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•Discuss the burden of Prostate Cancer and Cardiovascular Disease

•Understand the cardiovascular risks associated with prostate cancer and 

its treatments

•Explore specific cardiovascular risk with ADT and ARPI

•Identify high-risk patients and appropriate cardiac monitoring strategies

•Discuss evidence-based approaches for prevention and management of 

cardiac complications

Goals and Objectives
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• CVD: Cardiovascular Disease

• PCa: Prostate Cancer

• CAD: Coronary Artery Disease

• HF: Heart Failure

• VTE: Venous Thromboembolism (“DVT”)

• MACE: Major Adverse Cardiac Events

• ADT: Androgen Deprivation Therapy

• GNRH Agonist:

Leuprolide (Lupron®/Eligard®), Goserelin (Zoladex®)

• GNRH Antagonist: 

Degarelix (Firmagon®) – injectable; Relugolix (Orgovyx®) – oral

• ARPI: Androgen Receptor Pathway Inhibitors:

AR ANTAGONISTS (i.e. enzalutamide apalutamide, darolutamide) 

CYP17 INHIBITORS (i.e. abiraterone)

Abbreviations I will use…



Siegel et al. 2022. Cancer statistics, 2022.

Prostate cancer is the most common cancer affecting men in western nations

Only approximately 13% of men with prostate cancer die from their disease. 



Men with Early Stage Prostate Cancer More Likely to Die of CVD

Weiner AB, Schaeffer EM. Cause of death during prostate cancer survivorship: A contemporary, US population-

based analysis. Cancer. 2021 Aug 15;127(16):2895-29042021 Apr 21. PMID: 33882145



• 1 in 5 patients with PCa have 

established CVD

• Pts with established PCa have higher 

risk for CAD, HF, VTE (vs. gen pop)

• CVD is most common cause of death 

in pts with localized PC

In non-met PCa, CVD > PC death

In met PCa, HR of 1.48 CVD (i.e. 

50% higher risk of death)

In a SEER database from 1973-

2012, more CVD in pts w/ PCa than 

any other cancer type

Epidemiology of Prostate Cancer and Cardiovascular Disease

BURDEN OF CVD in PROSTATE CANCER PATIENTS IS HIGH!

Leong, D. et al. Cardiovascular Risk in Prostate cancer: JACC Cardio-Oncology State of the Art Review. Vol 6, No. 6



1. Improving prostate cancer survival

2. High CVD Risk Factor Burden in PCa Population

3. Systemic Inflammation

4. Androgen Deprivation Therapy (ADT) linked to CVD [complex…]

Why do Men with Prostate Cancer Have Such a High CVD Burden?



Improved Prostate Cancer Survival

Leong, D. et al. Cardiovascular Risk in Prostate cancer: 

JACC Cardio-Oncology State of the Art Review. Vol 6, No. 6

• PC survival varies by stage but pts with localized disease  have very good long-term outcomes. 

• Overall low mortality and high longitudinal survival lend themselves to pts living longer enough to develop comorbid conditions

• Even in pts with biochemical relapse, 5 yr survival >90%

• Met PC largely incurable, but typically 4-5 yr survival

• Castration resistant PC (mean survival 25.6 mo) require treatment beyond ADT alone 



SEER Database to determine the risk of CVD death in patients 

with localized PCa by risk stratification. 

340,806 cases in (SEER) database diagnosed with localized PCa between 2004 

and 2016. 

Results: 

CVD-related death leading cause of death in patients with localized Pca

In the low- and intermediate-risk groups: Cumulative CVD-related death 

surpassed PCa nearly as soon as PCa was diagnosed

In the high-risk group, CVD surpassed PCa approximately 90 months later. 

Patients with localized PCa have a higher risk of CVD-related death compared to 

the general population and the risk increases steadily with survival 

(SMR = 4.8, 95% CI 4.6–5.1 to SMR = 13.6, 95% CI 12.8–14.5). Conclusions: 

CONCLUSIONS:

CVD-related death is a major competing risk in patients with localized PCa, 

and cumulative CVD mortality increases steadily with survival time and 

exceeds PCa in all three stratifications (low, intermediate, and high risk). 

Patients with localized PCa have a higher CVD-related death than the 

general population. 

Management of patients with localized PCa requires attention to both the 

primary cancer and CVD.

Is CVD Mortality in Competition with Prostate Ca Mortality?
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Men with PC have a High CVD Risk Factor Burden

99%  had ≧ 1 uncontrolled RF

2,811 consecutive men with PC from 24 sites 

internationally

“poor overall risk factor control” defined as >/= 3 :

-suboptimal LDL cholesterol

-current smoker

-physical inactivity (<600 MET min/wk)

• Suboptimal BP control 

≧ 140/90 no RFs

≧ 120 +CVD

≧ 130 if DM II)

• Waist:hip ratio > 0.9



Black Patients are at Particularly High Risk for MACE



Evidence that inflammation may play 

part in development and progression of 

PC

Evidence in animal models suggesting 

accelerated atherosclerotic coronary 

disease in androgen deprived 

conditions, lack of androgens alters 

modulation of immune cells including 

monocytes, macrophages, and T cells 

toward pro-inflammatory phenotype

Inflammation

Beitzen-Heineke , Wise, Berger et al. Cardio-Oncology (2024) 10:87 

https://doi.org/10.1186/s40959-024-00278-2 



Does Androgen Deprivation Therapy  Promote 
Cardiovascular Disease and Increase CV Risk?

Cardiovascular Effects of Androgen Deprivation Therapy in Prostate Cancer 

Contemporary Meta-Analyses Jiun-Ruey Hu, Meredith S. Duncan, Alicia K. 

Morgans, Jonathan D. Brown, Wouter C. Meijers, Matthew S. Freiberg, Joe-Elie 

Salem, Joshua A. Beckman, Javid J. Moslehi

Melloni C, Nelson A. Effect of Androgen Deprivation Therapy on Metabolic 

Complications and Cardiovascular Risk. J Cardiovasc Transl Res. 2020 

Jun;13(3):451-462. doi: 10.1007/s12265-019-09942-w. Epub 2019 Dec 12. PMID: 

31833002.



Population based studies support ADT increases risks for cardiac disease

Lope et al. Circulation. 2021; slide courtesy of Dr Andrew Lacetti

Testosterone has multitude of cardioprotective effects.

• Maintaining lipid profiles 

• Minimizing inflammation 

• NO-mediated cGMP (vascular relaxation)

Therefore, BLOCKING Testosterone with ADT:

• Accelerates cardiometabolic risk factors

• Accelerates atherosclerosis

• Increases adiposity (SC vs visceral fat, decreased 

lean body mass)

• Increases insulin resistance

• Increases metabolic syndrome

• Leads to HTN (abiraterone, enzalutamide, via 

mineralocorticoid pathway)

• Promotes Endothelial Cell Dysfunction

• Increases arrhythmia potential (enzalutamide) via 

QT prolongation



ADT (vs. non-ADT) and Cardiovascular Risk

3 available meta-analyses of observational trials:

ADTs had positive associations (although not always 

significant) with CV events, CV Death and MI 

Many (but not all) observational studies 

suggest a modest risk

3 available meta-analyses of RCTs:

no significant associations with cardiovascular 

outcomes except for a positive association with 

nonfatal cardiovascular disease compared in one 

analysis.

Randomized Controlled Trials of ADT vs. 

Control do not suggest increased CV Death

Therefore, in patients with low cardiovascular 

risk enrolled in RCTs, there is a suggestion 

but no conclusive increase in risk of 

cardiovascular adverse effects from ADT.



GnRH Agonist Therapy and CV Risk

Among the ADTs, the strongest cardiovascular adverse event signal comes from observational studies of the GnRH 

agonists. 

In the 3 meta-analyses of GnRH agonists compared with non-ADT, positive associations were found between 

GnRH agonists and CV death, nonfatal CV Disease, MI, and stroke

There are currently no meta-analyses of RCTs of GnRH agonists and cardiovascular adverse events.

Meng F, Zhu S, Zhao J, Vados L, Wang L, Zhao Y, Zhao D, Niu Y. Stroke related to androgen deprivation therapy for prostate cancer: a meta-analysis and systematic review. BMC Cancer. 2016;16:180. 

Zhao J, Zhu S, Sun L, Meng F, Zhao L, Zhao Y, Tian H, Li P, Niu Y. Androgen deprivation therapy for prostate cancer is associated with cardiovascular morbidity and mortality: a meta-analysis of Population-Based Observational Studies. PLOS ONE. 2014;9:e1

Bosco C, Bosnyak Z, Malmberg A, Adolfsson J, Keating NL, Van Hemelrijck M. Quantifying observational evidence for risk of fatal and nonfatal cardiovascular disease following androgen deprivation therapy for prostate cancer: a meta-analysis. Eur Urol. 2015;68:386–396. 

Agents:

Leuprolide 

(Lupron®/Eligard®), 

Goserelin (Zoladex®)



GnRH Antagonist Therapy and CV Risk
How do they compare to GnRH Agonists?

Pooled analyses & meta-analyses (e.g., Abufaraj et al., Eur Urol 2021):

GnRH antagonists associated with ~40–50% lower relative risk of CV events

compared with agonists.

Typical CV effects: Mild hypertension or QT prolongation (rare)

Lower risk of major cardiovascular events (MACE: MI, stroke, CV death) 

compared with agonists

•Benefits most pronounced in men with prior cardiovascular disease.

Agents:

Degarelix (Firmagon®) – injectable

Relugolix (Orgovyx®) – oral

Albertsen PC, Nilsson J et al. Cardiovascular morbidity associated with gonadotropin releasing hormone agonists and an antagonist. Eur Urol. 2014;65:565–573. 

Scailteux LM, Oger E et al . Mortality, cardiovascular risk, and androgen deprivation therapy for prostate cancer: a systematic review with direct and network meta-

analyses of randomized controlled trials and observational studies. Medicine (Baltimore). 2016;95:e3873.

Abufaraj M, Shariat SF. Et al  Differential Impact of Gonadotropin-releasing Hormone Antagonist Versus Agonist on Clinical Safety and Oncologic Outcomes on Patients 

with Metastatic Prostate Cancer: A Meta-analysis of Randomized Controlled Trials. Eur Urol. 2021 Jan;79(1):44-53.



Relugolix (GnRH Antagonist): HERO Trial

HERO trial (2020): Relugolix reduced risk of MACE by 54% 

vs leuprolide (2.9% vs 6.2% over 48 weeks).

Relugolix vs leuprolide in pts with advanced Prostate Ca x 48 weeks

Shore, M.D., et al. for the HERO Study Investigators. Oral Relugolix for Androgen-Deprivation Therapy in Advanced Prostate Cancer N Engl J 

Med 2020;382:2187-2196

Limitations:

- CV was not 

primary EP

- Small number 

of CV events

- Short F/U

- Imbalance in CV 

Risk in Leuprolide 

group



PRONOUNCE Trial

Lope et al. Circulation. 2021

Designed to investigate CV toxicity differences 

between GnRH agonist vs antagonist

Terminated prematurely due to smaller than 

planned recruitment and events and no 

observed difference in MACE at 1 year 

between patients assigned to degarelix or 

leuprolide.

Primary outcome 15 (5.5%) degaralix vs 11 

(4.1%) leuprolide (HR 1.28, p 0.53)

The relative cardiovascular safety of GnRH antagonists 

and agonists remains unresolved.
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Relugolix: REPLACE-CV

What we know from REPLACE-CV so far

Because of the early halt of enrollment and the change in endpoint, the published 

data from REPLACE-CV are limited. 

Key points:

The trial is completed (in terms of enrollment) but full adjudicated MACE results 

have not yet been posted/publicly reported on ClinicalTrials.gov. 

The design remains randomized and open-label (1:1 relugolix vs leuprolide) in the 

specified population. 

The modification means the primary focus likely shifts to safety description rather 

than formal statistical testing of MACE superiority/non-inferiority.



Androgen Receptor Pathway Inhibitors (ARPI)

AR Receptor Blockers, CYP17 Inhibitors, CAB, and CVD

AR ANTAGONISTS 

(i.e. enzalutamide apalutamide, 

darolutamide) 

CV Risk: HTN, Rare ischemic HD, 

arrhythmia (QTc), Heart Failure

CYP17 INHIBITORS

(i.e. abiraterone)

CV Risk: HTN, edema/fluid retention, and 

hypokalemia

*Higher rate of CV Toxicity than AR 

Antagonists

“CAB” = COMBINED ANDROGEN 

BLOCKADE: using GnRH agonist and 

AR antagonist:

• 2 meta-analyses of observational 

studies that examined CAB 

compared with non-ADT, there was 

a positive association with CV 

death, nonfatal cardiovascular 

disease, and

• The association with MI was not 

statistically significant

Cardiovascular Effects of Androgen Deprivation Therapy in Prostate Cancer Contemporary Meta-Analyses Jiun-Ruey Hu,Javid J. Moslehi et al.

Meng F, Niu Y et al.  Stroke related to androgen deprivation therapy for prostate cancer: a meta-analysis and systematic review. BMC Cancer. 2016;16:180

Zhao , Niu Yet al. Androgen deprivation therapy for prostate cancer is associated with cardiovascular morbidity and mortality: a meta-analysis of Population-Based Observational;  Studies. 

PLOS ONE. 2014;9:e107516. 



First meta-analysis and network metaanalysis 

to compare CV events in advanced PCa pts 

treated with ARPI’s+ ADT (vs SOC)

26 Trials included

ARPI added to ADT increased risk overall of CV 

events

(grade ≥ 3 RR 1.74, p = 0.06)

Abiraterone + ADT = increased overall CV events and 

HTN 

Enzalutamide + ADT = Increased Ischemic Heart 

Disease and HTN

Adding ARPI to ADT increased risk of 

cardiac disorder by 39%, and increased risk 

of a high-grade toxicity by 74%



Wilk et al. Front Pharmacol. 2020

Summary of Prostate Cancer Therapy Related Cardiac Toxicity



Are cardiovascular risk factors assessed and appropriately 
managed in patients with Pca initiating ADT?

Sun L, Ky B. Assessment and Management of Cardiovascular Risk Factors Among 

US Veterans With Prostate Cancer. JAMA Netw Open. 2021 Feb 1;4(2):e210070.

90,494 veterans

• 22 700 men (25.1%) received ADT

• 68.1% received comprehensive CVRF 

assessment

• 54.1% had uncontrolled CVRFs

• 29.6% (95% CI, 29.2%-30.0%) of those 

with uncontrolled CVRFs were not 

receiving corresponding cardiac risk–

reducing medication

Conclusions and Relevance

veterans with PC had a high rate of underassessed 

and undertreated CVRFs, and ADT initiation was not 

associated with substantial improvements in CVRF 

assessment or management. These findings highlight 

gaps in care and the need for interventions to 

improve CVRF mitigation in this population.



Baseline Risk Assesment for CV Risk in Prostate Cancer

ESC Guidelines, Lyon et al. 2022; EHJ



Estimating CVD Risk in Patients with Pca: 

There is no Pca Specific Calculator
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Artificial Intelligence in PC Risk Modeling



The Role of Aggressive CVD Risk Factor Control



The Role of Structured Exercise in Patients with Prostate Cancer

For men with prostate cancer, whether 

undergoing active surveillance, treatment (e.g., 

androgen deprivation therapy, radiotherapy), or 

post-treatment, recommending exercise 

(combining aerobic + resistance) is a low-risk, 

beneficial supportive intervention to improve 

fitness, body composition, reduce fatigue, 

improve quality of life, and possibly improve 

cognitive/social functioning.

Meta-analysis of 33 randomized controlled trials (2,567 

participants) found moderate-to-large effects of exercise 

(especially aerobic) on cardiovascular fitness (SMD ~0.46) and 

on lower-body strength, whole-body fat mass, blood pressure





RADICAL PC1: A large prospective observational registry 

of men with newly-diagnosed prostate cancer (PC), or 

about to receive first-line androgen-deprivation therapy 

(ADT) 

~2,492 men, mean age ~68 yrs

Inclusion criteria: diagnosed within ~1 year, or starting 

ADT for the first time (within ~6 months) etc. Main 

Published Results

92% of men had newly-diagnosed PC; 

intermediate‐risk ~41%, high‐risk ~50%. 

58% were current or former smokers

22% had known cardiovascular disease

16% had diabetes

45% had hypertension

31% with BMI ≥ 30 kg/m²

24% low physical activity.

RADICAL PC2: A randomized controlled trial 

RADICAL PC-2 is a randomized controlled trial (RCT) of a 

systematic intervention targeting cardiovascular and lifestyle risk 

factor modification vs usual care in men newly diagnosed with 

prostate cancer or starting ADT



Dr. Bloom’s Top Recommendations 

for staying Healthy as a 

Patient with Prostate Cancer
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• Get Regular Physical Activity

• Aim for at least 150 minutes/week of moderate-intensity aerobic exercise (think brisk walking, 

cycling, or swimming) or 75 minutes of vigorous activity — or a mix of both. (American Cancer 

Society, American Heart Association)

• Add strength/resistance training 2× per week to help preserve muscle mass and metabolic health, 

which is especially useful if you’re on hormone therapy (ADT). 

• Even modest improvements in cardiorespiratory fitness can benefit heart health and may relate to 

lower risks of mortality. 

• Why it matters: Exercise improves blood pressure, cholesterol, blood sugar regulation, reduces 

inflammation, and helps manage body weight — all key cardiovascular risk factors.

Get Moving!!!



Follow a Heart-Healthy, 

Plant-Forward Diet

Why it matters: These 

patterns are associated with 

- better cholesterol levels

- lower blood pressure

- improved weight control

- reduced cardiovascular risk 

- linked to lower all-cause and 

heart disease mortality after 

prostate cancer diagnosis. 

Eat Like Your Heart Depends on It!!!

Emphasize: Limit:

nutrient-dense eating pattern that 

supports both heart and metabolic 

health

Saturated and trans fats

Fruits & vegetables

Processed/red meats

Whole grains

Legumes

High-sodium foods

Lean proteins (fish, poultry, beans) Sugar-sweetened beverages

Healthy fats (olive oil, nuts, 

avocados)

Excessive alcohol consumption



• Quit smoking (if applicable).

• Limit alcohol — moderation or avoidance can support both cardiovascular and overall cancer 

outcomes

• Why it matters: Smoking and heavy drinking both increase cardiovascular risk significantly and can 

worsen overall health prospects.

Maintain a Healthy Body Weight

• Aim for a healthy BMI and waist circumference through diet and activity.

• Even moderate weight loss (if overweight) can improve blood pressure, glucose regulation, and 

lower cardiovascular risk.

• Why it matters: Excess body fat, especially around the waist, is strongly tied to heart disease, 

diabetes, and worse outcomes in prostate cancer survivors.

Remember small Lifestyle “Hacks” to support your goals



• Manage stress with mindfulness, good sleep habits, and enjoyable activities.

• Poor sleep and chronic stress can worsen cardiovascular risk and overall well-being.

• While less specific to prostate cancer, sleep quality and stress management support 

heart health and resilience in general

Stress and Sleep Matter Too!



• “Know your numbers”: blood pressure, cholesterol, blood glucose/A1c.

• Work with your healthcare provider on cardiovascular risk management, including 

statins, blood pressure meds, or diabetes management if indicated. 

• Why it matters: Many men with prostate cancer are older and may have co-existing 

cardiovascular risk factors that benefit from medical optimization.

Regular Health Monitoring & Medications When Appropriate



• CVD Risk Factor Burden high in PCa pts

• CVD Risk Factors Likely to be Uncontrolled in PCa

• ADT accelerates CVD risk profile (in several ways)

• CV Profile of GnRH Agonists and Agonists are a moving Target

• ARPIs Increase HTN and Fluid Retention

• Risk Stratification and aggressive risk factor modification are critical

Take Home Points



The NYU Cardio-Oncology Program

December, 2023 : Official Establishment of NYU CO Program

Clinics in both Manhattan and Long Island

Recognized as an International Cardio-Oncology 

Society GOLD Center of Excellence 

(September, 2024)



Who are the NYU Cardio-Oncologists?

Laraine Chiu, 

Cardio-Oncology/HF NP
To make an appointment with one of our 

cardio-oncologists, call:

(516) 663 4480 (option #5)



QUESTIONS?
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