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Abstract – Endometriosis is a benign uterine disease characterized by menstrual pain and infertility, which greatly affects women's health. 
It is a chronic disease that requires long-term care. Hormonal drugs are used for medical treatment and are based on the pathogenetic 
endocrine component. Estrogen dependence and progesterone resistance are the main causes of ectopic implantation of endometrial cells, 
reducing apoptosis and increasing oxidative stress, inflammation and neuroangiogenesis. Endometriotic cells express AMH, TGF-related 
factors (inhibin, activin, follistatin), CRH, and stress-related peptides. Endocrine and inflammatory changes explain infertility, pain, as well 
as a series of comorbidities that are described in these patients, such as autoimmune (thyroiditis, arthritis, allergies), inflammation 
(gastrointestinal disease / urinary disease), and mental health. Hormonal treatment of endometriosis aims to prevent menstruation by 
inhibiting the hypothalamus-pituitary-ovarian axis or by causing pseudodecidualization from amenorrhea, impairing the progress of 
endometriotic implantation. GnRH agonists and antagonists are effective in endometriosis by affecting the pituitary-ovarian function. 
Progestins are often used for long-term treatment (dienogest, NETA, MPA) and are used in many areas of practice. Combined oral 
contraceptives are also used to reduce the symptoms of endometriosis by inhibiting ovarian function. Clinical trials are currently underway 
for progesterone receptor modulators, selective estrogen receptor modulators and aromatase inhibitors. At this time, all these drugs are 
considered as the first treatment for women with endometriosis, to improve their symptoms, delay surgery or prevent the recurrence of the 
disease after surgery. This review aims to provide a comprehensive state of  current and future hormonal therapy for endometriosis . 

Keywords – AMH , Activin, aromatase inhibitors, CRH, dienogest endometriosis, estrogen , progesterone resistance, GnRH agonist, GnRH 
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I. INTRODUCTION 

Endometriosis is a chronic disease characterized by the presence of endometrial tissue outside the uterine cavity, affecting women 
with pelvic pain and infertility [1]. The prevalence is between 2 and 10% among women of childbearing age, 30 to 50% among 
women who have not given birth, and 5 to 21% among women with severe pelvic pain [2] . However, true prevalence is uncertain, as 
estimates vary across population samples and diagnostic methods [3]. The pathophysiology of endometriosis is still an under-
researched topic, but the endocrine system and the inflammatory process are well known, recognizing estrogen dependence [4] and 
progesterone resistance [5]. The main mechanisms involved in the ectopic localization of endometrial cells include retrograde 
menstrual cycle, vascular and lymphatic circulation, and/or metaplasia/stem cells. The most accepted theory is retrograde 
menstruation, in which fragments of the endometrium move from the fallopian tubes into the peritoneal cavity, where they implant, 
spread and invade the pelvic peritoneum. The movement of endometrial cells in the pelvis is physiological, which leads to apoptosis / 
autophagy and cell proliferation, the elimination process of these cells, while endometriosis patients, hormonal and genetic / 
epigenetic changes determine of these processes, supports the cell survive , increase in peritoneal invasion. [6]. Increased estrogen 
receptor activity, estrogen production in endometriosis lesions, and progesterone resistance are determinants of poor apoptosis, 
reduced immune function, and increased proliferation [7-9]. Therefore, endometriotic cells attach, enter and invade the peritoneum, 
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determining the growth of implants and frequent tissue damage and repair [10], neoangiogenesis [11] and neurogenesis [12] ]. 
Fibroblast-myofibroblast transdifferentiation contributes to the production of collagen and fibrogenesis [13], and the insertion of 
muscle fibers which, combined with chronic inflammation, explains the painful symptoms. Depending on the location of the lesion, 
three phenotypes of endometriosis are recognized: ovarian endometriomas (AOM) (common, chocolate cysts), superficial peritoneal 
endometriosis (SUP) and deep infiltrating endometriosis (DIE) (the most severe form develops in depth more than 5 mm below the 
peritoneal surface and enters the muscularis propria of the bladder or intestine) [1]. In addition, the extraperitoneal area is described, 
namely the pleura, diaphragm or umbilicus [14], and 30% of endometriosis cases are associated with adenomyosis (inclusion of 
endometrial stroma and glands in the myometrium) [15, 16]. 

The main symptom of endometriosis is menstrual pain, namely dysmenorrhea, dyspareunia, dysuria and dyschezia, and non-cyclical 
pelvic pain can also occur in these patients. Since these symptoms are not specific to endometriosis and can be signs of other 
gynecological or non-gynecological diseases, diagnostic errors or significant delays in the identification of endometriosis are often 
reported [17] .Pain and infertility symptoms are associated with psychological stress, low self-esteem and depression, harming 
physical, mental and social health [18] and reducing quality of life (QoL) [ 19]. Therefore, these patients, other than changes in the 
hypothalamus-pituitary-ovarian (HPO), also have changes in the hypothalamic-pituitary-adrenal (HPA) axis and thyroid function, 
with a connection to inflammation and immune dysfunction. 

In the last two decades, there has been an increase in the diagnosis/incidence of endometriosis and its chronic and progressive nature 
determines the important impact on the quality of life in these patients. . In the past, surgery was considered the definitive treatment, 
but recent evidence has shown that it does not resolve the pathogenetic process in patients who require long-term care. The goal of 
treatment is to control pain and increase fertility by increasing the use of medical treatment, and preventing symptoms and the 
recurrence of lesions, to avoid repeated surgeries [20, 21]. In fact, surgery in women with endometriosis is associated with the risk of 
urological, intestinal, vascular and neurological problems and pain may recur or persist if there is insufficient removal of the 
endometriosis lesion [ 22, 23]. Currently, medical treatment is considered the first treatment for many women with endometriosis, to 
improve their symptoms, but also to schedule the best time for surgery or treatment with assisted reproductive treatment (ART), or to 
prevent the recurrence of post-surgery disease. [1, 24, 25]. The choice of the best treatment depends on the severity of the pain, age, 
desire to conceive, but also on the impact of the disease on the individual's quality of life [26].Currently, hormonal therapy is the 
most effective drug to treat endometriosis and is based on the pathogenetic process involved in the disease. The goal is to stop 
cyclical menstruation: by preventing the ovarian secretion of estrogen or by causing the condition of pseudo-pregnancy [21]. 
Endocrine status supports current and future hormone therapy to treat women with endometriosis.  

Endocrine changes in endometriosis  

HPO axis hormone  

FSH and LH  

There was no significant difference in blood levels of follicle-stimulating hormone (FSH) and luteinizing hormone (LH) between 
women with endometriosis and control women. However, some FSHR and LHR single nucleotide polymorphisms (SNPs) have been 
identified in patients with endometriosis (27). The FSHR 680Ser-Ser/GG genotype and the “GG/307Ala680Ser” haplotype are 
common in fertile women with endometriosis, while the presence of the “GA/307Ala680Asn” haplotype reduces the risk of 
pregnancy and disease progression [28,29]. In addition, the SS (680 Ser/Ser) or AA (307 Ala/Ala) genotype was associated with a 
reduced risk of developing stage 3 to 4 endometriosis compared to stage 1 to 2 endometriosis [30]. FSHR 680Asn/Asn induces 
aromatase activity leading to high estrogen levels and proliferation of endometriotic lesions [31]. Among the LHR SNPs, a 
polymorphic insertion in exon 1 of the LH receptor gene (insLQ) is common in women with endometriosis and infertility, and is 
thought to stimulate the activity of the LHR, reducing induction effective up to half maximum concentration and increasing cell 
surface area expression[32]. 

 Estrogen and ER  

Although serum estrogen levels in patients with endometriosis do not differ from those of healthy women, it is clear that changes in 
estrogen play a role in the etiology of endometriosis: estrogen signals are caused by local estrogen accumulation and increased ER. 
activity in endometriotic cells . Estrogen is an important biological factor that causes chronic inflammation, promoting the survival of 
endometriotic cells and the development of lesions. Clear data show that endometriotic tissue expresses all steroid genes, including 
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aromatase, allowing the production of estradiol (E2) locally de novo. [33]. Local E2 levels are increased in endometriosis due to 
mutations in the aromatase gene CYP19A1 [34] and decreased 17-hydroxysteroid dehydrogenase type 2 (17HSD2), which normally 
(caused by P4) converts E2 to estrone and -less strong [35, 36]. Endometriotic stromal cells are epigenetically dysregulated and 
express proteinogenic steroids and enzymes such as steroidogenic acute regulatory protein (STAR) and convert cholesterol precursor 
molecules to E2. A key event in E2 binding is the recruitment of steroid factor receptor (SF-1) to steroid gene promoters. This is the 
main event in the synthesis of E2 [37]. A feedback loop links hyperestrogen stimulation to inflammation. : overexpression of 
cyclooxygenase 2 (COX2) and CYP19A1 increases the local production of prostaglandins and estrogens, causing serious 
disturbances [38]. The production of estradiol in endometriosis activates ERβ signaling in favor of survival and inflammation of 
endometriotic tissue. 

In terms of changes in ER activity, an excess of ERβ and a disruption of ERα [ 39 , 40 ] have been observed in endometriosis. 
Changes in promoter methylation may be the cause of increased ERβ/ERα in endometriotic cells, since the ERα promoter region is 
hypermethylated, leading to reduced expression, while CpG islands in the ERβ promoter become hypomethylated, resulting in 
increased expression [41,42]. Compared to controls, ERα levels are higher in the eutopic endometrium of women with endometriosis, 
leading to increased estrogen activity and proliferation, which affects endometrial function. ERβ expression was unchanged in the 
eutopic endometrium of women with endometriosis, although the ERβ/ERα ratio was increased (43). An important role is played by 
steroid receptors (SRCs) [44], and defining SRC expression in endometriotic lesions has identified SRC-1 as the predominant SRC 
[45]. Despite the overall reduction of SRC-1, the level of the mutant is increased in animal and human models. This novel SRC-1 
isoform in vitro reduces tumor necrosis factor alpha (TNFa)-mediated apoptosis in endometriotic cells, thereby promoting cell 
survival and invasion and demonstrating disease pathophysiology in vivo (45). In addition, SRC-1 isoform and ERβ may play a 
synergistic role in promoting cell survival in endometriosis (46). Estrogens play a major role in the implantation of endometriotic 
tissue in the peritoneum, lesion survival, production of inflammatory factors (metalloproteinase, cytokines or prostaglandins and 
growth factors) and angiogenesis. ERβ induces proinflammatory pathways, alters the pelvic peritoneal tissue, and produces 
inflammatory stimuli that stimulate nociceptors in the pelvic tissue, leading to pain [47]. Pathological levels of local estradiol 
biosynthesis also appear to result in reduced apoptosis of endometriotic stromal and epithelial cells compared to eutopic endometrial 
tissue (48-50). Estrogens are also involved in the dysregulation of the immune system in endometriotic lesions. Macrophages in 
peritoneal fluid from women with endometriosis upregulate ERβ expression and, in a mouse model of E2 endometriosis treatment, 
increase existing lesion macrophages and macrophage emigration factor expression (51, 52). 

Progesterone and PR  

Circulating progesterone (P4) levels are similar to those found in healthy women. In endometriosis, dysregulation of progesterone 
symptoms and the inability of the endometrial tissue to respond properly to progesterone exposure are often found in the condition of 
progesterone resistance. It manifests in endometriosis by failure to activate PR or transcription of P4 target cells in the presence of 
bioavailable P4 (53). Progesterone resistance has been well established in endometriosis lesions and in the eutopic endometrium of 
women with endometriosis (54). Since P4 signaling is required to inhibit the proliferation of E2 and promote termination (55), 
suppression of the P4 response leads to both increased endometriotic lesions and nonresponsive endometrium (33, 56). Changes in 
the expression of PR nuclear isoforms PR-A and PR-B, steroid receptor coactivators, and multiple downstream effectors in 
endometriotic lesions and eutopic endometrium of women with endometriosis represent the molecular cause of progesterone 
resistance. The concept of progesterone resistance was suggested by the finding that in endometriotic lesions PR-B could not be 
detected and that PR-A was slightly lower than in normal endometrium (57). Promoter hypermethylation and microRNA silencing 
are potential mechanisms responsible for PR-B loss in endometriosis. Indeed, aberrations in the genetic and epigenetic processes of 
PR and their targets have been demonstrated (27). Polymorphism of the progesterone (PR) gene may also promote fatigue in 
endometriosis (58). 

Among the polymorphisms identified in the PR gene of endometriosis patients, the PROGINS polymorphism affects ligand 
binding and the downstream and cellular conditions of endometriosis and contributes to progesterone resistance (59, 
60).Furthermore, in endometriotic tissue, P4 does not induce the epithelial expression of 17β-HSD-2 [35], an enzyme that in 
normal endometrium produces the expression of the enzyme 17β-hydroxysteroid dehydrogenase type 2 (17β-HSD-2), which 
metabolizes estrogen E2 into estrone. This other deficiency, combined with excessive estradiol production due to poor aromatase 
activity, contributes to high estradiol activity in endometriosis. P4 also affects the inflammatory pathway, inhibiting the signaling 
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of members of the kappa light chain enhancer of the B family (NF-κB) protein in endometrial cells. This signaling network has 
been implicated in endometriosis as a factor leading to the induction and maintenance of endometriosis (61). 

Inhibin, activin and follistatin  

Inhibins and activins belong to the transforming growth factor (TGF)-ß superfamily and are involved in the regulation of cell 
proliferation, differentiation, and apoptosis of endometrial cells. Inhibin A, inhibin B, and activin A are detected in the peritoneal 
fluid of women with pelvic endometriosis, and endometriosis cells express mRNA for inhibin, βA subunits, ßB and activin 
receptor types II and IIB [62] . α and β A components are expressed in AOM glands and stroma, and inhibin A and activin A 
dimers are more concentrated in cyst fluid than in peritoneal fluid (63), suggesting that they may be involved in both immersion 
defects in eutopic  endometrium and the development of ectopic sites of endometriosis [64]. Indeed, in human endometrial 
stromal cells from women with endometriosis, activin A increases the secretion of IL-6 and IL-8 (65, 66). Changes in AOM and 
endometrial cripto (activin receptor antagonist) and follistatin (activin-binding protein) indicate an altered activin pathway in 
endometriosis (67). Also, nodal, a growth factor that is well expressed in the tissue that turns and acts through the SMAD protein, 
showed only mild changes in endometriosis, distinguishing high endometriosis cells from malignant disease (68). Serum activin A 
and follistatin do not correlate well with SUP or DIE phenotypes and have high diagnostic sensitivity in diagnosing AOM (69). 

Anti-Mullerian Antibody (AMH)  

AMH is a dimeric glycoprotein from the transforming growth factor-β superfamily and, in addition to its function in the ovary, it 
expresses the number of preantral follicles that make up the oocyte pool, so AMH levels act as a marker of ovarian reserve (70). 
A significant decrease in serum AMH levels has been reported in women with AOM compared with age-matched  fertile controls 
(71). On the other hand, the adverse effects of surgical removal of AOM on ovarian reserve, including AMH levels, are well 
understood (72-74). Therefore, the effect of endometriosis and AOM per se on ovarian reserve is still controversial [72]. In 
addition, infertile patients with endometriosis have lower AMH levels than women with a primary diagnosis of male infertility 
[75]. This conclusion is supported by recent data [76] showing that AMH levels in infertile patients with AOM are lower than 
controls and patients with AMH have both AMH levels is lower in those with AOM. In addition, patients with previous 
cystectomy had significantly lower AMH levels than patients with AOM who had not undergone surgery. These results suggest 
that AOM per se is associated with reduced ovarian reserve and that laparoscopic cystectomy may also significantly impair 
ovarian reserve. However, AOM patients experience a progressive increase in serum AMH levels, which is faster than that of 
healthy women [77]. Differential monitoring of AMH levels does not decrease in women with endometriosis, including those 
with AOM one or two, unless they have previously undergone surgery for AOM, based on data from women undergoing surgery 
and -no information about infertility, thus distorting the results. [72]. 

 The mechanism by which AOM causes damage to the ovarian cavity remains unclear. The inflammatory response to 
endometriosis [78] can cause microscopic changes in follicular and vascular patterns. In addition, compression of the ovarian 
cortex surrounded by the cyst can prevent proliferation and lead to follicular loss [79]. However, more studies are needed to 
elucidate the mechanisms of AOM-induced damage to ovarian reserve. There are few data on the effect of SUP or DIE, without 
AOM, on ovarian reserve [80], indicating that the effect of extraovarian endometriosis on ovarian reserve is less pronounced than 
that of AOM.AMH is also produced by eutopic and ectopic endometriotic cells and secreted into the peritoneal fluid (81). AMH 
treatment in vitro decreases proliferative activity and increases intracellular signaling for apoptosis, suggesting a role for AMH in 
disease pathogenesis (82-84). 

Other endocrine systems  

HPA axis and stress hormones  

The pain associated with endometriosis and infertility causes a stress reaction: on the one hand, infertility causes family problems 
and the fear of disappointing social expectations [85, 86], on the other hand, suffering pelvic pain causes cessation of sexual 
activity and inactivity [87]. , all of which increase anxiety and chronic stress. Since endometriosis also worries about disease 
progression, long-term health risks and the prospect of having children can be a source of stress [87-89]. In addition, women with 
endometriosis experience a delay of 4-7 years between the first manifestation of symptoms and diagnosis [90, 91], which can 
increase the level of stress experienced by the patient. Women with endometriosis and severe endometriosis-related pain 
(dysmenorrhea, pelvic pain, dyspareunia) generally have a higher prevalence [92]. However, if one part of the surgical treatment 
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of women's symptoms reduces the perceived stress, women who undergo multiple surgical procedures report that the high level of 
stress impairs the quality of life [ 93]. In fact, endometriosis has a negative impact on health-related quality of life and related 
factors are often associated with painful symptoms [94]. A recent study by Marki et al. reported that physical pain symptoms and 
emotional regulation difficulties, the latter triggered by psychological stress, reduce health-related quality of life in women with 
endometriosis (95). In addition, other aspects, such as self-confidence, self-esteem and emotional well-being, which play a role in 
mental health and anxiety, change in women with endometriosis [96] . Disruption of the HPA axis is found in patients with 
endometriosis [97] and is associated with a reduced cortisol response, a condition known as hot flashes. Paradoxical 
hypocortisolism such as adrenal fatigue [98] can worsen painful symptoms by reducing endogenous analgesia associated with 
stress (stress-induced analgesia) [99] [100]. In support of this hypothesis, the early morning cortisol response to the CRH assay 
was related with menstrual and nonmenstrual pain in endometriosis (101). Low levels of salivary cortisol are associated with high 
levels of perceived negative life stress in patients with endometriosis and chronic pelvic pain [102], as well as salivary 
hypocortisolism, which associated with infertility and dyspareunia but not dysmenorrhea [103]. . On the other hand, higher hair 
cortisol levels are found in patients with endometriosis compared to healthy women of the same age, parity, education level and 
BMI [104]. Additionally, elevated cortisol levels have been found in infertile women with endometriosis, particularly those with 
advanced disease (105). Interestingly, physical and psychological support increases salivary cortisol levels in women with chronic 
endometriosis pain (106). CRH and urocortin (Ucn) are produced by the endometrium and act locally by changing tissue 
differentiation (decidualization of endometrial stroma, embryo implantation and monitoring of pregnancy) and inflammation 
[107] .  

Eutopic endometrium overexpresses CRH, CRHR types 1 and 2, as well as urocortin mRNA and protein (108), thus suggesting 
that the impaired expression of CRH mRNA and 'Ucn associated with altered CRH-R1 activity may affect destructive process and 
contribute to infertility in these patients. In fact, cultured endometrial cells from endometriosis patients have reduced reproductive 
capacity, decreasing the secretion of prolactin, CRH and Ucn [108]. The strongest immunostaining for CRH and Ucn was 
observed in DIE lesions, with increased expression of CRH-R1 and R2 and the inflammatory enzymes PLA2G2A and COX2 
(109). Whereas CRH and Ucn significantly increase COX2 expression (CRH-R2 antagonist astressin effect) and endometriotic 
tissue expresses both Ucn 2 and Ucn 3 (which regulates the secretion of TNF-α and IL-4), the involvement of this stress pathway 
in inflammation is suggested (110).Higher levels of CRH binding protein were found in the peritoneal fluid of women with 
endometriosis than in controls, suggesting possible changes in circulating levels (62). Plasma urocortin levels were twice as high 
in women with AOM, and levels were significantly higher in AOM cyst fluid than in peritoneal fluid and plasma (111). 
Furthermore, pre-operative Ucn blood tests in symptomatic women undergoing surgery for suspected endometriosis showed that 
recovered cases had higher Ucn levels than patients without lesions and higher Ucn levels of Ucn1 between endometriosis 
phenotypes. However, there is no threshold that can distinguish between endometriosis from other disease conditions, so it is not 
useful (112). 

Thyroid hormones  

Autoimmune thyroid disease is often seen in patients with endometriosis, suggesting a pathological link between these two 
conditions (113-115). A relationship between endometriosis and the presence of thyroid autoantibodies is seen, leading to either 
hypothyroidism or hyperthyroidism. The risk of endometriosis is significantly increased in women who test positive for 
antibodies against thyroperoxidase (TPO) [114], with a high number of TSHR antibodies, pathognomonic for Graves' disease. , 
observed in patients with endometriosis [115]. It is not clear whether these antibodies or thyroid hormones play a role in the 
pathogenesis of endometriosis. Microarray analysis of mild or severe endometriosis confirmed the involvement of thyroid 
hormone homeostasis and metabolism in the pathophysiology of endometriosis (116). A new ex vivo study [117] on thyroid 
transcripts in patients with endometriosis described an overestimation of TSHR and a decrease in T3 biosynthesis and 
accumulation of T4 in ectopic endometrium. It is suggested that direct stimulation of estrogen receptors in endometrial cells by 
thyroid hormones causes cell proliferation. In fact, in vitro studies have shown that TSH causes the proliferation of endometriotic 
cells in all controls, and T4 has a direct proliferative effect on ectopic epithelial and stromal endometrial cells, while T3 only 
occurs on epithelial cells. In addition, thyroid hormones cause ectopic endometrial cells to produce ROS, which can promote, in 
turn, the proliferation of endometriotic cells (118). Thyroid hormones can also contribute to the pathogenesis of endometriosis by 
modulating the immune response, because they can activate neutrophils and macrophages to stimulate a proinflammatory 
environment (119). Therefore, an increase in serum TSH or T4 can be considered as a factor that plays a role in the development 
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and progression of endometriosis. Chronic pelvic pain and symptoms in endometriosis patients with thyroid disorders support that 
endometriosis should be carefully considered in patients with comorbid thyroid disease [117]. 

Clinical results: pain, infertility and systemic effects in endometriosis  

Endometriosis is a heterogeneous disease that also appears in clinical presentations. Common symptoms include dysmenorrhea 
and non-menstrual pelvic pain, which may progress to chronic pelvic pain [17]. have important effects on daily life [120]. Other 
symptoms associated with endometriosis include dyspareunia, dyschezia, and dysuria, and are associated with DIE lesions (121, 
122). Depending on the involvement of the intestines, patients can change between constipation and diarrhea, dyschezia or the 
presence of blood in stools (especially perimenstrual) [122, 123] or, in the case of urine, dysuria is frequently observed. cyclical 
macrohematuria or interstitial cystitis [124]. Chest and shoulder pain should be considered when diaphragmatic endometriosis is 
suspected [125], while endometriosis in the ileocecal or peri-appendicular region has been well associated with abdominal pain, 
nausea, vomiting and diarrhea [126, 127]. 

Regarding the pathophysiology of pain associated with endometriosis, nociceptive (including inflammation), neuropathic and the 
combination of these processes [128], under the influence of hormonal aberrations, anxiety, inflammation and the relationship 
between peripheral and central nervous system. 129-131]. Neurogenic factors, such as brain-derived neurotrophic factor (BDNF) 
and growth factor (NGF), are reported to be overexpressed in peritoneal fluid and endometriotic lesions. of women affected [132]. 
Neurotrophic factors also respond to estrogens, prostaglandins and cytokines and stimulate the growth and development of brain 
nerve endings [133, 134], especially in DIE, characterized by large nerve fibers [135]. The development of a vicious circle 
characterized by nociceptor sensitization and local neo-neurogenesis, which is caused by inflammation and immune mediators, is 
seen in endometriosis [136]. Endometriotic diseases themselves send negative signals to spinal nerves and activate spinal 
microglia to maintain painful stimulation, leading to central nervous system dysfunction (137). In fact, many central changes are 
observed: changes in behavior and central response to negative stimuli, changes in brain function, changes in the HPA and 
autonomic nervous system, and psychological distress [131]. involved in pain modulation and regulation of endocrine function 
(137-139). In fact, chronic pain and stress in patients with endometriosis can cause many psychological disorders and somatoform 
disorders are common [140]. Attitudes of anxiety and depression, as well as a high desire for pain relief are common in patients 
with endometriosis and may enhance pain perception (141, 142). Another common, but often overlooked, symptom in women 
with endometriosis is chronic fatigue, although the exact mechanism is still not understood [143]. 

Women suffering from endometriosis have a high rate of progression of the menstrual cycle, although it is not known whether the 
endocrine system, rare diseases, and inflammatory factors cause the development of these conditions or not. -have a higher effect 
(144, 145). Increased risk of inflammatory bowel disease (Chron's disease, ulcerative colitis) [146], allergies (allergic sinus 
rhinitis and food allergies) [147], autoimmune diseases (systemic lupus erythematosus, rheumatoid arthritis) , Sjögren syndrome, 
multiple sclerosis, fibromyalgia). Women are more likely to be diagnosed with endometriosis, which also causes neuroendocrine-
immune disorders [148-153]. 

Infertility is another major symptom of endometriosis, although the diagnosis of endometriosis does not always indicate 
infertility. Endometriosis is diagnosed in approximately 30% of women living in an infertile couple [154]. This disease affects 
fertility through various processes in the pelvic cavity, ovary and uterus [155]. The pelvic cavity is a dangerous place because the 
chronic heat changes in the peritoneal fluid and the complexity of the common fallopian tube prevent the tubo-ovarian contact and 
affect the sperm-oocyte interaction; The ovary produces abnormal oocytes, abnormal folliculogenesis and luteal function, and a 
reduced ovarian reserve from AOM and/or surgery. Also, in endometriosis, the uterus itself exhibits poor endometrial tolerance, 
mainly due to changes in local growth factors (integrin, LIF, activin, CRH), hormonal disorders (ER and PR) [9 ] and 
dysperistalsis of the myometrium, due to the connection with adenomyosis [156, 157]. However, the evidence supporting 
abnormal endometrial receptivity in endometriosis remains controversial. Chronic endometrial disease, associated with 
progesterone resistance, estrogen administration, abnormal cell signaling pathways, and decreased key homeostatic protein 
expression in women with endometriosis, disrupts the receptivity of the endometrium (158). On the contrary, in vitro fertilization 
(IVF) and egg donation data, other than basic data on endometrial transcriptome signatures, seem to indicate a genetic signature 
of early endometrial receptivity. window entry is similar between infertile women with and without endometriosis. , which shows 
that the quality of embryos and oocytes plays a greater role than the endometrial material itself [159]. 
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Hormonal therapy is often used to treat women with endometriosis. The goal is to prevent menstruation by causing the condition 
of iatrogenic menopause or pregnancy. Current hormonal medical treatment does not completely cure the disease, but it can 
control pain symptoms to prevent or postpone surgery and manage the disease in the long term [21, 160]. The first line of 
hormonal therapy includes progestins, while the second line of therapy is represented by GnRH agonists (GnRH-a) and 
antagonists. The use of combined oral contraceptives (COCs) is common. New hormonal drugs (aromatase inhibitors, estrogen 
receptor modulators (SERMs), progesterone receptor modulators (SPRMs)) are being investigated for the treatment of 
endometriosis .  

Gonadotropin releasing hormone agonists (GnRH-a)  

GnRH-α (goserelin, leuprolide, nafarelin, buserelin, and triptorelin) is a drug that has been used since the 1990s to treat 
endometriosis. They bind to GnRH receptors and, during the first ten days of treatment, stimulate the pituitary gland to produce 
LH and FSH [161]. Finally, prolonged exposure to these agents causes suppression of GnRH receptors, thereby reducing LH and 
FSH levels and inhibiting ovarian estrogen production (Fig. 4). The cause of hypoestrogenism, which follows the amenorrhoic 
state, leads to the recurrence of endometriotic lesions [162]. Several trials have shown that GnRH-a increases pain associated with 
endometriosis [163-166] and a meta-analysis of 41 trials comparing the use of GnRH agonists with different methods, treatment 
methods and administration methods, reports that GnRH-a is more. effective. as effective as placebo and as effective as other 
progestins in reducing pain [167]. In particular, the administration of GnRH-α for a period of 3 to 6 months before ART in 
women with endometriosis can increase the chance of clinical pregnancy by four times (168). 

However, GnRH therapy is associated with significant hypoestrogenic effects, including amenorrhea, vasomotor symptoms, sleep 
problems, urogenital atrophy, and increased bone density. Therefore, GnRH-α should be used with caution in adolescent girls, 
because these women may not achieve the highest bone density [169]. The addition of additional therapy (low COC, estrogens or 
progestins only, bisphosphonates, tibolone, or raloxifene) can reduce these negative effects, without reducing the effectiveness of 
pain relief. In addition to complementary therapy, the administration of GnRH-a, initially limited to 6 months, allowed for a 
longer period [170]. Some clinical trials and studies have shown that additional treatment with GnRH-α and steroids can be 
effective for 30 months to 10 years [171, 172]. GnRH antagonists  

GnRH antagonists inhibit the production of gonadotropin hormones, competing with endogenous GnRH for its pituitary receptors 
(Figure 4). Unlike GnRH-a, antagonists do not cause a first flare and result in a faster onset of treatment [21]. They also have the 
advantage of being administered orally due to their non-peptide structure that avoids intestinal proteolysis. Elagolix, a short-acting 
GnRH antagonist, has recently been approved in the United States for the treatment of acute and chronic pain associated with 
endometriosis (21). Compared to conventional GnRHa, elagolix, by blocking the endogenous GnRH signal, causes a dose-related 
suppression of LH and FSH, as well as a change in estradiol levels. Therefore, it helps to relieve the pain associated with 
endometriosis and avoids severe hypoestrogenism [21]. The FDA approved elagolix for the treatment of pain associated with 
endometriosis following the results of a second multicenter, double-blind, randomized 3-minute trial [173] that compared two 
different doses of elagolix (150 mg once daily or 200 mg twice daily two per day) and a placebo. . In both trials, during 6 months 
of treatment, elagolix significantly reduced dysmenorrhea and non-menstrual pelvic discomfort. Also in menstruating women, a 
lower number of menstrual days and moderate or severe dysmenorrhea was observed compared to placebo, indicating a reduction 
in pain despite going before menstruation [174]. Positive results were found in two 3-part fertility studies [175], which 
investigated the long-term and safety of elagolix for 12 months, reducing dysmenorrhea, non-menstrual pelvic pain and 
dyspareunia. In addition, treatment with elagolix improves quality of life [175, 176], reduces the use of analgesics [175] and 
fatigue [177]. Although it inhibits ovarian function in a dose-dependent manner, elagolix, especially at the highest dose, causes 
hypoestrogenic effects, as hot flashes, BMD decreases, and high levels. Based on these findings, two ongoing phase III trials are 
evaluating the safety and efficacy of elagolix alone and elagolix plus E2 and NETA for the treatment and management of acute 
and chronic pain in children. a premenopausal woman with endometriosis over a 24-month period (NCT03343067). . and 
NCT03213457). More studies are needed to evaluate the effect of the drug on ovarian function, as many pregnancies are reported 
during treatment with elagolix; therefore, patients should use non-hormonal contraceptive methods during treatment (178, 179). 

Relugolix and linzagolix are two new GnRH antagonists, in advanced stages of clinical development for the management of pain 
associated with endometriosis (180, 181). A 2nd, multicenter, randomized, double-blind, placebo-controlled trial of oral 
administration of relugolix for 12 weeks demonstrated its efficacy in reducing endometriosis-related pain in a dose-response 
manner and some adverse events (burn hot, heavy menstruation). bleeding, and irregular periods and decreased bone mineral 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 325 

density). However, oral relugolix at a dose of 40 mg was generally well tolerated and showed similar efficacy and safety to 
leuprorelin [180]. A phase 3 extension trial was conducted to evaluate the long-term efficacy and safety of relugolix 40 mg once 
daily in combination with low doses of estradiol and norethindrone acetate in endometriosis-related pain. A phase 2b, double-
blind, placebo-controlled, dose-finding trial of linzagolix was conducted in women with surgically confirmed endometriosis and 
severe endometriosis-related pain (181). Doses ≥ 75 mg resulted in a higher number of respondents for general pelvic pain, 
dysmenorrhea, and non-menstrual pelvic pain after 12 and 24 weeks of treatment. Serum estradiol was suppressed, quality of life 
improved, and the rate of amenorrhea increased in a dose-dependent manner. Decreased BMD (bone marrow) increased in a dose-
dependent manner and was &lt; 1% at week 24 at doses of 50 and 75 mg and up to 2.6% for 200 mg. The most commonly 
reported adverse effects of trial therapy are hot flashes and headache [181]. Progestins  

Progestins are compounds with many actions in RA: Reduction of FSH and LH secretion, anovulation, somewhat hypoestrogenic 
state and amenorrhea which helps to stop endometriosis and prevent dysmenorrhea. In addition, they have an anti-estrogenic 
effect that causes pseudodecidualization of the endometrium, inhibits the inflammatory response, induces apoptosis of 
endometriotic cells, reduces oxidative stress, inhibits angiogenesis and inhibits the expression of matrix metalloproteinases [5,26]. 
All these processes caused by progestin have a beneficial effect on the progression of endometriosis and associated pain. 
According to the ESHRE guidelines, progestins are considered as the first choice for the treatment of endometriosis [182], 
because they are as effective in reducing the number and pain as GnRH agonists, and have a low cost and less bad feelings. 

Progestins can be given orally, intramuscularly, subcutaneously or intrauterinely [183]. Progestins commonly used for the 
treatment of endometriosis pain include dienogest (DNG), norethindrone acetate (NETA), and medroxyprogesterone acetate 
(MPA) (169, 184). DNG is approved in Europe, Japan, Australia and Singapore, while NETA and MPA are currently approved by 
the United States Food and Drug Administration (FDA). Other progestin treatment options include gestrinone, desogestrel, 
danazol, etonogestrel implant, and levonorgestrel intrauterine system (LNG-IUS). Side effects of progestins include frequent 
uterine bleeding/spotting, weight gain, bone loss (especially for long-term use of depot MPA) , and mood changes (such as 
depression). Although these side effects are common, they do not usually lead to discontinuation of treatment. In general, 
progestins are not safe and about two-thirds of patients are satisfied with their use for symptomatic endometriosis (185).  

Dienogest  

DNG, derived from 19-nortestosterone, is the newest progestin available for endometriosis and, according to some evidence, 
improves endometriosis pain symptoms during long-term treatment (186 ). Patients undergoing surgery and diagnosed report 
similar pain reduction, as women with or without prior treatment [187]. Compared with danazol, MPA, and goserelin, DNG is the 
most effective method for treating pelvic pain associated with endometriosis (188). Furthermore, no effect on bone mineral 
density was reported compared to leuprolide treatment, maintaining stable bone turnover [189]. Regarding the effect of DNG 
according to different endometriosis phenotypes, it causes a significant reduction in the diameter and volume of AOM, while the 
ovarian reserve seems to be preserved [190]. In women with AOM diagnosed by ultrasound and followed for 12 months, DNG 
reduced AOM volume by 76% compared to baseline. A decrease of 74.05% was observed for dysmenorrhea, 42.71% for 
dyspareunia and 48.91% for chronic pelvic pain [191]. In addition, DNG alone has been shown to be superior to COC containing 
DNG in reducing AOM size [192]. A recent study showed that in women with AOM DNG reduces the size of ovarian cysts, is 
effective in reducing symptoms related to endometriosis after 6 and 12 months of treatment and successfully (193). 

DNG is effective in controlling pain caused by rectovaginal endometriosis [194],  urinary bladder endometriosis [195, 196] and 
DIE [197]. In a prospective study involving 30 women with ultrasound findings of DIE (intestinal and posterior fornix) and DNG 
for 12 months, it was found that the treatment was effective in controlling the pain symptoms associated with DIE (dysmenorrhea, 
dyspareunia, dyschezia), so. improving quality of life, even reducing the volume of DIE nodules [198].Patients treated with DNG 
also showed improvement in sexual function [194] and quality of life [187, 199]. In Asian women, DNG treatment reduced the 
Endometriosis Health Profile-30 (EHP-30) score in all assessed domains, especially the “pain” domain was improved in 78.4% of 
patients. Patients were diagnosed with surgery and this was described clinically as pain reduction [200]. In a randomized 
controlled trial in Chinese women with endometriosis, DNG for 24 weeks resulted in a greater reduction in endometriosis-related 
pelvic pain than placebo, and maintained or improved its effectiveness after 28 weeks of additional treatment (201). 

Long-term treatment (60 months) effectively reduced endometriosis-related pain and prevented the recurrence of pain after 
surgery without adverse effects [202, 203], especially on bone mineral density (BMD) [189]. Therefore, its use as an initial 
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treatment for the long-term management of chronic pain associated with endometriosis represents an attractive option. Regarding 
effectiveness and tolerance, a large study conducted in Korea showed that the satisfaction rate is generally good. The most 
commonly reported side effects were abnormal uterine bleeding (4.1%), weight gain (2.5%), and headache (1.2%). It was found 
that the number of patients with healthy bleeding increased as the duration of treatment increased, until amenorrhea [204]. DNG 
is an effective treatment as well as a post-operative treatment to reduce recurrence, avoid recurrence and control pain symptoms. 
DNG is effective and efficient as a GnRH agonist in adjunctive therapy using 17b-estradiol and NETA for 6 months for 
preventing the recurrence of pelvic pain after laparoscopic endometriosis surgery (205). In a study of women who underwent 
surgery for AOM, receiving medical treatment and DNG for 24 months, there was no case of AOM recurrence [206]. In the case 
of persistent AOM after surgery, early DNG treatment after recurrence shows that it is possible to reduce the risk of repeated 
surgery, given that after 24 months of After DNG treatment, size reduction [186] and complete resolution of recurrent AOM. and 
57.1% [207]. 

 Norethindrone acetate (NETA)  

NETA, another 19-nortestosterone, is effective in reducing pain in women with endometriosis. NETA has a strong progestogenic 
effect and androgenic activity, which can cause side effects due to residual androgenic activity (weight gain, acne and seborrhea) 
[208]. Continuous administration of NETA (5 mg/day) for the treatment of endometriosis is approved by the US FDA. Low-dose 
NETA, 2.5 mg/day orally, is considered an effective, tolerable, and inexpensive first choice for symptomatic rectovaginal 
endometriosis, reducing VAS scores for dysmenorrhea and dyspareunia (209). A pilot study in women with bowel endometriosis 
showed that low-dose oral NETA determined a significant improvement in the intensity of chronic pelvic pain, deep dyspareunia, 
dyschezia and the elimination of cycle symptoms related to the cycle (dysmenorrhea, constipation during the menstrual cycle , 
diarrhea). during the menstrual cycle and cyclical rectal bleeding) [210]. Recently, a long-term study of 5 years of treatment with 
NETA (2.5 mg/day to 5 mg/day) was good and well tolerated by women with rectovaginal endometriosis, who had Satisfied or 
satisfied in 68.8% of cases. Due to its low cost and good pharmacological profile, it may represent a good candidate for the long-
term treatment of endometriosis [211]. Low-dose NETA has also been found to have fewer side effects, such as unexpected 
bleeding, compared to long-term COCs, although it has the same efficacy in pain control (212). A comparison of NETA and DNG 
as the first drug used in newly diagnosed women with endometriosis showed that 58% of NETA users approved the treatment as 
compared to 80% of DNG users (208). . However, in a population of symptomatic women with "NETA" resistant rectovaginal 
endometriosis, who have persistent pain, DNG is effective in treating pain and improving quality of life [ 213]. 
Medroxyprogesterone acetate (MPA)  

MPA is a 17-OH progesterone formulation, such as an oral formulation or a depot formulation, that can be administered 
intramuscularly and subcutaneously every 3 months. MPA is more effective than placebo [214] and as effective as danazol [215] 
and GnRH agonists [216, 217] in reducing endometriosis-related pain. depot MPA (dMPA) decreases pain as  leuprolide and 
improves quality of life and productivity. The main concern with the continued use of MPA depot is loss of BMD with increased 
risk of fracture, due to estrogen deficiency. Therefore, the FDA has recommended that it should be given only if other methods 
are ineffective or unacceptable, and limit its use to a maximum of 2 years [218]. On the contrary, the American College of 
Obstetricians and Gynecologists recommends the use of dMPA because the long-term and current evidence shows the recovery of 
BMD after the discontinuation of dMPA and, given the small increase in complications away, the benefits of using dMPA. pass 
the risk.  

Danazol  

Danazol is a derivative of 17α-ethynyltestosterone and has been approved since 1971 by the FDA to treat endometriosis. Its 
mechanism of action includes inhibition of pituitary secretion of gonadotropins, specific inhibition of ovarian enzymes 
responsible for estrogen production, modification of immunological activity, inhibition of cell proliferation and inhibition of 
growth of endometriotic implants (170, 219). Danazol is effective in treating pain associated with endometriosis [220] and its 
effectiveness seems to be maintained even after treatment is stopped [215]. However, its use is limited by androgenic-like side 
effects such as seborrhea, hypertrichosis, weight gain, decreased HDL levels, and increased LDL levels [170]. Danazol is given 
orally (400 to 800 mg/day). Better efficacy and better tolerance have been reported with intrauterine devices loaded with danazol 
[221] and external restriction control (200 mg/day) [222, 223], especially in women with DIE and rectovaginal endometriosis 
[224]. A significant reduction of painful symptoms was observed in patients with DIE, with minimal recurrence and reduction of 
endometriosis lesions [223]. In addition, long-term use of danazol vaginal suppositories has resulted in better control of persistent 
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pelvic pain associated with pelvic endometriosis without adverse effects (225). Low-dose vaginal danazol (200 mg daily for 6 
months) was also effective for the treatment of pain in persistent endometriosis after surgery for severe disease, with a reduction 
in VAS pain [226]. With the use of low doses and administration methods of the drug, negative effects are often observed and 
lipid parameters and liver function will not change. 

Other progestins  

Desogestrel  

Desogestrel (DSG) (75 mg/day) is an effective, safe and inexpensive treatment for endometriosis-related pain [227, 228] that has 
good satisfaction and leads to a better quality of life. GDM treatment of women with symptomatic rectovaginal endometriosis 
caused a reduction in volume and an increase in bowel symptoms, chronic pelvic pain, and deep dyspareunia. At the 12-month 
follow-up, the number of satisfied patients was higher among those treated with the desogestrel pill alone than among those taking 
the estrogen-progestogen combination pill [229]. DSG was also found to be effective in terms of significant improvement in 
pelvic pain and dysmenorrhea after 6 months of treatment in common endometriosis. Intermenstrual bleeding is the main adverse 
event reported during GDM treatment [227]. Levonorgestrel intrauterine device (LNG-IUS)  

The effect of LNG-IUS on endometriosis has been evaluated in several RCTs. LNG induces endometrial glandular atrophy and 
decidual stromal changes, decreases endometrial cell proliferation, and increases apoptotic activity. After the first year of use, a 
70 to 90% reduction in menstrual blood loss is observed. The LNG-IUS has been shown to be effective in relieving symptoms of 
pelvic pain caused by rectovaginal and peritoneal  endometriosis and reducing the risk of recurrence of dysmenorrhea after 
reversible surgery [230]. In fact, the use of LNG-IUS after surgery was associated with a lower rate of dysmenorrhea recurrence 
than remote control [231–233]. Dyspareunia and dysmenorrhea significantly decreased after 12 months of treatment with few 
adverse effects and low discontinuation rates [234]. A recent study evaluated the effectiveness of LNG-IUS in the treatment of 
DNG and no treatment after laparoscopic endometriosis surgery. At 6 and 12 months, the number of central pain in the treatment 
group was lower, and both treatments had a lower recurrence rate than the control group (3.8% and 9.7%, respectively, and 
32.5%). In addition, patients with the LNG-IUD had a lower recurrence rate, suggesting that the LNG-IUD is effective in 
controlling pain and preventing recurrence (235). However, no effect, or a moderate effect, was observed in preventing the 
recurrence of AOM. In fact, in a randomized clinical trial involving 80 AOM patients undergoing laparoscopic cystectomy 
followed by six courses of GnRH-a, then assigned or not assigned to LNG-IUD insertion for 30 months, LNG- IUDs can control 
pain symptoms, too. it is not effective to prevent AOM recurrence [236]. However, a recent meta-analysis of the effectiveness of 
different hormonal therapies for preventing the recurrence of AOM in women who underwent reversible surgery showed that 
among the studies, LNG- IUS took first place (237). Gestrinone  

In a meta-analysis including two small studies, gestrinone treatment was effective in reducing pain (214). the use of gestrinone for 
endometriosis is restricted due to its side effects. In fact, due to its androgenic, anti-estrogenic and anti-progestin properties, it can 
cause acne, seborrhea, hirsutism, weight gain, liver failure and osteoporosis [238]. 

Etonogestrel is released into a subcutaneous implant (ENG implant)  

Few data are also available on the use of etonogestrel subcutaneous implant (ENG implant) for the treatment of women with 
endometriosis, resulting in a positive reduction in dyspareunia, dysmenorrhea and non-menstrual pelvic pain (239, 240). A recent 
study evaluating the effectiveness of ENG insertion compared to 52 mg LNG-IUS in the management of pelvic pain associated 
with endometriosis showed that both drugs improved pelvic pain, dysmenorrhea and health-related quality of life in endometriosis 
[241]. 

Oral contraceptive compounds (COCs)  

COC is currently used for the treatment of endometriosis, but it is often used as an intensive treatment for women with 
endometriosis, without surgical confirmation of the disease (242). The ESHRE guidelines classify the prescription of COCs to 
relieve dyspareunia, dysmenorrhea and non-menstrual pain as type B. On the other hand, level C evidence is given to support the 
use of COCs going n 'front in women with pain related to endometriosis (182). The advantages of using COCs for the treatment of 
endometriosis include their good tolerance and low cost, but they contain estrogens. COCs reduce menstrual flow, reduce 
endometriotic adhesions and reduce cell proliferation [243]. Ovarian function is inhibited and the conversion of arachidonic acid 
into prostaglandins, which reduces pelvic pain and menstrual pain. Although COCs have been widely used in clinical treatment 
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for decades, given their effectiveness against dysmenorrhea, there is no high level that shows their effectiveness in the treatment 
of endometriosis. Only two trials [244, 245], both examined in Japan, compared COCs with placebo in women with 
endometriosis. In these studies, COC treatment was associated with an increase in dysmenorrhea, cyclical abdominal pain, 
dyspareunia, and dyschezia. However, the composition of COCs used in these studies (ethinyl estradiol 35 mcg + norethisterone 1 
mg in cyclic regimen and ethinyl estradiol 20 mcg + drospirenone 3 mg in alternating regimen) may not be readily available in 
universal and cannot know whether different systems are universal. have different effects. [246]. 

In a recent systematic review of patient response to medical treatment for endometriosis [247], the number of patients with painful 
symptoms at the end of treatment was higher with COC, vaginal ring and patch than GnRH-a but it's progestins. Observations that 
approximately 50% of patients have partial or no improvement in endometriosis symptoms while on COCs [248] and 
approximately 70% of women have used multiple COCs for pain relief and more than 40% are listed in Between 3 and 10 
different COCs. [248, 249] supports the conclusion that this treatment is completely ineffective [250]. Despite the low doses of 
COCs (20 to 30 μg is about 4 to 6 times the physiological dose of estrogens) and, due to the changes of ER and PR in 
endometriosis, the administration of COCs can lead to the control of estrogens in face Progesterone resistance [250]. Studies have 
also shown an increased risk of endometriosis in former COC users (251).Some studies have shown that COCs prevent and 
reduce the frequency and severity of frequent dysmenorrhea and recurrence of endometriosis after surgery [252-256]. Continuous 
use of COCs after elective surgery is more beneficial than cyclical use [253, 256, 257]. However, post-surgery COCs have similar 
[258] or less efficacy in pain relief than GnRH-α [259]. Finally, despite their use as a therapeutic agent, more research is needed 
to evaluate the role of COC in the treatment of endometriosis-related pain. 

1.1. Anti-progesterone theory  

In endometriotic lesions, there are no secretory changes during the luteal phase and the different profiles of estrogen receptors 
(ER) and progesterone receptors (PR) in eutopic and ectopic endometrium indicate that PR, although present, is not work in the 
sense of leadership. In fact, the concept of progesterone resistance was first proposed in 1997 [260]. Since then, many high-profile 
papers support this theory .According to Bulun et al. [261,262] and Yilmaz and Bulun [263], the failure of endometriotic stromal 
cells to produce progesterone-induced paracrine factors may be due to the absence of PR-B. In endometriotic lesions, ERα 
decreases but ERβ activity increases, leading to a complete loss of PR-B, which cannot induce 17-beta hydroxysteroid 
dehydrogenase 2 (17β-HSD2). Progesterone receptor status predicts response to progestin therapy [264], as also discussed in a 
review by Reis et al [265]. 

Don and Dolmans have investigated the onset of progesterone resistance in older women [266], and inflammation and oxidative 
stress play a central role in both the pathogenesis of endometriosis and progesterone resistance. Erythrocytes, apoptotic 
endometrial tissue, and cellular debris in the peritoneal cavity can cause oxidative stress, while iron overload, oxidative stress, and 
inflammation can result from erythrocyte lysis (267, 268, 269). Cellular iron storage in ferritin and macrophages can reduce its 
toxicity, but continuous iron delivery to macrophages can overwhelm ferritin's ability to store iron, causing oxidative stress 
(268,269). Inflammatory factors, cytokines, and interleukin 1 beta (IL-1β) can impair PR activity and contribute to the 
suppression of progesterone, ultimately leading to an increase in nuclear factor kappa B (NFκB) in the development of 
endometriosis (265, 266, 270).Genetic factors and epigenetic effects [271,272] and new progesterone inhibitors can affect the 
quality of progesterone, as discussed in several studies [266,266,23,274,275,276]. In fact, progesterone resistance can be due to 
many factors, including DNA hypermethylation [266]. 

1.2. Heterogeneity of lesions  

In peritoneal lesions, active red lesions are known to be well infiltrated by stroma-resident macrophages [277]. They are resistant 
to progestin, which eventually leads to a slight contraction, but not atrophy [260,278,279]. Several differences between eutopic 
and ectopic endometrium have been identified, which can be explained by different steroid receptor mechanisms 
[260,262,263,264]. Nisolle and Don [266] first reported the variety of lesions and their intervariability during the luteal phase and 
Redwine [280] reviewed it in 2002. As discussed in recent articles, the characteristics a history of peritoneal epithelial cell lesions 
is rarely present in the period. These were found in eutopic endometrium [281,282]. This diversity and intervariability, known for 
more than 25 years now [266,280], may be associated with progesterone deficiency in endometriotic lesions, as recently studied 
[261,275]. 
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1.3. The important role of inflammatory Molecules 

Inflammation is one of the main mechanisms that cause any disease related to invasion and dissemination [267,270], so 
endometriosis, which causes cellular proliferation and infiltration, is not an exception in this sense. Macrophages play a major 
role in this process by presenting antigens to T cells and initiating inflammation by releasing cytokines that activate other cells 
(277). In the context of endometriosis, their role is important in adhesion, proliferation, vascularization, angiogenesis, 
neuroangiogenesis and nerve damage [270]. Several growth factors, including fibroblast growth factor, macrophage-derived 
insulin-like growth factor, platelet activating factor, and vascular endothelial growth factor (VEGF), are more abundant at ectopic 
sites in patients with endometriosis than in those without. healthy [283,284,285]. . Migration inhibitory factor (MIF) and 
monocyte chemoattractant protein 1 are the two most potent factors that cause endometriosis-related inflammation. They restore 
macrophages in endometriotic lesions, promoting their growth and proliferation by releasing proinflammatory cytokines and other 
growth factors (286,287). 

2. From pathophysiology to new perspectives  

 As our understanding of the pathophysiology of endometriosis progresses, so do our expectations for new non-hormonal 
treatments for the disease, using non-steroidal anti-inflammatory drugs and agents antiangiogenic take those who go forward. 
However, there is a long way from the first test to the clinical test. According to Vanhie et al. [288], although many agents have 
been tested in clinical trials, few have reached the level of clinical research due to the use of inappropriate animal models and the 
lack of proper study design and reporting. about planning. 

2.1. The targeting of inflammation  

2.1.1. Prostaglandin E2, cyclooxygenase-2 and tumor necrosis factor-α  

In a recent report, Yu et al. discuss the role of prostaglandin E2 (PGE2) in the development of endometriosis (289). PGE2 is an 
eicosanoid produced by cyclooxygenase (COX)-2, and the increase of COX-2 in endometriotic lesions plays a role in disease 
progression [40]. whereas IL-1β regulates COX-2 expression in endometriosis. COX-2 cells are more sensitive to IL-1β 
stimulation in ectopic endometriotic stromal cells than in eutopic stromal cells [290] and the COX-2/PGE2 pathway is associated 
with endometriosis [291]. COX-2 expression is associated with many transcriptional pathways and involvement in various disease 
processes, including inflammation, cancer, and resistance to many drugs (291, 292). COX2/PGE2 signaling may also be directly 
involved in the pathogenesis of endometriosis, including the regulation of ectopic implantation and endometrial growth, 
angiogenesis, and immunosuppression (290, 291). COX-2 expression is rapidly increased in response to various pro-inflammatory 
signals and plays an important role in the initiation and progression of endometriosis (292). In women with the disease, COX-2 
expression is higher in the endometrial glandular epithelium, endometrial stroma, and peritoneal fluid than in women without 
endometriosis (293). PGE2 is a regulator of the body's immune response and has two opposing effects: inflammatory or anti-
inflammatory. In endometriosis, inflammatory mediators (COX-2/PGE2) are the target of non-steroidal anti-inflammatory drugs 
(NSAIDs) [289]. However, anti-inflammatory drugs inhibit the activity of COX-1 and -2 enzymes, preventing prostaglandin 
production. COX-2 inhibitors (celecoxib, rofecoxib and valdecoxib) have been found [270,288], and celecoxib reduces the 
number, volume and vascularity of endometriotic lesions in mice [294]. Unfortunately, as discussed by Kapoor et al. [270], some 
COX-2 inhibitors (rofecoxib, valdecoxib) will be withdrawn from the market due to adverse effects, including myocardial 
infarction and stroke. 

Tumor necrosis factor alpha (TNF-α) is a pro-inflammatory cytokine that acts in endometriosis by stimulating cell adhesion and 
ectopic proliferation [292]. The anti-inflammatory effects of blocking TNF-α by monoclonal antibodies (e.g. infliximab) or 
soluble TNF-α receptors (e.g. etanercept) have been shown in vivo in animal models and in humans. 

D'Hooghe et al [295] examined the hypothesis that recombinant human TNFRSF1A (r-hTBP1) could prevent the development of 
endometriosis lesions in baboons, an established model for the study of endometriosis. In animals with laparoscopically 
confirmed endometriosis, inhibition of TNF-α and soluble TNF-α p55 receptors resulted in inhibition of growth and development 
of endometriotic implants (45). The surface area of endometriotic lesions was found to be smaller and the disease less severe in 
rats treated with r-hTBP1 (295). In rats that received ectopic transplants of endometrial tissue, administration of r-hTBP-1 
resulted in impaired development compared to controls (296). However, in a placebo-controlled trial, Koninckx et al. [47] did not 
show that infliximab, an anti-TNF-α monoclonal antibody, relieved pain. 2.1.2. NFκB targets in cytokines  
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Natural killer cells are one of the most important components of the immune system. Their reduced activity in endometriotic 
lesions is due to their reduced efficiency in removing endometriotic cells from the peritoneal cavity of women [267,270]. NFκB is 
a transcription factor that regulates innate immunity and regulates cytokine production, DNA and cell survival at the cellular 
level. 

In endometriotic cells, NKκB activates signaling through stimuli such as TNF-α and IL-1β (298). The transcriptional activity of 
many pro-inflammatory cytokines/chemokines, such as IL-1, IL-6, IL-8, TNF-α, RANTES, MIF, and ICAM1, is activated by 
NFκB signaling, demonstrating the role of the importance of NFκB in the inflammatory response in endometriosis [299,300]. 
NFκB signaling is associated with the progression of endometriosis through several factors, including estrogen, progesterone, 
oxidative stress, and non-coding miRNAs (nc miRNAs), and can regulate the cellular characteristics of endometriotic cells and 
peritoneal macrophages in the environment. endometriosis. Macrophages activated by NFB release pro-inflammatory cytokines 
and growth factors involved in increasing levels of nitric oxide synthase, COX-2, IL-1, IL-6, IL-8, TNF-α and VEGF, therefore, 
drug inhibitors targeting NFκB can. represents a possible treatment. Liu et al [298] have investigated the potential of anti-NFκB 
drugs for the treatment of endometriosis. There is no doubt that patients with endometriosis show a high level of expression and 
release of pro-inflammatory cytokines and growth factors, including IL-1, IL-6, IL-8, epidermal growth factor and factors in -
hepatocyte growth, and them. ectopic and eutopic processes. endometrium and peritoneal fluid [270]. Among the various drugs 
that counteract the effects of these cytokines, tocilizumab may be effective in reducing the inflammation associated with 
endometriosis [301]. Kapoor et al [270] recently published research on drug inhibitors targeting inflammatory molecules, making 
them key players in reducing endometriosis. Resveratrol regulates the in vitro expression of inflammatory markers in eutopic 
endometrium, but more so in ectopic endometrium (270). Tocilizumab [301], an anti-IL-6 monoclonal antibody, induces 
inflammatory lesions in rats. Pyrvinium pamoate [302] targets IL-6 and IL-8 and inhibits their mRNA expression in vitro. 
Nobiletin [303], acting on NFκB, IL-6 and IL-1β, reduces wound size and therefore pain levels by inhibiting cell proliferation, 
angiogenesis and inflammation in mice. All these drugs are used only in mouse models or with endometrial cell cultures in vitro.  

2.1.3. Chronic and epigenetic diseases  

There is increasing evidence that epigenetics and especially DNA methylation regulatory processes play a role in the 
pathophysiology of endometriosis (304). In the presence of chronic inflammation, immune cells can trigger changes in the 
epigenetic process, leading to hypermethylation. Among the transcription factors for uterine function, HOXA10 is well known to 
be associated with endometrial receptivity and progesterone receptor expression, and is hypermethylated in patients with 
endometriosis (305). A recent study demonstrated the effectiveness of 5'-aza-deoxycytidine (AZA), a DNA methylation inhibitor, 
on HOXA10 methylation levels in vitro. All this provides important proof of concept and is the basis for the development of 
future therapies (56). Unfortunately, existing DNA methylation inhibitors, recently approved by the FDA for hematological 
diseases, are not ready for clinical application in patients with endometriosis. In fact, these drugs can be toxic to the hematopoietic 
system and intestines, so it is prohibited in patients who want to conceive. 

2.2. Reactive oxygen species are targeted  

The increase in reactive oxygen species (ROS) associated with chronic inflammation in endometriosis is also due to dysregulation 
of ROS detoxification pathways [267,268,269,270]. Thus, ROS may function as signaling molecules to maintain the proliferative 
phenotype associated with endometriosis [267]. They actually act as second messengers of cell proliferation by activating growth-
related signaling pathways, such as serine/threonine protein kinase/mitogen-activated kinase/extracellular signal-regulated kinase 
(RAF/MEK/ERK) , which participates in the increase. in response. to high endogenous ROS levels [307,308]. ERK 1 and 2, 
which are members of the MAPK family, are located in the cytoplasm and translocate to the nucleus while MEK 1 and 2 work to 
promote the expression of genes for proliferation, survival, differentiation and cell adhesion. Reduction of ERK 1 and 2 activity 
by first-generation MEK 1 and 2 inhibitors resulted in reduced proliferation of human endometrial cells in vitro and human 
endometriotic lesions implanted in nude mice (309). Other agents that inhibit the same pathway have been studied in mouse 
models of endometriosis (265,270). 

Leflunomide, which acts as an inhibitor of tyrosine kinase to suppress NFκB, and sorafenib, a multikinase inhibitor targeting 
serine/threonine RAF kinases (RAF-1 and B- RAF), has been shown to reduce proliferative activity in ectopic endometrial cells 
[309, 310, 311]. However, the administration of sorafenib showed conflicting results in terms of anti-proliferative and 
antiangiogenic effects in rat models of endometriosis [312,313], which may be due to the lack of sensitivity of the animal model 
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itself. them. The conflict with stromal and endometrial cell regulators in endometriotic lesions can also explain this difference, as 
ectopic stromal cell proliferation appears to be unrelated to ROS-dependent and ROS-dependent activation of ERK 1 and 2, 
indicating and other mechanisms maintain cells in a hyperproliferative state (314). . One of them is the phosphoinositol 3-
kinase/protein kinase B/mammalian target of rapamycin (PI3K/Akt/mTOR) pathway, which regulates many cellular functions 
such as growth, survival and metabolism, and plays a central role in ovarian and deep nodular. endometriosis. [315]. 

Cannabinoid agonists that inhibit both the RAF/MEK/ERK and PI3K/Akt/mTOR pathways can also inhibit proliferation in deep 
nodular endometriosis [316], clearly demonstrating the involvement of multiple pathways in proliferation and growth and 
development of lesions. According to Cacciottola et al. [267], some of the drugs referred to have anti-proliferative and 
antiangiogenic properties already used in humans for cancer indications. However, due to the high risk of negative effects on 
fertility and the possibility of pregnancy, they are considered to be unsuitable for the treatment of endometriosis, especially in 
young patients. . Various phytochemicals have also been tested [317,318], Kapoor et al [270] recently published a review of drug 
inhibitors that target inflammatory molecules, making them key players in the reduction of endometriosis. Resveratrol regulates in 
vitro expression of inflammatory markers in eutopic endometrium, but more so in ectopic endometrium (20). Tocilizumab [51], 
an anti-IL-6 monoclonal antibody, induces inflammatory lesions in rats. Pyrvinium pamoate [312] targets IL-6 and IL-8 and 
inhibits their mRNA expression in vitro. Nobiletin [313], acting on NFκB, IL-6 and IL-1β, reduces wound inflammation and 
therefore pain levels by inhibiting cell proliferation, angiogenesis and inflammation in mice. All of these drugs are used only in 
mouse models or with endometrial cell cultures in vitro.  

2.1.3. Chronic and epigenetic diseases  

There is growing evidence that epigenetics and especially DNA methylation regulatory processes play a role in the 
pathophysiology of endometriosis (314). In the presence of chronic inflammation, immune cells can trigger changes in the 
epigenetic process, leading to hypermethylation. Among the transcription factors for uterine function, HOXA10 is well known to 
be associated with endometrial receptivity and progesterone receptor expression, and is hypermethylated in patients with 
endometriosis (315). A recent study showed the effectiveness of 5'-aza-deoxycytidine (AZA), a DNA methylation inhibitor, on 
HOXA10 methylation levels in vitro. All this is an important proof of concept and is the basis for the development of future 
treatments (316). Unfortunately, existing DNA methylation inhibitors, recently approved by the FDA for hematologic diseases, 
are not ready for clinical application in patients with endometriosis. In fact, these drugs can be toxic to the hematopoietic system 
and intestines, so they are prohibited for patients who want to conceive. 

2.2. Reactive oxygen species are targeted  

The increase in reactive oxygen species (ROS) associated with chronic inflammation in endometriosis is also due to dysregulation 
of ROS detoxification pathways (267, 268, 269, 270). Thus, ROS may function as signaling molecules to maintain the 
proliferative phenotype associated with endometriosis (267). They actually act as second messengers of cell proliferation by 
activating growth-related signaling pathways, such as serine/threonine protein kinase/mitogen-activated kinase/extracellular 
signal-regulated kinase (RAF/MEK), which contributing to the increase. in response. to endogenous ROS levels [307,308]. ERK 
1 and 2, which are members of the MAPK family, are located in the cytoplasm and move to the nucleus while MEK 1 and 2 work 
to promote the expression of genes for proliferation, survival, differentiation, and cellular adhesion. Reduction of ERK 1 and 2 
activity by first-generation MEK 1 and 2 inhibitors resulted in reduction of human endometrial cells in vitro and human 
endometriotic lesions implanted in nude mice (309). Other factors that inhibit the same pathway have been studied in mouse 
models of endometriosis (265,270). 

Leflunomide, which acts as a tyrosine kinase inhibitor to inhibit NFκB, and sorafenib, a multikinase inhibitor that targets 
serine/threonine RAF kinases (RAF-1 and B-RAF), have been shown to reduce proliferative activity in cells ectopic endometrium 
[309], 310, 311]. However, the administration of sorafenib showed conflicting results in terms of antiproliferative and 
antiangiogenic effects in rat models of endometriosis [312,313], which may be due to the insensitivity of the animal model itself. 
them. Differences in stromal and endometrial cell regulators in endometriotic lesions can also explain this difference, as ectopic 
stromal cell proliferation does not affect ROS and ERK 1 and 2-dependent activation, indicating that other processes keep cells in 
a hyperproliferative state . state (314). . One of them is the phosphoinositol 3-kinase/protein kinase B/mammalian target of 
rapamycin (PI3K/Akt/mTOR) pathway, which regulates many cell functions such as growth, survival and metabolism. [315] 
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Cannabinoid agonists that inhibit both RAF/MEK/ERK and PI3K/Akt/mTOR pathways can also inhibit proliferation in deep 
nodular endometriosis [316], clearly demonstrating the involvement of multiple pathways in proliferation, growth and the 
development of ulcers. According to Cacciottola et al. [267], some of the mentioned drugs with antiproliferative and 
antiangiogenic properties have already been used in humans for cancer indications. However, due to the high risk of adverse 
effects on fertility and the possibility of pregnancy, they are considered to be unsuitable for the treatment of endometriosis, 
especially in young people. . Various phytochemicals have also been tested [317,318], including naringenin, an antioxidant with 
anti-inflammatory properties that promote apoptosis. Wound growth in endometriosis models has been inhibited by modification 
of this pathway (20,319,320). Other antioxidants can be found in plants. Studies in mice have shown that c7urcumin can reduce 
the development of endometriotic lesions, but this has not been confirmed by experiments with human endometrial cells 
[321,322]. N-acetylcysteine (NAC) showed antioxidant and antiproliferative effects in animal models of endometriosis by 
regulating the activity of ERK kinase 1 and 2 (323, 324). NAC treatment significantly reduced endometriotic cyst size and 
endometriosis-related pain [325] in women diagnosed with ovarian endometriosis.  

2.3. Consider apoptotic and autophagic pathways in tumor-promoting genes/proteins  

The uterus has a system designed to eliminate unwanted cells, thus removing its endometrium under the control of estrogen and 
progesterone. In normal endometrium, apoptotic proteins increase in the luteal phase, but not in patients with endometriosis, so 
apoptosis is prevented and endometrial cells can survive and be implanted in ectopic sites [270,320]. One aspect that inhibits the 
expression of apoptotic proteins is the increase of cytoprotective enzymes, which work in the presence of oxidative stress (267, 
270, 320). Autophagic proteins are also important for the survival of endometriotic cells and, in particular, for the recurrence of 
endometriosis. Apoptotic and autophagic pathways could therefore prove to be promising targets for the creation of new 
therapeutic alternatives to treat endometriosis (270,320,326). 

Recent research hints at the possibility of acting against endometriotic cells via autophagy-apoptosis pathways. In fact, Mao et al. 
suggested that cir-RNA silencing (007299) promotes apoptosis of ectopic endometriosis cellular sites (327). Sapmaz et al [328] 
showed that some drugs such as metformin, letrozole and atorvastatin caused apoptosis and anti-inflammatory effects in 
experimental models of ovarian and peritoneal endometriosis. According to Lin et al study [329], increased ERα signaling and 
reduced PR-B expression synergistically led to a hypoautophagic state in ectopic endometrial stromal cells, which also prevented 
their apoptosis. This study showed that the apoptotic effect of SCM-198, a pseudoalkaloid and synthetic form of leonurine, in 
ectopic endometrial stromal cells obtained by changing the ERA/PR ratio, promotes autophagic activity and by promoting 
apoptosis.  

2.4. Targeting regulators of epithelial-mesenchymal transition  

Epithelial-mesenchymal transition (EMT) is a process that occurs in cellular remodeling, during which cells change and become 
harmful, such as chronic inflammation, fibrosis, and cancer progression. EMT is characterized by progressive loss of the 
epithelial phenotype and progressive gain of the mesenchymal phenotype. In a recent study by Konrad et al [330], several EMT-
specific pathways such as Twist, Snail, Slug, Zinc finger E-box-binding homeobox 1/2 (ZEB1/2), E/N-cadherin , keratins and 
claudins have been described. Several changes in the expression of markers related to EMT in ectopic endometrium were found, 
especially in the three types of endometriosis identified, namely ovarian, peritoneal and deep infiltrative disease, compared to l 
eutopic endometrium. According to Konrad et al [330], only part of EMT occurs in endometriosis, but there is no doubt that EMT 
is involved in the development of endometriosis. Endometrial cells can change their structural and functional state from a 
polarized epithelial phenotype to a highly mesenchymal phenotype, with E-cadherin and N-cadherin emerging as key players 
(267). Two main factors are responsible for the EMT process in endometrial cells: hypoxic conditions and estrogen concentration 
[325,326]. 

By targeting 76 genes, Suda et al [331] showed different mutational profiles between epithelial and stromal cells combined with 
ovarian endometrioma and normal endometrium. They suggested, as Noë et al. [332]. EMT is often considered the main process 
of cell migration and invasion, but collective cell migration (CCM) has also been identified in endometriotic lesions in baboons 
and is involved in the pathogenesis of deep endometriosis (333 .334). In CCM, cells attach to the extracellular matrix and migrate 
as aggregate cells rather than individual cells, thus avoiding EMT.Since EMT/CCM is involved in the development of 
endometriosis, drugs targeting cell migration can be used for endometriosis. A recent review by Liu et al [335] reported that EMT 
markers are highly expressed in ectopic endometrium and are associated with estrogen. Antibiotics targeting EMT regulators may 
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be beneficial for patients with endometriosis. These inhibitors include isoliquiritigenin [336], fucoidan [337], melatonin [338], 
and 3,6-dihydroxyflavone [339], but have only been tested in murine endometrial cell lines. The same goes for drugs targeting 
CCM, which have been used only in cancer cell lines. Studies have shown that CCM can be inhibited in cancer cells, and ursolic 
acid inhibits CCM in glioblastoma (340), gold nanorods and near-infrared light inhibit CCM in breast cancer cell lines (341), and 
SU6656, an inhibitor of Src , prevents invasion. from melanoma cells by inhibiting CCM (342). However, no research has been 
done so far regarding endometrial cells or endometriosis in this context. 

 2.5. Targeted for angiogenesis and neuroangiogenesis  

The process of creating new blood vessels and ensuring adequate blood supply is called angiogenesis. One of the most important 
factors that stimulate angiogenesis is VEGF, which causes the migration of young cells, their vascularization and even invasion. 
As new blood vessels develop, various growth factors and matrix metalloproteinase (MMP) complexes are expressed. VEGF 
expression is increased in red peritoneal lesions and peritoneal fluid of patients with endometriosis. [279]. There are other factors 
that are also important for angiogenesis, such as platelet-derived endothelial cells, endoglin, MIF, ILs, and protein tyrosine 
phosphatase (270). Some drugs, such as sunitinib, SU6668, SU5416, sorafenib, and pazopanib, prevent by blocking the 
angiogenic pathway to reduce bone lesions [343,344]. Quinagolide has been shown to reduce inflammation, possibly through the 
regulation of angiogenesis (345). Dopamine and dopamine 2 receptor agonists promote the endocytosis of VEGF receptors and 
can reduce neoangiogenesis (346,347). Pellicer et al [346] showed that targeting angiogenesis with dopamine (DA) agonists is a 
promising strategy for patients with endometriosis. DAs (bromocriptine, cabergoline and quinagolide) negatively regulate 
proangiogenic pathways but positively regulate antiangiogenic pathways, thereby inhibiting cell proliferation in endometriotic 
lesions. 

Several studies in baboons have shown the critical role of cell migration in the invasion process [348] and suggested that the 
muscle fibers may be involved in the development and invasion process of endometriotic lesions [333,334,349]. 
Neuroangiogenesis (the formation of nerves and blood vessels) is thought to play a critical role in the formation and growth of 
endometriosis lesions. Sun et al [350] showed that endometrial stromal cells isolated from the eutopic endometrium of women 
with endometriosis can secrete exosomes, which play an important role in the development of endometriosis by regulating 
neuroangiogenesis. According to the research of Saunders and Horne [351], the relationship between the proliferation of new 
blood vessels and nerve fibers provides a mechanism that can explain not only the relationship between the presence of ectopic 
tissue and the path of pain, but also going through relationships. between nerves and immune cells and neuroinflammation. This 
shows that the muscles are involved in the pathogenesis of endometriosis. Finally, according to a recent study Vannuccini et al. 
[352]. Inhibition of neuroangiogenesis in deep peritoneal and endometriotic lesions can prevent the proliferation of ectopic glands 
and invasion. However, as Vanhie et al [288] and Kapoor et al [270] point out, there are still challenges in developing new non-
steroidal therapies for endometriosis, where non-steroidal produce hormones that have not yet entered the hospital. useful. 

2.6. Estrogen targets  

The presence of well-balanced estrogen and progesterone helps maintain the physiology and function of the eutopic endometrium 
during the menstrual cycle. Estrogen controls the proliferation of the endometrium, while progesterone blocks the effects of 
estrogen and helps trigger the termination process. Any imbalance between progesterone and estrogen leads to uterine and 
endometrial dysfunction [266,353]. The lack of RA is evident in the endometriotic lesions, leading to the suppression of 
progesterone and poor progesterone function, clearly affecting the survival and development of the endometriotic tissue 
[261,262,263,266].Obviously, the best solution would be to reduce the level of estradiol (E2) just enough to reduce amenorrhea 
and treat the symptoms, while maintaining sufficient care to reduce the vasomotor symptoms of menopause (mainly hot flashes) 
and loss of bone mineral density (BMD). 266,353]. Barbieri's threshold concept [354] states that a concentration of E2 in the 
range of 30 to 60 pg/mL can provide the best compromise between efficacy, tolerance and safety [349]. Knowing that estrogens 
play an important role in the survival and vascularity of endometriotic implants, it would be appropriate to consider reducing their 
concentration as a treatment method. GnRH antagonists cause competitive inhibition of the GnRH receptor, which in turn inhibits 
the production of follicle-stimulating hormone (FSH) and luteinizing hormone (LH), and inhibits the secretion of steroid 
hormones. ovarian without stimulating the stimulatory effect [353,355]. The main advantage of these new drugs is the elimination 
of estrogen in a dose-dependent manner (from parts with low doses to complete with high doses) and rapid changes. 
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As recently reviewed [353], three oral GnRH antagonists, elagolix, relugolix, and linzagolix, have recently produced strong data 
in a rare, controlled trial for the treatment of pain. related to endometriosis and premenopausal symptoms. One of them, elagolix, 
is FDA approved for the treatment of pain associated with endometriosis [356,357,358].The plasma half-life (t1/2) of elagolix 
ranges from 2.4 to 6.3 hours [356,357,358], requiring twice-daily dosing. The efficacy of 6 months of treatment with elagolix is 
evaluated. Two different doses were tested (150 mg once daily and 200 mg twice daily). Administration of elagolix 200 mg twice 
daily induced a strong E2 reduction and resulted in a significant improvement in dysmenorrhea and non-menstrual pelvic pain, 
although at the cost of an increase in hot flashes and a significant decrease in BMD. Studies are ongoing to evaluate the effects of 
adjunctive therapy (ABT) using elagolix. Linzagolix has a half-life of 15 to 18 hours [353, 359, 360]. Three different doses were 
studied (75 mg, 100 mg and 200 mg once daily for 24 weeks). Being able to achieve complete suppression of serum E2 up to the 
postmenopausal level, 200 mg of linzagolix per day is effective in the control of endometriosis-related dysmenorrhea and non-
menstrual pelvic pain (one effective unit over 100 mg), but also has a significant effect. effects on dyspareunia and some aspects 
of quality of life. In addition, a high rate of hypoestrogenic symptoms, including BMD loss ≥3% was observed in some patients 
after 24 weeks. Obviously, this once-daily regimen will require ABT hormone if used for more than 6 months [359]. 

Medicines in development for endometriosis  

Selective Progesterone Receptor Modulators (SPRMs) SPRMs are progesterone receptor ligands that act as progesterone agonist, 
antagonist, or partial agonist/antagonist in different progesterone target tissues. Although SPRM prevents ovulation, they are not 
associated with the process of estrogen suppression, because estradiol secretion is not affected and the distribution of estradiol 
levels remains within the physiological range. In addition, SPRM inhibits endometrial proliferation, prevents endometrial 
bleeding through direct effects on endometrial blood vessels, and reduces endometrial prostaglandin production in specific tissue 
types (21). Therefore, the effectiveness of SPRM in endometriosis [360-362] is suggested, but no SPRM is used in the clinic.  

Ulipristal acetate (UPA), telapristone acetate, vilaprisan, and tanaproget are SPRMs approved for the treatment of endometriosis 
(363, 364). SPRM is generally well received. Common side effects include headache, abdominal pain, nausea, dizziness, and 
heavy bleeding. Mifepristone and asoprisnil are the most studied SPRMs. Recovery of mifepristone-induced endometriotic lesions 
is variable and seems to depend on the duration of treatment (365, 366). A small, prospective, open-label trial suggested the 
potential efficacy of mifepristone for endometriosis-related pain (265). Similar results were observed in phase II/III; However, 
3.4% of patients reported a significant increase in liver transaminases [367]. In a randomized, placebo-controlled trial, asoprisnil 
resulted in a significant reduction in dysmenorrhea in women with endometriosis compared to placebo (368). The effect of UPA 
on endometriosis lesions and symptoms of treated women was evaluated during a 27-month follow-up period before surgery. In 
58% of cases, progesterone receptor modulator (PAEC)-related endometrial changes affect both eutopic endometrium and ectopic 
lesions; cases reported a reduction in pain and amenorrhea [369]. ]. However, there is not enough data to allow a clear conclusion 
on their safety and effectiveness [21]. 

 Selective Estrogen Receptor Receptors (SERMs)  

SERMs bind to estrogen receptors (ER-α and ER-β) in target cells and act as ER agonists in some tissues and ER antagonists in 
others. Therefore, they are recommended for the treatment of endometriosis and are being studied. . Raloxifene (RLX), a widely 
accepted drug for the prevention and treatment of osteoporosis, has estrogenic effects on bone and antiestrogen effects on 
endometrium and breast tissue (162). Tested in animal studies, RLX causes endometriosis implant regression [370,371]. In a 
prospective, two-study [372], patients suffering from pelvic pain associated with endometriosis following surgical treatment were 
not assigned RLX or placebo for 6 months. However, the study was discontinued a short time because women in the RLX 
experienced a recurrence of pelvic pain before surgery than the placebo group. Bazedoxifene (BZA) is a novel SERM used for the 
treatment of osteoporosis [162] and antagonizes estrogen-induced stimulation of the uterine endometrium [21]. In a rat model, 
BZA reduces the size of endometriotic lesions and reduces the expression of proliferative nuclear antigen and estrogen receptors 
in the endometrium (373). 

Tissue-selective estrogen combination (TSEC) with BZA and conjugated estrogens (CE) reduced the size of endometriotic lesions 
in a mouse model. Addition of estrogen to BZA did not increase endometrial growth or hyperplasia and did not decrease SERM 
activity (223). Therefore, TSEC is a potential new treatment for endometriosis that can be highly effective without the side effects 
of current treatments.SR-16234 is another investigational SERM with antagonist activity on ERα and partial agonist activity on 
ERβ. SR has a regressive effect on the development of murine endometriosis-like lesions, by affecting cell proliferation, 
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angiogenesis, inflammation and NF-κB phosphorylation. A recent study of this drug in a small group of women with 
endometriosis and adenomyosis showed that SR-16234 can reduce pelvic pain and dysmenorrhea [274]. 

Aromatase inhibitors  

Aromatase is expressed in endometriosis lesions and in the eutopic endometrium of women with endometriosis, causing the local 
secretion of estrogens, which promote the growth and invasion of endometriosis lesions and promote the appearance of pain and 
inflammation of prostaglandins [375]. 

Aromatase inhibitors (AIs) inhibit estrogen synthesis both in the periphery and in the ovaries [376]. Some clinical studies have 
shown that third-generation non-steroidal AIs, such as letrozole and anastrozole, reduce the severity of painful symptoms 
associated with endometriosis; However, their use is limited by many side effects, such as bone and joint pain, muscle aches, and 
fatigue [377]. 

The ESHRE guidelines recommend only the use of AIs in combination with COCs or progestins or GnRH-a in patients with pain 
resistant to drugs and surgery resistant rectovaginal endometriosis [169]. Currently, a multicenter, randomized, double-blind, 
parallel-group phase IIb trial is evaluating the efficacy and safety of BAY98-7196 (an intravaginal ring of different anastrozole 
and LNG), compared to placebo and LEU (subcutaneous storage). ). treating women with symptomatic endometriosis within 12 
weeks (NCT02203331)  

II. CONCLUSION  

The cause of endometriosis remains a source of controversy. Any progress in our understanding of the pathophysiology of 
endometriosis increases our chances of finding a suitable non-hormonal treatment for the disease, with non-steroidal anti-
inflammatory and antiangiogenic agents being taken further. However, there is a long way from the first test to the clinical test. 

The cause of endometriosis remains a source of controversy. Any progress in our understanding of the pathophysiology of 
endometriosis increases our chances of finding a suitable non-hormonal treatment for the disease, with non-steroidal anti-
inflammatory and antiangiogenic agents being taken further. However, there is a long way from the first test to the clinical test. 
Evaluating inflammation, NFκB and cytokines, ROS, apoptotic and autophagic pathways, and tumor-promoting genes/proteins 
should be the focus of future research. Anti-inflammatory drugs inhibit the activity of COX 1 and 2 enzymes, inhibiting the 
production of prostaglandins. Pharmacological agents that target NFκB may be potential therapeutic agents, and recent studies 
have focused on the effect of NFκB on macrophages in various mechanisms and effects. they follow the progression of 
endometriosis through the release of pro-cytokines. Some drugs with anti-proliferative and antiangiogenic properties are already 
licensed for cancer patients. However, due to the high risk of negative effects on fertility and the possibility of pregnancy, they are 
not suitable for the treatment of endometriosis, especially in young people. 

Autophagic and autophagic pathways may also be valid targets for the development of new therapies to treat endometriosis. EMT 
is a critical process by which cells undergo complete transformation and become aggressive, as seen in chronic wounds and 
fibrosis, as well as cancer progression. Antibiotics targeting these EMT agents may be of great benefit to patients with 
endometriosis. One of the main factors that stimulate angiogenesis is VEGF, so targeting angiogenesis with dopamine agonists 
may be a promising strategy. However, as this article highlights, the development of non-steroidal treatments for endometriosis is 
still a challenge, since non-hormonal agents have not been approved in the regular treatment system. . As progesterone resistance 
may be due to hypermethylation, investigating demethylating agents to treat endometriosis may be a future research strategy . 

Decreasing total E2 levels enough to control symptoms, while maintaining adequate monitoring to reduce menopause issues 
(which are hot flashes) and BMD loss, may be a good solution. An oral GnRH antagonist results in dose-dependent estrogen 
reduction, allowing modulation of E2 levels and increasing the possibility of individualizing treatment. Endometriosis requires 
lifelong care. The goal is to increase the use of medical treatment and avoid multiple surgeries. Medical professionals involved in 
drug research and clinical trials must obtain and be able to provide a comprehensive view of the effects and effects of existing 
treatments. Finally, any area that requires further research in terms of the efficacy and safety of treatment should be thoroughly 
studied in populations around the world. 
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ABBREVIATIONS 

AIs Aromatase inhibitors 

AMH Anti-Müllerian hormone 

ART Assisted reproductive technologies 

BDNF Brain-derived neurotrophic factor 

BMD Bone Mass Density 

BZA Bazedoxifene 

CE Conjugated estrogens 

COCs Combined oral contraceptives 

COX2 Cyclooxygenase 2 

CRH Corticotropin-releasing hormone 

CRHR Corticotropin-releasing hormone receptor 

DIE Deep infiltrating endometriosis 

DNG Dienogest 

DSG Desogestrel 

E2 Estradiol 

ENG- Implant Etonogestrel-releasing subdermal implant 

ESHRE European Society of Human Reproduction and Embryology 

FDA Food and Drug Administration 

FSH Follicle-stimulating hormone 

Gn-RH Gonadotropin-releasing hormone 

HDL High-density lipoprotein 

HPA Hypothalamus–pituitary–adrenal axis 

HPO Hypothalamus-pituitary-ovary axis 

IL Interleukin 

IVF In vitro fertilization 

LDL Low-density lipoprotein 

LH Luteinizing hormone 

LNG Levonorgestrel 
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LNG-IUS Levonorgestrel intrauterine system 

MPA Medroxyprogesterone acetate 

NETA Norethisterone Acetate 

NF-kB Nuclear factor kappa light-chain-enhancer of activated B cells 

NGF Nerve growth factor 

OMA Ovarian endometriomas 

P4 Progesterone 

PAECs Progesterone receptor modulator-associated endometrial changes 

PR Progesterone receptor 

QoL Quality of life 

RLX Raloxifene 

ROS Reactive oxygen species 

SERMs Selective estrogen receptor modulators 

SF-1 Steroidogenic factor-1 

SNPs Single nucleotide polymorphisms 

SPRMs Selective progesterone receptor modulators 

SRCs Steroid receptor coactivators 

STAR Steroidogenic acute regulatory protein 

SUP Superficial peritoneal endometriosis 

TGF Transforming growth factors 

TNFα Tumor necrosis factor alpha 

TPO Thyroperoxidase 

TSEC Tissue-selective estrogen complex 

TSH Thyroid stimulating hormone 

TSHR Thyroid stimulating hormone receptor 

UCN Urocortin 

UPA Ulipristal acetate 

17β-HSD-2 17β-Hydroxysteroid dehydrogenase type 2 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 338 

REFERENCES 

[1]- Chapron, Charles, et al. "Rethinking mechanisms, diagnosis and management of endometriosis." Nature Reviews 
Endocrinology 15.11 (2019): 666-682. 

[2]- Louis, Germaine M. Buck, et al. "Incidence of endometriosis by study population and diagnostic method: the ENDO 
study." Fertility and sterility 96.2 (2011): 360-365. 

[3]- Taylor, Hugh S., Alexander M. Kotlyar, and Valerie A. Flores. "Endometriosis is a chronic systemic disease: clinical 
challenges and novel innovations." The Lancet 397.10276 (2021): 839-852. 

[4]- Reis, Fernando M., Felice Petraglia, and Robert N. Taylor. "Endometriosis: hormone regulation and clinical consequences of 
chemotaxis and apoptosis." Human reproduction update 19.4 (2013): 406-418. 

[5]- Reis, Fernando M., et al. "Progesterone receptor ligands for the treatment of endometriosis: the mechanisms behind 
therapeutic success and failure." Human Reproduction Update 26.4 (2020): 565-585. 

[6]- Patel, Bansari G., et al. "Pathogenesis of endometriosis: Interaction between Endocrine and inflammatory pathways." Best 
practice & research Clinical obstetrics & gynaecology 50 (2018): 50-60. 

[7]- Han, Sang Jun, and Bert W. O'Malley. "The dynamics of nuclear receptors and nuclear receptor coregulators in the 
pathogenesis of endometriosis." Human reproduction update 20.4 (2014): 467-484. 

[8]- Burney, Richard O., and Linda C. Giudice. "Pathogenesis and pathophysiology of endometriosis." Fertility and sterility 98.3 
(2012): 511-519. 

[9]- Benagiano, Giuseppe, Ivo Brosens, and Marwan Habiba. "Structural and molecular features of the endomyometrium in 
endometriosis and adenomyosis." Human reproduction update 20.3 (2014): 386-402. 

[10]- Leyendecker, G., et al. "Adenomyosis and endometriosis. Re-visiting their association and further insights into the 
mechanisms of auto-traumatisation. An MRI study." Archives of gynecology and obstetrics 291 (2015): 917-932. 

[11]- Filippi, Irene, et al. "Different expression of hypoxic and angiogenic factors in human endometriotic lesions." Reproductive 
Sciences 23.4 (2016): 492-497. 

[12]- Gori, Martina, et al. "Expression of microtubule associated protein 2 and synaptophysin in endometrium: high levels in deep 
infiltrating endometriosis lesions." Fertility and Sterility 105.2 (2016): 435-443. 

[13]- Guo, Sun-Wei. "Fibrogenesis resulting from cyclic bleeding: the Holy Grail of the natural history of ectopic 
endometrium." Human Reproduction 33.3 (2018): 353-356. 

[14]- Chamié, Luciana P., et al. "Atypical sites of deeply infiltrative endometriosis: clinical characteristics and imaging 
findings." Radiographics 38.1 (2018): 309-328. 

[15]- Vannuccini, Silvia, et al. "Pathogenesis of adenomyosis: an update on molecular mechanisms." Reproductive biomedicine 
online 35.5 (2017): 592-601. 

[16]- Vannuccini, Silvia, and Felice Petraglia. "Recent advances in understanding and managing adenomyosis." F1000Research 8 
(2019). 

[17]- Agarwal, Sanjay K., et al. "Clinical diagnosis of endometriosis: a call to action." American journal of obstetrics and 
gynecology 220.4 (2019): 354-e1. 

[18]- De Graaff, A. A., et al. "The significant effect of endometriosis on physical, mental and social wellbeing: results from an 
international cross-sectional survey." Human reproduction 28.10 (2013): 2677-2685. 

[19]- Marinho, Manuela CP, et al. "Quality of life in women with endometriosis: an integrative review." Journal of Women's 
Health 27.3 (2018): 399-408. 

[20]- Practice Committee of the American Society for Reproductive Medicine. "Treatment of pelvic pain associated with 
endometriosis: a committee opinion." Fertility and sterility 101.4 (2014): 927-935. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 339 

[21]- Clemenza, Sara, et al. "From pathogenesis to clinical practice: Emerging medical treatments for endometriosis." Best 
Practice & Research Clinical Obstetrics & Gynaecology 51 (2018): 92-101. 

[22]- Ceccaroni, Marcello, et al. "Recurrent endometriosis: a battle against an unknown enemy." The European Journal of 
Contraception & Reproductive Health Care 24.6 (2019): 464-474. 

[23]- Ianieri, Manuel Maria, Daniele Mautone, and Marcello Ceccaroni. "Recurrence in deep infiltrating endometriosis: a 
systematic review of the literature." Journal of minimally invasive gynecology 25.5 (2018): 786-793. 

[24]- Ferrero, Simone, Fabio Barra, and Umberto Leone Roberti Maggiore. "Current and emerging therapeutics for the 
management of endometriosis." Drugs 78.10 (2018): 995-1012. 

[25]- Capezzuoli, Tommaso, et al. "Long-term hormonal treatment reduces repetitive surgery for endometriosis 
recurrence." Reproductive BioMedicine Online 42.2 (2021): 451-456. 

[26]- Barra, Fabio, Carolina Scala, and Simone Ferrero. "Current understanding on pharmacokinetics, clinical efficacy and safety 
of progestins for treating pain associated to endometriosis." Expert opinion on drug metabolism & toxicology 14.4 (2018): 399-
415. 

[27]- Méar, Loren, et al. "Polymorphisms and endometriosis: a systematic review and meta-analyses." Human reproduction 
update 26.1 (2020): 73-103. 

[28]- Andre, Gustavo Mendonca, et al. "The impact of FSHR gene polymorphisms Ala307Thr and Asn680Ser in the 
endometriosis development." DNA and cell biology 37.6 (2018): 584-591. 

[29]- Wang, Hsin-Shih, et al. "A mutant single nucleotide polymorphism of follicle-stimulating hormone receptor is associated 
with a lower risk of endometriosis." Fertility and sterility 95.1 (2011): 455-457. 

[30]- Kerimoglu, Ozlem Secilmis, et al. "Follicle-stimulating hormone receptor gene polymorphisms in women with 
endometriosis." Archives of Gynecology and Obstetrics 291 (2015): 1411-1416. 

[31]- Bosco, Liana, et al. "Gene expression and apoptosis levels in cumulus cells of patients with polymorphisms of FSHR and 
LHB undergoing in vitro fertilization program." Cellular Physiology and Biochemistry 43.6 (2017): 2391-2404. 

[31]- Bosco, Liana, et al. "Gene expression and apoptosis levels in cumulus cells of patients with polymorphisms of FSHR and 
LHB undergoing in vitro fertilization program." Cellular Physiology and Biochemistry 43.6 (2017): 2391-2404. 

[32]- Schmitz, Carla Regina, et al. "LH (Trp8Arg/Ile15Thr), LHR (insLQ) and FSHR (Asn680Ser) polymorphisms genotypic 
prevalence in women with endometriosis and infertility." Journal of assisted reproduction and genetics 32 (2015): 991-997. 

[33]- Bulun, Serdar E., et al. "Role of estrogen receptor-β in endometriosis." Seminars in reproductive medicine. Vol. 30. No. 01. 
Thieme Medical Publishers, 2012. 

[34]- Noble, Luis S., et al. "Aromatase expression in endometriosis." The Journal of Clinical Endocrinology & Metabolism 81.1 
(1996): 174-179. 

[35]- Zeitoun, Khaled, et al. "Deficient 17β-hydroxysteroid dehydrogenase type 2 expression in endometriosis: failure to 
metabolize 17β-estradiol." The Journal of Clinical Endocrinology & Metabolism 83.12 (1998): 4474-4480. 

[36]- Bulun, Serdar E., et al. "Progesterone resistance in endometriosis: link to failure to metabolize estradiol." Molecular and 
cellular endocrinology 248.1-2 (2006): 94-103. 

[37]- Bulun, Serdar E., et al. "Steroidogenic factor-1 and endometriosis." Molecular and cellular endocrinology 300.1-2 (2009): 
104-108. 

[38]- Attar, Erkut, et al. "Prostaglandin E2 via steroidogenic factor-1 coordinately regulates transcription of steroidogenic genes 
necessary for estrogen synthesis in endometriosis." The Journal of Clinical Endocrinology & Metabolism 94.2 (2009): 623-631. 

[39]- Yilmaz, Bahar D., and Serdar E. Bulun. "Endometriosis and nuclear receptors." Human reproduction update 25.4 (2019): 
473-485. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 340 

[40]- Bulun, Serdar E., et al. "Role of estrogen receptor-β in endometriosis." Seminars in reproductive medicine. Vol. 30. No. 01. 
Thieme Medical Publishers, 2012. 

[41]- Xue, Qing, et al. "Promoter methylation regulates estrogen receptor 2 in human endometrium and endometriosis." Biology of 
reproduction 77.4 (2007): 681-687. 

[42]- Patel, Bansari, et al. "Role of nuclear progesterone receptor isoforms in uterine pathophysiology." Human reproduction 
update 21.2 (2015): 155-173. 

[43]- Juhasz-Böss, Ingolf, et al. "Endometrial expression of estrogen receptor β and its splice variants in patients with and without 
endometriosis." Archives of gynecology and obstetrics 284 (2011): 885-891. 

[44]- Kumagami, Atsuko, et al. "Expression patterns of the steroid receptor coactivator family in human ovarian 
endometriosis." Journal of Obstetrics and Gynaecology Research 37.10 (2011): 1269-1276. 

[45]- Han, Sang Jun, et al. "A new isoform of steroid receptor coactivator-1 is crucial for pathogenic progression of 
endometriosis." Nature medicine 18.7 (2012): 1102-1111. 

[46]- Han, Sang Jun, et al. "Estrogen receptor β modulates apoptosis complexes and the inflammasome to drive the pathogenesis 
of endometriosis." Cell 163.4 (2015): 960-974. 

[47]- Bulun, Serdar E., et al. "Role of estrogen receptor-β in endometriosis." Seminars in reproductive medicine. Vol. 30. No. 01. 
Thieme Medical Publishers, 2012. 

[48]- Reis, Fernando M., Felice Petraglia, and Robert N. Taylor. "Endometriosis: hormone regulation and clinical consequences 
of chemotaxis and apoptosis." Human reproduction update 19.4 (2013): 406-418. 

[49]- Dmowski, W. P., et al. "Apoptosis in endometrial glandular and stromal cells in women with and without 
endometriosis." Human reproduction 16.9 (2001): 1802-1808. 

[50]- Han, Sang Jun, et al. "Estrogen receptor β modulates apoptosis complexes and the inflammasome to drive the pathogenesis 
of endometriosis." Cell 163.4 (2015): 960-974. 

[51]- Greaves, Erin, et al. "Estradiol is a critical mediator of macrophage-nerve cross talk in peritoneal endometriosis." The 
American journal of pathology 185.8 (2015): 2286-2297. 

[52]- Montagna, Paola, et al. "Peritoneal fluid macrophages in endometriosis: correlation between the expression of estrogen 
receptors and inflammation." Fertility and sterility 90.1 (2008): 156-164. 

[53]- Patel, Bansari G., et al. "Progesterone resistance in endometriosis: origins, consequences and interventions." Acta obstetricia 
et gynecologica Scandinavica 96.6 (2017): 623-632. 

[54]- Burney, Richard O., et al. "Gene expression analysis of endometrium reveals progesterone resistance and candidate 
susceptibility genes in women with endometriosis." Endocrinology 148.8 (2007): 3814-3826. 

[55]- Kao, L. C., et al. "Expression profiling of endometrium from women with endometriosis reveals candidate genes for 
disease-based implantation failure and infertility." Endocrinology 144.7 (2003): 2870-2881. 

[56]- Burney, Richard O., and Linda C. Giudice. "Pathogenesis and pathophysiology of endometriosis." Fertility and sterility 98.3 
(2012): 511-519. 

[57]- Attia, George R., et al. "Progesterone receptor isoform A but not B is expressed in endometriosis." The Journal of Clinical 
Endocrinology & Metabolism 85.8 (2000): 2897-2902. 

[58]- Near, Aimee M., et al. "Progesterone receptor gene polymorphisms and risk of endometriosis: results from an international 
collaborative effort." Fertility and sterility 95.1 (2011): 40-45. 

[59]- Wieser, Fritz, et al. "PROGINS receptor gene polymorphism is associated with endometriosis." Fertility and Sterility 77.2 
(2002): 309-312. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 341 

[60]- Pabalan, Noel, et al. "Association of the progesterone receptor gene polymorphism (PROGINS) with endometriosis: a meta-
analysis." Archives of gynecology and obstetrics 290 (2014): 1015-1022. 

[61]- Barragan, Fatima, et al. "Human endometrial fibroblasts derived from mesenchymal progenitors inherit progesterone 
resistance and acquire an inflammatory phenotype in the endometrial niche in endometriosis." Biology of reproduction 94.5 
(2016): 118-1. 

[62]- Florio, P., et al. "Healthy women and patients with endometriosis show high concentrations of inhibin A, inhibin B, and 
activin A in peritoneal fluid throughout the menstrual cycle." Human reproduction (Oxford, England) 13.9 (1998): 2606-2611. 

[63]- Reis, Fernando M., et al. "Evidence for local production of inhibin A and activin A in patients with ovarian 
endometriosis." Fertility and sterility 75.2 (2001): 367-373. 

[64]- Mabuchi, Yasushi, et al. "Immunohistochemical localization of inhibin and activin subunits, activin receptors and Smads in 
ovarian endometriosis." International journal of molecular medicine 25.1 (2010): 17-23. 

[65]- Rocha, Ana Luiza L., et al. "Activin A stimulates interleukin 8 and vascular endothelial growth factor release from cultured 
human endometrial stromal cells: possible implications for the pathogenesis of endometriosis." Reproductive Sciences 19.8 
(2012): 832-838.  

[66]-Akiyama, Ikumi, et al. "Follistatin Is Induced by IL-1 β and TNF-α in Stromal Cells From Endometrioma." Reproductive 
sciences 20.6 (2013): 675-679. 

[67]- Rocha, Ana Luiza L., et al. "Altered expression of activin, cripto, and follistatin in the endometrium of women with 
endometrioma." Fertility and sterility 95.7 (2011): 2241-2246. 

[68]- Cruz, Cynthia Dela, et al. "Expression of Nodal, Cripto, SMAD3, phosphorylated SMAD3, and SMAD4 in the proliferative 
endometrium of women with endometriosis." Reproductive sciences 22.5 (2015): 527-533. 

[69]- Reis, Fernando M., et al. "Diagnostic value of serum activin A and follistatin levels in women with peritoneal, ovarian and 
deep infiltrating endometriosis." Human Reproduction 27.5 (2012): 1445-1450. 

[70]- Lemos, Nadiane Albuquerque, et al. "Decreased anti-Müllerian hormone and altered ovarian follicular cohort in infertile 
patients with mild/minimal endometriosis." Fertility and sterility 89.5 (2008): 1064-1068. 

[71]- Pacchiarotti, Arianna, et al. "Evaluation of serum anti-Mullerian hormone levels to assess the ovarian reserve in women with 
severe endometriosis." European Journal of Obstetrics & Gynecology and Reproductive Biology 172 (2014): 62-64. 

[72]- Streuli, Isabelle, et al. "In women with endometriosis anti-Müllerian hormone levels are decreased only in those with 
previous endometrioma surgery." Human Reproduction 27.11 (2012): 3294-3303. 

[73]- Raffi, Francesca, Mostafa Metwally, and Saad Amer. "The impact of excision of ovarian endometrioma on ovarian reserve: 
a systematic review and meta-analysis." The Journal of Clinical Endocrinology & Metabolism 97.9 (2012): 3146-3154. 

[74]- Somigliana, Edgardo, et al. "Surgical excision of endometriomas and ovarian reserve: a systematic review on serum 
antimüllerian hormone level modifications." Fertility and sterility 98.6 (2012): 1531-1538. 

[75]- Romanski, Phillip A., et al. "The effect of endometriosis on the antimüllerian hormone level in the infertile 
population." Journal of Assisted Reproduction and Genetics 36 (2019): 1179-1184. 

[76]- Hwu, Yuh-Ming, et al. "The impact of endometrioma and laparoscopic cystectomy on serum anti-Müllerian hormone 
levels." Reproductive Biology and Endocrinology 9 (2011): 1-8. 

[77]- Kasapoglu, Isil, et al. "Endometrioma-related reduction in ovarian reserve (ERROR): a prospective longitudinal 
study." Fertility and sterility 110.1 (2018): 122-127. 

[78]- Maneschi, Francesco, et al. "Ovarian cortex surrounding benign neoplasms: a histologic study." American journal of 
obstetrics and gynecology 169.2 (1993): 388-393. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 342 

[79]- Jayaprakasan, K., C. Becker, and M. Mittal. "The effect of surgery for endometriomas on fertility: scientific impact paper 
no. 55." BJOG-AN International Journal Of Obstetrics And Gynaecology 125.6 (2018): E19-E28. 

[80]- Amer, Saad AK. "The Impact of Endometrioma and Its Surgical Treatment on Ovarian Reserve and Reproductive 
Performance." Reproductive Surgery in Assisted Conception (2015): 43-57. 

[81]- Kitajima, Michio, et al. "AMH Concentrations in Peritoneal Fluids of Women with and without Endometriosis." Frontiers 
in Surgery 7 (2020): 600202. 

[82]- Wang, Jeff, et al. "Evidence for a Müllerian-inhibiting substance autocrine/paracrine system in adult human 
endometrium." Fertility and sterility 91.4 (2009): 1195-1203. 

[83]- Namkung, Jeong, et al. "Müllerian inhibiting substance induces apoptosis of human endometrial stromal cells in 
endometriosis." The Journal of Clinical Endocrinology & Metabolism 97.9 (2012): 3224-3230. 

[84]- Signorile, Pietro G., Francesca Petraglia, and Alfonso Baldi. "Anti-mullerian hormone is expressed by endometriosis tissues 
and induces cell cycle arrest and apoptosis in endometriosis cells." Journal of Experimental & Clinical Cancer Research 33 
(2014): 1-9. 

[85]- Galhardo, Ana, et al. "The infertility trap: how defeat and entrapment affect depressive symptoms." Human 
reproduction 31.2 (2016): 419-426. 

[86]- Siedentopf, Friederike, et al. "Immune status, psychosocial distress and reduced quality of life in infertile patients with 
endometriosis." American Journal of Reproductive Immunology 60.5 (2008): 449-461. 

[87]- Soliman, Ahmed M., et al. "The effect of endometriosis symptoms on absenteeism and presenteeism in the workplace and at 
home." Journal of managed care & specialty pharmacy 23.7 (2017): 745-754. 

[88]- Luisi, Stefano, et al. "Neuroendocrine and stress-related aspects of endometriosis." Neuroendocrinology Letters 36.1 (2015): 
15-23. 

[89]- Harrison, Victoria, Karen Rowan, and John Mathias. "Stress reactivity and family relationships in the development and 
treatment of endometriosis." Fertility and sterility 83.4 (2005): 857-864. 

[90]- Staal, A. H. J., M. Van Der Zanden, and A. W. Nap. "Diagnostic delay of endometriosis in the Netherlands." Gynecologic 
and obstetric investigation 81.4 (2016): 321-324. 

[91]- Staal, A. H. J., M. Van Der Zanden, and A. W. Nap. "Diagnostic delay of endometriosis in the Netherlands." Gynecologic 
and obstetric investigation 81.4 (2016): 321-324. 

[92]- Lazzeri, Lucia, et al. "Surgical treatment affects perceived stress differently in women with endometriosis: correlation with 
severity of pain." Fertility and Sterility 103.2 (2015): 433-438. 

[93]- Lazzeri, Lucia, et al. "Endometriosis and perceived stress: impact of surgical and medical treatment." Gynecologic and 
obstetric investigation 79.4 (2015): 229-233. 

[94]- Lazzeri, Lucia, et al. "Endometriosis and perceived stress: impact of surgical and medical treatment." Gynecologic and 
obstetric investigation 79.4 (2015): 229-233. 

[95]- Márki, Gabriella, et al. "Physical pain and emotion regulation as the main predictive factors of health-related quality of life 
in women living with endometriosis." Human Reproduction 32.7 (2017): 1432-1438. 

[96]- Facchin, Federica, et al. "Mental health in women with endometriosis: searching for predictors of psychological 
distress." Human Reproduction 32.9 (2017): 1855-1861. 

[97]- Coxon, Lydia, Andrew W. Horne, and Katy Vincent. "Pathophysiology of endometriosis-associated pain: A review of pelvic 
and central nervous system mechanisms." Best Practice & Research Clinical Obstetrics & Gynaecology 51 (2018): 53-67. 

[98]- Frodl, Thomas, and Veronica O'Keane. "How does the brain deal with cumulative stress? A review with focus on 
developmental stress, HPA axis function and hippocampal structure in humans." Neurobiology of disease 52 (2013): 24-37. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 343 

[99]- Fries, Eva, et al. "A new view on hypocortisolism." Psychoneuroendocrinology 30.10 (2005): 1010-1016. 

[100]- Blackburn-Munro, Gordon, and Ruth Blackburn-Munro. "Pain in the brain: are hormones to blame?." Trends in 
Endocrinology & Metabolism 14.1 (2003): 20-27. 

[101]- Ortiz, Robin, et al. "Hypothalamic-pituitary-adrenal axis responses in women with endometriosis-related chronic pelvic 
pain." Reproductive Sciences 27 (2020): 1839-1847. 

[102]- Petrelluzzi, K. Friggi Sebe, et al. "Salivary cortisol concentrations, stress and quality of life in women with endometriosis 
and chronic pelvic pain." Stress 11.5 (2008): 390-397. 

[103]- Quiñones, Maria, et al. "Anxiety, coping skills and hypothalamus-pituitary-adrenal (HPA) axis in patients with 
endometriosis." Journal of reproductive biology and health 3 (2015). 

[104]- van Aken, Mieke, et al. "Hair cortisol and the relationship with chronic pain and quality of life in endometriosis 
patients." Psychoneuroendocrinology 89 (2018): 216-222. 

[105]- Lima, A. P., M. D. Moura, and A. A. M. Rosa e Silva. "Prolactin and cortisol levels in women with 
endometriosis." Brazilian journal of medical and biological research 39 (2006): 1121-1127. 

[106]- Friggi Sebe Petrelluzzi, Karina, et al. "Physical therapy and psychological intervention normalize cortisol levels and 
improve vitality in women with endometriosis." Journal of Psychosomatic Obstetrics & Gynecology 33.4 (2012): 191-198. 

[107]- Petraglia, Felice, Alberto Imperatore, and John RG Challis. "Neuroendocrine mechanisms in pregnancy and 
parturition." Endocrine reviews 31.6 (2010): 783-816. 

[108]- Novembri, Romina, et al. "Impaired CRH and urocortin expression and function in eutopic endometrium of women with 
endometriosis." The Journal of Clinical Endocrinology & Metabolism 96.4 (2011): 1145-1150. 

[109]- Carrarelli, Patrizia, et al. "Urocortin and corticotrophin-releasing hormone receptor type 2 mRNA are highly expressed in 
deep infiltrating endometriotic lesions." Reproductive Biomedicine Online 33.4 (2016): 476-483. 

[110]- Novembri, Romina, et al. "Urocortin 2 and urocortin 3 in endometriosis: evidence for a possible role in inflammatory 
response." MHR: Basic science of reproductive medicine 17.9 (2011): 587-593. 

[111]- Florio, Pasquale, et al. "Plasma urocortin levels in the diagnosis of ovarian endometriosis." Obstetrics & Gynecology 110.3 
(2007): 594-600. 

[112]- Maia, Laura M., et al. "Plasma urocortin-1 as a preoperative marker of endometriosis in symptomatic 
women." Gynecological Endocrinology 34.3 (2018): 202-205. 

[113]- Sinaii, Ninet, et al. "High rates of autoimmune and endocrine disorders, fibromyalgia, chronic fatigue syndrome and atopic 
diseases among women with endometriosis: a survey analysis." Human reproduction 17.10 (2002): 2715-2724. 

[114]- Poppe, Kris, Brigitte Velkeniers, and Daniel Glinoer. "The role of thyroid autoimmunity in fertility and pregnancy." Nature 
clinical practice Endocrinology & metabolism 4.7 (2008): 394-405. 

[115]- Yuk, Jin-Sung, et al. "Graves’ disease is associated with endometriosis: a 3-year population-based cross-sectional 
study." Medicine 95.10 (2016): e2975. 

[116]- Aghajanova, Lusine, and Linda C. Giudice. "Molecular evidence for differences in endometrium in severe versus mild 
endometriosis." Reproductive Sciences 18.3 (2011): 229-251. 

[117]- Mousa, Shaker A., et al. "The proangiogenic action of thyroid hormone analogue GC-1 is initiated at an integrin." Journal 
of cardiovascular pharmacology 46.3 (2005): 356-360. 

[118]- Mousa, Shaker A., et al. "The proangiogenic action of thyroid hormone analogue GC-1 is initiated at an integrin." Journal 
of cardiovascular pharmacology 46.3 (2005): 356-360. 

[119]- Stavreus-Evers, Anneli. "Paracrine interactions of thyroid hormones and thyroid stimulation hormone in the female 
reproductive tract have an impact on female fertility." Frontiers in endocrinology 3 (2012): 23156. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 344 

[120]- DiVasta, Amy D., et al. "Spectrum of symptoms in women diagnosed with endometriosis during adolescence vs 
adulthood." American journal of obstetrics and gynecology 218.3 (2018): 324-e1. 

[121]- Fauconnier, Arnaud, and Charles Chapron. "Endometriosis and pelvic pain: epidemiological evidence of the relationship 
and implications." Human reproduction update 11.6 (2005): 595-606. 

[122]- Schliep, K. C., et al. "Pain typology and incident endometriosis." Human reproduction 30.10 (2015): 2427-2438. 

[123]- Ballard, Karen, et al. "Can specific pain symptoms help in the diagnosis of endometriosis? A cohort study of women with 
chronic pelvic pain." Fertility and sterility 94.1 (2010): 20-27. 

[124]- Chung, Maurice K., Rosemary P. Chung, and David Gordon. "Interstitial cystitis and endometriosis in patients with 
chronic pelvic pain: the “evil twins” syndrome." JSLS: Journal of the Society of Laparoendoscopic Surgeons 9.1 (2005): 25. 

[125]- Redwine, David B. "Diaphragmatic endometriosis: diagnosis, surgical management, and long-term results of 
treatment." Fertility and sterility 77.2 (2002): 288-296. 

[126]- Fedele, Luigi, et al. "Ileocecal endometriosis: clinical and pathogenetic implications of an underdiagnosed 
condition." Fertility and Sterility 101.3 (2014): 750-753. 

[127]- Coratti, Francesco, et al. "Emergency surgery for appendectomy and incidental diagnosis of superficial peritoneal 
endometriosis in fertile age women." Reproductive BioMedicine Online 41.4 (2020): 729-733. 

[128]- Morotti, Matteo, Katy Vincent, and Christian M. Becker. "Mechanisms of pain in endometriosis." European Journal of 
Obstetrics & Gynecology and Reproductive Biology 209 (2017): 8-13. 

[129]- Stratton, Pamela, and Karen J. Berkley. "Chronic pelvic pain and endometriosis: translational evidence of the relationship 
and implications." Human reproduction update 17.3 (2011): 327-346. 

[130]- Morotti, Matteo, et al. "Peripheral changes in endometriosis-associated pain." Human reproduction update 20.5 (2014): 
717-736. 

[131]- Brawn, Jennifer, et al. "Central changes associated with chronic pelvic pain and endometriosis." Human reproduction 
update 20.5 (2014): 737-747. 

[132]- de Arellano, Maria Luisa Barcena, et al. "Evidence of neurotrophic events due to peritoneal endometriotic 
lesions." Cytokine 62.2 (2013): 253-261. 

[133]- Krizsan‐Agbas, D., et al. "Oestrogen regulates sympathetic neurite outgrowth by modulating brain derived neurotrophic 
factor synthesis and release by the rodent uterus." European Journal of Neuroscience 18.10 (2003): 2760-2768. 

[134]- Tokushige, Natsuko, et al. "Nerve fibres in peritoneal endometriosis." Human reproduction 21.11 (2006): 3001-3007. 

[135]- Wang, Guoyun, et al. "Rich innervation of deep infiltrating endometriosis." Human reproduction 24.4 (2009): 827-834. 

[136]- Riccio, Luiza da Gama Coelho, et al. "Immunology of endometriosis." Best practice & research Clinical obstetrics & 
gynaecology 50 (2018): 39-49. 

[137]- Woolf, Clifford J. "Central sensitization: implications for the diagnosis and treatment of pain." pain 152.3 (2011): S2-S15. 

[138]- As-Sanie, Sawsan, et al. "Changes in regional gray matter volume in women with chronic pelvic pain: a voxel-based 
morphometry study." PAIN® 153.5 (2012): 1006-1014. 

[139]- As-Sanie, Sawsan, et al. "Functional connectivity is associated with altered brain chemistry in women with endometriosis-
associated chronic pelvic pain." The Journal of Pain 17.1 (2016): 1-13. 

[140]- Vannuccini, Silvia, et al. "Mental health, pain symptoms and systemic comorbidities in women with endometriosis: a 
cross-sectional study." Journal of Psychosomatic Obstetrics & Gynecology 39.4 (2018): 315-320. 

[141]- McPeak, Allison E., et al. "Pain catastrophizing and pain health-related quality-of-life in endometriosis." The Clinical 
journal of pain 34.4 (2018): 349-356. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 345 

[142]- Laganà, Antonio Simone, et al. "Anxiety and depression in patients with endometriosis: impact and management 
challenges." International journal of women's health (2017): 323-330. 

[143]- Álvarez-Salvago, Francisco, et al. "Chronic fatigue, physical impairments and quality of life in women with endometriosis: 
a case-control study." International journal of environmental research and public health 17.10 (2020): 3610. 

[144]- T Jones, Gareth. "Psychosocial vulnerability and early life adversity as risk factors for central sensitivity 
syndromes." Current rheumatology reviews 12.2 (2016): 140-153. 

[145]- Kvaskoff, Marina, et al. "Endometriosis: a high-risk population for major chronic diseases?." Human reproduction 
update 21.4 (2015): 500-516. 

[146]- Jess, Tine, et al. "Increased risk of inflammatory bowel disease in women with endometriosis: a nationwide Danish cohort 
study." Gut 61.9 (2012): 1279-1283. 

[147]- Bungum, Helle Folge, Christian Vestergaard, and Ulla Breth Knudsen. "Endometriosis and type 1 allergies/immediate type 
hypersensitivity: a systematic review." European Journal of Obstetrics & Gynecology and Reproductive Biology 179 (2014): 209-
215. 

[148]- Caserta, Donatella, et al. "Endometriosis allergic or autoimmune disease: pathogenetic aspects--a case control study." Clin 
Exp Obstet Gynecol 43.3 (2016): 354-7. 

[149]- Harris, Holly R., et al. "Endometriosis and the risks of systemic lupus erythematosus and rheumatoid arthritis in the 
Nurses’ Health Study II." Annals of the rheumatic diseases 75.7 (2016): 1279-1284. 

[150]- Greenbaum, Hila, et al. "Evidence for an association between endometriosis, fibromyalgia, and autoimmune 
diseases." American journal of reproductive immunology 81.4 (2019): e13095. 

[151]- Nielsen, Nete Munk, et al. "The co-occurrence of endometriosis with multiple sclerosis, systemic lupus erythematosus and 
Sjögren syndrome." Human reproduction 26.6 (2011): 1555-1559. 

[152]- Tariverdian, Nadja, et al. "Neuroendocrine–immune disequilibrium and endometriosis: an interdisciplinary 
approach." Seminars in immunopathology. Vol. 29. Springer-Verlag, 2007. 

[153]- Shigesi, Nina, et al. "The association between endometriosis and autoimmune diseases: a systematic review and meta-
analysis." Human reproduction update 25.4 (2019): 486-503. 

[154]- Tomassetti, Carla, and Thomas D'Hooghe. "Endometriosis and infertility: Insights into the causal link and management 
strategies." Best Practice & Research Clinical Obstetrics & Gynaecology 51 (2018): 25-33. 

[155]- Tanbo, Tom, and Peter Fedorcsak. "Endometriosis‐associated infertility: aspects of pathophysiological mechanisms and 
treatment options." Acta obstetricia et gynecologica Scandinavica 96.6 (2017): 659-667. 

[156]- Dueholm, Margit. "Uterine adenomyosis and infertility, review of reproductive outcome after in vitro fertilization and 
surgery." Acta obstetricia et gynecologica Scandinavica 96.6 (2017): 715-726. 

[157]- Campo, Sebastiano, Vincenzo Campo, and Giuseppe Benagiano. "Adenomyosis and infertility." Reproductive biomedicine 
online 24.1 (2012): 35-46. 

[158]- Lessey, Bruce A., and J. Julie Kim. "Endometrial receptivity in the eutopic endometrium of women with endometriosis: it 
is affected, and let me show you why." Fertility and sterility 108.1 (2017): 19-27. 

[159]- Miravet-Valenciano, Jose, et al. "Endometrial receptivity in eutopic endometrium in patients with endometriosis: it is not 
affected, and let me show you why." Fertility and sterility 108.1 (2017): 28-31. 

[160]- Barra, Fabio, et al. "A comprehensive review of hormonal and biological therapies for endometriosis: latest 
developments." Expert opinion on biological therapy 19.4 (2019): 343-360. 

[161]- Levine, Daniel, et al. "Cell growth effects of leuprolide on cultured endometrioma cells." The Journal  



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 346 

[162]- Barra, Fabio, et al. "A comprehensive review of hormonal and biological therapies for endometriosis: latest 
developments." Expert opinion on biological therapy 19.4 (2019): 343-360. 

[163]- Fedele, Luigi, et al. "Buserelin acetate in the treatment of pelvic pain associated with minimal and mild endometriosis: a 
controlled study." Fertility and sterility 59.3 (1993): 516-521. 

[164]- Agneta Bergqvist, M. D., et al. "Effects of triptorelin versus placebo on the symptoms of endometriosis." Fertility and 
sterility 69.4 (1998): 702-708. 

[165]- Dlugi, Alexander M., et al. "Lupron depot (leuprolide acetate for depot suspension) in the treatment of endometriosis: a 
randomized, placebo-controlled, double-blind study." Fertility and sterility 54.3 (1990): 419-427. 

[166]- Miller, James D. "Leuprolide acetate for the treatment of endometriosis." Prog. Clin. Biol. Res. 323 (1990): 337-341. 

[167]- Brown, J., A. Pan, and R. J. Hart. "Gonadotropin releasing hormone analogues for pain associated with 
endometriosis." Obstet Gynecol 117.3 (2011): 727-728. 

[168]- Sallam, Hassan N., et al. "Long‐term pituitary down‐regulation before in vitro fertilization (IVF) for women with 
endometriosis." Cochrane Database of Systematic Reviews 1 (2006). 

[169]- Dunselman, G. A. J., et al. "ESHRE guideline: management of women with endometriosis." Human reproduction 29.3 
(2014): 400-412. 

[170]- Tosti, Claudia, et al. "Hormonal therapy for endometriosis: from molecular research to bedside." European Journal of 
Obstetrics & Gynecology and Reproductive Biology 209 (2017): 61-66. 

[171]- Mitwally, Mohamed FM, Lynda Gotlieb, and Robert F. Casper. "Prevention of bone loss and hypoestrogenic symptoms by 
estrogen and interrupted progestogen add-back in long-term GnRH-agonist down-regulated patients with endometriosis and 
premenstrual syndrome." Menopause 9.4 (2002): 236-241. 

[172]- Bedaiwy, Mohamed A., and Robert F. Casper. "Treatment with leuprolide acetate and hormonal add-back for up to 10 
years in stage IV endometriosis patients with chronic pelvic pain." Fertility and sterility 86.1 (2006): 220-222. 

[173]- Taylor, Hugh S., et al. "Treatment of endometriosis-associated pain with elagolix, an oral GnRH antagonist." New England 
Journal of Medicine 377.1 (2017): 28-40. 

[174]- Agarwal, Sanjay K., et al. "Endometriosis-related pain reduction during bleeding and nonbleeding days in women treated 
with elagolix." Journal of Pain Research (2021): 263-271. 

[175]- Surrey, Eric, et al. "Long-term outcomes of elagolix in women with endometriosis: results from two extension 
studies." Obstetrics & Gynecology 132.1 (2018): 147-160. 

[176]- Pokrzywinski, Robin M., et al. "Achieving clinically meaningful response in endometriosis pain symptoms is associated 
with improvements in health-related quality of life and work productivity: analysis of 2 phase III clinical trials." American 
Journal of Obstetrics and Gynecology 222.6 (2020): 592-e1. 

[177]- Surrey, Eric S., et al. "Impact of elagolix treatment on fatigue experienced by women with moderate to severe pain 
associated with endometriosis." Fertility and sterility 112.2 (2019): 298-304. 

[178]- Ng, Juki, et al. "Dose-dependent suppression of gonadotropins and ovarian hormones by elagolix in healthy premenopausal 
women." The Journal of Clinical Endocrinology & Metabolism 102.5 (2017): 1683-1691. 

[179]- Struthers, R. Scott, et al. "Suppression of gonadotropins and estradiol in premenopausal women by oral administration of 
the nonpeptide gonadotropin-releasing hormone antagonist elagolix." The Journal of Clinical Endocrinology & Metabolism 94.2 
(2009): 545-551. 

[180]- Osuga, Yutaka, et al. "Relugolix, an oral gonadotropin-releasing hormone receptor antagonist, reduces endometriosis-
associated pain in a dose–response manner: a randomized, double-blind, placebo-controlled study." Fertility and Sterility 115.2 
(2021): 397-405. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 347 

[181]- Donnez, Jacques, et al. "Treatment of endometriosis-associated pain with linzagolix, an oral gonadotropin-releasing 
hormone–antagonist: a randomized clinical trial." Fertility and Sterility 114.1 (2020): 44-55. 

[182]- Dunselman, G. A. J., et al. "ESHRE guideline: management of women with endometriosis." Human reproduction 29.3 
(2014): 400-412. 

[183]- Vercellini, Paolo, et al. "Estrogen-progestins and progestins for the management of endometriosis." Fertility and 
Sterility 106.7 (2016): 1552-1571. 

[184]- Quaas, Alexander M., Elizabeth A. Weedin, and Karl R. Hansen. "On-label and off-label drug use in the treatment of 
endometriosis." Fertility and sterility 103.3 (2015): 612-625. 

[185]- Vercellini, Paolo, et al. "Medical treatment of endometriosis-related pain." Best Practice & Research Clinical Obstetrics & 
Gynaecology 51 (2018): 68-91. 

[186]- Lee, Jae Hoon, et al. "Effectiveness of dienogest for treatment of recurrent endometriosis: multicenter data." Reproductive 
Sciences 25.10 (2018): 1515-1522. 

[187]- Techatraisak, Kitirat, et al. "Effectiveness of dienogest in improving quality of life in Asian women with endometriosis 
(ENVISIOeN): interim results from a prospective cohort study under real-life clinical practice." BMC women's health 19 (2019): 
1-12. 

[188]- Uranga-Romano, García, et al. "Dienogest usefulness in pelvic pain due to endometriosis. A meta-analysis of its 
effectiveness." Revista Médica del Instituto Mexicano del Seguro Social 55.4 (2017): 452. 

[189]- Momoeda, Mikio, et al. "Long‐term use of dienogest for the treatment of endometriosis." Journal of Obstetrics and 
Gynaecology Research 35.6 (2009): 1069-1076. 

[190]- Muzii, Ludovico, et al. "Medical treatment of ovarian endometriomas: a prospective evaluation of the effect of dienogest 
on ovarian reserve, cyst diameter, and associated pain." Gynecological Endocrinology 36.1 (2020): 81-83. 

[191]- Vignali, Michele, et al. "Effect of Dienogest therapy on the size of the endometrioma." Gynecological Endocrinology 36.8 
(2020): 723-727. 

[192]- Angioni, Stefano, et al. "Is dienogest the best medical treatment for ovarian endometriomas? Results of a multicentric case 
control study." Gynecological Endocrinology 36.1 (2020): 84-86. 

[193]- Del Forno, Simona, et al. "Dienogest or Norethindrone acetate for the treatment of ovarian endometriomas: Can we avoid 
surgery?." European Journal of Obstetrics & Gynecology and Reproductive Biology 238 (2019): 120-124. 

[194]- Papikova, Z., et al. "Efficacy of dienogest treatment of clinical symptoms of rectovaginal endometriosis." Ceska 
Gynekologie 84.5 (2019): 331-336. 

[195]- Maggiore, Umberto Leone Roberti, et al. "Bladder endometriosis: a systematic review of pathogenesis, diagnosis, 
treatment, impact on fertility, and risk of malignant transformation." European urology 71.5 (2017): 790-807. 

[196]- Angioni, Stefano, et al. "Dienogest. A possible conservative approach in bladder endometriosis. Results of a pilot 
study." Gynecological Endocrinology 31.5 (2015): 406-408. 

[197]- Leonardo-Pinto, Joao Paulo, et al. "Dienogest and deep infiltrating endometriosis: The remission of symptoms is not 
related to endometriosis nodule remission." European Journal of Obstetrics & Gynecology and Reproductive Biology 211 (2017): 
108-111. 

[198]- Leonardo-Pinto, Joao Paulo, et al. "Dienogest and deep infiltrating endometriosis: The remission of symptoms is not 
related to endometriosis nodule remission." European Journal of Obstetrics & Gynecology and Reproductive Biology 211 (2017): 
108-111. 

[199]- Caruso, Salvatore, et al. "Effects of long-term treatment with Dienogest on the quality of life and sexual function of women 
affected by endometriosis-associated pelvic pain." Journal of Pain Research (2019): 2371-2378. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 348 

[200]- Techatraisak, Kitirat, et al. "Effectiveness of dienogest in improving quality of life in Asian women with endometriosis 
(ENVISIOeN): interim results from a prospective cohort study under real-life clinical practice." BMC women's health 19 (2019): 
1-12. 

[201]- Yu, Qi, et al. "Dienogest for treatment of endometriosis in women: A 28-week, open-label, extension study." Journal of 
Women's Health 28.2 (2019): 170-177. 

[202]- Römer, Thomas. "Long-term treatment of endometriosis with dienogest: retrospective analysis of efficacy and safety in 
clinical practice." Archives of gynecology and obstetrics 298 (2018): 747-753. 

[203]- Zakhari, Andrew, et al. "Dienogest and the risk of endometriosis recurrence following surgery: a systematic review and 
meta-analysis." Journal of minimally invasive gynecology 27.7 (2020): 1503-1510. 

 [204]- Cho, BaikSeol, et al. "Safety and effectiveness of dienogest (Visanne®) for treatment of endometriosis: a large 
prospective cohort study." Reproductive Sciences 27 (2020): 905-915. 

[205]- Lee, Dong-Yun, et al. "Gonadotropin-releasing hormone agonist with add–back treatment is as effective and tolerable as 
dienogest in preventing pain recurrence after laparoscopic surgery for endometriosis." Archives of gynecology and obstetrics 294 
(2016): 1257-1263. 

[206]- Seo, Jong-Wook, et al. "Comparison of long-term use of combined oral contraceptive after gonadotropin-releasing 
hormone agonist plus add-back therapy versus dienogest to prevent recurrence of ovarian endometrioma after surgery." European 
Journal of Obstetrics & Gynecology and Reproductive Biology 236 (2019): 53-57. 

[207]- Koshiba, Akemi, et al. "Dienogest therapy during the early stages of recurrence of endometrioma might be an alternative 
therapeutic option to avoid repeat surgeries." Journal of Obstetrics and Gynaecology Research 44.10 (2018): 1970-1976. 

[208]- Vercellini, Paolo, et al. "Norethindrone acetate or dienogest for the treatment of symptomatic endometriosis: a before and 
after study." Fertility and sterility 105.3 (2016): 734-743. 

[209]- Vercellini, Paolo, et al. "Treatment of symptomatic rectovaginal endometriosis with an estrogen–progestogen combination 
versus low-dose norethindrone acetate." Fertility and sterility 84.5 (2005): 1375-1387. 

[210]- Ferrero, S., et al. "Norethisterone acetate in the treatment of colorectal endometriosis: a pilot study." Human 
reproduction 25.1 (2010): 94-100. 

[211]- Morotti, Matteo, et al. "Efficacy and acceptability of long-term norethindrone acetate for the treatment of rectovaginal 
endometriosis." European Journal of Obstetrics & Gynecology and Reproductive Biology 213 (2017): 4-10. 

[212]- Scala, C., et al. "Norethindrone acetate versus extended-cycle oral contraceptive (Seasonique®) in the treatment of 
endometriosis symptoms: a prospective open-label comparative study." European Journal of Obstetrics & Gynecology and 
Reproductive Biology 222 (2018): 89-94. 

[213]- Morotti, Matteo, et al. "Dienogest in women with persistent endometriosis-related pelvic pain during norethisterone acetate 
treatment." European Journal of Obstetrics & Gynecology and Reproductive Biology 183 (2014): 188-192. 

[214]- Brown, Julie, Sari Kives, and Muhammad Akhtar. "Progestagens and anti‐progestagens for pain associated with 
endometriosis." Cochrane Database of Systematic Reviews 3 (2012). 

[215]- Telimaa, S., J. Puolakka, and A. Kauppila. "Placebo-controlled comparison of danazol and high-dose medroxyprogesterone 
acetate in the treatment of endometriosis." Gynecological Endocrinology 1.1 (1987): 13-23. 

[216]- Crosignani, P. G., et al. "Subcutaneous depot medroxyprogesterone acetate versus leuprolide acetate in the treatment of 
endometriosis-associated pain." Human Reproduction 21.1 (2006): 248-256. 

[217]- Schlaff, William D., et al. "Subcutaneous injection of depot medroxyprogesterone acetate compared with leuprolide acetate 
in the treatment of endometriosis-associated pain." Fertility and sterility 85.2 (2006): 314-325. 

[218]- American College of Obstetricians and Gynecologists. "Committee opinion no. 602: depot medroxyprogesterone acetate 
and bone effects." Obstet Gynecol 123.6 (2014): 1398-1402. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 349 

[219]- Olive, David L. "Medical therapy of endometriosis." Seminars in reproductive medicine. Vol. 21. No. 02. Copyright© 
2003 by Thieme Medical Publishers, Inc., 333 Seventh Avenue, New York, NY 10001, USA. Tel.:+ 1 (212) 584-4662, 2003. 

[220]- Farquhar, Cindy, et al. "Danazol for pelvic pain associated with endometriosis." Cochrane Database of Systematic 
Reviews 2010.11 (1996). 

[221]- Cobellis, Luigi, et al. "A danazol-loaded intrauterine device decreases dysmenorrhea, pelvic pain, and dyspareunia 
associated with endometriosis." Fertility and sterility 82.1 (2004): 239-240. 

[222]- Igarashi, Masao, et al. "Novel vaginal danazol ring therapy for pelvic endometriosis, in particular deeply infiltrating 
endometriosis." Human reproduction (Oxford, England) 13.7 (1998): 1952-1956. 

[223]- Razzi, Sandro, et al. "Efficacy of vaginal danazol treatment in women with recurrent deeply infiltrating 
endometriosis." Fertility and sterility 88.4 (2007): 789-794. 

[224]- Godin, Richard, and Violaine Marcoux. "Vaginally administered danazol: an overlooked option in the treatment of 
rectovaginal endometriosis?." Journal of Obstetrics and Gynaecology Canada 37.12 (2015): 1098-1103. 

[225]- Okamura, Y., et al. "Clinical outcome of vaginal danazol suppository use in women with pelvic endometriosis." Fertility 
and Sterility 90 (2008): S486. 

[226]- Bhattacharya, Sudhindra M., Amit Tolasaria, and Bijay Khan. "Vaginal danazol for the treatment of endometriosis-related 
pelvic pain." International Journal of Gynecology and Obstetrics 3.115 (2011): 294-295. 

[227]- Razzi, Sandro, et al. "Use of a progestogen only preparation containing desogestrel in the treatment of recurrent pelvic pain 
after conservative surgery for endometriosis." European Journal of Obstetrics & Gynecology and Reproductive Biology 135.2 
(2007): 188-190. 

[228]- Morotti, Matteo, et al. "Progestin-only contraception compared with extended combined oral contraceptive in women with 
migraine without aura: a retrospective pilot study." European Journal of Obstetrics & Gynecology and Reproductive Biology 183 
(2014): 178-182. 

[229]- Leone Roberti Maggiore, Umberto, et al. "Desogestrel‐only contraceptive pill versus sequential contraceptive vaginal ring 
in the treatment of rectovaginal endometriosis infiltrating the rectum: a prospective open‐label comparative study." Acta 
Obstetricia et Gynecologica Scandinavica 93.3 (2014): 239-247. 

[230]- Viganò, Paola, Edgardo Somigliana, and Paolo Vercellini. "Levonorgestrel-releasing intrauterine system for the treatment 
of endometriosis: biological and clinical evidence." Women’s Health 3.2 (2007): 207-214. 

[231]- Vercellini, Paolo, et al. "Comparison of a levonorgestrel-releasing intrauterine device versus expectant management after 
conservative surgery for symptomatic endometriosis: a pilot study." Fertility and sterility 80.2 (2003): 305-309. 

[232]- Tekin, Yesim Bayoglu, et al. "Postoperative medical treatment of chronic pelvic pain related to severe endometriosis: 
levonorgestrel-releasing intrauterine system versus gonadotropin-releasing hormone analogue." Fertility and sterility 95.2 (2011): 
492-496. 

[233]- Tanmahasamut, Prasong, et al. "Postoperative levonorgestrel-releasing intrauterine system for pelvic endometriosis-related 
pain: a randomized controlled trial." Obstetrics & Gynecology 119.3 (2012): 519-526. 

[234]- Yucel, Nese, et al. "The levonorgestrel‐releasing intrauterine system is associated with a reduction in dysmenorrhoea and 
dyspareunia, a decrease in CA 125 levels, and an increase in quality of life in women with suspected endometriosis." Australian 
and New Zealand Journal of Obstetrics and Gynaecology 58.5 (2018): 560-563. 

[235]- Lee, Ki H., et al. "Comparison of the efficacy of diegnogest and levonorgestrel‐releasing intrauterine system after 
laparoscopic surgery for endometriosis." Journal of Obstetrics and Gynaecology Research 44.9 (2018): 1779-1786. 

[236]- Chen, Yi-Jen, et al. "Postoperative maintenance levonorgestrel-releasing intrauterine system and endometrioma recurrence: 
a randomized controlled study." American journal of obstetrics and gynecology 216.6 (2017): 582-e1. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 350 

[237]- Wattanayingcharoenchai, R., et al. "Postoperative hormonal treatment for prevention of endometrioma recurrence after 
ovarian cystectomy: a systematic review and network meta‐analysis." BJOG: An International Journal of Obstetrics & 
Gynaecology 128.1 (2021): 25-35. 

[238]- Song, Junhong, Yan Wang, and Lili Yu. "Clinical comparison of mifepristone and gestrinone for laparoscopic 
endometriosis." Pakistan Journal of Pharmaceutical Sciences 31.5SI (2018): 2197-2202. 

[239]- Walch, Katharina, et al. "Implanon® versus medroxyprogesterone acetate: effects on pain scores in patients with 
symptomatic endometriosis—a pilot study." Contraception 79.1 (2009): 29-34. 

[240]- Yisa, Solomon B., Angela A. Okenwa, and Roy P. Husemeyer. "Treatment of pelvic endometriosis with etonogestrel 
subdermal implant (Implanon®)." BMJ Sexual & Reproductive Health 31.1 (2005): 67-70. 

[241]- Carvalho, Nelsilene, et al. "Control of endometriosis-associated pain with etonogestrel-releasing contraceptive implant and 
52-mg levonorgestrel-releasing intrauterine system: randomized clinical trial." Fertility and sterility 110.6 (2018): 1129-1136. 

[242]- When more is not better: 10 ‘don’ts’ in endometriosis management. An ETIC* position statement. Human Reproduction 
Open, 2019, 2019.3: hoz009. 

[243]- Meresman, Gabriela F., et al. "Oral contraceptives suppress cell proliferation and enhance apoptosis of eutopic endometrial 
tissue from patients with endometriosis." Fertility and sterility 77.6 (2002): 1141-1147. 

[244]- Harada, Tasuku, et al. "Low-dose oral contraceptive pill for dysmenorrhea associated with endometriosis: a placebo-
controlled, double-blind, randomized trial." Fertility and sterility 90.5 (2008): 1583-1588. 

[245]- Harada, Tasuku, et al. "Ethinylestradiol 20 μg/drospirenone 3 mg in a flexible extended regimen for the management of 
endometriosis-associated pelvic pain: a randomized controlled trial." Fertility and Sterility 108.5 (2017): 798-805. 

[246]- Brown, Julie, et al. "Oral contraceptives for pain associated with endometriosis." Cochrane Database of Systematic 
Reviews 5 (2018). 

[247]- Becker, Christian M., et al. "Reevaluating response and failure of medical treatment of endometriosis: a systematic 
review." Fertility and sterility 108.1 (2017): 125-136. 

[248]- Jenkins, Todd R., C. Y. Liu, and John White. "Does response to hormonal therapy predict presence or absence of 
endometriosis?." Journal of minimally invasive gynecology 15.1 (2008): 82-86. 

[249]- Bernuit, David, et al. "Female perspectives on endometriosis: findings from the uterine bleeding and pain women's 
research study." Journal of Endometriosis 3.2 (2011): 73-85. 

[250]- Casper, Robert F. "Progestin-only pills may be a better first-line treatment for endometriosis than combined estrogen-
progestin contraceptive pills." Fertility and sterility 107.3 (2017): 533-536. 

[251]- Vercellini, Paolo, et al. "Oral contraceptives and risk of endometriosis: a systematic review and meta-analysis." Human 
reproduction update 17.2 (2011): 159-170. 

[252]- Seracchioli, Renato, et al. "Post-operative use of oral contraceptive pills for prevention of anatomical relapse or symptom-
recurrence after conservative surgery for endometriosis." Human reproduction 24.11 (2009): 2729-2735. 

[253]- Seracchioli, Renato, et al. "Long-term oral contraceptive pills and postoperative pain management after laparoscopic 
excision of ovarian endometrioma: a randomized controlled trial." Fertility and Sterility 94.2 (2010): 464-471. 

[254]- Takamura, M., et al. "Post-operative oral contraceptive use reduces the risk of ovarian endometrioma recurrence after 
laparoscopic excision." Human reproduction 24.12 (2009): 3042-3048. 

[255]- Wu, Lixia, Qianyu Wu, and Lan Liu. "Oral contraceptive pills for endometriosis after conservative surgery: a systematic 
review and meta-analysis." Gynecological Endocrinology 29.10 (2013): 883-890. 

[256]- Muzii, Ludovico, et al. "Continuous versus cyclic oral contraceptives after laparoscopic excision of ovarian 
endometriomas: a systematic review and metaanalysis." American journal of obstetrics and gynecology 214.2 (2016): 203-211. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 351 

[[257]- Zorbas, Konstantinos A., Konstantinos P. Economopoulos, and Nikos F. Vlahos. "Continuous versus cyclic oral 
contraceptives for the treatment of endometriosis: a systematic review." Archives of gynecology and obstetrics 292 (2015): 37-43. 

[258]- Vercellini, Paolo, et al. "Cyproterone acetate versus a continuous monophasic oral contraceptive in the treatment of 
recurrent pelvic pain after conservative surgery for symptomatic endometriosis." Fertility and sterility 77.1 (2002): 52-61. 

[259]- Zupi, Errico, et al. "Add-back therapy in the treatment of endometriosis-associated pain." Fertility and sterility 82.5 
(2004): 1303-1308. 

[260]- Nisolle, Michelle, and Jacques Donnez. "Peritoneal endometriosis, ovarian endometriosis, and adenomyotic nodules of the 
rectovaginal septum are three different entities." Fertility and sterility 68.4 (1997): 585-596. 

[261]- Bulun, S. E., et al. "Milad M, Wei J. Endometriosis." Endocr Rev 2019 (21): 22. 

[262]- Bulun, Serdar E., et al. "17β-Hydroxysteroid dehydrogenase-2 deficiency and progesterone resistance in 
endometriosis." Seminars in reproductive medicine. Vol. 28. No. 01. © Thieme Medical Publishers, 2010. 

[263]- Yilmaz, Bahar D., and Serdar E. Bulun. "Endometriosis and nuclear receptors." Human reproduction update 25.4 (2019): 
473-485. 

[264]- Flores, Valerie A., et al. "Progesterone receptor status predicts response to progestin therapy in endometriosis." The 
Journal of Clinical Endocrinology & Metabolism 103.12 (2018): 4561-4568. 

[265]- Reis, Fernando M., et al. "Progesterone receptor ligands for the treatment of endometriosis: the mechanisms behind 
therapeutic success and failure." Human Reproduction Update 26.4 (2020): 565-585. 

[266]- Donnez, Jacques, and Marie-Madeleine Dolmans. "Endometriosis and medical therapy: from progestogens to progesterone 
resistance to GnRH antagonists: a review." Journal of Clinical Medicine 10.5 (2021): 1085. 

[267]- Cacciottola, Luciana, Jacques Donnez, and Marie-Madeleine Dolmans. "Can endometriosis-related oxidative stress pave 
the way for new treatment targets?." International journal of molecular sciences 22.13 (2021): 7138. 

[268]- Donnez, Jacques, et al. "Oxidative stress in the pelvic cavity and its role in the pathogenesis of endometriosis." Fertility 
and sterility 106.5 (2016): 1011-1017. 

[269]- Van Langendonckt, Anne, Françoise Casanas-Roux, and Jacques Donnez. "Iron overload in the peritoneal cavity of women 
with pelvic endometriosis." Fertility and sterility 78.4 (2002): 712-718. 

[270]- Kapoor, Radhika, Christina Anna Stratopoulou, and Marie-Madeleine Dolmans. "Pathogenesis of endometriosis: New 
insights into prospective therapies." International journal of molecular sciences 22.21 (2021): 11700. 

[271]- Simpson, Joe Leigh, et al. "Genetics of endometriosis." Obstetrics and Gynecology Clinics 30.1 

[272]- Koninckx, Philippe R., et al. "Pathogenesis of endometriosis: the genetic/epigenetic theory." Fertility and sterility 111.2 
(2019): 327-340. 

[273]- Taylor, Hugh S., Alexander M. Kotlyar, and Valerie A. Flores. "Endometriosis is a chronic systemic disease: clinical 
challenges and novel innovations." The Lancet 397.10276 (2021): 839-852. 

[274]- Patel, Bansari G., et al. "Progesterone resistance in endometriosis: origins, consequences and interventions." Acta 
obstetricia et gynecologica Scandinavica 96.6 (2017): 623-632. 

[275]- Koninckx, Philippe R., et al. "Peritoneal fluid progesterone and progesterone resistance in superficial endometriosis 
lesions." Human Reproduction 37.2 (2022): 203-211. 

[276]- Brichant, Geraldine, et al. "New therapeutics in endometriosis: a review of hormonal, non-hormonal, and non-coding RNA 
treatments." International Journal of Molecular Sciences 22.19 (2021): 10498. 

[277]- Hogg, Chloe, Andrew W. Horne, and Erin Greaves. "Endometriosis-associated macrophages: origin, phenotype, and 
function." Frontiers in endocrinology 11 (2020): 507486. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 352 

[278]- Donnez, Jacques, et al. "Stereometric evaluation of peritoneal endometriosis and endometriotic nodules of the rectovaginal 
septum." Human reproduction 11.1 (1996): 224-228. 

[279]- Donnez, Jacques, et al. "Vascular endothelial growth factor (VEGF) in endometriosis." Human Reproduction (Oxford, 
England) 13.6 (1998): 1686-1690. 

[280]- Redwine, David Byron. "Was Sampson wrong?." Fertility and sterility 78.4 (2002): 686-693. 

[281]- Colgrave, E. M., et al. "Superficial peritoneal endometriotic lesions are histologically diverse and rarely demonstrate 
menstrual cycle synchronicity with matched eutopic endometrium." Human Reproduction 35.12 (2020): 2701-2714. 

[282]- Donnez, Jacques. "The heterogeneity of endometriotic lesions could be explained by their progesterone resistance." Human 
Reproduction 36.9 (2021): 2624-2625. 

[283]- Forster, Rachel, et al. "Macrophage-derived insulin-like growth factor-1 is a key neurotrophic and nerve-sensitizing factor 
in pain associated with endometriosis." The FASEB Journal 33.10 (2019): 11210. 

[284]- Delbandi, Ali-Akbar, et al. "Evaluation of apoptosis and angiogenesis in ectopic and eutopic stromal cells of patients with 
endometriosis compared to non-endometriotic controls." BMC women's health 20 (2020): 1-9. 

[285]- Yu, Xiaoyan, et al. "Upregulation of fibroblast growth factor 2 contributes to endometriosis through SPRYs/DUSP6/ERK 
signaling pathway." Acta Histochemica 123.5 (2021): 151749. 

[286]- Akoum, Ali, et al. "Spontaneous and stimulated secretion of monocyte chemotactic protein-1 and macrophage migration 
inhibitory factor by peritoneal macrophages in women with and without endometriosis." Fertility and sterility 77.5 (2002): 989-
994. 

[287]- Akoum, Ali, et al. "Macrophage migration inhibitory factor expression in the intrauterine endometrium of women with 
endometriosis varies with disease stage, infertility status, and pelvic pain." Fertility and sterility 85.5 (2006): 1379-1385. 

[288]- Vanhie, Arne, et al. "Challenges in the development of novel therapeutic strategies for treatment of endometriosis." Expert 
opinion on therapeutic targets 20.5 (2016): 593-600. 

[289]- Yu, Pei-Hsiu, et al. "The pro-inflammatory and anti-inflammatory role of hyaluronic acid in endometriosis." Taiwanese 
Journal of Obstetrics and Gynecology 60.4 (2021): 711-717. 

[290]- Wu, Meng-Hsing, et al. "Distinct regulation of cyclooxygenase-2 by interleukin-1β in normal and endometriotic stromal 
cells." The Journal of Clinical Endocrinology & Metabolism 90.1 (2005): 286-295. 

[291]- Lai, Zhen-Zhen, et al. "Cyclooxygenase-2 in endometriosis." International journal of biological sciences 15.13 (2019): 
2783. 

[292]- Yu, Tingting, Xingzhen Lao, and Heng Zheng. "Influencing COX-2 activity by COX related pathways in inflammation and 
cancer." Mini reviews in medicinal chemistry 16.15 (2016): 1230-1243. 

[293]- Nandakishore, Ravindran, et al. "Selective cyclooxygenase inhibitors: current status." Current Drug Discovery 
Technologies 11.2 (2014): 127-132. 

[294]- Olivares, Carla N., et al. "Anastrozole and celecoxib for endometriosis treatment, good to keep them 
apart." Reproduction 145.2 (2013): 119-126. 

[295]- D’Hooghe, Thomas M., et al. "Recombinant human TNFRSF1A (r-hTBP1) inhibits the development of endometriosis in 
baboons: a prospective, randomized, placebo-and drug-controlled study." Biology of reproduction 74.1 (2006): 131-136. 

[296]- D'Antonio, M., et al. "Ability of recombinant human TNF binding protein-1 (r-hTBP-1) to inhibit the development of 
experimentally-induced endometriosis in rats." Journal of reproductive immunology 48.2 (2000): 81-98. 

[297]- Koninckx, P. R., et al. "Anti-TNF-α treatment for deep endometriosis-associated pain: a randomized placebo-controlled 
trial." Human Reproduction 23.9 (2008): 2017-2023. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 353 

[298]- Liu, Yuanmeng, Jianzhang Wang, and Xinmei Zhang. "An update on the multifaceted role of NF-kappaB in 
endometriosis." International Journal of Biological Sciences 18.11 (2022): 4400. 

[299]- Wieser, Fritz, et al. "Sulindac suppresses nuclear factor-κB activation and RANTES gene and protein expression in 
endometrial stromal cells from women with endometriosis." The Journal of Clinical Endocrinology & Metabolism 90.12 (2005): 
6441-6447. 

[300]- Alvarado-Díaz, Carlos Patricio, et al. "Iron overload–modulated nuclear factor kappa-B activation in human endometrial 
stromal cells as a mechanism postulated in endometriosis pathogenesis." Fertility and sterility 103.2 (2015): 439-447. 

[301]- El-Zayadi, Ahmed A., et al. "Anti-IL-6 receptor monoclonal antibody as a new treatment of endometriosis." Immunologic 
Research 68 (2020): 389-397. 

[302]- Karamian, Amin, et al. "Pyrvinium pamoate induces in-vitro suppression of IL-6 and IL-8 produced by human 
endometriotic stromal cells." Human & experimental toxicology 40.4 (2021): 649-660. 

[303]- Patel, Bansari G., et al. "Progesterone resistance in endometriosis: origins, consequences and interventions." Acta 
obstetricia et gynecologica Scandinavica 96.6 (2017): 623-632. 

[304]- Guo, Sun-Wei. "Epigenetics of endometriosis." Molecular human reproduction 15.10 (2009): 587-607. 

[305]- Wu, Yan, et al. "Aberrant methylation at HOXA10 may be responsible for its aberrant expression in the endometrium of 
patients with endometriosis." American journal of obstetrics and gynecology 193.2 (2005): 371-380. 

[306]- Wang, Li, et al. "DNA methylation inhibitor 5-aza-2′-deoxycytidine modulates endometrial receptivity through 
upregulating HOXA10 expression." Reproductive Sciences 26.6 (2019): 839-846. 

[307]- Cacciottola, Luciana, Jacques Donnez, and Marie-Madeleine Dolmans. "Oxidative stress, mitochondria, and infertility: Is 
the relationship fully established?." Fertility and Sterility 116.2 (2021): 306-308. 

[308]- McCubrey, James A., Michelle M. LaHair, and Richard A. Franklin. "Reactive oxygen species-induced activation of the 
MAP kinase signaling pathways." Antioxidants & redox signaling 8.9-10 (2006): 1775-1789. 

[309]- Ngô, Charlotte, et al. "Protein kinase inhibitors can control the progression of endometriosis in vitro and in vivo." The 
Journal of pathology 222.2 (2010): 148-157. 

[310]- Breedveld, F. C., and J. M. Dayer. "Leflunomide: mode of action in the treatment of rheumatoid arthritis." Annals of the 
rheumatic diseases 59.11 (2000): 841-849. 

[311]- Aytan, Hakan, et al. "Effect of the immunomodulator leflunomide on the induction of endometriosis in an experimental rat 
model." Fertility and sterility 87.3 (2007): 698-701. 

[312]- Ozer, Hatice, et al. "The efficacy of bevacizumab, sorafenib, and retinoic acid on rat endometriosis model." Reproductive 
Sciences 20.1 (2013): 26-32. 

[313]- Yildiz, Caglar, et al. "Effects of pazopanib, sunitinib, and sorafenib, anti-VEGF agents, on the growth of experimental 
endometriosis in rats." Reproductive Sciences 22.11 (2015): 1445-1451. 

[314]- Leconte, Mahaut, et al. "The mTOR/AKT inhibitor temsirolimus prevents deep infiltrating endometriosis in mice." The 
American journal of pathology 179.2 (2011): 880-889. 

[315]- Yagyu, T., et al. "Activation of mammalian target of rapamycin in postmenopausal ovarian endometriosis." International 
Journal of Gynecologic Cancer 16.4 (2006). 

[317]- Rudzitis-Auth, J., M. D. Menger, and M. W. Laschke. "Resveratrol is a potent inhibitor of vascularization and cell 
proliferation in experimental endometriosis." Human reproduction 28.5 (2013): 1339-1347. 

[318]- Taguchi, Ayumi, et al. "Resveratrol suppresses inflammatory responses in endometrial stromal cells derived from 
endometriosis: a possible role of the sirtuin 1 pathway." Journal of Obstetrics and Gynaecology Research 40.3 (2014): 770-778. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 354 

[319]- Park, Sunwoo, et al. "Naringenin induces mitochondria-mediated apoptosis and endoplasmic reticulum stress by regulating 
MAPK and AKT signal transduction pathways in endometriosis cells." MHR: Basic science of reproductive medicine 23.12 
(2017): 842-854. 

[320]- Kapoor, Radhika, et al. "Naringenin ameliorates progression of endometriosis by modulating Nrf2/Keap1/HO1 axis and 
inducing apoptosis in rats." The Journal of Nutritional Biochemistry 70 (2019): 215-226. 

[321]- Vallée, Alexandre, and Yves Lecarpentier. "Curcumin and endometriosis." International Journal of Molecular 
Sciences 21.7 (2020): 2440. 

[322]- Kim, Ki‐Hyung, et al. "Curcumin attenuates TNF‐α‐induced expression of intercellular adhesion molecule‐1, vascular cell 
adhesion molecule‐1 and proinflammatory cytokines in human endometriotic stromal cells." Phytotherapy Research 26.7 (2012): 
1037-1047. 

[323]- Parasassi, T., et al. "Differentiation of normal and cancer cells induced by sulfhydryl reduction: biochemical and molecular 
mechanisms." Cell Death & Differentiation 12.10 (2005): 1285-1296. 

[324]- Pittaluga, Eugenia, et al. "More than antioxidant: N-acetyl-L-cysteine in a murine model of endometriosis." Fertility and 
sterility 94.7 (2010): 2905-2908. 

[325]- Porpora, Maria Grazia, et al. "A promise in the treatment of endometriosis: an observational cohort study on ovarian 
endometrioma reduction by N-acetylcysteine." Evidence-Based Complementary and Alternative Medicine 2013 (2013). 

[326]- Yang, Hong, et al. "miR-143-3p inhibits endometriotic stromal cell proliferation and invasion by inactivating autophagy in 
endometriosis." Molecular medicine reports 23.5 (2021): 1-9. 

[327]- Mao, Haiyan, et al. "Silencing of circ_0007299 suppresses proliferation, migration, and invasiveness and promotes 
apoptosis of ectopic endometrial stromal cells in endometriosis via miR-424-5p-dependent modulation of CREB1." Archives of 
Gynecology and Obstetrics 307.1 (2023): 149-161. 

[328]- Sapmaz, Tansel, et al. "Effects of metformin, letrozole and atorvastatin on inflammation and apoptosis in experimental 
peritoneal and ovarian endometriosis in the rat." Pathology-Research and Practice 235 (2022): 153951. 

[329]- Lin, Yi-Kong, et al. "SCM-198 prevents endometriosis by reversing low autophagy of endometrial stromal cell via 
balancing ERα and PR signals." Frontiers in Endocrinology 13 (2022): 858176. 

[330]- Konrad, Lutz, et al. "Epithelial–mesenchymal transition in endometriosis—when does it happen?." Journal of Clinical 
Medicine 9.6 (2020): 1915. 

[331]- Suda, Kazuaki, et al. "Different mutation profiles between epithelium and stroma in endometriosis and normal 
endometrium." Human Reproduction 34.10 (2019): 1899-1905. 

[332]- Noë, Michaël, et al. "Independent development of endometrial epithelium and stroma within the same endometriosis." The 
Journal of pathology 245.3 (2018): 265-269. 

[333]- Orellana, Renan, et al. "Important role of collective cell migration and nerve fiber density in the development of deep 
nodular endometriosis." Fertility and Sterility 107.4 (2017): 987-995. 

[334]- García-Solares, Javier, et al. "Invasion of human deep nodular endometriotic lesions is associated with collective cell 
migration and nerve development." Fertility and sterility 110.7 (2018): 1318-1327. 

[335]- Liu, He-yu, et al. "A review of the effects of estrogen and epithelial-mesenchymal transformation on intrauterine adhesion 
and endometriosis." Transplant Immunology 79 (2023): 101679. 

[336]- Hsu, Yi-Wen, et al. "The effects of isoliquiritigenin on endometriosis in vivo and in vitro study." Phytomedicine 77 (2020): 
153214. 

[337]- Soliman, Ahmed M., et al. "The effect of endometriosis symptoms on absenteeism and presenteeism in the workplace and 
at home." Journal of managed care & specialty pharmacy 23.7 (2017): 745-754. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 355 

[338]- Qi, Shasha, et al. "Melatonin inhibits 17β-estradiol-induced migration, invasion and epithelial-mesenchymal transition in 
normal and endometriotic endometrial epithelial cells." Reproductive Biology and Endocrinology 16 (2018): 1-12. 

[339]- Yu, M-M., and Q-M. Zhou. "3, 6-dihydroxyflavone suppresses the epithelialmesenchymal transition, migration and 
invasion in endometrial stromal cells by inhibiting the Notch signaling pathway." European Review for Medical & 
Pharmacological Sciences 22.12 (2018). 

[340]- Conway, Gillian E., et al. "Ursolic acid inhibits collective cell migration and promotes JNK-dependent lysosomal 
associated cell death in glioblastoma multiforme cells." Pharmaceuticals 14.2 (2021): 91. 

]341]- Wu, Yue, et al. "Gold nanorod photothermal therapy alters cell junctions and actin network in inhibiting cancer cell 
collective migration." ACS nano 12.9 (2018): 9279-9290. 

[342]- Gallardo, Viviana E., et al. "Phenotype-driven chemical screening in zebrafish for compounds that inhibit collective cell 
migration identifies multiple pathways potentially involved in metastatic invasion." Disease models & mechanisms 8.6 (2015): 
565-576. 

[343]- Mendel, Dirk B., et al. "In vivo antitumor activity of SU11248, a novel tyrosine kinase inhibitor targeting vascular 
endothelial growth factor and platelet-derived growth factor receptors: determination of a pharmacokinetic/pharmacodynamic 
relationship." Clinical cancer research 9.1 (2003): 327-337. 

[344]- Abbas, Manal A., Ahmad M. Disi, and Mutasem O. Taha. "Sunitinib as an anti-endometriotic agent." European Journal of 
Pharmaceutical Sciences 49.4 (2013): 732-736. 

[345]- Gómez, Raul, et al. "Effects of hyperprolactinemia treatment with the dopamine agonist quinagolide on endometriotic 
lesions in patients with endometriosis-associated hyperprolactinemia." Fertility and sterility 95.3 (2011): 882-888. 

[346]- Pellicer, Nuria, et al. "Use of dopamine agonists to target angiogenesis in women with endometriosis." Human 
Reproduction 36.4 (2021): 850-858. 

[347]- Tejada, Miguel Á., et al. "A reassessment of the therapeutic potential of a dopamine receptor 2 agonist (D2-AG) in 
endometriosis by comparison against a standardized antiangiogenic treatment." Biomedicines 9.3 (2021): 269. 

[38]- Donnez, Olivier, et al. "Invasion process of induced deep nodular endometriosis in an experimental baboon model: 
similarities with collective cell migration?." Fertility and Sterility 104.2 (2015): 491-497. 

[349]- Donnez, Olivier, et al. "Nerve fiber density in deep nodular endometriotic lesions induced in a baboon experimental 
model." Fertility and sterility 100.4 (2013): 1144-1150. 

[350]- Sun, Huihui, et al. "Macrophages alternatively activated by endometriosis-exosomes contribute to the development of 
lesions in mice." MHR: Basic science of reproductive medicine 25.1 (2019): 5-16. 

[351]- Saunders, Philippa TK, and Andrew W. Horne. "Endometriosis: Etiology, pathobiology, and therapeutic 
prospects." Cell 184.11 (2021): 2807-2824. 

[352]- Vannuccini, Silvia, et al. "Hormonal treatments for endometriosis: The endocrine background." Reviews in Endocrine and 
Metabolic Disorders 23.3 (2022): 333-355. 

[353]- Donnez, Jacques, and Marie-Madeleine Dolmans. "GnRH antagonists with or without add-back therapy: a new alternative 
in the management of endometriosis?." International journal of molecular sciences 22.21 (2021): 11342. 

[354]- Barbieri, Robert L. "Hormone treatment of endometriosis: the estrogenthreshold hypothesis." American journal of 
obstetrics and gynecology 166.2 (1992): 740-745. 

[355]- Donnez, Jacques, Robert N. Taylor, and Hugh S. Taylor. "Partial suppression of estradiol: a new strategy in endometriosis 
management?." Fertility and sterility 107.3 (2017): 568-570. 

[356]- Taylor, Hugh S., et al. "Treatment of endometriosis-associated pain with elagolix, an oral GnRH antagonist." New England 
Journal of Medicine 377.1 (2017): 28-40. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 356 

[357]- Taylor, Hugh S., Erica C. Dun, and Kristof Chwalisz. "Clinical evaluation of the oral gonadotropin-releasing hormone-
antagonist elagolix for the management of endometriosis-associated pain." Pain management 9.5 (2019): 497-515. 

[358]- Taylor, Hugh S., et al. "Health-related quality of life improvements in patients with endometriosis treated with 
elagolix." Obstetrics & Gynecology 136.3 (2020): 501-509. 

[359]- Donnez, Jacques, et al. "Treatment of endometriosis-associated pain with linzagolix, an oral gonadotropin-releasing 
hormone–antagonist: a randomized clinical trial." Fertility and Sterility 114.1 (2020): 44-55. 

[360]- Chwalisz, Kristof, et al. "Selective progesterone receptor modulator development and use in the treatment of leiomyomata 
and endometriosis." Endocrine reviews 26.3 (2005): 423-438. 

[361]- Goenka, Luxitaa, Melvin George, and Maitrayee Sen. "A peek into the drug development scenario of endometriosis–A 
systematic review." Biomedicine & Pharmacotherapy 90 (2017): 575-585. 

[362]- Rocha, Ana Luiza L., Fernando M. Reis, and Felice Petraglia. "New trends for the medical treatment of 
endometriosis." Expert opinion on investigational drugs 21.7 (2012): 905-919. 

[363]- Islam, Md Soriful, et al. "Selective progesterone receptor modulators—mechanisms and therapeutic utility." Endocrine 
Reviews 41.5 (2020): bnaa012. 

[364]- Bruner-Tran, Kaylon L., et al. "Down-regulation of endometrial matrix metalloproteinase-3 and-7 expression in vitro and 
therapeutic regression of experimental endometriosis in vivo by a novel nonsteroidal progesterone receptor agonist, 
tanaproget." The Journal of Clinical Endocrinology & Metabolism 91.4 (2006): 1554-1560. 

[365]- Kettel, L. Michael, et al. "Endocrine responses to long-term administration of the antiprogesterone RU486 in patients with 
pelvic endometriosis." Fertility and Sterility 56.3 (1991): 402-407. 

[366]- Kettel, L. Michael, et al. "Treatment of endometriosis with the antiprogesterone mifepristone (RU486)." Fertility and 
sterility 65.1 (1996): 23-28. 

[367]- Carbonell, Josep Lluis, et al. "Mifepristone 2.5, 5, 10 mg versus placebo in the treatment of endometriosis." Journal of 
Reproductive Health and Medicine 2.1 (2016): 17-25. 
[368]- 268. ChwaliszC. Mattia-Goldberg K, Lee M, Elger W, Edmonds A. Treatment of endometriosis with the novel selective 
progesterone receptor modulator (SPRM) asoprisnil. Fertil Steril. 2004;82:S83–84. 10.1016/j.fertnstert.2004.07.212. 

[369]- Singh, Sukhbir S., et al. "Ulipristal acetate prior to surgery for endometriosis." Reproductive Sciences 27 (2020): 1707-
1714. 

[370]- Yao, Z., et al. "Validation of rat endometriosis model by using raloxifene as a positive control for the evaluation of novel 
SERM compounds." Journal of investigative surgery 18.4 (2005): 177-183. 

[371]- Altintas, Devrim, et al. "Comparison of the effects of raloxifene and anastrozole on experimental 
endometriosis." European Journal of Obstetrics & Gynecology and Reproductive Biology 150.1 (2010): 84-87. 

[372]- Stratton, Pamela, et al. "Return of chronic pelvic pain from endometriosis after raloxifene treatment: a randomized 
controlled trial." Obstetrics & Gynecology 111.1 (2008): 88-96. 

[373]- Kulak Jr, Jaime, et al. "Treatment with bazedoxifene, a selective estrogen receptor modulator, causes regression of 
endometriosis in a mouse model." Endocrinology 152.8 (2011): 3226-3232. 

[374]- Harada, Tasuku, et al. "SR-16234, a novel selective estrogen receptor modulator for pain symptoms with endometriosis: an 
open-label clinical trial." Yonago acta medica 60.4 (2017): 227-233. 

[375]- Velasco, I., J. Rueda, and P. Acien. "Aromatase expression in endometriotic tissues and cell cultures of patients with 
endometriosis." MHR: Basic science of reproductive medicine 12.6 (2006): 377-381. 

[376]- Rafique, Saima, and Alan H. Decherney. "Medical management of endometriosis." Clinical obstetrics and gynecology 60.3 
(2017): 485-496. 



Updates of Medical Therapy for Endometriosis: Literature Review 
 

 
 
Vol. 44 No. 2 May 2024               ISSN: 2509-0119 357 

[377]- Ferrero, Simone, et al. "Use of aromatase inhibitors to treat endometriosis-related pain symptoms: a systematic 
review." Reproductive biology and endocrinology 9 (2011): 1-10. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


