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Abstract

Endometriosis is a benign uterine disorder characterized by menstrual pain and infertility, deeply affecting women’s health. 
It is a chronic disease and requires a long term management. Hormonal drugs are currently the most used for the medical 
treatment and are based on the endocrine pathogenetic aspects. Estrogen-dependency and progesterone-resistance are the 
key events which cause the ectopic implantation of endometrial cells, decreasing apoptosis and increasing oxidative stress, 
inflammation and neuroangiogenesis. Endometriotic cells express AMH, TGF-related growth factors (inhibin, activin, fol-
listatin) CRH and stress related peptides. Endocrine and inflammatory changes explain pain and infertility, and the systemic 
comorbidities described in these patients, such as autoimmune (thyroiditis, arthritis, allergies), inflammatory (gastrointestinal/
urinary diseases) and mental health disorders.
The hormonal treatment of endometriosis aims to block of menstruation through an inhibition of hypothalamus-pituitary-
ovary axis or by causing a pseudodecidualization with consequent amenorrhea, impairing the progression of endometriotic 
implants. GnRH agonists and antagonists are effective on endometriosis by acting on pituitary-ovarian function. Progestins 
are mostly used for long term treatments (dienogest, NETA, MPA) and act on multiple sites of action. Combined oral contra-
ceptives are also used for reducing endometriosis symptoms by inhibiting ovarian function. Clinical trials are currently going 
on selective progesterone receptor modulators, selective estrogen receptor modulators and aromatase inhibitors. Nowadays, 
all these hormonal drugs are considered the first-line treatment for women with endometriosis to improve their symptoms, 
to postpone surgery or to prevent post-surgical disease recurrence. This review aims to provide a comprehensive state-of-
the-art on the current and future hormonal treatments for endometriosis, exploring the endocrine background of the disease.
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BDNF  Brain-derived neurotrophic factor
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BZA  Bazedoxifene
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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
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FDA  Food and Drug Administration
FSH  Follicle-stimulating hormone
Gn-RH  Gonadotropin-releasing hormone
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HPO  Hypothalamus-pituitary-ovary axis
IL  Interleukin
IVF  In vitro fertilization
LDL  Low-density lipoprotein
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LNG  Levonorgestrel
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

1 Introduction

Endometriosis is a chronic disease characterized by the pres-
ence of endometrium-like tissue outside the uterine cavity, 
affecting women of reproductive age with pelvic pain and 
infertility [1]. The prevalence ranges between 2 and 10% of 
women in reproductive age, 30–50% among infertile women, 
and 5 to 21% among women with severe pelvic pain [2]. 
However, the true prevalence is uncertain, because esti-
mates vary widely among population samples and diagnostic 
approaches [3].

The pathophysiology of endometriosis is still a matter of 
investigation, but endocrine and inflammatory backgrounds 
are well characterized, recognizing an estrogen-dependency 
[4] and a progesterone-resistance [5]. The main mechanisms 
involved in the ectopic location of endometrial cells include 
retrograde menstruation, vascular and lymphatic spread and/
or metaplasia/stem cells. The most accepted theory is the ret-
rograde menstruation, according to which menstrual endo-
metrial fragments migrate through the fallopian tubes to the 

peritoneal cavity, where they implant, proliferate and invade 
pelvic peritoneum. The back flow of endometrial cells into 
the pelvis is physiologic, resulting apoptosis/autophagy and 
cell-mediated immunity the scavenger system for eliminat-
ing these cells, while in endometriotic patients hormonal 
influences and genetic/epigenetic factors determine an 
impairment of these mechanisms, promoting cell survival, 
proliferation and peritoneal invasion. [6]. Increased estro-
gen receptors activity, estrogen production in endometriotic 
lesions and progesterone-resistance are the determinants of 
impaired apoptosis, reduced immune function and increased 
inflammation [7–9]. Thus, endometriotic cells attach, pen-
etrate and invade the peritoneum, determining growth of 
lesions which undergo cyclic bleeding with repeated tissue 
injury and repair [10], neoangiogenesis [11] and neurogen-
esis [12]. Fibroblast–myofibroblast transdifferentiation con-
tributes to collagen production and fibrogenesis [13], with 
entrapment of nerve fibers which, associated with chronic 
inflammation, explain pain symptoms.

According to the location of the lesions three phenotypes 
of endometriosis are recognized: ovarian endometriomas 
(OMA) (the most common, characterized by typical choco-
late cysts) superficial peritoneal endometriosis (SUP) and 
deep infiltrating endometriosis (DIE) (the most severe forms 
developing deeper than 5 mm under the peritoneal surface 
also infiltrating the muscularis propria of bladder or bowel) 
[1]. In addition, extraperitoneal locations are described, 
i.e. pleura, diaphragm or umbilicus [14] and 30% of cases 
endometriosis are associated to adenomyosis (infiltration by 
endometrial stroma and glands into the myometrium) [15, 
16].

The most common symptoms of endometriosis are men-
struation-related pain, i.e. dysmenorrhea, dyspareunia, dysu-
ria and dyschezia, and noncyclic pelvic pain may also occurs 
in these patients. Since these symptoms are not specific to 
endometriosis and may be signs of other gynecological or 
non-gynecological conditions, misdiagnosis or a significant 
delay in endometriosis identification is frequently reported 
[17].

Painful symptoms and infertility are also associated with 
psychological stress, low self-esteem, and depression impair-
ing physical, mental, and social well-being [18] and reducing 
quality of life (QoL) [19]. Therefore, these patients, other 
than hypothalamus-pituitary-ovary axis (HPO) changes, 
show also an impairment of hypothalamus–pituitary–adrenal 
axis (HPA) and thyroid function, and comorbidities associ-
ated with inflammation and immune dysfunction.

In the last two decades an increased diagnosis/incidence 
of endometriosis has been observed and its chronic and pro-
gressive nature determines a relevant impact in a lifelong 
perspective among these patients. In the past, surgery was 
considered the definitive treatment, but recent evidences 
showed that it does not solve the pathogenetic mechanisms 
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and patients need a long-term management. Treatment goals 
are pain control and fertility improvement maximizing the 
use of medical treatment, but also postsurgical prevention of 
symptoms and lesions recurrence, in order to avoid repeated 
surgical procedures [20, 21]. In fact, surgery in women with 
endometriosis is associated with the risk of urological, intes-
tinal, vascular and neurological complications and pain may 
recur or persist in case of incomplete excision of endome-
triosis lesions [22, 23]. Presently, the medical therapy is 
considered the first-line treatment for most of women with 
endometriosis to improve their symptoms, but also to plan 
the most adequate timing of surgery or assisted reproductive 
technologies (ART) treatment, or to prevent post-surgical 
disease recurrence [1, 24, 25]. The choice of the most appro-
priate therapy is based on the intensity of pain, age, desire 
to conceive, but also on the impact of the disease on QoL 
on each patient [26].

Currently, hormonal treatments are the most effective 
drugs for the treatment of endometriosis and are based on 
the pathogenic mechanisms involved in the disease. The goal 
is to stop cyclic menstruation: by blocking ovarian estrogen 
secretion or by causing a pseudopregnancy state [21]. The 
endocrine background provides the rationale for the cur-
rent and future hormonal drugs for treating women with 
endometriosis.

2  Endocrine changes in endometriosis

2.1  HPO axis hormones

2.1.1  FSH and LH

No significant difference in terms of serum follicle-stimulating  
hormone (FSH) and luteinizing hormone (LH) levels 
were found between women with endometriosis and con-
trols. However, some FSHR and LHR single nucleotide 
polymorphisms (SNPs) have been observed in endome-
triosis patients [27]. FSHR 680Ser-Ser/GG genotype and 
‘‘GG/307Ala680Ser’’ haplotype were more frequently found 
in fertile women with endometriosis, while the presence of 
"GA/307Ala680Asn" haplotype lowers the likelihood of dis-
ease onset and progression [28, 29]. Besides, the SS (680 
Ser/Ser) or AA (307 Ala/Ala) genotype are associated with 
a reduced risk to develop stage 3–4 endometriosis com-
pared to the stage 1–2 endometriosis [30]. FSHR 680Asn/
Asn induces aromatase activity resulting in higher estro-
gens levels and proliferation of endometriotic lesions [31]. 
Among LHR SNPs, a polymorphic insertion in exon 1 of 
LH receptor (LHR) gene (insLQ) is common in women with 
endometriosis and infertility, and it is thought to boost LHR 
activity, by decreasing the half maximal effective concentra-
tion and increasing the cell surface expression [32].

2.1.2  Estrogens and ERs

Although serum estrogen levels in endometriosis patients are 
not significantly different from those in healthy women, it 
is clear that estrogen-mediated alterations play a role in the 
etiology of endometriosis: an estrogen dominance is caused 
by to a local estrogens synthesis and to an increased ERs 
activity in endometriotic cells (Fig. 1). Estrogens are a sig-
nificant biologic driver of chronic inflammation, promoting 
endometriotic cell survival and lesion progression. Clear 
data show that endometriotic tissue expresses the entire set 
of steroidogenic genes, including aromatase, allowing to  
local de-novo estradiol (E2) production. [33]. Local E2 levels 
are increased in endometriosis due to upregulation of the aro-
matase gene CYP19A1 [34] and reduction of 17-hydroxysteroid  
dehydrogenase type 2 (17HSD2), which normally  
(induced by P4) converts E2 to the less potent estrone [35, 
36]. The endometriotic stromal cells are epigenetically dys-
regulated and express steroidogenic proteins and enzymes 
such as steroidogenic acute regulatory protein (STAR) and 
convert the precursor molecule cholesterol to E2. The funda-
mental event in E2 synthesis is the recruitment of the nuclear 
receptor steroidogenic factor-1 (SF-1) to the promoters of 
these steroidogenic genes is the key event for E2 synthesis 
[37].A feed-forward loop connects hyperestrogenic stimula-
tion with inflammation: the overexpression of cyclooxyge-
nase 2 (COX2) and CYP19A1 increases local production of 
prostaglandins and estrogen, causing a vicious circle [38]. 
The overproduction of estradiol in endometriosis drives 
ERβ signaling to support endometriotic tissue survival and 
inflammation.

In terms of alterations in ERs activity, an overexpres-
sion of ERβ and a downregulation of ERα [39, 40] have 
been observed in endometriosis. Changes in promoter meth-
ylation may be a cause for the increased ERβ/ERα ratio in 
endometriotic cells, since regions of the ERα promoter 
become hypermethylated leading to a decreased expression, 
whereas a CpG island in the ERβ promoter becomes hypo-
methylated causing an increased expression [41, 42] (Fig. 1). 
When compared to controls, ERα levels are higher in the 
eutopic endometrium of women with endometriosis, result-
ing in enhanced estrogenic activity and proliferation, which 
impacts endometrial function. ERβ expression is unchanged 
in eutopic endometrium of women with endometriosis, 
although an increased ERβ/ERα ratio has been observed 
[43]. An important role is played by steroid receptor coac-
tivators (SRCs) [44], and expression profiling of SRCs in 
endometriotic lesions identified SRC-1 as the predominant 
SRC [45]. Despite a drop in overall SRC-1, levels of a trun-
cated form are increased in animal and human models. This 
new isoform of SRC-1 in vitro decreases tumor necrosis fac-
tor alpha (TNFα)-mediated apoptosis in endometriotic cells, 
promoting increased cell survival and invasion and reflecting 
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the in vivo disease pathophysiology [45]. In addition, SRC-1 
isoform and ERβ may mediate a synergistic role in promot-
ing cell survival in endometriosis [46].

Estrogens have a major role for endometriotic tissue 
attachment to peritoneum, lesion survival, production of 
inflammatory substances (metalloproteinases, cytokines, or 
prostaglandins and growth factors) and angiogenesis. ERβ 
triggers pathways that enhance lesion survival, remodel pel-
vic peritoneal tissue, and produce inflammatory substances, 
which stimulate nociceptors in pelvic tissues, leading to pain 
[47]. The pathologic levels of local estradiol biosynthesis 
seems to induce also decrease of apoptosis in endometriotic 
stromal and epithelial cells compared with eutopic endome-
trial tissues [48–50]. Estrogens also mediate immune system 
dysregulation in endometriotic lesion. Peritoneal fluid mac-
rophages from women with endometriosis upregulate the 
expression of ERβ and in a mouse model of endometriosis 
E2 treatment increases the macrophages present in lesions 
as well as the expression of macrophage migration factor 
[51, 52].

2.1.3  Progesterone and PRs

Circulating progesterone (P4) levels are similar to those 
found in healthy women. In endometriosis a typical dysregu-
lation of progesterone signaling and an endometrial tissue 
inability to appropriately respond to progesterone exposure 
identifies the condition of progesterone resistance. It mani-
fests in endometriosis as failed induction of PRs activation, 
or P4 target gene transcription in presence of bioavailable 
P4 [53]. Progesterone resistance has been well-established 
in both the endometriotic lesions and eutopic endometrium 

of women with endometriosis [54]. Since P4 signaling is 
required to counteract E2-induced proliferation and to pro-
mote decidualization [55], the loss of P4-responsiveness 
leads to both an increased growth of endometriotic lesions 
and to a non-receptive endometrium [33, 56].

Changes in the expression of the nuclear PR isoforms 
PR-A and PR-B, of steroid receptor coactivators, and of 
multiple downstream effectors in endometriotic lesions 
and eutopic endometrium from women with endometriosis 
represent the molecular cause of progesterone resistance. 
(Fig. 2). The concept of progesterone resistance was sug-
gested by the finding that in endometriotic lesions of PR-B 
was undetectable and PR-A was markedly lower compared 
with normal endometrium [57]. Promoter hypermethyla-
tion and microRNA dysregulation were suggested to be 
potential mechanisms for PR-B loss in endometriosis. 
In fact, aberrations in genetic and epigenetic regulation 
of PRs and their targets have been demonstrated [27]. 

Fig. 1  Estrogen receptors 
activity and local estrogens 
production in endometriosis. 
17β-HSD, 17β-hydroxysteroid 
dehydrogenase. E2, estradiol. 
E3, estrone

Fig. 2  The mechanisms of progesterone-resistance in endometriosis
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Progesterone receptor (PR) gene polymorphism may also 
promote the susceptibility to endometriosis [58]. Among 
polymorphisms described in the PR gene of patients 
with endometriosis, the PROGINS polymorphism affects 
ligand-binding and downstream signaling in the cellular 
context of endometriosis, and is involved in progesterone 
resistance [59, 60].

Furthermore, in endometriotic tissue, P4 does not 
induce epithelial 17β-HSD-2 expression [35], an enzyme 
which in normal endometrium induces the expression of 
the enzyme 17β-hydroxysteroid dehydrogenase type 2 
(17β-HSD-2), which metabolizes the biologically active 
estrogen  E2 to estrone. This additional deficiency, when 
combined to excessive estradiol production due to aber-
rant aromatase activity, contributes to the abnormally 
high estradiol activity in endometriosis. P4 also influ-
ences inflammatory pathways, suppressing the signaling of 
members of the nuclear factor kappa light-chain-enhancer 
of activated B cells (NF-kB) family of proteins in endome-
trial cells. This signaling network has been implicated in 
endometriosis as a factor leading to the establishment and 
maintenance of endometriosis implants [61].

2.1.4  Inhibin, activin and follistatin

Inhibins and activins belong to the transforming growth 
factors (TGF)-ß superfamily and are involved in the regu-
lation of cellular proliferation, differentiation and apopto-
sis of endometrial cells. Inhibin A, inhibin B and activin 
A are detectable in the peritoneal fluid of women with 
pelvic endometriosis and cultured endometriotic cells 
expressed the mRNA of inhibin, ßA-, ßB-subunits, and 
activin receptors types II and IIB [62]. Both α and ß A 
subunits are expressed in glands and stroma of OMA, and 
their dimers inhibin A and activin A are more concentrated 
in the cystic fluid than in peritoneal fluid [63], suggesting 
that they may be contributing to both implantation defects 
in eutopic endometrium and to the development of ectopic 
locations of endometriosis [64]. Indeed, in cultured human 
endometrial stromal cells from women with endometrio-
sis, activin A increases IL-6 and IL-8 secretion [65, 66]. 
An impaired expression of OMA and endometrial cripto 
(activin receptor antagonist), and follistatin (activin-
binding protein) indicates an impaired activin pathway 
in endometriosis [67]. Furthermore, nodal, a growth fac-
tor highly expressed in high turnover tissues and acting 
through SMAD proteins, has shown only subtle changes 
in endometriosis, differentiating the high proliferation of 
endometriosis cells from malignancies [68]. Serum activin 
A and follistatin are not significantly altered in SUP or 
DIE phenotypes and have limited diagnostic accuracy in 
the diagnosis of OMA [69].

2.1.5  Anti‑mullerian hormone (AMH)

AMH is a dimeric glycoprotein belonging to the trans-
forming growth factor-β superfamily and besides its func-
tional role in the ovary, it reflects the number of preantral 
follicles that comprise the oocyte pool, thus serum AMH 
level serves as a marker of ovarian reserve [70].

A significantly decrease of serum AMH levels was 
reported in women with OMA compared with age-matched 
fertile controls [71]. Conversely, the adverse effect of 
surgical removal of OMA on ovarian reserve parameters 
including AMH levels is well recognized [72–74]. Thus, 
the impact of endometriosis and OMA per se on the ovar-
ian reserve is still subject to controversy [72]. Moreover, 
infertility patients with endometriosis showed lower AMH 
level compared to women with a primary diagnosis of 
male factor infertility [75]. This conclusion is confirmed 
by recent data [76] indicating that serum AMH level in 
infertile patients with OMA is significantly lower than in 
the control group and patients with bilateral OMAs have 
lower AMH levels than those with unilateral OMA. More-
over, patients with previous cystectomy had a considerably 
lower mean serum AMH level than individuals with OMA 
who had never had surgery. These findings suggest that 
OMA per se is associated with reduced ovarian reserve, 
and laparoscopic cystectomy can further exert significant 
damage on ovarian reserve. Anyhow, patients with OMA 
experience a progressive decline in serum AMH levels, 
which is faster than that in healthy women [77]. The con-
trasting observation that AMH levels are not diminished in 
women with endometriosis, including those with presence 
of uni- or bilateral OMAs unless they had had previous 
OMA surgery, was based on data from women undergoing 
surgery without information on infertility, thus biasing the 
results [72].

The mechanism of OMA inducing ovarian reserve dam-
age is still elusive. The inflammatory response to the endo-
metriosis implants [78] may cause microscopic alterations 
of the follicular and vascular patterns. Moreover, the com-
pression of surrounding ovarian cortex by the cyst could 
hamper circulation and cause follicle loss [79]. However, 
further studies are needed to elucidate the mechanisms of 
ovarian reserve damage induced by OMA. There are limited 
data regarding the effect of SUP or DIE, without OMA, on 
ovarian reserve [80], showing that the effect of extraovarian 
endometriosis on ovarian reserve is less pronounced than 
that of OMA.

AMH is also produced by eutopic and ectopic endo-
metriotic cells and it secreted in peritoneal fluid [81]. The 
treatments with AMH in vitro decreases the proliferative 
activity and increases the intracellular signal of apoptosis, 
suggesting a role of AMH in the pathogenesis of the disease 
[82–84].
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3  Other endocrine aspects

3.1  HPA axis and stress hormones

Endometriosis-related pain and infertility elicit a stress 
response: from one side, infertility provokes family issues 
and fear of frustrating social expectations [85, 86], on the 
other pelvic pain causes sexual dysfunction and work 
absenteeism [87], all of which contribute to increase 
anxiety and chronic stress. Since endometriosis is also 
surrounded by apprehension about the disease progres-
sion, the long-term health risks and the prospect of having 
children may be additional sources of stress [87–89]. Fur-
thermore, women with endometriosis experience a delay 
of 4 to 7 years from first presentation of symptoms to the 
diagnosis [90, 91], which may further enhance the levels 
of stress perceived by the patient. Women with endome-
triosis and severe endometriosis-related pain (dysmenor-
rhea, pelvic pain, dyspareunia) usually present with very 
high scores of perceived stress [92]. However, if on one 
hand surgical treatment of symptomatic women reduces 
perceived stress, women undergoing to multiple surger-
ies reported high stress scores impairing the QoL [93]. 
In fact, endometriosis has a significantly negative impact 
on health-related QoL scores and the factors involved are 
mainly linked to pain symptoms [94]. A recent study by 
Marki et al. reported that both physical pain symptoms 
and emotional regulation difficulties, the latter being medi-
ated by psychological stress, reduced health-related QoL 
of women with endometriosis [95]. Furthermore, other 
aspects, such as self-confidence, body esteem, and emo-
tional self-efficacy, play a role in the psychological health 

and stress perception, being impaired among women with 
endometriosis[96].

A dysfunction of HPA axis is found in patients with endo-
metriosis [97] (Fig. 3) and it is related to an attenuated cor-
tisol response, a condition known as burnout. A paradoxical 
hypocortisolism like an adrenal fatigue [98] may exacer-
bate painful symptoms by reducing the endogenous anal-
gesia associated with stress (stress-induced analgesia) [99] 
[100]. Supporting this assumption, a blunted early morning 
cortisol response to CRH test was associated with greater 
menstrual and non-menstrual pain in endometriosis [101]. 
Low salivary cortisol levels and a high degree of perceived 
stress were found to be associated with poor QoL in patients 
with endometriosis and chronic pelvic pain [102], as well 
as salivary hypocortisolism, which was linked to infertility 
and dyspareunia but not dysmenorrhea [103]. On the other 
hand, higher hair cortisol levels were found in patients with 
endometriosis compared to healthy women of similar age, 
parity, education level and BMI [104]. Moreover, increased 
serum cortisol levels were detected in infertile women with 
endometriosis, especially in those with advanced stage of 
disease [105]. Interestingly, physical and psychological 
interventions have been shown to normalize salivary cor-
tisol levels of women with endometriosis-related chronic 
pain [106].

CRH and urocortin (Ucn) are also produced by endo-
metrium and locally act modulating tissue differentiation 
(decidualization of endometrial stroma, embryo implan-
tation and maintenance of pregnancy) and inflammation 
[107] (Fig. 3). Eutopic endometrium highly express CRH, 
CRHR type 1 and 2, as well as urocortin mRNA and pro-
tein [108], thus suggesting that a deranged CRH and Ucn 

Fig. 3  Hypothalamus–pituitary–
adrenal (HPA) axis and stress 
hormones in endometriosis
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mRNA expression associated with an impaired CRH-R1 
activity may affect the process of decidualization and con-
tribute to infertility in these patients. In fact, cultured endo-
metrial cells from endometriotic patients have a reduced 
decidualization capacity, reducing the secretion of prolactin, 
CRH and Ucn [108]. The most intense immunostaining for 
CRH and Ucn is observed in DIE lesions, with an increased 
expression of CRH-R1 and R2 and inflammatory enzymes 
PLA2G2A and COX2 [109]. Since CRH and Ucn signifi-
cantly increase COX2 expression (effect was reversed by 
the CRH-R2 antagonist astressin) and endometriotic tissue 
expresses both Ucn 2 and Ucn 3 (which modulate TNF-α 
and IL-4 secretion) an involvement of this stress pathway in 
inflammation is suggested [110].

High levels of CRH-binding protein in peritoneal fluid 
from women with endometriosis than in controls has been 
observed, suggesting possible changes also in circulat-
ing levels [62]. Plasma urocortin levels are twice as high 
in women with OMA, and levels are significantly higher 
in the cystic fluid of OMA than in the peritoneal fluid and 
plasma [111]. Besides, the preoperative blood testing of Ucn 
among symptomatic women undergoing surgery for suspect 
of endometriosis showed that confirmed cases had higher 
plasma Ucn levels compared to patients with no lesions and 
elevated plasma Ucn1 levels are found among all endome-
triosis phenotypes. However, no cutoff could accurately dis-
tinguish endometriosis from other pathological conditions, 
thus it is not useful [112].

3.2  Thyroid hormones

Autoimmune thyroid disorders are frequently found in 
endometriosis patients suggesting a pathogenic associa-
tion between these two conditions [113–115]. A relation-
ship between endometriosis and the presence of thyroid 
autoantibodies is found, leading either to hypothyroidism 
or hyperthyroidism. The relative risk of endometriosis is 
significantly increased in women tested positive for thyrop-
eroxidase (TPO) antibodies [114], similarly a high preva-
lence of anti-TSHR antibodies, pathognomonic of Grave’s 
disease, is shown in patients with endometriosis [115]. It is 
not clear whether these antibodies or thyroid hormones play 
a role in the pathogenesis of endometriosis. A microarray 
analysis of mild versus severe endometriosis confirmed a 
potential involvement of thyroid hormone homeostasis and 
metabolism in the pathophysiology of endometriosis [116].

A recent ex vivo study [117] on thyroid transcripts in 
patients with endometriosis described an overexpression of 
TSHR and a decreased biosynthesis of T3 and an accumula-
tion of T4 in ectopic endometrium. The direct stimulation of 
estrogen receptors on endometrial cells by thyroid hormones 
was suggested to cause cell proliferation. In fact, in vitro 
studies demonstrated that TSH activates the proliferation of 

all endometriotic and control cells, T4 has a specific prolif-
erative effect on epithelial and stromal ectopic endometrial 
cells, whereas T3 only acts on epithelial cells. In addition, 
thyroid hormones cause ROS production by ectopic endo-
metrial cells, that may favor, in turn, endometriotic cell pro-
liferation [118].

Thyroid hormones may also contribute to the pathogen-
esis of endometriosis by modulating the immune response, 
as they can active neutrophils and macrophages to locally 
promote a proinflammatory environment [119]. Therefore, 
an increase of serum TSH or of T4 could be hypothesized 
as a participating factor for endometriosis development and 
progression. A more sever chronic pelvic pain and disease 
score in endometriotic patients with a thyroid disorder con-
firm that endometriosis should be carefully monitored in 
patients with comorbid thyroid disease [117].

4  Clinical implications: pain, infertility 
and systemic comorbidities 
in endometriosis

Endometriosis is a heterogeneous disease also in terms of 
clinical presentation. Common symptoms include dysmen-
orrhea and non-menstrual pelvic pain, which may develop 
into chronic pelvic pain [17]. with a relevant impact on daily 
life [120]. Other endometriosis-related pain are dyspareunia, 
dyschezia, and dysuria, usually associated with DIE lesions 
[121, 122]. According to the anatomical involvement of 
bowel, patients may alternate constipation and diarrhea, 
dischezia or blood in the stool (in particular perimenstru-
ally) [122, 123] or when urinary tract is affected, recurrent 
dysuria, cyclic macrohaematuria or interstitial cystitis are 
observed [124]. Chest and shoulder pain should be consid-
ered suspecting diaphragmatic endometriosis [125], whereas 
endometriosis in the ileo-caecal or peri-appendiceal region 
has been significantly associated to abdominal pain, nausea, 
vomiting and diarrhea [126, 127].

Regarding the physiopathology of endometriosis-related 
pain, nociceptive (including inflammatory), neuropathic 
and a combination of these mechanisms are involved [128], 
under the influence of hormonal aberrations, stress, inflam-
mation, and the interplay between the peripheral and cen-
tral nervous systems [129–131]. Neurogenic factors, such as 
brain-derived neurotrophic factor (BDNF) and nerve growth 
factor (NGF) are reported to be overexpressed in the peri-
toneal fluid and in endometriotic lesions of affected women 
[132]. Neurotrophic factors are also responsive to estrogens, 
prostaglandin and cytokine and stimulate the growth and 
sensitization of sensory nerve fiber terminals [133, 134], par-
ticularly in DIE, presenting high nerve fibers density [135]. 
The development of a vicious cycle characterized by noci-
ceptor sensitization and local neo-neurogenesis, triggered 
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by inflammatory and immune mediators, is observed in 
endometriosis [136]. Endometriotic lesions themselves 
send noxious signals to dorsal root spinal cord neurons and 
activate spinal microglia to maintain pain stimuli, resulting 
in a central sensitization [137]. In fact, a number of cen-
tral changes are observed: alterations in the behavioral and 
central response to noxious stimulation, changes in brain 
structure, altered activity of both the HPA and the auto-
nomic nervous system and psychological distress [131], with 
larger volume in regions involved in pain modulation and 
endocrine function regulation [137–139]. Indeed, chronic 
pain and stress experienced by patients with endometriosis 
might cause multiple psychiatric diseases (Fig. 3) and the 
somatoform disorder is the most common [140]. Anxiety 
and depression traits, and a higher tendency of pain cata-
strophizing are commonly present in endometriosis patients 
and can amplify the perception of pain [141, 142]. Another 
frequently present, but often neglected, symptom in women 
with endometriosis is chronic fatigue, although the exact 
mechanism remains not fully understood [143].

Women with endometriosis show a higher prevalence of 
systemic comorbidities has been shown, even though it is still 
unclear whether a common endocrine, immune and inflam-
matory background predispose to the development of those 
conditions or a high levels of perceived stress [144, 145]. An 
increased risk of inflammatory bowel diseases (Chron’s dis-
ease, ulcerative colitis) [146] allergic manifestations [sinus 
allergic rhinitis, and food allergy) [147], autoimmune diseases 
(systemic lupus erythematosus, rheumatoid arthritis, Sjogren’s 
syndrome, multiple sclerosis, fibromyalgia) are more likely to 
be diagnosed in women with endometriosis, also underlying a 
neuroendocrine–immune imbalance [148–153].

Infertility is the other major symptom of endometriosis, 
even though a diagnosis of endometriosis does not always 
imply infertility. Endometriosis is identified in approxi-
mately 30% of women in infertile couples [154]. The disease 
adversely affects fertility by different mechanisms acting at 
the level of pelvic cavity, ovary and uterus [155]. Pelvic 
cavity is an hostile environment because the chronic inflam-
matory changes in the peritoneal fluid and the distortion of  
normal anatomy of the fallopian tubes hindering tubo- 
ovarian contact and affecting sperm-oocyte interaction; ovary  
produces low quality oocytes, impaired folliculogenesis, 
and luteal function, with ovarian reserve reduced by OMA 
and/or by surgery. Besides, in endometriosis uterus itself 
has an altered endometrial receptivity mainly due to local 
growth factors changes (integrin, LIF, activin, CRH), to hor-
monal aberrations (ER and PR) [9] and to dysperistalsis of 
myometrium, due to the association to adenomyosis [156, 
157]. However, the evidences supporting the impairment of 
endometrial receptivity in endometriosis are still controver-
sial. The endometrial chronic inflammation, together with 
progesterone resistance, estrogen dominance, aberrant cell 

signaling pathways and reduced expression of key homeo-
static proteins in women with endometriosis, are disrup-
tive to endometrial receptivity [158]. On the contrary, data 
from in vitro fertilization (IVF) and egg donations, other 
than basic data regarding the transcriptomic signature of the 
endometrium, seem to indicate that endometrial receptivity 
gene signature during the window of implantation is similar 
between infertile women with and without endometriosis, 
suggesting a major effected played by embryo and oocyte 
quality more than to the endometrial factor itself [159].

5  Endocrine background of hormonal 
treatments for endometriosis

Hormonal therapies are the most common used for treating 
women with endometriosis. The goal is to block menstrua-
tions by causing a state of iatrogenic menopause or pseu-
dopregnancy. Current hormonal medical therapy does not 
cure definitively the disease, but it is able to control pain 
symptoms in order to prevent or postpone surgery and to 
long term manage the disease [21, 160]. First-line hormonal 
therapies include progestins, while second-line therapy are 
represented by GnRH agonists (GnRH-a) and antagonists. 
The off-label use of combined oral contraceptives (COCs) is 
common. New hormonal drugs (aromatase inhibitors, selec-
tive estrogen receptor modulators (SERM), selective proges-
terone receptor modulators (SPRM)) are under investigation 
for the treatment of endometriosis (Fig. 4).

5.1  Gonadotropin releasing hormone agonists 
(GnRH‑a)

GnRH-a (goserelin, leuprolide, nafarelin, buserelin, and 
triptorelin) are labelled drugs used since the ‘90 s to treat 
endometriosis. They bind to the GnRH receptors and, dur-
ing the first 10 days of treatment, stimulate the pituitary to 
produce LH and FSH [161]. Subsequently, the prolonged 
and continuous exposure to these agents cause downregula-
tion of the GnRH receptors, thus decreasing LH and FSH 
levels and suppressing estrogen ovarian production (Fig. 4). 
The induced hypoestrogenism with subsequent amenorrhoic 
state leads to the regression of endometriotic lesions [162].  
Several trials have shown that GnRH-a improved  
endometriosis-associated pain [163–166] and a meta-analysis 
of 41 trials comparing the use of GnRH-agonists at different  
doses, regimens and routes of administration, reports that 
GnRH-a are more effective than placebo and as effective as 
other progestins for relieving pain [167]. In particular, the 
administration of GnRH-a for a period of 3 to 6 months prior 
to ART in women with endometriosis may increase the odds 
of clinical pregnancy by fourfold [168].
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However, treatment with GnRH-a is associated with sig-
nificant hypoestrogenic side effects, including amenorrhea, 
vasomotor symptoms, sleep disturbance, urogenital atrophy, 
and accelerated bone loss. Therefore, GnRH-a should be 
used carefully in adolescents since these women may not 
have reached maximum bone density [169]. The addition of 
add-back therapy (low-dose COCs, estrogen or progestins 
alone, bisphosphonates, tibolone or raloxifene), may reduce 
these adverse effects, without reducing the efficacy of pain 
relief. With the addition of add-back therapy, the adminis-
tration of GnRH-a, which was initially limited to 6 months, 
is allowed for longer time [170]. Some clinical trials and 
cohort studies have demonstrated that a GnRH-a plus steroid 
add-back therapy can be effective from 30 months to up to 
10 years [171, 172].

5.2  GnRH antagonists

GnRH antagonists suppress gonadotropin hormone produc-
tion, by competing with endogenous GnRH for its pituitary 
receptors (Fig. 4). Contrary to GnRH-a, antagonists do not 
provoke the initial flare-up phase and cause a rapid onset of 
the therapeutic effect [21]. They have also the advantage of 
being administered orally because of its non-peptide struc-
ture which avoids the gastrointestinal proteolysis.

Elagolix, a short-acting GnRH antagonist, has been 
recently approved in USA for the management of moderate 
to severe pain associated with endometriosis [21]. Compared 
to the classic GnRHa, elagolix, by blocking endogenous 
GnRH signalling, causes a dose-related suppression of LH 

and FSH, and a consequent modulation of estradiol levels. 
Thus, it provides relief of endometriosis-related pain avoid-
ing severe hypoestrogenism [21]. The FDA approved elago-
lix for the treatment of endometriosis related pain following 
the results of two multicenter, double-blind, randomized, 
phase 3 trials [173] which compared two distinct doses of 
elagolix (150 mg once daily or 200 mg twice daily) with 
placebo. In both trials, during the 6 months treatment, elago-
lix dramatically reduced dysmenorrhea and non-menstrual 
pelvic discomfort. Also in women who still menstruated, a 
lower proportion of menstrual period days with moderate 
or severe dysmenorrhea compared with placebo was shown, 
indicating pain reduction despite continued menses [174]. 
Positive results were found in two phase 3 extension stud-
ies [175], which evaluated long-term efficacy and safety of 
elagolix for 12 months decreasing dysmenorrhea, nonmen-
strual pelvic pain and dyspareunia. Moreover, treatment with 
elagolix improves QoL [175, 176], decreasing the use of 
analgesic agents [175] and fatigue levels [177]. Although it 
inhibits ovarian function in a dose-dependent manner, elago-
lix especially the higher dose, causes hypoestrogenic side 
effect, such as hot flash, decrease in BMD and increase in 
serum lipid levels. Based on those observations, two ongoing 
Phase III trials are currently examining the safety and effi-
cacy of both elagolix alone and elagolix plus E2 and NETA 
for the treatment and management of moderate to severe 
pain in premenopausal women with endometriosis over a 
24-months period (NCT03343067 and NCT03213457). 
Further studies are also needed to evaluate the drug effects 
on ovarian function, as a number of pregnancies have been 

Fig. 4  Hormonal targets of cur-
rently used drugs for endome-
triosis
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reported while taking elagolix; as a result,, patients should 
use non-hormonal contraceptive systems during the treat-
ment [178, 179].

Relugolix and linzagolix are the two new oral GnRH 
antagonists, in an advanced stage of clinical development for 
the management of pain associated with endometriosis [180,  
181]. A Phase 2, multicenter, randomized, double-blind,  
placebo-controlled study on oral administration of relugolix for  
12 weeks demonstrated efficacy in alleviating endometriosis-
associated pain in a dose–response manner with some adverse 
events (hot flush, heavy menstrual bleeding, and irregular 
menstruation, and bone mineral density decrease). How-
ever, oral relugolix at the dose of 40 mg was generally well 
tolerated and showed similar efficacy and safety compared 
with those of leuprorelin [180]. A Phase 3 extension trial is 
ongoing aiming to assess the tong-term efficacy and safety of 
relugolix 40 mg once daily co-administered with low-dose  
estradiol and norethindrone acetate on endometriosis- 
associated pain. A Phase 2b, double-blind, placebo-controlled,  
dose-ranging study with linzagolix, has been performed in 
women surgically confirmed endometriosis and moderate-to-
severe endometriosis-associated pain [181]. Doses ≥ 75 mg 
resulted in a significantly greater proportion of responders 
for overall pelvic pain, dysmenorrhea and non-menstrual pel-
vic pain after 12 and 24 weeks treatment. Serum estradiol 
was suppressed, QoL improved, and the rate of amenorrhea 
increased in a dose-dependent fashion. Also mean BMD loss 
(spine) increased in a dose-dependent manner and was < 1% at 
24 weeks at doses of 50 and 75 mg and up to 2.6% for 200 mg. 
The most frequently reported adverse events related to the trial 
treatments were hot flushes and headaches [181].

5.3  Progestins

Progestins are compounds with multiple actions on PRs: 
decreased secretion of FSH and LH, anovulation, relatively 
hypoestrogenic state and amenorrhea that help suppressing 
endometriosis and preventing dysmenorrhea. Moreover, they 
have antiestrogenic effect causing endometrial pseudodecid-
ualisation, inhibit inflammatory response, provoke apopto-
sis of endometriotic cells, reduce oxidative stress, inhibit 
angiogenesis and suppress expression of matrix metallo-
proteinases [5, 26] (Fig. 4). All these mechanisms induced 
by progestins have a beneficial effect on the progression of 
endometriosis and associated-pain.

According to the ESHRE guidelines, progestins are con-
sidered as a first choice for the treatment of endometriosis 
[182], because they are as effective in reducing scores and 
pain as GnRH agonists, and have a lower cost and a lower 
incidence of adverse effects.

Progestins can be administered by an oral, intramus-
cular, subcutaneous, or intrauterine route [183]. The 
progestins most commonly used for the treatment of 

endometriosis-related pain include dienogest (DNG) nore-
thindrone acetate (NETA) and medroxyprogesterone acetate 
(MPA) [169, 184]. DNG is approved in Europe, Japan, Aus-
tralia and Singapore, while NETA and MPA are currently 
approved by the USA Food and Drug Administration (FDA). 
Alternative progestin treatment options include gestrinone, 
desogestrel, danazol, the etonogestrel implant and the lev-
onorgestrel intrauterine system (LNG-IUS). Side effects 
of progestins include irregular uterine bleeding/spotting, 
weight gain, mood changes (eg, depression), and bone loss 
(specific to long-term use of depot MPA). Although these 
side effects are frequent, they rarely cause therapy abandon-
ment. Overall, progestins are safe and about two thirds of 
patients are satisfied with their use for symptomatic endo-
metriosis [185].

5.3.1  Dienogest

DNG, a 19-nortestosterone derivative, is the most recent 
progestin available and labelled for endometriosis and 
according to a number of evidences it substantially improves 
endometriosis-related pain symptoms in long term treatment 
[186]. Both surgically and clinically diagnosed patients 
described comparable pain reduction, as well as women 
with or without prior treatment [187]. Compared to danazol, 
MPA and goserelin, DNG is the most efficient alternative to 
treat pelvic pain associated to endometriosis [188]. Further-
more, no effects on bone mineral density were reported com-
pared to treatment with leuprolide, maintaining a stable bone 
turnover [189]. Regarding the effects of DNG according to 
different endometriosis phenotypes, it causes a significant 
reduction in both diameter and volume of OMA, whereas 
the ovarian reserve appears to be preserved [190]. Among 
women with ultrasound identified OMAs followed up for 
12 months, DNG reduced the volume of OMAs up to 76% 
from the initial size. Besides, a reduction of 74.05% for dys-
menorrhea, 42.71% for dyspareunia and 48.91% for chronic 
pelvic pain were observed [191]. Furthermore, DNG alone 
has been shown to be superior to COCs, containing DNG, to 
reduce the size of OMAs [192]. A recent study showed that 
in women with OMA DNG reduces the size of ovarian cysts, 
effective in reducing endometriosis related symptoms both 
after 6 and 12 months of treatment and well tolerated [193].

DNG also appears to be effective in controlling pain 
caused by rectovaginal endometriosis [194], bladder endo-
metriosis [195, 196] and DIE [197]. In a prospective cohort 
study including 30 women with a sonographic diagnosis of 
DIE (intestinal and posterior fornix) treated with DNG for 
12 months, the treatment was effective to control symptoms 
of pain related to DIE (dysmenorrhea, dyspareunia, dische-
zia), improving QoL, even without reducing the volume of 
DIE nodules [198].
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Patients treated with DNG have also shown an improve-
ment of sexual functioning [194] and QoL [187, 199]. 
Among Asian women, DNG therapy decreased Endome-
triosis Health Profile-30 (EHP-30) scores in all assessed 
domains, especially the "pain" domain was improved in 
78.4% of patients. Both surgically and clinically diagnosed 
patients described comparable pain reduction [200]. In ran-
domized controlled trial among Chinese women with endo-
metriosis, DNG for 24 weeks provided significantly greater 
reduction in endometriosis-associated pelvic pain than pla-
cebo, and maintained or enhanced efficacy after 28 weeks 
of additional treatment [201].

Long-term (60-month) treatment effectively reduced 
endometriosis-associated pain and avoided pain recurrence 
post-surgery without sever adverse effects [202, 203], espe-
cially on bone mineral density (BMD)[189]. Therefore, its 
use as first-line therapy for long-term management of debili-
tating and chronic endometriosis-associated pain represents 
an interesting option. Regarding efficacy and tolerability, 
a large study conducted in Korea showed that satisfaction 
scores were mostly favorable. The most frequently reported 
side effects are abnormal uterine bleeding (4.1%), weight 
gain (2.5%) and headache (1.2%). The number of patients 
with favorable bleeding patterns was observed to increase 
as the duration of treatment increases, till amenorrhea [204].

DNG is an effective treatment also as postoperative treat-
ment in order to reduce recurrences, to avoid re-interventions  
and to control pain symptoms. DNG is as effective  
and tolerable as GnRH agonist and add–back therapy using 
17b-estradiol and NETA for 6 months for the prevention 
of pelvic pain recurrence after laparoscopic surgery for 
endometriosis [205]. A prospective cohort study on women 
undergoing to surgery for OMA, receiving postoperative 
medical treatment with DNG for 24 months no cases of 
OMA recurrence were found [206]. In case of recurrent 
OMA after surgery, DNG therapy early after recurrence 
appears to be viable for reducing the risk of repeated sur-
gery, given that after 24 months of treatment with DNG, a 
reduction of size [186] and complete resolution of recurrent 
OMA was achieved in 57.1% [207].

5.3.2  Norethindrone acetate (NETA)

NETA, another 19-nortestosterone derivative, is effective 
on pain relief in women with endometriosis. NETA has 
strong progestogenic effects and a androgenic activity, that 
may cause side effects due to its residual androgenic activ-
ity (weight gain, acne, and seborrhea) [208]. The continu-
ous 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, toler-
able and inexpensive first choice for symptomatic rectovag-
inal endometriosis, significantly decreasing VAS scores 

for dysmenorrhea and dyspareunia [209]. A pilot study on 
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 
disappearance of symptoms related to the menstrual cycle 
(dysmenorrhea, constipation during the menstrual cycle, 
diarrhea during the menstrual cycle and cyclical rectal bleed-
ing) [210]. Recently, a long term study 5-year therapy with 
NETA [2.5 mg/day up to 5 mg/day) is safe and well tolerated 
by women with rectovaginal endometriosis, who were satis-
fied or very satisfied in 68.8% of cases. Due to its low cost 
and good pharmacological profile, it may represent a good 
candidate for long-term treatment for endometriosis [211]. 
Low dose of NETA was also found to have less side effects, 
such as unscheduled bleeding, compared to extended-cycle 
COCs, despite the same effectiveness in terms of pain con-
trol [212]. The comparison between low dose NETA and 
DNG as first line drug used in new diagnosed endometriosis 
women showed that treatment was well tolerated by 58% 
of NETA users compared with 80% of DNG users [208]. 
However, in a subpopulation of symptomatic women with 
rectovaginal endometriosis “NETA "resistant”, who had pain 
persistence, DNG was effective in treating pain and improv-
ing QoL [213].

5.3.3  Medroxyprogesterone acetate (MPA)

MPA is a 17-OH progesterone derivative, available as oral 
formulation or depot formulation, which can be administered 
intramuscularly and subcutaneously every 3 months. MPA 
appeared to be more effective than placebo [214] and as 
effective as danazol [215] and GnRH-agonists [216, 217] 
in reducing endometriosis-related pain. In particular, depot 
MPA (dMPA) reduces pain as effectively as leuprolide and 
improves quality of life and productivity. The major source 
of concern regarding continuous use of depot MPA is the 
loss of BMD with an increased risk of fracture, due to estro-
gens deficiency. Therefore, the FDA have suggested that it 
should be administrated only if other methods are unsuit-
able or unacceptable, and have limited its maximum use 
to 2 years [218]. On the contrary, the American College of 
Obstetricians and Gynecologists support the use of dMPA 
as current longitudinal and cross-sectional evidence suggests 
the recovery of BMD after discontinuation of dMPA, and, 
considering the modest increase in the risk of fracture, ben-
efits of dMPA use surpasses the risks.

5.3.4  Danazol

Danazol is a derivative of 17α-ethynyl testosterone and since 
1971 is approved by FDA to treat endometriosis. Its mecha-
nisms of action include inhibition of pituitary gonadotropin 
secretion, direct inhibition of ovarian enzymes responsible 
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for estrogen production, modulation of immunological func-
tion, suppression of cell proliferation and inhibition of endo-
metriotic implant growth [170, 219]. Danazol is effective 
in treating endometriosis-related pain [220] and its efficacy 
seems to persist also after the discontinuation of therapy 
[215]. However, its use is limited by the androgenic-type 
adverse effects such as seborrhea, hypertrichosis, weight 
gain, HDL levels decrease, and LDL levels increase [170]. 
Danazol is typically given orally (400 to 800 mg/day). 
Good efficacy and better tolerability has been reported with 
danazol-loaded intrauterine device [221] and with off-label 
vaginal administration (200 mg/day) [222, 223], particularly 
for women with DIE and rectovaginal endometriosis [224]. 
A significant reduction of painful symptoms in patients with 
DIE was observed, with less recurrences and a decreased 
volume of endometriosis lesions [223]. Furthermore, long-
standing use of vaginal danazol suppositories resulted in 
favourable control of postoperative pelvic pain associated 
with pelvic endometriosis without significant adverse side 
effects [225]. Low-dose vaginal danazol (200 mg per day 
for 6 months) is effective also for the treatment of pain in 
recurrent endometriosis after surgery for severe disease, 
with reduction of VAS pain intensity [226]. With low doses 
and vaginal route of administration, side- effects are sel-
dom observed, and lipid parameters and liver function are 
reported to be unaltered.

5.3.5  Other progestins

5.3.5.1 Desogestrel Desogestrel (DSG) (75 mg/day) is an 
effective, safe and low cost therapy for endometriosis related 
pain [227, 228] with a good satisfaction rate and causing 
also a significant improvement in QoL. DSG treatment 
of women with symptomatic rectovaginal endometriosis 
induced volume size reduction and improvement of gastro-
intestinal symptoms, chronic pelvic pain, and deep dyspare-
unia. At 12‐month follow up, the rate of satisfied patients 
was higher in those treated with the desogestrel‐only pill 
compared to those on sequential estro-progestin pill [229]. 
DSG resulted effective also in A significant improvement 
of both pelvic pain and dysmenorrhea after 6-months treat-
ment in endometriosis recurrence. Breakthrough bleeding 
is the main adverse effect reported during DSG treatment 
[227].

5.3.5.2 Levonorgestrel intrauterine device (LNG‑IUS) The 
effect of the LNG-IUS on endometriosis has been assessed 
in several RCTs. LNG induces endometrial glandular atro-
phy and decidual transformation of the stroma, reduces 
endometrial cell proliferation and increases apoptotic 
activity. After the first year of use, a 70–90% reduction in 

menstrual blood loss is observed. The LNG-IUS has proven 
effective in relieving pelvic pain symptoms caused by peri-
toneal and rectovaginal endometriosis and in reducing the 
risk of recurrence of dysmenorrhea after conservative sur-
gery [230]. In fact, LNG-IUS use after surgery was associ-
ated with a significantly lower dysmenorrhea recurrence 
rate compared to with expectant management [231–233]. 
Dyspareunia and dysmenorrhea were clearly reduced after 
12-months of treatment with few adverse events and very 
low discontinuation rate [234]. A recent study evaluated 
the efficacy of LNG-IUS versus DNG treatment compared 
to no post-operative therapy after laparoscopic surgery for 
endometriosis. At 6 and 12 months, the median pain scores 
in treatment groups were significantly lower and both 
treatments had significantly lower recurrence rate than 
control group (3.8% and 9.7%, respectively, vs 32.5%). 
In addition, patients with LNG-IUS showed lower rate of 
discontinuation, suggesting that LNG-IUS is effective for 
postoperative pain control and for preventing recurrence 
[235]. However, no or limited effect was observed in pre-
venting OMA recurrence. In fact, in a randomized clinical 
trial including 80 patients with OMA undergoing laparo-
scopic cystectomy followed by six cycles of GnRH-a, and 
then allocated to LNG-IUS insertion or not for 30 months, 
LNG-IUS was able to control pain symptoms but it was 
not effective for preventing OMA recurrence [236]. How-
ever, a recent meta-analysis on the efficacy of different hor-
monal regimens for the prevention of OMA recurrence in 
women who have undergone conservative surgery showed 
that among cohort studies LNG-IUS ranked highest [237].

5.3.5.3 Gestrinone In a meta-analysis including two 
small studies, treatment with gestrinone resulted effective 
in reduction of pain [214]. However, the use of gestrinone 
for endometriosis is limited due to its side effects. In 
fact, because of its androgenic, anti-estrogenic and anti-
progestogenic properties, it may cause acne, seborrhea, 
hirsutism, weight gain, liver dysfunction and osteoporosis 
[238].

5.3.5.4 Etonogestrel‑releasing subdermal implant (ENG‑ 

implant) Few data are available also on the use of the 
etonogestrel-releasing subdermal implant (ENG- implant) 
for the treatment of women with endometriosis, result-
ing effective in decreasing dyspareunia, dysmenorrhea 
and nonmenstrual pelvic pain [239, 240]. A recent study 
evaluating the efficacy of ENG-implant versus the 52-mg 
LNG-IUS in the control of endometriosis-associated pel-
vic pain showed that both contraceptives improved sig-
nificantly pelvic pain, dysmenorrhea, and health-related 
quality of life in endometriosis [241].
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5.4  Combined oral contraceptives (COCs)

COCs are currently used off label for the treatment of endo-
metriosis, however they are commonly used as empirical 
therapy for women with suspect of endometriosis, without 
a confirmed surgical diagnosis of the disease [242]. ESHRE 
guidelines classifies as Grade B the COCs prescription to 
reduce dyspareunia, dysmenorrhea and non-menstrual pain. 
On the other hand, Grade C evidence has been provided to 
COCs continuous use in women suffering endometriosis-
associated pain [182]. The advantages of using COCs for 
the treatment of endometriosis include the good tolerability 
as well as the low costs, but they contain estrogens. COCs 
reduce menstrual flow, cause decidualisation of endometri-
otic implants and decrease cell proliferation [243]. Ovarian 
function is inhibited as well as the metabolism of arachi-
donic acid to prostaglandins, resulting effective in reduc-
ing pelvic pain and menstrual cramps. Although COCs are 
widely used in clinical practice since decades, given their 
effectiveness for dysmenorrhea, high level evidence of their 
effectiveness for the treatment of endometriosis does not 
exist.

Only two trials [244, 245], both conducted in Japan, com-
pared COCs with placebo in women with endometriosis. 
In these studies, COCs treatment was associated with an 
improvement in dysmenorrhea, cyclical non-menstrual pain, 
dyspareunia and dyschezia. However, the formulation of 
COCs used in these studies (ethinylestradiol 35 mcg + nore-
thisterone 1 mg in cyclic regimen and ethinylestradiol 20 
mcg + drospirenone 3 mg in flexible regimen) may not be 
readily available globally and it is unknown if different for-
mulations may have different effects [246].

In a recent systematic review about patient response 
to medical therapies for endometriosis [247], the rate of 
patients experiencing pain symptoms at the end of treatment 
was higher with COC, vaginal ring and patch compared to 
GnRH-a or progestins. The observation that about 50% of 
patients have partial or no improvement in symptoms of 
endometriosis under COCs [248] and about 70% of women 
had used multiple COCs for relief of pain and over 40% 
had been prescribed between 3 and 10 different COCs [249] 
support the conclusion that this treatment is not completely 
effective [250]. Despite the low dose COCs (20–30 μg is 
equivalent to 4 to 6 times the physiologic dose of estro-
gens) and, given ER and PR alterations in endometriosis, the 
administration of COCs may result in estrogen dominance in 
the presence of progesterone resistance [250]. Studies also 
showed an increased risk of endometriosis in past users of 
COCs [251].

Some studies showed that COCs prevent and reduce fre-
quency and severity of recurrent dysmenorrhea and relapse 
of endometriosis after surgery [252–256]. The continuous 
use of COCs after conservative surgery is more beneficial 

than the cyclic use [253, 256, 257]. However, COCs after 
previous surgery has similar [258] or less efficacy in pain 
relief than GnRH-a [259]. In conclusions, despite their wide 
use in clinical practice, further research is needed to fully  
evaluate the role of COCs in the management of endometriosis- 
related pain.

5.5  Drugs under development for endometriosis

5.5.1  Selective progesterone receptor modulators (SPRM)

SPRMs are progesterone receptor ligands that act as tissue-
selective progesterone agonist, antagonist, or partial agonist/
antagonist on various progesterone target tissues. Although 
SPRMs inhibit the ovulation, they are not associated with 
the systemic effects of estrogen deprivation as estradiol 
secretion is not affected and circulating levels of estradiol 
remain in the physiological range. Furthermore, SPRMs 
inhibit the endometrial proliferation, suppress endometrial 
bleeding through a direct effect on endometrial blood ves-
sels, and reduce endometrial prostaglandin production in a 
tissue-specific manner [21] (Fig. 4). Therefore, a potential 
good efficacy of SPRMs on endometriosis was suggested 
[260–262], but no SPRMs are used in clinical practice.

Ulipristal acetate (UPA), telapristone acetate, vilaprisan 
and tanaproget are SPRMs which were proposed for the 
treatment of endometriosis [263, 264]. SPRMs are gener-
ally well tolerated. Common adverse effects are headache, 
abdominal pain, nausea, dizziness, and heavy menstrual 
bleeding. Mifepristone and asoprisnil were the most studied 
SPRMs. Mifepristone-induced regression of endometriotic 
lesions has been variable and appears to be dependent on 
the duration of treatment [265, 266]. A small prospective 
open-label trial suggested the possible efficacy of mifepris-
tone for endometriosis-associated pain [265]. Similar results 
were found in a phase II/III trial; however, 3,4% of patients 
reported a significant increase in hepatic transaminases 
[267]. In a randomized placebo-controlled trial, asoprisnil 
caused a higher decrease of dysmenorrhea among women 
affected by endometriosis compared to placebo [268]. The 
effect of UPA was assessed on endometriosis lesions and 
symptoms in women treated over a 27-month study period 
prior to surgery. In 58% of cases progesterone receptor 
modulator-associated endometrial changes (PAECs) were 
observed in both eutopic endometrium and ectopic lesions; 
those cases reported all pain reduction and amenorrhea 
[269]. However, there are insufficient data to permit firm 
conclusions about their safety and effectiveness [21].

5.5.2  Selective estrogen receptor modulators (SERMs)

SERMs bind to estrogen receptors (ER-α and ER-β) in target 
cells acting as ER agonist in some tissues and ER antagonist 
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in others (Fig. 4), and therefore they have been proposed for 
the treatment of endometriosis and are under investigation. 
Raloxifene (RLX), a common drug approved for the preven-
tion and treatment of osteoporosis, has estrogenic effects in 
bone and antiestrogenic effects in endometrium and breast 
tissue [162]. Tested in animal studies RLX induces regres-
sion of endometriosis implant [270, 271]. In a double-blind 
prospective study [272], patients with endometriosis-related 
pelvic pain following surgical treatment were randomly 
assigned to RLX or placebo for 6 months. However, this 
study was halted prematurely because women in RLX group 
experienced an earlier relapse of pelvic pain and sooner sur-
gery than the placebo group.

Bazedoxifene (BZA) is a novel SERM used for the 
treatment of osteoporosis [162] and antagonizes estrogen-
induced uterine endometrial stimulation [21]. In a rat model, 
BZA reduces the size of endometriotic lesions and decreases 
proliferating cell nuclear antigen and estrogen receptor 
expression in the endometrium [273]. A tissue-selective 
estrogen complex (TSEC) containing BZA and conjugated 
estrogens (CE) also decreased endometriotic lesion size in 
a mouse model. The addition of estrogens to BZA did not 
induce endometrial growth or endometrial hyperplasia and 
did not reduce the efficacy of the SERM [223]. Therefore, 
TSEC is a potential novel therapy for endometriosis that 
could have a high level of efficacy without the side effects 
of currently available treatments.

SR-16234 is another experimental SERM with antago-
nistic activity on ERα and partial agonistic activity on ERβ. 
SR has a regressive effect on the development of murine 
endometriosis-like lesions, by acting on cell proliferation, 
angiogenesis, inflammation, and NF-κB phosphorylation A 
recent trial that investigated this drug in a small group of 
women with endometriosis and adenomyosis showed that 
SR-16234 was able to decrease the intensity of pelvic pain 
and dysmenorrhea [274].

5.5.3  Aromatase inhibitors

Aromatase is expressed by endometriotic lesions and in the 
eutopic endometrium of women with endometriosis causing 
a local secretion of estrogens, which promote the growth 
and invasion of endometriotic lesions and favour the onset 
of pain and prostaglandin-mediated inflammation (Fig. 4) 
[275].

Aromatase inhibitors (AIs) block estrogen synthesis both 
in the periphery and in the ovaries [276]. Some clinical stud-
ies have shown that third- generation nonsteroidal AIs, such 
as letrozole and anastrozole, effectively reduced the severity 
of endometriosis-related pain symptoms; however, their use 
is limited by several adverse events, such as bone and joint 
pain, muscle aches, and fatigue [277].

The ESHRE guidelines only recommend the use of AIs in 
association with COCs or progestins or GnRH-a in patients 
with drug-resistant pain and surgery-resistant recto-vaginal 
endometriosis [169]. Currently, a randomized, double-blind, 
parallel-group, multicenter phase IIb trial is evaluating the 
efficacy and safety of BAY98-7196 (an intravaginal ring 
with different doses of anastrozole and LNG), in compari-
son with placebo and LEU (subcutaneous depot) for treat-
ing women with symptomatic endometriosis over a 12-week 
period (NCT02203331).

6  Conclusions

Endometriosis is a chronic disease requiring a lifelong man-
agement. Based on patient’s symptoms and the desire of 
pregnancy, an individualized approach aiming to reduce 
pain, stress, stress-related comorbidities and to improve QoL 
should be used for an adequate management [1, 21, 25]. 
Until a few years ago, the suspect of endometriosis repre-
sented an indication for surgery, also used to make the diag-
nosis through the visualization and histology confirmation 
of endometriotic lesions. Research development has shown 
a clear endocrine pathogenesis for endometriosis and thus 
hormonal therapies represent now a cornerstone of its man-
agement, as first choice, before surgery and after surgery in 
order to reduce the risk of recurrence. The goal is to limit 
non-indicated surgical procedures because of disease recur-
rence risk, surgical complications [22, 23, 278], and negative 
effects on ovarian reserve [279]. The modern approach for 
endometriosis requires a life-long management plan with 
the aim of maximizing the use of medical treatment, that 
can be safely prescribed without histological confirmation of 
the disease [182, 280–282], and avoiding repeated surgical 
procedures [20]. Medical hormonal treatment should be the 
first-line therapeutic option also for patients who have not an 
immediate desire to become pregnant. Currently, hormonal 
treatments are the most effective drugs for the treatment of 
endometriosis and are based on the pathogenic mechanisms 
involved in the disease. The block of menstruation through 
an inhibition of HPO axis and consequent amenorrhea or 
pseudodecidualisation impairs the development or the activ-
ity of endometriotic implants. A modern endometriosis man-
agement includes a patient-focused approach taking care of 
overall wellbeing, considering stress, QoL and systemic 
comorbidities.
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