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1  |  INTRODUC TION

The number of infertility treatment cycles have been increasing 
every year due to various social reasons. In 2019, 458 101 in vitro 
fertilization (IVF) or intra- cytoplasmic sperm injection (ICSI) embryo 

transfer cycles were performed in Japan.1 Although fertility treat-
ment depends on the patients’ condition, it often starts with timed 
intercourse or intrauterine insemination.2 These basic infertility 
treatments are aimed at single follicular development. If a woman 
fails to conceive for several months after basic infertility treatment 
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Abstract
Purpose: Relugolix is an oral gonadotropin- releasing hormone antagonist (GnRHant), 
which was first introduced in 2019. This study investigated the effects of the con-
ventional injectable GnRHant formulation and this new oral GnRHant formulation on 
controlled ovarian stimulation (COS) cycles.
Methods: Relugolix was administered in 126 cycles and conventional GnRHant injec-
tion was administered in 658 cycles (controls). The follicle stimulation was performed 
by an antagonist method, and for final oocyte maturation, recombinant human cho-
rionic gonadotropin (rHCG), or gonadotropin- releasing hormone agonist (GnRHa), or 
both (dual trigger) were selected. The number of retrieved oocytes was counted and 
then they were evaluated for subsequent development up to cleavage stage.
Results: The number of retrieved oocytes which was the primary outcome of this re-
search was affected by the combination of GnRHant type and the final oocyte matu-
ration agent. The combination of relugolix and a GnRHa trigger showed a significantly 
lower number of retrieved oocytes (p < 0.001) than the other combinations.
Conclusions: Relugolix is a new option for COS cycles, but should be carefully com-
bined with the final maturation agent.
Clinical trial approval: This study was conducted after approval by the Medical 
Corporation Sankeikai Institutional Ethics Committee (approval number: 2019- 34).
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and has an active plan to have a child, it is necessary to take the help 
of assisted reproductive technologies (ART).3

The most notable difference between basic and ART treatments 
is the strategy of follicular stimulation and the associated increase in 
the number of visits to the clinic. Follicular stimulation with follicle- 
stimulating hormone (FSH)/human menopausal hormone (HMG) in-
jections for multiple follicular development requires daily visits to 
the clinic for injections or self- injection.4 Many women who try fer-
tility treatment are at an age where they have a busy career and can 
manage only a limited number of daily visits to the clinic. Therefore, 
they often opt for self- injection.

Patients tend to view injections as being unavoidable because 
daily injections are essential for fertility treatment, but the act of 
injecting medicine by pointing a needle at oneself is highly invasive. 
Especially in people with needle phobia, the inability to self- inject 
makes balancing career and fertility treatments difficult because of 
the requirement of daily visits to the hospital. Therefore, a minimally 
invasive and effective oocyte retrieval protocol is desirable to re-
duce the physical, mental, and social burdens of infertility patients.

In controlled ovarian stimulation (COS) cycles in Japan, non- 
injection options, such as clomifene citrate, cyclofenil, and letro-
zole, are available, but completely injection- free COS cycles are 
rare. A long or short protocol requires more units of gonadotropin 
than an antagonist protocol because the pituitary function is sup-
pressed by the downregulation effect of long- term administration 
of gonadotropin- releasing hormone agonist (GnRHa) products. 
Additionally, human chorionic gonadotropin (HCG) injection must 
be used for final maturation.5,6 However, in an antagonist proto-
col, the number of injections increases because of the injectable 
gonadotropin- releasing hormone receptor antagonist (GnRHant; i.e., 
cetrorelix acetate or ganirelix acetate) in the second half of the COS 
cycle, but a GnRHa preparation (buserelin acetate nasal spray) can 
be selected for the final maturation instead of HCG injection.7

Although oral GnRHant preparations such as elagolix, relugolix, 
and linzagolix have been available for treating endometriosis and fi-
broids, there are no reports of them being used in COS cycles. Relugolix 
(RELUMINA®) was the first oral selective GnRHant to be launched in 
Japan in January 2019.8 Although relugolix is usually used to improve 
symptoms due to uterine fibroids, theoretically, its pharmacological 
effects as GnRHant could be applied to COS cycles. By switching from 
an injectable to an oral GnRHant, a less invasive follicle- stimulating 
protocol is possible. Therefore, we designed a clinical study to test the 
hypothesis that IVF/ICSI results of COS protocols using relugolix and 
conventional injectable GnRHant preparations are similar.

2  |  MATERIAL S AND METHOD

2.1  |  Study design, setting, and inclusion criteria

We used an open- label, non- random, prospective case– control 
study design. Participants were provided unbiased information 

about commonly used drugs for the COS cycle (FSH, HMG, cetrorelix 
acetate, ganirelix acetate, and buserelin acetate) and relugolix. They 
were assigned to receive two different interventions; GnRHant with 
either cetrorelix acetate or ganirelix acetate (control group) or with 
relugolix (study group) based on their choice. Since masking was not 
possible, the study was conducted as an open trial. The interven-
tion period was from January 2019 to August 2020. The inclusion 
criteria were as follows: (1) patients who were scheduled for oocyte 
retrieval in which the COS cycle was with an antagonist protocol, 
and (2) patients who could provide written consent. No specific ex-
clusion criteria were set.

2.2  |  Treatment selection and cancellation

A total of 785 COS cycles in the antagonist protocol were performed 
during the inclusion period, and relugolix was used in 127 (16.2%) cy-
cles. One case (0.8%) of study group and five cases (0.8%) of control 
group were canceled owing to extremely low number of developing 
follicles. Finally, 779 COS cycles were analyzed. Multiple COS cycles 
by the same patient were included because the primary outcome 
was the number of retrieved oocytes. Selection of the participants, 
and the final oocyte maturation agent, is shown in Figure 1.

2.3  |  Antagonist protocol

A COS cycle with daily injections of follitropin alpha (genetic recom-
bination) (Gonalf®, Merck Biopharma Co., Ltd.) or HMG (HMG for in-
jection [FERRING]®, Ferring Pharmaceuticals Co., Ltd.) and GnRHant 
administration was defined as the antagonist protocol. FSH or HMG 
injections were started on days 2– 4 of the menstrual cycle. The ini-
tial dose was set at 150– 300 IU/day at the discretion of the attend-
ing physician on the basis of serum anti- Müllerian hormone (AMH) 
levels, the antral follicle count, and ovarian responses in previous 
COS cycles. The GnRHant for pituitary suppression was started 
when the maximum follicular diameter reached 14 mm. When mul-
tiple	follicles	reaching	≥18	mm	were	observed,	final	oocyte	matura-
tion was triggered, and FSH/HMG and GnRHant agents were not 
administered on the trigger day. Oocyte retrieval was performed at 
35– 36 h post the trigger.

2.4  |  Study and control groups

In the study group, 40 mg/day of relugolix (RELUMINA®; ASKA 
Pharmaceutical Co., Ltd.) was used as the GnRHant preparation. In 
the control group, cetrorelix acetate (Cetrotide®; Merck Biopharma 
Co., Ltd.) 0.25 mg/day or ganirelix acetate (GANIREST®; MSD KK a 
subsidiary of Merck & Co. Inc.) 0.25 mg/day was used. In this study, 
GnRHant preparation (relugolix, cetrorelix acetate, or ganirelix ac-
etate) was administered at the same time as FSH/HMG injections.
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2.5  |  Final oocyte maturation

A total of 600 µg of buserelin acetate as the GnRHa (Suprecur® nasal 
solution 0.15%; MOCHIDA Pharmaceutical Co., Ltd.), 250 µg of chori-
ogonadotropin alpha (genetic recombination; Ovidrel® Syringe for sub-
cutaneous injection; Merck Biopharma Co., Ltd.), or a dual trigger was 
selected depending on the case. Our policy was to choose a GnRHa 
for patients with a high risk of ovarian hyper- stimulation syndrome 
(OHSS), but the final trigger was determined by the attending physician 
on the basis of the follicle size and physical status on the trigger day. A 
dual trigger was selected for patients with a history of a low maturation 
rate with a GnRHa or recombinant HCG trigger alone.9

2.6  |  Outcomes

The primary outcome was the number of retrieved oocytes. 
Secondary outcomes were the number of oocytes in metaphase 
II (M II) and the number of good quality cleavage stage embryos 
(Veeck's classification: grades 1– 3). Information on adverse events 
was also recorded as an indicator of safety.

2.7  |  Statistical analysis

As there were no previous studies on relugolix in IVF/ICSI cycles, 
all the patients from the inclusion period were recruited for the 
study. The analysis was performed on an intention to treat (ITT) 
basis.10 Missing data were complemented by the multiple imputation 
method.11 Comparisons between the two groups were made using 

the t- test and Fisher's exact test, and each index was expressed as 
the mean and standard deviation (SD). Regression analysis was per-
formed using the generalized linear model method.12 Finally, com-
parison of regression coefficients was performed using analysis of 
covariance (ANCOVA). All analyses were performed with R software 
(version 3.6.0; https://www.r- proje ct.org). All tests of significance 
were two sided and p < 0.05 was considered statistically significant.

3  |  RESULTS

3.1  |  Background and COS information

Age, AMH, pregnancy history, cause of infertility, serum estradiol 
(E2), progesterone (P4), and luteinizing hormone (LH) levels on the 
day of the final oocyte maturation trigger, the total number of units 
of FSH/HMG preparation and the total number of days of GnRHant 
agents used during COS cycle, the final oocyte maturation agent, 
and the fertilization method were compared between the study and 
control groups (Table 1). There were no significant differences in the 
patients’ background and COS information.

3.2  |  Serum E2 levels and the number of 
retrieved oocytes

Initially, we predicted that serum E2 levels and the number of re-
trieved oocytes would be positively correlated. However, especially 
in the study group, the number of retrieved oocytes tended to de-
crease when E2 levels exceeded 3000– 5000 pg/ml. To accurately 

F I G U R E  1 Flow	diagram	of	participants	
in the study

https://www.r-project.org
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assess the number of retrieved oocytes, the 779 cycles were di-
vided into the low E2 group (<3000 pg/ml) and the high E2 group 
(≥3000	pg/ml),	 and	 the	patients’	background	data	were	compared	
(Table 2). To examine the effect of age, AMH, serum E2 levels, relugo-
lix, and the final oocyte maturation agent on the number of retrieved 
oocytes, multiple regression analysis was performed. The possibility 
of multicollinearity was examined by variance inflation factor (VIF), 
and the VIF of all variables was less than 2, indication that multicol-
linearity did not occur. The F test for coefficient of determination 
was F (6, 772) = 71.31 (p < 0.001). The partial regression coeffi-
cients	for	age	(95%	CI	[−0.24	to	−0.13])	and	serum	E2 levels (95% CI 
[0.0017– 0.0022]) were significant at the 5% level (p < 0.001).

3.3  |  Crossover effect between a GnRHant and 
final oocyte maturation

To evaluate the crossover effect of the GnRHant preparation 
and the final oocyte maturation agent, we compared the number 

of retrieved oocytes between the study and control groups by 
the final oocyte maturation agent (Figure 2). The regression lines 
of the study and control group were compared when the objec-
tive value was the number of retrieved oocytes using ANCOVA. 
When HCG was used for the final maturation, no interaction was 
found between the regression lines (F (1, 724) = 1.16, p = 0.28), and 
there was no significant difference between the regression lines 
(F (1, 723) = 0.07, p = 0.79). When GnRHa was used for the final 
maturation, no interaction was found between the regression lines 
(F (1, 26) = 3.20, p = 0.09), but a significant difference was found 
between the regression lines (F (1, 25) = 15.31, p < 0.001). When 
dual trigger was used for final maturation, no interaction was found 
between the regression lines (F (1, 20) = 1.28, p = 0.27), and there 
was no significant difference between the regression lines (F (1, 
19) = 0.47, p = 0.50).

The scatter plot and the regression lines of the dual, GnRHa, 
and HCG trigger groups with the numbers of MII oocytes and 
cleavage stage embryos as the objective variables are shown in 
Figure S1.

TA B L E  1 Background	characteristics	of	the	patients	and	information	of	COS	cycles

Variables Control group (n = 653) Study group (n = 126) p value

Age (years) 37.8 ± 4.7 38.6 ± 4.1 0.09

AMH (ng/ml) 2.7 ± 1.7 2.9 ± 2.3 0.24

History of gravidity (n) 0.09 ± 0.3 0.09 ± 0.3 0.93

History of parity (n) 0.03 ± 0.2 0.04 ± 0.2 0.68

Cause of infertility 0.94

Combined factor (%) 456 (69.8) 90 (71.4)

Male factor (%) 54 (8.3) 13 (10.3)

Tubal factor (%) 25 (3.8) 4 (3.2)

Ovulation factor (%) 17 (2.6) 3 (2.4)

Uterine factor (%) 11 (1.7) 2 (1.6)

Unexplained (%) 90 (13.8) 14 (11.1)

Trigger day serum E2 (pg/ml) 1828.5 ± 1254.3 1865.3 ± 1536.9 0.77

Trigger day serum P4 (pg/ml) 1.1 ± 4.0 0.6 ± 0.8 0.25

Trigger day serum LH (mIU/ml) 4.1 ± 4.1 3.3 ± 5.0 0.07

Total units of FSH/HMG preparation (IU) 1822.6 ± 617.9 1821.4 ± 587.2 0.99

Total days of GnRHant use (days) 2.4 ± 1.0 2.5 ± 0.9 0.21

Premature ovulation (%) 0 (0.0) 0 (0.0) 1.00

Final oocyte maturation trigger 0.60

HCG (%) 612 (93.7) 115 (91.3)

GnRHa (%) 23 (3.5) 6 (4.8)

Dual trigger (%) 18 (2.8) 5 (4.0)

Fertilization method 0.35

Conventional (%) 136 (20.8) 21 (16.7)

ICSI (%) 517 (79.2) 105 (83.3)

Note: Values are presented as mean ± standard deviation or n (%). The p values were calculated using the t- test or one- way analysis of variance.
Abbreviations: AMH, anti- Müllerian hormone; E2, estradiol; P4, progesterone; LH, luteinizing hormone; FSH, follicle- stimulating hormone; HMG, 
human menopause gonadotropin; GnRHant, gonadotropin- releasing hormone antagonist; COS, controlled ovarian stimulation; HCG, human chorionic 
gonadotropin; GnRHa, gonadotropin- releasing hormone agonist; ICSI, intra- cytoplasmic sperm injection.



    |  5 of 9KOMIYA et Al.

3.4  |  Adverse events

Although the cause was unclear, three (2.3%) patients in the study 
group were switched to cetrorelix acetate because of insufficient 
LH suppression. Seven (1.1%) patients in the control group were 
switched to relugolix because of solid local reactions (redness and 
pain) at the injection site. All analyzed cases were analyzed on ITT 
basis rather than per- protocol basis because of the possibility of 
further heterogeneity in patient background and because ITT basis 
analysis reflects the actual situation when applied in daily practice.10 
As a sub- analysis, case/control comparisons based on a per- protocol 
basis (excluding 10 cases in which administered GnRHant prepara-
tion was changed) are shown in Tables S1 and S2. Additionally, there 
were no cases of a premature rise in progesterone levels.13,14 In the 
study group, two (1.6%) patients had fatigue and mild headache, 
but there were no severe conditions. Twenty- three (18.3%) pa-
tients in study group and 125 (19.2%) patients in control group were 

diagnosed with mild or worsened OHSS (no significant difference). 
There were also no hospitalization cases of apparent intra- abdominal 
hemorrhage, severe ovarian hemorrhage, intra- abdominal infection, 
or severe OHSS, although there were a few cases of minor vaginal 
wall bleeding during oocyte retrieval.

3.5  |  Sub- analysis on per- protocol basis

To show the effect of each GnRHant preparation directly, we addi-
tionally analyzed the interaction between GnRHant and final oocyte 
maturation on a per- protocol basis. The regression lines for the com-
parison of case and control groups by final oocyte maturation agent 
were also done on a per- protocol basis. The results of the F- test as 
well as the ITT basis are summarized in Table 3. There was no inter-
action between the regression lines in either condition, but as in the 
analysis on the ITT basis, there was a significant difference between 

TA B L E  2 Comparison	of	the	patients’	background	and	detail	of	COS	cycles	between	the	low	E2 group and the high E2 group

Variables Low E2 group (n = 663) High E2 group (n = 116) p value

Age (years) 38.4 ± 4.6 35.5 ± 3.6 <0.001

AMH (ng/ml) 2.4 ± 1.4 4.9 ± 2.2 <0.001

History of gravidity, n 0.1 ± 0.3 0.1 ± 0.4 0.86

History of parity, n 0.03 ± 0.2 0.1 ± 0.3 0.09

Cause of infertility 0.62

Combined factor (%) 460 (69.4) 86 (74.1)

Male factor (%) 61 (9.2) 6 (5.1)

Tubal factor (%) 24 (3.6) 5 (4.3)

Ovulation factor (%) 18 (2.7) 2 (1.7)

Uterine factor (%) 10 (1.5) 3 (2.6)

Unexplained (%) 90 (13.6) 14 (12.1)

Trigger day serum E2 (pg/ml) 1412.0 ± 716.1 4249.4 ± 1274.8 <0.001

Trigger day serum P4 (pg/ml) 1.0 ± 4.0 0.8 ± 0.6 0.67

Trigger day serum LH (mIU/ml) 4.0 ± 4.4 3.5 ± 3.5 0.22

Total units of FSH/HMG preparation (IU) 1837.4 ± 619.4 1736.4 ± 567.6 0.10

Total days of GnRHant use (days) 2.4 ± 1.0 2.5 ± 1.0 0.22

Premature ovulation (%) 0 (0.0) 0 (0.0) 1.00

Final oocyte maturation trigger <0.001

HCG (%) 628 (94.7) 99 (85.3)

GnRHa (%) 16 (2.4) 13 (11.2)

Dual trigger (%) 19 (2.9) 4 (3.4)

Fertilization method 0.05

Conventional (%) 142 (21.4) 15 (12.9)

ICSI (%) 521 (78.6) 101 (87.1)

Use of relugolix (%) 104 (15.7) 22 (19.0) 0.45

Note: Serum E2 levels <3000 (pg/ml) on the trigger day were categorized as the low E2	group	and	those	≥3000	(pg/ml)	were	categorized	as	the	high	
E2 group. Values are presented as mean ± standard deviation or n (%). The p values were calculated using the t- test or one- way analysis of variance.
Abbreviations: AMH, anti- Müllerian hormone; E2, estradiol; P4, progesterone; LH, luteinizing hormone; FSH, follicle- stimulating hormone; HMG, 
human menopause gonadotropin; GnRHant, gonadotropin- releasing hormone antagonist; COS, controlled ovarian stimulation; HCG, human chorionic 
gonadotropin; GnRHa, gonadotropin- releasing hormone agonist; ICSI, intra- cytoplasmic sperm injection.
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the regression lines when GnRHa was used for final maturation (F 
(1, 25) = 15.3, p < 0.001). There was no significant difference be-
tween the regression lines when HCG or dual trigger was used for 
final maturation.

4  |  DISCUSSION

This is the first report to show the effect of the oral GnRHant prepa-
ration relugolix, in antagonist protocol for COS. This can reduce the 

F I G U R E  2 Scatter	plot	comparing	the	
number of retrieved oocytes by the final 
maturation agent. Regression analysis 
was performed using the generalized liner 
model

TA B L E  3 Analysis	of	Covariance	(ANCOVA)	for	the	impact	of	the	number	of	retrieved	oocytes	adjusted	for	E2 value and the use of 
relugolix with ITT and per- protocol basis

Final maturation Variables

ANCOVA

Type III sums of squares df F value p value

ITT basis

Dual trigger E2 634.7 1 16.6 <0.001

Relugolix 49.1 1 1.28 0.27

GnRHa E2 675.1 1 7.75 0.01

Relugolix 279.2 1 3.20 0.09

HCG E2 15369.6 1 601.1 <0.001

Relugolix 29.7 1 1.16 0.28

Per- protocol basis

Dual trigger E2 634.7 1 16.6 <0.001

Relugolix 49.1 1 1.28 0.27

GnRHa E2 675.1 1 7.75 0.01

Relugolix 279.2 1 3.20 0.09

HCG E2 15322.3 1 596.3 <0.001

Relugolix 33.7 1 1.31 0.25

Abbreviations: ANCOVA, analysis of covariance; df, degrees of freedom; E2, estradiol; GnRHa, gonadotropin- releasing hormone agonist; HCG, human 
chorionic gonadotropin.
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need for self- injections which is a burden for patients in COS cy-
cles. Theoretically, relugolix is expected to have the same pituitary 
function- suppressing effect as other injectable GnRHant agents, 
such as cetrorelix acetate or ganirelix acetate. Although relugolix 
has been used in many facilities during oocyte retrieval cycles, there 
is only one published report of the effects of relugolix on oocyte re-
trieval outcomes and is limited to mild stimulation cycles.15 To clarify 
the effect of relugolix on oocyte retrieval outcomes, this study was 
conducted to examine the relationship between serum E2 levels on 
the trigger day and the number of retrieved oocytes.

This study showed that the oocyte retrieval performance was 
not affected by relugolix when HCG or a dual trigger was selected as 
the final oocyte maturation trigger. However, when a GnRHa trigger 
was used in high E2 cases to reduce the risk of severe OHSS, the 
number of retrieved oocytes considerably diminished (Figure 2). The 
cause of this reduction in the number of retrieved oocytes using the 
relugolix cycle may be partly due to the mechanism of different final 
oocyte maturation agent.

The comparison of the number of retrieved oocytes between 
the GnRHa- triggered study group (n = 6) and the control group 
(n = 23) showed a statistically clear difference in the regression line 
(Figure 2), although the number of cases was small. At the time of 
this analysis, it was predicted that attempting GnRHa triggering in 
the study group would likely be detrimental to patient benefit, and 
further patient aggregation was judged to be ethically inappropriate.

HCG acts similar to an LH surge by binding to the LH- HCG recep-
tor. HCG has an alpha subunit in common with LH and a beta subunit 
with 81% amino acid sequence equivalence as LH.16,17 The primary 
feature of HCG is that it has a long half- life, which may prolong its 
luteotropic effect.18,19 Therefore, while sufficient maturation can be 
expected, HCG triggering is a high- risk factor for OHSS.20

A GnRHa induces an endogenous LH surge using a flare- up ef-
fect before downregulation. Additionally, a GnRHa can induce a bi-
phasic LH surge for 24– 36 h, which is shorter than the physiological 
LH surge.21 The physiological LH surge is triphasic and lasts 48 h or 
longer. Therefore, when GnRHa triggering is performed, the total 
amount of gonadotropin released from the pituitary gland is re-
duced, which decreases the risk of developing OHSS.22

Relugolix is a selective antagonist of the human pituitary GnRH 
receptor and inhibits the secretion of gonadotropins from the pitu-
itary gland.8 In a pharmacokinetic study, a single oral dose of 40 mg 
of relugolix before breakfast was administered to premenopausal 
female volunteers (n = 12), and the half- life was reported to be 
45.42 h.8 In a phase I study in male volunteers, the half- life of relu-
golix ranged from approximately 36 to 65 h.23 Because the half- life 
of relugolix is long, the COS schedule in this study was designed to 
avoid using a GnRHant on the day of the final oocyte maturation 
trigger. Despite these adjustments, LH levels on the trigger day in 
the study group were found to be lower than those in the control 
group (3.3 vs. 4.1 mIU/ml, p = 0.07). The prolonged inhibitory effect 
of relugolix on pituitary function may have resulted in low LH levels.

In the HCG trigger or dual- trigger cycle, the number of retrieved 
oocytes in the study group was similar to that in the control group 
owing to its long half- life and strong LH surge- like maturation ef-
fect. However, in the GnRHa trigger cycle, the inhibitory effect of 
relugolix on pituitary function was considered to be relatively strong 
against the LH surge by GnRHa.

In this study, GnRHa maturation was selected for patients with a 
high number of developing follicles and symptoms of OHSS. In spite 
of the expectation of a higher number of retrieved oocytes in OHSS 
patients, maximum of 18 oocytes were retrieved (Figure 2), and the 
maximum number of cleavage stage embryos was only 3 (Figure S1), 
which impaired patient satisfaction and presented a major clinical 
problem.

In patients with less risk of OHSS, the use of relugolix is a good 
option to reduce the invasiveness of self- injection during COS be-
cause an HCG trigger or dual trigger can be selected and the IVF/
ICSI outcome is not affected. However, the use of relugolix is not 
recommended in patients in whom the risk of OHSS is expected to 
be high (patients with a history of OHSS, high serum AMH levels, 
and high antral follicle count) and a GnRHa may be used as the final 
oocyte maturation trigger. In this situation, the acquisition of stable, 
mature oocytes is a priority (cases of onco- fertility or medical fertil-
ity preservation) and the ovarian response during COS is unpredict-
able (first IVF/ICSI cases).

There were no significant differences in the total number of 
FSH/HMG units used or the duration of GnRHant administered 
during the COS cycles (ITT basis: p = 0.99, p = 0.21, respectively; 
per- protocol basis: p = 0.81, p = 0.23, respectively). Therefore, 
the difference in the cost for a COS cycle would be due to the 
difference in the selling price of GnRHant preparations at each 
institution.

Blinding in this study was not possible because of the different 
dosage forms. Therefore, the fact that our study was not a random-
ized trial is a limitation of the study design. However, because the 
incompatibility of relugolix and the GnRHa trigger was confirmed 
even after adjusting for the patients’ background, the results of this 
study could be replicated in randomized trials. In addition, the num-
ber of cases in the GnRHa- triggered study group (n = 6) and the 
control group (n = 23) was small, and it cannot be denied that the 
two cases with high E2 in the GnRHa- triggered study group may 
have been PCOS with high risk of empty follicle syndrome. Although 
we considered accumulating additional cases to address selection 
bias, we did not add new cases in this study because the Ethics 
Committee disapproved. In this study, a blastocyst was not included 
as an outcome for the following reasons: (1) the method of deter-
mining the COS cycle was arbitrarily chosen on the basis of past fol-
licular development and ovarian reserve; (2) in low AMH cases, the 
expected number of retrieved oocytes was low, and the COS cycle 
was planned for cleavage stage vitrification; and (3) in the antago-
nist protocol, a COS cycle for two- step (cleavage stage + blastocyst) 
vitrification was planned as our routine procedure, and the embryos 
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were arbitrarily selected to be cultured until a blastocyst stage de-
pending on the embryonic development status.

Other limitations of this study include the possible application 
of the results to other populations besides the Japanese. In Japan, 
GnRHa triggers are often used in the form of nasal spray, whereas 
injectable formulations are more common in other countries. 
Additionally, relugolix is currently approved only in the USA and 
Japan. Therefore, additional studies on the use of relugolix during 
COS cycles in other countries are required in the future.

In an efficacy and safety study of IVF/ICSI treatment cycles in 
Japanese women, daily once oral administration of 40 mg relugolix 
from the time when the dominant follicle reached 14 mm to the final 
oocyte maturation trigger- enabled oocyte retrieval. There was no 
premature ovulation or severe adverse event. However, when re-
lugolix was used in a COS cycle with a GnRHa trigger, the oocyte 
retrieval results were inferior. These results suggest that oral relu-
golix is a new option for COS cycles, but caution should be used for 
its indications.
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