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OBJECTIVES This study will compare the incidence of major adverse cardiovascular events (MACEs) with androgen

deprivation therapy (ADT) among men with advanced prostate cancer who are being treated with a gonadotropin-

releasing hormone (GnRH) antagonist versus a GnRH agonist.

BACKGROUND Treatment of advanced prostate cancer with ADT might increase the risk of subsequent cardiovascular

events among men with known atherosclerotic cardiovascular disease (ASCVD), but a recent meta-analysis suggested

that this risk might be lower with ADT using a GnRH antagonist versus a GnRH agonist.

METHODS PRONOUNCE is a multicenter, prospective, randomized, open, blinded endpoint trial that will enroll approxi-

mately 900 patients with advanced prostate cancer and pre-existing ASCVDwhowill be treated with ADT. Participants will

be randomized to receive the GnRH antagonist degarelix or the GnRH agonist leuprolide as ADT for 12 months. The primary

endpoint is time from randomization tofirst confirmed, adjudicatedoccurrence of aMACE,which is defined as a composite of

all-cause death, nonfatal myocardial infarction, or nonfatal stroke through 12 months of ADT treatment. Baseline cardio-

vascular biomarkers (high-sensitivity C-reactive protein, high-sensitivity troponin T, and N-terminal pro-brain natriuretic

peptide), as well as serial inflammatory and immune biomarkers, will be evaluated in exploratory analyses.

RESULTS As of October 1, 2019, a total of 364 patients have been enrolled. Themean age is 74 years, 90%arewhite, 80%

have hypertension or dyslipidemia, 30% diabetes mellitus, 40% have had a previous myocardial infarction, and 65% have

had previous revascularization. Regarding prostate cancer features at randomization, 48% of the patients had localized

disease, 23% had locally advanced disease, and 18% had metastatic disease.

CONCLUSIONS PRONOUNCE is the first prospective cardiovascular outcomes trial in advanced prostate cancer

that will delineate whether the risk of subsequent cardiovascular events associated with ADT is lower with a

GnRH antagonist versus a GnRH agonist for men with pre-existing ASCVD. (A Trial Comparing Cardiovascular Safety of

Degarelix Versus Leuprolide in Patients With Advanced Prostate Cancer and Cardiovascular Disease [PRONOUNCE];

NCT02663908) (J Am Coll Cardiol CardioOnc 2020;2:70–81) © 2020 The Authors. Published by Elsevier on behalf of

the American College of Cardiology Foundation. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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AB BR E V I A T I O N S

AND ACRONYM S

ASCVD = atherosclerotic

cardiovascular disease

ADT = androgen deprivation

therapy

CI = confidence interval
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T he known concurrence of cancer and athero-
sclerotic cardiovascular disease (ASCVD)
in certain patient populations has been

informed by improved methods of early cancer detec-
tion and integrated treatment approaches that have
resulted in significant cancer-related survival gains
over the past few decades (1–3). With increasing sur-
SEE PAGE 82 DSMB = Data Safety

Monitoring Board

GnRH = gonadotropin-

releasing hormone

MACE = major adverse

cardiovascular event
vival trends associated with cancer, the competing
risks of downstream morbidity and mortality for pa-
tients with cancer may be more influenced by
concomitant ASCVD (when present) than from the
incident type of cancer (4–6). As a result, ASCVD
has emerged as the predominant cause of mortality,
A/S, Parsippany, New Jersey, USA; jFerring Pharmaceuticals A/S, Saint-P

Cancer Sciences, University of Manchester, United Kingdom; and the

Washington and Fred Hutchinson Cancer Research Center, Seattle,

ported by Ferring Pharmaceuticals Inc. Dr. Melloni has received research gran

PRONOUNCE trial; and has received research grant or contract from Amgen,

ceuticals, GlaxoSmithKline, IntraCellular Therapies, Luitpold Pharmaceutical

Dr. Slovin has been on the advisory boards for Amgen, Bayer, OncLive, and PE

(e.g., steering committee or data monitoring committee) and/or speaker/cons

Pharmaceuticals, Amgen, AstraZeneca, Bayer, Boehringer Ingelheim, Bristol-

Esperion, Fenix Group International, GlaxoSmithKline, HLS Therapeutics, Jan

Matrizyme, Merck, Novartis, Novo Nordisk A/C, Pfizer, Regeneron, Sanofi, S

dation of Ontario/University of Toronto, Canadian Heart Research Centre and

Research Institute, and PERFUSE. Dr. Evans has received research support fr

Institutes of Health, SU2C/AACR (Stand Up for cancer/American Association

Prostate Cancer Foundation; has been a consultant for Astellas/Pfizer and Jan

Astellas/Pfizer, Janssen; has received honoraria from Astellas/Pfizer, Janssen

entific Advisory Board for Astellas, Janssen, and MDxHealth. Dr. Nilsson has

Pharmaceuticals, Novo Nordisk A/S, FollicumAB, andMedimmune. Dr. Bhatt

CerenoScientific, Elsevier PracticeUpdateCardiology,MedscapeCardiology, P

of theBoard ofDirectors for BostonVAResearch Institute, Society of Cardiovas

the American Heart Association Quality Oversight Committee; has been a m

Institute for Clinical Research (formerly Harvard Clinical Research Institute, fo

Abbott), Cleveland Clinic (including for the ExCEED trial, funded by Edwards)

Sinai School ofMedicine (for the ENVISAGE trial, funded byDaiichi Sankyo), a

honoraria from the American College of Cardiology (Senior Associate Editor

Accreditation Committee), Baim Institute for Clinical Research (formerly Harv

trial steering committee funded by Boehringer Ingelheim, AEGIS-II executiv

cations (Editor in Chief,Harvard Heart Letter), Duke Clinical Research Institut

PRONOUNCE trial, funded by Ferring Pharmaceuticals), HMP Global (Editor in

American College of Cardiology (Guest Editor; Associate Editor), Medtelligen

Health Research Institute (for the COMPASS operations committee, publicatio

co-leader, funded by Bayer), Slack Publications (Chief Medical Editor, Cardio

Patient Care (Secretary/Treasurer), WebMD (CME steering committees); and

(Deputy Editor), NCDR-ACTION Registry Steering Committee (Chair), VA CAR

received research funding from Abbott, Afimmune, Amarin, Amgen, Astra

Squibb, Chiesi, CSL Behring, Eisai, Ethicon, Ferring Pharmaceuticals, Fore

Medtronic, PhaseBio, Pfizer, Regeneron, Roche, Sanofi Aventis, Synaptic, T

Elsevier (Editor, Cardiovascular Intervention: A Companion to Braunwald’s

Biotronik, Boston Scientific, St. Jude Medical (now Abbott), and Svelte; has b

and has received unfunded research from FlowCo, Fractyl, Merck, Novo Nord

member of the Advisory Boards for Aptevo, Asana, Astellas, Bayer, Blue Ea

Dendreon, Endocyte, Ferring,Hinova, Janssen,Myriad,OrionCorporation, and

Earth Diagnostics, Carrick Therapeutics, Clovis, Ferring Pharmaceuticals, Jan

Churchill Pharma, Dendreon, Myriaad, and Orion; and has done sponsored

Bayer, Clovis, Dendreon, eFFECTOR Therapeutics, Emergent, Ferring, Gen

Pfizer. Dr. Roe has received research grant funding from Sanofi-Aventis,
particularly among older cancer survivors
(4,5,7–9). More specifically, prostate cancer
is the most common form of cancer among
older men and has an increasing occurrence
with older age; similar age-related trends
have been found in the prevalence and con-
sequences of ASCVD (10,11). As a result,
ASCVD has become the second most com-
mon cause of death among men with pros-
tate cancer (12,13).

For locally advanced, relapsed, or meta-
static prostate cancer, androgen deprivation
therapy (ADT) is the backbone of treatment,
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other agents because of the role of testosterone in the
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FIGURE 1 Mechanism of Action

Mechanism of action of GnRH agonist and antagonist. FSH ¼ follicle-stimulating hormone; GnRH ¼ gonadotropin-releasing hormone; LH ¼ luteinizing hormone.
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development and progression of prostate cancer (14).
Medical castration with ADT is accomplished with
either a gonadotropin-releasing hormone (GnRH)
agonist or a GnRH antagonist because both methods
effectively achieve a castration level of testicular
testosterone suppression. Whether the different
mechanisms of action between these 2 agents might
have differing effects on off-target tissues (e.g.,
atherosclerotic plaque) remains unknown (15). Initial
administration of a GnRH agonist causes luteinizing
hormone and follicle-stimulating hormone release,
which results in an increase in serum testosterone, or
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“testosterone flare.” Long-term exposure to a GnRH
agonist eventually shuts down luteinizing hormone
and follicle-stimulating hormone; consequently,
testicular production of testosterone is stopped. In
contrast, GnRH antagonists inhibit pituitary GnRH
receptors, which immediately shuts down luteinizing
hormone secretion, which leads to subsequent sup-
pression of testosterone production without an
associated testosterone flare (Figure 1).

Over the past 2 decades, several observational
studies have demonstrated an association between
the use of ADT and an increased risk of thrombotic
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TABLE 1 Inclusion Criteria

Main inclusion criteria for prostate cancer

Histologically confirmed adenocarcinoma of the prostate

Tumor, node, metastasis staging available before treatment start (bone scan and/or CT scan and/or MRI) <12 weeks before study start.

If no radiographic image is available at the time of screening, a bone scan should be performed

Investigator judgement to initiate continued ADT therapy with intended duration of 12 months or longer.

Patients with metastatic prostate cancer at time of diagnosis

Patients with prostate cancer who develop metastases after local therapy

Patients with prostate cancer with very high-risk, high-risk, or intermediate risk disease with feature of unfavorable prognosis who will be treated
with definitive radiation therapy in combination with at least 12 months of neoadjuvant/adjuvant ADT

Patients must be treatment-naive (ADT)

If patients received previous ADT for neoadjuvant or adjuvant therapy, then the last dose of therapy must be at least 12 months before
randomization

Any additional hormonal therapy upfront (i.e., abiraterone) is prohibited in the study; however, anti-androgen use for initial flare protection is
allowed for a maximum period of up to 28 days after randomization

Main cardiovascular inclusion criteria

Pre-existing ASCVD (confirmed diagnosis, documented) according to at least 1 of the following criteria

Previous myocardial infarction $30 days before randomization

Previous revascularization procedure $30 days before randomization

Coronary artery: stent placement/balloon angioplasty or coronary artery bypass graft surgery

Carotid artery: stent placement/balloon angioplasty or endarterectomy surgery

Iliac, femoral, popliteal arteries: stent placement/balloon angioplasty or vascular bypass surgery

At least 1 vascular stenosis $50% at any time point before randomization by angiography or CT angiography

Coronary artery

Carotid artery

Iliac, femoral, or popliteal arteries

Carotid ultrasound results that documented a vascular stenosis $50% at any time point before randomization

Ankle�brachial pressure index <0.9 at any time point before randomization

ADT ¼ androgen deprivation therapy; ASCVD ¼ atherosclerotic cardiovascular disease; CT ¼ computed tomography; MRI ¼ magnetic resonance imaging.
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cardiovascular events, including pulmonary embo-
lism, myocardial infarction, and cardiovascular-
related mortality (16–18). Findings from the 2 initial
studies that demonstrated this association analyzed
data from the Surveillance Epidemiology and End
Results-Medicare linked database and identified an
increased risk of incident coronary heart disease,
myocardial infarction, and cardiovascular death
among men with prostate cancer treated with a GnRH
agonist (19,20). Although this signal was not uni-
formly observed in other studies published at that
time, these new data led to the 2010 publication of a
joint scientific statement from the American Heart
Association, American Cancer Society, and American
Urological Association that suggested a possible as-
sociation between ADT and risk of cardiovascular
events (16,21). Shortly after this publication, the U.S.
Food and Drug Administration and Health Canada
asked manufacturers of GnRH agonists to add extra
safety information to drug labels with a warning
about the possible increased risks for cardiovascular
events. Although the Food and Drug Administration
did not request a label change for GnRH antagonists
(22), the European Medical Agency requested similar
label warnings for both GnRH agonists and GnRH
antagonists. Thereafter, further insights were
provided from a meta-analysis of pooled data from 6
prospective randomized clinical trials that compared
short-term (up to 12 months) treatment of advanced
prostate cancer with a GnRH antagonist (degarelix)
versus a GnRH agonist (leuprolide). In the overall
population, the risk of cardiovascular events was
similar between the treatment arms. However, in
those with pre-existing ASCVD before the start of
ADT, the frequency of cardiovascular events was
substantially lower with the GnRH antagonist versus
the GnRH agonist (6.5% vs. 14.7%, respectively) with
a separation of event curves that occurred approxi-
mately 3 to 6 months after ADT initiation that lasted
throughout the first year of treatment (23).

Prompted by this additional evidence that
demonstrated a potential differential risk of cardio-
vascular events by type of ADT when treatment was
administered for up to 12 months, the PRONOUNCE (A
Trial Comparing Cardiovascular Safety of Degarelix
Versus Leuprolide in Patients With Advanced Pros-
tate Cancer and Cardiovascular Disease) trial was
designed to rigorously and prospectively evaluate the
cardiovascular safety of a GnRH receptor antagonist
(degarelix) versus a GnRH receptor agonist (leupro-
lide) among men with prostate cancer who had pre-
existing ASCVD. To our knowledge, the



TABLE 2 Main Exclusion Criteria

Main prostate cancer exclusion criteria

Previous or current hormonal management of prostate cancer

Surgical castration

Any hormonal manipulation

Any previous neoadjuvant/adjuvant hormonal therapy, unless treatment terminated
>12 months before study start

Main cardiovascular exclusion criteria

Uncontrolled type 1 or type 2 diabetes mellitus (defined as HbA1c >10%) at time of
randomization

Uncontrolled hypertension (SBP >180 mm Hg or DBP >110 mm Hg) at time of
randomization

A history of congenital long QT syndrome or risk factors for Torsade de pointes
ventricular arrhythmias (e.g., heart failure, hypokalemia, concomitant medication
known to cause QT prolongation)

Within 30 days before randomization:

Myocardial infarction

Stroke (hemorrhagic/ischemic)

Coronary, carotid, or peripheral artery revascularization

Planned or scheduled cardiac surgery or PCI procedure that is known at the time of
randomization

DBP ¼ diastolic blood pressure; HbA1c ¼ glycosylated hemoglobin A1c; PCI ¼ percutaneous coronary interven-
tion; SBP ¼ systolic blood pressure.
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PRONOUNCE trial is the first prospective cardiovas-
cular outcomes trial in advanced prostate cancer to
compare 2 different types of cancer treatment,
thereby representing an important development in
the field of cardio-oncology (24).

METHODS

PRONOUNCE is a phase IIIb, multicenter, prospective,
randomized, open, blinded endpoint trial designed to
compare the occurrence of major adverse cardiovas-
cular events (MACEs) in patients with advanced
prostate cancer and pre-existing ASCVD who will
receive either a GnRH antagonist (degarelix) or a GnRH
agonist (leuprolide) as ADT for 12 months (25). The
trial plans to enroll approximately 900 patients at
approximately 100 sites in North America and Europe.
The first patient was randomized in April 2016.

This trial is being conducted in compliance with
the study protocol, the Declaration of Helsinki, and
Good Clinical Practice, as defined by the International
Conference on Harmonization. Before patient enroll-
ment, written informed consent is obtained from
each patient, and approval is obtained from appro-
priate institutional review boards and ethics com-
mittees for participating sites. The steering and
operations committees, which include academic
members and sponsor representatives, oversee the
medical, scientific, and operational conduct of the
study. The PRONOUNCE trial is supported by the
manufacturer of degarelix, Ferring Pharmaceuticals
(Parsippany, New Jersey).
STUDY POPULATION. Eligible patients must have a
pathological diagnosis of adenocarcinoma of the
prostate with newly diagnosed localized disease,
biochemical recurrence after definitive therapy, or
hormone-sensitive metastatic disease. If a participant
received previous ADT for neoadjuvant or adjuvant
therapy, then the last dose of therapy must have been
at least 12 months before randomization. Serum
testosterone level must be in the non-castration
range, and the duration of planned ADT must be at
least 12 months. In addition, eligible patients must
have pre-existing ASCVD defined as: a history of
myocardial infarction; previous percutaneous or
surgical revascularization of the carotid, coronary,
iliac, femoral, or popliteal arteries; previous docu-
mentation of a stenosis of >50% in these vessels by
angiography or carotid ultrasound; or peripheral
arterial disease (PAD) confirmed with a diminished
ankle-brachial pressure index (Tables 1 and 2,
Supplemental Appendix).

During screening, potentially eligible patients are
evaluated by a local cardiovascular specialist to
ensure that baseline secondary prevention medica-
tions for ASCVD are optimized according to guideline
recommendations and to provide verification of the
ASCVD inclusion criteria for the trial (26,27).
Furthermore, to support sites in properly confirming
the ASCVD inclusion criteria, cardiovascular
disease information and source medical documents
for the first series of patients screened by each site are
reviewed centrally by a cardiologist at the Duke
Clinical Research Institute (Durham, North Carolina),
which is the academic coordinating center for the
trial. The investigators are also required to ensure
that a cardiovascular specialist is treating the patients
during their trial participation to ensure optimization
of secondary prevention medications for ASCVD for
the duration of the trial.

RANDOMIZATION AND TREATMENT. Eligible pa-
tients are randomized 1:1 (with a fixed block size of 4)
to degarelix or leuprolide acetate in an open-label
fashion. Randomization lists are prepared by an in-
dependent statistician not involved with the trial and
sent to an external electronic Case Report Form
vendor for upload to an eCRF/online randomization.
Each patient receives a unique randomization num-
ber. Randomization is stratified by baseline age group
(younger than 75 years vs. 75 years or older) and re-
gion (North America vs. other geographic regions).
Patients randomized to degarelix receive a starting
dose of 240 mg degarelix (2 subcutaneous injections,
each of 120 mg) followed by 11 subcutaneous in-
jections of 80 mg degarelix given at 28-day intervals.
Patients randomized to leuprolide receive 22.5 mg

https://doi.org/10.1016/j.jaccao.2020.01.004


FIGURE 2 Trial Design

The trial design, from the initial screening period through treatment and/or follow-up, and the end of the trial. CVD ¼ cardiovascular disease;

i.m. ¼ intramuscularly; MACE ¼ major adverse cardiovascular event; s.c. ¼ subcutaneously.
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administered intramuscularly every 84 days, for 4
doses. Each patient is treated with 12 months of ADT
(Figure 2). Because of the different frequency (once a
month vs. once every 3 months), modality of dosing
(subcutaneous vs. intramuscular), and the known
difference in injection site reactions of the 2 ran-
domized treatment regimens, a double-blind, pla-
cebo-controlled treatment design was determined to
be too challenging to successfully implement, as well
as too difficult and uncomfortable for patients
because of the need for multiple sham injections.
Nonetheless, several mechanisms and approaches are
used to minimize bias in the ascertainment, classifi-
cation, adjudication, and confirmation of suspected
cardiovascular events as detailed in subsequent sec-
tions (Central Illustration). Any additional hormonal
therapy upfront (i.e., abiraterone) is prohibited in the
study; however, anti-androgen use for initial flare
protection is allowed for a maximum period
of #28 days after randomization. If a patient pro-
gresses and requires additional hormonal therapy,
these subjects are subsequently excluded from the
per protocol analysis.

As of October 1, 2019, a total of 364 patients have
been enrolled with 60% from North America and 40%
from Europe. The mean age is 74 years, 90% are
white, approximately 80% have hypertension or
dyslipidemia, 30% have diabetes mellitus, 40% have
had a previous myocardial infarction, and 65% have
had previous revascularization. Regarding prostate
cancer features at randomization, 48% of the patients
had localized disease, 23% had locally advanced dis-
ease, and 18% had metastatic disease.
SCHEDULE OF ASSESSMENTS. A detailed schedule
of study assessments is delineated in Supplemental
Tables 1 and 2. Suspected cardiovascular events,
adverse events, and use of concomitant medications
are assessed at the baseline visit and during
pre-specified monthly visits. In addition, at the
baseline visit, blood samples are obtained to
evaluate cardiovascular biomarkers (high-sensitivity
C-reactive protein, high-sensitivity troponin T, and
N-terminal pro-brain natriuretic peptide). At each
monthly trial-related visit, each participant is
administered a detailed questionnaire that captures
information on potential cardiovascular events,
such as hospitalizations for cardiovascular causes,
occurrence of angiographic and revascularization
procedures, use of brain imaging procedures, and
so forth. Patient responses to this monthly question-
naire prompt sites to report potential cardiovascular
events and submit requisite source documents
through a standard cardiovascular endpoint reporting
process. Each patient has a final clinic visit
1 month after the last dose of their assigned treat-
ment regimen.

https://doi.org/10.1016/j.jaccao.2020.01.004
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CENTRAL ILLUSTRATION PRONOUNCE Study Population, Allocation, Follow-Up, and Analysis

Randomized
1:1

(Approximately 900 pts)

Allocation

12 months
Follow-up

Analysis

Assessed for eligibility 
Histologically confirmed adenocarcinoma 

of the prostate 
Pre-existing ASCVD 

Discontinue treatment
Lost to follow up

Primary Endpoint
MACE (Death, MI and Stroke)

GnRH antagonist
Degarelix

Discontinue treatment
Lost to follow up

Primary Endpoint
MACE (Death, MI and Stroke)

GnRH agonist
Leuprolide

Melloni, C. et al. J Am Coll Cardiol CardioOnc. 2020;2(1):70–81.

The study population for the PRONOUNCE trial for initial inclusion, allocation, follow-up, and analysis. ASCVD ¼ atherosclerotic cardio-

vascular disease; GnRH ¼ gonadotropin-releasing hormone; MACE ¼ major adverse cardiovascular event.
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PRIMARY ENDPOINTS. The primary objective of this
trial is to evaluate the impact of degarelix versus
leuprolide on the first occurrence of a MACE
(all-cause death, nonfatal myocardial infarction, or
nonfatal stroke) through 12 months of ADT.

SECONDARY ENDPOINTS. The main secondary car-
diovascular objectives are to assess the frequency of
the individual components of the composite MACE
primary endpoint (myocardial infarction, stroke, and
all-cause death); cardiovascular-related death; and a
composite of cardiovascular-related death, myocar-
dial infarction, or stroke; and unstable angina. Defi-
nitions of cardiovascular endpoints are standardized
based upon published regulatory recommendations
(28). The main prostate cancer-related objectives are
to monitor testosterone levels on days 28, 168, and
336, to evaluate the progression-free survival failure
rates (defined as either death, radiographic disease
progression, introduction of additional prostate can-
cer therapies for progression, or prostate-specific
antigen failure, whichever is first), and to compare
urinary and prostate cancer-related symptoms with
the International Prostate Symptom Score question-
naire. Health economics and patient-reported
outcome objectives include comparing healthcare
resource use, health status through the EuroQol
Group 5 Dimensions 5 Levels Questionnaire, func-
tional capacity and quality of life through the Duke
Activity Status Index, and heart-focused anxiety
through the Cardiac Anxiety Questionnaire. Adverse
events are collected on a monthly basis and graded
according to the National Cancer Institute Common
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Terminology Criteria for Adverse Events. These
events will be reported as part of the secondary
safety assessment.
EXPLORATORY ENDPOINTS. Exploratory endpoints
for the comparison of degarelix with leuprolide
include: 1) time from first adjudicated nonfatal MACE
to a second confirmed (adjudicated) occurrence of the
composite MACE endpoint in the subgroup of pa-
tients that survived the first cardiovascular event,
including an analysis of all (total) MACE events by
treatment arm; 2) the regression coefficient associ-
ated with the interaction between treatment and
baseline cardiovascular biomarker status with respect
to a Cox regression model of the time from initial
dosing to the first confirmed occurrence of the com-
posite MACE endpoint; 3) the area under the receiver-
operating characteristics curve for cardiovascular
biomarkers based on the prediction of event-free
survival; and 4) the difference in the area under the
receiver-operating characteristics curves based on
Cox regression models, including the traditional
baseline cardiovascular risk factors, and the tradi-
tional cardiovascular risk factors plus cardiovascular
biomarkers (high-sensitivity C-reactive protein, high-
sensitivity troponin T, and N-terminal pro-brain
natriuretic peptide) as covariates.

STATISTICAL CONSIDERATIONS: SAMPLE SIZE

CALCULATION AND ASSUMPTIONS FOR THE

PRIMARY MACE ENDPOINT. Based on the aforemen-
tioned published data from the meta-analysis of
pooled randomized clinical trial data (23), the 1-year
MACE event rates for sample size calculations were
set to 5.1% and 10.2% for degarelix versus leuprolide,
respectively (23). With a hypothesized hazard ratio of
0.49 based upon previous observations, 66 MACE
events will be required at final analysis, correspond-
ing to a sample size of 876 patients, to reject the null
hypothesis of equal hazards at the 2-sided 5% type I
error level with 80% power. One interim analysis is
planned after 50% of the expected number of adju-
dicated MACE endpoints have been collected. The
objective at the interim analysis is to test whether
there is any reason to stop the trial early for futility
purposes. In the event that the stopping boundaries
are not crossed for futility, the required sample size
will be reassessed based upon MACE event rates
observed at the time of the interim analysis, to ach-
ieve a conditional power of 80% at trial conclusion.
All randomized patients will be included in the
intention-to-treat analysis set at trial conclusion. All
analyses will be performed based on the planned
(randomized) treatment. The data of all patients who
received at least 1 dose of study drug will be included
in the safety analysis set according to the actual
treatment received.

The analysis of the primary MACE endpoint will be
performed for the intention-to-treat and the per-
protocol analysis sets. The time from randomization
to the first confirmed occurrence of the composite
MACE endpoint in the 2 treatment groups will be
analyzed based on the Kaplan-Meier estimate of the
survival function and the log-rank test stratified by
age group and geographic region. The null hypothesis
of equal hazard functions between the 2 treatment
groups will be rejected if the inverse normal test
statistics exceed the critical level for a 2-sided hy-
pothesis test with a type I error level of 5%. Unless
otherwise specified, time-to-event endpoints will be
censored at the time when a patient initiates new
and/or different ADT, is lost to follow-up and/or
withdraws from the study or day 336, whichever oc-
curs first. In addition, all hypothesis tests will be 2-
sided at a significance level of 5%, and missing data
will not be imputed.

SAFETY MONITORING. The independent, external
Data and Safety Monitoring Board (DSMB) is
composed of 1 chairperson (cardiologist), 1 indepen-
dent statistician, 1 cardiologist, and 1 urologist
(Supplemental Appendix). The major roles of the
DSMB are to periodically evaluate safety data and to
perform the pre-planned, unblinded interim analysis
after approximately 33 positively adjudicated MACEs
have been observed. Based on pre-specified criteria,
the DSMB will make recommendations to the Steering
Committee on whether to continue the trial as is,
modify (increase the sample size), or stop the trial
due to futility according to the pre-determined
criteria. The interim analysis will be based on data
from the intention-to-treat analysis set.

STEERING COMMITTEE. The Steering Committee
consists of external clinical and scientific experts,
including cardiologists, oncologists, and urologists,
as well as a Sponsor representative (Supplemental
Appendix). The Steering Committee will be respon-
sible for overseeing trial integrity and making de-
cisions related to the trial conduct, such as potential
protocol amendments and decisions based on interim
recommendations from the DSMB, as previously
described. The Duke Clinical Research Institute is the
academic coordinating center for the trial and sup-
ports and organizes the Steering Committee.

CLINICAL EVENT CLASSIFICATION COMMITTEE. An
independent, firewalled, blinded clinical events adju-
dication committee from the Duke Clinical Research

https://doi.org/10.1016/j.jaccao.2020.01.004
https://doi.org/10.1016/j.jaccao.2020.01.004
https://doi.org/10.1016/j.jaccao.2020.01.004
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Institute will adjudicate all potential cardiovascular
endpoints with the endpoint definitions listed in the
Supplemental Appendix. Members of the adjudication
committee have no other role in the trial conduct. Po-
tential MACEs will be evaluated by applying a specific
clinical events classification process to ensure blinding
of the adjudicators, which includes extensive redac-
tion of treatment-related details from source docu-
ments used during the adjudication processes. Each
potential event will be adjudicated independently by 2
physician adjudicators, and disagreements will be
reviewed by a committee of the adjudicators. Cardiol-
ogists will adjudicate death, myocardial infarction,
and unstable angina events; neurologists will review
stroke events; and oncologists will participate in the
cause of death adjudication activities together
with cardiologists.

DISCUSSION

The primary goal of the PRONOUNCE study is to
prospectively evaluate the occurrence of MACE
events in patients with advanced prostate cancer and
concomitant ASCVD who are treated with a GnRH
antagonist degarelix compared with the GnRH
agonist leuprolide over the initial 12 months of ADT.
In addition, several non-cardiovascular�related sec-
ondary endpoints will be studied to further investi-
gate the potential differences in the risk�benefit
profile of degarelix versus leuprolide. Our main hy-
pothesis is that patients treated with degarelix will
have a lower risk of cardiovascular events than those
treated with leuprolide. The PRONOUNCE trial is the
first prospective cardiovascular outcomes trial to
evaluate different cancer treatments.

Although ADT is the mainstay treatment of
advanced prostate cancer, post hoc analyses have
demonstrated an association between treatment with
a GnRH receptor agonist and an increased risk of
downstream cardiovascular events (20,29,30). For the
most part, cardiovascular events occurred early after
ADT initiation (typically after 1 to 4 months of expo-
sure), which could suggest a short-term, treatment-
related risk for aggravation or destabilization of
existing atherosclerotic plaques (16,29–31). At the
same time, other analyses have shown that although
the risk seems to peak in the first 6 months of treat-
ment, the event curve continues to diverge over
longer follow-up (20,32). In line with these observa-
tions, studies have consistently shown that a history
of ASCVD is strongly associated with subsequent
cardiovascular complications during ADT therapy
(33–35). A recent meta-analysis has also demonstrated
that new hormonal agents (e.g., enzalutamide, dar-
olutamide, and others) are associated with improve-
ment in terms of metastases-free survival, but these
agents come with a higher grade risk of cardiovascu-
lar events (36). Because new hormonal agents (e.g.,
abiraterone, docetaxel, and enzalutamide) all have
their own added toxicities, including cardiovascular
toxicity, we found that co-administration of these
agents is not always in the best interest of patients
with pre-existing cardiovascular disease or diabetes.
In this study, we want to minimize any outside tox-
icities that can be contributed by these drugs; there-
fore, new hormonal agents are prohibited in the
PROUNOUNCE trial.

Recently, results from a small, investigator-
initiated, open-label trial that randomized 80 men
with prostate cancer and pre-existing ASCVD to
receive degarelix versus leuprolide for 12 months
demonstrated that the number of cardiovascular
events was lower with degarelix versus leuprolide (a
pre-specified secondary endpoint) (37). Although the
results from this study are hypothesis-generating and
not definitive, these findings further support the
rationale for an adequately powered, prospective trial
such as PRONOUNCE to definitively ascertain the
relative cardiovascular safety of ADT with a GnRH
antagonist versus a GnRH agonist.

Mechanisms of increased cardiovascular risk with
ADT appear to be multifactorial and are believed to be
related to both metabolic and immunomodulatory
changes that may destabilize pre-existing athero-
sclerotic plaques and potentially accelerate the pro-
gression of atherosclerosis.

Pre-clinical studies of androgen-receptor knockout
and orchiectomized low-density lipoprotein�
receptor knockout models demonstrated that andro-
gens could exert both favorable direct and indirect
effects on the development and progression of
atherosclerotic lesions (38). The administration of
testosterone to animal and cell models of athero-
sclerosis showed a decrease in the expression of
vascular cell adhesion molecules (e.g., VCAM-1) and
pro-inflammatory cytokines (tumor necrosis factor-
alpha, interleukin-1) (39,40).

After post hoc analyses indicated that GnRH re-
ceptor agonists and GnRH receptor antagonists
might have different levels of cardiovascular risk,
the qualitative difference in the mechanism of action
between GnRH receptor antagonists and GnRH re-
ceptor agonists, including the effect on the follicle-
stimulating hormone, as well as potentially func-
tional GnRH receptors identified in peripheral tis-
sues, was investigated. These studies raised the

https://doi.org/10.1016/j.jaccao.2020.01.004
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possibility that GnRH receptor agonists and GnRH
receptor antagonists might have different profiles
with respect to short-term cardiovascular safety in
patients with established ASCVD (23,41). For
example, T cells present in atherosclerotic plaque
may express GnRH receptors, and, consequently,
may be stimulated by a GnRH agonist, thereby
potentially promoting fibrotic cap disruption and
plaque destabilization (23).

Although the pathophysiological mechanisms of
potential differential cardiovascular risk with a GnRH
antagonist versus GnRH agonist remain to be fully
elucidated, putative differences in mechanisms of
action of these agents may underlie the observed
findings previously mentioned.

There are several distinctive features that make the
PRONOUNCE trial unique. First, a multispecialty
group of cardiologists, urologists, and oncologists
work together on the Steering Committee and DSMB
(42). Second, numerous strategies have been imple-
mented to support investigators (mainly urology/
oncology investigators) and to help in the assessment
of cardiovascular inclusion criteria. Several training
sessions covering cardiovascular disease definitions
and cardiovascular inclusion criteria have been
conducted during the course of the study and are
offered on an as-needed basis to all sites. At the site
level, local urology/oncology site investigators are
supported by their cardiovascular specialists to
confirm cardiovascular inclusion criteria and optimal
background cardiovascular medication treatment.
Furthermore, a cardiologist at Duke Clinical Research
Institute (C.M.) reviews and confirms cardiovascular
eligibility criteria for at least the first 3 patients
screened at each site and is available thereafter based
on a site’s needs. Clinical trial educators who are
trained nurses with previous cardiovascular trial
experience visit sites on a regular basis to support
investigators in the screening and enrollment process
and to assist sites with performing well in the trial.
Third, structured questions to ensure full and com-
plete cardiovascular endpoint ascertainment have
been created and are administered by urology/
oncology site research personnel to patients every
month to inquire about potential cardiovascular
events in a process that likely has not been used by
these sites in previous clinical trials. Finally, several
exploratory biomarkers (cardiovascular and immune)
will be collected and assessed to determine how these
biomarkers may relate to putative differences in car-
diovascular events between the GnRH antagonist
(degarelix) and the GnRH agonist (leuprolide); these
analyses will also explore several potential biological
mechanisms that may underlie the increased cardio-
vascular risk observed with ADT.

CONCLUSIONS

Cardio-oncology involves caring for patients with
cancer who have concomitant cardiovascular disease
at the time of cancer diagnosis or who develop car-
diovascular disease during increasingly more com-
plex and efficacious, but also potentially more cardio-
toxic, cancer treatment. Due to the frequent co-
existence of cardiovascular disease and cancer, the
field of cardio-oncology is rapidly expanding. Effec-
tive communication and collaboration between
different specialty providers (oncologists, urologists,
and cardiologists) as essential partners in a care team
is critical to balance cancer care and cardiovascular
outcomes toward optimal survival. Cooperation
among specialties also has regulatory repercussions,
where different divisions at the Food and Drug
Administration and European Medical Agency must
collaborate to oversee and approve these types of
trials. In this context, the PRONOUNCE trial is the first
randomized trial that is designed to prospectively
capture cardiovascular outcomes as a primary study
endpoint comparing different treatments for prostate
cancer.
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