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eDepartment of Health Sciences (DISSAL), University of Genoa, Genoa, Italy; fDepartment of Integrated Diagnostic and Surgical Sciences (DISC), 
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ABSTRACT
Introduction: Uterine fibroids and adenomyosis are common estrogen- and progesterone-dependent 
disorders associated with heavy menstrual bleeding, pelvic pain, anemia, and impaired quality of life. 
Although surgery remains widely used, there is an increasing demand for effective uterus-preserving 
medical therapies. Oral gonadotropin-releasing hormone (GnRH) antagonists have recently emerged as 
a novel therapeutic option, allowing rapid, reversible, and dose-dependent suppression of ovarian 
steroidogenesis.
Areas covered: This narrative, based on a targeted PubMed/MEDLINE literature search and review of 
major guideline documents published up to May 2026, summarizes the pharmacological properties, 
mechanisms of action, and clinical evidence regarding GnRH antagonists (elagolix, relugolix and 
linzagolix) in uterine fibroids and adenomyosis. Evidence from randomized controlled, extension 
studies, and emerging literature was critically reviewed, focusing on control of heavy menstrual 
bleeding, pain reduction, quality of life, safety, and the role of add-back therapy.
Expert opinion: GnRH antagonists represent a major advance in the medical treatment of uterine 
fibroids and are highly effective in controlling heavy menstrual bleeding. Their role in adenomyosis 
appears promising, although evidence remains limited. These agents should currently be considered 
suppressive rather than curative therapies, as symptoms often recur after discontinuation. Long-term 
integration into individualized treatment strategies will require further safety and comparative effec
tiveness data.
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1. Introduction

Uterine fibroids and adenomyosis are the two most prevalent 
benign uterine disorders encountered in gynecologic practice 
and are among the leading causes of abnormal uterine bleed
ing, pelvic pain, and impaired quality of life (QoL) in women of 
reproductive age [1–3]. Although traditionally considered dis
tinct pathologies, these conditions share important clinical 
and biological features, including steroid hormone depen
dence, chronic symptom burden, and frequent indication for 
surgical intervention [4,5].

Uterine fibroids have a cumulative prevalence approaching 
70% of women, although only approximately 25% become 
clinically significant and require intervention [2]. 
Adenomyosis has an overall prevalence of approximately 
0.8% based on diagnostic coding, with incidence highest 
among women aged 41–45 years [3]. Notably, adenomyosis 
is present in nearly half of women undergoing hysterectomy 
for fibroid-associated abnormal uterine bleeding, highlighting 
the substantial overlap between these conditions [6]. In 

clinical practice, this overlap may be further complicated by 
the coexistence of endometriosis, creating a spectrum of 
estrogen-dependent gynecologic disorders in which abnormal 
uterine bleeding, dysmenorrhea, chronic pelvic pain, infertility, 
and impaired QoL may coexist and influence therapeutic deci
sion-making [7]. Together, fibroids and adenomyosis account 
for a substantial proportion of hysterectomies worldwide, 
underscoring the persistent unmet need for effective, well- 
tolerated medical therapies capable of providing sustained 
symptom control while preserving the uterus [3,8].

Benign uterine disease has traditionally been treated by 
surgical approaches, including myomectomy or adenomyo
mectomy, hysterectomy, and, in selected cases, by interven
tional radiology techniques (such as uterine artery 
embolization or MR-guided focused ultrasound). While these 
interventions are highly effective, they are not suitable or 
desirable for all patients, particularly those wishing to preserve 
fertility or avoid invasive procedures. Medical treatments, 
including combined oral contraceptives, progestins, and 
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levonorgestrel-releasing intrauterine system (LNG-IUS), have 
been widely used to control bleeding and pain; however, 
their efficacy is often limited, especially in women with large 
fibroids or extensive adenomyosis [9,10]. Moreover, these 
therapies do not directly target the underlying endocrine 
drivers of disease activity.

In this context, modulation of the hypothalamic-pituitary- 
ovarian axis has emerged as a rational therapeutic strategy. 
Gonadotropin-releasing hormone agonists (GnRH-a) have long 
been used to induce a hypoestrogenic state and reduce 
fibroid size and menstrual bleeding, achieving amenorrhea in 
nearly 90% of patients and reducing uterine volume by 30 to 
60% [9]. However, their clinical utility has been constrained by 
an initial flare effect resulting from gonadotropin surge, inject
able administration, and the adverse consequences of pro
found estrogen deprivation, including vasomotor symptoms 
and bone mineral density (BMD) loss [11]. These limitations 
have historically restricted their use to short-term preoperative 
settings, typically limited to 3–6 months.

The development of oral GnRH antagonists represents 
a significant advance in the pharmacological management of 
hormone-dependent uterine disorders. By competitively 
blocking pituitary GnRH receptors, these agents induce rapid, 
reversible, and dose-dependent suppression of ovarian steroi
dogenesis without the flare phenomenon observed with ago
nists [12]. This pharmacological profile allows controlled 
endocrine modulation and supports the use of add-back stra
tegies to preserve efficacy while improving tolerability [13,14].

In uterine fibroids, several oral GnRH antagonists, including 
relugolix combination therapy (Ryeqo® in Europe), linzagolix 
(Yselty® in Europe), and elagolix combination therapy, have 
been evaluated in phase II and III trials, demonstrating con
sistent efficacy in reducing HMB, improving anemia, and 
enhancing QoL [15]. By contrast, evidence in adenomyosis 
remains more limited and is mainly derived from smaller 
studies, although the underlying biological rationale and pre
liminary clinical findings are encouraging [16–18]. These dif
ferences highlight the need for a critical appraisal of the role 
of GnRH antagonists across benign uterine disease. While 
fibroids and adenomyosis share endocrine responsiveness, 
they differ in tissue architecture, symptom patterns, and 

treatment goals, raising important questions regarding the 
optimal use, duration, safety, and positioning of these agents 
within individualized medical and surgical treatment 
pathways.

This narrative review aims to provide a comprehensive, 
pharmacologically oriented evaluation of GnRH antagonists 
for the management of uterine fibroids and adenomyosis. 
We will examine their mechanisms of action, pharmacokinetic 
and pharmacodynamic properties, and the available clinical 
evidence, with particular emphasis on differences between 
the two conditions. Finally, we will offer an expert perspective 
on their current place in therapy, practical considerations for 
clinical use, and future directions in the evolving management 
of benign uterine disease.

The selection of references was guided by relevance, meth
odological rigor, and clinical significance, with literature 
sourced from PubMed, Embase, Scopus, and the Cochrane 
Library databases up to May 2026.

2. Biological rationale for GnRH antagonist therapy 
in uterine fibroids and adenomyosis

Uterine fibroids and adenomyosis, although they are distinct 
pathological entities, share a fundamental dependence on 
ovarian steroid hormones that provides the biological basis 
for endocrine-targeted therapies. Both conditions are charac
terized by an aberrant response of uterine tissues to estrogen 
and progesterone, resulting in altered cellular proliferation, 
extracellular matrix remodeling, inflammation, and vascular 
changes that ultimately drive symptom generation [19–21]. 
The pharmacological modulation of the hypothalamic- 
pituitary-ovarian axis, and specifically the suppression of cir
culating sex steroids, therefore, represents a rational strategy 
for the management of these disorders [5,6].

Uterine fibroids are benign monoclonal tumors arising from 
smooth muscle cells of the myometrium and are frequently 
associated with somatic mutations (most notably in the 
MED12 gene) that initiate tumorigenesis [22,23]. These muta
tions disrupt cyclin C-CDK8/19 kinase activity within the 
Mediator complex, leading to altered transcriptional regula
tion, enhanced extracellular matrix organization, and dysregu
lation of Wnt/β-catenin signaling [24,25]. However, while 
genetic alterations may trigger fibroid development, their sub
sequent growth and clinical behavior are largely governed by 
a hormonally responsive microenvironment [26,27]. Estrogen 
plays a permissive role in fibroid biology by upregulating 
progesterone receptor expression and enhancing cellular pro
liferation through activation of growth factor pathways, 
including insulin-like growth factor (IGF) and epidermal 
growth factor (EGF) signaling [26,28]. Progesterone, in turn, 
plays a central role in promoting fibroid growth by stimulating 
mitotic activity, inhibiting apoptosis, and enhancing extracel
lular matrix (ECM) deposition, which constitutes a substantial 
proportion of fibroid volume [19,26]. Progesterone acts 
through both genomic and non-genomic mechanisms via 
progesterone receptors (PRs) and membrane receptors (mPRs 
and PGRMCs) to activate signaling pathways that enhance 
tumor growth and survival [19]. Transforming growth factor- 
β (TGF-β) signaling is particularly relevant in this context, as it 

Article highlights

● Oral GnRH antagonists enable rapid, reversible, and dose-dependent 
suppression of ovarian steroid production.

● In uterine fibroids, GnRH antagonists are highly effective in control
ling heavy menstrual bleeding and improving anemia and quality of 
life.

● Add-back therapy is essential to mitigate hypoestrogenic side effects 
caused by GnRH antagonists and allow longer-term use.

● In adenomyosis, evidence is emerging, with promising effects on 
both bleeding and pain, but randomized controlled trials are still 
lacking.

● GnRH antagonists are best viewed as suppressive therapies rather 
than curative interventions, with symptom recurrence after disconti
nuation. Their role is likely to expand within personalized, uterus- 
preserving management strategies integrating medical and surgical 
approaches.

● Long-term safety, particularly regarding bone health, and cost- 
effectiveness remain key determinants of future positioning.
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drives fibrosis-like processes and contributes to the increased 
stiffness and bulk of fibroid tissue [19]. This intricate interplay 
between estrogen, progesterone, and local growth factors 
creates a self-sustaining environment that supports fibroid 
expansion and symptomatology, including HMB and pressure- 
related symptoms [26,29]. Importantly, fibroid tissues exhibit 
increased expression of steroid hormone receptors compared 
with adjacent myometrium, further amplifying their sensitivity 
to circulating hormones [26]. Progesterone promotes fibroid 
growth through paracrine signaling from mature leiomyoma 
cells to stem-progenitor cell populations that are deficient in 
estrogen receptor-α (ERα) and progesterone receptors, with 
the WNT/β-catenin pathway comprising a key component of 
this paracrine signaling system [27].

Suppression of ovarian steroid production through GnRH 
antagonists disrupts this hormonal milieu at multiple levels. By 
rapidly reducing circulating E2 and progesterone concentra
tions, GnRH antagonists attenuate proliferative signaling, 
decrease ECM production, and induce a functional ‘quies
cence’ of fibroid tissue [8,9,11]. Clinically, this translates into 
reduced menstrual bleeding (primarily through endometrial 
atrophy and decreased vascularity) and, in some cases, modest 
reductions in fibroid and uterine volume [8,9,11].

Adenomyosis is characterized by the presence of endome
trial glands and stroma within the myometrium, accompanied 
by surrounding smooth muscle hypertrophy and hyperplasia 
[20,30]. Unlike fibroids, which are discrete lesions, adenomyosis 
often presents as a diffuse process, although focal adenomyotic 
nodules may mimic mass-like lesions on imaging. The patho
genesis of adenomyosis is complex and multifactorial, involving 
invagination of the basalis endometrium into the myometrium, 
tissue injury and repair mechanisms, and altered myometrial 
peristalsis [20,30]. At the molecular level, adenomyotic lesions 
demonstrate increased local estrogen production, partly 
mediated by upregulation of aromatase activity, as well as 
enhanced expression of estrogen and progesterone receptors 
[20,21,31]. Membrane progesterone receptors α and β, as well 
as estrogen receptor β (ERβ), are upregulated in adenomyosis 
compared to normal myometrium [31]. This results in 
a hyperestrogenic microenvironment that promotes glandular 
proliferation, angiogenesis, and neurogenesis. In parallel, pro
gesterone resistance may impair progesterone’s normal anti
proliferative effects, further contributing to disease persistence.

Inflammation plays a central role in adenomyosis, with 
elevated levels of pro-inflammatory cytokines (IL-6, IL-8, IL- 
1β, TNF-α, IFN-γ), prostaglandins, and neurotrophic factors 
contributing to pain generation and abnormal uterine con
tractility. Both systemic and local immune changes have been 
described, including increased density of macrophages and 
lymphocytes in eutopic and ectopic endometrium, with ele
vated expression of toll-like receptors that are positively cor
related with IL-6 and IL-8 production [32–35]. These alterations 
are associated with increased uterine volume, dysperistalsis, 
and HMB, reflecting both structural and functional distur
bances [30,36]. The inflammatory microenvironment disrupts 
the immune barrier at the endometrial-myometrial junction, 
creating conditions hostile to embryo survival and contribut
ing to infertility [37].

GnRH antagonists target several of these pathogenic 
mechanisms simultaneously. By suppressing ovarian steroid 
production, they reduce estrogen-driven proliferation and 
angiogenesis within adenomyotic foci [32]. In addition, 
decreased estrogen levels are associated with reduced inflam
matory activity and prostaglandin production, contributing to 
improvements in dysmenorrhea and pelvic pain [32,33]. The 
induction of a hypoestrogenic state may also lead to partial 
regression of adenomyotic lesions and a reduction in uterine 
volume, although, as in fibroids, symptom relief often pre
cedes or exceeds measurable structural changes.

The shared steroid dependence of fibroids and adenomyo
sis provides the conceptual framework for GnRH antagonist 
therapy; however, the degree of hormonal suppression 
required to achieve clinical benefit must be carefully balanced 
against the risk of hypoestrogenic adverse effects. Profound 
estrogen deprivation, as observed with GnRH agonists, is 
effective but associated with significant limitations, including 
vasomotor symptoms and BMD loss [38].

The introduction of oral GnRH antagonists has enabled 
a more nuanced approach based on dose-dependent suppres
sion of ovarian function. Rather than inducing a complete 
hypoestrogenic state, these agents allow maintenance of cir
culating estradiol concentrations within a therapeutic ‘win
dow’ sufficient to control symptoms while minimizing 
systemic side effects. This concept, often referred to as the 
estrogen threshold hypothesis, proposes that maintaining 
estradiol concentrations between 20 and 50 pg/ml (70 and 
180 pmol/l) can reduce fibroid growth while minimizing 
hypoestrogenic adverse effects [39]. In clinical trials, median 
concentrations of estradiol remained above 20 pg/ml when 
GnRH antagonists were administered with 1 mg of estradiol 
and 0.5 mg of norethindrone acetate [39]. In this model, partial 
suppression of E2 (typically in the range of approximately 30– 
60 pg/mL) appears sufficient to reduce endometrial prolifera
tion and bleeding, attenuate fibroid-related signaling path
ways, and modulate adenomyosis-associated inflammation, 
while preserving bone health and overall tolerability [11,40]. 
The concomitant use of add-back therapy with low-dose estro
gen and progestin further stabilizes this balance, enabling 
extended treatment durations [11,40].

Despite their shared endocrine responsiveness, fibroids and 
adenomyosis exhibit important differences in tissue architecture 
and biological behavior that may influence their response to 
GnRH antagonist therapy. Fibroids, as well-circumscribed 
tumors with a substantial extracellular matrix component, may 
demonstrate limited volumetric reduction despite significant 
symptomatic improvement [8,9]. The response to GnRH antago
nist therapy may also vary based on MED12 mutation status, 
with MED12 wild-type leiomyomas showing higher CDK8 activ
ity and potentially different responses to hormonal suppression 
compared to MED12-mutant tumors [41]. In contrast, adeno
myosis, as a diffuse and inflammatory condition, may show 
more variable structural responses, with symptom relief often 
driven by changes in uterine contractility and inflammatory 
signaling rather than lesion regression per se [30,36].

Overall, the biological rationale for GnRH antagonist ther
apy in uterine fibroids and adenomyosis is grounded in the 
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central role of ovarian steroids in the pathophysiology of these 
conditions, but its clinical translation requires an appreciation 
of the distinct yet overlapping mechanisms that characterize 
them.

3. Pharmacology and mechanism of action of GnRH 
antagonists

The introduction of orally active GnRH antagonists is a major 
advance in the pharmacological modulation of the hypotha
lamic-pituitary-ovarian axis [42]. Unlike earlier therapeutic stra
tegies based on GnRH agonists, which induce an initial 
stimulatory ‘flare’ before receptor downregulation, GnRH 
antagonists exert an immediate and competitive inhibition at 
the level of the pituitary GnRH receptor [43]. This pharmaco
dynamic profile enables rapid, predictable, and dose- 
dependent suppression of gonadotropin secretion, with 
important implications for both efficacy and tolerability in 
the management of hormone-dependent uterine disorders.

GnRH antagonists bind competitively to GnRH receptors 
located on pituitary gonadotroph cells, thereby preventing 
endogenous GnRH from activating its receptor [43]. This 
results in an immediate reduction in luteinizing hormone 
and follicle-stimulating hormone secretion, without the tran
sient increase in gonadotropins and sex steroids that charac
terizes GnRH agonist therapy. The absence of a flare effect is 
particularly relevant in clinical settings where rapid symptom 
control is desired, such as in women with severe HMB or 
anemia [44]. The downstream consequence of gonadotropin 
suppression is a reduction in ovarian steroidogenesis, leading 
to decreased circulating levels of estradiol and progesterone 
[45,46]. Importantly, this suppression is both rapid in onset 
(typically within hours to days) and fully reversible upon dis
continuation, allowing flexible treatment strategies and facil
itating individualized therapeutic regimens.

An important feature of oral GnRH antagonists is their 
ability to achieve dose-dependent suppression of ovarian 
function, in contrast to the more binary effect observed with 
GnRH agonists [45,46]. Lower doses may result in partial sup
pression of E2, while higher doses approach near-complete 
ovarian suppression [45]. This pharmacological flexibility 
underpins the concept of tailoring therapy according to clin
ical needs, balancing symptom control against the risk of 
hypoestrogenic adverse effects. This paradigm shift (from 
complete suppression to controlled modulation) has enabled 
the development of treatment regimens that maintain circu
lating estradiol within a therapeutic window sufficient to inhi
bit endometrial proliferation and reduce fibroid- and 
adenomyosis-related symptoms, while preserving bone health 
and minimizing vasomotor symptoms. The integration of add- 
back therapy further refines this approach, allowing sustained 
treatment over extended periods [47].

Three oral GnRH antagonists have been most extensively 
investigated in the context of uterine fibroids and, to a lesser 
extent, adenomyosis: elagolix, relugolix, and linzagolix [40]. 
While sharing a common mechanism of action, these agents 
differ in pharmacokinetic profiles, dosing strategies, and 
approaches to add-back therapy.

Elagolix has a relatively short half-life (4 to 6 hours), neces
sitating twice-daily dosing in some regimens and enabling 
fine-tuned control of ovarian suppression [45,48–50]. Its phar
macodynamic effects are closely linked to dose, with higher 
doses achieving greater suppression of estradiol levels [45,46]. 
Elagolix is rapidly absorbed after oral dosing, reaching max
imum concentrations at 1.0 to 1.5 hours [45,48]. Clinical use 
has largely been in combination with add-back therapy to 
mitigate hypoestrogenic effects during longer treatment dura
tions [51].

Relugolix, in contrast, has a longer half-life (approximately 
25 hours), which supports once-daily administration, and has 
been developed as a fixed-dose combination therapy with 
low-dose estradiol and norethindrone acetate. This formula
tion simplifies treatment by incorporating add-back therapy 
into a single tablet, promoting adherence and ensuring 
a consistent hormonal milieu.

Linzagolix offers a particularly flexible dosing strategy, with 
the potential for both full and partial suppression depending 
on the dose administered (100 mg or 200 mg once daily) [40]. 
Notably, lower-dose regimens (100 mg) may allow treatment 
without mandatory add-back therapy for limited durations, 
whereas higher doses (200 mg) are typically combined with 
hormonal add-back to support longer-term use [40].

Add-back therapy is a key component of longer-term GnRH 
antagonist regimens. Most combination regimens include low- 
dose estradiol with a progestin, typically norethindrone acet
ate, to reduce vasomotor symptoms, limit BMD loss, and 
protect the endometrium without substantially compromising 
control of bleeding or pain [47,52]. The safety implications of 
add-back therapy are discussed in detail below.

4. Clinical evidence of GnRH antagonists in uterine 
fibroids

The clinical development of oral GnRH antagonists for uterine 
fibroids has been supported by a robust body of phase II and 
III randomized controlled trials (RCTs) demonstrating consis
tent efficacy in reducing HMB, improving anemia, and enhan
cing QoL (Table 1). Across compounds, the primary 
therapeutic target has been the control of fibroid-associated 
HMB, typically defined as menstrual blood loss ≥ 80 ml per 
cycle, with responder analyses based on both absolute thresh
olds and percentage reductions. While differences in study 
design, dosing strategies, and add-back regimens complicate 
direct comparisons, a coherent pattern of efficacy and safety 
has emerged, supporting the integration of these agents into 
clinical practice [11].

The clinical efficacy of elagolix in uterine fibroids was 
established in the pivotal phase III Elaris UF-1 and UF-2 trials, 
which evaluated elagolix 300 mg twice daily in combination 
with add-back therapy (estradiol 1 mg and norethindrone 
acetate 0.5 mg once daily) and elagolix alone in premenopau
sal women with HMB associated with fibroids [53]. These 
randomized, double-blind, placebo-controlled studies enrolled 
a large population (412 women in UF-1 and 378 in UF-2). The 
primary endpoint (achievement of menstrual blood loss <80  
ml and ≥50% reduction from baseline) was met in 68.5% of 
women in UF-1 and 76.5% in UF-2 receiving elagolix with add- 
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back therapy, compared with 8.7% and 10% in the placebo 
groups, respectively (p < 0.001 for both trials). Among women 
receiving elagolix alone (without add-back therapy), response 
rates were 84.1% in UF-1 and 77% in UF-2, demonstrating that 
add-back therapy does not compromise efficacy. 
Improvements were observed early in treatment and sus
tained over the duration of the trials. Secondary outcomes 
further supported clinical benefit. Elagolix-treated patients 
had significant improvements in hemoglobin levels, particu
larly among women with baseline anemia (hemoglobin ≤10.5  
g/dl), with more than half achieving increases >2 g/dl at 6  
months. Rates of amenorrhea were substantially higher in 
the active treatment groups (48.1% in UF-1 and 52.9% in UF- 
2) compared with placebo (4–5%). QoL measures showed 
marked improvement, with mean reductions in symptom 
severity scores of −33.2 to −41.4 points compared with −7.9 
to −10.3 in placebo groups. Reductions in uterine and fibroid 
volume were modest and variable, reinforcing the concept 
that symptom control (particularly bleeding) is the primary 
therapeutic goal. Safety analyses highlighted the expected 
hypoestrogenic profile, with hot flushes being the most 
reported adverse event; however, the inclusion of add-back 
therapy significantly mitigated the extent of BMD loss com
pared with elagolix monotherapy. The efficacy of elagolix with 
add-back therapy was consistent across diverse subgroups, 
including variations in age, body mass index, race, ethnicity, 
baseline menstrual blood loss, fibroid location, and uterine 
and fibroid volume.

The Elaris UF-EXTEND phase 3 extension study evaluated the 
safety and efficacy of elagolix 300 mg twice daily with hormonal 
add-back therapy (estradiol 1 mg and norethindrone acetate 0.5  
mg once daily) for an additional 6 months in women who com
pleted 6 months of the same treatment in the preceding Elaris UF- 
1 and UF-2 trials, providing data on up to 12 months of continuous 
treatment. Among 218 women who received up to 12 months of 
elagolix with add-back therapy (mean age 42.4 years, 67.3% Black), 
87.9% met the primary endpoint of both menstrual blood loss less 
than 80 mL during the final month and at least 50% reduction 
from baseline (95% CI 83.4–92.3). The treatment demonstrated 
sustained efficacy in reducing HMB associated with uterine leio
myomas throughout the extended treatment period. The most 
frequently reported adverse events were hot flush (6.9%), night 
sweats (3.2%), headache (5.5%), and nausea (4.1%). Importantly, 
the addition of hormonal add-back therapy significantly attenu
ated hypoestrogenic effects, with mean percent decreases in BMD 
from baseline to extension month 6 being significantly less with 
elagolix plus add-back therapy compared to elagolix alone 
(between-group difference in lumbar spine: −3.3, 95% CI −4.1 to 
−2.5). The study concluded that no new or unexpected safety 
concerns emerged with the additional 6 months of treatment, 
supporting the use of elagolix with add-back therapy for up to 
12 months in this patient population [54].

The introduction of relugolix marked a significant therapeu
tic advance, particularly through the development of a once- 
daily fixed-dose combination of relugolix 40 mg, estradiol 1  
mg, and norethindrone acetate 0.5 mg. The efficacy and safety 
of this regimen were assessed in the phase III LIBERTY 1 and 
LIBERTY 2 trials, conducted in women with symptomatic 

uterine fibroids and HMB, with a primary endpoint broadly 
aligned with that used in the Elaris trials [39]. In both phase III 
trials, relugolix combination therapy demonstrated substantial 
efficacy, achieving responder rates of 73% in LIBERTY 1 and 
71% in LIBERTY 2, compared with 19% and 15% in the placebo 
groups, respectively (p < 0.001 for both comparisons). The 
consistency of these results across studies and patient sub
groups further reinforces the robustness of the therapeutic 
effect. As previously reported with elagolix, treatment was 
associated with a rapid and durable reduction in menstrual 
blood loss, and a notable proportion of patients achieved 
amenorrhea. Improvements in anemia were clinically relevant, 
with early increases in hemoglobin levels, an important con
sideration for women presenting with moderate or severe 
iron-deficiency anemia. Furthermore, relugolix combination 
therapy was associated with significant improvements in 
patient-reported QoL measures, including symptom severity 
and daily functioning, indicating a meaningful reduction in the 
impact of bleeding and pelvic pain on everyday life [39,55].

A major strength of the relugolix development program lies 
in the inclusion of long-term extension studies, which support 
the durability of efficacy together with a stable safety profile 
during prolonged therapy [56]. Among women treated with 
relugolix combination therapy for up to 52 weeks, 87.7% con
tinued to meet responder criteria, with a mean reduction in 
menstrual blood loss volume of 89.9%, while 70.6% achieved 
amenorrhea. BMD remained largely preserved with add-back 
therapy, supporting the feasibility of longer-term treatment 
compared with earlier endocrine approaches [56]. The durabil
ity of this benefit was further confirmed in a randomized with
drawal study, in which 78.4% of women maintained menstrual 
blood loss below 80 mL at week 76 and 69.8% at week 104, 
compared with 15.1% and 11.8%, respectively, in the placebo 
group [55].

The fixed-dose combination approach offers practical 
advantages in clinical practice, particularly through once- 
daily oral administration and a simplified treatment regimen, 
which may support treatment adherence. However, the fixed- 
combination format provides less flexibility for individual 
adjustment of add-back components, which may be relevant 
in selected patients [11,13,39].

In the phase III PRIMROSE 1 and PRIMROSE 2 trials, linza
golix was evaluated at doses designed to achieve either partial 
(100 mg) or full (200 mg) estrogen suppression, with or with
out add-back therapy with estradiol 1 mg and norethisterone 
acetate 0.5 mg [40]. This dual-dose approach provides unique 
insights into the relationship between the degree of hormonal 
suppression and clinical outcomes. In the phase III PRIMROSE 1 
and PRIMROSE 2 trials, all linzagolix treatment arms signifi
cantly outperformed placebo. In PRIMROSE 1, responder rates 
ranged from 56.4% with 100 mg monotherapy to 75.5% with 
200 mg plus add-back therapy, compared with 35.0% with 
placebo. In PRIMROSE 2, responder rates ranged from 56.7% 
to 93.9% across the active treatment groups, versus 29.4% 
with placebo [40]. Higher-dose linzagolix regimens combined 
with add-back therapy achieved responder rates comparable 
to those observed with elagolix and relugolix, confirming 
class-wide efficacy in reducing HMB [40]. Lower-dose regimens 
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(100 mg), designed to achieve partial estrogen suppression 
without mandatory add-back therapy, also demonstrated 
meaningful reductions in menstrual blood loss, although 
with somewhat lower response rates [40]. This flexible dosing 
strategy highlights a key advantage of GnRH antagonists: the 
ability to individualize treatment intensity according to symp
tom severity, patient preferences, and tolerability. However, 
the trade-off between efficacy and hypoestrogenic side effects 
remains evident, with higher levels of suppression associated 
with increased risk of vasomotor symptoms (hot flushes in 32– 
35% with 200 mg alone versus 3–14% in other groups) and 
bone loss in the absence of add-back therapy [40].

Long-term extension studies confirmed that the benefits 
observed at 24 weeks were maintained through 52 weeks, 
with response rates of 55.0% to 89.9% depending on dose 
and add-back therapy [57]. BMD remained generally stable at 
week 52, and in women initially treated with linzagolix 200 mg 
alone through week 24, early bone loss improved after the 
introduction of add-back therapy from week 24 onward [57]. 
The onset of action was rapid, with a median time to achiev
ing clinically significant HMB reduction of <4 weeks for most 
doses and as little as 3 days for 200 mg with or without add- 
back therapy [58].

As with other agents in this class, reductions in fibroid 
volume were modest (ranging from 1% to 25% after 24 weeks, 
not different from placebo when add-back therapy was used), 
and clinical benefit was primarily driven by improvements in 
bleeding and related symptoms [40]. The PRIMROSE trials 
therefore reinforce the concept that GnRH antagonists func
tion predominantly as symptom-modifying therapies, rather 
than disease-eradicating interventions [40].

Although no head-to-head trials have directly compared 
elagolix, relugolix, and linzagolix, several consistent class 
effects emerge. All agents showed robust efficacy in reducing 
fibroid-associated HMB in phase III trials, with responder rates 
exceeding 70% in the relugolix program and in higher-dose 
linzagolix plus add-back regimens, and with elagolix plus add- 
back also demonstrating clear superiority over placebo 
[39,40,53]. Add-back therapy was crucial in supporting longer- 
term treatment by attenuating hypoestrogenic adverse 
effects, particularly vasomotor symptoms and BMD loss. In 
addition, clinically meaningful improvements in anemia and 
QoL were observed across programs [39,40,53,55].

Differences between agents are primarily related to phar
macokinetics, dosing convenience, and flexibility of add-back 
strategies rather than fundamental differences in efficacy [11]. 
Relugolix offers the advantage of a once-daily fixed combina
tion, while elagolix and linzagolix allow greater flexibility in 
dose titration and add-back customization. Linzagolix, in par
ticular, provides a spectrum of suppression levels (100 mg for 
partial suppression, 200 mg for full suppression), which may 
be advantageous in selected clinical scenarios, particularly for 
women who cannot or do not wish to take concomitant 
hormonal add-back therapy [40].

A critical insight emerging from clinical trials is that the 
benefits of oral GnRH antagonists are predominantly func
tional rather than structural. Although reductions in fibroid 
or uterine volume may occur, particularly with higher levels 
of ovarian suppression and in the absence of add-back 

therapy, the main therapeutic benefit is the control of HMB 
and related symptoms. When used with add-back therapy, 
fibroid volume reduction ranges between 1% and 25% after 
24 weeks, which is not significantly different from placebo. In 
contrast, GnRH agonists (used without add-back therapy) may 
substantially reduce uterine volume, but at the cost of greater 
hypoestrogenic effects [59].

This distinction has important implications for clinical 
expectations and patient counseling. From a practical perspec
tive, GnRH antagonists are best viewed as symptom- 
controlling agents that effectively reduce HMB, improve ane
mia, and enhance health-related QoL, rather than as therapies 
aimed at eradicating fibroids. Accordingly, their place in care is 
best conceptualized within a broader treatment strategy that 
may involve prolonged medical therapy, intermittent courses, 
or combination with procedural and surgical interventions. In 
line with this approach, American Congress of Obstetricians 
and Gynecologists (ACOG) recommends that oral GnRH 
antagonists with hormonal add-back therapy may be consid
ered for the treatment of abnormal uterine bleeding related to 
leiomyomas for up to 2 years [38].

5. Clinical evidence of GnRH antagonists in 
adenomyosis

In contrast to uterine fibroids, the clinical evidence supporting 
oral GnRH antagonists in adenomyosis remains limited and 
substantially less mature. To date, no phase III regulatory 
program comparable to ELARIS, LIBERTY, or PRIMROSE has 
positioned these agents as an established standard of care 
for adenomyosis [18,60–62]. Instead, the available literature 
consists mainly of pilot studies, case reports, small observa
tional series, and narrative reviews, with most published data 
focused on linzagolix [16,17,63] and a smaller number of 
reports involving relugolix [64,65]. This difference in evidence 
strength should be considered when translating fibroid data 
to adenomyosis.

Despite the limited dataset, the available studies suggest 
a relatively consistent therapeutic signal across three domains: 
reduction in uterine or adenomyotic lesion volume, improve
ment in pain symptoms (particularly dysmenorrhea) and bet
ter control of abnormal uterine bleeding [17,63,65]. This 
pattern is biologically coherent with the endocrine and inflam
matory pathophysiology of adenomyosis [5]. In contrast to 
uterine fibroids, where bleeding control is often the dominant 
measurable endpoint, adenomyosis requires a broader assess
ment of treatment response, including pelvic pain, uterine 
tenderness, bulk-related symptoms, and imaging-defined 
changes in diffuse or focal myometrial disease. Early reports 
therefore support the concept that GnRH antagonists may 
provide both symptomatic benefit and, in some patients, 
measurable structural improvement [5,17,63].

Among oral GnRH antagonists, linzagolix currently has the 
most specific published clinical evidence in adenomyosis. 
Initial data came from a case report describing marked regres
sion of severe diffuse adenomyosis, with uterine volume 
decreasing from 875 cm3 to 290 cm3 on MRI and substantial 
symptomatic and QoL improvement in a woman previously 
showing an inadequate response to ulipristal acetate [5]. 
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Although anecdotal by nature, this report was important 
because it provided early proof of concept that oral GnRH 
antagonism could influence adenomyotic disease activity 
beyond simple menstrual suppression [16].

This was followed by a pilot study that specifically evaluated 
linzagolix for symptomatic uterine adenomyosis [17,63]. In that 
study, a once-daily regimen of 200 mg for 12 weeks followed by 
100 mg for another 12 weeks was associated with a 55% 
decrease in adenomyotic uterine volume at 12 weeks and 
a 32% reduction at 24 weeks, along with improvement in overall 
pelvic pain, dysmenorrhea, non-menstrual pelvic pain, dyspareu
nia, dyschezia, and QoL. The step-down design is noteworthy 
because it reflects one of the central theoretical advantages of 
this drug class in adenomyosis: an initial phase of stronger 
ovarian suppression to rapidly control pain and bleeding, fol
lowed by a lower-maintenance dose intended to preserve ben
efit while reducing the burden of hypoestrogenism. While the 
study was small (n = 8) and uncontrolled, it remains one of the 
most informative prospective datasets currently available for oral 
GnRH antagonists in adenomyosis. Subsequent analysis of 
volume evolution during and after linzagolix treatment provided 
an additional clinically relevant insight: adenomyotic uterine 
volume appears to decrease during treatment but may increase 
again after discontinuation [63]. From a practical perspective, this 
has major implications for patient counseling because symptom 
recurrence after cessation should be anticipated and discussed 
when defining treatment goals.

The evidence for relugolix in adenomyosis is more limited 
than that for linzagolix, but growing clinical interest is increasing. 
Published data include a retrospective study showing a rapid 
reduction in adenomyosis coexisting with leiomyomas, with 
uterine volume decreasing by 43% in the adenomyosis group 
versus 27% in women with fibroids alone, while adenomyotic 
lesions within the adenomyosis group decreased by 61% [65]. 
More recently, a post hoc subgroup analysis of the LIBERTY 1 and 
LIBERTY 2 trials showed that, among women with uterine fibroids 
and concomitant ultrasound-diagnosed adenomyosis (n = 111; 
18.2% of the pooled study population), relugolix combination 
therapy achieved a treatment response rate of 83.8%, compared 
with 27.6% with placebo. In the same subgroup, 64.9% of 
women achieved amenorrhea, and uterine volume decreased 
by 22.2% [64]. These reports are encouraging, particularly 
because relugolix offers the practical advantage of once-daily 
oral dosing and, in fixed-combination formulations, the possibi
lity of standardized add-back therapy [64,65].

The relugolix experience is also relevant because adeno
myosis frequently coexists with endometriosis or fibroids, and 
this overlap may expand the potential clinical niche for GnRH 
antagonists [64]. In real-world practice, many patients do not 
present with ‘pure’ adenomyosis, but rather with mixed estro
gen-dependent pelvic disease. In such settings, a therapy that 
simultaneously reduces bleeding, dysmenorrhea, and endo
metriosis-related pain may be particularly attractive, even if 
adenomyosis-specific randomized evidence is still lacking.

In contrast with fibroids, where elagolix has been rigorously 
evaluated in large randomized trials, direct adenomyosis- 
specific evidence for elagolix is sparse. Current discussion of 
elagolix in adenomyosis is therefore driven more by pharma
cologic rationale and extrapolation from endometriosis and 

fibroid data than by dedicated clinical trials. This is an impor
tant distinction, because it highlights a recurring issue in the 
adenomyosis field: promising mechanisms often outpace for
mal evidence generation. Reviews of conservative adenomyo
sis management and broader appraisals of oral GnRH 
antagonists acknowledge this potential, but they also empha
size that the supporting clinical data remain limited. 
Accordingly, elagolix cannot presently be positioned as an 
evidence-based standard for adenomyosis, although it 
remains a scientifically plausible candidate for future investi
gation [5,60,62].

A critical issue in interpreting adenomyosis studies is the 
heterogeneity of reported endpoints. Bleeding reduction is 
important, but in adenomyosis, the most clinically meaningful 
outcome may often be pain relief, especially improvement in 
dysmenorrhea. Available reports suggest that both pain and 
bleeding can improve under GnRH antagonist therapy, with 
volume reduction representing a supportive but not necessa
rily essential correlate of clinical response [17,63,65]. This is 
important because adenomyosis is not simply a mass lesion; it 
is also a disorder of uterine inflammation, myometrial dysfunc
tion, and altered contractility. As a result, symptom improve
ment may occur even when imaging changes are modest or 
difficult to quantify. This pattern parallels the broader concept 
already observed in fibroids that endocrine suppression modi
fies disease activity more than it eradicates lesions, but in 
adenomyosis the disconnect between symptom relief and 
anatomy may be even more pronounced.

The major limitation of the adenomyosis literature lies not 
in the absence of therapeutic activity, but in the lack of robust, 
adequately powered comparative evidence. Most studies pub
lished to date are limited by small sample size, short duration 
of follow-up, non-randomized design, and the inclusion of 
highly selected populations. Interpretation is further compli
cated by diagnostic heterogeneity, since adenomyosis may 
present as diffuse or focal disease, occur in isolation or in 
association with fibroids and/or endometriosis, and be diag
nosed by ultrasound or MRI using non-equivalent criteria. As 
a result, cross-study comparisons are challenging and the 
generalizability of available data remains limited. In addition, 
several key long-term issues remain incompletely character
ized, including symptom recurrence after treatment disconti
nuation, effects on bone health, implications for fertility- 
oriented care, and the place of GnRH antagonists relative to 
established progestin-based strategies [18,61].

Taken together, the available evidence suggests that oral 
GnRH antagonists are promising agents for symptomatic ade
nomyosis, particularly in women with severe dysmenorrhea, 
HMB, enlarged uterus, or coexisting endometriosis who wish 
to avoid or postpone surgery [17,18,63,65]. The most convin
cing current signal comes from linzagolix pilot data, supported 
by early reports with relugolix and by a strong mechanistic 
rationale for the drug class as a whole. At the same time, the 
literature does not yet support viewing GnRH antagonists as 
established standard therapy for adenomyosis in the same 
way that they are increasingly regarded for fibroid-associated 
HMB. Their current place is best understood as selective and 
individualized: a potentially valuable option in expert practice, 
but one that still requires formal validation through 
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prospective controlled trials with standardized diagnostic cri
teria, patient-centered symptom endpoints, and long-term 
safety assessment [18,60,62,63,65].

6. Safety, tolerability, and risk–benefit profile of 
GnRH antagonists

The clinical utility of oral GnRH antagonists in uterine fibroids 
and adenomyosis is fundamentally determined by the balance 
between effective endocrine suppression and the prevention 
of hypoestrogenic complications. While these agents offer 
clear advantages over GnRH agonists in terms of rapid onset 
of action, oral administration, and dose-dependent modula
tion of ovarian function, their safety profile remains intrinsi
cally linked to the degree and duration of estradiol 
suppression. The introduction of add-back therapy has signifi
cantly improved tolerability and expanded the potential for 
longer-term use; however, important considerations regarding 
bone health, metabolic effects, and individualized risk stratifi
cation persist [39,40,53].

The most common adverse events associated with GnRH 
antagonist therapy are related to reduced circulating estrogen 
levels and include vasomotor symptoms such as hot flushes 
and night sweats, as well as headache, fatigue, mood changes, 
and decreased libido. These effects are generally dose- 
dependent and more pronounced in regimens achieving near- 
complete ovarian suppression [39,40,53].

Compared with GnRH agonists, the severity of hypoestro
genic symptoms is generally reduced, reflecting the ability of 
antagonists to maintain partial estrogen levels, particularly 
when used in conjunction with add-back therapy. Clinical trials 
in uterine fibroids consistently show that the incidence of hot 
flushes is lower in patients receiving combination regimens 
with low-dose estrogen and progestin than in those treated 
with GnRH antagonist monotherapy. In randomized trials, hot 
flushes were reported in a relatively small proportion of 
patients receiving add-back combination regimens, whereas 
substantially higher rates were observed in monotherapy 
groups, supporting the role of add-back therapy in improving 
tolerability and enabling longer-term use. From a clinical per
spective, this improved tolerability is a key factor supporting 
patient adherence and acceptance, particularly in the context 
of chronic or repeated treatment courses [38–40,53].

Among safety considerations, the impact of GnRH antago
nists on BMD is one of the most clinically relevant constraints 
on prolonged treatment. Because estrogen is essential for 
skeletal homeostasis, particularly through inhibition of osteo
clast-mediated bone resorption, sustained hypoestrogenism is 
associated with accelerated bone turnover and progressive 
BMD loss [66].

Clinical trials have consistently demonstrated that GnRH 
antagonist monotherapy is associated with measurable reduc
tions in BMD over relatively short treatment durations [39,67]. 
However, the concomitant use of add-back therapy markedly 
attenuates this effect. In the landmark LIBERTY phase 3 trials of 
relugolix combination therapy, BMD was similar to placebo in 
the combination therapy group but decreased significantly 
with relugolix monotherapy [39]. A recent meta-analysis 
found that BMD decrease with GnRH antagonists plus add- 

back therapy ranged from 0% to 2%, compared with signifi
cantly greater reductions with monotherapy [67]. These find
ings support the concept that maintaining circulating estradiol 
above a critical threshold (approximately 20–50 pg/mL) is suf
ficient to preserve skeletal health while retaining therapeutic 
efficacy.

Despite these reassuring early data, several uncertainties 
remain. Long-term outcomes with oral GnRH antagonists in 
adenomyosis have not yet been adequately characterized, and 
the cumulative impact of repeated treatment courses on bone 
health requires further investigation. In clinical practice, careful 
patient selection, baseline risk assessment, and, when appro
priate, monitoring of BMD should be considered, particularly 
in women with additional risk factors for osteoporosis.

Add-back therapy, most commonly consisting of low-dose 
estradiol (1 mg) plus norethindrone acetate (0.5 mg), is 
a fundamental component of current GnRH antagonist regi
mens. Its principal objective is to reduce the systemic conse
quences of hypoestrogenism, particularly vasomotor 
symptoms and BMD loss, without compromising therapeutic 
activity on uterine targets [13].

The success of this approach is based on the differential 
sensitivity of target tissues to estrogen levels, often referred to 
as the ‘estrogen threshold hypothesis.’ While bone and the 
central nervous system are highly sensitive to reductions in 
circulating estrogen, the endometrium and hormonally respon
sive uterine lesions appear to require higher levels of estrogen 
stimulation to sustain pathological activity. This differential 
allows the establishment of a therapeutic window in which 
symptoms can be controlled without inducing clinically signifi
cant hypoestrogenism [13].

Importantly, clinical trials have shown that the addition of 
low-dose hormonal therapy does not substantially compro
mise efficacy in controlling HMB or other fibroid-related symp
toms [39,40].

The safety profile of GnRH antagonists must also be inter
preted in the context of the hormonal components used in add- 
back therapy. Low-dose estrogen–progestin combinations carry 
a theoretical risk of thromboembolic events, although the abso
lute risk in clinical trials has been low and comparable to that 
observed with other low-dose hormonal therapies. It is impor
tant to note that most cardiovascular data on GnRH antagonists 
derive from studies in men with prostate cancer receiving andro
gen deprivation therapy [68–70]. In this population, GnRH ago
nists have been associated with increased cardiovascular risk, 
including myocardial infarction, stroke, and metabolic syndrome, 
while some evidence suggests GnRH antagonists may have 
a more favorable cardiovascular profile [69–72]. However, the 
applicability of these findings to premenopausal women receiv
ing GnRH antagonists with add-back therapy for benign gyne
cologic conditions remains uncertain [68].

Cardiometabolic effects, including potential changes in 
lipid profiles, body weight, and insulin sensitivity, have not 
emerged as major concerns in clinical studies of GnRH antago
nists for fibroids to date, but available data remain relatively 
limited. In clinical practice, individual risk factors (such as age, 
smoking status, obesity, and personal or family history of 
thromboembolism) should be considered when selecting 
patients for treatment and when choosing specific regimens.
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Endometrial safety is ensured by the progestin component 
of add-back therapy, which counteracts estrogen’s prolifera
tive effects on the endometrium. Clinical trials have not 
demonstrated an increased risk of endometrial hyperplasia or 
neoplasia with combination GnRH antagonist regimens over 
the durations studied [13,39]. Bleeding patterns during treat
ment may vary, with many patients experiencing significant 
reductions in menstrual blood loss or amenorrhea. 
Amenorrhea rates in clinical trials ranged from 34% to 81% 
at 24 weeks of follow-up. In some cases, irregular or break
through bleeding may occur, particularly during the initial 
phases of treatment or with partial suppression regimens. 
These patterns are generally manageable and tend to stabilize 
over time [39,40].

A notable advantage of GnRH antagonists is the rapid 
reversibility of their pharmacodynamic effects. Upon disconti
nuation, gonadotropin secretion and ovarian steroid produc
tion typically recover quickly, leading to the resumption of 
ovulatory cycles. This feature is particularly relevant in 
women desiring future fertility and distinguishes antagonists 
from longer-acting depot therapies [11,43,44].

However, reversibility of endocrine suppression is also asso
ciated with symptom recurrence. Clinical studies, particularly 
randomized withdrawal trials, have shown that HMB and other 
fibroid-related symptoms may return within weeks after treat
ment cessation, reinforcing the concept that GnRH antago
nists function primarily as suppressive rather than curative 
therapies and underscoring the need for long-term manage
ment strategies in chronic disease [56,57].

Overall, GnRH antagonists have redefined the medical man
agement of hormone-dependent uterine disease by offering 
effective symptom control with a more flexible and potentially 
better tolerated suppressive strategy. Their optimal role, how
ever, remains inherently individualized and depends on 
a careful balance between efficacy, safety, treatment goals, 
and long-term management needs.

7. Current role of GnRH antagonist in the treatment 
of benign uterine disorders

Oral GnRH antagonists represent an important addition to the 
therapeutic options for benign uterine disorders, particularly 
uterine fibroids and, to a lesser extent, adenomyosis. Rather 
than replacing existing therapies, they function as integrative 
tools.

Oral GnRH antagonists with add-back therapy are among 
the most effective medical options for fibroid-related HMB, 
with phase III trials consistently showing substantial reduc
tions in menstrual blood loss and high amenorrhea rates 
[11,53]. The American College of Obstetricians and 
Gynecologists states that oral GnRH antagonists with hormo
nal add-back therapy can be considered for the treatment of 
abnormal uterine bleeding associated with leiomyomas for up 
to 24 months [38]. The American College of Radiology includes 
oral GnRH antagonists among second-line medical manage
ment options for uterine fibroids [73].

Unlike the LNG-IUS, which may be less effective in the 
presence of cavity-distorting fibroids and is associated with 
higher expulsion rates in women with fibroids (approximately 

11% vs 0%–3% in women without fibroids), GnRH antagonists 
act independently of uterine cavity anatomy [74]. Compared 
with GnRH agonists, antagonists offer a more rapid onset of 
action without an initial flare effect, oral administration, and 
the potential for longer-term use when combined with add- 
back therapy [11,43,44].

Potential candidates include women with moderate-to- 
severe HMB or dysmenorrhea who wish to avoid or defer 
surgery, have contraindications to or failure of first-line hor
monal therapies, require rapid bleeding control because of 
anemia, or need preoperative optimization. They may also be 
considered in selected perimenopausal women as a bridge to 
menopause, if bone and thromboembolic risk factors are 
assessed [8,11,59].

Evidence for GnRH antagonists in adenomyosis is more 
limited. They should be considered second-line or individua
lized therapy rather than standard first-line treatment [16]. 
First-line management typically includes progestins (particu
larly dienogest) and the LNG-IUS [10,18].

Pilot studies suggest that linzagolix may reduce uterine 
volume by approximately 32%–55% and improve pain, dys
menorrhea, and QoL in women with adenomyosis [17,63]. 
GnRH antagonists may be particularly valuable in women 
with severe symptoms, enlarged uteri, or coexisting fibroids 
or endometriosis who have failed first-line therapies [5]. Their 
use remains largely off-label and expert-driven, requiring indi
vidualized decision-making.

GnRH antagonists are currently the only available oral 
agents that directly and rapidly suppress ovarian steroid pro
duction in a reversible manner. Combined oral contraceptives 
and progestins are widely available but generally provide 
more limited control of fibroid-associated HMB. The LNG-IUS 
is highly effective for HMB, but its efficacy may be reduced in 
the presence of large or cavity-distorting fibroids [74]. GnRH 
agonists are effective but are limited by hypoestrogenic 
adverse effects, flare-up phenomena, and parenteral adminis
tration [59]. When combined with add-back therapy, GnRH 
antagonists offer comparable efficacy to GnRH agonists with 
improved tolerability and oral administration.

GnRH antagonists can also be used in the preoperative 
setting to improve hemoglobin levels and, in some cases, 
reduce uterine volume, thereby potentially facilitating less 
invasive surgical approaches. In addition, they may help post
pone surgery in perimenopausal women or provide intermit
tent symptom control in selected patients, although the 
optimal treatment regimens remain to be clearly defined.

Oral administration and rapid onset enhance clinical usabil
ity. Fixed-dose combination regimens, approved in the United 
States for up to 24 months, simplify treatment and may sup
port adherence [11,39].

The role of oral GnRH antagonists in women wishing to 
conceive or undergoing assisted reproductive technology 
(ART) requires specific consideration. At present, these agents 
should not be regarded as fertility-enhancing treatments 
per se, because no randomized trials have evaluated relugolix, 
elagolix, or linzagolix as pretreatment before IVF or frozen 
embryo transfer in women with fibroids or adenomyosis. In 
women with fertility-impairing fibroids, particularly submuco
sal, cavity-distorting, or large intramural lesions, myomectomy 
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remains the preferred strategy when anatomical correction is 
expected to improve reproductive outcomes [75]. GnRH 
antagonists may nevertheless have a potential role as short- 
term bridging therapy before surgery or ART, especially to 
control HMB, improve anemia, and temporarily reduce uterine 
or fibroid volume. Their rapid onset, absence of flare effect, 
oral administration, and reversibility may be advantageous 
compared with depot GnRH agonists when timing of ART is 
important [11].

In adenomyosis, most ART-related evidence concerns pro
longed pretreatment with GnRH agonists rather than oral 
GnRH antagonists. Several retrospective studies and meta- 
analyses suggest that GnRH agonist downregulation before 
embryo transfer may improve implantation or clinical preg
nancy rates, particularly in women with diffuse adenomyosis, 
although the effect on live birth remains inconsistent and the 
quality of evidence is limited [76–78]. Oral GnRH antagonists 
are biologically plausible alternatives because they may 
reduce uterine volume, bleeding, pain, and adenomyosis- 
related inflammatory activity; however, fertility outcomes 
after antagonist pretreatment have not yet been reported 
[16,17,64].

Therefore, in patients planning ART, oral GnRH antagonists 
should currently be considered investigational for reproduc
tive optimization, although they may be useful for symptom 
control while awaiting treatment, for preoperative optimiza
tion, or potentially as a future alternative to GnRH agonist 
downregulation once dedicated fertility studies become avail
able. Because these agents do not provide reliable contracep
tion and symptoms may recur rapidly after discontinuation, 
their use in women seeking pregnancy requires careful coun
seling regarding timing, avoidance of conception during treat
ment, and the limited evidence on reproductive 
outcomes [79].

Economic considerations are increasingly relevant when 
positioning oral GnRH antagonists within treatment algo
rithms for benign uterine disorders. However, published cost- 
effectiveness data specifically evaluating these agents for 
fibroid-associated symptoms remain limited, particularly in 
European healthcare systems. In general, GnRH antagonist 
combination therapy involves a recurring pharmaceutical 
cost, whereas surgery and interventional radiology procedures 
are associated with higher upfront but usually non-continuous 
costs. In the United States, annual wholesale costs for relugolix 
or elagolix combination therapy have been estimated at 
approximately 12,000– 15,000 US dollars, broadly overlapping 
with the episode-of-care costs reported for major fibroid pro
cedures in claims-based analyses [80]. In Europe, direct com
parisons are more difficult because drug prices and 
reimbursement vary substantially across countries and are 
often shaped by health technology assessment and national 
price negotiations [81]. In the UK FEMME trial, myomectomy 
was more cost-effective than uterine artery embolization over 
a 2-year horizon, highlighting that procedural costs must be 
interpreted together with QoL outcomes and reintervention 
risk [82,83]. Therefore, GnRH antagonists may be economically 
attractive as short-term bridging therapy, preoperative optimi
zation, or treatment for women approaching menopause, 
whereas cumulative costs may become less favorable when 

therapy is continued for several years, especially in younger 
patients. Economic value should therefore be assessed in 
relation to treatment duration, avoidance or postponement 
of surgery, fertility and uterus preservation, symptom recur
rence after discontinuation, and patient preferences.

Overall, the combination of high efficacy, manageable 
safety with add-back therapy, and patient-friendly administra
tion supports the integration of GnRH antagonists into con
temporary treatment algorithms for benign uterine 
disorders [8,11].

8. Conclusion

Oral GnRH antagonists have expanded the medical manage
ment of hormone-dependent benign uterine disorders by 
providing effective, reversible ovarian suppression with 
improved tolerability when combined with add-back therapy. 
Their efficacy is well established for fibroid-associated HMB, 
whereas their role in adenomyosis remains promising but 
requires dedicated controlled studies, particularly to define 
long-term safety, optimal duration, reproductive implications, 
and positioning within individualized uterus-preserving 
strategies.

9. Expert opinion

The introduction of oral GnRH antagonists has marked one of 
the most relevant pharmacological advances in the manage
ment of benign uterine disorders over the past decade. Their 
development has redefined the therapeutic paradigm, moving 
from short-term endocrine suppression toward a model of 
chronic and modulated disease control, particularly for uterine 
fibroids and, to a lesser extent, adenomyosis.

For many years, medical treatment was polarized between 
partial hormonal modulation on one side and profound 
hypoestrogenism on the other. Oral GnRH antagonists have 
introduced an intermediate and more flexible strategy based 
on dose-dependent endocrine modulation. This allows ovarian 
suppression to be aligned with therapeutic goals rather than 
pursued indiscriminately. From our perspective, this is the real 
conceptual breakthrough: the recognition that the optimal 
therapeutic target is not maximal estrogen suppression, but 
a controlled hormonal environment capable of reducing dis
ease activity while preserving tolerability and long-term 
usability. In this respect, the success of add-back therapy 
provides strong clinical confirmation that effective symptom 
control can be achieved without complete estrogen 
deprivation.

In uterine fibroids, the position of GnRH antagonists is now 
relatively well defined. Phase III data across compounds sup
port their use as high-efficacy agents for HMB control, with 
rapid onset and clinically meaningful improvements in anemia 
and QoL. RCTs demonstrated amenorrhea rates of 34–81% at 
24 weeks, with significant improvements in QoL and symptom 
severity scores [8,9,39,40,53].

In adenomyosis, by contrast, the role of GnRH antagonists 
remains exploratory. The available evidence, although limited, 
suggests that these agents may improve abnormal uterine 
bleeding, pain, and uterine volume, with pilot data showing 
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uterine volume reductions of approximately 32% at 24 weeks 
[16,17]. However, the absence of large, randomized trials 
represents a major limitation. At present, GnRH antagonists 
should be considered second-line or expert-driven options 
rather than standard first-line therapy.

The overall risk–benefit profile of GnRH antagonists 
appears favorable, particularly when they are combined with 
add-back therapy, which reduces hypoestrogenic adverse 
effects to levels approaching those observed with placebo. 
Nevertheless, BMD remains a key concern [39,40]. In the 
PRIMROSE trials, dose-dependent decreases in lumbar spine 
BMD of up to approximately 4% at 24 weeks were observed 
with full-suppression regimens, whereas this decline was atte
nuated to around 0%–2% with add-back therapy [40]. 
Although part of this BMD loss may be reversible after treat
ment discontinuation, incomplete recovery has been reported 
after prolonged exposure, especially in the absence of add- 
back therapy. The need for continuous or repeated treatment 
also highlights the importance of shared decision-making, as 
some patients may prioritize noninvasive symptom control, 
whereas others may prefer definitive surgical manage
ment [8,11].

Future priorities include a better definition of long-term 
safety, particularly with respect to bone health over multiple 
years of use, as well as comparative effectiveness studies 
against established alternatives, including the levonorgestrel- 
releasing intrauterine system and surgical approaches 
[8,57,74]. In adenomyosis, adequately powered randomized 
trials using standardized diagnostic criteria and clinically 
meaningful outcome measures are still needed [60–62]. 
GnRH antagonists have already redefined the medical man
agement of uterine fibroids and hold considerable promise for 
adenomyosis. Rather than replacing existing treatments, they 
should be considered versatile components of a broader and 
individualized therapeutic strategy, allowing management to 
be tailored according to disease characteristics, patient prefer
ences, and long-term goals. As further evidence becomes 
available, their role will likely continue to expand, with the 
potential to reshape the management of benign uterine dis
ease in the years ahead [8,11,18].

A further area of clinical interest is the potential role of oral 
GnRH antagonists in patients with overlapping estrogen- 
dependent gynecologic disorders. Endometriosis frequently 
coexists with adenomyosis and may also be present in 
women with fibroids, contributing to complex symptom phe
notypes in which HMB, dysmenorrhea, non-menstrual pelvic 
pain, infertility, and bulk-related symptoms overlap. The effi
cacy of oral GnRH antagonists in endometriosis-associated 
pain, particularly with elagolix and relugolix combination ther
apy, supports the broader concept that titratable suppression 
of ovarian steroidogenesis may be useful across multiple hor
mone-dependent gynecologic conditions [14]. This may be 
particularly relevant in patients with coexisting adenomyosis 
and endometriosis, in whom both uterine bleeding and pain 
are clinically relevant treatment targets. Nevertheless, the evi
dence should not be extrapolated uncritically. In fibroids, the 
main therapeutic endpoint is usually control of heavy men
strual bleeding; in adenomyosis, both bleeding and pain are 
central; whereas in endometriosis, pain control and prevention 

of symptom recurrence are dominant objectives. Therefore, 
oral GnRH antagonists may become valuable systemic options 
in selected women with overlapping disease phenotypes, 
especially when surgery is undesirable, fertility preservation 
is a priority, or treatment is intended as a bridge to ART or 
menopause. However, dedicated studies are needed to define 
optimal dosing, duration, add-back strategies, and long-term 
outcomes in these mixed phenotypes.

Over the next five years, the role of oral GnRH antagonists 
in benign uterine disease is likely to expand from short-term 
symptom control toward more structured, individualized man
agement strategies. In uterine fibroids, these agents are 
expected to consolidate their position as effective medical 
options for moderate-to-severe HMB, particularly in women 
wishing to avoid or defer surgery, those requiring preopera
tive optimization, or patients approaching menopause. Real- 
world data will be essential to define optimal treatment dura
tion, the feasibility of repeated or intermittent courses, and 
the impact of cost and reimbursement policies on clinical 
uptake [8,11].

In adenomyosis, evidence generation remains the main 
priority. Dedicated randomized trials using standardized ultra
sound and MRI phenotyping are needed to clarify the effects 
of GnRH antagonists on bleeding, pain, uterine volume, QoL, 
and long-term outcomes. These agents may emerge as 
accepted second-line options for symptomatic adenomyosis, 
especially in women with severe symptoms or inadequate 
response to progestin-based therapies [18,60,62].

Future research should also refine dose-modulation and 
add-back strategies to optimize the balance between efficacy 
and long-term safety, particularly with regard to BMD and 
cardiometabolic outcomes [13,40]. Finally, GnRH antagonists 
are likely to be increasingly evaluated within multimodal and 
personalized treatment pathways, including sequential or 
combined use with progestins, intrauterine systems, minimally 
invasive procedures, or in patients with overlapping fibroids, 
adenomyosis, and endometriosis. The identification of clinical, 
imaging, or molecular predictors of response may allow more 
targeted use, improve outcomes while minimizing unneces
sary exposure.
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