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Practice points

• Endometriosis is a chronic, debilitating, inflammatory disease affecting 6–10% of women of reproductive age.
• Endometriosis is associated with chronic pelvic pain symptoms.
• Endometriosis-associated pain can lead to central sensitization.
• Estrogen dominance, in conjunction with progesterone resistance, plays a pivotal role in endometriosis by

promoting the establishment and progression of the disease.
• Estrogens promote the implantation of endometrial tissue into the peritoneum, stimulate angiogenesis and

neurogenesis in the lesions, and enhance local and systemic inflammation.
• Elagolix is a novel, nonpeptide, orally active gonadotropin-releasing hormone receptor antagonist that has

recently been approved by the US FDA for the management of moderate to severe endometriosis-associated pain.
• Elagolix competitively inhibits gonadotropin-releasing hormone receptors in the pituitary gland and leads to a

rapid and dose-dependent reduction in circulating gonadotropins and ovarian sex hormones, including estradiol.
• The Phase III program consisted of two large, multicenter, double-blind, randomized, placebo-controlled,

6-month trials (Elaris Endometriosis I and II [Elaris EM-I and Elaris EM-II]) with two elagolix doses (150 mg once
daily and 200 mg twice daily) and two double-blind, randomized, 6-month extension studies in women with
endometriosis-associated pain (Elaris EM-III and Elaris EM-IV).

• Both higher and lower doses of elagolix were effective in improving dysmenorrhea and nonmenstrual pelvic pain
during a 6-month period in the placebo-controlled Phase III trials (Elaris EM-I and Elaris EM-II).

• Long-term extension studies showed sustained reductions in dysmenorrhea, nonmenstrual pelvic pain and
dyspareunia (Elaris EM-III and Elaris EM-IV).

Endometriosis is an estrogen-dependent chronic inflammatory disease associated with pelvic pain symp-
toms that are often severe, mainly dysmenorrhea, nonmenstrual pelvic pain and dyspareunia. This con-
dition is also associated with peripheral and central sensitization. The current medical treatment options
for endometriosis-associated pain are limited. Recently, the US FDA approved the novel, oral, nonpep-
tide gonadotropin-releasing hormone antagonist elagolix for the management of moderate to severe
endometriosis-associated pain. Elagolix produces dose-dependent estrogen suppression, from partial sup-
pression at lower doses to nearly full suppression at higher doses. This review article summarizes the
current understanding of the pathophysiology of endometriosis, with a focus on the role of estrogen
and the mechanisms of pain symptoms, and reviews the clinical development of elagolix in women with
endometriosis-associated pain.
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Endometriosis is a debilitating, estrogen-dependent, inflammatory disease that affects 6−10% of women of re-
productive age [1,2]. It is characterized by the presence of endometrium-like tissue outside the uterine cavity, most
commonly on proximal pelvic organs and peritoneum, but can be found adherent to and invading into viscera
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throughout the body. The major clinical sequelae of the disease are chronic pelvic pain and infertility. The pelvic pain
symptoms include dysmenorrhea, nonmenstrual pelvic pain (NMPP), dyspareunia and less commonly, dyschezia,
dysuria and other pain symptoms [1]. Endometriosis-associated pain can be severe and lead to decreased quality
of life and economic burden. In addition, deep dyspareunia can cause substantial psychological and relational
distress [3]. The economic burden of endometriosis is substantial and affects women with direct medical costs, such
as hospitalization, multiple surgeries, office visits and loss of work productivity, which is double that of healthcare
costs [4–7]. In fact, the economic burden of endometriosis is comparable with that of other chronic diseases, such as
diabetes, Crohn’s disease and rheumatoid arthritis [6,8]. Laparoscopy has long been considered the ‘gold standard’
method of diagnosing endometriosis. However, there is a delay ranging from 5 to 9 years between symptom onset
and definitive diagnosis of endometriosis by laparoscopy, depending on country and healthcare settings, which have
been shown to be associated with reduced health-related quality of life [5,9].

The etiology of endometriosis is largely unknown, and its pathogenesis is complex and includes retrograde men-
struation, genetic and environmental factors, progesterone resistance, local and systemic immunologic dysfunction
and inflammation, and stem cell differentiation [2,10]. Estrogen, in conjunction with progesterone resistance, plays
a pivotal role in these processes by promoting the establishment and progression of the disease [1,2].

Surgery and medical therapy are the two cornerstones of endometriosis management. Although surgery improves
fertility in women with endometriosis and can lead to improvement in pain [11], at least 50−75% of women need
analgesics or hormonal treatments because of pain recurrence within 2−5 years after surgery [12,13]. The recurrence
of pain after surgery might be due to either incomplete resection of the lesions or disease recurrence, and radical
surgery (i.e., hysterectomy with oophorectomy) is often used as the last option [14]. Therefore, women with
endometriosis-associated pain require long-term medical treatments until menopause, most commonly repeated
cycles of various hormonal therapies often in combination with analgesics [1]. Nonsteroidal anti-inflammatory
drugs (NSAIDs), progestins and estradiol- and progestin-containing combined oral contraceptives (COCs) are
typically used as first-line therapies for endometriosis-associated pain [11]. Second-line therapies include injectable
depot formulations of gonadotropin-releasing hormone (GnRH) agonists, such as leuprolide acetate (LA), depot
progestins (depot medroxyprogesterone acetate [DMPA]) and opioids [1,11]. However, these treatment options are
limited and have shortcomings, such as limited efficacy (COCs, NSAIDs), tolerability issues including unacceptable
irregular bleeding, bloating and weight gain (depot progestins), severe hypoestrogenic side effects (GnRH agonists,
aromatase inhibitors) and addiction risk (opioids) [11,15,16]. Hormonal therapy is effective in reducing endometriosis-
associated pain, but response to different hormonal agents is highly variable and unpredictable. As a result, multiple
trials of medications are frequently used, which place significant burden on patients. Oral contraceptives and
NSAIDs are effective in reducing dysmenorrhea, but there is less evidence regarding their efficacy for NMPP and
dyspareunia [17]. In addition, women with endometriosis develop progesterone resistance, which may explain failure
of progestin-containing therapies, including COCs [18]. Although GnRH agonists (e.g., LA) are effective in reducing
dysmenorrhea and NMPP [19], they induce profound estrogen suppression associated with progressive bone loss.
Therefore, their use is restricted to 6 months without add-back therapy. However, according to the ‘estrogen
threshold hypothesis’, which is based on differences in tissue sensitivity to estrogen, full estrogen suppression may
not be needed to control endometriosis-associated pain and estrogen could be partially suppressed to a level that is
sufficient to control pain but minimizes hypoestrogenic effects, including vasomotor symptoms and bone loss [20].

In July 2018, the US FDA approved elagolix 150 and 200 mg, a novel, oral GnRH antagonist, for the management
of moderate to severe endometriosis-associated pain, the first new chemical entity for the treatment of endometriosis
since the approval of LA in 1999. The recommended duration of treatment for women with normal liver function
or mild hepatic impairment is 24 months for elagolix 150 mg once daily (QD) and 6 months for elagolix 200 mg
twice daily (BID) [21].

Elagolix is an oral, nonpeptide GnRH antagonist. Both injectable and oral GnRH antagonists competitively
inhibit GnRH receptors in the pituitary gland and lead to a rapid reduction in circulating gonadotropins and
ovarian sex hormones, including estradiol [22]. This mechanism is different from that of GnRH agonists, which
after an initial stimulatory phase desensitize GnRH receptors in the pituitary and subsequently cause cessation of
pituitary gonadotropin production and full suppression of estradiol to levels that are equivalent to those associated
with bilateral oophorectomy (Figure 1) [23]. In contrast to GnRH agonists, there is also a rapid cessation of hormonal
suppression after stopping GnRH antagonist treatment. Therefore, oral GnRH antagonists provide a potential for
adjusting the dose to balance efficacy and safety, which cannot be achieved with injectable GnRH antagonists and
has not been clinically implemented with injectable GnRH antagonists. Elagolix produces dose-dependent estrogen
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Figure 1. Mechanism of action of gonadotropin-releasing hormone antagonists versus depot gonadotropin-releasing hormone
agonists. The figures in the upper level present the interaction of native GnRH (A), depot GnRH agonists (B) and GnRH antagonists (C)
with the GnRH-R in the pituitary gland. The corresponding figures in the lower level present relative estradiol suppression. (A) Native
GnRH is released in a pulsatile manner from the hypothalamus. The frequency of GnRH pulses regulates cyclic changes in gonadotropins
(LH, FSH) and estradiol concentrations during the cycle. (B) Depot GnRH agonists initially stimulate the HPO axis, which results in a
transient hormonal flare. Continued stimulation of GnRH-R consequently leads to their desensitization and profound suppression and
profound estradiol suppression. (C) GnRH antagonists competitively bind to GnRH-R and produce rapid and dose-dependent suppression
of the HPO axis, which results in a partial estradiol suppression at lower doses to nearly full suppression at higher doses.
FSH: Follicle-stimulating hormone; GnRH: Gonadotropin-releasing hormone; GnRH-R: GnRH receptor; HPO:
Hypothalamo–pituitary–ovarian; LH: Luteinizing hormone.

suppression, from partial suppression at lower doses to nearly full, but not complete, suppression at higher doses.
The objectives of this review are to summarize the pathogenesis and pathophysiology of endometriosis, with a focus
on the role of estrogen in this disease, discuss the mechanisms of pain symptoms and review the discovery and
clinical development of elagolix for the management of endometriosis-associated pain.

Pathogenesis, pathophysiology & mechanism of pain in endometriosis
Pathogenesis
Several theories have been developed to clinically explain how endometriosis implants in proximal pelvic organs
and distant visceral organs. However, the actual pathogenesis of endometriosis remains uncertain.

Among the earliest and most widely accepted theories on the pathogenesis of endometriosis is Sampson’s theory
of retrograde menstruation [24–27]. Other theories include the lymphovascular metastasis theory [28,29] and the
stem cell theory, which is based on dysregulation of endometrial stem cells implanting and generating ectopic
endometrium via retrograde menstruation containing endometrial stem/progenitor cells [30] and via a circulating
source of stem/endometrial progenitor cells [31,32].

Endometriosis is a complex disease caused by multiple variants and environmental factors, with approximately
50% of risk due to genetic factors [33,34]. Molecular techniques, including genome-wide association studies (GWAS)
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and family-based linkage studies, have identified several candidate genes located near known loci related to the
development and regulation of female reproductive organs, including genes involved in sex steroid hormone
pathways. A recent meta-analysis of 11 GWAS provided evidence for ten independent loci significantly associated
with endometriosis risk, particularly at stage III/IV [35]. However, GWAS are accumulating evidence of common,
‘old’ genetic variants with the modest effect size and have been able to explain only a fraction of genetic risks to date.
Family-based linkage studies using whole exome or genome sequencing showed promise to identify rare variants
with high effect size associated with endometriosis risk [36]. In addition, autosomal cancer-associated mutations,
including KRAS mutation, have been found in endometriotic lesions [37], showing further complexity of this disease.

Pathophysiology & the role of estrogen
Supported by molecular and clinical evidence, estrogen, in conjunction with progesterone resistance, plays a
pivotal role in endometriosis by promoting the establishment and progression of the disease. Estrogen promotes
implantation of endometrial tissue into the peritoneum, stimulates angiogenesis and neurogenesis in the lesions, as
well as enhances local and systemic inflammation [1,2].

Both estrogen receptor α (ERα) and estrogen receptor β (ERβ) are expressed in endometriotic lesions. However,
ERα levels are lower and ERβ are higher compared with normal endometrium [38]. ERβ seems to play a unique
role in the progression of endometriosis by preventing the action of TNF-α induced apoptotic machinery and
enhancing adhesion and proliferation of endometriotic cells [39]. It may also contribute to progesterone resistance
in women with endometriosis [40].

Coordinated vasculogenesis and neurogenesis within the endometriosis lesion and its microenvironment are
believed to support implantation and proliferation. Estrogen promotes survival of the endometriosis implants
though several pathways involving nuclear and extranuclear ER signaling [41]. Estrogen also stimulates the production
of inflammatory cells and cytokines that damage the mesothelium and facilitate adherence [2]. Estrogen has been
found to increase levels of NGF, a major neurotrophic growth factor [42]. NGF expression is greater in peritoneal,
ovarian and rectovaginal endometriosis than in eutopic endometrium [43].

Endometriosis is also characterized by an increased local production of estradiol (E2) and prostaglandin E2 (PGE2)
by autoregulatory positive feedback mechanisms, which further stimulate disease progression [2,44]. Specifically,
PGE2 stimulates both the aromatase and the steroidogenic acute regulatory protein, which regulates the first step
in local estrogen biosynthesis (i.e., the entry of cholesterol into the mitochondrion) [2]. Both aromatase levels and
activity are increased selectively in endometriotic cells but not eutopic endometrial stromal cells [45]. Aromatase,
one of the key enzymes that converts cholesterol to estrone (E1), is stimulated to produce more E2 and PGE2,
resulting in a positive feedback loop. These findings support the ability of endometriosis lesions to independently
elevate the estrogen level in their microenvironment and proliferate.

Progesterone resistance also plays an important role in the establishment and progression of endometriosis [1].
Since progesterone is the major hormone suppressing estrogen-induced endometrial proliferation and inflamma-
tion, a decrease in progesterone action contributes to estrogen dominance in endometriosis. The mechanism of
progesterone resistance is still unclear, but local and systemic inflammation, decrease in tissue progesterone receptor
and ERα expression with concomitant increase in ERβ expression, as well as aberrant expression of nuclear re-
ceptor coregulators, have been implicated in this phenomenon [39,40,46]. Progesterone resistance may be important
clinically, because it was shown that progesterone receptor status in endometriotic lesions predicts response to
progestin therapy [18]. Thus, progesterone resistance may explain why some women became resistant to initial
therapy with COCs or progestins. Additionally, in endometriotic tissues, progesterone fails to induce epithelial
17β-hydroxysteroid dehydrogenase type-2 expression [47]. This enzyme typically metabolizes the biologically active
E2 to E1. Inactivity of 17β-hydroxysteroid dehydrogenase type-2 results in deficient metabolism of E2 and ele-
vated levels of E2 locally [48]. Elevated levels of E2 in the microenvironment of the endometriosis lesion promote
proliferation by mechanisms previously described.

The role of inflammation and evasion from immune clearance in the pathogenesis of endometriosis cannot be
overstated. Evidence involving dysregulation of the innate immune system, including macrophages, eosinophils,
natural killer cells and mast cells that produce prostaglandins, several proinflammatory cytokines and growth
factors in the development and progression of endometriosis exists [49]. Estrogen also stimulates local and systemic
inflammation in women with endometriosis [50].
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Mechanisms by which endometriosis causes pain & pain sensitization
Women with endometriosis may present with various pain symptoms, including dysmenorrhea, chronic NMPP,
dyspareunia, dyschezia and dysuria [1]. However, severe and progressive dysmenorrhea is the most characteristic pain
symptom of endometriosis. The underlying mechanisms of endometriosis pain symptoms are complex and seem
to include peripheral (nociceptive, inflammatory and neuropathic pain) and central (sensitization, hyperalgesia)
processes [51].

Increased prostaglandin production by cyclooxygenase-2 in the uterus or endometriotic lesions during bleeding
seems to play a pivotal role in pain associated with endometriosis, particularly dysmenorrhea. Cyclooxygenase-2
is an inducible enzyme, and its production is induced by a number of inflammatory, mitogenic and physical
stimuli. The proinflammatory cytokines TNF-α and IL-1 stimulate the release of PGE2 and prostaglandin F2α

(PGF2α) in endometrial cells, and PGE2 and PGF2α are elevated in endometriotic implants [52]. Both PGF2α

and PGE2 stimulate myometrial contractions during menstruation, and PGE2 induces pain directly [53]. Thus,
prostaglandin-increased uterine contractility during menstruation, often perceived as cramping, seems to represent
the key mechanism of dysmenorrhea. Consistent with this mechanism, NSAIDs are often used as a first-line therapy
for endometriosis-associated dysmenorrhea [1]. Some researchers proposed that the eutopic endometrium in women
with endometriosis compared with women without endometriosis is infiltrated by nerve fibers, and the density of
nerve fibers within the lesions may be associated with menstrual pain [54,55]. Subsequent studies have found that
the nerve fibers are also increased in the eutopic endometrium in women with adenomyosis and uterine fibroids,
conditions that are also associated with dysmenorrhea [56,57].

Several investigators have hypothesized that endometriosis-associated pain can be attributed to the development
of new blood vessels and neurons within the endometriotic lesions (neuroangiogenesis) or the degree of tissue
damage caused by endometriotic lesions and local and systemic inflammation [58–60]. In fact, in women with
endometriosis, several inflammatory mediators, including proinflammatory cytokines (e.g., IL-1β, IL-6, TNF-α),
prostaglandins and NGF, are elevated in peritoneal fluid or endometriotic lesions [49]. These mediators may activate
nociceptors on the afferent neurons by stimulating sensory nerve fibers within the lesions, leading to the sensitization
of sensory neurons and triggering pain signal cascade [60]. More recently, the ATP-gated purinergic receptor P2X
ligand-gated ion channel 3 (P2X3), which is crucially involved in peripheral nociceptive processes of somatic
and visceral pain, was implicated to be involved in endometriosis-associated pain via the extracellular-regulated
protein kinases signaling pathway [61]. This preliminary study also suggested that increased P2X3 expression in
endometriotic lesions is correlated with endometriosis pain intensity. This study also showed that IL-1β induces
endometrial stromal cells to rapidly release ATP. ATP acts as a transmitter of signals in the synapse, has a broad
range of activities in inflammatory pathways and has been implicated in chronic inflammatory diseases [62]. ATP
is activated by inflammatory mediators such as IL-1β and released in various tissues during inflammation. IL-1β

released from endometriotic lesions may directly activate P2X3 on sensory nerve fibers in endometriotic lesions
and contribute to pain. Endometriosis is also thought to induce neuropathic pain. This type of pain is produced by
damage or dysfunction of the peripheral nervous system and CNS. Although the exact contribution of neuropathic
pain to the overall endometriosis-associated pain symptoms is still unknown, exploratory studies suggest that clinical
features of neuropathic pain are present in more than 50% of women with chronic pelvic pain [63]. These peripheral
mechanisms may play a key role in NMPP, dyspareunia and dyschezia. However, no correlation exists between
the amount of endometriosis seen at laparoscopy and the severity of pain symptoms [64,65], an observation that
further demonstrates the complexity of endometriosis-associated pain and the involvement of other mechanisms,
including central sensitization.

Peripheral and central sensitization are considered key components of chronic pain [66], regardless of cause, which
is associated with alterations in the structure and function of the CNS [67]. These mechanisms were characterized
in animal models of endometriosis and in women with endometriosis. In the rat model of endometriosis, the
presence of endometriotic lesions was associated with vaginal hyperalgesia [68]. A decrease in gray matter density
and volume in the thalamus, cingulate cortex, insular cortex, prefrontal cortex and periaqueductal gray have been
consistently found in people with chronic pain conditions [69,70] and have been corroborated in women with
endometriosis [71,72]. Women with endometriosis-associated chronic pelvic pain exhibit nonpelvic hyperalgesia and
decreased gray matter volume in key neural pain-processing regions of the CNS [71] and increased levels of insula
excitatory neurotransmitter concentrations [72]. A diagnostic delay may contribute to the development of peripheral
and central sensitization in women with endometriosis.
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Figure 2. Chemical structure of elagolix.

In summary, endometriosis is a chronic inflammatory condition that is associated with often severe pelvic pain,
with estrogen playing a key role in this condition.

Elagolix & other oral GnRH antagonists
The cloning of the human GnRH receptor (hGnRH-R) as well as the subsequent characterization of its binding
pocket, was a starting point for drug discovery of small molecules that bind to the human receptor. The stable
expression of hGnRH-R allowed for high-throughput screening for nonpeptide, orally active GnRH antagonists that
was subsequently initiated by several pharmaceutical companies [73]. Using this technology, a focused drug discovery
program of oral GnRH antagonists was also initiated by Neurocrine Biosciences, California, that led to discovery
of several lead compounds, including novel uracils [74,75]. Elagolix (Figure 2) was selected for further development
based on its high binding affinity to hGnRH-R, reduced interaction with liver P450 enzymes (CYP3A4 and
CYP2C19) and high efficacy in suppressing luteinizing hormone (LH) in castrated male cynomolgus macaques [76].
Based on toxicology studies in pregnant rats and rabbits, elagolix may increase the risk of early pregnancy loss. No
fetal malformations were observed in embryofetal development studies in rats and rabbits [21].

Other oral GnRH antagonists under development for endometriosis
Two other oral GnRH antagonists, relugolix (TAK-385; Myovant Sciences, Takeda and ASKA Pharmaceutical) [77]

and linzagolix (OBE-2109, KLH-2109; ObsEva, Kissei Pharmaceutical Co.) reached an advanced stage of clinical
development for the treatment of pain associated with endometriosis and heavy menstrual bleeding associated
with uterine fibroids. Both compounds are currently in Phase III clinical trials for endometriosis indication. Re-
lugolix is being developed for endometriosis as QD treatment (40 mg) in combination with E2 1.0 mg/NETA
0.5 mg add-back therapy (ClinicalTrials.gov, NCT03204318, NCT03204331 and NCT02778919). Relugolix
was recently approved in Japan as a treatment for symptoms associated with uterine fibroids (ClinicalTri-
als.gov, NCT02655237) [78], and is also being developed for the treatment of prostate cancer (ClinicalTri-
als.gov, NCT03085095) [79]. Only the results of a Phase I study with relugolix alone and in combination with
estradiol/norethindrone acetate add-back therapy in healthy premenopausal women have been published to date [80].
ObsEva recently announced the initiation of a development program with linzagolix that includes two Phase III
studies of identical design investigating a 75-mg single dose of linzagolix without E2 1.0 mg/NETA 0.5 mg add-
back therapy and a 200-mg single dose of linzagolix with add-back therapy (EDELWEISS 2 [US] and EDELWEISS
3 [Europe]) [81].
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Phase I studies with elagolix
Several drug interaction studies have been conducted with elagolix [21]. Elagolix is a weak to moderate inducer
of CYP3A and may decrease plasma concentrations of drugs that are substrates for this enzyme such as the
benzodiazepine midazolam [21]. It is recommended to increase the dose of midazolam and individualize therapy
based on patient’s response. Elagolix may also decrease the plasma concentration of rosuvastatin, and an increased
dose of rosuvastatin should be considered when coadministered with elagolix.

CY3A has been implicated in the metabolism of COCs. Therefore, drug interaction studies were also conducted
for elagolix 150 mg QD with norethindrone 0.35 mg QD and the triphasic COC containing ethinyl estradiol 35
μg and norgestimate 0.18/0.215/025 mg QD (a prodrug of norgestrel). No clinically significant changes in plasma
concentrations of norethindrone, norelgestromin (metabolite of norgestimate) and norgestrel were observed [21].
Based on these studies, elagolix is not expected to affect the contraceptive efficacy of progestin-only contraceptives
and COCs. These results are consistent with a limited role of CYP3A in the metabolism of COC components [82].

Elagolix is also an inhibitor of efflux transporter P-glycoprotein and may increase plasma concentrations of
drugs that are a substrate of P-glycoprotein (e.g., digoxin). Clinical monitoring is recommended for digoxin when
coadministered with elagolix.

The safety, pharmacokinetics and inhibitory effects on serum LH, follicle-stimulating hormone (FSH) and
estradiol concentrations was evaluated in a placebo-controlled Phase I study in a limited number of healthy
premenopausal women during a single-dose (50, 100 and 200 mg QD) and 7-day (100 mg BID) oral admin-
istration [83]. This study showed that elagolix was well tolerated and produced a dose-dependent suppression of
gonadotropins and E2, with rapid onset and rapid reversal of effects after discontinuation.

The pharmacokinetics, safety profile and hormone-suppressive effects of elagolix were further evaluated in a
larger Phase I study in healthy premenopausal women during 21 days of continuous administration of increasing
elagolix doses up to 400 mg BID [84]. The results of this study confirmed its rapid absorption, reaching maximum
concentrations at 1.0−1.5 h with a half-life of 4−6 h and a dose-dependent suppression of LH, FSH and E2 within
hours of elagolix administration on day 1 of treatment. Continuous dosing revealed a dose-dependent suppression
of gonadotropins with preferential effect on LH suppression. The E2 suppression reached a maximum using elagolix
at a dose of 200 mg BID. At elagolix doses ≥100 mg BID, anovulatory progesterone concentrations were observed
(Figure 3). The effects of elagolix on hormone suppression were readily reversible after stopping therapy. Elagolix
demonstrated an acceptable safety profile in this study. The adverse event of hot flush was reported more frequently
at higher elagolix doses; however, these events were mild in severity. The results of this study established a rationale
for dose selection for Phase II and III studies in women with endometriosis and uterine fibroids by defining the
doses that provide either partial or near-full E2 suppression.

The population pharmacokinetics was subsequently evaluated in a robust model that included large datasets from
studies in women without and women with endometriosis. This study showed that elagolix pharmacokinetics was
not affected by patient demographics and was similar between women without and women with endometriosis [85].

Effects of elagolix on ovulation & risk of pregnancies

The effects of various elagolix doses were subsequently evaluated in a larger 3-menstrual cycle study in healthy
women. This study showed that treatment with elagolix 150 mg QD and 200 mg BID resulted in ovulation
rates of approximately 50 and 32%, respectively [21]. These results indicate that elagolix is not contraceptive.
Although women were instructed to use dual nonhormonal contraception (i.e., condom or diaphragm used with
spermicide), pregnancies were reported in clinical trials with elagolix [21]. The prescribing information for elagolix
(Orilissa R©) advises to use effective nonhormonal contraception during treatment with elagolix and for 1 week
after its discontinuation. Based on the mechanism of action, estrogen-containing contraceptives are expected to
reduce the efficacy of elagolix. The effect of progestin-only contraceptives on the efficacy of elagolix has not yet
been tested in a clinical trial [21], however, based on the mechanism of action, it is unlikely to be detrimental and
may provide contraception when needed. Similarly, a progestin-containing intrauterine system might also provide
contraception. The addition of a progestin may even provide added efficacy.

Phase II studies in women with endometriosis
Four Phase II studies conducted by Neurocrine Biosciences have been published and are reviewed below. Two initial
exploratory Phase II studies (data on file) have been neither published nor posted on ClinicalTrials.gov. The overall
objective of the Phase II studies was to evaluate the safety and efficacy of elagolix at low doses (ranging from 50
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Figure 3. Dose-dependent suppression of gonadotropins (LH, FSH), E2, and progesterone in healthy premenopausal women.
Concentrations (means + SD) of FSH (A), LH (B), E2 (C) and P (D) during 21 days of dosing with placebo or elagolix. For the placebo group,
the error bars for some time points have been truncated.
BID: Twice daily; E2: Estradiol; FSH: Follicle-stimulating hormone; LH: Luteinizing hormone; P: Progesterone; QD: Once daily; SD: Standard
deviation.
Reprinted with permission from [84].

to 250 mg QD and 75 mg BID) that produce partial estradiol suppression. Although all of these studies included
elagolix 150 mg QD doses, limitations of cross-study comparisons due to differences in study population, study
design and pain assessment methods exist. All of these studies were conducted in women with laparoscopically
confirmed endometriosis and moderate to severe pain.

Safety Phase II randomized study with elagolix versus subcutaneous DMPA (NBI-56418-0603; NCT00437658)

The primary objective of this safety study was to evaluate the effects of elagolix (150 mg QD and 75 mg BID)
versus subcutaneous DMPA (DMPA-SC) on bone mineral density (BMD; primary end point) after treatment
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for 6 months with a subsequent 6-month follow-up period in women with endometriosis-associated pain [86].
DMPA-SC was selected as an active comparator because of its well-established efficacy in reducing endometriosis
pain, which is similar to that of LA [87,88]. The efficacy assessments, which were secondary end points, included:
improvements in dysmenorrhea, NMPP and dyspareunia using the Composite Pelvic Signs and Symptoms Score
(CPSSS; based on 4-point Biberoglu and Behrman [B&B] scale with monthy recall period); and improvement in
pain assessment with visual analog scale (VAS; 0-100) used as an electronic daily diary. All treatments induced
minimal mean changes from baseline in spine BMD at week 24 (elagolix 150 mg: -0.11%, elagolix 75 mg: -1.29%
and DMPA-SC: 0.99%). Elagolix was associated with improvements in endometriosis-associated pain, assessed
with CPSSS and VAS, including statistical noninferiority of elagolix 150 mg QD to DMPA-SC in dysmenorrhea
and NMPP pain components of the CPSSS. There were also improvements in quality of life as measured by
the Endometriosis Health Profile-5 (EHP-5). There were some differences in tolerability between elagolix and
DMPA-SC (e.g., a decrease in uterine bleeding with elagolix vs an increase in breakthrough bleeding and spotting
in the DMPA-SC group). This study showed that elagolix 150 mg QD treatment for 6 months was effective in
improving endometriosis-associated pain with minimal effects on BMD.

Safety & efficacy Phase II study with elagolix versus placebo (NBI-56418-0702; NCT00619866)

The primary objective of this study was to evaluate the safety and efficacy of elagolix (150 mg and 250 mg QD)
versus placebo for 12 weeks [89]. Patients receiving placebo were rerandomized to elagolix and patients receiving
elagolix continued their dosing assignment for 12 additional weeks. The primary efficacy measure was change
from baseline in the monthly mean numerical rating scale (NRS) for pelvic pain at week 12. This study showed a
nonsignificant trend toward greater monthly mean NRS reductions with elagolix versus placebo. However, monthly
mean dysmenorrhea and NMPP pelvic pain scores measured with daily modified B&B scale were reduced with
elagolix, with statistically significant differences versus placebo for dysmenorrhea and dyspareunia during the first
12 weeks (p < 0.05) and minimal changes in BMD.

Safety & efficacy Phase II study with elagolix versus intramuscular LA (NBI-56418-0703; NCT00797225)

In this study, women with endometriosis were randomized to elagolix 150 or 250 QD, placebo or LA 3.75 mg
monthly for 12 weeks [90]. Placebo and LA study participants were rerandomized to elagolix for an additional 12
weeks of treatment. This study was powered to compare elagolix with placebo, not to compare elagolix with LA.
There was no prespecified primary efficacy end point for this exploratory Phase II study. Efficacy measures included
daily assessment of pelvic pain using the NRS and daily assessment of dysmenorrhea and NMPP using a modified
B&B scale adapted for daily use. Significantly greater reductions in monthly mean pelvic pain compared with
placebo (p < 0.05) were observed at both elagolix doses at week 4; elagolix 250 mg at week 8; and LA at weeks
4, 8 and 12; there was no statistically significant benefit with elagolix at week 12. During treatment weeks 4−12,
both elagolix doses partially suppressed median E2 concentrations (150 mg: 36.4–39.6 pg/ml; 250 mg: 22.0–
26.2 pg/ml) compared with placebo, whereas LA fully suppressed median E2 concentration to 3.6−6.4 pg/ml;
E2 concentrations correspond to percentage reductions in spinal BMD from baseline at week 12 (elagolix 150 mg
QD: -1.05; elagolix 250 mg QD: -0.80; LA: -1.63; placebo: 0.11).

Safety & efficacy Phase II study with elagolix versus placebo (NBI-56418-0901; NCT00973973)

This was a randomized study in women with laparoscopically confirmed endometriosis and moderate to severe
NMPP and dysmenorrhea that consisted of an 8-week, double-blind period with elagolix 150 mg QD and placebo
followed by a 16-week open-label period with elagolix 150 mg QD [91]. The primary outcomes of the study
were changes in dysmenorrhea and NMPP versus placebo at week 8 assessed using an electronic, daily, 4-point
pain-impact diary. The items of this scale, which was based on the modification of the patient-reported B&B
questionnaire, were developed across three stages of qualitative research, and the psychometric properties of the
scale were validated in a Phase II clinical trial [92] according to the FDA guidelines on patient-reported outcome
development [93]. This was the first study that used this scale and showed an increased ability (i.e., greater sensitivity)
to detect change in both dysmenorrhea and NMPP compared with the 4-point scale used in previous elagolix Phase
II studies. Compared with other pain scales, such as NRS and VAS, which assess the intensity of pain, this scale
includes the impact of pain on everyday functioning. This scale was subsequently used in elagolix Phase III studies.
Other clinical outcomes included changes in dyspareunia measured daily, monthly assessment of pain symptoms
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using CPSSS and quality-of-life measures using the EHP-5. The occurrence and intensity of uterine bleeding were
recorded using an electronic daily 4-point bleeding diary.

During the double-blind period of this study at week 8, treatment with elagolix 150 mg QD was associated with
statistically significant reductions in dysmenorrhea and NMPP versus placebo. There was also a statistically signifi-
cant reduction in dyspareunia and cumulative pain scores assessed with CPSSS. Additionally, elagolix treatment was
associated with a significant decrease in analgesic use and improvements in quality-of-life measures. These effects
were maintained during the open-label period of this study. The treatment with elagolix was generally well tolerated.
Over the 24 weeks of treatment, the most frequently reported adverse events were headache, hot flush and nausea
(all 9.9% of women). The amenorrhea rate of women who received elagolix during the 8-week placebo-controlled
treatment period was 25.8%; the majority of remaining women had regular but prolonged cycles, with a low rate
of breakthrough bleeding and spotting.

Phase III studies in women with endometriosis
The Phase III program consisted of two large, multicenter, double-blind, randomized, placebo-controlled, 6-month
trials (Elaris Endometriosis I and II [Elaris EM-I and Elaris EM-II]) [94] with two elagolix doses (150 mg QD and
200 mg BID) and two double-blind, randomized, 6-month extension studies in women with surgically diagnosed
endometriosis and moderate or severe endometriosis-associated pain. The extension studies (Elaris EM-III and
Elaris EM-IV) enrolled women who completed one of the two preceding placebo-controlled Elaris EM-I and Elaris
EM-II Phase III studies and were designed to evaluate the long-term outcomes during continuous treatment for
12 months [95].

Placebo-controlled Phase III trials (Elaris EM-I & Elaris EM-II)

Both placebo-controlled replicate Phase III studies (Elaris EM-I [NCT01620528] and Elaris EM-II
[NCT01931670]) were conducted in women with surgically diagnosed endometriosis and moderate to severe
endometriosis-associated pain. These studies had a similar design but included a different population; Elaris EM-I
(n = 872) was conducted in the USA, whereas Elaris EM-II (n = 817) was a global study. Each trial was divided
into four periods: a washout of hormonal therapies (if applicable); a screening period including two menstrual
cycles, during which women switched from the use of usual analgesic agents to receive allowed rescue medication
of an NSAID (500 mg of naproxen), an opioid according to country (e.g., 5 mg of hydrocodone plus 325 mg
of acetaminophen), or both; a 6-month treatment period; and a follow-up period of up to 12 months, unless the
women were enrolled in the corresponding 6-month extension study. Women were instructed to use dual nonhor-
monal contraception during these studies. Most women (74.9 and 77.4% in Elaris EM-I and EM-II, respectively)
completed these studies. The primary reasons for discontinuation were withdrawal of consent (6.1–9.6%), adverse
events (4.4–10.0%) and lost to follow-up (3.1–6.7%) [94]. The median age of women in the trials was 32 years;
88% were white, 9% were black or African American and 3% were other races. In EM-I and EM-II, 59 and 60%,
respectively, of women used an opioid rescue analgesic (hydrocodone/acetaminophen or codeine/acetaminophen)
for pain at baseline.

The two primary efficacy end points were the proportion of women who showed clinically meaningful responses
(pain reduction and stable/decreased rescue analgesic use) with respect to dysmenorrhea and NMPP pain at month
3 of treatment assessed using the validated, electronic, daily 4-point pain-impact diary [92]. The clinically meaningful
response thresholds with respect to dysmenorrhea and NMPP were calculated before unblinding using a receiver
operating characteristics analysis with Patient Global Impression of Change (PGIC) responses (‘much improved’,
‘very much improved’) as an anchor. This method is commonly used in pain studies [96]; however, it was used in
these studies for the first time in an endometriosis population. The response threshold calculated with this method
is generally viewed as clinically meaningful [96]. Key secondary efficacy end points included: mean changes from
baseline to month 3 in endometriosis-associated pain, as assessed with the 11-point NRS; significant reduction
in baseline in dysmenorrhea at month 6; significant reduction in baseline in NMPP at month 6; use of rescue
analgesics (NSAIDs, opioids, or both) at months 3 and 6; significant change from baseline in dyspareunia at month
3; and use of rescue opioids at month 3. These end points were tested in a hierarchical order. Additional efficacy end
points included improvements in PGIC and the 30-item Endometriosis Health Profile (EHP-30) questionnaire.
Safety evaluations included endometrial assessment, laboratory measures and changes in BMD.

In these two trials, both elagolix doses (150 mg QD or 200 mg BID) resulted in a significantly greater proportion
of women with a clinically meaningful response with respect to dysmenorrhea and NMPP compared with placebo
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Figure 4. Reduction in dysmenorrhea and nonmenstrual pelvic pain during treatment with elagolix in women with
endometriosis-associated pain (Elaris EM-I and EM-II studies). Shown are the percentages of women in whom the two primary end points
(clinically meaningful reduction in dysmenorrhea or in NMPP, as measured by the decreased or stable use of rescue analgesic agents) were
reported at 3 and 6 months in Elaris EM-I (A) and Elaris EM-II (B). In Elaris EM-I, 3-month data are provided for 373 women who received
placebo, 248 who received the lower elagolix dose (150 mg QD) and 244 who received the higher elagolix dose (200 mg BID); the
corresponding 6-month data are provided for 372, 247 and 243 women. In Elaris EM-II, 3-month data are provided for 353 women who
received placebo, 221 who received the lower elagolix dose and 225 who received the higher elagolix dose; the corresponding 6-month
data are provided for 355, 221 and 225 women.
BID: Twice daily; EM: Endometriosis; NMPP: Nonmenstrual pelvic pain; QD: Once daily.
Reprinted with permission from [94] C© Massachusetts Medical Society (2017).
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Figure 5. Mean percentage change from baseline in dysmenorrhea and nonmenstrual pelvic pain scores during treatment with elagolix
in women with endometriosis-associated pain (Elaris EM-I and EM-II studies). Statistical significance compared with placebo for the mean
percentage change from baseline score in Elaris EM-I (A) and Elaris EM-II (B) was based on a mixed-effects model with repeated measures
with treatment as the main effect, visit as the repeated measure, baseline value as a covariate and an interaction between treatment and
visit, using observed data, indicated by:
p < 0.05 (*), p < 0.01 (**) and p ≤ 0.001 (***). Error bars represent standard error.
EM: Endometriosis; LS: Least squares.
Reprinted with permission from [94] C© Massachusetts Medical Society (2017).

at month 3 (primary efficacy end points; Figure 4). These effects were dose dependent and sustained at month 6 of
treatment. Both elagolix doses resulted in a significant reduction from baseline to month 3 in NRS and significant
reductions from baseline to month 6 in dysmenorrhea and NMPP compared with placebo (Figure 5). Only elagolix
200 mg BID significantly reduced dyspareunia and the use of rescue analgesic agents (as determined by the mean
pill counts of NSAIDs, opioids or both) at 3 and 6 months compared with women who received placebo.

Consistent with the improvement in pain, significantly more women taking either dose of elagolix reported
‘much’ or ‘very much’ improvement on the PGIC scale at 6 months than did those taking placebo. Elagolix
treatment resulted in a better quality of life than did placebo on the basis of the mean change from baseline to 3
and 6 months on EHP-30 dimensions. At these time points, significant changes were observed at elagolix 150 mg
QD in three of the six dimensions in Elaris EM-I and in four of the six dimensions in Elaris EM-II and at elagolix
200 mg BID in all dimensions in both studies.
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The most frequently reported adverse events in each trial were hot flushes, headache and nausea, with the rate
of hot flushes being significantly higher with each dose of elagolix compared with placebo. However, the severity
of elagolix-associated hot flushes was mild or moderate in most women, and the discontinuation rate due to hot
flushes was low (<1 and 3% with elagolix 150 mg QD and 200 mg BID, respectively). There was a significant
dose-dependent decrease in spine, total hip and femoral neck BMD at month 6 of treatment in both elagolix
groups compared with placebo (with the exception of femoral neck BMD at elagolix 150 mg QD). The changes
in lumbar spine BMD at month 6 ranged between -0.32 to -0.72% and -2.61 to -2.49% at elagolix 150 mg QD
and 200 mg BID, respectively. By comparison, treatment with the GnRH agonist LA reduced the lumbar spine
BMD by 3.2% at month 3 and 6.3% at month 6 of treatment alone without add-back [19]. Consistent with the
hypoestrogenic effect of elagolix, there was a shift in the lipid profile (increased high-density lipoprotein cholesterol
[HDL-C] and low-density lipoprotein cholesterol [LDL-C] levels), with little changes in LDL/HDL ratio. In the
placebo-controlled studies (Elaris EM-I and Elaris EM-II), dose-dependent asymptomatic elevations of serum ALT
to at least three-times the upper limit of the reference range occurred during treatment with elagolix (150 mg
QD, 1/450, 0.2%; 200 mg QD 5/443, 1.1%; placebo 1/696, 0.1%). Similar increases were seen in the extension
studies presented below. There were no cases of liver injuries attributed to elagolix treatment [21]. There were no
adverse endometrial biopsy findings, and the endometrial biopsy results suggested an antiproliferative effect of both
elagolix doses and endometrial atrophy at elagolix 200 mg BID.

Phase III extension studies (Elaris EM-III & Elaris EM-IV)

Elaris EM-III (NCT01760954) and Elaris EM-IV (NCT02143713) were extension studies of the double-blind,
placebo-controlled Phase III studies (Elaris EM-I and Elaris EM-II) [95]. The objective of these studies was to
evaluate the long-term outcomes after an additional 6 months of treatment (total of 12 months of continuous
treatment). These studies consisted of the 6-month treatment period and a post-treatment follow-up period of up
to 12 months. Women who were on active treatment used the same elagolix dose in the extension studies, whereas
women who received placebo in the preceding studies were rerandomized to each elagolix dose group. Only data
from women who received elagolix over the course of 12 months have been published [95]. Both studies used the
same efficacy end points as the placebo-controlled studies discussed above.

Long-term elagolix treatment provided sustained reductions in dysmenorrhea, NMPP and dyspareunia, as
demonstrated by clinically meaningful response to treatment and changes from baseline in pain scores, which were
comparable with those observed in placebo-controlled preceding studies (Figure 6).

The safety profile of elagolix was consistent with hypoestrogenic effects, and no new safety concerns were
identified in these long-term studies. The most common adverse events in either study were hot flushes, headache
and nausea. The incidence of hot flushes was dose dependent, with the maximum severity of mild to moderate in
most women. After 12 months of treatment, the mean percent changes from baseline in lumbar spine BMD in Elaris
EM-III and Elaris EM-IV were -0.63 and -1.1% with elagolix 150 mg QD and -3.60 and -3.91% with elagolix
200 mg BID, respectively. After the cessation of treatment, a continuous recovery from BMD loss was observed.
Similar to Elaris EM-I and EM-II, elagolix treatment was associated with changes in the lipid profile during the
extension studies. These changes were small and included both favorable (increase in HDL-C) and unfavorable
(increase in LDL-C and triglycerides) effects, and the lipid profile returned to pretreatment levels within month
1 of the post-treatment follow-up period. There were no adverse endometrial findings, and endometrial biopsy
results were consistent with an antiproliferative effect of elagolix.

In summary, the use of elagolix at two doses (150 mg QD and 200 mg BID) resulted in significant reductions
in two of the main pain symptoms of endometriosis, dysmenorrhea and NMPP, after both 3 and 6 months of
treatment. The higher elagolix dose was effective in improving dyspareunia and reducing opioid use. Consistent
with the mechanism of action, elagolix treatment resulted in hypoestrogenic effects, including hot flushes and
changes in BMD and lipid levels. Although these studies did not have prespecified statistical testing to compare the
two elagolix doses, women in the higher-dose group (200 mg BID) had a greater reduction in pain and more severe
hypoestrogenic adverse effects than those in the lower-dose group (150 mg QD), which suggests the possibility of
an individualized treatment approach depending on symptoms and hypoestrogenic effects.

Conclusion
The approval of elagolix in the USA and Canada offers a new medical treatment option for the management of
moderate and severe pain associated with endometriosis. The recommended treatment duration in women with
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Figure 6. Mean percentage change from baseline. Mean percentage change from baseline in dysmenorrhea (A & D), nonmenstrual
pelvic pain (B & E) and dyspareunia scores (C & F) during long-term treatment with elagolix in women with endometriosis-associated pain
(Elaris EM-III and EM-IV extension studies). Error bars represent 95% CIs. Between-group comparisons were not predefined and not
performed. Months 1–6 in Elaris EM-I and Elaris EM-II are from women who enrolled in the extension studies.
BID: Twice daily; EM: Endometriosis; QD: Once daily.
Reprinted with permission from [95]. https://journals.lww.com/greenjournal/

normal liver function or mild hepatic impairment is up to 24 months for 150 mg QD and up to 6 months for
200 mg BID [21]. As an oral, short-acting competitive GnRH receptor antagonist, elagolix has a novel mechanism
of action that differs from that of depot GnRH agonists. In contrast to GnRH agonists, elagolix produces dose-
dependent estrogen suppression from partial suppression at the lower dose (150 mg QD) to nearly full suppression
at the higher dose (200 mg BID), therefore suggesting the possibility of individual tailoring of these two doses
depending on the severity of symptoms to balance efficacy and hypoestrogenic side effects. In addition, an oral
GnRH antagonist is characterized with a rapid onset and cessation of hormone suppression.

Future Perspective
Two new oral GnRH antagonists, relugolix and linzagolix, are in an advanced stage of clinical development for the
management of pain associated with endometriosis. Future studies will show whether the treatment of women with
endometriosis using oral GnRH antagonists could be assisted with noninvasive/minimally invasive endometriosis
biomarkers that are currently under development [97,98], creating an opportunity for a precision medicine approach
in endometriosis. These biomarkers have the potential to reduce the delay in the diagnosis of endometriosis, identify
women with progesterone resistance, and predict treatment response [18,99]. The shortening of the diagnostic delay
and an early use of targeted therapies such as elagolix may reduce the development of central sensitization and lead
to the overall improvement of quality of life in women with endometriosis. Elagolix is also under investigation
in Phase III studies for the treatment of heavy menstrual bleeding associated with uterine fibroids [90,91,100,101].
Premenopausal women treated with elagolix for leiomyoma associated heavy menstrual bleeding with and without
add-back therapy have shown significant reduction in menstrual bleeding and improved quality of life [100,101].
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Additional evaluation of the safety and efficacy of elagolix after multiple treatment courses, as well as a combination
of high-dose elagolix with add-back therapy, is warranted.
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