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Abstract

Purpose of Review Androgen deprivation therapy (ADT) is the standard of care for the treatment of advanced prostate cancer
(PC). ADT, particularly with GnRH agonists, leads to increased risk of cardiovascular disease, including myocardial infarction,
hypertension, and stroke. This review discusses the options of ADT, the mechanism of ADT-associated cardiovascular side
effects, and potential benefit by using GnRH antagonists.

Recent Findings GnRH antagonists have relatively less cardiovascular adverse effects compared to GnRH agonists. We highlight
on a recently published phase III clinical trial on the oral GnRH antagonist, relugolix, and its comparative benefit to traditional
GnRH agonist regarding development of cardiovascular disease.

Summary Recent data reinforces that GnRH antagonists have a more favorable cardiovascular outcomes compared to GnRH
agonists yet maintain a similar efficacy profile. From the data we reviewed, GnRH antagonists may be the preferred method of
ADT for PC, but further data with primary cardiovascular outcomes are warranted.

Keywords Prostate cancer - Androgen deprivation therapy - GnRH antagonist - Coronary artery disease - Cardiovasculartoxicity -

Cardio-oncology

Introduction

Prostate cancer (PC) is the most common cancer among men
in the USA, accounting for more than one in five new cancer
diagnoses among men in 2020 [1]. Androgen deprivation ther-
apy (ADT) is the standard of care for patients with intermedi-
ate to high-risk localized prostate cancer and for patients with
distant metastatic disease [2, 3]. However, ADT has been
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associated with side effects and risks, including an increase
in major adverse cardiovascular events (MACE) [4].
Coronary artery disease (CAD) causes almost as many deaths
in men with PC as the cancer itself does, and approximately
two out of three men with PC are independently at high risk
for coronary artery disease [5, 6¢]. Since CAD is the leading
cause of death worldwide, and the risk of CAD is increased in
men with PC, the relationship between PC treatment and
MACE is of high importance [7]. This review analyzes the
cardiovascular toxicity in GnRH agonists and GnRH antago-
nists. We offer recommendations for clinicians treating men
with PC and with risk factors, history, or active cardiovascular
disease.

Androgen Deprivation Therapy

The benefits of ADT in men with PC were first discovered in
1941 by surgical castration of patients who had PC with skel-
etal metastases [8]. Despite its cost-effectiveness and immedi-
ate reduction in testosterone to castrate level, surgical castra-
tion has a tremendous psychological impact on patients. Thus,
medical castration is the most widely accepted treatment mo-
dality in the USA and Europe. Medical ADT can be achieved
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through gonadotropin-releasing hormone (GnRH) agonism,
GnRH antagonism, anti-androgens, and inhibitors of steroid
synthesis. The surgical and medical approaches to ADT as
well as their advantages and disadvantages are listed in
Table 1.

GnRH agonists stimulate the GnRH receptor, leading to the
release of follicle-stimulating hormone (FSH) and luteinizing
hormone (LH). Synthetic GnRH agonists do not readily dis-
sociate from their receptors, so are thought to lead to the
downregulation of GnRH receptor and its signaling and an-
drogen synthesis. GnRH agonists can lead to transient in-
crease in release of testosterone from Leydig cells, referred
to as a “flare” period [9]. This flare of testosterone may cause
transient worsening of symptoms in advanced PC patients
[10]. Anti-androgens such as bicalutamide can be used in the
beginning of treatment with GnRH agonists to counter the
flare in testosterone [11]. However, testosterone surges
throughout treatment have been observed after each dose of
use, in what is referred to as “microsurges” [12]. It was also
observed that GnRH agonists can lead to prolonged secretion
of FSH, a potential mechanism for increased CVS toxicity
[12].

On the other hand, GnRH antagonists do not cause flares or
testosterone surges/microsurges [10]. GnRH antagonists bind
to GnRH receptors and cause an immediate competitive
blockade, inhibiting the release of FSH or LH and thus
preventing the initial rise in testosterone seen with GnRH
agonists. GnRH antagonist degarelix has also been shown to
suppress testosterone faster and produce a more sustained
FSH suppression than leuprolide [13]. Thus, GnRH antago-
nists seem more ideal mechanistically than GnRH agonists for
the treatment of prostate cancer. Degarelix was the only FDA-
approved injectable GnRH antagonists with a main drawback
of requiring monthly injection and is associated with higher
frequency of injection-site reactions [13]. Relugolix, a novel
GnRH antagonist, is an oral medication that also leads to rapid
and sustained testosterone level reduction and recently gained
FDA approval in December 2020 [14].

Androgen Deprivation Therapy Increases
Cardiovascular Risks

The initial data relating ADT with an increased risk of CAD
were equivocal; however, this relationship has now been ac-
cepted. A pooled analysis of six trials in which patients were
randomized to a GnRH agonist or a GnRH antagonist showed
that men with pre-existing CAD had a significantly lower risk
of cardiac events on GnRH antagonists (6.5%) compared to
GnRH agonists (14.7%) in 1 year of follow-up (p = 0.002)
[15]. Of note, however, among men without a history of CAD,
no difference in MACE events was observed [15]. The abso-
lute risk reduction for receiving a GnRH antagonist was 8.2%
in the first year, with a number needed to treat of 12 [15].

In another study comparing GnRH agonists to antagonists
in PC patients with pre-existing CAD, 20% of patients who
received GnRH agonists had a MACE, defined by death, MI,
CVA, or percutaneous revascularization, compared to 3% of
patients who received an antagonist in a follow-up period of 1
year [16¢¢]. Patients in the two arms had similar baseline char-
acteristics, and all of the men had baseline documented history
of cardiovascular disease [16¢°]. All cardiovascular events de-
fined by death, MI, CVA, a transient ischemic attack, percu-
taneous coronary intervention, and cardiac-related hospitali-
zation occurred in 33% of the GnRH agonist group compared
to 5% in the GnRH antagonist group (p=0.001) [16]. In an
analysis of cardiac biomarkers, N-terminal pro-brain natriuret-
ic peptide (NT-proBNP) levels differed in the study period
among patients with and without a MACE [16¢¢]. NT-
proBNP levels were stable over time in patients without car-
diac events but increased over time among patients with car-
diac events in the study period [16+¢]. Interestingly, the NT-
proBNP levels peaked at the time when most cardiac events
occurred in the study, between 6 and 12 months, and then
declined [16¢¢]. Further studies following NT-proBNP in pa-
tients on ADT are warranted to refine this hypothesis. Of note,
changes in d-dimer, high sensitivity troponin, and C-reactive
protein (CRP) were not associated with cardiac events [16e¢].

Table 1.  Different approaches to androgen deprivation therapy
Method/drug class Examples Advantages Disadvantages
Medical castration GnRH agonists Leuprolide Reversible, less frequent Initial testosterone surge/flare,
Goserelin administrations (up to q12 months castration not achieved for weeks
depending on formulation)
GnRH antagonist Degarelix Reversible, no testosterone surge, Higher frequency of injection-site
Relugolix* rapid decrease in testosterone reactions, more frequent

Surgical castration Bilateral orchiectomy

level, fewer cardiovascular side
effects

Low cost, no adherence issue,
immediate decrease in
testosterone level

administrations (monthly)

Not reversible, psychological impact

*Recently approved by FDA
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This study was limited by its relatively small sample size (80
patients) [16°°]. Additionally, twice as many patients with
diabetes were in the agonist arm, compared to the antagonist
arm, and may have contributed to the increased number of
cardiac events [16¢°]. Larger phase III studies are warranted
to confirm these hypotheses.

The injectable GnRH antagonist degarelix was approved in
2008. Its limitations include administering monthly subcuta-
neous injections and frequent injection site reactions, although
they are typically mild to moderate [13]. Of note, cardiovas-
cular adverse effects were observed in 13% of patients on
leuprolide compared to 9% of patients on degarelix regardless
of pre-existing CAD risk [13]. Ischemic heart disease was the
most frequent cardiac event observed in the trial between
leuprolide and degarelix and occurred in 10% of the leuprolide
patients versus 4% of the degarelix patients [13]. Degarelix
has been shown to have less cardiovascular toxicity than
GnRH agonists, and it should be considered a treatment op-
tion for PC patients, especially those who have a history of
CAD.

Mechanism of Androgen Deprivation
Therapy-Associated Cardiovascular Side
Effects

There are ongoing studies to identify the mechanisms for the
increased cardiovascular risk associated with ADT, which is
most likely multifactorial. Treatment with ADT has been
shown to lead to the development of metabolic syndrome
through many factors including body composition, lipid pro-
files, and insulin resistance (Figure la) [4, 17]. Physiologic
effects of ADT include weight gain, loss of muscle mass, and
increased fat mass due to the suppression of androgen synthe-
sis and signaling [17]. In addition, ADT has been shown to
increase total cholesterol and triglycerides and decrease HDL
levels [18]. Impaired insulin sensitivity can occur as early as 3
months after starting ADT and can progressively worsen
throughout course of treatment, eventually causing some pa-
tients to develop type 2 diabetes [17]. Further metabolic ef-
fects of ADT on glucose metabolism include altered circulat-
ing levels of the adipocytokines, leptin, and adiponectin [4,
17, 18]. Specifically, ADT therapy may increase leptin, which
is thought to lead to insulin resistance and increased cardiac
risk and decrease adiponectin, which is cardioprotective [18].

The mechanism of ADT therapy inducing type 2 diabetes
has been shown in murine hepatocytes—knockout (KO) of
the androgen receptors (AR) in hepatocytes increased activa-
tion of gluconeogenic pathways and decreased activation of
glycolytic pathways [19]. Hepatic insulin resistance itself has
been shown to lead to dyslipidemia, but androgen deprivation
has further direct effects on lipid metabolism as well [19].
Androgen deprivation has been shown to increase levels of

circulating lipids, alter lipid metabolism in white adipose tis-
sue, and cause excessive deposition of lipids in non-adipose
tissues, including the liver and muscle [19]. AR-KO demon-
strated a clear upregulation in production of multiple sub-
strates involved in de novo fatty acid synthesis as well as a
reduction in fatty acid oxidation [19].

Another possible mechanism by which ADT may increase
cardiac disease risk is through decreased testosterone.
Testosterone (TT) has been shown to be atheroprotective by
decreasing monocyte adhesion to and transmigration across
the vascular endothelium [20]. Low TT levels have been as-
sociated with a slight increased risk of MACE [21, 22]. A
prior study on men with low TT showed that normalization
of TT with TT replacement was associated with a reduction in
all-cause mortality, myocardial infarction (MI) [23].
However, this study was retrospective and observational
[23]. Conversely, other studies have found that TT replace-
ment has led to an increased risk of cardiac events [24, 25].
Therefore, additional research efforts are needed to elucidate
this hypothesis.

Another likely mechanism by which ADT increases CAD
risk is through its interaction with the vascular endothelium.
Follicle-stimulating hormone (FSH) receptors are expressed
on vascular endothelial cells [26]. Since GnRH agonists pri-
marily suppress LH, the increase in FSH observed with these
agents may lead to endothelial cell activation. This endothelial
cell activation could then lead to increased atherosclerotic
plaque instability and inflammation (Figure 1b) [5, 26]. In a
study of atherosclerotic plaques in mice, increased atheroscle-
rotic plaque necrosis was observed in leuprolide-treated mice
(11.0%) when compared to degarelix-treated mice (0.2%) and
the control group (0.6%) [5].

Moreover, GnRH agonists stimulate Thl cells to secrete
pro-inflammatory cytokines including IFN-gamma, which
then promotes secretion of collagenases that disrupt the integ-
rity of an existing atherosclerotic plaque and make it more
prone to rupture [26]. Thl cells stimulated by FSH can also
release RANKL and promote maturation of osteoclasts, which
then resorb calcified regions in the atherosclerotic plaque and
further compromise the stability of the plaque [26]. This in-
creased inflammation and destabilization of plaque in pre-
existing atherosclerosis could be the mechanism by which
GnRH agonists increase CAD risk in men with prostate cancer
when compared to GnRH antagonists.

Novel Oral GnRH Antagonist and Its Potential
Influence in Cardio-oncology

Despite the well-studied advantages of degarelix as an effec-
tive treatment for prostate cancer, it is still an underused treat-
ment option, likely due to injection-site reactions and the need
for monthly injections. An oral regimen for PC may work to
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Figure 1. a Mechanisms of androgen deprivation therapy leading to cardiovascular disease. b Proposed mechanism for plaque instability in men with

prostate cancer. TT, testosterone; FSH, follicle-stimulating hormone.

circumvent some, if not all, of the shortcomings of degarelix
while maintaining similar efficacy and safety profiles com-
pared to other GnRH antagonists.

Relugolix is an oral GnRH antagonist which was just re-
cently approved by the FDA for use in PC. It is intended as a
once-daily medication. A recent randomized, open-label,
parallel-group phase II clinical trial studied testosterone levels
in intermediate and high-risk PC patients undergoing external
beam radiotherapy (EBRT) plus relugolix compared to
degarelix [27¢]. Results showed that conventional castration
rates in the relugolix and degarelix arms were 95% and 89%,
respectively, with time to castration in as few as 4 days in the
relugolix group [27¢]. This study demonstrated similar median
prostate volume reductions as well as median PSA level re-
ductions, with a > 50% reduction in PSA levels seen in > 97%
of subjects within 12 weeks [27¢]. This study confirmed the

@ Springer

efficacy of oral relugolix in the setting of localized prostate
cancer.

A recent randomized phase III clinical trial, HERO, com-
pared relugolix to leuprolide in patients with advanced PCa
[28e¢]. In this study, a prespecified analysis defined major
adverse cardiovascular events as nonfatal M1, nonfatal stroke,
and death from any cause [28+¢]. However, the findings on
major adverse cardiovascular events were a secondary analy-
sis, and the trial’s primary endpoint was anti-cancer efficacy.
Castrate levels of testosterone suppression were profound and
maintained throughout the trial in the relugolix group, with a
mean testosterone level of 38 ng/dL on day 4, compared to a
testosterone surge in the leuprolide group with a mean testos-
terone level of 625 ng/dL at day 4 and castrate levels not
occurring until day 29 [28<¢]. The incidence of MACEs in
the relugolix arm was 2.9% compared with 6.2% of patients
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who received leuprolide, with a 54% lower risk in the
relugolix group compared to the leuprolide group [28ee].
Among patients who had pre-existing CVD, incidence of ad-
verse cardiac events was 3.6% in the relugolix group and
17.8% in the leuprolide group [28<¢]. This study was limited
by the relatively short duration of follow-up (48 weeks) along
with its unblinded study design [28¢¢]. Another limitation of
this study was that it identified major adverse cardiovascular
events through safety reporting rather than as a pre-specified
outcomes, thereby potentially missing cardiac events that
would affect the results [28¢¢]. The HERO trial could support
the hypothesis that GnRH antagonists may be a better treat-
ment choice in men with prostate cancer and cardiac risk fac-
tors; however, it is hypothesis-generating, and additional stud-
ies are warranted.

In a recent study by Margel et al., the risk of cardiovascular
events and development of cardiovascular disease among pa-
tients receiving GnRH agonists or antagonists were compared
in individuals with elevated baseline cardiac biomarkers, in-
cluding pro-BNP, troponin, D-dimer, and CRP [29]. This
study showed that baseline-elevated pro-BNP and troponin
were positively associated with an increased risk of develop-
ing new CV events in patients taking GnRH agonists, but not
GnRH antagonists [29]. Results showed that 46% of patients
with a baseline pro-BNP > 125 pg/mL suffered a CV event
while on a GnRH agonist, while only 6% of patients with a
baseline pro-BNP > 125 pg/mL suffered a CV event while on
a GnRH antagonist (p = 0.008) [18]. Similarly, 64% of base-
lines with a baseline troponin > 14 suffered a CV event while
on a GnRH agonist, while only 5% of patients suffered a CV
event while on a GnRH antagonist (p = 0.004) [16°¢].

A vital study in the field of cardio-oncology is the
PRONOUNCE trial, which is the first prospective study in
prostate cancer with a primary endpoint of cardiovascular out-
comes as opposed to anticancer efficacy [30]. This blinded
study randomized men with prior CAD to GnRH antagonist
degarelix or GnRH agonist leuprolide for 1 year [30]. Its pri-
mary endpoint is time from randomization to first MACE,
defined as a composite endpoint of all-cause death, nonfatal
MI, or nonfatal stroke [30]. Initial plans were to enroll 900
patients; however, the trial was closed early due to the
COVID-19 pandemic. Data analysis on the 545 patients is
currently ongoing. Exploratory analyses of cardiac bio-
markers such as NT-BNP, hsCRP, and hsTn will be per-
formed [30].

Androgen Receptor Signaling Inhibitors

Another class of anti-androgenic medications used for men
with PCa are the second-generation androgen receptor signal-
ing inhibitors. They are used with ADT. Research has dem-
onstrated that these agents in combination of ADT lead to

improved overall survival compared to ADT alone [31e°].
However, these agents have been shown to have a higher risk
of cardiovascular events [32]. For example, enzalutamide is an
oral androgenic receptor inhibitor used in combination with
ADT to treat nonmetastatic, castration-resistant prostate can-
cer and has been shown to lead to a lower risk of metastases or
death compared with ADT alone [3 1+, 33]. However, patients
who received enzalutamide had an increased incidence of hy-
pertension (18% vs placebo 6%), increased cardiovascular
events (including hemorrhagic central nervous system vascu-
lar conditions, ischemic central nervous system vascular con-
ditions, and cardiac failure, 6% vs placebo 2%), and increased
events of ischemic heart disease (including myocardial infarc-
tion and other ischemic heart disease (6% vs 2%) [31¢¢].

The mechanism for enzalutamide-induced hypertension re-
mains unclear but generally thought to be similar to ADT
since enzalutamide induces a state of deeper androgen depri-
vation. It was observed that there were no significant EKG
changes such as QTc prolongation associated with
enzalutamide. It was not associated with higher rates of hy-
perglycemia, hyperlipidemia, or weight gain [34, 35]. Thus, it
is possible that the development hypertension seen with
enzalutamide is through another mechanism besides metabol-
ic syndrome [35].

Another novel agent, abiraterone, has a distinct mechanism
for cardiovascular toxicity. Abiraterone inhibits CYP17, an
enzyme involved in cortisol synthesis, resulting in low corti-
sol, which stimulates hypothalamic-pituitary-adrenal (HPA)
axis [36]. Stimulation of HPA axis leads to increase in aldo-
sterone, causing fluid retention, hypertension, and hypokale-
mia [36]. Abiraterone has been linked to a significantly in-
creased risk of multiple cardiac events including ischemic
heart disease, myocardial infarction, supraventricular tachyar-
rhythmias, ventricular tachyarrhythmias, cardiac failure, and
hypertension [34]. Another study showed that abiraterone was
linked to elevated cardiac biomarkers including troponin and
BNP [37]. Patients with a prior history of hypertension were
more likely to develop cardiac complications from abiraterone
[37].

Since these agents are now being used earlier in the
disease course, and patients are living longer with PC, car-
diovascular side effects should be of high concern to the
clinician. For example, the most frequent adverse event
leading to death in the PROSPER trial was cardiovascular
events, which occurred in 2% (14 events out of 930 pa-
tients) of the enzalutamide group compared to <1% (2
events out of 465 patients) in the placebo group [31e].
Of note, 10 out of 14 of the patients in the enzalutamide
group who had cardiovascular events leading to death had
a history significant for cardiovascular disease [31ee].
These data suggest that patients who have a significant
cardiovascular history and planning to take enzalutamide
may benefit from more aggressive cardiovascular disease
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treatment and more vigilant follow-up for monitoring of
cardiovascular events.

Conclusions

ADT is part of the standard of care of PC. Evolving data
suggests that GnRH antagonists have more favorable cardio-
vascular outcomes compared to GnRH agonists while main-
taining a similar efficacy profile. Men with PC are at higher
risk of CAD, and the most likely non-oncologic cause of death
in men with PC is CAD. From the data we reviewed, it is
suggested that GnRH antagonists might be the preferred meth-
od of ADT in men with PC. The oral GnRH antagonist,
relugolix, could be superior for the treatment of men with
PC and risk factors, history, or active cardiovascular disease,
pending further clinical trials. Results of the PRONOUNCE
trial, with a primary endpoint of cardiovascular outcomes,
could support this hypothesis. While the second-generation
androgen receptor signaling inhibitors in combination with
ADT have shown to have a survival benefit in late stage of
PC, we emphasize more aggressive cardiovascular disease
treatment and close follow-up for monitoring of cardiovascu-
lar events in these patients. We emphasize that since men are
living longer with PC, and these agents are being used earlier
in the disease course, minimizing cardiovascular toxicities is
critical to optimize outcomes.
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