intervention group will receive:
1) standardized advice on healthy diet and exercise; 2) a
low-dose antiplatelet agent; 3) a low- to moderate-dose
statin; and 4) angiotensin-converting enzyme inhibition for
baseline systolic blood pressure >130 mmHg. The compos-
ite primary efficacy endpoint includes CV death, MI,
stroke, heart failure, and arterial revascularization (Clinical-
Trials.gov #NCT03127631).

The PRONOUNCE study (A trial comparing CV safety
of degarelix vs. leuprolide in patients with advanced PCa
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Fig. 4. Kaplan-Meier plot of time to first cardiovascular event or death among men with preexisting cardiovascular disease.
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Fig. 5. ABCDE algorithm for prostate cancer survivors.
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and CV disease) is a multi-center, randomized, assessor-
blind, controlled trial comparing the occurrence of major
adverse CV events in patients with PCa and CV disease
receiving a GnRH antagonist or a GnRH agonist, and it is
currently enrolling across >30 sites in the United States and
Canada. The primary objective is to demonstrate whether
treatment with a GnRH antagonist (degarelix) is associated
with a lower risk of major adverse CV events (a composite
of death due to any cause, non-fatal MI, non-fatal stroke, or
non-fatal unstable angina requiring hospitalization) as com-
pared with a GnRH agonist (leuprolide) in patients with
PCa and concomitant CV disease (ClinicalTrials.gov
#NCT02663908).

Advances in early detection and successful treatments
have improved cancer-specific survival. With prolonged
survival, PCa patients now suffer from the effects of aging
and are at increasing risk for the development of CV risk
factors and CV disease. Over the long-term, CV mortality
has become more common than cancer mortality for many
cancer survivors. ADT appears to be associated with a
higherrisk of CV events, a risk that peaks as early as the first
6 months of treatment. The underlying mechanism seems to
be multifactorial, encompassing both metabolic and immu-
nomodulatory changes, and the risk of subsequent events
varies based on existence of concomitant CV comorbidities
and type of ADT received. Therefore, due to the frequent
coexistence of these 2 diseases, effective communication
and collaboration between various providers (oncologists,
urologists, and cardiologists) as essential members of a
care team is crucial to meet the challenge of balancing can-
cer and CV outcomes towards optimizing survival. Ongo-
ing prospective clinical trials will help define whether there
is any difference between GnRH agonists and antagonists
in terms of CV morbidity and mortality.
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