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Discoveries of GnRH production of the brain

Copyright of The Nobel Foundation
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Endocr Rev 2004;25:235-275

Hypothalamus-pituitary-gonadal axis
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Amino acid sequences of natural GnRH 

Endocr Rev 2004;25:235-275

GnRH-I

GnRH-II

GnRH-III
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The folded conformation of GnRH

Reprod med 2002;21:199-224
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GnRH analogs

Endocr Rev 2004;25:235-275
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Nonpeptide GnRH antagonists 
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First nonpeptide GnRH antagonist

J Med Chem. 1998 ;22;41(22):4190-5
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Nonpeptide GnRH antagonist
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Nonpeptide GnRH antagonists 

– Overcome the requirement of injection of 
peptide antagonists.

– Provide the potential for titrating the dose to 
accomplish partial inhibition of sex steroid 
hormones, which cannot be achieved with 
injectable peptide antagonists. 

Drugs (2018) 78:1501–1508
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• Partial inhibition is desirable in certain 
hormone-dependent diseases, such as 
endometriosis and benign prostatic 
hyperplasia, to ameliorate the pathology 
without inducing the unwanted adverse 
effects resulting from total gonadal steroid 
inhibition, such as bone loss and hot 
flushes.

Nonpeptide GnRH antagonists 

Drugs (2018) 78:1501–1508
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Pharmacodynamics

• Maximum E2 suppression was achieved 
with regimen starting from 200 mg twice 
daily or higher

• LH suppression was more noticeable 
than FSH in all groups except for the 150 
mg once daily group

• Upon discontinuation, LH, FSH, and E2 
levels rise within 24 h (future fertility)

Drugs (2018) 78:1501–1508
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GnRH antagonist mechanism of action

J. Clin. Med. 2021, 10, 1085
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Clinical benefits of oral 
nonpeptide GnRH derivatives

J. Clin. Med. 2021, 10, 1085
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Expected estradiol (E2) levels

J. Clin. Med. 2021, 10, 1085
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Key milestones in the development of
oral nonpeptide GnRH derivatives

Drugs (2018) 78:1501–1508
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Key milestones in the 
development of relugolix

Drugs (2019) 79:675–679
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Current indications and applications on 
oral nonpeptide GnRH derivatives

Front Neuroendocrinol. 2021 Jan;60:100876.
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Pharmacokinetics of elagolix 

Expert Rev Clin Pharmacol. 2021 Apr;14(4):427-437
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Pharmacokinetics of relugolix 

Drugs (2019) 79:675–679
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Candidates 
for treatment
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Objective: Multicenter, double�blind, randomized, placebo-controlled, phase 3 trials (Elaris
Endometriosis I and II [EM-I and EM-II]) of 6-month treatment with elagolix at  two doses in 
women with moderate or severe endometriosis-associated pain.

Interventions :To evaluate the effects of two doses of elagolix — 150 mg once daily (lower-
dose group) and 200 mg twice daily (higher-dose group) — as compared with placebo in women 
with surgically diagnosed endometriosis and moderate or severe endometriosis-associated pain 
at 6 months.

N Engl J Med 2017;377:28
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Reduction in dysmenorrhea and 
nonmenstrual pelvic pain

N Engl J Med 2017;377:28
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Mean change from baseline
to month 6 in BMD

N Engl J Med 2017;377:28
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 Both higher and lower doses of 
elagolix were effective in 
improving dysmenorrhea and 
nonmenstrual pelvic pain during a    
6-month period in women with 
endometriosis-associated pain. 

 The two doses of elagolix were 
associated with hypoestrogenic
adverse effects.

Conclusions
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Objective: To evaluate the efficacy and safety of three dose levels of relugolix compared with 
placebo and leuprorelin in women with endometriosis-associated pain.

Interventions :During a 12-week treatment period, patients received relugolix 10 mg (n = 103), 
20 mg (n = 100), or 40 mg (n =103) as a daily oral dose; placebo (n =97) as a daily oral dose; or 
leuprorelin 3.75 mg (n = 80) as a monthly subcutaneous injection.
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Mean change from baseline in the visual 
analog scale score

Fertility and Sterility 2021 Vol. 115, No. 2, 0015-0282
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Treatment-emergent adverse events

Fertility and Sterility 2021 Vol. 115, No. 2, 0015-0282
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 Oral administration of relugolix 
alleviated endometriosis-
associated pain in a dose–
response manner. 

 Relugolix 40 mg demonstrated 
efficacy and safety comparable 
with those of leuprorelin.

Conclusions
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Objective: To evaluate the safety and efficacy of elagolix (300 mg twice a day) with add-back 
therapy (1 mg estradiol/0.5 mg norethindrone acetate once a day) in reducing heavy menstrual
bleeding associated with uterine fibroids over 6 months of treatment.

Am J Obstet Gynecol 2021;224:72.e1-50
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Mean changes in UFS-QOL scores

Am J Obstet Gynecol 2021;224:72.e1-50
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 Elagolix with hormonal add-back 
therapy was effectiv in reducing 
heavy AUB associated with 
uterine fibroid independent of age, 
body mass index, race, ethnicity, 
baseline menstrual blood loss, 
fibroid location, and uterine and 
primary fibroid volume.

Conclusions
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Objective: The combination of relugolix, estradiol, and norethindrone acetate, may have 
efficacy in women with uterine fibroids and heavy bleeding while avoiding hypoestrogenic effects.

Interventions :Double-blind, 24-week, phase 3 trials involving women with fibroid-associated 
heavy menstrual bleeding. Participants were randomly assigned in a 1:1:1 ratio to receive once-
daily placebo, relugolix combination therapy (40 mg of relugolix, 1 mg of estradiol, and 0.5 mg of 
norethindrone acetate), or delayed relugolix combination therapy (40 mg of relugolix monotherapy, 
followed by relugolix combination therapy, each for 12 weeks).

N Engl J Med 2021;384:630-42
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Participants with reduction in heavy 
menstrual bleeding

N Engl J Med 2021;384:630-42
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Change in bone mineral density

N Engl J Med 2021;384:630-42
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 Once-daily relugolix combination 
therapy resulted in a significant 
reduction in menstrual bleeding, 
as compared with placebo. 

 And preserved bone mineral 
density in women with uterine 
fibroids.

Conclusions
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Patients may benefit from oral 
nonpeptide GnRH derivatives

N Engl J Med 2017;377:28

Fertility and Sterility 2021 Vol. 115, No. 2, 0015-0282

Am J Obstet Gynecol 2021;224:72.e1-50

N Engl J Med 2021;384:630-42

J Womens Health. 2021 Apr;30(4):569-578.

Premenopausal women with surgically or 
clinically diagnosed endometriosis-
associated pain.
Premenopausal women with surgically or 

clinically diagnosed uterine leiomyoma-
associated AUB.
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Contraindications

J Womens Health. 2021 Apr;30(4):569-578.
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Oral GnRH antagonist 
dosing

11
0年

度TA
OG

年會專用



Elagolix dosing
150mg QD

200mg BID

The lowest effective starting dose

 Initiating therapy: for patients in whom dyspareunia 
is the main symptom and pain severe enough to 
require opioid analgesics

Elagolix dose: are not influenced by body weight/BMI or by 
presence of renal impairment, end-stage renal disease, or 
mild hepatic impairment  (child-Pugh A)

Child-Pugh B: limited to 6 months of elagolix 150 mg once daily
Child-Pugh C: contraindicated 

J Womens Health. 2021 Apr;30(4):569-578.
Obstet Gynecol 2018;132:147–160.
N Engl J Med 2017;377:28–40.
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簡報者
簡報註解
Although for most patients, the lowest effective starting dose will be 150 mg once daily, there are scenarios where beginning treatment with the higher dosing regimen is appropriate. For example, initiating therapy with elagolix 200 mg twice daily is recommended for patients in whom dyspareunia is the main symptom and may be considered for patients with severe NMPP or a history of endometriosis pain severe enough to require opioid analgesics. For the elagolix 150 mg once-daily regimen, a numeric reduction in dyspareunia score was observed, but the comparison versus placebo did not achieve statistical significance for dyspareunia score reduction or decrease in use of rescue analgesics. At their discretion, physicians may also choose to initiate therapy at the 200 mg twice-daily dose due to symptom severity or clinical history, and subsequently transition to the 150 mg once-daily dose.Elagolix dose determinations are not influenced by body weight/BMI or by presence of renal impairment, end-stage renal disease, or mild hepatic impairment (as indicated by a prognostic categorization for chronic liver disease/cirrhosis of Child-Pugh A. Due to increased drug exposures inwomen with moderate or severe hepatic impairment compared with those who have normal hepatic function, treatment should be limited to 6 months of elagolix 150 mg once daily for women with moderate hepatic impairment (Child-Pugh B), and is contraindicated in patients with severe hepatic impairment (Child-Pugh C). Patients starting elagolix should expect a decrease in endometriosis-associated pain within 4 weeks of initiatingtreatment. In both pivotal clinical trials, significant reductions in dysmenorrhea (*40%–50% reduction with elagolixvs. <20% reduction with placebo; p ￡ 0.001) and NMPP(*20% reduction with elagolix vs. *10% reduction with placebo; p < 0.05 for elagolix 200 mg twice daily) versus placebo were observed at 1 month after beginning elagolix.A follow-up assessment of response to therapy and tolerability should be conducted within 3 months or less of starting elagolix. Patients should be queried about the severity and frequency of individual symptoms, ability to perform daily activities at work and in the home, and improvement intheir quality of life, as well as compliance with treatment.For individuals who report improvement with elagolix 150 mg once daily but continue to experience endometriosis associated pain that interferes with daily life or activities, switching to elagolix 200 mg twice daily may be appropriate. if pain relief is sufficient with elagolix 200 mg twice daily, but is accompanied by hypoestrogenic side effects, the 150 mg once-daily dose may be preferred.The use of add-back therapy to alleviate hypoestrogenic side effects has not been established, but is currently under investigation (see Managing Endometriosis as a Chronic Disease: Long-Term Treatment Considerations). Until these results are available, clinicians should consider use of add-back therapy as they would for other conditions that lead to vasomotor symptoms.



Safety considerations
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Safety considerations
Hot flush

Decrease in BMD
24% in Elagolix 150 mg QD, 48% in Elagolix 200 mg BID.

 After 6 months of treatment, changes in lumbar spine 
BMD :

-0.3% to -0.7% with elagolix 150mg QD 
-2.5% to -2.6% with elagolix 200mg BID. 
 Partial recovery of BMD at 6 and 12 months post treatmen  

in long term follow up

Taylor HS, et al.  N Engl J Med 2017

Dose- and duration-dependent

Surrey E, et al. Obstet Gynecol 2018

Elagolix is contraindicated in patients with osteoporosis. 
(T-score of <-2.5) 
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簡報者
簡報註解
Consistent with the mechanism of action, hypoestrogenic effects are among the most common adverse events reported during elagolix clinical trials. In the pivotal studies, hot flushes were reported by 24% of women who received elagolix 150 mg once daily and by up to 48% of women who received elagolix 200 mg twice daily. The frequency of hot flushes with elagolix was lower than that associated with leuprolide acetate,for which rates as high as 84% have been reported.47 In a 24-week, phase 2 study, hot flushes occurred at a similar frequency among patients who received elagolix 150 mgonce daily or depot medroxyprogesterone acetate. Dose- and duration-dependent decreases in BMD have been observed in elagolix clinical trials. The magnitude of decrease was generally modest.23–27 After 6 months of treatment in phase 3 studies, mean percentage changes in lumbar spineBMD were -0.3% to -0.7% with elagolix 150mg once dailyand -2.5% to -2.6% with elagolix 200mg twice daily. Follow-up assessments in a long-term extension study revealed partial recovery of BMD at 6 and 12 months post treatment, although the influence of these BMD changes on bone health and fracture risk over time is currently not known. Decreases in BMD over a 24-week treatment period with elagolix 150 mg once daily were similar to those observed with subcutaneous depot medroxyprogesterone acetate (104 mg/0.65mL administered on weeks 1 and 12) in a phase 2, randomized, double-blind, head-to-head comparison.23 In this study, elagolix was noninferior to depot medroxyprogesterone acetate for reduction in dysmenorrhea and NMPP. Over a short-term assessment period (12 weeks) in a phase 2 study, decreases in BMD were lower with elagolix 150 or 250mg once daily compared with leuprolide acetate 3.75mg. Elagolix is contraindicated in patients with known osteoporosis. (T-score of ￡ -2.5).) In women with risk factors for bone loss, BMD measurement should be performed after 1 year of treatment if the patient will be continuing with the drug. calcium and vitamin D supplementation as well as positive bone health choices are recommended. 



Safety considerations
Change in lipid profile

dose-dependent increases in cholesterol, HDL, LDL, TG 
 Lipid increases in first 1–2 months of treatment and remained 

stable thereafter

Surrey E, et al. Obstet Gynecol 2018

Others
 Headache, insomnia, mood swings, night sweats, arthralgia, 

amenorrhea

Orilissa (elagolix) tablets [prescribing information]. North Chicago, IL: AbbVie, Inc., 2018

 A return to the baseline occurred within 1 month of 
discontinuing treatment

 Asymptomatic increase in ALT > 3 times the upper limit of 
normal 

Orilissa (elagolix) tablets [prescribing information]. North Chicago, IL: AbbVie, Inc., 2018
Fertility and Sterility 2021 Vol. 115, No. 2, 0015-0282
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簡報者
簡報註解
 The hypoestrogenic effects of GnRH modulators include changes in the lipid profile. With elagolix, dose-dependent increases were observed in total cholesterol, low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and triglycerides.26 Lipid increases occurred primarily during the first 1–2 months of treatment and remained stable thereafter.21 A return to the baseline lipid profile occurred within 1 month of discontinuing treatment. Other common mild adverse events that occurred during elagolix clinical trials included headache, insomnia, mood swings, night sweats, and arthralgia, may decrease menstrual bleeding orcause amenorrhea, thereby obscuring early recognition of pregnancy. A low level of asymptomatic increases in hepatic aminotransferases has been reported; during the pivotal trials, increases in alanine aminotransferase greater than three times the upper limit of normal occurred in 0.2%, 1.1%, and 0.1% of patients in the elagolix 150 mg once-daily, elagolix 200 mg twice-daily, and placebo groups, respectively. No adverse effects on the endometrium have been observed with elagolix.26,27 Endometrial thickness decreased during 6-month treatment with elagolix



Addressing the 
contraception during tx
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Addressing the contraception
during Elagolix use

 Pregnancy should be discouraged in women taking 
elagolix
 Few congenital malformations report

 Use contraception during treatment and for 1 week after 
completing treatment 

 Estrogen-containing contraceptives: higher exogenous 
estrogen may lower treatment efficacy 

 Progestin-releasing IUD: provide contraception and 
treatment of endometriosis

 Immediately discontinue Elagolix if pregnant

Orilissa (elagolix) tablets [prescribing information]. North Chicago, IL: AbbVie, Inc., 2018
Clin Pharmacokinet. 2021 Aug;60(8):1003-1013
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Health Premenopausal 
women

Ethinylestradiol/Norgestimate + Elagolix Norethindrone + Elagolix

Pharmacokinetic and 
Pharmacodynamic Profiles 

Clin Pharmacokinet. 2021 Aug;60(8):1003-1013
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簡報者
簡報註解
藥物代謝動力學（英語：Pharmacokinetics），簡稱藥代動力學或藥動學，主要研究藥物血中濃度與時間的關係，即生物體如何影響藥物。藥物效應動力學（英語：Pharmacodynamics），簡稱藥效學，研究藥物血中濃度與效果(response)之關係，可決定藥物之efficacy及toxicity，即藥物如何影響生物體。Ethinylestradiol (EE): Estrogen, Estrogen Receptor AgonistNorgestimate: progestin, or a synthetic progestogen, agonist of the progesterone receptorNorethindrone: progestin Elagolix: gonadotropin-releasing hormone antagonist, treatment of endometriosis, uterine fibroids and PCOSPharmacokinetics is the study of how an organism affects a drug, whereas pharmacodynamics (PD) is the study of how the drug affects the organism.



Pharmacokinetic

Clin Pharmacokinet. 2021 Aug;60(8):1003-1013
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簡報者
簡報註解
Table2 Pharmacokinetic parameters of ethinylestradiol/ NGMN/NG and elagolix in periods 1 and 2The EE mean Cmax and AUC24 values for period 2 were higher than those for period 1 (p ≤ 0.019; ANOVA). The NGMN Cmax and AUC24 were slightly lower in period 2 than those in period 1 (p ≤ 0.043). For NG, no significant differences were observed between treatments (p ≥ 0.106). Cmax, maximum plasma concentration, Tmax time to maximum plasma concentration, AUC24 area under the concentration–time curve from time zero to 24 h, t1⁄2 terminal elimination half-life, QD once daily, NGMN norelgestromin, NG norgestrel, ANOVA analysis of variancea.Harmonic mean ± pseudo-standard deviation; evaluations of t1⁄2 were based on statistical tests for β b.N = 20 for t1⁄2 on day 77c.Statistically significantly different from triphasic OC alone (ANOVA, p < 0.05)d.N = 19



2

Pharmacodynamic

10% ↑ 8% ↓

32% ↓

Clin Pharmacokinet. 2021 Aug;60(8):1003-1013
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簡報者
簡報註解
In study 2, when elagolix was coadministered with norethindrone, the hormone exposure for FSH, LH, and P, was similar to those observed with norethindrone alone. FSH and LH concentrations were 10% higher and 8% lower (n = 19), respectively, with coadministration when compared with norethindrone alone. E2 concentrations appeared to be 32% lower (n = 19) when elagolix was coadministered with nore- thindrone, compared with norethindrone alone.Sixty-one percent of women (16/26) had two consecutive ovulatory P concentrations on days 1–28 in period 1 and on days 57–84 in period 2.



Conclusion

Coadministration of elagolix with orally 
administered norethindrone or combination 
hormonal contraceptives (EE and norgestimate)
Small changes in the PK of oral hormonal 

contraceptive components; Elagolix PK not 
affected 
Hormonal PD effects of oral contraceptives: not 

negatively impacted 

Clin Pharmacokinet. 2021 Aug;60(8):1003-1013
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簡報者
簡報註解
Coadministration of elagolix with orally administered norethindrone or combination hormonal contraceptives containing EE and norgestimate resulted in small changes in the PK of oral hormonal contraceptive components; elagolix PK do not appear to be affected. The hormonal PD effects of oral contraceptives were not negatively impacted by coadministration with elagolix.



Long-term treatment 
considerations
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Managing endometriosis as a chronic disease

 Patients with normal liver function
150 mg QD: continue for up to 24 months
200 mg BID: continue for up to 6 months 

Orilissa (elagolix) tablets [prescribing information]. North Chicago, IL: AbbVie, Inc., 2018

Cost to benefit ratio is 
favorable
 Use of elagolix provides clinical benefit relative to no 

active treatment. 

Institute for Clinical and Economic Review. Elagolix for treating endometriosis: Final evidence report., 2018

 Both elagolix treatment regimens were more cost effective 
than leuprolide acetate 

Wang ST, et al. J Comp Eff Res 201911
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簡報者
簡報註解
A course of treatment with elagolix in patients with normal liver function is recommended to continue for up to 24 months for the 150 mg once-daily dose and up to 6 months for the 200 mg twice-daily dose.In their 2018 assessment of elagolix, the Institute for Clinical and Economic Review (ICER) reported that ‘‘use of elagolix to treat moderate-to-severe endometriosis-related pain provides clinical benefit in terms of gains in health related quality of life relative to no active treatment. In 2019, Wang et al.54 published a cost-effectiveness evaluation that indirectly compared elagolix with leuprolide acetate, described as one of the most commonly used second-line therapies for endometriosis. Both elagolix treatment regimens analyzed (150 mg once daily for 24 months and 200 mg twice daily for 6 months) were found to be more cost effective than leuprolide acetate (11.25 mg every 3 months for 12 months, with add-back norethindrone acetate during the latter 6 months).



Managing endometriosis as a chronic disease

 Add-back therapy:
continuous estradiol 0.5 
mg/norethindrone acetate 0.1 
mg or 
continuous estradiol 1mg and 
cyclical progestogen 200 mg

 decreased the occurrence of hot 
flushes and lessened the effect 
of elagolix on the lipid profile

Archer DF et al, . Fertil Steril 2017
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簡報者
簡報註解
Add-back therapy with progestins alone, progestins and bisphosphonates, and low-dose progestins with estrogens has been shown to reduce the hypoestrogenic effects of GnRH agonists (e.g., hot flushes, bone loss), while maintaining endometriosis-associated pain reduction.1,14,55 Add-back therapy also makes it possible to extend the duration of GnRH agonist therapy.1Although add-back therapy data are not yet available in the context of endometriosis, results from a proof-of-concept study in women with uterine fibroids and heavy menstrual bleeding demonstrated that add-back therapy with continuous estradiol 0.5 mg/norethindrone acetate 0.1 mg or continuous estradiol 1mg and cyclical progestogen 200 mgdecreased the occurrence of hot flushes and lessened the effect of elagolix on the lipid profile.



The future role in IVF 
through suppressing 

ovulation and HPO axis

11
0年

度TA
OG

年會專用



Objective: The objective was to evaluate the effects of elagolix on ovulation 
and ovarian sex hormones.

Interventions Elagolix was administered orally for 3 continuous 28-day dosing 
intervals at 100 to 200 mg once daily (QD), 100 to 300 mg twice daily (BID), and 
300 mg BID plus estradiol/norethindrone acetate (E2/NETA) 1/0.5 mg QD.

J Clin Endocrinol Metab, March 2020, 105(3):821–832
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Ovulation rates across all elagolix dosing

J Clin Endocrinol Metab, March 2020, 105(3):821–832
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Median hormone concentrations

J Clin Endocrinol Metab, March 2020, 105(3):821–832
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Ovarian Reserve

J Clin Endocrinol Metab, March 2020, 105(3):821–832
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Mean endometrial thickness profiles

J Clin Endocrinol Metab, March 2020, 105(3):821–832
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 Elagolix suppresses ovulation
and pituitary and ovarian 
hormones in a dose-dependent 
manner.

 No effect on AMH
 Reduces endometrial thickness at 

doses being targeted for 
endometriosis-associated pain

 and AUB associated with uterine
 fibroids.

Conclusions
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Summary 

Endometriosis-
associated pain

FDA approval

Long-term 
treatment 

Uterine myoma-
associated AUB

Further 
investigation

Safety &Side 
effect 

Oral GnRH 
antagonists
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