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Abstract

Introduction: Uterine fibroids (UFs) are the most common benign tumor arising from 

myometrium of reproductive age women, with significant financial burden estimated in hundreds 

of billions of dollars. Unfortunately, there are limitations in available long-term treatment options. 

Thus, there is a large unmet need in the UF space for noninvasive therapeutics.

Areas covered: Authors reviewed the literature available for elagolix; an orally bioavailable, 

second-generation, non-peptide gonadotropin-releasing hormone (GnRH) antagonist recently 

approved by the US Food and Drug Administration (FDA) in combination with estradiol/

norethindrone acetate for the management of heavy menstrual bleeding associated with UFs in 

premenopausal women.

Expert opinion: The utility of new-generation oral GnRH-antagonists, such as elagolix, 

relugolix and linzagolix, is offering a new potential opportunity for the future therapy of UFs: 

elagolix has been the most studied drug of this class for treating benign gynecological diseases 

including endometriosis and UFs, for which it has been US FDA-approved in 2018 and 2020 

respectively.
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1. Introduction:

Uterine Fibroids (UFs) are the most common benign tumor in reproductive age women 

worldwide worldwide, UFs are rare before puberty (menarche), their likelihood increases as 

women age during their reproductive years and reach its peak before menopause then UFs 

typically regress following menopause, with prevalence of 70% and 80% in Caucasian and 

African American women respectively by age of 50 [1–3]. Accordingly, it has a profound 

impact on health care costs worldwide. In the USA alone, UFs cost range estimated between 

6 and 34 billion dollars annually [4]. The mechanism underlying UFs pathogenesis remains 

unclear, which in turn limits its effective treatment. Growing evidences support the theory 

that these monoclonal tumors originate from aberrant stem cells in the myometrium and 

involves numerous factors such as sex steroid hormones, estrogen and progesterone, various 

growth factors, and genetic factors [5].

1.1 Overview of the market:

If possible, many women with UFs would choose pharmacological treatment over a surgical 

treatment to secure their future family plans and avoid major surgeries [6, 7]. Several factors 

should be considered on individual basis when selecting appropriate UF treatment including 

patient’s age, symptoms severity, individual preferences and most importantly patient’s 

future family plans. Currently, there is limitation in available long-term medical treatment 

options. Thus, there is a large unmet need in the UF space for noninvasive therapeutics [8, 

9]. Therefore, extensive studies exploring mechanistic insights behind UF pathogenesis are 

needed for sake of developing new UFs therapeutics. Estrogen and progesterone signaling 

are imperative for tumor growth. Therefore, current investigated treatment options aim to 

halt that hormonal effect including gonadotropin releasing hormone (GnRH) antagonists and 

selective progesterone receptor modulators (SPRMs) [10].

Till early 2020, the only agent FDA-approved medical treatments for UFs in the USA was 

leuprolide acetate (LA), gonadotropin-releasing hormone (GnRH) agonist, for improvement 

of anemia preoperatively only for short-term (3–6 months) [11]. This effect was due to 

suppression of ovarian estrogen and progesterone which shrink tumor volume and reduce 

surgical blood loss [12], Nevertheless, the resultant bone density loss along with the 

recurrence of UF symptoms following treatment cessation, discouraged the utility of this 

drug as long term therapy for UFs [13]. Later, GnRH Antagonists utility offered an 

advantage over GnRH agonists which is avoiding the initial flare effect resulted from 

receptor stimulation (up to 15 days), so they can exert faster effect of bleeding cessation [14, 

15]. SPRMs are synthetic steroid ligands with a progesterone receptor-target and tissue-

selective effects of mixed agonist and antagonist activities [16]. Ulipristal acetate (UPA) is 

commonly used SPRM and was approved against UFs in Europe and Canada with advantage 

of lacking the hypoestrogenic symptoms of GnRH analogs [16]. However, recent studies 

found that use of UPA is associated with the risk of liver failure that may require liver 

transplantation [17, 18]. Therefore, currently SPRM use is restricted. European medicine 

agency (EMA) recommends UPA can now only be used to treat uterine fibroids in 

premenopausal women for whom surgical procedures (including uterine fibroid 

embolization) are not appropriate or have not worked. Also, the medicines must not be used 
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for controlling symptoms of uterine fibroids while awaiting surgical treatment [19]. Oral 

GnRH antagonist are extensively studied now for the treatment of heavy menstrual bleeding 

associated with UFs including elagolix, relugolix and linzagolix. Elagolix is the only FDA 

approved for the treatment of moderate to severe pain associated with endometriosis [20, 21] 

and elagolix supplemented with estradiol and norethindrone acetate was recently approved 

as first oral treatment for UFs associated heavy menstrual bleeding. In this drug profile we 

reviewed the literature of elagolix covering its chemistry, pharmacokinetics, 

pharmacodynamics, clinical efficacy and safety. In addition, where its stands among other 

therapies explored against UFs.

2. Elagolix

2.1 Chemistry

Elagolix has molecular formula of C32H30F5N3O5 and molecular weight of 631.6 g/mol. 

Elagolix sodium is a non-peptide, amorphous solid orally bioavailable small molecule, that 

is freely soluble in water. Elagolix at 150 or 200 mg dose, is highly soluble throughout the 

physiological pH range, and exhibits high aqueous solubility (approximately 1 mg/mL) as 

per the biopharmaceutics classification system (BCS) [22]. Chemical structure of elagolix is 

shown in figure 1.

2.2. Pharmacokinetics

2.2.1. Absorption—Studies showed that elagolix is rapidly absorbed with a time to 

maximum concentration (Tmax) of approximately 1 hour, while the maximum concentration 

[Cmax] and area under the curve [AUC]) are dose proportional from 100 to 400 mg twice 

daily dose, and more than dose proportional with single doses of 600–1200 mg based on 

clinical pharmacokinetics studies in healthy subjects [23].

An absorption study was conducted in 6 healthy subjects to examine elagolix 100 mg 

pharmacokinetics (PK) administered to the stomach via oral solution, and to the jejunum, 

ileum, and colon via a radiolabeled remote drug delivery capsule. Briefly, both routes 

resulted in comparable overall systemic exposure, except for the colon administration which 

represented less than 10% that of the same dose deposited into the stomach/duodenum, 

jejunum, or ileum [24].

Data derived from 1624 subjects involved in five phase I and four phase III studies were 

employed in population PK analyses, with results showing that none of the tested covariates 

were significantly associated with Elagolix PK parameters, including age, body weight, race/

ethnicity, hepatic or renal function, except for hepatic uptake transporter OATP1B1 genotype 

status which was significant (i.e. specifically for CL/F) [25].

2.2.2. Food Effect—The effect of food on elagolix plasma exposure was assessed via 

administration of a high-fat meal with result observed of a slight reduction relative to the 

fasted condition. Consequently, Elagolix was administrated at least 1 h before or 2 h after a 

meal in attempt to avoid a potential lower exposure in three of four endometriosis phase III 

pivotal clinical trials. Interestingly, elagolix was administered without regard to meals in the 

fourth endometriosis phase III extension trial and the clinical efficacy results were similar, 
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regardless of drug administration instructions with respect to meals. Therefore, elagolix can 

be administered with or without food [24].

2.2.3. Distribution—About 80% of elagolix is bound to human plasma proteins, with 

blood-to-plasma ratios of 0.6 as drug found to preferentially partitioned into plasma rather 

than blood cellular components [26]. Population PK data showed that elagolix estimated 

apparent central volume of distribution (Vc/F) was 257 L[24]. In vitro studies in addition to 

pharmacogenetics analysis showed that elagolix is a substrate of hepatic uptake transporter 

OATP1B1. However, population PK analysis did not identify the OATP1B1 genotype as a 

significant covariate on elagolix Vc/F [25].

2.2.4. Metabolism—In vitro studies showed that elagolix is metabolized by multiple 

cytochrome P450 (CYP450) enzymes with major contribution from CYP3A4 

(approximately 50%), and minor contributions from other CYP450s [24]. Following the 

administration of a single oral dose of 150 mg of radiolabeled [14C] elagolix to 6 healthy 

subjects, about 69% of elagolix was recovered in feces and urine as metabolites. These data 

suggest that unchanged elagolix is the major drug-derived material in human plasma and 

elagolix is extensively metabolized [24].

2.2.5. Elimination—After reaching Cmax, elagolix concentration–time profile exhibits 

biphasic characteristic, with an apparent terminal elimination half-life (t1/2) of 

approximately 4–6 hrs. Therefore, repeated dosing of elagolix once or twice per day does 

not result in significant drug accumulation in plasma [23, 25]. Elagolix dose adjustment is 

not required in women with any degree of renal impairment or end stage renal disease 

(including women receiving dialysis). While in women with severe hepatic impairment 

(Child–Pugh C), elagolix Cmax and AUC were increased by 520% and 570%, respectively. 

Therefore, elagolix is contraindicated in women with severe hepatic impairment (Child–

Pugh C) [27]. Table 1 summarizes pharmacokinetics parameters for elagolix in healthy 

volunteers.

2.3. Pharmacodynamics

Elagolix has a dose-dependent suppression effect on the gonadotropins, luteinizing hormone 

(LH) and follicle-stimulating hormone (FSH) which subsequently decreased blood 

concentrations of the ovarian sex hormones estrogen (E2) and progesterone [20, 23, 28].

Elagolix induced a dose-dependent suppression of sex hormones in premenopausal females 

when consumed in regimens; 150 mg once daily, or 100, 200, 300, or 400 mg twice daily for 

21 days as compared to placebo. Interestingly, it took only hours following first dose 

administration of the on day 1 to achieve that effect which continued through day 21. 

Notably, maximum E2 suppression was achieved with regimen starting from 200 mg 

elagolix twice daily or higher. Interestingly, LH suppression was more noticeable than FSH 

in all groups except for the 150 mg once daily group. Upon elagolix discontinuation, LH and 

FSH levels rose within 24 h after the last dose, and E2 levels began to rise 24 h after the last 

dose was administered [24, 29].
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The effects elagolix in different doses and dosing regimens either alone or in combination 

with standard dose hormonal add-back therapy (E2/norethindrone acetate (NETA) 1 mg/0.5 

mg) on ovulation, ovarian activity, and ovarian reserve were evaluated in a study in healthy 

adult premenopausal females for 3 month with similar finding of dose dependent hormonal 

suppression [27, 30]. Studies showed that the standard dose of E2/NETA as 1 mg/0.5 mg, 

when administered exogenously with elagolix, provided the optimal plasma levels of E2 

which was similar among endometriosis patients as well as healthy subjects [24, 26, 31].

Following pivotal phase III ELARIS studies on premenopausal women moderate-to-severe 

pain associated with endometriosis, recent study explored the relationships between elagolix 

exposures and clinical efficacy response rates for dysmenorrhea and non-menstrual pelvic 

pain [32]. This study employed nonlinear mixed-effects discrete-time first order Markov 

modeling approach to characterize the relationships between elagolix average concentrations 

and efficacy responses. Results suggested no preference of one regimen over the other to 

treat endometriosis-associated pain for any patient subpopulation based on tested covariate 

groups.

2.4. Drug interactions

Several studies explored potential drug-drug interactions of elagolix with other drugs such as 

Ketoconazole, rosuvastatin, digoxin, midazolam, sertraline, fluconazole and rifampin in 

terms of change in elagolix Cmax and AUC with conclusion of concomitant use of strong 

inhibitors of OATP1B1 is contraindicated with elagolix [33–35]. To account quantitatively 

for the contribution of metabolizing enzymes, transporters, and their interplay in Elagolix 

PK, a whole-body physiologically based pharmacokinetic (PBPK) model of Elagolix was 

developed which adequately recovered the observed drug–drug interaction [34]. Importantly, 

results showed that combinations of elagolix with norethindrone or triphasic oral 

contraceptives (OCs) did not negatively impact the hormonal effects of each other, 

consequently no dose adjustment is required. [36].

2.5. Clinical Efficacy

Phase I clinical studies regarding Elagolix showed that, 5 of 9 cohorts in phase I clinical 

study received a single dose of elagolix 25 mg, 50 mg, 100 mg, 200 mg, 400 mg, or placebo 

[29]. The first dose of elagolix was administered on day 7 + 1 after menstruation onset. 

Suppression of LH and FSH was achieved in all groups, whereas a dose dependent 

suppression of LH, FSH and E2 was noted [29]. In another phase I clinical study regarding 

to hormone response, safety, and PK, elagolix 150 mg once daily, as well as elagolix 100 

mg, 200 mg, 300 mg, and 400 mg twice daily were compared to a placebo. Treatment intake 

was started two days after the onset of menstruation. The results were similar to previous 

studies: A dose-dependent suppression of E2, progesterone, LH, and FSH was observed, the 

suppression of FSH being the most efficient with elagolix 300 mg and 400 mg, while the 

clearest decrease in LH and E2 was found with elagolix 200 mg. The concentration of 

progesterone remained at anovulatory levels throughout the study period at the lowest dose 

of elagolix [23, 37]
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2.5.1. Elagolix in endometriosis associated pain: Starting from Phase II trials, 

elagolix was investigated in patients with endometriosis and UFs. The first stage of one 

Phase II study lasted 12 weeks and compared 3 groups with one another: a placebo control 

group; a group of patients receiving 150 mg elagolix once daily; and a third group receiving 

250 mg once daily. Endometriosis-associated pain had decreased in all three groups by the 

end of the 12 weeks, as assessed by the Numeric Rating Scale. After 12 weeks, the patients 

of the placebo group were reallocated to one of the groups receiving elagolix. In this second 

stage, there was a further reduction of dysmenorrhea in both groups. Similar results were 

achieved for dyspareunia. Statistical significance was seen between elagolix 150 mg and 

placebo during weeks 8 to 12, as well as between elagolix 250 mg and placebo during weeks 

4 to 8. Furthermore, a decrease in the use of prescription analgesics was seen in the elagolix 

groups, while the biggest improvement in quality of life was noted specifically in the 

elagolix 150mg group [38].

Similar results were described in another phase II clinical trial conducted showing the effect 

of 150 mg elagolix compared to placebo over an eight-week, double-blind, placebo- 

controlled treatment period, followed by a 16-week open-label treatment period [39].

Consequently, in May 2017, the results from two multicenter, double blind, randomized, 

placebo-controlled, phase III trials (Elaris EM-I and Elaris EM-II) were published. The 

patients enrolled in both studies were premenopausal women who had surgically diagnosed 

endometriosis and suffered from moderate to severe endometriosis-associated pain. 653 

(74.9%) out of 871 women included in EM-I, completed the six-month study period. In the 

nearly identical EM-II,815 were women treated, with 632 (77.4%) completing the trial. The 

patients who completed the trials were enrolled in either a 6-month extension study (EM-III 

or EM-IV) or included in the 12-month follow-up period. The primary endpoints of the 

placebo-controlled EM-I and EM-II were efficacy, with regard to alleviation of 

dysmenorrhea and non-menstrual pelvic pain (NMPP), after three months of elagolix 150 

mg once daily or Elagolix 200 mg twice daily, compared to placebo, measured in a reduced 

pain and reduced or equivalent intake of rescue analgesics. After three months of treatment 

in the EM-1, 46.4% of the women treated with elagolix 150 mg once daily,, and 75.8% of 

the patients treated with elagolix 200 mg twice daily, vs 19.6% of the women in the placebo 

group, were noted to be dysmenorrhea responders, which refers to participants who had a 

clinically meaningful reduction in the pain score and a decreased or stable use of rescue 

analgesic agents, as recorded in a daily electronic diary, while 50.4% of the women treated 

with elagolix 150 mg once daily and 54.5% of the women treated with 200 mg elagolix 

twice daily vs 36.5% of the women in the placebo group, were described as ‘non-menstrual 

pelvic pain responders.’ Similar results were found in the EM-II for the 150 mg once daily 

group, the 200 mg twice daily group, and the placebo group, with 43.4% and 72.4% vs 

22.7%, respectively, of women who described a reduction of dysmenorrhea and 49.8% and 

57.8% vs 36.5%, respectively, of women who described a reduction of non-menstrual pelvic 

pain, as well as a decrease or the same in intake of analgesics. After three and six months, 

the difference in intake of rescue analgesics between the elagolix 150 mg group and the 

placebo group was not found to be significant, while the contrary was noted in the group of 

women who received the higher dose compared to the placebo. Furthermore, a significant 
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improvement in quality of life was noted in the elagolix-treated groups, as determined by 

30-item Endometriosis Health Profile Scores [40].

A randomized, double-blind, multicenter, placebo-controlled phase III trial showed that 

elagolix significantly reduces fatigue levels in women with moderate or severe 

endometriosis-associated pain [41]. Moreover, another study employed post hoc analysis of 

pooled data from the phase III ELARIS-I and ELARIS-II clinical trials to the relationship of 

clinically meaningful improvements in dyspareunia with health-related quality of life 

changes among women with endometriosis [42]. Several articles in the literature covered in 

details utility of elagolix for endometriosis associated pain over the past few years for 

further reading [43–66].

2.5.2. Elagolix in Uterine fibroids associated bleeding: Two multicenter phase II 

studies evaluated elagolix in premenopausal women with UFs for its efficacy in controlling 

bleeding. In both trials, either elagolix monotherapy or in combination with hormonal add-

back therapy (E2 and NETA) was evaluated and the primary endpoints in the Phase IIa study 

was mean change in MBL from baseline to the last complete menstrual cycle (last 28 days) 

during treatment and in the phase IIb study the primary endpoint was the percentage of 

women with MBL volume of less than 80 mL and of more than at least 50% reduction in 

MBL volume at the end of the study during last 28 days of treatment using accurate alkaline 

hematin method [30, 31]. In the phase IIa trial, seven dosing regimens of elagolix were 

explored including twice daily of 100 mg, 200 mg or 300 mg or once daily of 400 mg or 600 

mg, or twice daily of 200 mg combined with continuous E2 0.5 mg/NETA 0.1 mg or twice 

daily 300 mg combined with both continuous E2 1 mg and cyclical progesterone 200 mg 

only for 12 days monthly, in attempt to find minimally efficacious elagolix doses with a 

lower frequency of administration. In the elagolix group, a significantly dose dependent 

reduction in MBL was observed (with highest reduction in patients receiving the drug at 300 

mg BID) compared to the placebo group as well as significant decrease in largest UF volume 

among treated groups [30].

In the phase IIb trial, women were randomized into two cohorts, cohort 1 included 259 

patients received 300 mg twice daily and cohort 2 included 308 women received 600 mg 

once daily. Each cohort was randomized into 4 groups including placebo, elagolix alone and 

elagolix with add-back therapy either low dose of E2 0.5 mg/NETA 0.1 mg or high dose of 

E2 1 mg/NETA 0.5 mg [31]. At the end of the study, primary endpoint criteria were met in 

92% in elagolix alone groups of 300 mg BID and 90% in 600 mg QD, adding low dose add-

back therapy reduced the percentage to 85% and 73% while high dose add-back therapy 

resulted in 79% and 82% in aforementioned groups, respectively (p < 0.001, each treatment 

group compared to placebo). Moreover, all treated groups showed significant UF tumor 

shrinkage at final visit from baseline, with the exception in 600 mg daily with 1.0 mg 

estradiol/0.5 mg norethindrone acetate. Finally, improvement in the symptom severity was 

observed in all patients in treatment groups [31].

Phase III trials, Elaris UF-I and Elaris UF-II were published early 2020 evaluating the safety, 

tolerability, and efficacy of 6-month Elagolix treatment in women with UFs. Tested dosage 

regimens were twice daily of 300 mg elagolix either alone or in combination with hormonal 
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add-back therapy (E2 1 mg / NETA 0.5 mg). Elagolix-alone group was included to evaluate 

the add-back therapy effect on the hypoestrogenic effects of elagolix. Same as phase II trials, 

the primary endpoint was the percentage of women with MBL less than 80 mL at final 

month and at least 50% MBL reduction at final month from baseline [67]. Elagolix plus add-

back therapy resulted in meeting criteria for the primary end point in 68.5% of 206 women 

in UF-1 and in 76.5% of 189 women in UF-2, while in placebo group only 8.7% of 102 

women and 10% of 94 women only reported improvement (P<0.001). As expected, elagolix 

alone has better outcome in 84.1% of 104 women in UF-1 and in 77% of 95 women in UF-2. 

Nevertheless, add-back therapy attenuated elagolix hypoestrogenic effects especially BMD 

loss, while hot flushes (in both trials) and metrorrhagia (in UF-1) occurred significantly 

more commonly compared to placebo.

Later, ELARIS UF EXTEND study was published as phase III multicenter, randomized, 

double-blind, extension study [68]. Where an additional 6 months (up to 12 months total) of 

elagolix 300 mg twice daily with hormonal add-back therapy (E2 1 mg and NETA 0.5 mg 

once daily) in women who completed an initial 6 months of the same treatment in one of 

two preceding phase 3 ELARIS UF-1 and UF-2 studies to evaluate the long-term efficacy, 

tolerability, and safety and, in particular, to characterize the impact of add-back on the 

hypoestrogenic effects of elagolix especially BMD changes and following the same 

endpoints of the original study. Results showed that total 12 months of combination 

treatment still sustained MBL reduction while no new or unexpected safety concerns were 

associated with an additional 6 months of treatment, also using add-back therapy attenuated 

the hypoestrogenic effects of elagolix alone [68]. Similarly, increasing number of articles 

discussing the beneficial role of elagolix in UF bleeding and increasing afflicted women 

quality of life are being published in literature [69–72]. Table 2 summarizing clinical trials 

conducted to explore efficacy of elagolix in UF associated bleeding.

2.6. Safety

Similar adverse events were described throughout all clinical trials phases. Mild to moderate 

nausea and hot flashes were reported as the most common adverse events with the highest 

incidence of hot flashes occurred in women receiving an elagolix dose of at least 200mg 

twice daily. Furthermore, spotting was reported by seven patients included in this phase 1 

study. However, these adverse events didn’t lead to a discontinuation of study participation. 

Additionally, no changes or differences from the placebo group were found with regard to 

electrocardiograms, blood tests, or vital signs [23, 73]. Importantly, a phase 2 conducted 

study in endometriosis patients showed a significant decrease in bone-mineral density 

(BMD) was noted in both the elagolix 150mg and elagolix 250mg groups [38] where a 

significant dose-dependent decrease of lumbar BMD was noted after six months of treatment 

in both groups. Laboratory results from a phase 3 study showed an elagolix-associated 

increase in low-density and high-density lipoprotein cholesterol, as well as triglycerides 

[73]. A phase 1 study was conducted in healthy premenopausal females to evaluate whether 

elagolix has potential QTc interval prolongation with conclusion of no clinical relevance 

[24, 74].
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Data from four phase III studies were used in Exposure–BMD modeling where simulations 

of 36 months of continuous treatment suggested a mean percentage of 2% and 5% change in 

lumbar spine BMD from baseline for Elagolix 150 mg once daily or 200 mg twice daily 

respectively. This data is consistent with the observed 1% BMD change after 12 months 

treatment of 150 mg once-daily dosing. Collectively, these studies supported the indicated 

use of elagolix 150 mg once daily for 24 months or 200 mg twice daily for 6 months [33, 40, 

75–78].

In Elaris UF-1 and UF-2, adverse reactions caused discontinuation rate of 10% among 

women treated with elagolix supplemented with add-back therapy and 7% among placebo-

treated women. The most common reported adverse events leading to study drug 

discontinuation in the elagolix plus add-back group were nausea, headache, alopecia, 

metrorrhagia, menorrhagia, and hot flush (1% each) [75]. Furthermore, subset analysis of 

the Phase III studies was performed to evaluate the safety and efficacy of elagolix (300 mg 

twice a day) with add-back therapy (1 mg E2/0.5 NETA once a day) in reducing HMB 

associated with UFs in various subgroups of women over 6 months of treatment where 

subgroups analyzed included age, body mass index, race, ethnicity, baseline MBL, fibroid 

location, and uterine and primary fibroid volume (largest fibroid identified by ultrasound). 

Study concluded efficacy of elagolix with hormonal add-back therapy in reducing HMB 

associated with UFs independent of any of these factors [79].

2.7. Regulatory affairs:

Pharmacoeconomic study was conducted to assess the cost–effectiveness of Elagolix versus 

GnRH agonist LA in women with moderate to severe endometriosis pain using a Markov 

model with a positive net monetary benefit (NMB) in favor of Elagolix over LA over 1- and 

2-year time horizons [80].

Elagolix was developed by AbbVie and Neurocrine Biosciences for management of 

hormone-dependent reproductive disorders in women. Subsequently, In July 2018, the US 

FDA approved elagolix tablets (ORILISSA™) for management of moderate to severe pain 

associated with endometriosis. In May 2020, FDA approved ORIAHNN™ (Elagolix, 

estradiol, and norethindrone acetate capsules; Elagolix capsules) as the first oral medication 

for the management of heavy menstrual bleeding due to UFs in pre-menopausal women as 

One capsule (elagolix 300 mg, E2 1 mg, NETA 0.5 mg) in the morning and one capsule 

(elagolix 300 mg) in the evening for up to 24 months [33, 75].

3. Conclusion:

Uterine Fibroids are the most common benign tumor in reproductive age women worldwide, 

with financial burden of hundreds of billions of dollars annually including direct cost of 

hospital admission and medical management as well as indirect cost of loss of wages and 

productivity loss. Unfortunately, there is limitation in available long-term treatment options. 

Thus, there is a large unmet need in the UF space for noninvasive therapeutics. Elagolix is 

an oral GnRH antagonist that suppresses steroidal hormones production in a dose-dependent 

manner. Elagolix with add-back therapy is the first oral FDA approved drug for management 

of UF associated HMB up to 24 months due to the risk of continued bone loss.
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4. Expert opinion

Alternative therapies have developed proposing women other options for symptomatic 

control (pharmacological treatment) rather than a definite cure with a side damage (surgical 

intervention). Many of these innovative therapies exploit UF dependence on ovarian 

hormones. Medical therapy aims either as a short term goal to temporarily relieve women for 

symptoms until their surgical intervention is sought as or as long term one until there is a 

natural regression of UF after menopause [81]. Unfortunately, traditional hormonal medical 

therapies carry intrinsic risks of their own and often fail in long-term control symptoms [82].

Classically, combined oral contraceptive pills (COCs) was an attracting option for 

gynecologists to control UF related bleeding, considering their low cost and relatively good 

safety profile [83]. However, COCs showed limited efficacy especially in tumor shrinkage 

outcome[83]. Also, FDA approved the use of levonorgestrel-releasing intrauterine system in 

2009 to treat women with HMB. However, studies have shown conflicting results on its 

efficacy in controlling UF related bleeding [84–87].

Similarly, GnRH agonist LA was one of the first used medical anti-UF treatment. In 1999, 

FDA approved its utility as a preoperative short-term additive in women with symptomatic 

UF for anemia improvement due to HMB [4, 83, 88, 89]. However, acting as agonist is 

accompanied with delayed onset of action as well as worsening the UF related symptoms 

due to the initial estrogen flare effect. Additionally, its prolonged hypoestrogenism effect 

resulted in higher risk of BMD loss. Fortunately, this BMD changes are reversible only if 

treatment course is limited to 6 months. Nonetheless, continued therapy resulted in 

progressive and irreversible BMD loss [90]. In addition, classic menopausal side-effects 

such as hot flashes, vaginal dryness, and headaches limit the treatment to 6 months as well 

without add-back therapy [91].

Selective progesterone receptor modulators (SPRMs) have been studied extensively in the 

last few years with initial promising effects in induction of amenorrhea and shrinking tumor 

size [16]. SPRMs are synthetic ligands targeting the progesterone receptor (PR) with mixed 

agonist and antagonist activities [92]. Their indication as emergency contraception, 

termination of pregnancy, premenstrual syndrome and assisted reproduction are due their 

tissue-selective effects [93]. Moreover, expression of PR in endometrial and fibroid cells 

encouraged SPRMs investigations against UF, AUB, dysmenorrhea and endometriosis [82]. 

SPRMs family includes Mifepristone, Asoprisnil, Onapristone, ulipristal acetate (UPA), 

Lonaprisan, Vilaprisan and Telapristone. Notably, enthusiasm about SPRMs was attributed 

to their minimal effect on serum estrogen levels therefore they are not expected to induce 

menopausal-like symptoms or subsequent bone loss [92–95]. Vilaprisan dosed in 1–5 mg 

daily for 12 week induced profound bleeding cessation in women with UFs which supported 

further advancement of clinical trials to evaluate vilaprisan in women with symptomatic UFs 

[96]. However, long-term toxicological animal studies using high doses revealed safety 

concerns, therefore all current trials were paused [97]. A main known risk with the use of 

SPRMs is their association with a reversible morphological change in the endometrial lining 

known as progesterone-receptor modulator-associated endometrial changes (PAECs) after 

prolonged exposure [82, 98]. UPA was approved and prescribed in Europe, Canada and 
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Australia for few years but recent studies found that UPA could cause liver failure that may 

require liver transplantation [17, 18] and EMA called for temporary suspension of UPA 

(Esmya™) and generic medicines sales. Off note, The EMA’s review is restricted only to 

UPA 5mg for the treatment of UFs and does not affect its use in 30mg as a single-dose 

medicine (ellaOne) for EC, as there is currently no concern about liver injury with the latter 

[99].

The utility of new-generation oral GnRH-antagonists, such as elagolix, relugolix and 

linzagolix is offering a new potential opportunity for the future therapy of UFs: elagolix has 

been the most studied drug of this class for treating benign gynecological diseases including 

endometriosis and UFs, for which it has been approved in 2018 and 2020 respectively [100, 

101]. Notably, elagolix is the only and first FDA approved oral treatment for UF associated 

bleeding with advantage over the injectable antagonists that it offers less frequent regimen 

and better safety profile. Studies explored different dosage regimens of elagolix to balance 

the efficacy and safety and concluded 300 mg twice daily in combination with add back 

therapy to fit the best based on Phase III ELARIS studies as well as population-based PK 

studies. Further studies will identify best population to benefit from the therapy in addition 

to long term safety profile. Interestingly, upon drug discontinuation, hormonal level was 

found to return rapidly to normal values along with restoration of menstruation which 

represent an advantage for women pursuing future fertility [102]. Recently, a case report was 

published showing a debulking effect of elagolix on a uterine adenomyoma [103].

Other GnRH-antagonist, relugolix is recently licensed in Japan for UF related symptoms 

management following several Phase III clinical trials showing it efficacy in UF associated 

pain [102, 104]. In United States, extensive phase III studies are currently exploring its 

efficacy in UF and prostate cancer. For prostate cancer, relugolix, as oral androgen 

deprivation therapy, achieved rapid, sustained suppression of testosterone levels that was 

superior to that with leuprolide, with a 54% lower risk of major adverse cardiovascular 

events [105]. For UF, ongoing phase III 24 week trials (Liberty 1 and 2) are conducted in 

women with UF associated HMB exploring combination therapy of relugolix 40 mg, E2 1 

mg, NETA 0.5 mg, or delayed relugolix combination therapy (relugolix 40 mg monotherapy 

followed by relugolix combination therapy, each for 12 weeks) compared to placebo control 

(LIBERTY 1, NCT03049735; LIBERTY 2, NCT03103087). Of note, relugolix has longer 

t1/2 that allows for once daily administration and may improve patients’ compliance in long-

term therapy [106].

The recent explored GnRH antagonist is linzagolix (OBE2109), alone and in combination 

with add-back therapy in 2 ongoing prospective, randomized, parallel-group, double-blind, 

placebo-controlled phase III studies for treatment of UF associated HMB in premenopausal 

women(NCT03070951 and NCT03070899).
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Article highlights:

• Uterine Fibroid has a profound impact on patients’ quality of life and health 

care costs worldwide.

• The mechanism underlying uterine fibroids pathogenesis remains unclear, 

which in turn limits its effective treatment. Current investigated treatment 

options aim to halt their hormonal dependent growth including gonadotropin 

releasing hormone (GnRH) analogs (agonists and antagonists).

• If possible, many women with UFs would choose pharmacological treatment 

over a surgical treatment to secure their future family plans and avoid major 

surgeries.

• Elagolix is an orally bioavailable, second-generation, non-peptide GnRH 

antagonist recently approved by the US Food and Drug Administration (FDA) 

in combination with estradiol/norethindrone acetate for the management of 

heavy menstrual bleeding associated with uterine fibroids in premenopausal 

women up to 24 months.

• Following elagolix discontinuation, hormonal level was found to return 

rapidly to normal values along with restoration of menstruation which 

represent an advantage for women pursuing future fertility.
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Figure 1: 
Chemical structure of elagolix
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Table 1:

Pharmacokinetic Properties of elagolix in Healthy Subjects

Absorption

Tmax (h) 1.5(1.0 – 4.0)

Effect of Food

High-fat meal (826kcal, 52% fat, relative to fasting) AUC: ↓25%, Cmax: ↓36%

Distribution

% Bound to human plasma proteins 80

Blood-to-plasma ratio 0.6

Metabolism CYP3A (major)Minor pathways include: CYP2D6, CYP2C8, and uridine glucuronosyl 
transferases (UGTs)

Elimination

Major route of elimination Hepatic metabolism

Terminal phase elimination half-life (t1/2) (h) 5.9± 2.1

% of dose excreted in urine <3

% of dose excreted in feces 90
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Table 2:

Clinical trials exploring elagolix efficacy in uterine fibroids associated bleeding

Trial Type Treatment 
groups

Enrolled 
patients

Treatment 
period

Primary Outcome Measures Reference

NCT01441635 Phase IIa 
Placebo-
controlled, dose-
ranging, 
multiple cohort 
(completed)

Elagolix 300 mg 
twice daily ± 
add-back 
Elagolix 600 mg 
once daily 
Elagolix 200 mg 
twice daily ± 
add-back 
Elagolix 400 mg 
once daily 
Elagolix 100 mg 
twice daily 
Placebo

Elagolix 
alone, 160 
Elagolix + 
add-back, 61 
Placebo, 50 
Total, 271

3 months Mean Change from Baseline to 
the Last 28 Days of Treatment 
in Menstrual Blood Loss 
(MBL) using the alkaline 
hematin method

[30]

NCT01817530 Phase IIb 
Double-blind, 
placebo-
controlled, 
parallel group 
(completed)

Elagolix 300 mg 
twice daily ± 
add-back 
Elagolix 600 mg 
once daily ± add-
back Placebo

Elagolix 
alone, 142 
Elagolix + 
add-back, 282 
Placebo, 143 
Total, 567

6 months Percentage of women who had 
less than 80 mL menstrual 
blood loss and 50% or greater 
reduction in menstrual blood 
loss from baseline to the last 28 
days of treatment. Safety 
assessments included changes 
in bone mineral density.

[31]

NCT02654054 
(ELARIS UF-I)

Phase III 
Double-blind, 
placebo-
controlled 
(completed)

Elagolix 300 mg 
twice daily 
Elagolix 300 mg 
twice daily ± 
add-back Placebo

Total 412 6 months Percentage of responders, 
defined as participants who 
met the following conditions: - 
Menstrual blood loss (MBL) 
volume < 80 mL during the 
Final Month (the last 28 days 
prior to and including the last 
dose date), and - ≥ 50% 
reduction in MBL volume from 
Baseline to the Final Month.

[67]

NCT02691494 
(ELARIS UF-
II)

Phase III 
Double-blind, 
placebo-
controlled 
(completed)

Elagolix 300 mg 
twice daily 
Elagolix 300 mg 
twice daily ± 
add-back Placebo

Total 378 6 months Percentage of responders, 
defined as participants who 
met the following conditions: - 
Menstrual blood loss (MBL) 
volume < 80 mL during the 
Final Month (the last 28 days 
prior to and including the last 
dose date), and - ≥ 50% 
reduction in MBL volume from 
Baseline to the Final Month.

[67]

NCT02925494 
(ELARIS UF-
EXTEND)

Phase III 
Double-blind, 
placebo-
controlled 
(completed)

Elagolix 300 mg 
twice daily ± 
add-back

Elagolix 
alone, 98 
Elagolix + 
add-back, 218 
Total 433

Additional 6 
months after 
completion 
of 6 months 
in ELARIS 
UF-I or II

Percentage of responders, 
defined as participants who 
met the following conditions: - 
Menstrual blood loss (MBL) 
volume < 80 mL during the 
Final Month (the last 28 days 
prior to and including the last 
dose date), and - ≥ 50% 
reduction in MBL volume from 
Baseline to the Final Month. 
Safety evaluations included 
adverse events and bone 
mineral density changes. 
Safety evaluations included 
adverse events and bone 
mineral density changes.

[68]

NCT03271489 Phase IIIb, 
placebo-
controlled, 
double-blinded 
in the first year 
and an open-

Elagolix + add-
back Placebo

500 
participants 
estimated

12 months Change in Bone Mineral 
Density (BMD)

Expert Rev Clin Pharmacol. Author manuscript; available in PMC 2022 April 01.

https://clinicaltrials.gov/ct2/show/NCT01441635
https://clinicaltrials.gov/ct2/show/NCT01817530
https://clinicaltrials.gov/ct2/show/NCT02654054
https://clinicaltrials.gov/ct2/show/NCT02691494
https://clinicaltrials.gov/ct2/show/NCT02925494
https://clinicaltrials.gov/ct2/show/NCT03271489


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Ali et al. Page 22

Trial Type Treatment 
groups

Enrolled 
patients

Treatment 
period

Primary Outcome Measures Reference

label for the next 
three years 
(ongoing)

NCT03886220 Phase III 
Double-blind, 
placebo-
controlled 
(ongoing)

Elagolix Placebo 48 participants 
estimated

6 months Percentage of Participants with 
Menstrual Blood Loss (MBL) 
volume < 80 mL at Final 
Month and >= 50% Reduction 
in MBL Volume from Baseline 
to the Final Month
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