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Abstract
Purpose of the Review This review paper is a comprehensive look at the cardiovascular disease (CVD) risk that is associatedwith
the use of androgen deprivation therapy in prostate cancer. It summarizes when certain cancer therapies are indicated and should
guide physicians in identifying patients at increased risk for CVD during prostate cancer therapy.
Recent Findings GnRH agonist use and maximal androgen blockade (MAB) are associated with increased CVD. This associ-
ation is not observed in patients on GnRH antagonists. One example is the novel agent abiraterone, which is associated with
hypertension whose mechanisms are likely driven by mineralocorticoid excess.
Summary Incidence of cardiovascular disease events is greatest when using MAB, especially in patients with pre-existing CVD.
There is significant confounding that exists given patients with more aggressive cancers tend to be older and have more co-
existing CVD. Given the lower CVD event rates with GnRH antagonists, future studies and strategies should focus on high-risk
cancer patients with co-existing CVD receiving antagonists over agonists.
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Introduction

Prostate cancer is the most common cancer diagnosed in men
with early detection being largely attributed to the widespread
use of prostate-screening antigen testing [1]. Men diagnosed
with local or regional disease have 5-year survival rates ap-
proaching 100% with appropriate therapies [2]. The favorable
prognosis shifts attention to the potential side effects or down-
stream consequences of the medications used to treat prostate
cancer since they may impact overall health status and quality

of life more than the prostate cancer itself. Given that andro-
gen deprivation therapy (ADT) is the mainstay of therapy for
locally advanced and metastatic prostate cancer, this review
explores the association between ADT use and cardiovascular
disease (CVD) (Table 1).

The Role of Androgen Deprivation Drugs
in Prostate Cancer

The androgenic pathway is important in stimulating growth of
both normal prostatic epithelial cells and prostate carcinoma
[3]. The majority of androgens are created in the testes, with a
smaller amount emanating from the adrenal glands. By low-
ering circulating androgen levels, or by preventing their entry
within prostate cancer cells, prostate cancer growth is
inhibited. Androgen deprivation therapy (ADT), androgen
suppression therapy, and hormonal therapy are phrases inter-
changeably used to reference therapy aimed at lowering an-
drogen levels (Fig. 1).

ADT is utilized in both the curative and palliative setting.
To help determine a therapeutic approach, and whether sys-
temic therapy such as ADT should be considered, we risk
stratify our patients using levels of prostate-specific antigen
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(PSA) at diagnosis, Gleason score, and tumor stage. Utilizing
these clinical findings, patients are classified as having low,
intermediate, or high-risk disease. In the low-risk population,
treatment options most commonly include definitive radiation
vs radical prostatectomy vs active surveillance. Commonly,
those with intermediate to high-risk disease are at least con-
sidered for ADT in the neo-adjuvant setting, concurrently with
definitive radiation or sometimes in the adjuvant space when
combined with salvage radiation.

ADT can be achieved using either surgical orchiectomy,
resulting in immediate castration, or medical orchiectomy,
which is the more common approach, largely driven by patient
preference. Gonadotropin-releasing hormone (GnRH) ago-
nists and antagonists act centrally to downregulate testoster-
one production [4]. Commonly utilized GnRH agonists in-
clude leuprolide, goserelin, and triptorelin. The initiation of
GnRH agonists causes a brief and immediate testosterone lev-
el surge that can stimulate growth of cancerous cells causing a
painful flare syndrome in patients with metastatic disease.
Symptoms can range from bone pain, compression of a nerve
root, spinal cord compression, or blockage of one or both
ureters. Given this possibility, patients with symptomatic,
bony, or high-volume disease are provided an anti-androgen
(AA) such as bicalutamide before initiation of a GnRH ago-
nist. Degarelix is a GnRH antagonist, which can lower circu-
lating testosterone more quickly than GnRH agonists without
an associated testosterone flare. The choice of GnRH agonist
vs antagonist is largely left to the discretion of the provider
and their comfort in managing these medications, as they are

equally effective in treating those with advanced prostate can-
cer [5]. Neither agent is felt to offer a greater impact than the
other on disease-specific outcomes. The major benefit of the
GnRH antagonist is one that does not require a bicalutamide
run-in to mitigate the risk of a painful flare syndrome.

AA monotherapy has been compared with medical or sur-
gical castration in multiple studies, with a subsequent meta-
analysis suggesting a trend toward a shorter overall survival of
AA treatment compared with ADT, though it did not reach
statistical significance [6]. Therefore, AA monotherapy with
first-generation agents such as bicalutamide is rarely used
alone as first-line therapy for patients with advanced disease.
When used in treatment of prostate cancer, it is generally
added to a GnRH analog for combined or maximal androgen
blockade (MAB). More commonly, second-generation AA,
like enzalutamide, is used as monotherapy following bio-
chemical progression on ADT, also known as castrate-
resistant prostate cancer (CRPC).

Hoping to improve upon outcomes in the first-line setting
for high-risk, hormone-sensitive prostate cancer (HSPC) than
what was currently realized with ADT or MAB, studies have
investigated combining novel agents to ADT. Abiraterone is
an irreversible inhibitor of CYP-17 that subsequently blocks
endogenous androgen synthesis in the adrenal glands. When
added to ADT, abiraterone improves progression free, but
most importantly, overall survival compared with ADT alone
[7, 8]

Of note, enzalutamide and abiraterone have not been com-
pared head to head, so there is no concrete rationale on how to

Table 1 Pharmacotherapies for prostate cancer and cardiovascular disease side effects

Drug class Drug Mechanism of action Impact on CVD

GnRH agonist Lupron Goserelin Hypogonadism-induced worsening of CVD RFs
FSH-mediated plaque destabilization [23]

Testosterone suppression may induce
hypercoagulable state

Increased risk of DM, IHD, MI, SCD [2, 10, 11].
Increased CVD events in patients with

pre-existing CVD [16]
Increased risk of PAD and VTE. [14]

GnRH antagonist Degarelix Hypogonadism-induced worsening of CVD RFs Increased risk of CVD events [16]

Anti-androgen Bicalutamide*
Flutamide*
Nilutamide*
Enzalutamide

(2nd generation,
monotherapy)

Increased CHF in patients without pre-existing
CVD [1]

Increased arrhythmia in patients with pre-existing
CVD. [1]

HTN [27],

CYP17 adrenal
inhibitors

Abiraterone Excess mineralocorticoid precursors [31]
HTN

HTN, hypokalemia, fluid retention, edema. [29,
33, 34]

Atrial fibrillation [7]

Surgical castration
(orchiectomy)

NA Hypogonadism-induced worsening
of CVD RFs

Testosterone suppression may induce
hypercoagulable state

Increased risk of diabetes [2] and CVD [12].
Increased risk of PAD and VTE. [14]

*Used in conjunction with GnRH Agonists

DM diabetes mellitus, IHD ischemic heart disease, SCD sudden cardiac death, CVD cardiovascular disease, RF risk factors, PAD peripheral arterial
disease, VTE venous thromboembolus, CHF congestive heart failure, HTN hypertension
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sequence these agents. Some providers will utilize abiraterone
before enzalutamide if a patient has previously seen
bicalutamide. Other providers prefer enzalutamide upfront to
minimize the medications their patients require, since
abiraterone is always paired with low-dose prednisone.

The Association of Androgen Deprivation
Treatment with Cardiovascular Disease

GnRH Therapy: Agonists

GnRH is a decapeptide that is produced by the hypothalamus
and regulates testosterone levels through its effects on LH
release by the pituitary gland. Continuous stimulation of the
GnRH receptors causes desensitization of the receptors
resulting in testosterone suppression [9]. Synthetic GnRH ag-
onists achieve castration levels of circulating testosterone
without the physical and psychological discomforts associated
with surgical orchiectomy. This also causes a number of
changes to traditional cardiovascular risk factors and subse-
quent cardiovascular events, which have been studied exten-
sively with somewhat mixed results.

Men with loco-regional prostate cancer have a favorable
cancer prognosis; therefore, long- and short-term treatment
consequences from oncologic therapy becomemore important

because it may affect overall health more than the cancer itself
[2]. The first study to highlight the potential adverse CVD
effects followed 73,196 older men with loco-regional prostate
cancer for 10 years using the Surveillance, Epidemiology and
End Results (SEER) Medicare database. CVD outcomes were
compared in patients receiving GnRH agonists or bilateral
orchiectomy. After adjusting for patient and tumor character-
istics, use of GnRH agonists was associated with a significant-
ly increased risk for developing diabetes (hazard ratio [HR]
1.44, 95% confidence interval [CI] 1.34 to 1.55), coronary
heart disease (HR 1.16, 95% CI 1.10 to 1.21), myocardial
infarction (HR 1.11, 95% CI 1.01 to 1.21), or sudden cardiac
death (HR 1.16, 95% CI 1.05 to 1.27). Increased risk was seen
as early as 1–4 months into therapy and remained elevated in
patients with longer courses of therapy, even after ADT com-
pletion [2]. In patients undergoing orchiectomy, there was an
increased risk of diabetes but not CHD,MI, or SCD, although,
only 6.9% of the study population underwent orchiectomy so
it may be underpowered for these endpoints.

This was further evaluated in an observational population-
based study conducted using the Prostate Cancer Database
Sweden 3.0. A total of 6,556 men received GnRH agonists
while 3,330 men underwent orchiectomy. Men treated with
orchiectomy were older, had more metastatic disease, higher
serum PSA levels, greater incidence of pre-existing CVD, and
lower education levels compared with men who received

Fig. 1 Endocrine axis of androgen production and the associated targets
of androgen deprivation therapy (ADT). Androgen synthesis starts in the
hypothalamus and anterior pituitary with the production of gonadotropin-
releasing hormone (GnRH). This is the site of central inhibition with
GnRH agonists and antagonists. Luteinizing hormone (LH) is then
converted to testosterone in the testes. When testosterone activates its

corresponding receptor, it leads to prostate cancer cell proliferation.
Anti-androgens block the activation of this receptor. Testosterone is also
produced in the adrenal glands. Abiraterone works to inhibit the CYP17
enzyme which results in an excess of aldosterone and cortisol by products
which are then theorized to drive the observed side effect profile 31,38
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GnRH agonists [10]. After multivariate adjustments, risk of
CVD was similar in men treated with GnRH agonists com-
pared with orchiectomy (HR 1.02, 95% CI 0.96–1.09); how-
ever, CVD events occurred more often in patients with diabe-
tes (HR 1.50, 95% CI 1.32–1.71) or pre-existing CVD (HR
2.03, 95% CI 1.90–2.17) who were treated with GnRH ago-
nists compared with orchiectomy [10].

When looking at the specific type of ADT, a large meta-
analysis of six observational studies demonstrated that CVD
was associated with GnRH agonists (HR = 1.19, 95%CIs
1.04–1.36; p < 0.001) and GnRH agonist plus oral AA therapy
(HR = 1.46, 95%CIs 1.03–2.08; p = 0.04), but not with AA
alone or orchiectomy [11]. Contrastingly, Bosco et al., in a
similar meta-analysis, showed a 44% increased risk of CVD
in patients who underwent orchiectomy and a 22% increased
risk in patients undergoing AA monotherapy [12].

The relationship between ADT and cardiovascular death is
less clear. Meta-analysis of observational studies suggests
ADT was associated with cardiovascular mortality (HR =
1.17, 95%CIs 1.04–1.32; p = 0.01) especially in GnRH and
GnRH plus AA therapy groups [11]. However, a large post
hoc analysis of 4141 patients from eight randomized con-
trolled trials (RCTs) found no difference (11.0% vs 11.2%;
p = 0.41) [13].

Conflicting findings regarding an association between
CVD and ADT from prior observational studies could be ex-
plained due to differences in study design, patient populations
studied, selection bias in men offered ADT, and limited num-
ber of cardiovascular events in some studies. Given the inci-
dence of prostate cancer and CVD is directly related to age, it
is not surprising to see higher rates of CVD in older men
receiving ADT. While large randomized controlled trials do
not exist to specifically answer this question, this data does
allow the authors of this review to recommend close monitor-
ing of cardiovascular side effects in older patients with pros-
tate cancer as well as patients with pre-existing disease.

GnRH Agonists and Peripheral Vascular Disease

Few studies have examined the effect of ADT on the periph-
eral vasculature. An observational study of 182,757 American
men, age 66 years or older with non-metastatic prostate can-
cer, received either GnRH agonists (47.85%) or orchiectomy
(2.2%). Authors observed an increased risk of incident periph-
eral arterial disease (PAD) (adjusted HR 1.16; 95% CI, 1.12–
1.21) and incident venous thromboembolism (VTE) (adjusted
HR 1.10; 95%CI, 1.04–1.15) in the GnRH agonist group. The
orchiectomy group had increased PAD (adjusted HR 1.13;
95% CI, 1.02–1.26) and VTE (adjusted HR 1.27; 95% CI,
1.11–1.45) as well. PAD occurred as early as 1–4 months after
ADT treatment. Increased VTE was not evident until at least
5 months of therapy [14]. Another Swedish study of 76,600
men had previously found an increased risk of deep vein

thrombosis and pulmonary embolism but not PAD [15]. It is
theorized that increased testosterone levels are associated with
increased levels of antithrombin-3 and suppression of testos-
terone may induce a hypercoagulable state [14].

GnRH Antagonists

GnRH antagonists were introduced as an alternative to GnRH
agonists. Degarelix blocks the GnRH receptor in the anterior
pituitary gland and causes a rapid decline in LH, FSH, and
subsequent testosterone production. Ninety-six percent of pa-
tients achieve castration-level testosterone values ≤ 50 ng/dL
by day 3 without associated flare syndrome [16]. Antagonists
lead to sustained suppression of both LH and FSH levels [17],
whereas agonists suppress LH but there is an eventual rise in
FSH levels [9]. These differences in pharmacologic action
lead to important differences in both short- and long-term
differences in adverse cardiovascular effects.

Safety data from phase III clinical trials on degarelix reveal
increased rates of hypercholesterolemia (2%), hypertension
(6%), and IHD (4%; 18 of 409). One percent or less of the
patients suffered from a stroke, heart failure, and peripheral
vascular disease [16]. The incidence of CVD events was fur-
ther evaluated with data pooled from 1704 subjects in 9 clin-
ical trials. In the general studied population, first-time cardio-
vascular event rates in the year prior to study entry were sim-
ilar compared with after starting degarelix treatment (5.5 vs
6.1 per 100 persons/years; p = 0.45) [16]. Event rates before
and after degarelix treatment were also similar in the subset of
men without pre-existing CVD (5.6 vs 4.3 per 100 persons/
year; p = 0.11), but in those with pre-existing CVD there was
an overall increase in event rates from 5.3 to 10.5 events per
100 persons/year (p = 0.0013). Interestingly, the event rate
increased in the 6-month period prior to initiation of degarelix
with no apparent increase after starting treatment [16].

When comparing GnRH antagonists to agonists, pooled
data was compared from six phase-III prospective RCTs of
2328 men to see if there was a difference in CVD event rates.
In men with preexisting CVD, (30% in each treatment arm)
those treated with GnRH antagonists had half the number of
cardiac events compared with agonists (HR 0.438, 95% CI
0.260–0.736, p = 0.0018) (18••) for an absolute risk reduction
of 8.2% during the first year of treatment with a GnRH antag-
onist and number needed to treat of 12 to prevent one cardiac
event or death (18••). This benefit was not seen in patients
without preexisting CVD. These were, however, post hoc
analyses of studies not powered to specifically detect differ-
ences in CVD events.

Pathophysiology

GnRH agonists and antagonists cause low testosterone levels
that affect metabolic activity, leading to weight gain, visceral
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and subcutaneous adipose tissue changes, increased insulin
resistance, and increased low-density lipoprotein (LDL) and
triglyceride levels [19]. In a small study of locally advanced
non-metastatic prostate cancer, GnRH agonists were associat-
ed with a greater than 9% increase in total cholesterol, 7%
increase in LDL, and a 26% increase in triglycerides [20].
Furthermore, overall weight increased about 2%, a greater
than 9% increase in fat bodymass, and a decrease in lean body
mass by over 2.5% [20].

The severity of metabolic derangement may differ by the
type of ADT used. In LDL receptor knockout mice treated
with orchiectomy, GnRH agonist, or degarelix for 4 months,
mice treated with degarelix gained less weight, had less vis-
ceral fat accumulation, higher HDL, lower LDL, fewer ath-
erosclerotic plaques, and smaller necrotic areas within the
plaques [21]. Compared with the other two groups of mice,
degarelix-treated mice also had the lowest levels of FSH,
which is continuously suppressed by GnRH antagonists, but
rises back toward pre-treatment levels with agonists. FSH re-
ceptors can be found on adipocytes and likely play a role in
lipid metabolism and fat accumulation [22]. FSH also binds to
receptors on circulating monocytes, leading to increased oste-
oclast differentiation. In addition to bone resorption and in-
creased risk of osteoporosis, osteoclasts can resorb calcified
regions within atherosclerotic plaques contributing to plaque
softening and instability [23]. Therefore, FSH activity (as seen
in GnRH agonists but not antagonists) can lead to plaque
destabilization, predisposing plaque to acute rupture resulting
in CVD events such as an acute myocardial infarction, stroke,
or other vascular events. This may explain the increased inci-
dence of CVD events observed with patients receiving GnRH
agonists who have known CVD at baseline. The early increase
in cardiovascular events within the first year is unlikely to be
explained by an increase in risk factors such as fat accumula-
tion and insulin sensitivity, which would be expected to affect
long-term cardiovascular risk.

Besides an FSH-mediated destabilization of atherosclerotic
plaque, GnRH may play a direct role in plaque stability. A
vulnerable plaque has a lipid core covered by a fibrous cap.
Inflammatory cells (macrophages and T lymphocytes) are
present and play a role in the development and progression
of these atherosclerotic plaques [24]. Activated T helper cells
produce inflammatory cytokines, interferon and tumor necro-
sis factor, that will inhibit smooth muscle collagen synthesis
and promote macrophage collagenase activity to break down
the fibrous cap, increasing the risk of rupture. T lymphocytes
have been found to express GnRH receptors. When activated
by GnRH agonists (but not antagonists), T lymphocytes lead
to proliferation and differentiation into pro-atherogenic cells.
In a mouse model with apolipoprotein E-deficient (ApoE−/−)
mice with a high-fat diet, both advanced and stable plaques
were evaluated after treatment with either degarelix or
leuprolide [25]. The authors first confirmed with

immunofluorescence the presence of GnRH receptor express-
ing T lymphocytes in the plaques. After 4 weeks of treatment
with ADT, increased areas of necrosis were found in the
plaques from those treated with leuprolide, but not in
degarelix-treated mice. Plaque necrosis increases the risk of
plaque rupture, which can lead to an acute vascular event such
as myocardial infarction or stroke.

Anti-androgen Therapies

First generation AA therapies such as bicalutamide, flutamide,
and nilutamide are usually used in combination with a GnRH
agonist or antagonist to complete MABwhen treating prostate
cancer. A prospective cohort study on 7637 newly diagnosed
prostate cancer patients compared patients receiving GnRH
agonist and an anti-androgen with patients who had not re-
ceived either agent in the course of their therapy. Crude rates
of CVD events were higher in the cohort of patients treated
with ADT; however, the authors similarly identify that these
patients tended to be older and have more advanced tumor
characteristics. After multivariate modeling, patients without
pre-existing CVD who received ADTwere nearly 30% more
likely to develop congestive heart failure (CHF) (adjusted
HR = 1.27, 95% CI 1.06–1.51). Additionally, patients who
had known CVD and underwent ADT had an increased risk
of developing arrhythmias (adjusted HR = 1.44, 95%CI 1.02–
2.01) and conduction system disorders (adjusted HR = 3.11,
95% CI 1.22–7.91) [1].

It is unclear if the relationship observed between MAB and
an increased incidence of CHF is specific to ADT, AA, or the
combination of these therapies. A nested case-control study
suggests that AA therapy in combination with GnRH agonists
was associated with an increase in the risk of hospitalization of
CHF (OR 4.33; 95% CI 1.68–11.13) whereas AA monother-
apy was not. In sub-analysis, however, flutamide monothera-
py was associated with increased risk of CHF hospitalization
but not bicalutamide. The authors caution the presence of
confounding factors and small sample size as weakness in
their study and suggest their findings be used as hypothesis
generating [26].

In contrast, second-generation AA medications (e.g.,
enzalutamide) can be useful as monotherapy for CRPC pa-
tients. The phase-III AFFIRM trial had 1199 patients with
metastatic CRPC randomized to enzalutamide vs placebo.
Survival and adverse event rates were compared. Over a 24-
month period, no statistically significant difference in overall
adverse cardiac events occurred in the enzalutamide group
compared with placebo (6% vs 8%). Incidence of grade 3
(severe) adverse cardiac effects was also similar in both
groups (1% vs 2%), but there was a higher incidence of hy-
pertension in the enzalutamide cohort compared with placebo
(6.6% vs 3.3%) [27].
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When specifically looking at the incidence of atrial fibril-
lation (AF) and acute coronary syndrome (ACS), the
PREVAIL trial authors found that AF occurred at a similar
rate in patients on enzalutamide compared with placebo (2%
vs 1%). ACS occurred in 7 patients taking enzalutamide
monotherapy vs. 4 in the placebo arm (1% vs < 1%).
Hypertension was again found to be more common with
enzalutamide (13% vs 4%). Importantly, the average observa-
tion period was significantly longer for the enzalutamide
group compared with the control (17.1 vs 5.4 months).
Additionally, the cardiac event rates were low and the study
was not powered specifically for these, so we are to draw any
definitive conclusions about the cardiovascular risk associated
with enzalutamide [28].

Adrenal Gland CYP17 Inhibitors

Abiraterone is a novel agent that is a selective inhibitor of
androgen biosynthesis vis-à-vis the adrenal glands that can
irreversibly block the CYP17 enzyme in the adrenals.
Blockade of this pathway can lead to undetectable levels of
testosterone and improved overall survival in patients with
prostate cancer [7, 8, 29, 30••]. However, it may be associated
with cardiovascular side effects.

Abiraterone irreversibly inhibits the enzyme that produces
the precursors of the testosterone and cortisol pathway, but not
the aldosterone pathways [31]. This leads to decreased pro-
duction of testosterone and cortisol. Cortisol acts to provide
negative feedback on ACTH, in its absence, ACTH produc-
tion increases and results in increased production of mineral-
ocorticoid precursors resulting in increased aldosterone pro-
duction [31, 32] (Fig. 1). The mineralocorticoid precursors
can lead to fluid retention, hypertension, as well as hypokale-
mia. These effects can be prevented by concomitant adminis-
tration of low doses of prednisone, corticosterone, or dexa-
methasone [31].

Based on the mechanism of action of abiraterone and the
indirect increased production of mineralocorticoid results, it is
no surprise that the predominant cardiovascular events seen
are new diagnosis of hypertension and worsening of baseline
hypertension. In the phase 3 clinical trial of metastatic
castration-resistant prostate cancer patients, patients were ran-
domized to abiraterone + prednisone or placebo + prednisone.
Safety data revealed similar rates of cardiac disorders (19% vs
16%), respectively; however, mineralocorticoid-related side
effects were more commonly seen in the study drug arm (hy-
pertension 22% vs 13%, hypokalemia 17% vs 13%, fluid
retention or edema 28% vs 24%), respectively. Most of these
events were considered mild grade 1 or 2 adverse events [29].
Additional phase 3 data showed there was an increased inci-
dence of atrial fibrillation and tachycardia events.
Hypertension is a common trigger of atrial fibrillation [7].

Long-term safety data in a study of 51 patients with con-
comitant CVD risk factors, similar to above, demonstrated the
most frequently reported adverse events were hypertension
(16%) and volume overload (18%). There were no reported
changes in cardiac left ventricular ejection fraction or major
cardiac events reported [33]. A similar slightly larger 87-
patient study conducted by Prati et al. showed 30% of patients
with pre-existing hypertension had worsening of their blood
pressure and 6% of patients with risk factors for CVD devel-
oped new onset of hypertension. All patients achieved control
of blood pressure with medical therapy [34].

The studies discussed above are in the setting of
abiraterone being given in monotherapy in castrate-resistant
prostate cancer. When abiraterone and prednisone is added to
ADT in metastatic prostate cancer (compared with ADT +
double placebo), a similar increase in hypertension (grade 3
and 4) is observed (20% and 0%, respectively) [8]. The inci-
dence of hypertension was higher than in previous trial, which
the authors potentially attributed to lower doses of prednisone
and longer duration of abiraterone compared with previous
trials. The safety data also revealed an increased incidence
of atrial fibrillation (8 vs 2 patients) in the abiraterone group
[8].While the overall number is low, similar findings in regard
to atrial fibrillation and hypertension were observed in clinical
trials comparing ADT alone to ADT and abiraterone in pa-
tients with new diagnosis metastatic and non-metastatic pros-
tate cancer (30••).

In conclusion, abiraterone was found to have a manageable
cardiovascular side effect profile tolerance rate in patients with
prostate cancer. Clinical trial safety data showed no significant
change in left ventricular ejection fraction, heart failure symp-
toms, or cardiovascular-associated death. Hypertension, lower
extremity edema, and atrial fibrillation were the most common
side effects due to the mineralocorticoid excess.

QT Interval

Both endogenous and exogenous sex hormones have been
found to have an effect on the QT interval [16, 35].
Testosterone shortens the action potential, and hypogonadism
has been associated with higher prevalence of prolonged QT
intervals and potentially increased risk of ventricular tachyar-
rhythmia. All forms of ADT have similarly been found to
prolong the QT interval and the risks and benefits of this effect
should be evaluated in each patient [36].

The Role of a Cardiologist in the Management
of ADT Associated CVD

With the observed CVD associations seen in patients receiv-
ing ADT, monitoring with a cardiologist or primary care phy-
sician may lead to better management of CVD side effects. In
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a joint statement by the American Heart Association,
American Cancer Society, American Urological Association,
and the American Society for Radiation Oncology, the authors
recognize the metabolic effects of ADT and its potential asso-
ciations with CVD. The effects can be seen as early as
3 months; therefore, after initiations of therapy, high-risk pa-
tients warrant close follow-up. While the group did not rec-
ommend a pre-treatment evaluation or pre-treatment testing,
they did recommend guideline-directed therapy (GDT) to con-
trol CVD risk factors such as hypertension, hyperlipidemia,
diabetes, and smoking [37]. The QT interval and the presence
of other concomitant QT-prolonging drugs, such as antibi-
otics, should be evaluated in patients receiving ADTand used
cautiously in patients with values > 450 ms [36].

Bhatia et al. translated the committee’s recommendations
into a paradigm for patients with prostate cancer [38]. They
emphasize the importance of GDT to control blood pressure,
cholesterol, diabetes, and smoking. They specifically recom-
mend angiotensin-converting enzyme inhibitors (ACEIs) and
angiotensin receptor blockers (ARBs) tomanage hypertension
in prostate cancer patients due to its beneficial impact on over-
all survival [39]. In patients with abiraterone-induced hyper-
tension, the authors of this review hypothesize using
spironolactone given its action on the mineralocorticoid
pathway.

Additionally, exercise is known to improve parameters of
blood pressure and other metabolic derangements that may
exacerbate during cancer therapy with ADT and predispose
patients to CVD. A total of 150 min/week of moderate exer-
cise should be encouraged, which has been associated with
improved quality of life and physical functioning in prostate
cancer patients [40].

Lastly, Bhatia et al’s protocol recommends the use of aspi-
rin for primary and secondary prevention in the high-risk pros-
tate cancer population. In a recent database analysis, Jacobs
et al. found that low-dose aspirin started after cancer diagnosis
was associated with lower prostate cancer-specific mortality
only in the high-risk prostate cancer population (HR = 0.50;
95% CI, 0.27 to 0.92), possibly thought to be due to charac-
teristics of high-grade cancers making them more susceptible
to aspirin inhibition [41••].

Based on the data presented above, the authors of this re-
view theorize that in patients with significant CVD burden,
preference be given to GnRH antagonists over agonists when
designing MAB. Even though GnRH antagonists are associ-
ated with an increased risk of CVD, this opinion is based on
relatively lower rates of CVD in patients receiving degarelix
compared with agonists. There is, however, no prospective
data comparing the two treatment options in patients with
pre-existing CVD, risk factors for CVD, or no pre-existing
risk factors for CVD. Future prospective, randomized studies
should test this strategy and potential pharmacologic treatment
strategies, as it may be practice changing.

Conclusion

In conclusion, androgen deprivation therapy is a broad
term that includes GnRH agonists, antagonists, anti-an-
drogens, adrenal testosterone inhibitors, and surgical
castration. ADT in general has been observed to in-
crease cardiovascular risk factors such as hypertension,
hyperlipidemia, diabetes, and obesity, along with an as-
sociation with cardiovascular events, but no definitive
association with cardiovascular mortality. Older patients
with pre-existing CVD are at higher risk, although these
patients present more often with advanced cancer and
get more aggressive therapy, so selection bias cannot
be excluded. GnRH agonists may additionally increase
risk of CVD in patients with pre-existing CVD through
plaque destabilization and exacerbation of metabolic risk
factors. Novel agents such as enzalutamide and
abiraterone have been associated with low rates of
CVD events in phase III clinical trials, with an in-
creased incidence of hypertension and atrial fibrillation.

Presence of CVD side effects, however, should not
limit the use of these life-saving therapeutics in the
treatment of prostate cancer. The paradigm suggested
by Bhatia et al. (ABCDE protocol) focusing on GDT
can be used to evaluate and treat risk factors, including
aspirin for high-risk prostate cancer, moderate-intensity
exercise, and hypertension management with ACE/
ARBs or spironolactone in abiraterone-induced hyper-
tension. For patients with pre-existing CVD, we recom-
mend that oncologists consider GnRH antagonists over
agonists, as lower event rates were seen in this popula-
tion, although choice of treatment agents remains an
individualized discussion over risks and benefits of
managing both cancer and cardiac disease.

The above reviewed clinical trial and real-world data on
ADT and its impact on CVD are not without limitations.
Randomized controlled trials often exclude patients with sig-
nificant CVD and may partly explain the low CVD event rates
observed, and real-world data can have inherent confounding
bias that cannot adequately be controlled for. Given the known
impact of ADT on CVD, long-term use of ADT drugs, in-
creased incidence of CVDwith age, and the aging population,
it is important that future trials are designed to properly define
the relationship between these two identities and optimal treat-
ment strategies for patients both affected with CVD and pros-
tate cancer, in order to provide long-term good outcomes for
both disease states.
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