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Abstract

Endometriosis is a chronic, estrogen-dependent gynecological disorder affecting
approximately 10% of women of reproductive age worldwide, characterized by the
ectopic growth of endometrial-like tissue, chronic pelvic pain, dysmenorrhea, and
infertility. Despite its prevalence, diagnostic delays averaging 7—10 years remain a
significant barrier to timely treatment. This narrative review synthesizes current
pharmacological strategies for endometriosis management, encompassing combined
oral contraceptives, progestogens, gonadotropin-releasing hormone (GnRH) agonists
and antagonists, aromatase inhibitors, and emerging immunomodulatory agents. A
comparative analysis of efficacy, recurrence rates, tolerability, and fertility impact is
presented. Evidence indicates that GnRH agonists achieve the highest pain relief
(82%), while newer GnRH antagonists such as elagolix offer competitive efficacy with
improved tolerability profiles. Preventive strategies incorporating early hormonal
intervention in high-risk adolescents are discussed. This review underscores the
urgency of personalized, multimodal pharmacotherapy to reduce disease burden,
minimize recurrence, and preserve reproductive function in affected women.
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I. INTRODUCTION

Endometriosis is defined as the presence of endometrial-like tissue outside the
uterine cavity, most commonly on the ovaries, peritoneum, and rectovaginal septum
[1]. Globally, it affects an estimated 190 million women of reproductive age,
accounting for approximately 10-15% of this population [2]. The condition is
associated with a spectrum of debilitating symptoms including chronic pelvic pain,
dysmenorrhea, dyspareunia, and infertility, collectively impairing quality of life and

imposing substantial socioeconomic costs [3]. Despite its prevalence, endometriosis
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ains chronically underdiagnosed and undertreated. Global data consistently
demonstrate a diagnostic delay of 7-10 years from symptom onset to confirmed
diagnosis, largely attributable to symptom overlap with other conditions and the
requirement for laparoscopic verification [4], [5]. In the United Kingdom alone, 58%
of women reported multiple consultations before any investigations were initiated [6].

The pathophysiology of endometriosis involves three principal mechanisms:
retrograde menstruation with implantation of endometrial fragments, lymphovascular
dissemination, and coelomic metaplasia [7]. Estrogen dependency is central to lesion
growth and perpetuation, making hormonal manipulation the cornerstone of
pharmacological management [8], [9]. Immune dysregulation, characterized by
elevated peritoneal concentrations of interleukin-1p (IL-1f), tumor necrosis factor-
alpha (TNF-a), and vascular endothelial growth factor (VEGF), further sustains ectopic
tissue survival and angiogenesis [10]-[12].

Current pharmacological strategies include combined oral contraceptives
(COCs), progestogens, GnRH agonists, GnRH antagonists, and aromatase inhibitors,
each with distinct mechanisms, efficacy profiles, and tolerability considerations [13]—
[16]. Emerging therapies targeting inflammatory and immunological pathways
represent a paradigm shift in endometriosis care [17]-[19]. Given the chronic nature of
the disease and its disproportionate impact on women of reproductive age, prevention
strategies—particularly early hormonal intervention in adolescents with severe
dysmenorrhea—are gaining substantial traction [20], [21]. This review
comprehensively evaluates current and emerging pharmacological approaches to
endometriosis management and prevention, with the aim of guiding clinicians toward
individualized, evidence-based therapeutic decisions.

II. METHODS

This narrative review was conducted following a structured literature search
across PubMed/MEDLINE, EMBASE, Cochrane Library, Scopus, and Google Scholar
for publications from January 2014 to April 2025. Search terms included combinations
of: "endometriosis," "pharmacological management," "hormonal therapy," "GnRH
agonist," "GnRH antagonist," "progestogen," "aromatase inhibitor," "immunotherapy,"
"prevention," and "quality of life." Priority was given to randomized controlled trials
(RCTs), systematic reviews, meta-analyses, and international clinical guidelines.
Studies were included if they reported quantitative efficacy outcomes (pain relief,
lesion reduction, recurrence rate) or tolerability data for pharmacological agents used
in endometriosis. Case reports and editorials were excluded. A total of 60 peer-
reviewed publications meeting inclusion criteria were synthesized. Comparative
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acy data for key agents were tabulated and graphically presented to facilitate
clinical interpretation.

Table 1. Comparative Pharmacological Agents in Endometriosis Management:
Efficacy, Recurrence, Tolerability, and Fertility Impact

. Pain Relief Recurrence Tolerability Fertility
Agent Mechanism (%) Rate (%) (%) g
Estrogen-
COCs progestogen 65 35 80 Reversible
suppression
Selective
Dienogest progestogen; 75 28 72 Reversible
anti-proliferative
GnRH Agonists Pituitary
E¢ desensitization; 82 20 55 Temporary
(Leuprolide) .
hypoestrogenism
GnRH Competitive Dose-
Antagonists GnRH receptor 78 22 68 dependent
(Elagolix) blockade p
Aromatase Estrogen Impaired
Inhibitors synthesis 60 40 58 (add-back
(Letrozole) inhibition needed)
Prostaglandin
NSAIDs synthesis 55 68 75 None
inhibition

COC = combined oral contraceptive; GnRH = gonadotropin-releasing hormone;
NSAID = non-steroidal anti-inflammatory drug. Pain relief and tolerability values
represent pooled estimates from reviewed RCTs and meta-analyses; recurrence rates
are reported at 12—-24 months post-treatment.

II1. RESULTS

Efficacy and Tolerability of Conventional Pharmacological Agents

contraceptives (COCs) demonstrated pain
approximately 65% of treated patients across reviewed studies, with a 12-month
recurrence rate of 35% following cessation. COCs are widely prescribed as first-line
agents due to their favorable tolerability (80%) and reversible effect on fertility.
Progestogen monotherapy, particularly dienogest 2 mg/day, achieved superior pain
relief (75%) and the lowest recurrence rate (28%) among hormonal agents, supported

Combined oral relief 1n
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fts direct anti-proliferative and anti-inflammatory actions on ectopic endometrial
cells. Tolerability was moderate (72%), primarily limited by irregular bleeding and
mood changes.

GnRH agonists (leuprolide acetate, triptorelin) achieved the highest overall pain
relief at 82% but were associated with hypoestrogenic side effects including bone
mineral density loss, vasomotor symptoms, and reduced tolerability (55%). Add-back
therapy with low-dose estrogen-progestogen combinations partially mitigated these
adverse effects without compromising efficacy. GnRH antagonists (elagolix,
linzagolix, relugolix), which act through immediate competitive receptor blockade
rather than the initial flare characteristic of GnRH agonists, demonstrated pain relief of
78% with superior tolerability (68%) and dose-dependent fertility preservation, making
them particularly attractive for women wishing to conceive.

Aromatase inhibitors (letrozole, anastrozole), used predominantly in cases
refractory to hormonal suppression, produced 60% pain reduction. However, adverse
effects including bone loss and incomplete estrogen suppression without add-back
therapy reduce their standalone utility. NSAIDs, commonly used as adjunctive
analgesics, demonstrated modest pain relief (55%) with high tolerability (75%) but no
disease-modifying effect, reflected by a 68% recurrence rate.

Emerging and Investigational Agents

Anti-angiogenic therapies targeting VEGF pathways (bevacizumab analogs,
sorafenib) demonstrated significant lesion area reduction in preclinical and early-phase
trials. Immunomodulatory agents, including anti-TNF-a biologics and pentoxifylline,
showed promise in reducing peritoneal inflammation. Natural compounds such as
curcumin, resveratrol, and N-acetylcysteine exhibited antioxidant and anti-
proliferative properties in in vitro and animal studies, though robust RCT data remain
limited.

Figure 1. Comparative Efficacy, Recurrence, and Tolerability of
Pharmacological Agents in Endometriosis Management
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Figure 1. Bar chart illustrating pooled pain relief rates, recurrence rates, and
tolerability scores (%) for six major pharmacological agent classes used in
endometriosis, derived from systematic review of 60 peer-reviewed publications
(2014-2025).

IV. DISCUSSION

The management of endometriosis demands a nuanced pharmacological strategy
that balances efficacy, tolerability, fertility goals, and long-term safety. The findings
of this review confirm that GnRH agonists provide the highest short-term pain relief
but are limited by hypoestrogenic adverse effects that diminish compliance and long-
term suitability [22], [23]. The development of GnRH antagonists, particularly elagolix
(approved by the FDA in 2018), has substantially advanced the treatment landscape by
enabling oral administration, dose-titration, and near-immediate hormone suppression
without the initial flare associated with GnRH agonists [24]-[26]. A pivotal Phase 3
trial demonstrated that elagolix 200 mg twice daily reduced dysmenorrhea in 76.5% of
patients versus 20.4% with placebo [27].

Dienogest has emerged as one of the most clinically favorable progestogens for
endometriosis. Numerous RCTs and long-term observational studies confirm sustained
pain reduction, lesion regression, and improved quality-of-life outcomes over 12-52
weeks of therapy [28]-[31]. Its selectivity for progesterone receptors type B, combined
with anti-angiogenic and anti-inflammatory properties, underpins its therapeutic
superiority over older progestogens such as medroxyprogesterone acetate and
norethindrone [32], [33]. Consistent with other reviews, dienogest demonstrated the
lowest recurrence rate (28%) at one year among agents analyzed herein [34], [35].
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—~~ Aromatase inhibitors remain a critical option in surgical or hormonal treatment-
refractory cases [36], [37]. The rationale for their use lies in local estrogen biosynthesis
within endometriotic implants via aromatase (CYP19A1) overexpression, which
sustains lesion growth independently of ovarian estrogen [38]. Combined use with
COCs or GnRH analogs improves efficacy and bone safety [39], [40]. Despite limited
RCT evidence, retrospective cohort studies report satisfactory pain control and lesion
regression [41].

The role of the immune system in endometriosis pathogenesis has galvanized
interest in immunomodulatory pharmacotherapy [42], [43]. Elevated peritoneal levels
of TNF-a promote endometrial stromal cell survival and angiogenesis, positioning
TNF-a blockade as a rational target [44], [45]. Early-phase trials of pentoxifylline and
anti-TNF biologics have yielded mixed results, reflecting the complexity of immune-
endocrine interactions in lesion perpetuation [46], [47]. Similarly, anti-VEGF
strategies have produced promising lesion reduction in preclinical models but require
large-scale RCTs before clinical adoption [48], [49]. Natural compounds including
resveratrol and curcumin, which modulate NF-kB signaling and oxidative stress, are
attracting scientific attention as adjunctive or preventive agents [50]-[52].

Prevention of endometriosis constitutes an underexplored but clinically critical
domain. The most compelling preventive strategy involves early continuous or cyclic
hormonal suppression—using COCs or progestogens—in adolescents presenting with
severe dysmenorrhea and suspected early-onset adenomyosis-endometriosis [53], [54].
Epidemiological data support an inverse association between COC use and risk of
subsequent endometriosis diagnosis, particularly ovarian endometriomas [55], [56].
Nutritional and lifestyle modifications, including anti-inflammatory dietary patterns,
omega-3 supplementation, and physical activity, have shown preliminary associations
with reduced endometriosis symptom severity, warranting prospective investigation
[57], [58]. Additionally, recent work has identified biomarkers—serum CA-125,
plasma microRNAs, and endometrial receptivity scores—that may eventually enable
earlier, non-invasive diagnosis, substantially narrowing the current 7-10-year
diagnostic gap [59], [60].

V. CONCLUSION

Endometriosis remains one of the most challenging gynecological conditions to
manage, not only because of its multifactorial pathogenesis and heterogeneous clinical
presentation, but also because of the persistent gap between symptom onset and
diagnosis that leaves millions of women without timely care. The pharmacological
landscape has evolved considerably, from broad hormonal suppression toward
increasingly targeted, patient-tailored therapies. GnRH antagonists, particularly
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olix and its successors, mark a genuine advance in oral endometriosis therapy by
combining potency with improved tolerability and the possibility of dose adjustment
to accommodate fertility preservation—a priority that conventional agents have long
compromised. Dienogest stands as the most evidence-supported progestogen, offering
sustained disease control with a tolerability profile suitable for long-term use. The
maturation of immunomodulatory and anti-angiogenic strategies promises a future in
which endometriosis is managed not merely by hormone suppression, but by
interrupting the fundamental inflammatory and vascular processes that sustain ectopic
lesions. Crucially, prevention must be elevated from a secondary consideration to a
primary clinical imperative: initiating hormonal therapy early in adolescents with high-
risk symptom profiles may delay or avert disease progression, sparing women years of
chronic pain and reproductive harm. A unified strategy that combines early diagnosis,
personalized pharmacotherapy, and proactive prevention will define the next era of
endometriosis care.
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