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Abstract

Non-peptide gonadotropin-releasing hormone (GnRH) receptor antag-
onists exhibit remarkable potency and specificity in inhibiting GnRH
receptor activity. The orally administered versions of these drugs, no-
tably elagolix and relugolix, have obtained official clearance in various
countries for treating moderate-to-severe endometriosis-related pain.
Concurrently, linzagolix and opigolix (ASP1707) continue to advance
through late-stage clinical trials. The primary objective of this review is
to comprehensively evaluate the clinical efficacy and safety profile of
oral GnRH antagonists, specifically elagolix, relugolix, linzagolix, and
opigolix, for the management of endometriosis-associated pain. Specif-
ically, this study summarizes and analyzes their effectiveness in allevi-
ating dysmenorrhea and non-menstrual pelvic pain, evaluates the dose-
dependent impacts on bone mineral density and adverse effects such
as hot flushes, and explores the role of add-back therapy in improving
treatment safety and patient adherence. Research has demonstrated that
oral GnRH antagonists effectively alleviate endometriosis-related pain
while enhancing patients’ quality of life. Furthermore, when combined
with add-back therapy, these medications enhance treatment safety
and contribute to greater patient compliance. Compared to alternative
hormonal treatments, oral GnRH antagonists emerge as a particularly
promising approach for managing endometriosis.
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GnRH receptor antagonists; Add-back therapy

Introduction

Endometriosis is a chronic inflammatory disease driven by es-
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trogen, where tissue similar to the endometrium forms in areas
outside the uterus [1]. Its primary clinical manifestations includ-
ing chronic non-menstrual pelvic pain, dysmenorrhea, infertil-
ity, and dyspareunia can detrimentally affect both physical and
mental well-being, ultimately disrupting intimate relationships
and daily routines [2, 3]. Studies have shown that pelvic endo-
metriosis is prevalent in an estimated 6% to 10% of women of
reproductive age, with chronic pelvic pain and infertility affect-
ing approximately 35% to 50% of diagnosed cases [4]. The on-
set of endometriosis may be related to retrograde menstruation,
abnormal hypomethylation in the estrogen receptor 3 promoter
region, and estrogen-driven inflammation, which may be a core
pathological process of the disease [5]. Therefore, reducing cir-
culating estrogen levels is an effective treatment approach [6, 7].
The management of endometriosis encompasses both pharma-
cological and surgical interventions, primarily focused on symp-
tom relief and lesion control. While surgical intervention can
remove visible endometriotic lesions, it remains an incomplete
solution, as the condition may persist or recur. Lesions missed
during surgical intervention may continue to develop under the
influence of circulating estrogen, which contributes to a high
rate of recurrence following surgery [8]. First-line treatment
strategies for alleviating endometriosis-associated pain (EAP)
often include the administration of combined oral contracep-
tives (COCs) or progestins [9]. However, due to progesterone
resistance, these treatments demonstrate efficacy in only about
two-thirds of patients suffering from endometriosis-related pain
[10-13]. For women who are resistant to progestins, second-line
treatments include GnRH agonists, such as long-acting inject-
able formulations, and aromatase inhibitors [14]. At present,
aromatase inhibitors are primarily prescribed for individuals
with endometriosis-related pain that remains refractory to con-
ventional therapies. In contrast, GnRH agonists quickly attach
to GnRH receptors, provoking a surge in follicle-stimulating
hormone (FSH) and luteinizing hormone (LH) secretion that re-
sults in a marked release of estrogen, a phenomenon commonly
referred to as the “flare effect.” High levels of estrogen result
in the downregulation of pituitary GnRH receptors, thereby
suppressing the hypothalamic-pituitary-ovarian (HPO) axis,
reducing endogenous GnRH secretion, and ultimately lower-
ing circulating estrogen levels; this effect is not dose-dependent
[15]. Prolonged use of GnRH agonists can lead to estrogen de-
pletion-related side effects; therefore, for treatments exceeding
6 months, add-back therapy (ABT) with estradiol and norethin-
drone acetate is recommended to mitigate these effects [6]. The
advent of GnRH antagonists has expanded the treatment options
for endometriosis and can be used with or without ABT [16].
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GnRH antagonists are generally divided into peptide-based and
non-peptide variants. Studies suggest that these compounds
hold significant potential in enhancing endometriosis treat-
ment [17]. Accordingly, the present review sets out to synthe-
size and critically appraise the accumulated clinical evidence
on the four oral, non-peptide GnRH receptor antagonists that
have advanced furthest in development, i.e., elagolix, relugolix,
linzagolix, and opigolix. By providing an integrated assessment
of both therapeutic benefit and risk, we aim to inform rational,
patient-centered selection of oral GnRH antagonists in contem-
porary endometriosis management.

Methods

A comprehensive literature search was performed using Pub-
Med, Embase, and the Cochrane Library to identify clinical and
preclinical studies evaluating oral GnRH antagonists in endo-
metriosis. The search period covered all articles published up
to February 2025. The following search terms and Boolean op-
erators were applied: (“endometriosis” OR “endometrioma” OR
“deep infiltrating endometriosis” OR “DIE”) AND (“oral GnRH
antagonist” OR “elagolix” OR “relugolix” OR “linzagolix” OR
“opigolix” OR “ASP1707”). Reference lists of relevant reviews
and included studies were also manually screened to capture ad-
ditional eligible publications. Studies were included if they 1)
investigated the efficacy, safety, or pharmacology of oral GnRH
antagonists for the management of EAP, 2) reported clinical out-
comes, pharmacodynamic/pharmacokinetic data, or quality-of-
life results, and 3) were published in English. Both randomized
controlled trials and observational studies, as well as relevant
animal studies, were considered. Two reviewers independently
screened titles and abstracts for eligibility, followed by full-text
review. Discrepancies were resolved by consensus.

Risk of bias (RoB) for each randomized study was in-
dependently evaluated by two reviewers using the Cochrane
Collaboration tool (Handbook v5.1.0), with disagreements re-
solved by discussion and final judgements summarized in a
tabulated figure. Certainty of evidence was evaluated accord-
ing to the GRADE framework.

Results

Non-peptide GnRH antagonists mechanism of action

GnRH in the human body is classified into two types: GnRH 1,
which acts on the pituitary gland, and GnRH II, which appears
in other areas of the brain and peripheral tissues [18]. GnRH I
interacts with pituitary cell receptors, stimulating the release of
LH and FSH. In contrast, GnRH antagonists competitively oc-
cupy these receptors and rapidly suppress the HPO axis, thereby
inhibiting the secretion of LH and FSH and leading to decreased
estrogen levels. Owing to their direct antagonistic mechanism,
GnRH antagonists avoid triggering the so-called “flare effect”
[19]. GnRH antagonists suppress estrogen production in a dose-
dependent fashion, where lower doses lead to partial inhibition
and higher doses result in almost complete suppression [17].
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Figure 1. Mechanism of action of oral GnRH antagonists. GnRH: gon-
adotropin-releasing hormone.

GnRH II exhibits significant expression in the placenta, endo-
metrial tissues, and ovarian granulosa cells [18]. In patients with
endometriosis, the inhibitory action mediated by endogenous
GnRH II is impaired, leading to stronger proliferation of the en-
dometrium [20]. GnRH antagonists also block GnRH II, sug-
gesting that the inhibition of endometriosis by GnRH antagonists
may also be related to this [21] (Fig. 1). The non-peptide struc-
ture of non-peptide GnRH antagonists prevents gastrointestinal
protein hydrolysis, allowing them to be taken orally [17, 22].

Pharmacokinetics
Drug interactions

Elagolix, relugolix, and opigolix are primarily metabolized
by CYP3A4 (cytochrome P,s, 3A4 enzyme), so they should
not be co-administered with CYP3A inhibitors or inducers, as
these interactions could reduce therapeutic effects or increase
the occurrence of adverse reactions [23, 24]. For elagolix, in-
hibitors of organic anion-transporting polypeptide 1B1 (OAT-
P1B1) can increase its blood concentration, so co-administra-
tion is not recommended. Similarly, the blood concentration
of relugolix may increase due to the effects of P-glycoprotein
(P-gp) inhibitors, and co-administration should be avoided.
Linzagolix is primarily metabolized by CYP2CS8 and CYP2C9
and does not interact with CYP3A-related drugs. However,
it should be avoided in combination with drugs that are sub-
strates of CYP2CS8 with a narrow therapeutic window [25].

Major pharmacodynamic differences

Marked pharmacokinetic and pharmacodynamic heterogeneity
exists among the three marketed oral, non-peptide GnRH antag-
onists, and these differences largely dictate their dose regimens
and monitoring requirements. Elagolix is absorbed fastest (T
of approximately 1 h) and has the shortest elimination half-life
(4 - 6 h), with systemic exposure falling by up to 24% (area un-
der the curve (AUC)) and 36% (C__ ) when taken with a high-
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Figure 2. Molecular structure of elagolix.

fat meal (Fig. 2) [26]. Its extensive apparent distribution volume
(881 - 1,674 L) and moderate plasma protein binding (approxi-
mately 80%) contrast with rapid oral clearance (123 - 144 L/h).
Consequently, higher symptom control requires a twice-daily
200 mg schedule, whereas a once-daily 150 mg dose suppresses
median estradiol to approximately 42 pg/mL but allows ovula-
tion in approximately 50% of cycles, reflecting partial HPO axis
inhibition. Relugolix shows low absolute bioavailability (ap-
proximately 12%), a later T, (approximately 2.3 h) and much
longer effective and terminal half-lives (25 h and 60.8 h, respec-
tively) (Fig. 3) [27]. Protein binding is 68-71%, and total clear-
ance averages 26.4 L/h. Steady-state exposure after 120 mg once
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Figure 3. Molecular structure of relugolix.
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Figure 4. Molecular structure of linzagolix.

daily (AUC of approximately 407 ng h/mL) supports convenient
single-tablet administration; however, repeat dosing produces a
greater-than-proportional rise in C_, , implying saturable first-
pass loss. Linzagolix, although highly protein-bound (> 99%),
distributes minimally (V of approximately 11 L), is absorbed
within 2 h, and has an intermediate half-life (approximately 15
h) (Fig. 4) [28]. Apparent clearance after multiple 100 - 200 mg
doses is only 0.5 L/h, yielding estradiol plateaus of 20 - 60 pg/
mL and progesterone < 3.1 ng/mL in up to 83% of women, levels
that satisfy the “estradiol-threshold” for symptom control while
limiting hypo-estrogenic toxicity. For opigolix (ASP1707) only
sparse phase II data are available: steady-state pre-dose concen-
trations ranged from 0.53 to 3.85 ng/mL after 3 - 15 mg once
daily, and no full pharmacokinetic profile has been published
since development was halted in 2018 (Fig. 5) [29]. Taken to-
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Figure 5. Molecular structure of opigolix.
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gether, elagolix’s short half-life necessitates bid dosing at higher
exposures; relugolix and linzagolix support once-daily sched-
ules owing to slower systemic clearance; and all three agents
achieve partial, dose-dependent estradiol suppression, but differ
in meal sensitivity, protein binding, and distribution, factors that
must be weighed when tailoring therapy and planning ABT.

Dosage and administration
1) Elagolix (Orilissa®, AbbVie)

Elagolix received regulatory approval from the US Food and
Drug Administration (FDA) in 2018 for the management of mod-
erate-to-severe endometriosis-related pain; Health Canada issued
a parallel authorization later the same year [30, 31]. Elagolix is
available in 150 and 200 mg tablet forms and is prescribed for the
treatment of moderate-to-severe endometriosis-related pain. As
per FDA guidelines, the recommended duration of therapy de-
pends on the dosage: a daily 150 mg regimen should not exceed 2
years, while a 200 mg twice-daily regimen is limited to 6 months.

2) Relugolix (Myfembree®/Ryeqo®, Myovant Sciences-Sum-
itomo Pharma in partnership with Pfizer; Orgovyx®, Myovant
Sciences-Sumitomo Pharma)

In 2022, the FDA granted approval for a once-daily, fixed-dose
combination tablet containing 40 mg of relugolix, 1 mg of es-
tradiol, and 0.5 mg of norethindrone acetate (marketed as My-
fembree®) for a 1-year treatment course to manage moderate-
to-severe endometriosis-related pain in premenopausal women.
Earlier approvals include Orgovyx® (120 mg once daily) for
advanced prostate cancer in the United States in 2020 and My-
fembree® for heavy menstrual bleeding due to uterine fibroids in
2021 [32, 33]. In the European Union (EU) and the United King-
dom, the identical combination tablet is marketed as Ryeqo®,
first authorized in 2021 for fibroid-associated symptoms and
extended in 2023 - 2024 to cover EAP [34, 35].

3) Linzagolix (Yselty®, Theramex under license from Kissei
Pharmaceutical)

Linzagolix is still under clinical trial for its use in endome-
triosis, with a proposed dosage of 75 - 125 mg daily to bal-
ance pain relief and bone mineral density (BMD) goals [36];
however, the agent secured European Commission marketing
authorization in June 2022 for the treatment of moderate-to-
severe uterine fibroid symptoms and, in January 2025, for EAP
[37, 38]. The product is not yet approved in the United States,
but commercial launches have begun across several EU mem-
ber states, led by Theramex in collaboration with Kissei.

4) Opigolix (ASP1707, Astellas Pharma)

Opigolix remains under clinical investigation and has yet to re-

ceive formal regulatory approval for commercial distribution;
development was discontinued globally in 2018 after comple-
tion of phase II trials for endometriosis and rheumatoid arthri-
tis. A meta-analysis comparing the four oral GnRH formula-
tions, elagolix, relugolix, linzagolix, and ASP1707, confirmed
that 15 mg of has similar efficacy to 400 mg of elagolix in
alleviating pelvic pain and dysmenorrhea [39].

Adjunct low-dose hormone ABT, incorporating estradiol
(E2) and progestins, is frequently required in conjunction with
oral GnRH antagonist treatment to mitigate menopausal symp-
toms and preserve bone density. This approach aligns with the
“estradiol threshold hypothesis,” which suggests that partial
suppression of E2 is adequate for controlling endometriosis
symptoms while minimizing menopausal adverse effects. The
recommended range of estradiol is 20 - 50 pg/mL for symptom
control [40, 41].

Application of oral GnRH antagonists in endometriosis
treatment

Efficacy in relieving EAP

In 2017, Taylor et al published findings from two phase III
clinical trials, Elaris EM-I and Elaris EM-II, which were ran-
domized, double-blind, and placebo-controlled studies con-
ducted over 6 months. Participants were randomly assigned
to one of three groups: a low-dose regimen (150 mg once
daily), a high-dose regimen (200 mg twice daily), or a placebo
control. The study aimed to assess the effects of elagolix, an
oral GnRH antagonist, on dysmenorrhea and non-menstrual
pelvic pain in individuals diagnosed with endometriosis [42].
This study enrolled 1,689 individuals aged 18 to 49 who had
experienced moderate-to-severe endometriosis-related pain
within the past 10 years. Those assigned to the experimental
groups received either 150 or 200 mg of elagolix, whereas the
control group was given a placebo. The primary study end-
point was the clinical response rate for dysmenorrhea and
non-menstrual pelvic pain assessed at the 3-month mark. The
secondary endpoints included assessments of pain score vari-
ations over a 6-month period, as well as the frequency of res-
cue analgesic use. Results indicated that both dosage regimens
of elagolix led to substantial reductions in dysmenorrhea and
non-menstrual pelvic pain, with these benefits sustained over
a 6-month period. Compared to both the low-dose and placebo
arms, the high-dose group achieved markedly superior pain re-
lief. Once the initial trial established elagolix’s short-term ef-
fectiveness in reducing endometriosis-related pain, subsequent
studies shifted their focus to assessing its long-term efficacy
and safety [43]. The Elaris EM-III and EM-IV extension tri-
als maintained the double-blind, placebo-controlled method-
ology of previous studies to assess the impact of sustained
12-month elagolix therapy. A total of 569 women who had
previously completed the initial trials were enrolled in these
studies and were subsequently assigned to receive either 150
mg of elagolix once daily or 200 mg twice daily. During the
12-month treatment phase, the 200 mg group demonstrated a
dysmenorrhea response rate of 78%, while the response rates
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for non-menstrual pelvic pain and dyspareunia were 69% and
60%, respectively. For those in the 150 mg treatment group,
the observed response rates were 52% for dysmenorrhea, 67%
for non-menstrual pelvic pain, and 45% for dyspareunia. These
response rates were similar to those of the short-term trials,
demonstrating the continued pain-relieving effects of elago-
lix. Additionally, the use of rescue analgesics significantly de-
creased during the treatment period: opioid use decreased by
an average of 45% in the 150 mg group, and by more than 65%
in the 200 mg group. The findings from this extended trial con-
firmed the long-term efficacy of elagolix in controlling EAP.

In 2021, Osuga et al carried out a randomized, double-
blind, placebo-controlled study to evaluate the safety and
therapeutic efficacy of relugolix in the treatment of EAP over
a 24-week period [44]. Conducted across 101 clinical centers
in Japan, this trial recruited premenopausal women who were
randomly allocated to receive different doses of relugolix or a
placebo for a duration of 12 weeks. Participants were assigned
to one of several treatment regimens, including daily oral relu-
golix at doses of 10, 20, or 40 mg; a placebo; or a monthly
3.75 mg injection of leuprolide acetate, a GnRH agonist. The
primary endpoints focused on safety, with particular attention
to BMD changes and the occurrence of adverse events over
the course of treatment. Secondary outcomes encompassed the
assessment of pain relief using the Visual Analog Scale (VAS).
The study concluded that relugolix exhibited good overall tol-
erability, with its analgesic efficacy comparable to that of leu-
prolide. In a subsequent investigation, Osuga et al expanded
on prior findings by analyzing the dose-response relationship
of relugolix over a 12-week treatment period [45]. The results
reinforced that its effectiveness in reducing endometriosis-re-
lated pain was contingent on dosage.

The 2020 EDELWEISS trial examined the therapeutic
effects of linzagolix on EAP [46]. This international, multi-
center study employed a randomized, double-blind design
and included women aged 18 to 45 with surgically confirmed
moderate-to-severe EAP. Participants were randomly assigned
to receive linzagolix at doses of 50, 75, 100, or 200 mg, or a
placebo, administered once daily over a 24-week period. The
primary endpoint assessed the proportion of patients experi-
encing at least a 30% reduction in overall pelvic pain by week
12. Secondary endpoints included changes in dysmenorrhea
and non-menstrual pelvic pain, fluctuations in serum estradiol
levels, the incidence of amenorrhea, and quality-of-life assess-
ments. Results indicated that doses of 75 mg or higher were
associated with a substantial decrease in EAP.

A phase II placebo-controlled, double-blind, randomized
trial with a multicenter, parallel-group design was conducted
between December 2012 and July 2015 across Europe and Ja-
pan to assess the efficacy and safety of opigolix in treating
endometriosis-related pelvic pain [47]. A total of 912 women
experiencing pelvic pain were enrolled in this trial, with 540
completing the study. Participants were randomly assigned to
receive either a placebo, one of several opigolix doses (3, 5,
10, or 15 mg), or leuprolide. The primary endpoint was as-
sessed as the change in the Numerical Rating Scale (NRS)
score for overall pelvic pain over a 12-week period. Secondary
outcomes included variations in NRS scores for dysmenorrhea
and non-menstrual pelvic pain, alongside evaluations of serum

estradiol levels and BMD. The findings demonstrated a dose-
dependent analgesic effect of opigolix, with higher doses pro-
viding greater pain relief.

Effect on lesion size

In 2021, secondary clinical outcomes from a randomized, dou-
ble-blind, placebo-controlled study by Harada et al showed that
once-daily oral relugolix (40 mg) was effective over a 24-week
period in treating endometriosis-related lesions (including en-
dometriotic cysts) [48]. Conducted across 42 clinical centers in
Japan, this trial recruited women diagnosed with endometrio-
sis or ovarian endometriotic cysts. Participants were adminis-
tered either a daily 40 mg dose of relugolix or a monthly injec-
tion of 3.75 mg leuprolide. The primary outcome was defined
as the variation in the highest VAS score. Findings from the
study indicated that relugolix exhibited a therapeutic efficacy
comparable to that of leuprolide. In the relugolix group, ovar-
ian endometriotic cyst volumes declined by 12.26 & 17.52 cm?,
compared to a decrease of 14.10 + 18.81 cm? in the leuprolide
group, demonstrating that both treatments achieved similar re-
ductions in cyst volume. During treatment, both relugolix and
leuprolide showed similar safety profiles, with comparable
drug-related adverse events. However, patients in the relugolix
group experienced earlier recovery of menstruation compared
to those in the leuprolide group.

In 2023, Tezuka et al conducted an investigation utilizing
an experimental rat model to evaluate the effects of linzagolix
on endometriosis [49]. To establish an endometriosis model, the
study utilized autologous transplantation of endometrial tissue.
The treatment group was administered varying doses of linzago-
lix (50, 100, and 200 mg/kg). Study results demonstrated that
linzagolix administration at doses of 50 mg/kg or higher led to
a substantial decrease in cyst volume. Relative to the control
group, the cyst volume was significantly reduced. Linzagolix
also demonstrated stronger suppression effects at lower doses
when compared to the dienogest group. The study indicated
that linzagolix reduced endometriotic cyst volume by inhibiting
GnRH signaling and lowering serum estradiol (E2) levels.

Currently, there is a lack of high-quality clinical studies
directly assessing the impact of oral GnRH antagonists on
the volume of deep infiltrating endometriosis (DIE) lesions.
In contrast, a study evaluating the effect of the oral progestin
dienogest on DIE lesion volume found that, after 12 months of
continuous treatment, there was no significant reduction in the
volume of rectovaginal lesions [50]. This suggests that while
hormonal therapy may alleviate symptoms associated with
DIE, its effect on lesion size remains uncertain. Although oral
GnRH antagonists have shown potential efficacy in relieving
DIE-related pain, their influence on lesion volume is not yet
clearly defined. Further high-quality research is necessary to
evaluate their role and safety in the treatment of DIE.

Improvement in quality of life

Diamond et al utilized the Endometriosis Health Profile-5
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(EHP-5) to assess five key health domains: pain, emotional
well-being, self-image, social support, and feelings of control
and helplessness [51]. The study demonstrated significant im-
provements across all assessed domains, with the most notable
effects occurring in the 150 mg treatment group. By week 12,
the reduction in pain scores within this cohort was statistically
superior to that of the placebo group. Additionally, Patient
Global Impression of Change (PGIC) scores were significant-
ly higher among individuals receiving elagolix compared to
those in the placebo group. At week 12, the mean PGIC rating
for the elagolix cohort indicated a “much improved” status,
whereas the placebo group showed only a “slightly improved”
outcome. This improvement persisted throughout the 24-
week study, indicating that elagolix significantly contributed
to enhancing the quality of life in women with endometriosis.
Moreover, patients receiving elagolix also experienced a no-
ticeable decrease in fatigue [52].

Harada et al reported that after 24 weeks of relugolix treat-
ment, significant improvements were noted across multiple
health dimensions, including pain, emotional well-being, self-
image, social support, and perceptions of control and helpless-
ness. Furthermore, improvements in work productivity and ac-
tivity limitations also indicated the positive impact of relugolix
on work efficiency and daily activities. Compared to leuprolide
acetate, patients using relugolix experienced faster menstrual
recovery, which is a significant advantage for women planning
to conceive after treatment [48].

In the EDELWEISS trial, according to the EHP-30 scores,
significant improvements were observed in pain, control,
and helplessness in all dose groups. Notably, improvements
in emotional well-being, social support, and self-image were
observed only at the higher 200 mg dose, underscoring the
beneficial effects of linzagolix on multiple aspects of quality
of life. PGIC assessments indicated that patients treated with
linzagolix experienced significant improvements following 12
weeks of therapy, with the most pronounced benefits observed
in the 75 and 200 mg dose cohorts [46].

Adverse reactions

The most frequently observed adverse events with elagolix are
vasomotor symptoms, and their occurrence is dependent on the
dose administered [42]. Other common adverse reactions, such
as the effect on BMD, also show a dose-dependent relation-
ship, with women receiving higher doses of elagolix experi-
encing a greater reduction in bone density.

In Osuga et al’s study, the frequency of treatment-emergent
adverse events (TATEs) during relugolix therapy was compara-
ble to that observed with leuprolide [44, 45]. The most frequent-
ly observed TATEs comprised nasopharyngitis, headaches,
menstrual irregularities, sweating, BMD loss, and hot flashes.

The most commonly reported adverse effects associated
with linzagolix were hot flashes and headaches. Additionally,
the study found that BMD loss averaged below 1% in the 75
mg group, while the 200 mg group exhibited a 2.6% reduction
[46].

A meta-analysis confirmed that the discontinuation rate

and adverse reaction rate for opigolix were lower than those
for elagolix and relugolix, but further experimental confirma-
tion is needed [39].

Impact of ABT on drug use

Carr et al conducted a randomized, double-blind, placebo-con-
trolled, parallel-group trial to assess the efficacy and safety of
elagolix, both as monotherapy and in combination with ABT,
in women with heavy menstrual bleeding due to uterine fi-
broids [53]. The trial included two elagolix dosing regimens,
300 mg twice daily and 600 mg once daily, alongside a placebo
group. Additionally, participants were assigned to either an el-
agolix-only group or one of two ABT groups: a low-dose regi-
men (0.5 mg estradiol/0.1 mg norethindrone acetate) or a high-
dose regimen (1.0 mg estradiol/0.5 mg norethindrone acetate).
While elagolix treatment was linked to bone density reduction,
the administration of high-dose ABT (1.0 mg estradiol/0.5 mg
norethindrone acetate) effectively minimized this effect. Hot
flashes were frequently reported as an adverse effect; however,
the addition of ABT helped alleviate this symptom. Ongoing
clinical studies continue to assess the efficacy and safety of
elagolix in combination with ABT for treating EAP (Clinical-
Trials.gov identifier, NCT03213457).

Two parallel phase III randomized, double-blind, place-
bo-controlled trials (SPIRIT 1 and SPIRIT 2) were conducted
to evaluate the efficacy of daily oral relugolix combination
therapy in alleviating EAP [54]. Women aged 18 - 50 with en-
dometriosis, confirmed either surgically or visually (with or
without histological validation), were randomly assigned in a
1:1:1 ratio to receive a daily oral placebo, relugolix combina-
tion therapy (relugolix 40 mg, estradiol 1 mg, and norethin-
drone acetate 0.5 mg), or a delayed-start relugolix combination
therapy. Results demonstrated that 75% of patients receiving
relugolix combination therapy exhibited a positive response in
dysmenorrhea, compared with 27% in the placebo group in
SPIRIT 1 and 30% in SPIRIT 2. Additionally, relugolix com-
bination therapy significantly alleviated non-menstrual pelvic
pain. In SPIRIT 1, 58% of patients exhibited a response, com-
pared with 40% in the placebo group, whereas in SPIRIT 2, re-
sponse rates were 66% and 43% for the relugolix combination
and placebo groups, respectively. At 24 weeks, the difference
in BMD changes between the relugolix combination therapy
and placebo groups at both the lumbar spine and total hip re-
mained below 1%. These results indicate that a daily regimen
of relugolix combination therapy provides substantial relief
from EAP while maintaining a favorable safety profile.

The EDELWEISS trial demonstrated that a higher dose
(200 mg/day) provided enhanced pelvic pain relief, however,
the associated BMD reduction necessitated the implementa-
tion of ABT [46]. A study conducted in healthy premenopau-
sal women examined the effects of linzagolix in combination
with ABT on vaginal bleeding patterns [55]. It was found that
initiating both treatments simultaneously resulted in better
bleeding control than delaying ABT initiation. This treatment
strategy was also associated with the absence of hot flashes
and lower mean estradiol levels.
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Conclusions

Across 13 trials informing this review, most pivotal phase III
studies of elagolix, relugolix + add-back, and linzagolix scored
low on all RoB 2 domains, whereas three elagolix extensions
and one open-label relugolix study carried attrition- or blind-
ing-related concerns; a single phase I linzagolix trial and one
animal experiment were high or unclear for performance and
detection bias. GRADE appraisal placed dysmenorrhea and
non-menstrual pelvic pain outcomes in the moderate-certainty
tier for elagolix and linzagolix and in the moderate-to-high
tier for relugolix, downgrading mainly for imprecision. Hypo-
estrogenic adverse events and bone-loss data were likewise
moderate, with relugolix + add-back showing the smallest
lumbar-spine change (-0.7% at 24 weeks) and elagolix 200
mg twice-daily the largest (-5% to 15%). Evidence for lesion
regression and very-long extension phases remained low-to-
very-low, urging rigorously blinded, head-to-head, long-term
imaging trials to secure higher-certainty estimates (Supple-
mentary Materials 1-6, jocmr.elmerjournals.com).

Among existing therapies, COCs and progestin-only regi-
mens share common adverse effects such as breast tenderness,
nausea, mood swings, and weight gain. These reactions have
been shown to reduce quality of life and prompt treatment dis-
continuation in 64.6% of users, thereby compromising adher-
ence [56, 57]. By contrast, the adverse events associated with
oral GnRH antagonists stem chiefly from hypo-estrogenism,
such as hot flushes and loss of BMD; nevertheless, they can be
mitigated by ABT. Progestin-containing agents may also increase
the frequency of abnormal uterine bleeding, whereas oral GnRH
antagonists are linked to lower rates of moderate-to-severe uter-
ine bleeding and breakthrough bleeding [58]. In contrast, oral
GnRH antagonists demonstrate a lower prevalence of moderate-
to-severe uterine bleeding and breakthrough bleeding. Moreover,
when used in conjunction with ABT, oral GnRH antagonists
present several advantages over GnRH agonists combined with
ABT: 1) Oral administration: This eliminates the need for injec-
tions, improving patient convenience, adherence, and satisfac-
tion. 2) No flare effect: GnRH agonists cause a “flare effect”
during the initial treatment phase, which can worsen symptoms,
whereas GnRH antagonists do not induce this effect, avoiding the
side effects associated with the temporary rise in hormone levels.
3) Dose-dependent reduction of ovarian steroid secretion: GnRH
antagonists offer more flexibility in adjusting the treatment dose
to achieve better hormonal control. 4) Rapid reversibility: GnRH
antagonists allow for quicker restoration of ovarian function after
discontinuation, making them suitable for patients who need a
rapid return to normal hormone levels. Oral non-peptide GnRH
antagonists have emerged as a novel therapeutic approach for al-
leviating EAP [46, 59]. These agents significantly alleviate pain
and contribute to an improved quality of life for individuals with
endometriosis. When combined with ABT, they can be used for
long-term management. However, although GnRH antagonists
can induce atrophy or dormancy in endometriotic lesions, these
lesions may still undergo low-level proliferation, cell division, and
ultimately acquire mutations. Further investigation is required to
evaluate the potential risk of malignant transformation linked to
prolonged GnRH antagonist therapy in responsive patients [60].

Additional trials are required to determine if the subset of women
who are resistant to estrogen and progestins is the same as those
who do not respond to oral GnRH antagonists [61]. Additionally,
studies comparing GnRH antagonists with first-line treatment op-
tions, as well as evaluations of the long-term efficacy and safety
profiles of different GnRH antagonists, are warranted. Given the
substantial financial burden of endometriosis treatments, further
research is needed to explore alternative therapeutic strategies
aimed at improving patients’ quality of life [62].
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