
R E V I E W

Oral GnRH Antagonists in Combination with 
Estradiol and Norethindrone Acetate for Pain 
Relief Associated with Endometriosis: A Review 
of Evidence of a Novel Class of Hormonal Agents
Essam R Othman1,2, Ayman Al-Hendy3, Radwa Mostafa1, Cornelis B Lambalk 2, Velja Mijatovic2

1OB-GYN Department, Assiut University, Assiut, 71515, Egypt; 2Academic Endometriosis Center, Amsterdam University Medical Center, Vrije 
Universiteit Amsterdam, Amsterdam, the Netherlands; 3Department of Obstetrics and Gynecology, University of Chicago, Chicago, IL, 60637, USA

Correspondence: Essam R Othman, Department of Obstetrics and Gynecology, Assiut University, Assiut, Egypt, Email essamothman@aun.edu.eg 

Abstract: Current medical treatment options for endometriosis associated pains are inadequate. Evidence on effects of nonsteroidal 
anti-inflammatory drugs is scarce. Around one third of patients are not responsive to oral contraceptives or progestins due to 
progesterone resistance. Gonadotropin-releasing hormone (GnRH) agonists can only be used for a short duration because of associated 
side effects. Oral GnRH antagonists, including elagolix, relugolix, and linzagolix allow oral administration, induce dose dependent 
reduction of estradiol levels, do not cause initial flare up of endometriosis symptoms, and allow the fast return of ovarian function and 
menstruation after discontinuation. Elagolix at a low dose of 150 mg once daily, or the higher dose of 200 mg twice daily, significantly 
increased the proportion of women achieving clinically meaningful decline of dysmenorrhea, noncyclic pelvic pain, and dyspareunia. 
Relugolix at an oral dose of 40 mg/day results in improvement in different forms of endometriosis related pelvic pain, with an efficacy 
and side effect profile similar to that of GnRH agonists. Adding 1 mg of estradiol and 0.5 mg of norethindrone to 40 mg of relugolix 
(relugolix combination therapy) allows extension of treatment to 24 weeks with maintained efficacy and an improved side effect 
profile. Linzagolix, in a dose of 75 mg/day, can be used alone to treat endometriosis associated pain. For severe pelvic pain and 
dyspareunia, linzagolix can be used in a high dose of 200 mg/day with hormonal add-back therapy to preserve bone health. 

Plain Language Summary: Oral gonadotropin-releasing hormone (GnRH) antagonists, including elagolix, relugolix, and linzagolix, 
represent a new addition in the armamentarium against endometriosis associated pain. They are given orally, do not cause an initial 
flare-up of disease symptoms, allow a return of menses quickly after their withdrawal and produce a balance between ability to relieve 
endometriosis associated pain and side effects profile. The addition of hormonal agents like estradiol 1 mg and norethindrone acetate 
0.5 mg to relugolix (relugolix combination therapy) allowed longer use of the medication for relief of endometriosis associated pain 
while reducing side effects like bone mineral density loss and hot flushes. 
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Endometriosis, the Problem
Endometriosis is a chronic inflammatory estrogen dependent disorder that is defined by the presence of endometrial-like tissue 
outside the uterine cavity.1 The disease affects 2–10% of women in their reproductive years.2 Endometriosis is associated with 
subfertility and debilitating painful symptoms including dysmenorrhea, dyspareunia, dysuria, dyschezia, and chronic pelvic 
pain.3 Other associated comorbidities include chronic pain syndromes, fatigability, anxiety/depression, autoimmune diseases, 
and an increased risk of certain types of cancers.4 Endometriosis diagnosis is often delayed for 4–11 years after symptoms 
start.5 Women with endometriosis have impaired quality of life and lose, on average, 11 working hours per week, mainly due 
to reduced employability at work.6 The financial burden of endometriosis approaches 27,855 USD per patient per year, 
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mounting to 22 billion USD at the country level in the United States alone in treatment, productivity loss and health care 
costs.7 Symptomatic medical treatment options of endometriosis include analgesia and various hormonal suppression 
therapies.8,9 Surgical treatment involves excision of endometriotic lesions to reduce pelvic pain, for recovery of organ 
dysfunction or to enhance fertility. However, nearly 50% of women undergoing endometriosis surgery may need repeat 
surgery within 5 years for recurrent symptoms, especially if hormonal treatment is avoided.10 Assisted reproductive 
technologies are often used to treat endometriosis related infertility because of the associated tubal dysfunction, diminished 
ovarian reserve or inability to have sexual intercourse.11 Although it is traditionally believed that pregnancy has a favorable 
influence on endometriosis, its negative impact on pregnancy is currently a growing area of concern as well.12

Since a cure for endometriosis is not available, treatment should be adjusted in line with changing life goals, needs 
and expectations during the reproductive lifespan and beyond. Therefore, not only a multidisciplinary but also a life 
course approach in endometriosis is currently recommended.8

Available Medical Treatments of Endometriosis
The ideal medication for endometriosis should meet the following criteria: it should be curative rather than suppressive, it 
treats pain and infertility at the same time, it has an acceptable side effect profile and long-term use is safe and 
affordable.13 Unfortunately, such a medication still does not exist for women with endometriosis.

Current medical treatment options of endometriosis includes analgesics and anti-inflammatory drugs such as 
nonsteroidal anti-inflammatory drugs (NSAIDs), which reduce endometriosis related pain and associated inflammation. 
However, there is limited evidence supporting their effectiveness.14 First line hormonal therapy includes oral contra
ceptive pills and progestins (oral, IM, or LNG-IUS) which are relatively cheap and usually well tolerated. They affect 
endometriosis by reducing circulating estrogen, achieving atrophy of the endometriosis implants and reducing the 
inflammatory reaction. The use of NSAIDs enhances this effect on the inflammatory response.15

However, one fourth to one third of patients are non-responsive to these hormonal agents because of progesterone 
resistance or they experience intolerable side effects (breakthrough bleeding, depressive symptoms, breast tenderness, 
bloating, loss of libido, weight gain and headaches).16 For such patients second line hormonal treatment including 
gonadotropin-releasing hormone (GnRH) agonists, which induce a profound hypoestrogenic milieu, could be used.17,18 

GnRH agonists can cause substantial bone mineral density loss with long-term use, hot flushes, dry vagina, and mood 
swings. Because of their side effect profile, GnRH agonist use should be limited to 6 months if used alone and to one year 
if used with hormonal add-back therapy to avoid clinically relevant reductions in bone mineral density.19 Aromatase 
inhibitors represent another second line treatment option to treat endometriosis related pain.20 Although they are off-label 
for this indication, the use of aromatase inhibitors (usually in combination with oral contraceptives, progestogens, GnRH 
agonists or GnRH antagonists) is currently recommended to prescribe to women with endometriosis-associated pain 
refractory to medical or surgical therapy.17 In addition, their prolonged use is limited because of their hypoestrogenic side 
effects including bone mineral density loss, vaginal dryness, and the occurrence of vasomotor symptoms.21

Oral GnRH Antagonists: A New Class of Agents to Treat Endometriosis 
Associated Pain
Oral GnRH antagonists are the newest addition to the armamentarium of medications indicated for treatment of endometriosis 
associated pains. They are orally active, non-peptide antagonists of the gonadotropin-releasing hormone (GnRH) receptors on 
the pituitary gland. Oral GnRH antagonists block the secretion of pituitary gonadotropins within hours, leading to a drop in 
ovarian production of estrogen, progesterone, and testosterone.22,23 Several appealing advantages are provided by these novel 
medications in the treatment of endometriosis associated pain. Firstly, GnRH antagonists are orally administered instead of a 
depot injection, and therefore are easy to use. Secondly, they do not cause an initial flare-up of gonadotropin secretions like 
GnRH agonists do, which might lead to the exacerbation of endometriosis symptoms in the first 1–2 weeks of use. Thirdly, 
unlike GnRH agonists, which induce a complete block of the hypothalamic-pituitary-ovarian axis, with profound hypoestro
genic effect, GnRH antagonists can allow dose dependent lowering of estradiol level, which can adjust a balance between 
efficacy in treating endometriosis associated pain while avoiding major hypoestrogenic side effects. Fourthly, shortly after 
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discontinuation of the oral GnRH antagonist, the recovery of the menstrual cycle occurs with estrogen levels returning to their 
normal premenopausal levels.16,24,25 Oral GnRH antagonists have been identified as effective second line treatment of 
endometriosis associated pain.26,27

Elagolix, the first oral GnRH antagonist
It was approved by the US FDA on the 23rd of July 2018 for the management of moderate to severe pain associated with 
endometriosis. Elagolix has been labelled as a second-generation GnRH modulator due to its non-peptide and small-molecular 
nature which allows oral use. Its half-life after oral administration is 2.4–3.6 hours and it is metabolized mainly by the liver and 
excreted in feces.25,28 Carr et al, in a phase 2 randomized clinical trial, evaluated two regimens of elagolix (elagolix 150 mg 
once daily, and elagolix 75 mg twice daily) versus depot medroxyprogesterone acetate (DMPA) for the treatment of 
endometriosis associated pain over a 24 week treatment period. Similar to DMPA, both doses of elagolix had a minimal 
effect on bone mineral density and had similar efficacy to DMPA in treating endometriosis associated pain.29 Phase 3 clinical 
trials on elagolix enrolled more than 1600 women with surgically confirmed endometriosis, who complained of moderate to 
severe pelvic pain. Participants were randomized to receive either elagolix 150 mg/day or elagolix 200 mg twice/day or 
placebo for a period of 6 months. A significantly higher proportion of women on elagolix, compared to women on placebo, 
achieved a clinically meaningful improvement in dysmenorrhea and non-menstrual pelvic pain with decreased or stable use of 
rescue analgesics.30 Extending treatment to 12 months in consecutive trials achieved a sustained improvement in dysmenor
rhea, non-menstrual pelvic pain, and dyspareunia.31 The main side effects reported during elagolix clinical trials included hot 
flushes (at a rate of 24% and 48% for elagolix 150 mg once daily and elagolix 200 mg twice daily, respectively, most were mild 
to moderate and infrequently resulted in drug discontinuation) and a dose/duration related decrease in bone mineral density. 
Serum cholesterol, high- and low-density lipoproteins and triglycerides increased in a dose dependent manner with elagolix 
therapy. Lipid increases occurred within 1 to 2 months after the start of elagolix and remained stable thereafter over 12 months. 
Especially in patients with preexisting hypertriglyceridemia, an increase in serum triglycerides may lead to pancreatitis. No 
clinically significant endometrial changes have been reported with elagolix treatment.32 In women with normal liver functions, 
elagolix is recommended for up to 24 months for the lower dose (150 mg/day) or 6 months for the higher dose (200 mg twice/ 
day).30–32 Amenorrhea is seen in 3.2% and in 4.9% of users in the 150 mg group (Elaris I and Elaris II, respectively) and in 
almost 5.6% and 8.7% of the elagolix 200 mg twice/day group (Elaris I and Elaris II, respectively)30,32. Pivotal trials of 
elagolix in treatment of endometriosis related pain are summarized in Table 1.

Currently, clinical trials are underway to investigate the efficacy and safety of elagolix plus add back therapy on 
endometriosis pain (ClinicalTrials.gov identifier, NCT03213457). The introduction of elagolix in the United States and 
Canada was followed by that of relugolix, the next second-generation GnRH antagonist, during early 2019 in Japan.

Relugolix, a New Oral GnRH Antagonist for Treatment of Endometriosis- 
Related Pain
Relugolix is an orally active non-peptide GnRH antagonist. It competitively binds to GnRH receptors of the anterior pituitary, 
preventing the native GnRH molecule from binding to its receptor. Phase I clinical studies showed that multiple doses ≤40 mg 
can suppress pituitary gonadotropins and sustainably decrease gonadal steroid production.33 The drug was well tolerated without 
adverse effects of concern. In a phase 2 multicenter trial conducted across 108 clinical sites in Japan, Osuga et al randomized 
premenopausal women with moderate/severe endometriosis associated dysmenorrhea or pelvic pain to receive daily oral dose of 
relugolix (10 mg, 20 mg, or 40 mg), or a daily oral dose of placebo, or monthly injection of leuprolin. Endometriosis in this study 
was diagnosed by surgery or magnetic resonance imaging. Treatment continued for 12 weeks. The primary end point was change 
in pain intensity from baseline calculated as mean difference on a 0–100 mm visual analogue scale in the last 28 days before the 
end of treatment. Results showed that patients on the relugolix daily dose of 40 mg/day achieved improvement in pain 
comparable to that achieved by leuprolin, and significantly better than patients on placebo, on relugolix 10 mg/day or patients 
on 20 mg/day. Drug emerging adverse effects with a rate >10% included: hot flushes irregular menstruation, metrorrhagia, 
menorrhagia and hyperhidrosis. Bone mineral density (BMD) loss reached 2% within the 12 weeks treatment period for relugolix 
at 40 mg dose, which was similar to that observed in the leuprolin group. At the end of the 12 weeks treatment, amenorrhea rates 
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Table 1 Summary of Clinical Trials of Elagolix in the Treatment of Endometriosis Associated Pain

Author/ 
Year

Study 
Design

Participants Intervention Comparator Duration Outcomes

Efficacy Safety

Effect on 
Dysmenorrhea

Effect on 
NMPP

Effect on 
Dyspareunia

Hot Flushes BMD Loss 
(Lumbar Spine)

Carr et al, 
201429

Phase 2, 
randomized, 
multicenter, 
double-blind, 
active- 
controlled 
study

Women aged 
18–49 years, with 
laparoscopically 
confirmed 
endometriosis 
and CPSSS of ≥ 6, 
dysmenorrhea 
and NMPP 
components of ≥ 
2 prior to 
randomization

Elagolix 150 
mg once daily 
Elagolix 75 mg 
twice daily

Depo 
medroxyprogesterone 
acetate (DMPA) 104 
mg subcutaneously at 
week 1 and 12

24 weeks of 
treatment 
and 24 
weeks 
follow up

Mean change 
dysmenorrhea 
component of 
CPSSS

Mean change 
NMPP 
component of 
CPSSS

Mean change 
dyspareunia 
component of 
CPSSS

Percent patients 
with ≥1 episode 
of hot flushes: 

Percent change of 
BMD from 
baseline at 24 
weeks

Elagolix 150 ng 
once daily: 
– 1.5 
Elagolix 75 mg 
twice daily: 
– 1.3 
DMPA: 
– 1.7

Elagolix 150 ng 
once daily: 
– 1.2 
Elagolix 75 mg 
twice daily: 
– 1.2 
DMPA: 
– 1.05

Elagolix 150 ng 
once daily: 
– 1.2 
Elagolix 75 mg 
twice daily: 
– 1.0 
DMPA: 
– 0.9

Elagolix 150 ng 
once daily: 
71.1% 
Elagolix 75 mg 
twice daily: 
82.1% 
DMPA: 
75.9%

Elagolix 150 ng 
once daily: 
– 0.11% 
Elagolix 75 mg 
twice daily: 
– 1.28% 
DMPA: 
– 0.99%

Taylor et 
et al, 2017 
Elaris-I30

Double 
blinded, 
phase 3, 
RCT

Premenopausal 
women aged 
18–49 years with 
surgically 
diagnosed 
endometriosis 
and moderate to 
severe 
endometriosis 
pain

Elagolix 150 
mg once daily 
-Elagolix 200 
mg/ twice 
daily

Placebo 6 months Dysmenorrhea 
responder rates 
at 6 months

NMPP 
responder rates 
at 6 months:

Change in 
dyspareunia 
score (baseline 
to 3 months)

Proportion of 
participants with 
hot flushes

Percent BMD 
change from 
baseline

Placebo: 
23.1% 
Elagolix 150 once 
daily: 
42.1% 
Elagolix 200 mg 
twice daily: 
75.3%

Placebo: 
34.9% 
Elagolix 150 
once daily: 
45.7% 
Elagolix 200 mg 
twice daily: 
62.1%

Placebo: 
− 0.29 ± 0.04 
Elagolix 150 mg 
once daily: 
− 0.39 ± 0.05 
Elagolix 200 mg 
twice daily: 
− 0.49 ± 0.05

Placebo 
7% 
Elagolix 150 mg 
once daily: 
23.7% 
Elagolix 200 mg 
twice daily 
42.3%

Placebo 
0.47% 
Elagolix 150 mg 
once daily: 
– 0.32% 
Elagolix 200 mg 
twice daily 
– 2.61%
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Taylor et 
et al, 2017 
Elaris-II30

Double 
blinded, 
phase 3, 
RCT

Premenopausal 
women aged 
18–49 years with 
surgically 
diagnosed 
endometriosis 
and moderate to 
severe 
endometriosis 
pain

Elagolix 150 
mg once daily 
Elagolix 200 
mg/ twice 
daily

Placebo 6 months Dysmenorrhea 
responder rates 
at 6 months

NMPP 
responder rates 
at 6 months:

Change in 
dyspareunia 
score (baseline 
to 3 months)

Proportion of 
participants with 
hot flushes

Percent BMD 
change from 
baseline

Placebo: 
25.4% 
Elagolix 150 once 
daily: 
46.2% 
Elagolix 200 mg 
twice daily: 
76.9%

Placebo: 
40.6% 
Elagolix 150 
once daily: 
51.6% 
Elagolix 200 mg 
twice daily: 
62.2%

Placebo: 
− 0.30 ± 0.04 
Elagolix 150 mg 
once daily 
− 0.39 ± 0.05 
Elagolix 200 mg 
twice daily: 
− 0.60 ± 0.05

Placebo: 
10.3% 
Elagolix 150 mg 
once daily: 
22.6% 
Elagolix 200 mg 
twice daily. 
47.6%

Percent BMD 
change from 
baseline 
Placebo: 
0.56% 
Elagolix 150 mg 
once daily: 
– 0.72% 
Elagolix 200 mg 
twice daily. 
– 2.49%

Surry 
et al, 2018 
Elaris-III31

Double 
blinded, 
randomized, 
phase 3, 
extension 
clinical trial

Women who 
completed 6 
months of 
elagolix treatment 
continued to take 
the same 
medication dose 
for additional 6 
months

Elagolix 150 
mg once daily

Elagolix 200 mg/ twice 
daily

Continuous 
12 months 
of treatment

Dysmenorrhea 
responder rates 
at 12 months:

NMPP 
responder rates 
at 12 months:

Dyspareunia 
responder rate 
at 12 months:

Proportion of 
participants with 
hot flushes

Percent BMD 
change from 
baseline

Elagolix 150 mg/ 
day: 
52.1% 
Elagolix 200 mg 
twice daily: 
78.2%

Elagolix 150 mg 
once daily: 
67.5% 
Elagolix 200 mg 
twice daily: 
69.1%

Elagolix 150 mg 
once daily 
34.2% 
Elagolix 200 mg 
twice daily: 
60.0%

Elagolix 150 mg 
once daily 29.5% 
Elagolix 200 mg 
twice daily: 
52.2%

Elagolix 150 mg 
once daily 
– 0.63% 
Elagolix 200 mg 
twice daily: 
– 3.6%

Surry 
et al, 2018 
Elaris-IV31

Double 
blinded, 
randomized, 
phase 3, 
extension 
clinical trial

Women who 
completed 6 
months of 
elagolix treatment 
continued to take 
the same 
medication dose 
for additional 6 
months

Elagolix 150 
mg once daily

Elagolix 200 mg/ twice 
daily

Continuous 
12 months 
of treatment

Dysmenorrhea 
responder rates 
at 12 months:

NMPP 
responder rates 
at 12 months:

Dyspareunia 
responder rate 
at 12 months:

Proportion of 
participants with 
hot flushes

Percent BMD 
change from 
baseline

Elagolix 150 mg/ 
day: 
50.8% 
Elagolix 200 mg 
twice daily: 
75.9%

Elagolix 150 mg 
once daily: 
66.4% 
Elagolix 200 mg 
twice daily: 
67.2%

Elagolix 150 mg 
once daily 
45.9% 
Elagolix 200 mg 
twice daily: 
58.1%

Elagolix 150 mg 
once daily 25.4% 
Elagolix 200 mg 
twice daily: 
55.0%

Elagolix 150 mg 
once daily 
– 1.1% 
Elagolix 200 mg 
twice daily: 
– 3.91%

Abbreviations: NMPP, non-menstrual pelvic pain; CPSSS, Composite Pelvic Symptoms and Signs Score; DMPA, depot medroxyprogesterone acetate; BMD: bone mineral density.
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were: 25.2% in women who received relugolix 10 mg/day, 54% in women on relugolix 20 mg/day, 92.2% of women on relugolix 
40 mg/day, 97.5% in women on monthly leuprolin and only 2.2% in women on placebo. No clinically significant differences 
between groups were detected in ECG or laboratory test values.34 In an extension study, women who completed 12 weeks of 
relugolix treatment in the previous phase 2 trial were randomized to receive relugolix 10, 20, 40 mg/day, oral placebo, or a 
monthly injection of leuprolin for another 12 weeks. The primary end point was safety including BMD loss and other adverse 
events. At the end of the 12 weeks extension, improvement in pain scores was similar between women on the 40 mg/day 
relugolix treatment and those on leuprolin injection. Side effect profile, including BMD loss and hot flushes were also similar. 
Average durations from the last drug dose to return of menstrual cycles were 21 ± 12.3 days for women on relugolix 10 mg/day, 
26 ± 12.93 days for relugolix 20 mg/day, 36.9± 9.49 days for relugolix 40 mg/day, 73.3 ± 21.11 days for leuprolin, and 17.3 ± 
8.49 days for women on placebo. No clinically important differences in laboratory values or ECG were detected among study 
participants.35 Further studying the 40 mg oral daily dose of relugolix, Harada et al evaluated its efficacy and safety against 
leuprolin, as reference treatment, in women with moderate endometriosis related pain in a phase 3 randomized, double blinded, 
active control, non-inferiority clinical trial. Endometriosis was diagnosed surgically, using imaging to diagnose ovarian 
endometrioma or through identifying clinical signs suggestive of endometriosis. The primary end point was a change in VAS 
from baseline till 28 days before end of treatment. After 24 weeks of treatment, patients on relugolix 40 mg/day had improvement 
in their VAS for pain and reduction in endometrioma size which were similar to those in patients on leuprolin. Drug related 
adverse effects included hot flushes, headaches, and abnormal bleeding and had a similar profile between the two groups. Fewer 
women in the relugolix group (2.9%) discontinued treatment because of adverse events than in the leuprolin group (4.3%). BMD 
loss at the end of treatment was 4.8% in relugolix group which was similar to that in the leuprolin group. At the end of treatment, 
94.2% of women on relugolix, and 100% of women on monthly leuprolin developed amenorrhea. When treatment was stopped, 
menses returned earlier in women treated with relugolix (median 38 days) than in women who were treated with leuprolin 
(median 68 days). A case of angina pectoris was reported and thought to be drug related.36 Clinical trials in which relugolix, 
without hormonal add-back therapy, was used to treat endometriosis related pain are summarized in Table 2.

The above-mentioned studies confirmed the efficacy of relugolix at a daily dose of 40 mg/day in treating 
moderate to severe endometriosis related pain. Without add-back hormonal therapy, relugolix treatment is 
recommended to be limited to 24 weeks of treatment to avoid its adverse effects, especially on BMD loss. Two 
replicate, multicenter, randomized, placebo controlled, double blinded, phase 3 clinical trials (SPIRIT 1 and 
SPIRIT 2) investigated the safety and efficacy of relugolix 40 mg in combination with 1 mg estradiol and 0.5 mg 
norethindrone acetate as oral daily dose for the treatment of endometriosis associated pain. Women with moderate/ 
severe dysmenorrhea and with non-menstrual pelvic pain were randomized 1:1:1 to receive placebo, relugolix 
combination therapy for 24 weeks, or a delayed relugolix regimen (12 weeks of relugolix monotherapy followed 
by 12 weeks of relugolix combination therapy). After 24 weeks of treatment, a significantly higher proportion of 
participants on the relugolix combination therapy achieved a clinically meaningful reduction in dysmenorrhea and 
noncyclic pelvic pain (−2.8 points on NRS) compared to placebo in both trials. Participants on relugolix 
combination therapy consistently showed improvement in dysmenorrhea, noncyclic pelvic pain, dyspareunia, 
and improvement in pain domain of EHP-30 compared to placebo. Women in relugolix combination therapy 
were less likely than the placebo arm to use analgesics or opioids at the end of treatment. Around 75% of 
participants in relugolix combination therapy developed amenorrhea or infrequent menses. More than 90% of 
participants resumed menses within 2 months of stopping treatment. BMD loss was less than 1% and was 
considered clinically insignificant versus baseline. Participants on the delayed relugolix regimen achieved efficacy 
outcomes similar to relugolix combination therapy, but with a higher proportion of hot flushes and a substantial 
BMD loss compared to the relugolix combination treatment. No cases of endometrial hyperplasia or endometrial 
cancer were reported. Laboratory values like liver functions and lipid profiles did not show clinically important 
differences versus placebo. Fourteen pregnancies were reported during the study period (eight in placebo, four in 
relugolix combination therapy, and two in delayed relugolix combination therapy groups) Many participants in the 
SPIRIT 1 and SPIRIT 2 trials entered an extension study in which they continued using relugolix combination 
therapy for the duration of 80 weeks.37 SPIRIT 1 and SPIRIT 2 clinical trials and their results are summarized in 
Table 3.
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Table 2 Clinical Trials of Relugolix Without Hormonal Add-Back in Endometriosis Related Pain

Author/ 
Year

Study 
Design

Participants Intervention Comparator Duration Outcomes

Efficacy Safety

Effect on 
Overall Pelvic 

Pain

Effect on 
Dysmenorrhea

Effect on 
Dyspareunia

Effect on 
NMPP

Hot Flushes BMD Loss

Osuga 
et al, 
202134

Phase 2, 
multicenter, 
double 
blinded, 
parallel 
group, 
placebo 
controlled 
RCT

Japanese women 
diagnosed with 
endometriosis 
(surgically or 
imaging of 
chocolate cysts). 
With moderate/ 
severe 
dysmenorrhea 
and pelvic pain

Relugolix 10 
mg/ day 
Relugolix 20 
mg/day 
Relugolix 40 
mg/dy

Placebo 
Leuprolin 3.74 
mg / 4 weeks

12 weeks Change in pelvic 
pain from 
baseline 
(VAS, 1–100 mm)

Change in 
dysmenorrhea 
from baseline 
(VAS, 1–100 mm)

Change in 
dyspareunia from 
baseline. 
(VAS, 1–100 mm)

Change in NMPP 
from baseline. 
(VAS, 1–100 mm)

Proportion of 
participants with 
hot flushes

Percent BMD 
change from 
baseline

Placebo: 
−3.8 
(95% CI: −5.9, 
– 1.6) 
Relugolix 
10 mg/day: 
−6.2 
(95% CI: −8.0, 
– 4.4) 
Relugolix 
20 mg/day: 
– 8.1 
(95% CI: −10.7, 
– 5.4) 
Relugolix 
40 mg/day: 
– 10.4 
(95% CI: −12.6, 
– 8.3) 
Leuprolin: 
– 10.6 
(95% CI: −12.9, 
– 8.63)

Placebo: 
– 5.0 
Relugolix 10 mg/ 
day: 
– 15.0 
Relugolix 
20 mg/day: 
– 20.0 
Relugolix 
40 mg/day: 
– 28.0 
Leuprolin: 
– 30.0

Placebo: 
– 4.0 
Relugolix 10 mg/ 
day: 
– 1.0 
Relugolix 
20 mg/day: 
– 1.0 
Relugolix 
40 mg/day: 
– 1.0 
Leuprolin: 
– 6.0

Placebo 
8.2% 
Relugolix 10 mg/ 
day: 
8.7% 
Relugolix 
20 mg/day: 
19% 
Relugolix 
40 mg/day: 
52.4% 
Leuprolin: 
41.3%

Placebo 
– 1% (1.7) 
Relugolix 10 mg/ 
day: 
– 1% (1.9) 
Relugolix 20 mg/ 
day: 
– 1.3% (2.1) 
Relugolix 
40 mg/day: 
– 2.2% (2.2) 
Leuprolin: 
– 2.2% (1.7)

(Continued)
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Table 2 (Continued). 

Author/ 
Year

Study 
Design

Participants Intervention Comparator Duration Outcomes

Efficacy Safety

Effect on 
Overall Pelvic 

Pain

Effect on 
Dysmenorrhea

Effect on 
Dyspareunia

Effect on 
NMPP

Hot Flushes BMD Loss

Osuga 
et al, 
202135

Phase 2, 
randomized, 
open-label, 
parallel- 
group 
extension 
study

Japanese women 
who completed 
treatment with 
relugolix in 
previous phase-2 
study.

Relugolix 10 
mg/ day 
Relugolix 20 
mg/day 
Relugolix 40 
mg/dy

Placebo 
Leuprolin 3.74 
mg / 4 weeks

Additional 
12 weeks 
as an 
extension 
study

Change in pelvic 
pain from 
baseline 
(VAS, 1–100 mm)

Change in 
dysmenorrhea 
from baseline 
(VAS, 1–100 mm)

Change in 
dyspareunia from 
baseline. 
(VAS, 1–100 mm)

Change in NMPP 
from baseline. 
(VAS, 1–100 mm)

Proportion of 
participants with 
hot flushes

Percent BMD 
change from 
baseline

Placebo 
– 3.2 (12.6) 
Relugolix 10 mg/ 
day: 
– 6.8 (10.56) 
Relugolix 
20 mg/day: 
– 9.0 (11.84) 
Relugolix 
40 mg/day 
– 11.9 (11.23) 
Leuprolin: 
– 12.7 (12.57)

Placebo: 
– 5.8 (17.13) 
Relugolix 10 mg/ 
day: 
– 15.4 (18.05) 
Relugolix 
20 mg/day: 
– 19.8 (20.43) 
Relugolix 
40 mg/day 
– 29,5 (17.54) 
Leuprolin: 
– 27.2 (19.86),

Placebo: 
– 1.1 (12.66) 
Relugolix 10 mg/ 
day: 
– 3.5 (10.85) 
Relugolix 
20 mg/day: 
– 3.6 (11.55) 
Relugolix 
40 mg/day 
– 0.9 (12.04) 
Leuprolin: 
– 4.6 (15.09)

Placebo: 
8.2% 
Relugolix 10 mg/ 
day: 
11.7% 
Relugolix 
20 mg/day: 
23% 
Relugolix 
40 mg/day: 
53.4% 
Leuprolin: 
46.3%

Placebo: 
– 1.99% 
Relugolix 10 mg/ 
day: 
– 2.34% 
Relugolix 
20 mg/day: 
– 2.94% 
Relugolix 
40 mg/day: 
– 2.91% 
Leuprolin: 
– 2.16%

Harada 
et al, 
202136

Phase 3, 
multicenter, 
active 
controlled, 
double 
blinded RCT

Japanese women 
diagnosed with 
endometriosis 
(surgically, imaging 
of chocolate 
cysts, or clinical 
signs), with 
moderate/ severe 
dysmenorrhea 
and pelvic pain

Relugolix 40 
mg as oral 
daily dose

Leuprolin 3.74 
mg / 4 weeks 
Subcutaneous 
injection

24 weeks Change in pelvic 
pain from 
baseline 
(VAS, 1–100 mm)

Change in 
dysmenorrhea 
from baseline 
(VAS, 1–100 mm)

Change in 
dyspareunia from 
baseline. 
(VAS, 1–100 mm)

Change in NMPP 
from baseline. 
(VAS, 1–100 mm)

Proportion of 
participants with 
hot flushes

Percent BMD 
change from 
baseline

Relugolix 40 mg/ 
day: 
– 52.6 ± 1.3 
Leuprolin: 
– 57.5 ± 1.4

Relugolix 40 mg/ 
day: 
– 61.6 ± 0.5 
Leuprolin: 
– 63.9 ± 0.6

Relugolix 40 mg/ 
day: 
– 13.2 ± 3.3 
Leuprolin: 
– 15.4 ± 3.7

Relugolix 40 mg/ 
day: 
– 19.7 ± 1.2 
Leuprolin: 
– 23.2 ±1.2

Relugolix 40 mg/ 
day: 
42.7% 
Leuprolin: 
48.8%

Relugolix 40 mg/ 
day: 
– 4.80% 
Leuprolin: 
– 4.84%

Abbreviations: VAS, visual analogue scale (0–100 mm); BMD, bone mineral density.
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Table 3 Summary of Clinical Trials of Relugolix Plus Combination Hormonal Therapy in Endometriosis Related Pain

Study/ 
Author/ 
Year

Study 
Design

Participants Intervention Comparator Duration Outcomes

Efficacy Safety

Effect on 
Dysmenorrhea

Effect on 
NMPP

Effect on 
Dyspareunia

Effect on 
Analgesic 

use

Hot 
Flushes

BMD Loss

SPIRIT-1 
Giudice, 
et al, 
202237

Phase 3, 
multicenter, 
placebo 
controlled, 
double 
blinded RCT 
(N=638)

Women with 
surgically 
confirmed 
endometriosis 
with moderate/ 
severe 
dysmenorrhea and 
associated non- 
menstrual pain

Combination 
therapy of 
Relugolix 40 mg 
+ estradiol 1 mg 
and 
norethindrone 
acetate 0.5 mg as 
oral daily dose

-Placebo 
-Delayed relugolix 
regimen: relugolix 40 
mg/ day as 
monotherapy for 12 
weeks followed by 
relugolix combination 
therapy for another 12 
weeks

24 weeks Responder rate 
in dysmenorrhea

Responder 
rate in 
NMPP

Change in 
dyspareunia 
NRS

Proportion 
of 
participants 
not using 
analgesic

Proportion 
of 
participants 
with hot 
flushes

BMD loss at 
lumbar spine

Placebo: 
27% 
Relugolix 
combination 
therapy: 
75% 
Delayed 
relugolix 
combination 
therapy: 
72%

Placebo: 
40% 
Relugolix 
combination 
therapy: 
59% 
Delayed 
relugolix 
combination 
therapy: 
58%

Placebo: 
– 1.7 0.2) 
Relugolix 
combination 
therapy: 
– 2.4 (0.2) 
Delayed 
relugolix 
combination 
therapy: 
– 2.2 (0.2)

Placebo 
31% 
Relugolix 
combination 
therapy: 
56% 
Delayed 
relugolix 
combination 
therapy: 
58%

Placebo 
10% 
Relugolix 
combination 
therapy: 
10% 
Delayed 
relugolix 
combination 
therapy: 34%

Placebo 
< 1% 
Relugolix 
combination 
therapy: 
< 1% 
Delayed 
relugolix 
combination 
therapy: 
– 2% (lumbar 
spine)

SPIRIT-2 
Giudice, 
et al, 
202237

Phase 3, 
multicenter, 
placebo 
controlled, 
double 
blinded RCT 
(N= 623)

Women with 
surgically 
confirmed 
endometriosis 
with moderate/ 
severe 
dysmenorrhea and 
associated non- 
menstrual pain

Combination 
therapy of 
Relugolix 40 mg 
+ estradiol 1 mg 
and 
norethindrone 
acetate 0.5 mg as 
oral daily dose

-Placebo 
-Delayed relugolix 
regimen (relugolix 40 
mg/ day as 
monotherapy for 12 
weeks followed by 
relugolix combination 
therapy for another 12 
weeks

24 weeks Responder rate 
in dysmenorrhea

Responder 
rate in 
NMPP

Change in 
dyspareunia 
NRS

Proportion 
of 
participants 
not using 
analgesics

Proportion 
of 
participants 
with hot 
flushes

BMD loss at 
lumbar spine

Placebo 
30% 
Relugolix 
combination 
therapy: 
75% 
Delayed 
relugolix 
combination 
therapy: 
73%

Placebo: 
43% 
Relugolix 
combination 
therapy: 
66% 
Delayed 
relugolix 
combination 
therapy: 
53%

Placebo: 
– 1.9 (0.2) 
Relugolix 
combination 
therapy: 
– 2.4 (0.2) 
Delayed 
relugolix 
combination 
therapy: 
−2.3 (0.2)

Placebo 
24% 
Relugolix 
combination 
therapy: 
54% 
Delayed 
relugolix 
combination 
therapy: 
57%

Placebo 
3% 
Relugolix 
combination 
therapy: 
14% 
Delayed 
relugolix 
combination 
therapy: 35%

Placebo 
< 1% 
Relugolix 
combination 
therapy: 
< 1% 
Delayed 
relugolix 
combination 
therapy: 
– 2% (lumbar 
spine)

Abbreviations: NRS, numerical rating scale (0–10); NMPP, non-menstrual pelvic pain; BMD, bone mineral density.
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Linzagolix, the Third Oral GnRH Antagonist in the Treatment of 
Endometriosis Associated Pain
Linzagolix is another oral GnRH antagonist with a high bioavailability and a half-life of 15–18 hours.16,22 In the 
EDELWEISS trial, investigators randomized 328 women complaining of pelvic pain associated with surgically diagnosed 
endometriosis to receive one of four different doses of oral linzagolix (50, 75, 100 and 200 mg/day) versus placebo for a 
total duration of 24 weeks. The study was conducted in 61 centers in Europe and US in the period 2016–2017. The 
proportion of women achieving ≥30% reduction of dysmenorrhea and non-menstrual pelvic pain was significantly higher 
in all linzagolix doses compared to placebo except the 50 mg dose at 12 and 24 weeks. For women complaining of 
dyspareunia, only the 200 mg daily dose achieved a statistically significant improvement at 12 weeks compared to the 
placebo. All linzagolix doses improved pain and powerlessness domains in EHP-30. Only 200 mg dose improved other 
domains (emotional wellbeing, self-image, and social support). The most common adverse effects were headaches and 
hot flushes that increased with increasing linzagolix dose. BMD loss increases with higher doses of linzagolix. At 24 
weeks, around 52% of women on 200 mg linzagolix daily had a BMD loss >3%.38 Based on these results, linzagolix at a 
dose of 75 mg daily can be used to treat endometriosis related pain without a significant effect on BMD. A higher dose 
(200 mg/day) can achieve better control of pelvic pain but requires add-back therapy as BMD loss is substantial.39 

Summary of the EDELWEISS clinical trial on the use of linzagolix for the treatment of endometriosis related pain is 
given in Table 4.

Discussion
Oral GnRH antagonists are a new class of agents for the treatment of endometriosis related pelvic pains. They allow dose 
dependent decreases in estradiol level which can achieve a balance between efficacy, side effects, and safety. Other 
advantages include oral administration, avoidance of initial flare effect which typically occurs with GnRH agonist 
treatment, and relatively rapid return of menses after drug discontinuation. Elagolix at a low dose of 150 mg once daily, 
or a higher dose of 200 mg twice daily significantly increased the proportion of women achieving clinically meaningful 
improvement in dysmenorrhea, noncyclic pelvic pain, and dyspareunia. Relugolix, at an oral dose of 40 mg/day is as 
effective as injectable depot GnRH agonists in treating endometriosis associated pain, with a similar side effect profile. 
Relugolix with hormonal add-back combination therapy did not reduce the efficacy but ameliorated the side effect profile 
(including hot flushes and BMD loss) and allowed extending treatment up to 24 weeks. Linzagolix, in a dose of 75 mg/ 
day, is effective in reducing endometriosis associated pain. For severe pelvic pain and dyspareunia, linzagolix can be 
used in a high dose of 200 mg/day, but hormonal add back therapy is needed to preserve bone health.

Although the results of clinical use of oral GnRH antagonists are encouraging, they need to be interpreted with 
caution. In SPIRT 1 and SPRIT 2 clinical trials, relugolix combination therapy has been compared to a placebo, and no 
active comparator. The efficacy and safety of relugolix combination therapy is yet to be compared against first line 
treatment of endometriosis related pain including oral contraceptive pills and progestins in clinical trials.

Relugolix combination therapy did not completely suppress ovulation and six pregnancies occurred in women on this 
treatment regimen in SPIRIT 1 and SPIRIT 2 trials.37 For this reason, women using relugolix combination therapy should take 
the extra treatment burden of using non-hormonal contraception. On the other hand, protection against unwanted pregnancy is a 
given advantage when using oral contraceptive pills or progestins for controlling endometriosis associated pain.

The added therapeutic value of oral GnRH antagonists over the GnRH agonists is not clear.40 When relugolix was 
tested against leuprolin, it was non-inferior in efficacy, however, adverse effects (including hypoestrogenic side effects 
such as hot flushes and BMD loss) were also similar.36 This means the hoped-for delicate balance between efficacy and 
safety was not realized by using relugolix alone. It then became a logical step to incorporate hormonal add-back therapy 
with relugolix to mitigate these hypoestrogenic effects,37 in a very similar way to add-back therapy with GnRH agonists.

As endometriosis is a chronic disorder, and women often need to use medical treatment for long periods, future 
research should focus on extending treatment beyond the 24 weeks mark. An ongoing study is investigating the safety 
and efficacy of relugolix combination therapy for up to 80 weeks (ClinicalTrials.gov Identifier: NCT03654274). 
Preliminary data show improved dysmenorrhea and non-menstrual pain with minimal effect on BMD at 52 weeks of 
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Table 4 Summary of EDELWEISS Trial of Linzagolix in Treatment of Endometriosis Associated Pain

Author/year Study 
design

Participants Intervention Comparator Duration Outcomes

Efficacy Safety

Responder 
Rates for 
Overall 

Pelvic Pain 
at 24 

Weeks

Responder 
Rates for 

Dysmenorrhea 
at 24 Weeks

Responder 
Rates for 
NMPP at 
24 Weeks

Proportion 
of 

Participants 
with hot 

Flushes at 
12 Weeks

BMD Loss % 
(at Lumbar 

Spine)

Donnez et al, 
2020 
EDELWEISS 
trial38

Phase 2b, 

double-blind, 

randomized, 
parallel- 

group, 

placebo- 
controlled, 

dose-ranging 

trial

Premenopausal 

women aged 18–49 

years with surgically 
diagnosed 

endometriosis and 

moderate to severe 
endometriosis pain

Linzagolix 50 mg/day 

Linzagolix 75 mg/ 

day 
Linzagolix (titrated 

dose; start at 75 mg 

for 12 weeks and 
adjust dose 

according to E2 level 

in next 12 weeks)- 
Linzagolix 100 mg/ 

day 

Linzagolix 200 mg/ 
day

Placebo 24 weeks 

months

Placebo: 

34.5% 

Linzagolix 50 
md/day: 

52.5% 

Linzagolix 75 
mg/day: 

70.8% 

Linzagolix 75 
mg (titrated 

dose): 

66.7% 
Linzagolix 

100 mg/day 

66.7% 
Linzagolix 

200 mg/ day: 

77.3%

Placebo: 

28.5% 

Linzagolix 50 md/ 
day: 

47.5% 

Linzagolix 75 mg/ 
day: 

58.3% 

Linzagolix 75 mg 
(titrated dose): 

71.1% 

Linzagolix 100 
mg/day 

82.1% 

Linzagolix 200 
mg/ day: 

84.1%

Placebo: 

37.1% 

Linzagolix 50 
md/day: 

50% 

Linzagolix 75 
mg/day: 

72.9% 

Linzagolix 75 
mg (titrated 

dose): 

64.4% 
Linzagolix 

100 mg/day 

64.1% 
Linzagolix 

200 mg/ day: 

72.7%

Placebo: 

Not reported 

Linzagolix 50 
md/day: 

10.9% 

Linzagolix 75 
mg/day: 

14.3% 

Linzagolix 75 
mg (titrated 

dose): 

19.3% 
Linzagolix 

100 mg/day 

26.9% 
Linzagolix 

200 mg/ 

day:42.1%

Placebo: 

Not reported 

Linzagolix 50 
md/day: 

0.14% 

Linzagolix 75 
mg/day: 

– 0.8% 

Linzagolix 75 
mg (titrated 

dose): 

– 1.0% 
Linzagolix 100 

mg/day 

– 0.1.37% 
Linzagolix 200 

mg/ day: 

– 2.6%

Abbreviations: NMPP, non-menstrual pelvic pain; BMD loss, bone mineral density loss.
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treatment.41 Furthermore, it would also be interesting to study particular phenotypes of endometriosis in which relugolix 
combination therapy is most effective (including patient’s age, clinical presentation, and type of endometriosis lesions).42

Finally, costs of the oral antagonist therapy should be considered before prescribing it to patients. The list price for a 
28-day supply of relugolix combination therapy (Myfembree) is $1,086.71.43 One cost effectiveness study concluded that 
elagolix was cost effective as compared to leuprolide acetate in the treatment of moderate to severe endometriosis related 
pain over 1- and 2-year time horizons.44 However, no studies investigated the cost effectiveness of elagolix, relugolix 
(alone or as combination therapy), or linzagolix versus the cheaper first line treatments including oral contraceptive pills 
or progestins. In addition, the availability of relugolix combination therapy is another issue to consider. It is available in 
the USA, Canada, and EU. So, relugolix combination therapy is not available to patients in other parts of the world.

In conclusion, oral GnRH antagonists, including elagolix, relugolix alone or in combination therapy, and linzagolix, represent 
a promising drug addition when treating endometriosis related pain. However, several questions need to be investigated and 
answered further before they can be correctly positioned in the algorithm of treatment of endometriosis associated pelvic pain.
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