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Abstract

Background: External beam radiotherapy (EBRT) with neoadjuvant/adjuvant androgen
deprivation therapy (ADT) is an established treatment option to prolong survival for
patients with intermediate- and high-risk prostate cancer (PCa). Relugolix, an oral
gonadotropin-releasing hormone (GnRH) receptor antagonist, was evaluated in this
clinical setting in comparison with degarelix, an injectable GnRH antagonist.
Objective: To evaluate the safety and efficacy of relugolix to achieve and maintain
castration.
Design, setting, and participants: A phase 2 open-label study was conducted in 103 in-
termediate-risk PCa patients undergoing primary EBRT and neoadjuvant/adjuvant ADT
between June 2014 and December 2015.
Intervention: Patients randomly assigned (3:2) to 24-wk treatment with either daily
oral relugolix or 4-wk subcutaneous depot degarelix (reference control).
Outcome measurements and statistical analysis: The primary endpoint was the rate of
effective castration (testosterone <1.73 nmol/l) in relugolix patients between 4 and 24 wk
of treatment. Secondary endpoints included rate of profound castration (testosterone <0.7
nmol/l), prostate-specific antigen (PSA) levels, prostate volume, quality of life (QoL)
assessed using the Aging Males’ Symptoms scale, and the European Organization for
Research and Treatment of Cancer (EORTC) Quality of Life (30-item EORTC core question-
naire [EORTC QLQ-C30] and 25-item EORTC prostate cancer module [EORTC QLQ-PR25])
questionnaires, and safety. No formal statistical comparisons with degarelix were planned.
Results and limitations: Castration rates during treatment were 95% and 82% with
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tively. Median time to castration in the relugolix arm was 4 d. During treatment, PSA
levels and prostate volumes were reduced in both groups. Three months after disconti-
nuing treatment, 52% of men on relugolix and 16% on degarelix experienced testosterone
recovery (statistical significance of differences not tested). Mean and median QoL scores
improved following treatment discontinuation. The most common adverse event was
hot flush (relugolix 57%; degarelix 61%). Lack of blinding was a potential limitation.
Conclusions: Relugolix achieved testosterone suppression to castrate levels within days
and maintained it over 24 wk with a safety profile consistent with its mechanism of
action.
Patient summary: Oral once-daily relugolix may be a novel oral alternative to injectable
androgen deprivation therapies.
© 2020 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creati-

vecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Androgen deprivation therapy (ADT) with radiotherapy is an
appropriate treatment option for most men with newly
diagnosed intermediate- and high-risk prostate cancer (PCa)
[1]. While the timing and duration of neoadjuvant/adjuvant
ADT have not been defined fully, based on evidence from
several large studies [2–5], European and American clinical
practice guidelines suggest that 4–6 mo of ADT may be
sufficient for patients with intermediate-risk disease, where-
as patients with high-risk advanced localised disease are
more likely to benefit from prolonged neoadjuvant/adjuvant
treatment of 18–36 mo [6–10]. Meta-analyses have shown
benefit from both short and long courses of ADT [11,12].

Established ADT options are gonadotropin-releasing  hor-
mone (GnRH) analogues administered subcutaneously or
intramuscularly in a depot formulation. While effective in
achieving castration, GnRH agonists are associated with
potential worsening of genitourinary and other symptoms
due to a testosterone flare within 14 d of initial injection,
which may be symptomatic in advanced PCa, requiring
additional use of an antiandrogen [13,14]. Historically,
injectable GnRH agonists were developed because neither
oral small molecules nor peptide antagonists with the
requisite safety and efficacy to block the GnRH pathway
could be identified [15]. Degarelix, an approved once-monthly
injectable GnRH receptor antagonist, can rapidly reduce
testosterone levels without the initial testosterone surge, and
has been suggested to delay the time to the castration-
resistant disease state [16–19]. However, this GnRH antago-
nist requires monthly high-volume injections that are
commonly associated with injection-site reactions [20].

Relugolix (TAK-385) is an investigational, highly selec-
tive, orally active, nonpeptide GnRH receptor antagonist
[15,21]. As a potent oral agent, relugolix has the potential to
eliminate the need for injections while rapidly decreasing
testosterone and prostate-specific antigen (PSA) levels. In a
phase 1 study in healthy men, once-daily relugolix was
effective in lowering testosterone to below castration levels
(1.73 nmol/l or <50 ng/dl) [22]. Subsequent research
defined the efficacious dose range for further development
as 80–160 mg daily with a single loading dose of 320 mg to
achieve a rapid testosterone-lowering response [22]. Finally,
the half-life of 36–65 h [22] suggests that testosterone
Please cite this article in press as: Dearnaley DP, et al. The Oral Gona
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recovery after short-term or intermittent ADT should be
more rapid with relugolix than with depot formulations of
GnRH analogues. The safety of relugolix in these earlier
studies has been consistent with other ADT options [14,22].

The primary objective of this phase 2 study was to evaluate
whether relugolix results in rapid and sustained testosterone
suppression in men with intermediate-risk PCa who require
6 mo of neoadjuvant/adjuvant ADT in conjunction with
external beam radiotherapy (EBRT). Secondary objectives
included evaluation of the effects of relugolix on the kinetics
of testosterone suppression and recovery, PSA levels, prostate
volume, quality of life (QoL), and safety/tolerability. A
degarelix arm was included in the study to serve as a
contemporary ADT benchmark for qualitative comparisons.
A second phase 2 study evaluating relugolix in men with
advanced PCa and including a leuprolide arm for qualitative
comparison (ClinicalTrials.gov identifier NCT02083185) will
be reported in a subsequent publication.

2. Patients and methods

2.1. Patients

Eligible patients had histologically confirmed, localised,
intermediate-risk prostate adenocarcinoma with indication
for 24 wk of neoadjuvant/adjuvant ADT to EBRT. High-risk
patients were also considered for inclusion if, based on
physician judgement, they were deemed likely to benefit
from 6 mo of ADT. A complete list of eligibility criteria is
provided in the Supplementary material (Methods) and
Supplementary Table 1. A total of 103 patients were enrolled
in the USA (18 sites) and UK (five sites).

This study was approved by two central institutional
review boards and conducted in accordance with the
Declaration of Helsinki (2013 revision) and Good Clinical
Practice guidelines. All patients provided written informed
consent.

2.2. Study design and treatments

This was a phase 2 randomised, open-label, parallel-group
study conducted between June 2014 and December 2015
(ClinicalTrials.gov identifier NCT02135445). The trial was
not blinded. Patients were randomised in a 3:2 ratio to
dotropin-releasing Hormone Receptor Antagonist Relugolix as
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Table 1 – Patient demographics and baseline characteristics.

Characteristic Relugolix 120 mg QD(N = 65) Degarelix 80 mg Q4W (N = 38)

Race, n (%)
White 58 (89) 31 (82)
Black or African American 7 (11) 7 (18)

Median (IQR) age (yr) 71.0 (67–73) 70.5 (67–75)
ECOG PS 0/1, a n (%) 60 (92)/4 (6) 33 (87)/4 (11)
Median (IQR) time since initial diagnosis (yr) 0.2 (0.1–0.3) 0.1 (0.1–0.2)
Gleason score, b n (%)
6 5 (8) 2 (5)
7 40 (62) 26 (68)
8 5 (8) 3 (8)
9 2 (3) 2 (5)

Primary tumour (T), n (%)
Not available 11 (17) 8 (21)
T1 21 (32) 12 (32)
T2 6 (9) 5 (13)
T2a 12 (18) 3 (8)
T2b 7 (11) 1 (3)
T2c 7 (11) 7 (18)
T3 1 (2) 1 (3)
TX 0 1 (3)

Regional lymph nodes (N), n (%)
N0 39 (60) 19 (50)
NX c 26 (40) 19 (50)

PSA (mg/l)
Mean (SD) 9.4 (6.0) 14.6 (21.0)
Median (IQR) 7.3 (4.8–12.9) 7.3 (5.5–11.2)

ECOG PS = Eastern Cooperative Oncology Group performance status; IQR = interquartile range; PSA = prostate-specific antigen; QD = once daily; Q4W = once
every 4 wk; SD = standard deviation.
a ECOG PS was missing for one patient in each group.
b Total Gleason score was missing for 13 and five patients in the relugolix and degarelix groups, respectively.
c NX includes unknown, not available, and missing regional lymph node data.
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receive 24 wk of either oral relugolix (loading dose of 320
mg on day 1 and 120 mg daily thereafter) or degarelix as a
subcutaneous depot injection (loading dose of 240 mg on
day 1, and then 80 mg every 4 wk). Patients were
randomised sequentially by study centre. No stratification
was implemented in the computer-generated randomisa-
tion schedule. Unique randomisation numbers were
assigned to patients using a centralised interactive voice/
web response system. The inclusion of degarelix provided a
contemporary GnRH antagonist benchmark for relugolix,
using the same assays and assessments. EBRT was initiated
Table 2 – Castration rates for patients who received at least one dose o

Relugolix 120 m

Castration rate a over 24 wk
n (%) 62 (95) 

90% CI b (one sided, lower bound) 90.0
95% CI b (two sided) 87.1–99.0 

Profound castration rate c over 24 wk
n (%) 53 (82) 

90% CI b (one sided, lower bound) 73.9 

95% CI b (two sided) 70.0–90.1 

CI = confidence interval; QD = once daily; Q4W = once every 4 wk.
a Castration rate was defined as the estimated proportion of patients with testos
4 through 24 wk.
b The 90% one-sided and the 95% two-sided CIs were calculated using exact met
c Rate of profound castration was defined as the estimated proportion of patients 

from week 13, day 1 through to week 25, day 1.

Please cite this article in press as: Dearnaley DP, et al. The Oral Gona
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after 12–16 wk of ADT, as per each clinical site’s standard of
care.

The protocol did not specify the use of adjunctive
medications such as calcium and vitamin D, but these could
have been given at the clinician’s discretion.

Patients were evaluated on days 1, 2, and 4 during
week 1; once in each of weeks 2, 3, and 5; every 4 wk
thereafter during the 24-wk treatment period; and for
12 wk after treatment discontinuation. Serum testoster-
one concentrations were assayed using a conventional
immunoassay at screening, and subsequently using liquid
f treatment.

g QD (N = 65) Degarelix 80 mg Q4W (N = 38)

34 (89)

75.2–97.1

26 (68)
56.9
51.3–82.5

terone concentrations <1.73 nmol/l (50 ng/dl) at all scheduled visits from

hod.
with testosterone concentrations <0.7 nmol/l (<20 ng/dl) at all scheduled visits

dotropin-releasing Hormone Receptor Antagonist Relugolix as
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Fig. 1 – Mean testosterone levels through week 24 and after treatment discontinuation. Mean (+SD) testosterone levels are presented over time,
including during treatment (24 wk) and during 12 wk of follow-up after study drug discontinuation. Note the break in the y axis and different scaling
of values <100 versus >200 ng/dl. Data for the two treatment arms are staggered along the x axis for legibility. The dotted lines indicate a castration
threshold of 1.73 nmol/l (50 ng/dl) or 0.7 nmol/l (20 ng/dl). The week-2 assessment in one patient in the relugolix group is omitted from this figure as
the value was 10 times the upper limit of normal and is believed to be a technical error. All other data from this patient are included in the analysis.
QD = once daily; Q4W = once every 4 wk; SD = standard deviation.
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chromatography-tandem mass spectrometry (LC-MS/
MS). Serum PSA assays were performed by a central
facility (LabCorp). Prostate volume was measured using
transrectal ultrasound or magnetic resonance imaging at
baseline and at the next imaging assessment 8–12 wk
after initiating ADT. QoL was assessed via the 30-item
European Organisation for Research and Treatment of
Cancer core questionnaire (EORTC QLQ-C30) [23], the 25-
item EORTC prostate cancer module (EORTC QLQ-PR25)
[24], and the Aging Males’ Symptoms (AMS) scale
[25]. QoL assessments were completed at screening; at
baseline; after 4, 12, and 24 wk of treatment; 4 wk after
treatment discontinuation; and at the end-of-study visit
(36 wk after starting the study; 12 wk off treatment).
Treatment compliance was measured by a patient-
reported daily diary using a handheld electronic device.

2.3. Outcomes

The primary endpoint was the rate of effective castration,
between 4 wk and 24 wk of treatment, defined as the
estimated proportion of patients with testosterone con-
centrations <1.73 nmol/l (<50 ng/dl) at all scheduled visits.
A lower (profound) castration threshold was defined as
testosterone levels <0.7 nmol/l (<20 ng/dl). Secondary
endpoints included PSA response at 12 wk and PSA nadir
during treatment and follow-up, prostate volume 8–12 wk
Please cite this article in press as: Dearnaley DP, et al. The Oral Gona
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after treatment, and the time to achieve effective castration
and testosterone recovery (recovery was defined as the
return of testosterone values to baseline or to >9.8 nmol/l
[>280 ng/dl]), changes in QoL during and after treatment,
and safety measures. Such measures included the incidence
and severity of treatment-emergent adverse events (AEs),
and changes in vital signs, laboratory studies, and electro-
cardiograms (ECGs). Additional assessments included oph-
thalmology examinations, bone densitometry, and serum/
urinary biomarkers of bone turnover and phospholipidosis.

2.4. Statistical analysis

Assuming a 95% effective castration rate (<1.73 nmol/l or
50 ng/dl) with relugolix treatment, 60 evaluable patients
provided >91% as the lower bound of a one-sided 90%
confidence interval (CI). The sample size for the degarelix
arm was based on historical estimates of castration rate
using 80-mg 4-wk depot dosing of >95% [26], and no more
than two patients were expected to fail the defined
successful castration endpoint. A total of 100 patients were
planned to be enrolled into the study. In addition to the one-
sided 90% CI for the primary endpoint, two-sided 95% CIs
were calculated for the primary endpoint and the secondary
endpoint of profound castration. No formal statistical
differences were sought or hypothesised between relugolix
and degarelix.
dotropin-releasing Hormone Receptor Antagonist Relugolix as
l Beam Radiotherapy in Patients with Localised Intermediate-
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Changes in PSA, prostate volume, and testosterone levels
were summarised over time. Changes in QoL values over time
were analysed using linear mixed models. Time to castration
and time to testosterone recovery were analysed using the
Kaplan–Meier method. The safety population, defined as all
patients who received one or more doses of either study drug,
was used for all safety and efficacy analyses.

3. Results

A total of 103 patients were enrolled in this study. Sixty-
three of the 65 patients (97%) randomised to relugolix and
all 38 patients randomised to degarelix completed the 24-
wk treatment period and the 12-wk follow-up period. Two
patients in the relugolix arm did not complete the study:
one due to patient withdrawal and the other due to loss to
follow-up. All patients were included in efficacy and safety
analyses (Supplementary Fig. 1).

Patient demographics and baseline characteristics
(Table 1) and EBRT treatment details (Supplementary Table 2)
were similar between treatment groups. Most patients had
40 Mean PSA change: –88.1%
≥50% PSA reduction, n (%): 64 (98)
≥90% PSA reduction, n (%): 36 (55)

Mean PSA change: –97.4%
≥50% PSA reduction, n (%): 64 (98)
≥90% PSA reduction, n (%): 62 (95)
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PSA50 = reduction in PSA by �50%; PSA90 = reduction in PSA by �90%. a Last o
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intermediate-risk disease; however, two patients in each
group with Gleason 9 PCa and one patient in each group with
T3 disease were allowed per protocol based on investigator
discretion despite higher-risk disease. Overall, 18 patients had
missing Gleason scores that the contract research monitoring
team was unable to document at the enrolling sites. Median
compliance with study drug, as measured with the electronic
patient diary, was >98% in both arms.

As shown in Table 2, both relugolix and degarelix were
associated with high rates of effective castration, with
conventional castration rates of 95% and 89%, respectively. A
sensitivity analysis including only patients with intermedi-
ate-risk disease yielded similar results (Supplementary
Table 3). The profound castration rates for the lower
threshold of 0.7 nmol/l (20 ng/dl) were 82% in the relugolix
group and 68% in the degarelix group. Mean testosterone
levels across 24 wk of treatment and 12 wk of follow-up
after discontinuation of treatment are reported in Fig. 1 and
Supplementary Table 4. The time to castration was rapid in
both groups, at a median of 4 d in the relugolix group and 3 d
in the degarelix group.
Patients

Mean PSA change: –85.7%
≥50% PSA reduction,  n (%): 37 (97)
≥90% PSA reduction,  n (%): 18 (47)

Mean PSA change: –96.3%
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≥90% PSA reduction,  n (%): 35 (92)
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or relugolix and degarelix, as well as associated PSA50 and PSA90
EBRT = external beam radiotherapy; PSA = prostate-specific antigen;
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Following discontinuation of relugolix treatment at
24 wk, testosterone levels recovered rapidly within
12 wk; recovery to baseline or >9.8 nmol/l (280 ng/dl)
occurred in 52% of patients. In the degarelix group, median
testosterone remained well below 1.73 nmol/l (<50 ng/dl)
following discontinuation, with only 16% of patients
meeting the protocol-specified definition of testosterone
recovery to baseline or >9.8 nmol/l. The time to testoster-
one recovery is depicted in Supplementary Fig. 2.

In both groups, the median prostate volume decreased
from baseline to 8–12 wk of treatment (relugolix 26% and
degarelix 29%; Supplementary Table 5). Similarly, median PSA
levels declined steadily through week 24 (Supplementary
Table 6). Waterfall plots of individual PSA percentage
reductions at weeks 12 and 24 are shown in Fig. 2. By
12 wk, the reduction in PSA by �50% in both groups was
�97%, and the reduction in PSA by �90% was 55% and 47% in
the relugolix and degarelix groups, respectively. Median PSA
levels remained low after treatment discontinuation in both
arms (Supplementary Table 4). Both luteinising hormone (LH)
and follicle-stimulating hormone (FSH) levels were sup-
pressed on treatment with both relugolix and degarelix
(Supplementary Table 4).

Global health status, as assessed by EORTC-QLQ-C30, and
sexual activity and hormonal treatment-related symptoms, as
assessed by the EORTC-QLQ-PR25, were negatively affected
during treatment in both groups (Table 3). Within 12 wk after
treatment discontinuation, sexual activity scores improved by
a mean of 12.1 for relugolix and 6.6 for degarelix (median
8.3 and 0.0, respectively) and hormonal treatment-related
symptoms changed by a mean of –5.0 and –1.2 (median �5.6
and 0.0), respectively.

Similarly, AMS total and subscale scores (sexual, psycho-
logical, and somatic) worsened during treatment in both
groups (Table 3 and Supplementary Table 7). After treatment
discontinuation, the mean percentage change in AMS total
scores was –15% in the relugolix group and –2.9% in the
degarelix group. Median percentage changes were consistent
(–16% and –3.9%, respectively). Similar patterns were
observed in the subscale scores (Supplementary Table 7).

At least one AE was reported by most patients in both
groups (relugolix 86%; degarelix 97%), although severe (grade
3 or higher) AEs were infrequent (relugolix 2%; degarelix 11%).
The most common AE in both groups was hot flush (relugolix
57%; degarelix 61%). Except for findings of increased alanine
aminotransferase (13%) and injection-site erythema (11%) in
the degarelix group, the overall AE profile was similar
between relugolix and degarelix (Table 4). There were no
differences between groups in ophthalmology findings,
laboratory findings, ECGs, or biomarkers of bone turnover,
bone density, or phospholipidosis. No patients in either group
discontinued treatment due to AEs.

4. Discussion

In this phase 2 study of intermediate-risk PCa patients, adding
neoadjuvant/adjuvant relugolix to EBRT resulted in a 95% rate
of sustained castration. While the study was not designed or
powered to make formal statistical comparisons between
Please cite this article in press as: Dearnaley DP, et al. The Oral Gonadotropin-releasing Hormone Receptor Antagonist Relugolix as
Neoadjuvant/Adjuvant Androgen Deprivation Therapy to External Beam Radiotherapy in Patients with Localised Intermediate-



Table 4 – Most common (�10%) all-cause and grade �3 treatment-emergent adverse events (safety population).

n (%) Relugolix 120 mg QD (N = 65) Degarelix 80 mg Q4W (N = 38)

Grade 1–2 Grade �3 Grade 1–2 Grade �3

Any AE a 56 (86) 1 (2) 37 (97) 4 (11)
Hot flush b 37 (57) 0 23 (61) 0
Fatigue 17 (26) 0 6 (16) 0
Diarrhoea 12 (18) 0 5 (13) 0
Cataract 10 (15) 0 7 (18) 0
Nocturia 9 (14) 0 5 (13) 0
Pollakiuria 8 (12) 0 6 (16) 0
Dysuria 5 (8) 0 6 (16) 0
Increased blood testosterone 2 (3) 0 4 (11) 0
Decreased urine flow 1 (2) 0 4 (11) 0
Increased ALT 0 0 5 (13) 0
Injection-site erythema 0 0 4 (11) 0
Bone fracture c 0 0 0 1 (3)
Paranasal sinus haematoma 0 0 0 1 (3)
Pleural effusion 0 0 0 1 (3)
Ulcerative oesophagitis 0 0 0 1 (3)
Pulmonary contusion 0 0 0 1 (3)
Road traffic accident 0 0 0 1 (3)
Diabetes mellitus 0 0 0 1 (3)
Malignant mesothelioma 0 0 0 1 (3)
Cold sweat 0 0 0 1 (3)
Headache 0 1 (2) d 0 0
Hypertension 0 1 (2) d 0 0

AE = adverse event; ALT = alanine aminotransferase; QD = once daily; Q4W = once every 4 wk.
a Concomitant medications to manage any AE were taken by 52% (34/65) of patients in the relugolix arm and 71% (27/38) in the degarelix arm. Calcium and/or
vitamin D was taken by 32% (21/65) and 37% (14/38), respectively.
b Drugs to treat hot flushes were taken by 6% (4/65) of patients in the relugolix arm and 11% (4/38) in the degarelix arm.
c Bone fracture includes ankle, fibula, radius, ulna, jaw, rib, and facial bone fractures that occurred in a road traffic accident in a single patient.
d These events occurred in a single patient.
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relugolix and degarelix, both drugs rapidly induced and
maintained castration during the treatment period. Accord-
ingly, effects on PSA response and prostate volume were
consistent between relugolix and degarelix groups, as well as
consistent with data previously reported with other GnRH
analogues [26–28]. Both relugolix and degarelix yielded rapid
reductions in testosterone not seen with GnRH receptor
agonists, which are associated with an early testosterone
flare. Furthermore, both LH and FSH are fully suppressed
while on treatment with both relugolix and degarelix,
whereas GnRH agonists do not fully suppress FSH [19].

The rate of gonadotropin and testosterone recovery after
treatment discontinuation was rapid with relugolix. These
findings are consistent with its pharmacokinetic profile as a
daily oral therapy. Fast testosterone recovery with relugolix
was associated with a rapid improvement in a range of
castration-related symptoms on QoL measures.

Previous data suggest that recovery from degarelix
monthly depot injections can take >100 d; in this study,
only 16% of degarelix patients had testosterone recovery 84 d
after treatment discontinuation. Similar delayed recovery of
testosterone has been reported using GnRH agonists,
particularly with the 3-mo depot preparations [29,30].

The ability to personalise dosing strategies with a once-
daily oral medication with reliable rapid return of
testosterone and fast relief from symptoms related to
ADT may be advantageous for patients who do not want
injections, those receiving a specific duration of therapy,
those with disease eligible for intermittent therapy, and
Please cite this article in press as: Dearnaley DP, et al. The Oral Gona
Neoadjuvant/Adjuvant Androgen Deprivation Therapy to Externa
elderly patients with comorbidities or acute intercurrent
illnesses where fatigue and muscle wasting are problematic.

Both relugolix and degarelix were well tolerated in this
study. Although the frequency and type of AEs were not
compared between the treatment arms with formal
statistical analyses, similar patterns of AEs were reported
by patients in both groups, with hot flush and fatigue being
the most common. No hepatic-related AEs occurred in
either group that resulted in dose modification or treatment
discontinuation. Several patients receiving degarelix had
injection-site reactions, consistent with past observations
with injectable GnRH analogues. With the exception of
those local reactions, the incidence and pattern of AEs with
relugolix were as expected for a GnRH receptor antagonist
[31]. Overall, there were no unexpected safety findings, no
evidence of any bone safety or ophthalmological findings,
no evidence of drug-induced phospholipidosis, and no
safety concerns identified that would limit treatment in
most patients.

The lack of blinding in this study is a potential limitation.
Although knowledge of treatment assignments is unlikely to
have had a meaningful impact on testosterone levels or other
pharmacodynamic endpoints, it could have influenced
investigators’ assessments of safety and patients’ responses
on QoL questionnaires.

Despite the high compliance reported for relugolix
administration in this study (>98%), another potential
limitation of the trial is that it may not reflect compliance
and adherence in a real-world setting. Inconsistent dosing
dotropin-releasing Hormone Receptor Antagonist Relugolix as
l Beam Radiotherapy in Patients with Localised Intermediate-
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carries the danger of ineffective therapeutic delivery and
suboptimal treatment outcomes. Although compliance is
more difficult to monitor with self-administered oral
medications compared with injections administered by
healthcare professionals, compliance can be monitored
indirectly with testosterone or PSA levels. Novel strategies
are being developed to improve adherence to oral oncology
drugs [32]. Studies with longer-term follow-up are needed to
further evaluate the clinical impact of more rapid testosterone
recovery with relugolix, as well as long-term suppression of
both FSH and LH. The phase 3 HERO trial investigating
relugolix versus leuprolide over 48 wk is on-going in patients
with advanced PCa (NCT03085095) and will evaluate
whether relugolix can suppress testosterone through
48 wk in men with advanced PCa. This study will also
evaluate whether relugolix can prolong the time to the
castration-resistant PCa as compared with leuprolide acetate.

Recently released guidelines on the management of
patients with localised intermediate-risk PCa recommend
ADT with radiotherapy as a standard treatment option
[33]. Considering the limitations of injectable GnRH agonists
and GnRH receptor antagonists, there is an unmet need for a
novel ADT in this treatment landscape. While other oral GnRH
receptor antagonists are currently in development for
women’s health indications [34], to our knowledge, relugolix
is the only such antagonist in clinical development for PCa.

5. Conclusions

In summary, 24-wk treatment with the oral GnRH receptor
antagonist relugolix rapidly and effectively reduced and
sustained testosterone to castration levels, while exhibiting
a well-tolerated safety profile. A global phase 3 trial is on-
going to further evaluate the efficacy and safety of relugolix
in men with PCa.

Author contributions: David P. Dearnaley had full access to all the data in
the study and takes responsibility for the integrity of the data and the
accuracy of the data analysis.
Study concept and design: Saad, Shi, Faessel, Lin, MacLean, Shore.
Acquisition of data: Saltzstein, Sylvester, Karsh, Pieczonka, Bailen, Shi, Ye,
Faessel, Lin, MacLean.
Analysis and interpretation of data: Dearnaley, Saltzstein, Sylvester, Karsh,
Pieczonka, Saad, Shi, Ye, Faessel, Lin, Zhu, MacLean, Shore.
Drafting of the manuscript: All authors.
Critical revision of the manuscript for important intellectual content: All
authors.
Statistical analysis: None.
Obtaining funding: None.
Administrative, technical, or material support: None.
Supervision: None.
Other: Provision of study materials or patients—Dearnaley, Saltzstein,
Sylvester, Karsh, Mehlhaff, Pieczonka.

Financial disclosures: David P. Dearnaley certifies that all conflicts of
interest, including specific financial interests and relationships and
affiliations relevant to the subject matter or materials discussed in the
manuscript (eg, employment/affiliation, grants or funding, consultancies,
honoraria, stock ownership or options, expert testimony, royalties, or
patents filed, received, or pending), are the following: Employment: Zhan Ye,
Hélène M. Faessel, Huamao Lin, Yanyan Zhu—Millennium Pharmaceuticals,
Please cite this article in press as: Dearnaley DP, et al. The Oral Gona
Neoadjuvant/Adjuvant Androgen Deprivation Therapy to Externa
Inc., a wholly owned subsidiary of Takeda Pharmaceutical Company
Limited. David B. MacLean, Hongliang Shi—previously Millennium Phar-
maceuticals, Inc., a wholly owned subsidiary of Takeda Pharmaceutical
Company Limited. Financial activity during the conduct of the study: David P.
Dearnaley reports personal fees from Takeda; John E. Sylvester reports
grants from 21st Century Oncology; Fred Saad reports grants and personal
fees from Takeda and Abbvie. Financial activity outside the submitted work:
David P. Dearnaley reports personal fees from ICR, Amgen, Astellas, Sandoz,
and Janssen; John E. Sylvester reports a research grant from Isoray;
Lawrence Karsh reports personal fees and consultant/speaker/research
funding to institution from Astellas, Bayer, Janssen, Medivation, Sanofi,
Spectrum, Ferring, Precision Biopsy, Argos, Tokai, Takeda, Heat Biologics,
Augmenix, Dendreon, and Pfizer; Fred Saad reports grants and personal fees
from Astellas, Janssen, Bayer, Sanofi, and Abbvie; Neal D. Shore reports
consultant activity with Astellas, Astra Zeneca, Bayer, BMS, Dendreon,
Ferring, Janssen, Merck, Myovant, Medivation/Pfizer, Sanofi, and Tolmar.
Other: David P. Dearnaley has a patent EP1933709B1 issued; Neal D. Shore
reports consultant activities with Amgen, Astellas, Astra Zeneca, Bayer,
Dendreon, Ferring, Janssen, Myovant Sciences, Pfizer, Sanofi-Genzyme,
Tolmar, Medivation, and Valeant; John E. Sylvester reports consultant
activity with QLRAD and Consultant Thergenics; Lawrence Karsh reports
consultant activity with 3D Biopsy; Bryan A. Mehlhaff reports speaking/
consulting work with Astellas, Bayer, Janssen, Medivation/Pfizer, Abbvie,
and Valeant. No conflicts of interest to disclose: Christopher Pieczonka, James
L. Bailen, and Daniel R. Saltzstein.

Funding/Support and role of the sponsor: This study was funded by
Millennium Pharmaceuticals, Inc., a wholly owned subsidiary of Takeda
Pharmaceutical Company Limited.

Previous presentations: This study was previously presented in part at
the 2015 European Multidisciplinary Meeting on Urological Cancers as
an oral presentation and at the 2016 European Society of Medical
Oncology annual meeting as a poster presentation.

Acknowledgements: The authors would like to acknowledge all the
patients who participated in these studies and their families, as well
as all the investigators and site staff who made these studies possible.
The authors would also like to acknowledge writing support from
Dawn L. Lee and Yosef Mansour of FireKite, an Ashfield company, part
of UDG Healthcare plc, during the development of this manuscript,
which was funded by Millennium Pharmaceuticals, Inc., and in
compliance with Good Publication Practice 3 ethical guidelines
[35]. Additional editorial assistance was provided by W. Mark Roberts,
PhD, Montreal, Canada, funded by Myovant Sciences GmbH. David P.
Dearnaley acknowledges NHS funding to the NIHR Biomedical
Research Centre at the Royal Marsden NHS Foundation Trust and
The Institute of Cancer Research.

Appendix A. Supplementary data

Supplementary material related to this article can be
found, in the online version, at doi:https://doi.org/10.1016/j.
eururo.2020.03.001.

References

[1] Boustead G, Edwards SJ. Systematic review of early vs deferred
hormonal treatment of locally advanced prostate cancer: a meta-
analysis of randomized controlled trials. BJU Int 2007;99:1383–9.
dotropin-releasing Hormone Receptor Antagonist Relugolix as
l Beam Radiotherapy in Patients with Localised Intermediate-

https://doi.org/10.1016/j.eururo.2020.03.001
https://doi.org/10.1016/j.eururo.2020.03.001
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0005
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0005
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0005


E U R O P E A N U R O L O G Y X X X ( 2 0 1 9 ) X X X – X X X 9

EURURO-8743; No. of Pages 9
[2] D’Amico AV, Chen MH, Renshaw AA, Loffredo M, Kantoff PW.
Androgen suppression and radiation vs radiation alone for prostate
cancer: a randomized trial. JAMA 2008;299:289–95.

[3] Denham JW, Steigler A, Lamb DS, et al. Short-term androgen depri-
vation and radiotherapy for locally advanced prostate cancer:
results from the Trans-Tasman Radiation Oncology Group 96.01 ran-
domised controlled trial. Lancet Oncol 2005;6:841–50.

[4] Bolla M, Van Tienhoven G, Warde P, et al. External irradiation with
or without long-term androgen suppression for prostate cancer
with high metastatic risk: 10-year results of an EORTC randomised
study. Lancet Oncol 2010;11:1066–73.

[5] Bolla M, de Reijke TM, Van Tienhoven G, et al. Duration of androgen
suppression in the treatment of prostate cancer. N Engl J Med
2009;360:2516–27.

[6] Mottet N, Bellmunt J, Bolla M, et al. EAU-ESTRO-SIOG guidelines on
prostate cancer. Part 1: screening, diagnosis, and local treatment
with curative intent. Eur Urol 2017;71:618–29.

[7] Parker C, Gillessen S, Heidenreich A, Horwich A, ESMO Guidelines
Committee. Cancer of the prostate: ESMO clinical practice guide-
lines for diagnosis, treatment and follow-up. Ann Oncol 2015;26
(Suppl 5):v69–77.

[8] Mohler JL, Antonarakis ES, Armstrong AJ, et al. Prostate cancer,
version 2.2019, NCCN clinical practice guidelines in oncology. J Natl
Compr Canc Netw 2019;17:479–505.

[9] Sanda MG, Cadeddu JA, Kirkby E, et al. Clinically localized prostate
cancer: AUA/ASTRO/SUO guideline. Part I: risk stratification, shared
decision making, and care options. J Urol 2018;199:683–90.

[10] Bekelman JE, Rumble RB, Chen RC, et al. Clinically localized prostate
cancer: ASCO clinical practice guideline endorsement of an American
Urological Association/American Society for Radiation Oncology/Soci-
ety of Urologic Oncology guideline. J Clin Oncol 2018;36:3251–8.

[11] Bria E, Cuppone F, Giannarelli D, et al. Does hormone treatment
added to radiotherapy improve outcome in locally advanced pros-
tate cancer? Meta-analysis of randomized trials. Cancer
2009;115:3446–56.

[12] Schmidt-Hansen M, Hoskin P, Kirkbride P, Hasler E, Bromham N.
Hormone and radiotherapy versus hormone or radiotherapy alone
for non-metastatic prostate cancer: a systematic review with meta-
analyses. Clin Oncol (R Coll Radiol) 2014;26:e21–46.

[13] Thompson IM. Flare associated with LHRH-agonist therapy. Rev
Urol 2001;3(Suppl 3):S10–4.

[14] Lepor H, Shore ND. LHRH agonists for the treatment of prostate
cancer: 2012. Rev Urol 2012;14:1–12.

[15] Miwa K, Hitaka T, Imada T, et al. Discovery of 1-{4-[1-(2,6-difluor-
obenzyl)-5-[(dimethylamino)methyl]-3-(6-methoxypyridazin-3-
yl)-2,4-dioxo-1,2,3,4-tetrahydrothieno[2,3-d]pyrimidin-6-yl]phe-
nyl}-3-methoxyurea (TAK-385) as a potent, orally active, non-pep-
tide antagonist of the human gonadotropin-releasing hormone
receptor. J Med Chem 2011;54:4998–5012.

[16] Cook T, Sheridan WP. Development of GnRH antagonists for prostate
cancer: new approaches to treatment. Oncologist 2000;5:162–8.

[17] Kirby RS, Fitzpatrick JM, Clarke N. Abarelix and other gonadotro-
phin-releasing hormone antagonists in prostate cancer. BJU Int
2009;104:1580–4.

[18] Pommerville PJ, de Boer JG. GnRH antagonists in the treatment of
advanced prostate cancer. Can J Urol 2010;17:5063–70.

[19] Shore ND, Abrahamsson PA, Anderson J, Crawford ED, Lange P. New
considerations for ADT in advanced prostate cancer and the emerg-
ing role of GnRH antagonists. Prostate Cancer Prostatic Dis
2013;16:7–15.
Please cite this article in press as: Dearnaley DP, et al. The Oral Gona
Neoadjuvant/Adjuvant Androgen Deprivation Therapy to Externa
[20] Ferring Pharmaceuticals A/S. Firmagon (degarelix for injection)
summary of product characteristics. 2018 https://www.ema.

europa.eu/documents/product-information/

firmagon-epar-product-information_en.pdf

[21] Nakata D, Masaki T, Tanaka A, et al. Suppression of the hypotha-
lamic-pituitary-gonadal axis by TAK-385 (relugolix), a novel, inves-
tigational, orally active, small molecule gonadotropin-releasing
hormone (GnRH) antagonist: studies in human GnRH receptor
knock-in mice. Eur J Pharmacol 2014;723:167–74.

[22] MacLean DB, Shi H, Faessel HM, Saad F. Medical castration using
the investigational oral GnRH antagonist TAK-385 (relugolix):
phase 1 study in healthy males. J Clin Endocrinol Metab
2015;100:4579–87.

[23] Fayers P, Bottomley A, EORTC Quality of Life Group, Quality of Life
Unit. Quality of life research within the EORTC-the EORTC QLQ-C30.
European Organisation for Research and Treatment of Cancer. Eur J
Cancer 2002;38(Suppl 4):S125–33.

[24] Borghede G, Sullivan M. Measurement of quality of life in localized
prostatic cancer patients treated with radiotherapy. Development
of a prostate cancer-specific module supplementing the EORTC
QLQ-C30. Qual Life Res 1996;5:212–22.

[25] Moore C, Huebler D, Zimmermann T, Heinemann LA, Saad F, Thai
DM. The Aging Males’ Symptoms scale (AMS) as outcome measure
for treatment of androgen deficiency. Eur Urol 2004;46:80–7.

[26] Klotz L, Boccon-Gibod L, Shore ND, et al. The efficacy and safety of
degarelix: a 12-month, comparative, randomized, open-label, par-
allel-group phase III study in patients with prostate cancer. BJU Int
2008;102:1531–8.

[27] Tombal B, Miller K, Boccon-Gibod L, et al. Additional analysis of the
secondary end point of biochemical recurrence rate in a phase
3 trial (CS21) comparing degarelix 80 mg versus leuprolide in
prostate cancer patients segmented by baseline characteristics.
Eur Urol 2010;57:836–42.

[28] Mason M, Maldonado Pijoan X, Steidle C, et al. Neoadjuvant andro-
gen deprivation therapy for prostate volume reduction, lower
urinary tract symptom relief and quality of life improvement in
men with intermediate- to high-risk prostate cancer: a randomised
non-inferiority trial of degarelix versus goserelin plus bicalutamide.
Clin Oncol (R Coll Radiol) 2013;25:190–6.

[29] Nejat RJ, Rashid HH, Bagiella E, Katz AE, Benson MC. A prospective
analysis of time to normalization of serum testosterone after with-
drawal of androgen deprivation therapy. J Urol 2000;164:1891–4.

[30] Murthy V, Norman AR, Shahidi M, et al. Recovery of serum testos-
terone after neoadjuvant androgen deprivation therapy and radical
radiotherapy in localized prostate cancer. BJU Int 2006;97:476–9.

[31] Gartrell BA, Coleman R, Efstathiou E, et al. Metastatic prostate
cancer and the bone: significance and therapeutic options. Eur Urol
2015;68:850–8.

[32] Geynisman DM, Wickersham KE. Adherence to targeted oral anti-
cancer medications. Discov Med 2013;15:231–41.

[33] Sanda MG, Cadeddu JA, Kirkby E, et al. Clinically localized prostate
cancer: AUA/ASTRO/SUO guideline. Part II: recommended
approaches and details of specific care options. J Urol
2018;199:990–7.

[34] Taylor HS, Giudice LC, Lessey BA, et al. Treatment of endometriosis-
associated pain with elagolix, an oral GnRH antagonist. N Engl J Med
2017;377:28–40.

[35] Battisti WP, Wager E, Baltzer L, et al. Good publication practice for
communicating company-sponsored medical research: GPP3. Ann
Intern Med 2015;163:461–4.
dotropin-releasing Hormone Receptor Antagonist Relugolix as
l Beam Radiotherapy in Patients with Localised Intermediate-

http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0010
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0010
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0010
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0015
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0015
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0015
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0015
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0020
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0020
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0020
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0020
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0025
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0025
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0025
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0030
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0030
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0030
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0035
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0035
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0035
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0035
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0040
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0040
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0040
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0045
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0045
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0045
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0050
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0050
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0050
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0050
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0055
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0055
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0055
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0055
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0060
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0060
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0060
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0060
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0065
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0065
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0070
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0070
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0075
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0075
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0075
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0075
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0075
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0075
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0080
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0080
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0085
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0085
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0085
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0090
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0090
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0095
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0095
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0095
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0095
https://www.ema.europa.eu/documents/product-information/firmagon-epar-product-information_en.pdf
https://www.ema.europa.eu/documents/product-information/firmagon-epar-product-information_en.pdf
https://www.ema.europa.eu/documents/product-information/firmagon-epar-product-information_en.pdf
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0105
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0105
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0105
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0105
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0105
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0110
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0110
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0110
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0110
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0115
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0115
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0115
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0115
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0120
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0120
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0120
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0120
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0125
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0125
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0125
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0130
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0130
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0130
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0130
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0135
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0135
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0135
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0135
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0135
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0140
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0140
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0140
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0140
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0140
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0140
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0145
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0145
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0145
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0150
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0150
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0150
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0155
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0155
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0155
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0160
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0160
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0165
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0165
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0165
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0165
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0170
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0170
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0170
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0175
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0175
http://refhub.elsevier.com/S0302-2838(20)30142-1/sbref0175

	The Oral Gonadotropin-releasing Hormone Receptor Antagonist Relugolix as Neoadjuvant/Adjuvant Androgen Deprivation Therapy...
	1 Introduction
	2 Patients and methods
	2.1 Patients
	2.2 Study design and treatments
	2.3 Outcomes
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusions
	Appendix A Supplementary data
	References


