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ABSTRACT

Introduction: Cardiovascular (CV) events are the
leading cause of death in prostate cancer. Men
with prostate cancer are likely to have CV risk
factors and use CV-related concomitant medica-
tions. In the phase 3 HERO study, a 54% lower
incidence of major adverse cardiac events was
reported in men treated with the oral gonado-
tropin-releasing hormone (GnRH) receptor

antagonist, relugolix, vs leuprolide. Herein, we
characterize the impact of concomitant CV ther-
apies on efficacy and safety in the HERO study.
Methods: In HERO, 930 men with advanced
prostate cancer (APC) were randomized 2:1 and
treated with relugolix (120mg orally once daily;
after single 360mg loading dose) or leuprolide
(injections every 3 months) for 48 weeks. Sub-
groups analyzed included men who received anti-
hypertensives, antithrombotics,or lipid-modifying
therapies (LMAs), aswell as themost commondrug
classes ([10%) and single most common agent
within each class. Assessments included sustained
testosterone suppression to castrate levels
(\50 ng/dL) through 48 weeks and safety.
Results: Antihypertensives, antithrombotics, and
LMAswere utilized by 52.7%, 39.1%, and 39.6%of
meninHERO, respectively. In themain subgroups,
point estimates for sustained castration rates were
generally consistent with overall estimates of rel-
ugolix and leuprolide observed in the overall pop-
ulation. Sustained castration rateswere alsomostly
consistent for men taking the most common drug
classes and individual agents in eachclass (losartan
[n = 103]: relugolix, 95.4% vs leuprolide, 80.6%;
amlodipine [n = 229]: 97.2%vs 85.5%;metoprolol
[n = 88]: 95.7% vs 86.9%; acetylsalicylic acid
[n = 259]: 97.0% vs 92.1%; clopidogrel [n = 43]:
96.4% vs 86.7%; simvastatin [n = 78]: 98.0% vs
87.3%). Incidenceandtypesofadverseevents (AEs)
amongmen who received these medications were
mostly consistent with overall population results,
with some increases in grade C 3 and fatal AEs.
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Conclusion: Relugolix suppressed testosterone
and was generally well tolerated when given
with concomitant CV agents.
Trial Registration: Clinical Trial ID
NCT03085095.
Prior Presentation: Data presented at 15th
Annual Genitourinary Cancers Symposium;
February 17–19, 2022, San Francisco, CA, USA
[Abstract 101, Poster board E11]. The published
abstract from this presentation can be found at
https://ascopubs.org/doi/10.1200/JCO.2022.40.
6_suppl.101.
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Key Summary Points

Why carry out this study?

Cardiovascular (CV) events are the leading
cause of death in prostate cancer and men
with prostate cancer are likely to have CV
risk factors and use CV-related
concomitant medications.

We characterized the impact of
concomitant CV therapies on efficacy and
safety in the HERO study, in which 52.7%,
39.1%, and 39.6% of men utilized
antihypertensives, antithrombotics, and
lipid-modifying agents, respectively.

What was learned from this study?

In the main subgroups analyzed in our
analysis, point estimates for sustained
castration rates were generally consistent
with overall estimates of relugolix and
leuprolide observed in the overall
population.

Incidence and types of adverse events
(AEs) among men who received these
medications were mostly consistent with
overall population results, with some
increases in grade C 3 and fatal AEs.

Overall, relugolix suppressed testosterone
and was generally well tolerated when
given with concomitant CV agents.

INTRODUCTION

Cardiovascular (CV) events are the leading
cause of death in patients with prostate cancer,
and at least two-thirds of men with prostate
cancer are reported as having known CV risk
factors, such as obesity, diabetes, hypertension,
and hyperlipidemia [1–3]. As such, many men
with prostate cancer use concomitant CV-re-
lated medications. The concern with CV events
in men with prostate cancer is noteworthy as a
number of reports suggest that the luteinizing
hormone-releasing hormone (LHRH) agonist
leuprolide is associated with an increased risk of
cardiovascular events in men with prostate
cancer [4, 5] and its prescribing information
contains warnings for increased risk of
myocardial infarction, sudden cardiac death,
and stroke [6]. Several prior studies have shown
the risk of major cardiovascular and cere-
brovascular events using gonadotropin-releas-
ing hormone (GnRH) antagonists is
significantly lower compared with LHRH ago-
nists [7, 8], although this is not considered
definitive because other studies have not shown
a lower risk [4, 9, 10].

In December 2020, the US Food and Drug
Administration approved the first oral GnRH
antagonist, relugolix, for the treatment of adult
patients with advanced prostate cancer, fol-
lowed by similar approvals in the European
Union and Japan. The approvals were based, in
part, on results from the phase 3 HERO study, in
which 934 men requiring at least 1 year of
androgen deprivation therapy (ADT) were ran-
domized (2:1) to receive relugolix 360 mg oral
loading dose on the first day, followed by daily
oral doses of 120 mg, or leuprolide acetate
22.5 mg injection subcutaneously every
3 months for 48 weeks [3]. In this pivotal trial,
relugolix demonstrated suppression of testos-
terone to castrate levels in 96.7% of patients
from day 29 through 48 weeks, which was
superior to leuprolide [3]. The most common
adverse events (AEs) observed in relugolix-trea-
ted patients were hot flash, fatigue, constipa-
tion, diarrhea, and arthralgia. In addition, a
54% lower risk of major adverse cardiovascular
events (MACE), defined as non-fatal myocardial
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infarction, non-fatal stroke, and death from any
cause, relative to leuprolide [3].

Men with CV risk factors are often on mul-
tiple medications to manage their CV disease.
Although there are no specific drug–drug inter-
actions between relugolix and CV medications,
it is important to confirm that the concomitant
use of CV medications does not impact the
efficacy/safety of relugolix. Herein, we charac-
terize the impact of concomitant CV therapies
on efficacy and safety in the HERO study.

METHODS

The HERO study was designed to evaluate rel-
ugolix in men with advanced prostate cancer
(APC), and details of design have been previ-
ously published [3]. Briefly, there were 934 men
randomized in a 2:1 ratio (930 treated) to be
given 120 mg orally once-daily relugolix after a
single 360 mg loading dose or leuprolide injec-
tions every 12 weeks for 48 weeks.

Eligibility requirements required patients to
be at least 18 years of age and to have had his-
tologically or cytologically confirmed adeno-
carcinoma of the prostate that required at least
1 year of continuous androgen deprivation
therapy. To be eligible for the HERO study,
patients were also required to have one of three
clinical disease presentations: evidence of bio-
chemical (prostate specific antigen) or clinical
relapse following local primary intervention
with curative intent, newly diagnosed hor-
mone-sensitive metastatic disease, or advanced
localized disease unlikely to be cured by local
primary intervention with curative intent.
Exclusion criteria included MACE within
6 months before trial initiation. The study was
conducted in accordance with the provisions of
the Declaration of Helsinki. All patients pro-
vided informed consent and the trial was
approved by the institutional review board or
independent ethics committee at each center.

Subgroups included in this post hoc analysis
included men who received antihypertensives,
antithrombotics, or lipid-modifying therapies
(LMAs), as well as the most common drug
classes ([ 10%) within these categories [an-
giotensin receptor blockers, calcium channel

blockers, beta blockers, cyclooxygenase (COX)
inhibitors, (adenosine diphosphate) ADP
receptor inhibitors, and statins], and single
most common agent within each class (losar-
tan, amlodipine, metoprolol, acetylsalicylic
acid, clopidogrel, and simvastatin).

Assessments included sustained testosterone
suppression to castrate levels (\50 ng/dL)
through 48 weeks (primary endpoint in HERO)
and safety parameters (AEs). Rates for sustained
testosterone suppression to castrate levels were
estimated for each treatment group using the
Kaplan–Meier method. In this post hoc analysis,
no formal statistical hypothesis and/or com-
parison was conducted. All analyses were
descriptive and conducted in a modified intent
to treat (mITT) population, which included all
randomized patients who took at least one dose
of study treatment.

The trial was approved by the institutional
review board or independent ethics committee
at each center and was conducted in accordance
with the requirements of the regulatory
authorities of each country and with the pro-
visions of the Declaration of Helsinki and the
Good Clinical Practice guidelines of the Inter-
national Council for Harmonisation. All
patients provided written informed consent.

RESULTS

Patients

Of the 930 men treated in HERO, antihyper-
tensives, antithrombotics, and LMAs were uti-
lized in both treatment arms by 52.7%, 39.1%,
and 39.6%, respectively. The number of men
taking at least one CV concomitant medication
was 73.3% and 81.8% in the relugolix and
leuprolide groups, respectively.

Efficacy

Figure 1 shows the results for sustained castra-
tion rates from day 29 through week 48 for the
subgroups of patients who received concomi-
tant antihypertensives, antithrombotics, and
LMAs. Point estimates for sustained castration
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Fig. 1 Sustained castration rates from day 29 through
week 48 for concomitant a antihypertensives, b antithrom-
botics, and c lipid-modifying agents. Anti-HTN

antihypertensives, ARBs angiotensin receptor blockers,
CCBs calcium channel blockers, COX cyclooxygenase,
ADP adenosine diphosphate
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rates in each subgroup analyzed were consistent
with the estimates in the overall population for
relugolix and leuprolide observed (Fig. 1). Sus-
tained castration rates for the subgroups of men
who received antihypertensives (relugolix
96.2% vs leuprolide 87.9%), antithrombotics
(97.3% vs 91.1%), and LMAs (97.9% vs 89.4%)
were generally similar to the overall HERO trial
mITT population (96.7% vs 88.8%). In addition,
sustained castration rates were consistent for
men taking the most common drug classes
(Fig. 1) and individual agents in each class (i.e.,
losartan [n = 103]: relugolix, 95.4% vs leupro-
lide, 80.6%; amlodipine [n = 229]: 97.2% vs
85.5%; metoprolol [n = 88]: 95.7% vs 86.9%;
acetylsalicylic acid [n = 259]: 97.0% vs 92.1%;
clopidogrel [n = 43]: 96.4% vs 86.7%; simvas-
tatin [n = 78]: 98.0% vs 87.3%).

Safety

Types of AEs were generally similar among men
who received antihypertensives, antithrom-
botics, and LMAs during the trial relative to
those in the overall population, with some
exceptions in incidence (Table 1). Men experi-
encing at least one AE ranged from 93% to 96%
and men experiencing a grade C 3 AE ranged
from 21% to 29% in the top-level subgroups. In
the relugolix group, the proportion of men who
had an AE leading to treatment withdrawal or
interruption was similar or slightly higher in
the subgroups relative to the overall population.
In all top-level subgroups analyzed, hot flash
remained the most common AE for both treat-
ment groups, ranging from 49% to 59% (overall
population: relugolix 54%; leuprolide 52%).
Similar to the overall population, fatigue, con-
stipation, diarrhea, arthralgia, and hypertension
were the next most common AEs ([10% in at
least one subgroup).

There were several notable differences in the
safety results among the subgroups. For exam-
ple, fatal AEs were numerically higher for men
receiving antithrombotics (relugolix 2.6%;
leuprolide 5.8%) and lipid-modifying agents
(relugolix 1.6%; leuprolide 4.8%) than the
overall population (relugolix 1.1%; leuprolide
2.9%). The frequencies of fatal AEs in these

subgroups were numerically higher in the
leuprolide group than the relugolix group. In
addition, grade C 3 AEs were increased in most
of the subgroups relative to the overall popula-
tion (relugolix 18.0%; leuprolide 20.5%), most
notably in the antithrombotics subgroup (relu-
golix 28.6%; leuprolide 29.2%).

DISCUSSION

Relugolix demonstrated suppression of testos-
terone to castrate levels in 96.7% of men, which
was superior to leuprolide (88.8%), and a 54%
risk reduction in MACE relative to leuprolide in
the phase 3 HERO study [3]. Over 90% of men in
this trial had at least one cardiovascular risk fac-
tor (i.e., lifestyle risk factors, comorbidities, and
history of MACE) and most men were on at least
one CV concomitant medication. Given that
men with APC frequently are on multiple medi-
cations to manage their CV disease, it is impor-
tant to investigate the impact of concomitantCV
medications on efficacy/safety of relugolix.

In this subgroup analysis of men who
received concomitant CV medications during
the HERO study, we observed efficacy results
and types of AEs that were generally similar to
the results of the overall HERO population, with
several notable exceptions in incidence of safety
results in some subgroups. Point estimates for
sustained castration rates and the types of AEs
were consistent with overall population results.
Numerically higher incidences were observed
for men in both treatment groups for grade C 3
AEs for antithrombotic subgroup and fatal AEs
in men who received antithrombotic or lipid-
modifying agents, potentially reflecting higher-
risk patient subgroups. Of note, the frequency
of fatal AEs in these subgroups were numerically
higher in the leuprolide group compared to the
relugolix group. There were fewer CV-related
fatal events in the relugolix group (two patients
with myocardial infarction) than in the
leuprolide group (six patients: one with con-
gestive heart failure, four with cardiorespiratory
arrest or cardiopulmonary failure, and one with
cerebral hemorrhage).

The results from this analysis are highly rel-
evant in men with APC, which
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disproportionately affects older men who are at
a higher risk of CV events [1, 2, 11]. Men with
APC and multiple CV-related comorbidities will
generally need concomitant CV-related medi-
cations. In this analysis, we show these medi-
cations do not appear to impact relugolix
efficacy and are generally well tolerated. The
main limitations of this analysis were that it is
post hoc and that it did not explore implica-
tions for men in our study population who were
on multiple concomitant medications. In addi-
tion, the lack of formal statistical comparisons
is a significant limitation in this manuscript and
so the results are only descriptive in nature and
should be considered hypothesis generating.

Another limitation of this analysis is that
only medical castration options were included
in the HERO study. Guidelines recommend ADT
with either LHRH agonists or GnRH antagonists
or surgical castration (i.e., orchiectomy) in
individuals with hormone-sensitive prostate
cancer to achieve castrate levels of testosterone
(\50 ng/dL) [12, 13]. Although these treat-
ments have never been directly compared in
large randomized controlled trials, they are
considered equivalent in cancer control
[12, 13]. Medical castration has been shown to
be associated with higher risks of several clini-
cally relevant adverse effects compared with
orchiectomy; however, ADT is generally pre-
ferred by patients over surgical castration
[14–16]. Orchiectomy could be considered by
individuals with CV risk.

CONCLUSIONS

In the HERO trial, relugolix suppressed testos-
terone with efficacy consistent with those of the
overall population. Relugolix and leuprolide
were generally well tolerated when given with
concomitant CV agents, with some notable in-
creases in grade C 3 and fatal AEs.
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