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Abstract

Purpose of Review—~Prostate cancer (PCa) is amongst the most common cancers in men
worldwide. Cardiovascular (CV) risk factors and CV disease (CVD) are common comorbidities in
this patient population, posing a challenge for PCa-directed therapies which can cause or worsen
CVRFs and CVDs. Herein, we summarize the approaches to prevent and manage CVD in patients
with PCa receiving therapy.

Recent Findings—While patients with locally advanced and metastatic PCa benefit from
hormonal therapy, these treatments can potentially cause CV toxicity. Androgen receptor targeting
therapies, such as androgen deprivation therapy (ADT), can induce metabolic changes and directly
impact cardiovascular function, thereby reducing cardiorespiratory fitness and increasing CV
mortality. Moreover, more than half of the PCa patients have poorly controlled CV risk factors at
baseline. Hence, there is an urgent need to address gaps in preventing and managing CVD in PCa
patients.

Summary—Screening and optimizing CV risk factors and CVD in patients undergoing ADT
are essential to reduce CV mortality, the leading non-cancer cause of death in PCa survivors.

The risk of CV morbidity and mortality can be further mitigated by considering the patient’s
cardiovascular risk profile when deciding the choice and duration of ADT. A multidisciplinary
team-based approach is crucial to achieve the best outcomes for PCa patients undergoing therapy.
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Introduction

Prostate cancer (Pca) is one of the leading cancers in men worldwide due to lifestyle,
environmental factors, and improved detection through screening programs [1, 2]. With
approximately 1.4 million new diagnoses and 375,000 deaths in 2020, Pca is the second
most common cancer and the fifth leading cause of death among men worldwide [2].

Both, cardiovascular disease (CVD) and Pca share risk factors such as tobacco smoking,
diabetes mellitus, metabolic syndrome, and obesity [3, 4]. While androgen receptor pathway
inhibitors (ARPI) such as androgen deprivation therapy (ADT) in advanced Pca improve
overall survival, they can induce further metabolic derangements and vascular disease,
thereby reducing cardiorespiratory fitness and increasing cardiovascular (CV) mortality [5—
8]. Furthermore, most patients with newly-diagnosed PCa have CV risk factors and CVD at
baseline [6, 9—-11]. Not surprisingly, the leading cause of noncancer death in PCa patients
is CV in nature [12]. Given the high burden of CVVD and CV risk factors in PCa patients,
management of CVD is a key component of optimizing outcomes in men with PCa.

Shared Risk Factors and Co-Prevalence of Cardiovascular Disease and
Prostate Cancer in Patients

Risk factors such as obesity, diabetes mellitus, tobacco usage, and a sedentary lifestyle are
common to both PCa and CVD and may share biological mechanisms such as inflammation
and oxidative stress [8, 9, 13, 14]. As a significant proportion of patients with newly
diagnosed PCa have poorly controlled CV risk factors at baseline, this presents opportunities
for optimizing CV risk factors prior to and during therapy [8-10, 13]. Furthermore, PCa
therapy can exert direct CV toxic effects via hormonal regulation or indirect CV effects via
metabolic derangement [15].

Overview of Therapy for Prostate Cancer

The prostate gland depends on androgens, specifically testosterone and its derivative
dihydrotestosterone (DHT), for development and growth [16, 17]. As prostate tumor growth
is androgen-driven, this led to the concept of androgen deprivation therapy (ADT), either

by surgical or medical castration to block the production of androgens or to directly

inhibit androgen receptors in the treatment of PCa [16, 17]. Broadly, there are four

main types of pharmacological ADT: gonadotropin-releasing hormone (GnRH) agonists,
GnRH antagonists, androgen receptor inhibitors (ARI), and cytochrome P450 17A1
(CYP17) inhibitors, with many other AR targeting strategies currently being developed.
Additional therapies used in advanced metastatic PCa include antimicrotubular agents such
as docetaxel, which also have the anti-AR effect of decreasing the trafficking of the activated
AR from the cytosol to the nucleus. Figure 1 provides an overview of the mechanistic action
of the drugs used in the treatment of PCa and their CV side effect profile.

GnRH agonists (i.e., leuprolide, goserelin, and triptorelin) work by binding to GnRH
receptors in the anterior pituitary gland, resulting in the release of GnRH; this triggers
transient luteinizing hormone (LH) and follicular-stimulating hormone (FSH) surge which
paradoxically increases testosterone production initially and, in turn, activates a negative
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hormonal feedback loop to downregulate GnRH receptors, thus reducing LH and FSH

and testosterone production within 1 to 2 weeks (Fig. 1) [17, 18]. On the contrary,

GnRH antagonists (i.e. degarelix) bind to GnRH receptors in the anterior pituitary gland,
rapidly suppressing LH, FSH, and testosterone production within 1 to 2 days. ARI

(i.e., enzalutamide, bicalutamide) competitively inhibits dihydrotestosterone binding to the
androgen receptor at the androgen binding site. Lastly, CYP17 inhibitors (i.e. abiraterone)
prevent the final conversion step of cholesterol to testosterone, thereby decreasing androgen
production in all tissues including in prostate cancer cells [17-19].

While the staging and treatment regimen for PCa are beyond the scope of this paper, staging
can be described as localized (low-risk, intermediate-risk, high-risk) disease and advanced
metastatic disease based on prostate-specific antigen (PSA) levels, the Gleason scoring, and
other sites of involvement. With advances in treatment, the 5-year survival in patients with
localized PCa approaches 99%, while metastatic disease remains incurable with a 5-year
survival of only 32% in the United States [20, 21].

Briefly, treatment modalities for localized low-risk PCa include active surveillance,
delayed ADT, radiotherapy with electron beam radiotherapy or brachytherapy, and

radical prostatectomy. For localized intermediate-risk patients, active surveillance, radical
prostatectomy, neoadjuvant ADT, and radiotherapy can be considered. In patients

with high-risk localized and locally advanced PCa, radical prostatectomy and pelvic
lymphadenectomy, or neoadjuvant ADT, electron beam radiotherapy and adjuvant ADT
have been used. For patients with advanced, metastatic, or recurrent disease, treatment
paradigms are rapidly evolving. Continuous ADT remains the backbone of therapy, with the
addition of various other approved drugs including ARPIs, chemotherapy, PARP inhibitors,
radioligand therapy, and immunotherapy [22, 23]. Figure 2 provides an overview of the
treatment strategies in PCa.

Effects of Androgen Deprivation Therapy on the Heart

While ADT has proven to be effective in PCa, it can cause adverse CV effects. Androgens
such as testosterone have CV protective effects by increasing catecholamine-induced
lipolysis, and reducing lipoprotein lipase activity, and triglyceride uptake in visceral adipose
tissue, thereby maintaining lean body mass and improving insulin sensitivity. Indeed, men
with low testosterone levels were found to have higher incidences of diabetes mellitus,
dyslipidaemia, heart failure, and coronary artery disease [17, 24].

Further along these lines, prospective studies have demonstrated that ADT is associated with
obesity, increased serum low-density lipoprotein (LDL), and decreased insulin sensitivity.
This had led to a joint statement by the American Heart Association, American Cancer
Society, and American Urologic Association in 2010 on the potential CV risks from ADT
and the need for early CV risk optimization to mitigate CVD morbidity and mortality in PCa
patients receiving ADT [25]. In the same year, the US Food and Drug Administration (FDA)
recommended that all patients on GnRH agonists should be monitored for the development
of diabetes and CVD, and that physicians should actively manage CV risk factors [26].
Recent meta-analyses have corroborate the metabolic dimensions of PCa therapies and
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shown that ADT resulted in a weight gain of between 0.6 and 3.8%, an increase in total
cholesterol of between 3.2 and 10.6%, an increase in triglycerides of between 3.8 and
46.6%, an increase in LDL of between 0.3% and 14.8%, an increase in fasting glucose of
between 0.3 and 3.9%, and an increase in hemoglobinAlc (HbA1c) of up to 3.0% [6, 27].
ADT, particularly ARI such as enzalutamide, may also be associated with QTc prolongation
on electrocardiogram (ECG), potentially increasing the risk of arrhythmias such as torsade
de pointes [5, 18, 28e¢]. Testosterone is required for ventricular repolarisation, thereby
normalizing the QTc interval on ECG [5, 18]; consequently, ARI therapy-related depletion
leads to QTc prolongation.

In a large Scottish registry, ADT was associated with a 30% increase in CV events compared
to non-treated PCa patients; the increase in CV events was associated with the use of GnRH
agonists [29]. Compared to GnRH antagonists, GnRH agonists seem to have a higher rate

of CV events based on a meta-analysis of real-world observational studies [3]. In the HERO
trial, the use of relugolix (an oral GnRH antagonist) was associated with a 54% lower

risk of CV events compared to leuprolide (a GnRH agonist); however, this study was not
designed to study CV events, and the events were not adjudicated by a cardiologist [30]. In
contrast, the PRONOUNCE trial was specifically designed to investigate the CV safety of
GnRH antagonists versus agonists. Unfortunately, it was terminated after only 545 of 900
planned accruals due to slower-than-expected enrolment and fewer-than-expected primary
outcome CV events. At the time of study termination, there was no significant difference

in major adverse cardiovascular events after 12 months of ADT (hazard ratio, 1.28 [95%

Cl, 0.59-2.79]; £=0.53) [31]. One plausible hypothesis from this trial may, henceforth, be
that CV event rates might be low and not significantly different between GnRH agonists

and antagonists once PCa patients are carefully cared for from a CV perspective. ARIs

such as enzalutamide are associated with an increased risk of hypertension, whereas the
CYP17 inhibitor, abiraterone, was associated with an increased risk of both CV events and
hypertension [18]. Also, adverse cardiac events occurred more frequently in older patients
75 years and older receiving treatment with enzalutamide or bicalutamide for metastatic PCa
[32].

Compared with single hormonal therapy, combination hormonal therapy in PCa is associated
with an increased risk of cardiovascular events [33]. A retrospective analysis of a
pharmacovigilance database found that ARI and abiraterone were associated with an
increased risk of hospitalization requiring levels of hypertension and heart failure events
when used in combination with GnRH antagonist [33].

Proposed ABCDE Approach to Preventing and Managing Cardiovascular

Disease in Patients with Prostate Cancer (Fig. 3)

In order to help providers and patients, we have expanded on the ABCDE framework
developed by Guan et al. [34] which can be used in the clinical setting to prevent and
manage CV risk factors in patients with PCa.
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Assessment of cardiovascular risk

All PCa patients starting ADT should have baseline CV risk stratification, which should be
completed promptly without delaying treatment [35¢].

The initial clinic evaluation should include the following:
a. Vitals: body mass index (BMI) including height and weight, blood pressure.

b. Comprehensive history comprising cardiac symptoms such as chest pain or
shortness of breath on exertion; leg swelling; past medical history: STAMP (see
below) questionnaire and lifestyle factors: tobacco use, exercise intensity, and

frequency.
C. Investigations: ECG, HbAlc and/or fasting glucose, and lipid profile
d. Medication use, including previous chemotherapy (if any)

Patients with pre-existing atherosclerotic cardiovascular disease (ASCVD) the STAMP
questionnaire (stroke, transient ischemic attack, abdominal aortic aneurysm, myocardial
infarction or angina, and peripheral vascular disease) PENDING [36] allows for further

risk stratification (Fig. 3). In patients without established ASCVD, a risk calculator can

be used to estimate the 10-year ASCVD risk. Although ASCVD risk calculators have

not been validated in the cancer population or those 80 years or older, some of the
population-based risk calculators that can be used include the ACC/AHA pooled cohort risk
calculator (https://tools.acc.org/ascvd-risk-estimator-plus/) or the ESC Score2/Score2-OP
(https://lwww.heartscore.org/). Based on this, PCa patients can be stratified into low ASCVD
risk (if the 10-year ASCVD risk score < 10%), moderate ASCVD risk (if the 10-year
ASCVD risk score = 10% to < 20%), and high ASCVD risk (if 10-year ASCVD risk

score > 20% or if the patient has known pre-existing ASCVD) [35¢]. PCa patients with

high ASCVD risk or have established ASCVD with poorly controlled CV risk factors or
active cardiac symptoms can be referred to a cardio-oncologist for further assessment and
optimization.

Previous studies have demonstrated that two-thirds of PCa patients are at high ASCVD
risk,[8] with more than half of them having poorly controlled CV risk factors at baseline [6,
9-11]. Optimizing control and prevention of CV risk factors may reduce CV mortality and
morbidity, which is the leading non-cancer cause of death in PCa survivors [12]. In patients
with established ASCVD, optimal control of CV risk factors will reduce the risk of recurrent
CV events such as myocardial infarction.

Apart from cardiovascular risk stratification, the various cardiovascular risk factors should
be optimized before, during, and after therapy in PCa patients.

Blood Pressure Control and Body Mass Index (BMI) Target

Blood Pressure Control

Around half of the patients with newly diagnosed PCa have pre-existing hypertension [8].
In patients with PCa, a systolic blood pressure of > 150 mmHg was associated with a 49%
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increased risk of all-cause mortality compared to those with normal blood pressure [37]. The
use of abiraterone or enzalutamide significantly increases the risk of all-grade hypertension
by 10.5 and 26.2%, respectively [38] and of high-grade hypertension by 6.9% and 4.8%,
respectively [38]. Hyperaldosteronism has been discussed with the use of abiraterone,
whereas the mechanism(s) underlying hypertension with enzalutamide remain unclear [39].
In patients with normal blood pressure, ADT use was associated with a 1.78-fold increased
risk of developing new-onset hypertension [40]. Depending on the baseline blood pressure,
treatment of hypertension can be accomplished through lifestyle and/or pharmacological
interventions [41]. As PCa patients on ADT are at higher risk of CV complications and
worsening CV risk factor control, a blood pressure goal of < 130/80 mmHg can be
considered in the absence of contraindications. Four primary classes of antihypertensive
medications exist: thiazide diuretics, angiotensin-converting receptor enzyme inhibitors/
angiotensin receptor blockers, beta blockers, and calcium channel blockers [41]. The

choice of initial pharmacological treatment will depend on the patient’s preference and
comorbidities. For instance, patients with diabetes mellitus and hypertension may benefit
from angiotensin-converting receptor enzyme inhibitors as first-line treatment in the absence
of advanced renal impairment [3], whereas, in hypertensive PCa patients on abiraterone
therapy (which carries a higher risk of edema), calcium channel blockers should be avoided
if possible. Salt restriction and aldosterone antagosists take a greater role in these patients.

Body Mass Index Target

A high BMI in PCa patients is associated with an increased risk of advanced disease, disease
progression, and prostate cancer-specific mortality [42]. Compared with PCa patients with a
normal weight, any unit increase in BMI is associated with an approximately 10% increased
risk of prostate cancer-specific mortality, and a BMI of > 30 kg/m? associates with a

nearly twofold increased risk of death from PCa [42]. It is, therefore, prudent for PCa
patients to maintain a normal BMI of 18.5 to 24.9 kg/m? primarily through structured
programs comprising regular self-monitoring of food intake, physical activity, and weight
[43]. In addition, regular exercise is important to maintain lean muscle mass in PCa patients
undergoing ADT. In the obese general population, a clinically meaningful weight loss of=>
5% led to moderate improvement in blood pressure, LDL, triglyceride, and glucose control
[43].

Cholesterol Control, Cigarette Cessation, and Choice of Androgen

Deprivation Therapy

Cholesterol Control

ADT is associated with an increase in total cholesterol of between 3.2% and 10.6%, an
increase in triglycerides of between 3.8% and 46.6%, and an increase in LDL of 0.3% to
14.8%; this is possibly mediated by testosterone depletion, leading to decreased lipolysis
[6, 27]. In PCa patients with established ASCVD or with high ASCVD risk and >75 years
of age they should be on a high-intensity statin if tolerated to reduce LDL by > 50% and
achieve an LDL target of < 70 mg/dL (1.8 mmol/L). Adjunct therapy with ezetimibe or
PCSSK9-inhibitor can be considered. In those with moderate ASCVD risk aged below and
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75 years of age or younger, a moderate-intensity statin can be considered to reduce LDL by
30-49%. Although there is insufficient data to recommend statin use in patients age above
75 years of age, it is reasonable to continue or a statin if they have high ASCVD risk or
established ASCVD [44], especially in PCa patients undergoing ADT. While not conclusive,
some observational studies have suggested a lower risk of fatal PCa among statin users [45].

Cigarette Cessation

Current smokers with PCa have higher cancer-specific mortality, higher risk of metastasis,
and increased risk of biochemical recurrence [46]. In PCa patients, smoking prior to
diagnosis was associated with a 61% increased risk of PCa mortality and biochemical
recurrence [42]. Therefore, physicians are encouraged to ask all PCa patients about tobacco
use, advise smokers to quit, assess a smoker’s readiness to quit, and assist smokers to quit.
A combination of pharmacotherapy and behavioral intervention is an effective strategy for
cigarette cessation [47].

Choice of Androgen Deprivation Therapy

In patients with established ASCVD or at high ASCVD risk, the use of GhnRH antagonists
may be preferred over GnRH agonists, owing to a higher observed incidence of CV

events in the latter group [28<¢]. There was also a higher risk of CV hospitalization in

PCa patients treated with abiraterone compared to enzalutamide [48]. As outlined above,

the use of abiraterone and enzalutamide significantly increases the risk of all-grade and
high-grade hypertension by 10.5 and 26.2%, respectively [38]. In PCa patients with diabetes
mellitus, the use of abiraterone (which requires combination therapy with steroids) can cause
hyperglycaemia and worsen diabetic control. In patients requiring anticoagulation with
direct oral anticoagulants (DOAC), physicians should be aware of potential drug interactions
with PCa therapy; for instance, enzalutamide, which is a potent CYP3A4 enzyme inducer,
should not be used together with apixaban or rivaroxaban [49]. Longer duration of ADT
exposure (> 6 months) in PCa patients has been associated with increased CV mortality

[7]. Prescribing physicians should consider the presence of CVD, CV risk factors such as
hypertension, diabetes, and potential drug interactions when deciding the type and duration
of ADT, while at the same time, balancing it against the cancer treatment efficacy.

Diabetes Mellitus

PCa patients with pre-existing diabetes have a 37% higher risk of all-cause mortality
compared to those without diabetes [50]. In the absence of specific guidelines for
glycaemic control in PCa, diabetes should be managed by currently available guidelines
to achieve an HbA1c goal of < 7%. In type 2 diabetes mellitus, antidiabetic medications
work by increasing insulin secretion (sulfonylureas, incretin), improving insulin sensitivity
(biguanides), or increasing glucose excretion (sodium-glucose co-transporter-2 (SGLT2)
inhibitors). As anti-diabetic medications have not been shown to increase the risk of
complications in PCa patients, the choice of pharmacotherapy should be based on patient
factors (e.g. cost, route of administration, and risk of hypoglycaemia) and the presence

of comorbidities (e.g. CVD, chronic kidney disease or obesity) [50-52]. Medications such
as SGLT2 inhibitors and glucagon-like-peptide-1 receptor agonists (GLP-1RA) can have
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beneficial CV effects in PCa patients with established ASCVD or are at high risk of
ASCVD.

Exercise Prescription

Exercise has been demonstrated to reduce CV risk, improve diabetic control, and reduce
obesity in general, and to improve strength, fitness, and mental wellness in cancer patients
[42, 53, 54]. In particular, exercise has been shown to improve cancer-specific quality of
life, fatigue, and exercise capacity in PCa patients with advanced disease who are on ADT
[53, 54], suggesting a role for exercise to alleviate ADT-related adverse effects. There is also
a trend that supervised exercise program in PCa patients can reduce recurrence, all-cause,
and prostate-cancer-specific mortality [26]. Furthermore, in patients with localized PCa
under active surveillance, the ERASE trial found that high-intensity interval exercise (HIIT)
increased cardiorespiratory fitness levels and decreased both PSA levels and tumor growth
[55]. Other studies confirm that a sedentary lifetsyle is associated with an increased risk of
more advanced PCa [56].

Henceforth, physicians managing PCa patients who are sedentary should consider
recommending exercise or referral to an exercise physiologist with expertise in working
with cancer patients. Supervised exercise is essential for tailored exercise prescriptions to
minimize the risk of injury, to maximize patient engagement, and to attain the desired
therapeutic benefits [26]. In the absence of contraindications such as bone metastasis,
uncontrolled hypertension, or active CVD, moderate-to-high-intensity aerobic, resistance,
and impact exercises are recommended in the PCa population [26]. Figure 3 provides an
overview of the suggested exercises in PCa patients [26].

Monitoring of Cardiovascular Risk Factors During Prostate Cancer

Treatment

Regular HbAlc and/or fasting glucose monitoring during ADT therapy is an essential.
Non-diabetic PCa patients treated with ADT are at almost 60% increased risk of developing
diabetes mellitus, whereas, in PCa patients with established diabetes mellitus, ADT

is associated with higher HbAlc values [36]. Enzalutamide has an increased risk of
hypertension, whereas the CYP17 inhibitor, whereas abiraterone has an increased risk of
cardiac events and hypertension [18]. There is also the risk of worsening cholesterol control
in PCa patients on ADT. As such, we recommend monitoring lipid profile, HbAlc or fasting
glucose, ECG, and blood pressure every 6-12 months (or more frequently as required to
reach the target goal) [57].

Management of Cardiovascular Events During Prostate Cancer Treatment

PCa patients are at increased risk of CV events due to shared risk factors and ADT, against
the backdrop of a pro-inflammatory state which can cause accelerated atherosclerosis and
plaque rupture [28e¢]. As the 5-year survival rates approach 99% in non-metastatic PCa
[20], patients who develop cardiac symptoms such as exertional chest pain, decreased effort
tolerance, or heart failure should be managed according to existing guidelines. Physicians

Curr Cardiol Rep. Author manuscript; available in PMC 2024 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Ng et al.

Page 9

should have a low threshold for further evaluation since clinical presentations such as
myocardial infarction can sometimes be confounded by cancer or treatment-related side
effects [28e¢]. In cancer patients with a good prognosis who present with an acute coronary
syndrome, an invasive strategy with coronary revascularisation should be considered. With
appropriate treatment, the 30-day all-cause mortality after acute myocardial infarction can be
given lower in PCa patients compared to the general population [58].

Prostate Cancer Survivorship

Patients who have been successfully treated for PCa should continue to maintain a healthy
lifestyle and have an annual assessment of CV risk factors; this could potentially reduce both
cancer recurrence and the risk of succumbing to CVD. During visits to primary care or the
urologist, patients should be opportunistically screened for cardiac symptoms. The presence
of cardiac symptoms such as decreased effort tolerance, exertional chest pain, shortness

of breath, or leg swelling should prompt referral to a cardiologist for further assessment.
Maintaining an ideal BMI, regular physical exercise, avoidance of tobacco and a healthy diet
can help reduce cancer recurrence.

Multidisciplinary Team-Based Approach in Managing Prostate Cancer

Patients

Given the wide-ranging effects of ADT in PCa patients, it is important to utilize a multi-
disciplinary approach to achieve the best possible outcomes. Urologists or oncologists
managing PCa could consider involving cardiooncologists, endocrinologists, primary care
physicians, and allied health including nurses, dieticians, and sports physiologists to achieve
the ideal CV risk factor control.

Conclusions

Funding

PCa is the most common malignancy among men worldwide. It shares many risk factors
with CVD, inhibition of the androgen receptor pathway substantially increases the risk of
developing or worsening CV risk factors and CV events. Screening and optimization of CV
risk factors before, during, and after cancer treatment is pivotal in reducing CV mortality,
the leading non-cancer cause of deaths in PCa patients. A holistic multidisciplinary ABCDE
approach is important to achieve the best possible outcomes for PCa patients undergoing
therapy.
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Fig. 1.

Mechanism of action and selected cardiovascular toxicities of commonly used medications
in prostate cancer [57, 59-62]
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Fig. 2.
Overview of treatment strategies in prostate cancer [22, 63, 64¢]
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Fig. 3.

A proposed ABCDE approach to managing cardiovascular disease in prostate cancer
patients [26, 34, 36]
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