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BACKGROUND
Injectable luteinizing hormone–releasing hormone agonists (e.g., leuprolide) are the 
standard agents for achieving androgen deprivation for prostate cancer despite the 
initial testosterone surge and delay in therapeutic effect. The efficacy and safety of 
relugolix, an oral gonadotropin-releasing hormone antagonist, as compared with 
those of leuprolide are not known.
METHODS
In this phase 3 trial, we randomly assigned patients with advanced prostate cancer, 
in a 2:1 ratio, to receive relugolix (120 mg orally once daily) or leuprolide (injections 
every 3 months) for 48 weeks. The primary end point was sustained testosterone 
suppression to castrate levels (<50 ng per deciliter) through 48 weeks. Secondary 
end points included noninferiority with respect to the primary end point, castrate 
levels of testosterone on day 4, and profound castrate levels (<20 ng per deciliter) on 
day 15. Testosterone recovery was evaluated in a subgroup of patients.
RESULTS
A total of 622 patients received relugolix and 308 received leuprolide. Of men who 
received relugolix, 96.7% (95% confidence interval [CI], 94.9 to 97.9) maintained 
castration through 48 weeks, as compared with 88.8% (95% CI, 84.6 to 91.8) of men 
receiving leuprolide. The difference of 7.9 percentage points (95% CI, 4.1 to 11.8) 
showed noninferiority and superiority of relugolix (P<0.001 for superiority). All 
other key secondary end points showed superiority of relugolix over leuprolide 
(P<0.001). The percentage of patients with castrate levels of testosterone on day 4 was 
56.0% with relugolix and 0% with leuprolide. In the subgroup of 184 patients fol-
lowed for testosterone recovery, the mean testosterone levels 90 days after treatment 
discontinuation were 288.4 ng per deciliter in the relugolix group and 58.6 ng per 
deciliter in the leuprolide group. Among all the patients, the incidence of major adverse 
cardiovascular events was 2.9% in the relugolix group and 6.2% in the leuprolide 
group (hazard ratio, 0.46; 95% CI, 0.24 to 0.88).
CONCLUSIONS
In this trial involving men with advanced prostate cancer, relugolix achieved rapid, 
sustained suppression of testosterone levels that was superior to that with leuprolide, 
with a 54% lower risk of major adverse cardiovascular events. (Funded by Myovant 
Sciences; HERO ClinicalTrials.gov number, NCT03085095.)
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Long-acting injectable luteinizing 
hormone–releasing hormone (LHRH) ago-
nists are commonly used as androgen-

deprivation therapy to achieve castrate levels of 
testosterone in the treatment of advanced pros-
tate cancer. LHRH agonists cause an initial tes-
tosterone surge that may result in a clinical flare 
of symptoms such as bone pain, obstructive uri-
nary symptoms, or, rarely, ureteral obstruction or 
spinal cord compression.1,2 Desensitization and 
down-regulation of the luteinizing hormone–
gonadal axis occur over a period of weeks, re-
sulting in delayed suppression of testosterone lev-
els.3,4 Hence, most guidelines recommend adding 
an antiandrogen agent for the first few weeks 
after initiation of an LHRH agonist.5,6 In addition, 
LHRH agonists do not fully suppress follicle-
stimulating hormone (FSH), a potential mitogenic 
growth factor for prostate-cancer cells.7,8

The gonadotropin-releasing hormone (GnRH) 
antagonist degarelix is approved as a depot injec-
tion for androgen-deprivation therapy and achieves 
suppression of both luteinizing hormone and FSH 
through an inhibitory effect on pituitary GnRH 
receptors. Degarelix results in rapid testosterone 
suppression without an initial testosterone surge 
but has not achieved widespread clinical use. 
Possible reasons for this low use in clinical prac-
tice include the need for monthly injections and 
an incidence of injection-site reactions approach-
ing 40%.9-11

Relugolix was developed as an oral, highly 
selective, GnRH antagonist that is given once 
daily with an effective half-life of 25 hours. Relu-
golix rapidly inhibits pituitary release of lutein-
izing hormone and FSH and has been shown to 
lower testosterone levels in multiple phase 1 and 
phase 2 studies.9,12-14 The goals of the phase 3 
HERO trial were to evaluate the efficacy and safety 
of oral relugolix (at a dose of 120 mg once daily) 
as compared with leuprolide in men with advanced 
prostate cancer.

Me thods

Trial Design and Oversight

The HERO trial is a multinational, randomized, 
open-label, phase 3 trial. Patients were enrolled 
at 155 centers and randomly assigned in a 2:1 ratio 
to receive either relugolix (120 mg once daily after 
a single oral loading dose of 360 mg) or leupro-
lide acetate (22.5 mg [or 11.25 mg in Japan and 

Taiwan] by injection every 3 months) for 48 weeks. 
Randomization was stratified according to geo-
graphic region (North and South America, Europe, 
and Asia–Pacific region), the presence or absence 
of metastatic disease, and age (≤75 and >75 years). 
Testosterone values for the primary end-point 
analysis were measured at a blinded central labo-
ratory. In the context of rising prostate-specific 
antigen (PSA) levels or disease progression de-
spite castration, patients were encouraged to re-
main in the trial and, if indicated, could receive 
enzalutamide or docetaxel after the confirmation 
of PSA progression defined according to Prostate 
Cancer Clinical Trials Working Group 3 criteria.15 
Testosterone recovery after discontinuation of the 
trial drug was to be evaluated in a subgroup of 
approximately 150 patients.

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 provisions of the Dec-
laration of Helsinki and the Good Clinical Prac-
tice guidelines of the International Council for 
Harmonisation. All the patients provided written 
informed consent. The steering committee and 
the sponsor (Myovant Sciences) jointly designed 
the trial and reviewed the data with the partici-
pation of the authors. Five of the authors wrote 
the first draft of the manuscript, with professional 
medical writing assistance funded by Myovant 
Sciences, and all the authors contributed to sub-
sequent drafts. The authors had full access to 
the data and assume responsibility for the com-
pleteness and accuracy of the data and for the 
fidelity of the trial to the protocol (available with 
the full text of this article at NEJM.org).

Patients

Patients were eligible if they were 18 years of age 
or older, had histologically or cytologically con-
firmed adenocarcinoma of the prostate, and were 
candidates for at least 1 year of continuous an-
drogen-deprivation therapy. Eligible patients could 
have one of three clinical disease presentations: 
evidence of biochemical (PSA) or clinical relapse 
after local primary intervention with curative in-
tent, newly diagnosed hormone-sensitive meta-
static disease, or advanced localized disease un-
likely to be cured by local primary intervention 
with curative intent. Patients with major adverse 
cardiovascular events within 6 months before 
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trial initiation were excluded. Additional inclusion 
and exclusion criteria are provided in the trial 
protocol.

Trial End Points and Assessments

The primary end point was the sustained castra-
tion rate, defined as the cumulative probability of 
testosterone suppression to less than 50 ng per 
deciliter during receipt of trial treatment from 
day 29 through 48 weeks. Key secondary end 
points for hierarchical testing included noninfe-
riority of relugolix to leuprolide with respect to 
sustained castration rate with a noninferiority 
margin of −10 percentage points. If noninferior-
ity was shown, testing for superiority could then 
be performed.16 Other key secondary end points 
included the cumulative probability of testoster-
one suppression to less than 50 ng per deciliter 
on day 4 and day 15, the percentage of patients 
with a PSA response (>50% decrease) at day 15 
with confirmation at day 29,17 the profound cas-
tration rate (defined as the cumulative probability 
of testosterone suppression to <20 ng per decili-
ter) on day 15, and the FSH level at the end of 
week 24. Analysis of the key secondary end point 
of castration resistance–free survival is ongoing 
and is not reported here. A list of secondary end 
points is provided in Table S2 in the Supplemen-
tary Appendix, available at NEJM.org.

Serum testosterone levels were determined 
with the use of a validated liquid chromatogra-
phy–tandem mass spectrometry method sensi-
tive to 2 ng per deciliter. Safety was assessed 
through clinical laboratory tests, vital-sign mea-
surements, electrocardiography, and reporting 
of adverse events (assessed according to the 
National Cancer Institute Common Terminology 
Criteria for Adverse Events, version 4.03). Analy-
sis of additional exploratory end points that are 
listed in the trial protocol is ongoing.

Statistical Analysis

To calculate the sample size required for the 
primary efficacy end point of this trial, the cu-
mulative probabilities of sustained testosterone 
suppression at the end of week 48 were assumed 
to be 94% for relugolix and 96% for leuprolide, 
with a dropout rate of 15%. In the relugolix group, 
610 enrolled patients were determined to provide 
approximately 90% power to rule out a fixed prob-
ability of sustained testosterone suppression of 
90% or less at a two-sided type I error rate of 

0.05. For the noninferiority analysis with a non-
inferiority margin of −10 percentage points and 
a two-sided type I error rate of 0.05, a total of 
approximately 915 enrolled patients (610 in the 
relugolix group and 305 in the leuprolide group) 
were determined to yield at least 99% power in 
declaring the noninferiority of relugolix as com-
pared with leuprolide.

This response rate for the primary end point 
was to be estimated for each treatment group 
with the use of the Kaplan–Meier method. Pa-
tients who did not have testosterone levels of less 
than 50 ng per deciliter at day 29 or who had any 
testosterone level of 50 ng or more per deciliter 
at any subsequent visit were determined to have 
an event of ineffective castration according to the 
statistical analysis plan. Data for patients who 
discontinued treatment before a testosterone level 
of 50 ng or more per deciliter was observed were 
censored at the last testosterone assessment be-
fore discontinuation.

The efficacy and safety analyses were conducted 
in all randomly assigned patients who took at least 
one dose of trial treatment. Additional details 
regarding the trial design and analysis methods, 
including a prespecified sensitivity analysis, are 
provided in the Supplementary Appendix.

R esult s

Patients

From April 2017 through October 2018, a total 
of 1327 patients were screened for eligibility, and 
934 patients underwent randomization (Fig. S1). 
A total of 622 patients received relugolix and 308 
received leuprolide. The characteristics of the 
patients at baseline were well balanced between 
the treatment groups (Table  1). Approximately 
half (50.2%) of the men enrolled had biochemi-
cal recurrence after definitive treatment for 
prostate cancer; approximately one third (28.9%) 
of the patients were enrolled in North America, 
and 11.5% were from Japan. The mean PSA level 
at baseline was higher in the relugolix group 
(104.2 ng per milliliter) than in the leuprolide 
group (68.6 ng per milliliter); the median PSA 
values were similar in the two groups (11.7 and 
9.4 ng per milliliter, respectively). More than 90% 
of the patients had at least one cardiovascular risk 
factor across the three main categories assessed, 
which included lifestyle risk factors such as 
tobacco use and obesity, cardiovascular risk fac-
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tors such as diabetes and hypertension, and a 
history of a major adverse cardiovascular event. 
The percentage of patients with these risk fac-
tors was similar in the two treatment groups. 
Treatment adherence (defined as the percentage 
of expected doses actually taken) was more than 
99% in both groups. In the relugolix group, 90.2% 
of the patients completed 48 weeks of treatment, 
as compared with 89.0% in the leuprolide group. 
The median follow-up time in both groups, in-

cluding the 30-day safety follow-up period for 
adverse events, was 52 weeks.

Efficacy

Sustained testosterone suppression below castrate 
levels (<50 ng per deciliter) from day 29 through 
48 weeks was achieved in 96.7% of the patients 
in the relugolix group (95% confidence interval 
[CI], 94.9 to 97.9) (Fig. 1A). The leuprolide group 
had a sustained castration rate of 88.8% (95% CI, 

Table 1. Demographic and Clinical Characteristics of the Patients at Baseline.*

Characteristic
Relugolix 
(N = 622)

Leuprolide 
(N = 308)

Total 
(N = 930)

Median age (range) — yr 72 (48–91) 71 (47–97) 71 (47–97)

Age category — no. (%)

≤75 yr 444 (71.4) 220 (71.4) 664 (71.4)

>75 yr 178 (28.6) 88 (28.6) 266 (28.6)

Geographic region — no. (%)

North and South America 216 (34.7) 106 (34.4) 322 (34.6)

North America 182 (29.3) 87 (28.2) 269 (28.9)

Europe 247 (39.7) 122 (39.6) 369 (39.7)

Asia–Pacific region 159 (25.6) 80 (26.0) 239 (25.7)

Presence of metastatic disease — no. (%) 198 (31.8) 97 (31.5) 295 (31.7)

Clinical disease presentation — no. (%)

Evidence of biochemical or clinical relapse after local pri-
mary intervention with curative intent†

309 (49.7) 158 (51.3) 467 (50.2)

Newly diagnosed androgen-sensitive metastatic disease 141 (22.7) 70 (22.7) 211 (22.7)

Advanced localized disease not suitable for primary surgi-
cal intervention with curative intent

172 (27.7) 80 (26.0) 252 (27.1)

Gleason score — no. (%)‡

2–4 0 1 (0.3) 1 (0.1)

5–6 98 (15.8) 46 (14.9) 144 (15.5)

7 237 (38.1) 122 (39.6) 359 (38.6)

8–10 267 (42.9) 134 (43.5) 401 (43.1)

Missing data 20 (3.2) 5 (1.6) 25 (2.7)

ECOG performance status — no. (%)§

0 548 (88.1) 271 (88.0) 819 (88.1)

1 74 (11.9) 36 (11.7) 110 (11.8)

3¶ 0 1 (0.3) 1 (0.1)

Previous androgen-deprivation therapy — no. (%) 81 (13.0) 30 (9.7) 111 (11.9)

Previous radiotherapy — no. (%) 190 (30.5) 92 (29.9) 282 (30.3)

PSA level — ng/ml

Mean 104.2±416.0 68.6±244.0 92.4±368.3

Median 11.7 9.4 10.8

Testosterone level — ng/dl 436.1±159.0 410.0±149.1 427.5±156.2
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84.6 to 91.8), and the sustained castration rate 
in the relugolix group was determined to be non-
inferior to that in the leuprolide group (between-
group difference, 7.9 percentage points; 95% CI, 
4.1 to 11.8). The lower boundary of the 95% 
confidence interval for the between-group dif-
ference was above zero, which showed the supe-
riority of relugolix over leuprolide (P<0.001) 
(Fig. 1A). The results of the primary end-point and 
noninferiority analyses were consistent across a 
broad range of subgroups (Fig. S2). The results 
of the Kaplan–Meier analysis for sustained cas-
tration rate are provided in Table S1.

All key secondary end points showed superi-
ority of relugolix over leuprolide (P<0.001) (Ta-
ble 2). These end points included the cumulative 
probability of castration on day 4 (56.0% vs. 0%) 
and on day 15 (98.7% vs. 12.0%) and of testos-
terone suppression to profound castrate levels 
(<20 ng per deciliter) on day 15 (78.4% vs. 1.0%). 
The percentage of patients with a confirmed PSA 
response at day 15 was 79.4% with relugolix and 
19.8% with leuprolide (P<0.001). Waterfall plots 
for the maximal decrease in the PSA level in the 

first 29 days are provided in Figure S3. FSH sup-
pression was greater with relugolix than with 
leuprolide at all available time points, with FSH 
levels in the leuprolide group increasing after 
day 29 until the end of the trial (Fig. S4A). At the 
end of week 24, mean FSH levels were 1.72 IU per 
liter in the relugolix group and 5.95 IU per liter in 
the leuprolide group (P<0.001). Luteinizing hor-
mone levels during the trial are provided in 
Figure S4B.

Testosterone suppression to castrate levels oc-
curred rapidly in the relugolix group, with a mean 
testosterone level on day 4 of 38 ng per deciliter. 
Testosterone was then maintained at castrate lev-
els throughout the treatment period (Fig. 1B). In 
contrast, a surge in testosterone levels from base-
line resulted in a mean testosterone level of 625 
ng per deciliter at day 4 in the leuprolide group 
before decreasing to castrate levels at day 29 and 
remaining at castrate levels thereafter. Mean tes-
tosterone levels at 90 days after treatment discon-
tinuation in the testosterone recovery subgroup 
(184 patients) were 288.4 ng per deciliter in the 
relugolix group and 58.6 ng per deciliter in the leu-

Characteristic
Relugolix 
(N = 622)

Leuprolide 
(N = 308)

Total 
(N = 930)

FSH level — IU/liter‖ 16.3±12.8 16.7±14.5 16.4±13.4

Cardiovascular risk factors — no. (%)** 570 (91.6) 290 (94.2) 860 (92.5)

Lifestyle risk factors†† 422 (67.8) 202 (65.6) 624 (67.1)

Cardiovascular or cerebrovascular risk factors‡‡ 488 (78.5) 254 (82.5) 742 (79.8)

History of MACE§§ 84 (13.5) 45 (14.6) 129 (13.9)

*	� Plus–minus values are means ±SD. Percentages may not total 100 because of rounding. FSH denotes follicle-stimu-
lating hormone, MACE major adverse cardiovascular event, and PSA prostate-specific antigen.

†	� Biochemical relapse was defined by a rising PSA level.
‡	� Gleason scores range from 2 to 10, with higher scores indicating a worse prognosis.
§	� Eastern Cooperative Oncology Group (ECOG) performance status ranges from 0 to 5, with higher scores reflecting 

greater disability.
¶	� One patient in the leuprolide group had a surgical vascular procedure on his leg and was given an ECOG score of 3 

at screening because of the use of crutches. By the baseline day 1 visit, the patient no longer used crutches, and his 
ECOG score had improved to 0.

‖	� The normal range of FSH values for adults is 1.5 to 12.4 IU per liter.
**	� Patients with multiple risk factors were counted only once.
††	� Lifestyle risk factors included tobacco smoking (current or past), heavy alcohol use, and a body-mass index (the 

weight in kilograms divided by the square of the height in meters) of more than 30.
‡‡	� Cardiovascular or cerebrovascular risk factors included prespecified event terms in the MACE query and a manual 

search of known risk factors, including hypertension; dyslipidemia; diabetes; a history of myocardial infarction or car-
diovascular disease; a history of stroke, transient ischemic attack, or cerebral hemorrhage; peripheral arterial disease; 
atrial fibrillation and other arrhythmias; heart-valve disease; chronic obstructive pulmonary disease; chronic kidney 
disease; chronic liver disease; carotid-artery stenosis or occlusion; venous thromboembolic events; and heart failure.

§§	� Search criteria included “myocardial infarction” (broad standardized Medical Dictionary for Regulatory Activities 
[MedDRA] query) and “central nervous system hemorrhages and cerebrovascular conditions” (broad standardized 
MedDRA query).

Table 1. (Continued.)

The New England Journal of Medicine 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 382;23  nejm.org  June 4, 20202192

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

prolide group (Fig. 1C). The percentage of patients 
with testosterone recovery to at least 280 ng per 
deciliter (the lower limit of the normal range) at 
90 days was 54% in the relugolix group and 3% 
in the leuprolide group (nominal P = 0.002).

Safety

The overall incidence of adverse events was con-
sistent across treatment groups (Table 3). Hot flash 

was the most common adverse event in both 
groups (54.3% in the relugolix group and 51.6% 
in the leuprolide group). Diarrhea was reported 
in a higher percentage of patients in the relugo-
lix group (12.2%) than in the leuprolide group 
(6.8%). All cases of diarrhea were mild or mod-
erate (grade 1 or grade 2), and no patient was 
withdrawn because of diarrhea. No substantial 
difference between treatment groups was observed 
in the incidence of increases in levels of hepatic 
aminotransferases that were at least 3 times the 
upper limit of the normal range (1.4% in the relu-
golix group and 1.3% in the leuprolide group).

Fatal events were reported for 1.1% of the pa-
tients in the relugolix group and 2.9% of those in 
the leuprolide group (Table 3). In a prespecified 
safety analysis, major adverse cardiovascular events 
were defined as nonfatal myocardial infarction, 
nonfatal stroke, and death from any cause. After 
48 weeks of treatment, the incidence of major 
adverse cardiovascular events was 2.9% (exact 
95% CI, 1.7 to 4.5) in the relugolix group and 
6.2% (exact 95% CI, 3.8 to 9.5) in the leuprolide 
group. Kaplan–Meier estimates of the incidence 
rate were consistent with a 54% lower risk (hazard 
ratio, 0.46; 95% CI, 0.24 to 0.88) in the relugolix 
group than in the leuprolide group (Fig. 2). In 
the subgroup of patients with a reported medical 
history of these events, the incidence of major 
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Figure 1. Efficacy Assessments.

Panel A depicts the sustained castration rate (defined 
as the cumulative probability of testosterone suppres-
sion to <50 ng per deciliter through 48 weeks) in the 
relugolix and leuprolide groups. The criterion for suc-
cess with respect to the primary end point was a lower 
boundary of the 95% confidence interval in the relugo-
lix group of 90% or higher; the lower boundary was 
94.9%, so this criterion was met. The criterion for the 
secondary end point of noninferiority to leuprolide 
was also met, with the lower boundary of the 95% 
confidence interval for the difference between the 
relugolix group and the leuprolide group above the 
noninferiority margin of −10 percentage points. If non-
inferiority was shown, testing for superiority was per-
mitted; superiority was shown because the lower 
boundary of the 95% confidence interval for the be-
tween-group difference was above zero. Panel B de-
picts mean testosterone levels over time, including 
testosterone recovery 30 days after discontinuation of 
trial treatment at the end of week 48. Panel C depicts 
the mean testosterone levels in the cohort of 184 pa-
tients followed for testosterone recovery 90 days after 
discontinuation of trial treatment at the end of week 
48. The I bars indicate 95% confidence intervals.
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adverse cardiovascular events during receipt of 
the trial drug was 3.6% (3 of 84 patients) in the 
relugolix group and 17.8% (8 of 45 patients) in 
the leuprolide group, which indicates that the 
odds of having an event were 4.8 times as high 
with leuprolide as with relugolix (Table 3). The 
cumulative incidence of major adverse cardiovas-

cular events over the 48-week treatment period is 
shown in Figure 2.

Discussion

This globally conducted, prospective, phase 3 trial 
involving men with advanced prostate cancer 

Table 2. Key Secondary Efficacy End Points.

Secondary End Point
Relugolix 
(N = 622)

Leuprolide 
(N = 308) P Value

Noninferiority analysis for sustained castration rates — %* 96.7 88.8 <0.001†

Cumulative probability of testosterone suppression to <50 ng/dl 
on day 4 — %

56.0 0 <0.001

Cumulative probability of testosterone suppression to <50 ng/dl 
on day 15 — %

98.7 12.0 <0.001

PSA response at day 15 followed by confirmation at day 29 — %‡ 79.4 19.8 <0.001

Cumulative probability of profound testosterone suppression to 
<20 ng/dl on day 15 — %

78.4 1.0 <0.001

Mean FSH level at end of wk 24 — IU/liter 1.72 5.95 <0.001

*	�The sustained castration rate was defined as the cumulative probability of testosterone suppression to less than 50 ng 
per deciliter through 48 weeks.

†	�The between-group difference was 7.9 percentage points (95% confidence interval, 4.1 to 11.8). Because the lower 
boundary of the 95% confidence interval (4.1 percentage points) was higher than the noninferiority margin of −10 per-
centage points, noninferiority of relugolix as compared with leuprolide was shown. The P value is for the test of superi-
ority of relugolix to leuprolide.

‡	�A PSA response was defined as a decrease of more than 50% in the PSA level.

Table 3. Adverse Events.*

Event Relugolix (N = 622) Leuprolide (N = 308)

Any Grade Grade 3 or 4 Any Grade Grade 3 or 4

Any adverse event — no. (%) 578 (92.9) 112 (18.0) 288 (93.5) 63 (20.5)

Serious adverse event — no. (%) 76 (12.2) 61 (9.8) 47 (15.3) 35 (11.4)

Fatal adverse event — no. (%) 7 (1.1) — 9 (2.9) —

MACE — no. (%)† 18 (2.9) 8 (1.3) 19 (6.2) 4 (1.3)

Without a history of MACE — no./total no. (%) 15/538 (2.8) — 11/263 (4.2) —

With a history of MACE — no./total no. (%) 3/84 (3.6) — 8/45 (17.8) —

Adverse events that occurred in >10% of patients 
in either group — no. (%)

Hot flash 338 (54.3) 4 (0.6) 159 (51.6) 0

Fatigue 134 (21.5) 2 (0.3) 57 (18.5) 0

Constipation 76 (12.2) 0 30 (9.7) 0

Diarrhea 76 (12.2) 0 21 (6.8) 0

Arthralgia 75 (12.1) 2 (0.3) 28 (9.1) 0

Hypertension 49 (7.9) 10 (1.6) 36 (11.7) 2 (0.6)

*	�Shown are the number of patients with an event, rather than the number of events. Adverse events were evaluated with 
the use of MedDRA, version 22.0, and graded according to the National Cancer Institute Common Terminology Criteria 
for Adverse Events, version 4.03.

†	�Search criteria included “myocardial infarction” (broad standardized MedDRA query), “central nervous system hemor-
rhages and cerebrovascular conditions” (broad standardized MedDRA query), and deaths from any cause.
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evaluated the ability of an oral GnRH antagonist, 
relugolix, as compared with the depot-injection 
mainstay LHRH agonist, leuprolide, to achieve 
androgen deprivation. Treatment with relugolix 
resulted in a 96.7% response rate, defined as 
men achieving sustained testosterone suppres-
sion to castrate levels through 48 weeks of treat-
ment. The sustained castration rate of relugolix 
was statistically superior to that of leuprolide. 
High response rates in the relugolix group were 
observed across the subgroups analyzed.

Since the discovery of the GnRH pathway by 
Schally et al. in 1971,18 LHRH agonists have be-
come the standard treatment for men with ad-
vanced prostate cancer. The development of safe 
and effective GnRH antagonists has proved to be 
difficult19; hence, LHRH agonists were developed. 
When administered on a long-term basis, LHRH 
agonists desensitize the pituitary receptor and 
suppress the production of luteinizing hormone 
and testosterone, thus blocking the pulsatile se-
cretion of GnRH by the hypothalamus. At the 
time of first administration, and to a lesser ex-
tent on repeat administration, LHRH agonists 
result in an acute rise in luteinizing hormone, 
FSH, and testosterone and delayed testosterone 
suppression. The clinical implications of this 

acute testosterone surge are still debated, as is the 
value of antiandrogen pretreatment.20,21 Further-
more, long-term administration of LHRH agonists 
fails to suppress FSH, the significance of which 
is undetermined.8,10 Less well explored is the pos-
sibility that LHRH agonists may stimulate extra-
pituitary receptors, such as those expressed in the 
heart, prostate, and bladder.22

Injectable peptide and oral nonpeptide an-
tagonists directly and rapidly suppress both lutein-
izing hormone and FSH, as well as testosterone, 
although safety concerns such as injection-site 
and hypersensitivity reactions have limited their 
use.1,10,12,19,23,24 Degarelix, which is administered 
by injection, is the only commercially available 
GnRH antagonist.11

The oral GnRH antagonist relugolix rapidly 
lowered testosterone to castrate levels by day 4 
in this trial. In contrast, mean testosterone lev-
els in the leuprolide group first surged to more 
than 600 ng per deciliter, then declined to cas-
trate levels by day 29. Not only does treatment 
with relugolix avoid the risks of a surge in tes-
tosterone and the need for an antiandrogen to 
prevent the flare of symptoms,1,2 but the rapid 
suppression of testosterone may also be benefi-
cial for clinicians and patients when considering 
additional antineoplastic interventions such as 
radiation or chemotherapy. The literature sug-
gests that the beneficial effects of radiation are 
dependent on androgen deprivation.25,26

One of the main advantages of the oral for-
mulation is the higher percentage of patients 
with testosterone recovery within the normal 
range 90 days after discontinuation of treatment 
in the relugolix group than in the leuprolide 
group (54% vs. 3%). A similar finding was ob-
served when testosterone recovery was assessed 
in patients treated with relugolix for 6 months 
or with monthly injections of degarelix.14 The 
testosterone recovery that we observed with relu-
golix may have meaningful clinical relevance for 
men receiving intermittent therapy, those receiv-
ing a short course of androgen-deprivation ther-
apy (as is commonly administered in the context 
of radiation therapy), or those who may want to 
discontinue treatment to recover from a serious 
and debilitating complication. Intermittent an-
drogen-deprivation therapy that is monitored by 
means of PSA levels is a potential option for 
patients with prostate cancer, because studies 
have shown improved quality-of-life outcomes 

Figure 2. Cumulative Incidence of Major Adverse Cardiovascular Events 
(MACE).

Kaplan–Meier curves show the cumulative incidence of MACE in the relu-
golix group and the leuprolide group through 48 weeks of treatment. The 
hazard ratio was based on a Cox regression model.
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with noninferior overall survival as compared with 
continuous therapy.6,27,28 Relugolix resulted in 
rapid and sustained testosterone suppression in 
men with intermediate-risk localized disease who 
received 6 months of neoadjuvant or adjuvant 
androgen-deprivation therapy in conjunction with 
external-beam radiotherapy.14

A lower incidence of major adverse cardiovas-
cular events was reported in the relugolix group 
than in the leuprolide group in a prespecified 
safety analysis, with a higher incidence of grade 
1 or 2 diarrhea. After 48 weeks of treatment, the 
risk of major adverse cardiovascular events was 
54% lower in the relugolix group than in the 
leuprolide group. Further subgroup analysis sug-
gests that this difference may have been even 
greater in patients with preexisting cardiovascu-
lar risk factors. These cardiovascular findings are 
supported by a large meta-analysis that pooled 
data from six phase 3, prospective, randomized 
studies for which 2328 men were recruited be-
tween 2005 and 2012.29 Among men with preex-
isting cardiovascular disease, the risk of cardiac 
events within 1 year after initiation of therapy 
was significantly lower among men treated with 
a GnRH antagonist than among those treated 
with LHRH agonists (hazard ratio, 0.44; 95% CI, 
0.26 to 0.74; P = 0.002).29 A prospective phase 2 
study showed an absolute risk reduction in ma-
jor cardiovascular and cerebrovascular events at 
12 months with the use of GnRH antagonists as 
compared with LHRH agonists.30 The mecha-
nism by which LHRH agonists increase the near-
term risk of major adverse cardiovascular events 
is unclear, although it is speculated that LHRH 
agonists may promote plaque destabilization and 
rupture.31,32

The increased risk of cardiovascular events 
among men with prostate cancer treated with leu-
prolide is noteworthy, because death from cardio-
vascular causes is the leading cause of death in 
patients with prostate cancer and now accounts 
for 27 to 34% of deaths, given improved thera-
pies for prostate cancer.33,34 Approximately 30% 

of men with prostate cancer have known cardio-
vascular disease, and many more of these pa-
tients have risk factors, including obesity, diabe-
tes, hypertension, and hyperlipidemia.35 In the 
HERO trial, more than 90% of men had cardio-
vascular risk factors. Key baseline characteristics, 
including age, metastatic disease, a history of 
major adverse cardiovascular events, and other 
cardiovascular risk factors, were similar in the two 
treatment groups. Men with prostate cancer, de-
pending on the presence of cardiovascular risk 
factors, are estimated to have a yearly incidence of 
major adverse cardiovascular events of approxi-
mately 2 to 3%,36-38 similar to that observed in the 
relugolix group and two to three times lower than 
that observed in the leuprolide group. Prescribing 
information for LHRH agonists already contains 
warnings about increased risk of myocardial in-
farction, sudden cardiac death, and stroke.

Although other oral treatments are now com-
monly used for men with advanced and castration-
resistant prostate cancer, concern remains about 
adherence to oral therapies. Treatment adherence 
with oral relugolix was more than 99% and simi-
lar to that of injectable leuprolide. These findings 
are consistent with reported real-world adher-
ence rates for the oral androgen axis–directed 
therapies used in castration-resistant prostate 
cancer, which have shown adherence rates of 
92 to 96%.39,40

In the HERO trial, the oral GnRH antagonist 
relugolix showed sustained testosterone sup-
pression superior to that of leuprolide and a 54% 
lower risk of major adverse cardiovascular events 
than with leuprolide.

Supported by Myovant Sciences.
Disclosure forms provided by the authors are available with 

the full text of this article at NEJM.org.
A data sharing statement provided by the authors is available 

with the full text of this article at NEJM.org.
We thank the patients who participated in the trial and their 

families, as well as all the investigators and site staff who made 
the trial possible. We also thank J.D. Cox, Ph.D., of Mayville 
Medical Communications for editorial support, funded by Myov-
ant Sciences and in compliance with Good Publication Practice 
3 ethical guidelines.

References
1.	 Oh WK, Landrum MB, Lamont EB, 
McNeil BJ, Keating NL. Does oral antian-
drogen use before leuteinizing hormone-
releasing hormone therapy in patients with 
metastatic prostate cancer prevent clinical 
consequences of a testosterone flare? Urol-
ogy 2010;​75:​642-7.

2.	 Conn PM, Crowley WF Jr. Gonadotro-
pin-releasing hormone and its analogs. 
Annu Rev Med 1994;​45:​391-405.
3.	 Mcleod DG. Hormonal therapy: his-
torical perspective to future directions. 
Urology 2003;​61:​Suppl 1:​3-7.
4.	 Sharifi N, Gulley JL, Dahut WL. An-

drogen deprivation therapy for prostate 
cancer. JAMA 2005;​294:​238-44.
5.	 Cornford P, Bellmunt J, Bolla M, et al. 
EAU-ESTRO-SIOG guidelines on prostate 
cancer. II. Treatment of relapsing, meta-
static, and castration-resistant prostate 
cancer. Eur Urol 2017;​71:​630-42.

The New England Journal of Medicine 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 



n engl j med 382;23  nejm.org  June 4, 20202196

Or al Relugolix in Advanced Prostate Cancer

6.	 National Comprehensive Cancer Net-
work Clinical Practice Guidelines in On-
cology. Prostate cancer 2019, version 
4.2019. August 19, 2019 (https://www​
.nccn​.org/​patients/​guidelines/​content/​
PDF/​prostate​-patient​.pdf).
7.	 Ben-Josef E, Yang SY, Ji TH, et al. Hor-
mone-refractory prostate cancer cells ex-
press functional follicle-stimulating hor-
mone receptor (FSHR). J Urol 1999;​161:​
970-6.
8.	 Crawford ED, Tombal B, Keane T, et 
al. FSH suppression and tumour control 
in patients with prostate cancer during 
androgen deprivation with a GnRH ago-
nist or antagonist. Scand J Urol 2018;​52:​
349-57.
9.	 Suzuki H, Uemura H, Mizokami A, et 
al. Phase I trial of TAK-385 in hormone 
treatment-naïve Japanese patients with 
nonmetastatic prostate cancer. Cancer 
Med 2019;​8:​5891-902.
10.	 Klotz L, Boccon-Gibod L, Shore ND, 
et al. The efficacy and safety of degarelix: 
a 12-month, comparative, randomized, 
open-label, parallel-group phase III study 
in patients with prostate cancer. BJU Int 
2008;​102:​1531-8.
11.	 Van Poppel H, Klotz L. Gonadotropin-
releasing hormone: an update review of 
the antagonists versus agonists. Int J Urol 
2012;​19:​594-601.
12.	MacLean DB, Shi H, Faessel HM, Saad 
F. Medical castration using the investiga-
tional oral GnRH antagonist TAK-385 
(relugolix): phase 1 study in healthy males. 
J Clin Endocrinol Metab 2015;​100:​4579-
87.
13.	 Dearnaley DP, Saltzstein DR, Sylvester 
JE, et al. The oral gonadotropin-releasing 
hormone receptor antagonist relugolix as 
neoadjuvant/adjuvant androgen depriva-
tion therapy to external beam radiothera-
py in patients with localised intermedi-
ate-risk prostate cancer: a randomized, 
open-label, parallel-group phase 2 trial. 
Eur Urol 2020 April 6 (Epub ahead of 
print).
14.	 Saad F, Bailen JL, Pieczonka CM, et al. 
Second interim analysis (IA2) results 
from a phase II trial of TAK-385, an oral 
GnRH antagonist, in prostate cancer pa-
tients (pts). J Clin Oncol 2016;​34:​Suppl:​
200. abstract.
15.	 Scher HI, Morris MJ, Stadler WM, et al. 
Trial design and objectives for castration-
resistant prostate cancer: updated recom-
mendations from the Prostate Cancer 
Clinical Trials Working Group 3. J Clin 
Oncol 2016;​34:​1402-18.
16.	 Food and Drug Administration. Non-
inferiority clinical trials to establish ef-
fectiveness: guidance for industry. No-
vember 2016 (https://www​.fda​.gov/​media/​
78504/​download).
17.	 Bubley GJ, Carducci M, Dahut W, et al. 
Eligibility and response guidelines for 
phase II clinical trials in androgen-inde-

pendent prostate cancer: recommenda-
tions from the Prostate-Specific Antigen 
Working Group. J Clin Oncol 1999;​17:​
3461-7.
18.	 Schally AV, Arimura A, Kastin AJ, et 
al. Gonadotropin-releasing hormone: one 
polypeptide regulates secretion of lutein-
izing and follicle-stimulating hormones. 
Science 1971;​173:​1036-8.
19.	 Crawford ED, Hou AH. The role of 
LHRH antagonists in the treatment of 
prostate cancer. Oncology (Williston Park) 
2009;​23:​626-30.
20.	Vis AN, van der Sluis TM, Al-Itejawi 
HHM, van Moorselaar RJA, Meuleman 
EJH. Risk of disease flare with LHRH ag-
onist therapy in men with prostate can-
cer: myth or fact? Urol Oncol 2015;​33:​
7-15.
21.	 Krakowsky Y, Morgentaler A. Risk of 
testosterone flare in the era of the satura-
tion model: one more historical myth. Eur 
Urol Focus 2019;​5:​81-9.
22.	Skinner DC, Albertson AJ, Navratil A, 
et al. Effects of gonadotrophin-releasing 
hormone outside the hypothalamic-pitu-
itary-reproductive axis. J Neuroendocri-
nol 2009;​21:​282-92.
23.	Miwa K, Hitaka T, Imada T, et al. Dis-
covery of 1-{4-[1-(2,6-difluorobenzyl)-5-
[(dimethylamino)methyl]-3-(6-methoxypy- 
ridazin-3-yl)-2,4-dioxo-1,2,3,4-tetrahydro- 
thieno[2,3-d]pyrimidin-6-yl]phenyl}-3- 
methoxyurea (TAK-385) as a potent, oral-
ly active, non-peptide antagonist of the 
human gonadotropin-releasing hormone 
receptor. J Med Chem 2011;​54:​4998-5012.
24.	Nakata D, Masaki T, Tanaka A, et al. 
Suppression of the hypothalamic-pitu-
itary-gonadal axis by TAK-385 (relugolix), 
a novel, investigational, orally active, 
small molecule gonadotropin-releasing 
hormone (GnRH) antagonist: studies in 
human GnRH receptor knock-in mice. 
Eur J Pharmacol 2014;​723:​167-74.
25.	 Siddiqui ZA, Krauss DJ. Adjuvant an-
drogen deprivation therapy for prostate 
cancer treated with radiation therapy. 
Transl Androl Urol 2018;​7:​378-89.
26.	Zietman AL, Prince EA, Nakfoor BM, 
Park JJ. Androgen deprivation and radia-
tion therapy: sequencing studies using 
the Shionogi in vivo tumor system. Int J 
Radiat Oncol Biol Phys 1997;​38:​1067-70.
27.	 Crook JM, O’Callaghan CJ, Duncan G, 
et al. Intermittent androgen suppression 
for rising PSA level after radiotherapy.  
N Engl J Med 2012;​367:​895-903.
28.	Ritch C, Cookson M. Recent trends in 
the management of advanced prostate 
cancer. F1000Res 2018;​7:​1513.
29.	 Albertsen PC, Klotz L, Tombal B, 
Grady J, Olesen TK, Nilsson J. Cardiovas-
cular morbidity associated with gonado-
tropin releasing hormone agonists and an 
antagonist. Eur Urol 2014;​65:​565-73.
30.	Margel D, Peer A, Ber Y, et al. Cardio-
vascular morbidity in a randomized trial 

comparing GnRH-agonist and GnRH-
antagonist among patients with advanced 
prostate cancer and preexisting cardiovas-
cular disease. J Urol 2019;​202:​1199-208
31.	 Knutsson A, Hsiung S, Celik S, et al. 
Treatment with a GnRH receptor agonist, 
but not the GnRH receptor antagonist de-
garelix, induces atherosclerotic plaque 
instability in ApoE(-/-) mice. Sci Rep 2016;​
6:​26220.
32.	Hopmans SN, Duivenvoorden WCM, 
Werstuck GH, Klotz L, Pinthus JH. GnRH 
antagonist associates with less adiposity 
and reduced characteristics of metabolic 
syndrome and atherosclerosis compared 
with orchiectomy and GnRH agonist in a 
preclinical mouse model. Urol Oncol 
2014;​32:​1126-34.
33.	 Thomsen FB, Sandin F, Garmo H, et 
al. Gonadotropin-releasing hormone ago-
nists, orchiectomy, and risk of cardiovas-
cular disease: semi-ecologic, nationwide, 
population-based study. Eur Urol 2017;​72:​
920-8.
34.	 Sturgeon KM, Deng L, Bluethmann 
SM, et al. A population-based study of 
cardiovascular disease mortality risk in 
US cancer patients. Eur Heart J 2019;​40:​
3889-97.
35.	 Davis MK, Rajala JL, Tyldesley S, Pick-
les T, Virani SA. The prevalence of cardiac 
risk factors in men with localized pros-
tate cancer undergoing androgen depriva-
tion therapy in British Columbia, Canada. 
J Oncol 2015;​2015:​820403.
36.	Greenland P, Alpert JS, Beller GA, et 
al. 2010 ACCF/AHA guideline for assess-
ment of cardiovascular risk in asymptom-
atic adults: a report of the American Col-
lege of Cardiology Foundation/American 
Heart Association Task Force on Practice 
Guidelines. J Am Coll Cardiol 2010;​
56(25):​e50-e103.
37.	 Keating NL, O’Malley AJ, Freedland 
SJ, Smith MR. Diabetes and cardiovascu-
lar disease during androgen deprivation 
therapy: observational study of veterans 
with prostate cancer. J Natl Cancer Inst 
2010;​102:​39-46.
38.	 Leong DP, Fradet V, Shayegan B, et al. 
Cardiovascular risk in men with prostate 
cancer: insights from the RADICAL PC 
Study. J Urol 2020 January 3 (Epub ahead 
of print).
39.	 Behl AS, Ellis LA, Pilon D, Xiao Y, 
Lefebvre P. Medication adherence, treat-
ment patterns, and dose reduction in pa-
tients with metastatic castration-resistant 
prostate cancer receiving abiraterone ac-
etate or enzalutamide. Am Health Drug 
Benefits 2017;​10:​296-303.
40.	Lafeuille M-H, Grittner AM, Lefebvre 
P, et al. Adherence patterns for abi-
raterone acetate and concomitant predni-
sone use in patients with prostate cancer. 
J Manag Care Spec Pharm 2014;​20:​477-
84.
Copyright © 2020 Massachusetts Medical Society.

The New England Journal of Medicine 

 Copyright © 2020 Massachusetts Medical Society. All rights reserved. 




