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Abstract
Background Gonadotrophin releasing hormone (GnRH) agonists and antagonists reduce testosterone levels for the treatment
of advanced and metastatic prostate cancer. Androgen deprivation therapy (ADT) is associated with increased risk of
cardiovascular (CV) events and CV disease (CVD), especially in patients with preexisting CVD treated with GnRH agonists.
Here, we investigated the potential relationship between serum levels of the cardiac biomarkers N-terminal pro-B-type
natriuretic peptide (NTproBNP), D-dimer, C-reactive protein (CRP), and high-sensitivity troponin (hsTn) and the risk of new
CV events in prostate cancer patients with a history of CVD receiving a GnRH agonist or antagonist.
Methods Post-hoc analyses were performed of a phase II randomized study that prospectively assessed CV events in
patients with prostate cancer and preexisting CVD, receiving GnRH agonist or antagonist. Cox proportional hazards models
were used to determine whether the selected biomarkers had any predictive effect on CV events at baseline and across a 12-
month treatment period.
Results Baseline and disease characteristics of the 80 patients who took part in the study were well balanced between
treatment arms. Ischemic heart disease (66%) and myocardial infarction (37%) were the most common prior CVD and the
majority (92%) of patients received CV medication. We found that high levels of NTproBNP (p= 0.008), and hsTn (p=
0.004) at baseline were associated with the development of new CV events in the GnRH agonist group but not in the
antagonist. In addition, a nonsignificant trend was observed between higher levels of NTproBNP over time and the
development of new CV events in the GnRH agonist group.
Conclusions The use of cardiac biomarkers may be worthy of further study as tools in the prediction of CV risk in prostate
cancer patients receiving ADT. Analysis was limited by the small sample size; larger studies are required to validate
biomarker use to predict CV events among patients receiving ADT.

Introduction

Androgen deprivation therapy (ADT) is the mainstay
treatment for locally advanced and metastatic prostate
cancer [1]. Pharmaceutical ADTs include gonadotrophin
releasing hormone (GnRH) agonists and GnRH antagonists
that inhibit luteinizing hormone secretion and subsequently
reduce testosterone production by different mechanisms
[1, 2]. ADT has been associated with cardiovascular (CV)
mortality [3], which now precedes cancer as the most
common cause of death in men with prostate cancer [4].

Observational studies have shown that GnRH agonists
are associated with increased risk of CV morbidity and
mortality, whereas the risk maybe lower with GnRH
antagonists [5–8]. Further, patients with CV comorbidities
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are at higher risk than those without [3, 9, 10]. For example,
a meta-analysis of data pooled from six phase III trials
showed significantly increased risk of CV disease (CVD)
and CV mortality in patients receiving GnRH agonists
compared with GnRH antagonist [3]. The reduction in CV
events associated with GnRH antagonist compared with
agonist was in patients with preexisting CVD. However,
CV outcomes were assessed as safety events and were not a
prespecified endpoint.

We recently reported findings from the first randomized
phase II study that prospectively assessed CV outcomes in
men with advanced prostate cancer and preexisting CVD
[11]. In this study, the GnRH antagonist, degarelix, was
associated with an 18% reduction in the risk of CV events
compared with a GnRH agonist over 1 year in patients with
CVD comorbidities. In the HERO trial [12], which enrolled
934 men, the incidence of major adverse CV events after
48 weeks of treatment was 2.9% with relugolix (oral GnRH
antagonist) and 6.2% with leuprolide (GnRH agonist). In
the subgroup of men with a history of CV events, the
incidence was 3.6% in the relugolix group and 17.8% in the
leuprolide group, indicating that the risk differed by a factor
of 4.8. In both studies, CV events were secondary out-
comes. Current evidence therefore suggests that GnRH
antagonists may be preferable to GnRH agonists for patients
with preexisting CVD.

ADT treatment is often effective over a sustained period
of time and so methods of identifying patients at high risk of
CVD and CV mortality are required [1, 13]. N-terminal pro-
B-type natriuretic peptide (NTproBNP), D-dimer, C-
reactive protein (CRP), and high-sensitivity troponin
(hsTn) are known cardiac biomarkers [14]. Previously we
showed that higher serum NTproBNP levels at baseline
were significantly associated with increased risk of a CV
event within 1 year of ADT in patients with preexisting
CVD [11]. Here, we report the findings of exploratory post-
hoc analyses that assessed the effect of serum levels of
NTproBNP, D-dimer, CRP and hsTn on the risk of new CV
events for patients with prostate cancer and preexisting
CVD, treated with GnRH agonist vs antagonist.

Methods

Trial design and data collection

A bi-center, phase II, randomized, open-label superiority
study was conducted, in which men with high-risk or
metastatic prostate cancer and a documented history of
CVD (myocardial infarction [MI], cerebrovascular accident
[CVA], ischemic heart disease [IHD], or peripheral vascular
disease) received GnRH agonist or antagonist. Patients
scheduled to receive ADT for at least 1 year, who had not

received ADT within the last 6 months, were eligible. The
primary outcome compared endothelial function and was
described previously [11].

CV events were a predefined secondary outcome and
included MI, CVA, transient ischemic attack, heart cathe-
terization with/without intervention, cardiac-related hospi-
talization, and death. Further, major adverse CV and
cerebrovascular events (MACCE) were defined as MI,
CVA, heart catheterization with stent insertion, and death.
A cardiologist blinded to treatment assignment reviewed
patient medical records every 3 months to identify new CV
and MACCE events.

The serum levels of cardiac markers NTproBNP, D-
dimer, CRP, and hsTn were measured at baseline and after
3, 6, and 12 months of treatment. NTproBNP and hsTn
(type T) were measured using a Roche cobas e411 analyzer,
CRP was measured using a Roche cobas 8000 modular
analyzer (c701 module), and D-dimer was measured using a
Werfen ACL TOP automatic coagulation analyzer by
standard protocol.

Statistical analysis

Post-hoc analyses were performed to test whether there was
an interaction between ADT modality, cardiac biomarkers,
and CVD risk. A Cox proportional hazards model was fitted
to the time to CV event to assess evidence of a treatment
effect across different biomarker values. This included
terms for treatment arm, log transformed baseline biomarker
level, and biomarker-by-treatment interaction.

In addition, patients were grouped dependent on their
baseline levels of the selected biomarkers to investigate if
there was any relationship between high/low levels at
baseline and CV risk in each treatment arm. We used two-
sided Fisher’s exact test for this analysis. NTproBNP, D-
dimer, and CRP were analyzed by tertiles. hsTn could not
be analyzed by tertiles as more than half of the subjects had
hsTn below detection levels (<14 ng/L). All biomarkers
were analyzed using current clinical cutoff levels that sug-
gest increased risk for heart failure; 500 ng/ml for D-dimer,
14 ng/L for hsTn. For CRP we used 0.1 mg/dL as lower
cutoff and 0.3 mg/dL as higher cutoff. For NTproBNP we
used 400 pg/mL as higher threshold. A lower NTproBNP
threshold of 125 pg/mL was also analyzed as a recent study
suggests that it has higher sensitivity than the current cutoff
of 400 pg/mL, which is recommended by the National
Institute for Health and Care Excellence (NICE) [15].

An analysis was also undertaken to determine if there
was any relationship between serum cardiac biomarker
levels and the risk of new CV events across the 12-month
treatment period. This model fitted log transformed bio-
marker values, including terms for treatment arm, log
transformed baseline biomarker level, time, and treatment-
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by-time interaction. All analyses were performed using
PROC PHREG in SAS (Version 9.4) and SPSS ver 21.

Results

Patient characteristics

A total of 80 patients were enrolled in the study, 39 of
whom received GnRH agonist, and 41 GnRH antagonist.
The overall baseline and disease characteristics were well
balanced between treatment arms (Table 1). IHD and MI
were the most common prior CVD; 53 (66%) patients had
a history of IHD, 30 (37%) patients an MI within 1 year
prior to randomization, and 74 (92.5%) patients received
treatment for secondary CV prevention. The median BMI
was 27.4 (IQR 25.1–29.1) for the GnRH agonist group
and 28 (IQR 25–29.9) for the antagonist group. A total of

25 patients (31%) had diabetes, 58 patients (73%) had
hypertension, and 55 (69%) received at least 4 types of
medication. Baseline risk factors such as hypertension,
diabetes, BMI, and smoking were balanced with no sta-
tistically significant difference between the arms.

Baseline levels of cardiac biomarkers and CV events
by treatment arm

The baseline levels of NTproBNP, D-dimer, CRP, and hsTn
for each patient were stratified by study arm and the devel-
opment of new CV and MACCE events in order to determine
any predictive treatment effect on CV outcome (Fig. 1). A
total of 15 new CV events occurred during the study; 13 in
the GnRH agonist arm, and 2 in the degarelix arm (p value=
0.001). Analysis of NTproBNP and hsTn identified a poten-
tial trend between higher levels at baseline and a CV or
MACCE event (Fig. 1a, c). No relationship between baseline
CRP and D-dimer levels and CV or MACCE events within
12 months of GnRH agonist or antagonist treatment were
observed (Fig. 1b, d). No significant treatment-by-biomarker
interactions were found, although statistical comparisons were
limited by the small number of patients in the antagonist arm
who developed a CV or MACCE event.

To further characterize any association between base-
line biomarker levels and CV events in each treatment
arm, patients were grouped by both tertiles and current
clinical values (Table 2). We found that high levels of
NTproBNP at baseline were associated with the devel-
opment of new CV events in the GnRH agonist group but
not in the antagonist (Fig. 2). This was true both for the
tertiles analysis (Fig. 2a) and clinical values (Fig. 2b), in a
dose response manner. In a similar analysis we also found
that high levels of hsTn were associated with a new CV
event in the GnRH agonist arm but not in the antagonist
arm (Fig. 2g). High levels of D-dimer (Fig. 2b, c) and
CRP (Fig. 2e, f) were not found to be significant.

Levels of cardiac biomarkers over time

The levels of NTproBNP, D-dimer, CRP, and hsTn were
analyzed across the 12-month treatment period to investi-
gate treatment-by-time interactions (Fig. 3). To this end, the
log transformed biomarker values for each patient at base-
line, 3, 6, and 12 months were stratified by study arm and
CV event. The values of NTproBNP, D-dimer, CRP, and
hsTn did not show any noteworthy change in distribution
between patients who experienced a new CV event and
those who did not over 12 months. Despite a large amount
of overlap in the NTproBNP serum levels of patients who
did and did not experience a CV event, there was some
indication that patients who experienced CV events had
slightly higher NTproBNP levels than those who did not.

Table 1 Patient characteristics at baseline related to cardiovascular
health.

GnRH agonist
(N= 39)

Degarelix
(N= 41)

Age, median (IQR) 71 (69–78) 72 (66–77)

BMI, median (IQR) 27.4 (25.1–29.1) 28 (25–29.9)

CVD history

Myocardial infarction
within 1 year prior to
randomization

15 (38) 15 (37)

Cerebrovascular
condition

8 (21) 6 (15)

Ischemic heart disease 26 (67) 27 (66)

Peripheral vascular
disease

2 (5) 4 (10)

Comorbidities

Hypertension 29 (74) 29 (71)

Diabetes 15 (38) 10 (24)

Renal failure 1 (3) 3 (7)

Smoking

Never 17 (44) 17 (41)

Past 16 (41) 18 (44)

Current 5 (13) 4 (10)

Unknown 1 (3) 2 (5)

CVD prevention drugs

Statins 29 (74) 29 (71)

Antiplatelets 31 (79) 26 (63)

Beta-blocker 18 (46) 15 (37)

ACEi 15 (38) 21 (51)

Values are n (%) unless otherwise stated.

ACEi angiotensin converting enzyme inhibitor, BMI body mass index,
CVD cardiovascular disease, GnRH gonadotrophin releasing hormone,
IQR interquartile range.
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Discussion

Here, we present exploratory post-hoc analyses of the first
phase II clinical trial that prospectively assessed CV out-
comes for men with prostate cancer and preexisting CVD.
We tested whether the serum levels of cardiac biomarkers
NTproBNP, D-dimer, CRP, and hsTn at baseline and during
12 months of treatment with GnRH agonist or antagonist
had any association with CV risk. We found that high levels
of NTproBNP and hsTn at baseline were associated with the
development of new CV events in the GnRH agonist group
but not in the antagonist. In addition, we presented pre-
liminary evidence that patients with higher levels of
NTproBNP at baseline and across a 12-month treatment
period with GnRH agonist were more likely to develop a
CV event.

NTproBNP in an inactive prohormone that is released in
response to increased pressure within the heart and has a
major role in the screening and diagnosis of cardiac disease
[16–18]. Elevated NTproBNP levels are associated with a
high risk of pulmonary edema, acute MI, and CV morbidity
and mortality [16, 17, 19–23]. NTproBNP values inde-
pendently predict postoperative cardiac events following

noncardiac major vascular surgery and the clinical outcome
of patients with heart failure [19, 24–28]. Clinical evalua-
tion of NTproBNP in the blood is a standard, relatively
simple test that avoids the costs and time required for car-
diac diagnostic testing [26].

The findings presented here suggest that serum
NTproBNP levels could also be a predictive biomarker for
CV risk in patients with prostate cancer and preexisting
CVD who receive GnRH agonists. Such patients with high
NTproBNP levels may benefit from GnRH antagonists such
as antagonist. However, only a small number of patients in
the antagonist arm developed a CV event and this com-
pounded statistical comparisons between the
treatment arms.

Analysis of baseline NTproBNP levels, in the GnRH
agonist arm, found that 8% (1 of 12) of patients with
NTproBNP < 125 pg/mL, 33% (6 of 18) of patients with
NTproBNP between 125 and 400 g/mL, and 75% (6 of 8) of
patients with NTproBNP levels > 400 pg/mL, developed
CV events. Current recommendations by NICE state that
patients suspected of heart failure with NTproBNP levels of
higher than 400 pg/mL should be referred to a specialist
within 6 weeks, although a recent review of these guidelines
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Fig. 1 Baseline levels of CV biomarkers NTproBNP, D-Dimer,
hsTn, and CRP for each patient stratified by study arm and CV
event. CRP C-reactive protein; CV cardiovascular; GnRH gonado-
trophin releasing hormone; hsTn high-sensitivity troponin; MACCE
major adverse cardiac and cerebrovascular event; NTproBNP N-
terminal pro-B-type natriuretic peptide. Cardiovascular related events

(CVE) included death, myocardial infarction, cerebrovascular acci-
dent, transient ischemic attack, heart catheterization with or without
intervention, and cardiac-related hospitalization, and MACCEs inclu-
ded death, myocardial infarction, cerebrovascular accident, and heart
catheterization with stent. Non-MACCE events are CVEs that are
not MACCE.
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suggests that this cutoff should be as low as 125 pg/mL
[15]. The lower threshold of 125 pg/mL may therefore be
relevant to distinguish patients receiving GnRH agonist at
risk of secondary cardiac events.

In addition to NTproBNP, we also saw that high levels of
baseline hsTn were associated with an increased risk for CV
event in the GnRH agonist group. Troponin is considered
the gold standard for identifying myocardial injury due to
its sensitivity, and high cardiac specificity [29]. It is released
from dead heart cells into the blood stream, indicating
cardiac injury. The development of hsTn assays in the last
decade enabled identification of even small amounts of
cardiac damage. hsTn is mostly used for diagnoses of MI,
but also for other cardiac-related conditions such as
obstructive coronary artery disease, Stable angina,

Congestive heart failure, and cardiomyopathy [30]. Serum
levels of 14 ng/L are considered the clinical cutoff and were
used in our analyses [31]. We found that 64% of patients in
the GnRH agonist arm who had high baseline levels of hsTn
suffered a CV event within 12 months of initiating ADT.
We did not observe a change in hsTn overtime.

Evidence suggesting a differential ADT class effect
between GnRH agonist and antagonist on cardiac outcomes
is now accumulating [3, 11, 12]. Previous studies have
shown that low testosterone levels are associated with an
increased CV risk. However, both classes of drugs (agonist
and antagonists) induce castrate levels of testosterone [32].
An alternative explanation could be FSH. GnRH antago-
nists effectively suppress FSH, while GnRH agonists gra-
dual decrease it to about 50% [32]. FSH receptors are found

Table 2 Percentage of patients
who had a CV event stratified by
study arm and their baseline
levels of NTproBNP, D-dimer,
CRP, and hsTn.

Biomarker level GnRH agonist events/
patients (%)

GnRH antagonist
events/patients (%)

p value

Tertiles

NTproBNP, pg/mL NT ≤ 72 1/10 (10) 0/16 (0) 0.38

72 < NT < 202 3/14 (21) 1/12 (8) 0.6

NT ≥ 202 9/14 (64) 1/12 (8) 0.0053

p value 0.011 0.51

D-dimer, ng/mL D-dimer ≤ 443 4/12 (33) 2/14 (14) 0.37

443 < D-dimer < 760 3/13 (23) 0/13 (0) 0.22

D-dimer ≥ 760 6/14 (43) 0/14 (0) 0.016

p value 0.58 0.32

CRP, mg/dL CRP ≤ 0.18 4/13 (31) 0/12 (0) 0.1

0.18 < CRP < 0.48 3/10 (30) 1/15 (7) 0.27

CRP ≥ 0.48 6/13 (46) 1/13 (8) 0.07

p value 1.0 1.0

Clinical values

NTproBNP, pg/mL NT ≤ 125 1/12 (8) 1/23 (4) 0.99

125 < NT < 400 6/18 (33) 0/10 (0) 0.06

NT ≥ 400 6/8 (75) 1/7 (14) 0.04

p value 0.008 0.38

D-dimer, ng/mL D-dimer < 500 5/15 (33) 2/19 (12) 0.2

D-dimer ≥ 500 8/24 (33) 0/22 (0) 0.004

p value 1 0.21

CRP, mg/dL CRP < 0.1 3/7 (43) 0/5 (0) 0.2

0.1 ≤ CRP ≤ 0.3 1/8 (13) 0/18 (0) 0.32

CRP > 0.3 9/23 (39) 2/17 (12) 0.07

p value 0.32 0.41

hsTn, ng/L hsTn < 14 4/25 (16) 1/21 (5) 0.36

hsTn ≥ 14 9/14 (64) 1/19 (5) 0.0004

p value 0.004 1.0

Data not available for one patient in each arm for NTproBNP, three patients in the GnRH agonist arm and
one in the GnRH antagonist arm for CRP, and one patient in the GnRH antagonist arm for hsTn. p value was
calculated using Fisher’s exact test.

CRP C-reactive protein, CV cardiovascular, GnRH gonadotrophin releasing hormone, hsTn high-sensitivity
troponin, NTproBNP N-terminal pro-B-type natriuretic peptide.
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Fig. 2 Risk for CV in GnRH agonist vs antagonist, based on
baseline levels of cardiac biomarkers grouped by tertiles and
current clinical values. CRP C-reactive protein; CV cardiovascular;

hsTn high-sensitivity troponin; NTproBNP N-terminal pro-B-type
natriuretic peptide. *p value < 0.05; exact p values are detailed under
each graph. p value was calculated using two-sided Fisher’s exact test.
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on the luminal endothelial surface of proliferating tissue and
may play a role in endothelial cell function, lipid metabo-
lism, and fat accumulation that may increase the risk of
CVD in men receiving GnRH agonist [33]. Another pos-
sibility is a direct effect on the GnRH receptor itself. GnRH
agonists (but not antagonists) bind to GnRH receptors on
T cells, thus stimulates a pro-inflammatory phenotype,
which may contribute to destabilization of atherosclerotic
plaques [34]. Although these mechanistic differences are
out of the scope of our study, we provide preliminary data
to suggest that a simple blood test may identify men at risk.

The identification of patients with prostate cancer and
preexisting CVD at risk of secondary CV events is of
upmost importance. Data from the HERO study [12] sug-
gest that among men with a history of CV events, the risk of
a CV event during ADT is high. Our findings have high-
lighted a potential role for NTproBNP and hsTn in the
clinical risk evaluation of ADT modality; serum NTproBNP

and/or hsTn levels could be a useful and simple tool for
urologists when deciding on ADT treatment for patients
with a preexisting CVD. If validated, these biomarkers
maybe used to triage before commencing ADT. This war-
rants further investigation in the ongoing, larger phase III
trial that will prospectively assess CV risk in patients with
prostate cancer and CVD receiving GnRH agonist or GnRH
antagonist degarelix (NCT02663908).
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