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Abstract. Th e article presents analysis of relevant literature on risk factors and pathogenesis of endometriosis and adenomyosis. Despite of numerous studies, 
it has not been possible so far to formulate a unifi ed concept of the pathogenesis and etiology of endometriosis and adenomyosis. We discuss the role of 
cytokines, including chemokines, prostaglandins and matrix metalloproteinases, as well as disorders of steroid genesis in the pathogenesis of endometriosis. 
It has been shown that the main therapeutical approach for patients with endometriosis is the diff erentiated use of modern hormonal drugs, which depends 
on age and reproductive plans. According to the more recent European guidelines, progestogens are the drugs of the fi rst line.
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Лекции / Lectures

Endometriosis is diagnosed in every tenth woman of 
reproductive age. Many obstetrician-gynecologists oft en 
encounter this disease in their clinical practice.However, en-
dometriosis remains one of the most mysterious diseases in 
gynecology. Until now, the issues of etiology and pathogene-
sis, management tactics, especially for extra genital forms of 
endometriosis, have not been fully elucidated.

Over the past decades, scientists working in the fi eld of 
pathomorphology, molecular biology, genetics, mass spec-
trometry, cellular technologies and many other specialties 
have been conducting research aimed to reveal the cause of 
endometriosis foci development, to determineways to in-
fl uence them and prevent their occurrence. However, there 
are still many unresolved issues in the fi eld of etiology and 
pathogenesis of endometriosis and endometriosis-associated 
diseases, as well as their relationship with the occurrence of 
malignant tumors of various localizations (Fig. 1) [1].

Endometrial tissue has a special receptor status that makes 
it resistant to progesterone. Endometrioid cells are resistant to 
progesterone since they contain a small number of progester-
one receptors type B (PRB) and estrogen receptor α (ERα).

PRB is a powerful progesterone target gene activator. 
Whereas progesterone receptor type A (PRA) is the domi-
nant repressor of PRB that predominates in endometrial tis-
sue. In general, endometriosis sites have a high ratio of ERβ/
ERα and PRA/PRB, which causes progesterone resistance.

Th e infl ammatory process is one of the mechanisms of 
infertility associated with endometriosis due to excessive pro-
duction of infl ammatory cytokines such as interleukins, in par-
ticular IL-6, tumor necrosis factor α and chemokines, as well as 
prostaglandins and matrix metalloproteinases. An increase in 
the concentration of these substances suffi  ciently increases the 
prevalence of atypical localization of the endometrium.

In the last two decades, more and more similarities have 
been found between the mechanisms of endometriosis de-
velopment, autoimmune and oncological diseases. For this 
reason, many researchers focus on the role of cytokines, in-
cluding chemokines, in the pathogenesis of the disease and 
associated infertility.

Cytokines are a kind of chemical signals by which cells 
interact with each other for the benefi t of the overall survival 
of the body’s tissue. Th e result is stimulation or suppression 
of proliferation, apoptosis and functional activity of immune 
competent cells.

Chemotoxic cytokines (chemokines) are molecules pro-
duced by cells to attract leukocytes, macrophages, T and B 
cells, eosinophils, basophils, and neutrophils to sites of in-
fl ammation or lymph nodes.

Chemokines can selectively infl uence cell reshaping, 
transiently increase the concentration of intracellular free 
calcium ions, granular exocytosis, integrin production, pro-
duction of bioactive lipids (e.g. leukotrienes), and induce an 
“oxidative burst” that activates leukocytes. Chemokines act 
as early modulators of the infl ammatory response, releasing 
infl ammatory mediators, triggering chemo taxis and extrava-
sations in the pathological focus.

 
Figure 1. Pathogenesis of endometriosis.
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Th e decisive role in the eff ect on the uterine mucosa is 
played not by the absolute amount of steroid hormones cir-
culating in the peripheral bloodstream, but by the functional 
usefulness of their receptors [2].

Estradiol has an eff ect on the endometrium. It not only 
acts as a unique proliferative agent, but also contributes to 
the secretory celltransformation since it stimulates the syn-
thesis of both its own receptors (the more estradiol, the more 
receptors), and receptors for progesterone and androgens. 
Progesterone, on the contrary, inhibits the production of 
both - its own receptors and estradiol receptors. Th us, a har-
monious ratio and adequate dynamics of the concentrations 
of estradiol and progesterone have a full eff ect on the uterine 
mucosa. 

Estradiol is simultaneously perceived by several types of 
receptors, the main ones being α- and β-estrogen receptors 
(ER-α and ER-β). Th e study of German specialists (2004)
shows that in glandular epithelial cells, ER-α expression is 
associated with cell proliferation processes, while ER-β is as-
sociated with secretory function. ER-α expression occurs in 
the epithelial cells of the uterine mucosa during the periovu-
latory period, and the highest level of ER-β expression occurs 
in the periovulatory period. It is important to note that stro-
mal cells and endotheliocytes of endometrial vessels also ac-
tively respond to estradiol. At the same time, both ER-β and 
ER-α are found in stroma perivascular cells, and only ER-β is 
found in vessel walls. It is interesting that progesterone stim-
ulates the synthesis of ER-βby suppressing the expression of 
ER-α. Th erefore, angiogenesis is dependent on ER-β that is 
infl uenced by both estradiol and progesterone.

Th e achievements of omics technologies in the diagnosis 
of endometriosis and malignant neoplasms deserve special 
attention. Conventionally, omics technologies include those 
based on the achievements of sciences that study how the 
genome is arranged and how the information encoded in it 
is realized (genomics, transcriptomics, proteomics, and me-
tabolomics). It is thanks to the data obtained with their help 
that it became possible to develop panels for non-invasive di-
agnostics, the creation of a so-called molecular signature for 
the verifi cation of the tumor process and endometriosis.[3,4]

Th ere are many theories of the origin and development 
of endometriosis. Scientists from Yale University reported 
interesting results of studies during the 71st annual meeting 
of the American Societyof Reproductive Medicine (ASRM). 
Th ey presented experimental data on the migration of en-
dometrial cells to the brain and possibly other parts of the 
body, confi rming the important role of stem cells in the de-
velopment of this disease.Studying samples of various tissues 
of mice, 8 weeks aft er the surgically induced disease, the re-
searchers found 100 % of them had ectopic endometrial cells 
in the brain tissue.In connection with the results, Dr. Samani 
noted, “Since cell migration to the brain occurred simulta-
neously in all mice with sensory-induced endometriosis, it 
indicates that the endometrial tissue secretes stem cells that 
can reach various organs outside the pelvis. Th ese endome-
trial implants may not be clinically detectable, yet be bio-
logically active and induce molecular changes that promote 

infl ammatory responses.”Th e authors of this study believe 
that the possibility that extra genital endometriosis is found 
more widespread than it was previously thought, but may not 
be clinically manifested, cannot be ruled out. Th e scientists 
agree that medical rather than surgical treatment is the most 
appropriate for endometriosis, including the extra genital 
one.At the same time, they do not exclude the need for sur-
gical treatment.However, they emphasize that since medical 
professionals are dealing with various types of endometriosis 
and models of its development and, consequently, with dif-
ferent symptoms resulting from this disease, the treatment 
should not be the same in all cases, but should correspond 
to the type of disease and its manifestation in a particular 
woman[5].

Th e problem of endometriosis is gaining medical and 
social importance due to severe clinical manifestations and 
recurrent course of the disease as well as a negative impact 
on the quality of life and working capacity, and most impor-
tantly on reproductive potential.

Surgical treatment remains the only way to eliminate foci 
of endometriosis.However, even aft er a radically performed 
operation, relapses are possible. Given the above, it is neces-
sary to develop a comprehensive interdisciplinary approach 
to the management of patients with endometriosis, especially 
in severe cases.

Surgery is not a defi nitive treatment for endometriosis; 
long-term supportive drug therapy is needed. Candidates for 
long-term drug treatment are women who do not plan preg-
nancy at the current time, but who would like to preserve 
fertility, which will be at risk if the disease progresses, as well 
as patients who have undergone surgery. It is necessary to 
select maintenance therapy taking into account the fact that 
endometriosis is an estrogen-dependent chronic infl amma-
tory disease accompanied by resistance to progesterone[6].

By 2020, a stepwise approach to the treatment of patients 
with endometriosis has been consolidated in the world gyne-
cological practice with strong recommendations for the early 
relief of endometriosis associated with pelvic pain. Progestin 
(dydrogesterone or dienogest) can be used as fi rst-line hor-
mone therapy for endometriosis. In a number of countries 
(Europe, USA, and Great Britain), combined hormonal con-
traceptives are included in the fi rst line of hormonal therapy 
for patients with endometriosis, along with progestin-only 
drugs.However, the basic hormonal treatment for patients 
with endometriosis worldwide is the use of gonadotropin-re-
leasing hormone (GnRH) agonists. At the same time, the treat-
ment of patients with endometriosis with the help of GnRH 
agonists is considered as the “gold standard”. On the one hand, 
this is because the offi  cial instructions formedical use of these 
drugs clearly state endometriosis as the indication for their 
useand because GnRH agonists are included in the protocol 
for the treatment of patients with endometriosis around the 
world. On the other hand, this results from the fact that the ef-
fect of other drugs (both used and under trial)on patients with 
endometriosis (progestins, aromatase inhibitors, progesterone 
receptor modulators (PRMs)) can be clinically and morpho-
logically comparable tothe eff ect of GnRH agonists.
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Non-steroidal anti-infl ammatory drugs (NSAIDs), com-
bined oral contraceptives, progestogens, and GnRH agonists 
are also recommended as drug therapy for endometriosis;lev-
onorgestrel-releasing intrauterine system is recommendedas 
a second line therapy.For women with pain associated with 
endometriosis that is refractory to other medical or surgical 
treatments, aromatase inhibitors are recommended because 
they reduce pain associated with endometriosis. Aromatase 
inhibitors may be prescribed in combination with oral con-
traceptives, progestogens, gonadotropin-releasing hormone 
agonists or antagonists. Danazol and antiprogestogens are no 
longer included in recommendations. 

Th e ESHRE recommendations additionally include gon-
adotropin-releasing hormone antagonists for the reduction 
of pain associated with endometriosis, with the notation that 
data regarding dosage or duration of treatment are limited 
(see Fig. 2) [6, 7]

Gestagens are classifi ed as fi rst-line drugs (progesterone 
and a number of synthetic drugs) and second-line drugs 
(LNG-IUD and depot forms) for the treatment of endome-
triosis. In Russia, several progestogens are registered for the 
treatment of this disease[8,9].

Gestagens contribute to the regression of endometriotic 
lesions, reduce the severity of proliferation of eutopic and 
ectopic endometrium, suppress neoangiogenesis by inducing 
atrophy, and inhibit the expression of estradiol receptors. At 
high doses, progestins also inhibit folliculogenesis and ovu-
lation. Th e drugs of this group contribute to the utilization 
of already synthesized estrogens by activating the enzyme 17 
β-hydroxysteroid dehydrogenase (17β-HSD) type 2 (found 
in normal endometrium, while its expression is reduced in 
endometrioid heterotopias).[10]Th e main task of 17β-HSD 
is to convert active estradiol into inactive estrone. It has been 
shown that the expression of 17β-HSD type 1 prevails in the 
foci of endometriosis, which ensures a high concentration of 
estradiol at the local level[11-13].Another important eff ect 

of progestogens is the suppression of the synthesis of prosta-
glandins E2 that is involved in infl ammatory reactions in en-
dometriosis (stimulates the production of growth factors and 
enhances local estrogen synthesis). Th e result of this action is 
the activation of apoptosis, the suppression of cell prolifera-
tion and neovascularization.Currently, there are several ge-
stagens with diff erent routes of administration; oral use is the 
most common, but other applications are also possible (de-
pot-forms for intramuscular injection, in the form of intra-
uterine systems). In clinical practice, most oft en prescribed 
drugs are dienogest, medroxyprogesterone, norethisterone, 
levonorgestrel, and dydrogesterone.

On average, about 9 % of patients do not respond to pro-
gestogen therapy, which is due to changes in the expression 
of diff erent subtypes of progesterone receptors in endome-
triosis [14].Dienogest (fourth generation progestin), created 
in 2010 specifi cally for the treatment of endometriosis, com-
bines the eff ects of progesterone and 19-nortestosterone. Due 
to the selective activity of derivatives, it binds exclusively to 
progesterone receptors and does not have an estrogenic or 
glucocorticoid eff ect, it has an antiandrogenic eff ect. It is dis-
tinguished by a powerful progestogenic activity as well as a 
pronounced antiestrogenic eff ect at the local level (see Fig. 
3). Progestin does not have an ethynyl radical and is there-
fore metabolically neutral, which is important for long-term 
treatment [15].Withdienogest therapy, a reliable anovula-
tory eff ect occurs due to apoptosis of granulosa cells of the 
dominant follicle and is combined with a weak central eff ect 
(inhibition of FSH and LH) with a moderate decrease in the 
concentration of systemic estradiol.Dienogest reduces the 
synthesis of estradiol by the ovaries only within the thera-
peutic window, which prevents a number of symptoms of 
estrogen defi ciency (hot fl ashes and vaginal atrophy) that are 
characteristics of GnRH agonists therapy [16].

Dienogest favorably aff ects the ratio of progesterone re-
ceptor isoforms α and β, which allows the drug to maintain 
clinical effi  cacy regardless of individual genetic diff erences in 
the expression of these receptors. 

Th e eff ectiveness of hormone therapy in preventing re-
currence of endometrioma in women undergoing surgery 
is still controversial. According to a meta-analysis and sys-
tematic review of postoperative hormonal treatment for 
the prevention of endometrioma recurrence aft er ovarian 

� first line therapy for endometriosis
 in national foreign clinical guidelines

� a decrease in the uteroplacental circulation
 develops during the therapy; it is not always restored 
 after discontinuation of the drug

� relieve symptoms but do not cure the disease.
� should be prescribed for a period of no more than 3 month, 
 due to severe side effects from the gastrointestinal tract

� temporarily relive the symptoms of pain, but do not cure 
 the disease.
� there are no registered indications for the treatment
 of endometriosis
� estrogents have a stimulating effect on the endometrium

GnRH
agonists

Gestagens

Combined
oral

contracep-
tives

NCAIDs

 
Figure 2. Medical treatment of endometriosis.

 
Figure 3, Eff ects caused by the intake of dienogest.
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in 2016, Japanese researchers showed that dienogest, 
prescribed in the postoperative period, not only signifi cant-
ly reduces the intensity of pelvic pain, but also prevents the 
recurrence of endometrioma, which is important for main-
taining the patient’s fertility. According to the results of two 
randomized controlled trials, the safety and tolerability of the 
drug was higher than that of GnRH agonists[18,19].

Th ere is also evidence of the eff ect of dienogest therapy on 
recurrence and size of ovarian endometrioma [20-22]. Kore-
an researchers studied its use at a dose of 2 mg per day for at 
least 12 months in 188 women, in 90 % of whom the diagno-
sis was confi rmed histologically during surgery.In 59 women 
with recurrent endometrioma, cyst diameter was signifi cantly 
reduced at 12 months from baseline in both unilateral (on av-
erage 21 mm, with initial 31 mm) and bilateral (on average 37 
mm, with initial 68 mm) ovarian cystic endometriosis. In the 
observed 35 patients, 18 months aft er the start of taking the 
drug the diameter of the cyst signifi cantly decreased compared 
to the size of 6 months ago, both with unilateral localization 
(on average up to 14 mm, with initial 21 mm), and with bilat-
eral (on average 41.5 mm, with initial 51mm). 

Th e authors of the study published in 2018 focused their 
attention on a cohort of patients with relapses aft er surgical 
removal of endometrioma(121 participants) who received 
dienogest for more than 24 weeks (median 58 weeks). It was 
possible to relieve pain both in a subgroup of patients with 
recurrence of only symptoms of endometriosis, and in recur-
rence of endometrioma. Th e average diameter of recurrent 
endometrioma also decreased signifi cantly. Specifi cally, the 
average size of 105 mass lesions in 88 participants was 38 
mm, and it decreased to 27 mm aft er 4 weeks of treatment.

Another study (2020)of a small group of patients (32 par-
ticipants) with unilateral endometrioma in combination with 
pelvic pain treated with dienogest for 6 months reports a de-
crease in the diameter of endometrioma by almost 2 times 
(the average cyst diameter was 4.0 ± 1.3 cm at the beginning 
of the study and 2.4 ± 1.2 cm at the end). A decrease in pelvic 
pain was revealed as well. Moreover, the number of antral 
follicles in the aff ected ovary improved signifi cantly (by 105 % 
of the initial level), with a constant level of AMH. [23, 24]

cystectomy,randomized controlled trials showed that all hor-
monal regimens had a slightly lower risk of endometrioma 
recurrence compared with expectant management. However, 
analysis of cohort studies found that LNG-IUD, dienogest, 
continuous hormonal contraceptives, GnRH agonists + com-
bined hormonal contraceptives (CHC), and cyclic CHC ther-
apy had a signifi cantly lower risk of endometrioma recur-
rence than expectant management. When evaluating effi  cacy, 
LNG-IUD ranked fi rst, followed by dienogest and GnRH 
agonists + LNG-IUD. Long-term use of hormone therapy 
(CHC) or progestin therapy had a signifi cantly lower risk of 
endometrioma recurrence than expectant management[17].

However, when choosing a drug for the conservative 
treatment of endometriosis and the prevention of relaps-
es, effi  cacy is not the only criterion that must be taken into 
consideration. With relatively equal eff ectiveness of diff erent 
groups of drugs, medication compliance and acceptability for 
the patient as a long-term therapy, which directly depends on 
the severity of side eff ects, are important. 

Certainly, GnRH agonists are eff ective in preventing re-
currence aft er surgery and as a medical treatment for endo-
metriosis without surgery, but have a number of side eff ects 
associated with estrogen defi ciency (including a decrease in 
bone mineral density).Th e use of GnRH agonists is limited 
to 6 months unless “add-back” therapy is prescribed. At the 
same time, the optimal doses and duration of treatment with 
GnRH agonists have not been fully studied, and it is also not 
known whether “add-back” therapy aff ects the eff ectiveness 
of the treatment, and it has not been fi nally established, how 
GnRH agonists aff ect fertility,despite the large number of 
studies.

Dienogest 2mg/day has been shown in multiple clinical 
trials to be superior to placebo in the management of pain 
associated with endometriosis, including dysmenorrhea, 
dyspareunia, premenstrual pain, and diff use pelvic pain. Di-
enogest also demonstrated similar effi  cacy in direct compari-
son with various GnRH agonists and, due to less pronounced 
side eff ects, dienogest is preferable for long-term conserv-
ative therapy, both as a prevention of relapse aft er surgical 
treatment, and as the main therapy (Fig. 4).

 
Figure 4. Th e use of dienogest at a dose of 2 mg/day and tissue mineral density.
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Today, many authors are coming to the conclusion that 
endometrioma is not associated with an increased risk of 
infertility [25]. Th erefore, the need for its removal is a de-
batable issue, especially if it is small and in the absence of 
any symptoms other than complaints of infertility. Indeed, in 
itself, surgery will do what the presence of endometrioma has 
not been proven to lead to. It will reduce the ovarian reserve, 
worsening the prognosis of a positive result of ART.Accord-
ing to data from French specialists, when a 5 cm endometri-
oma is removed, an average of 46 oocytes are lost from the 
remaining healthy ovarian tissue.

Retro cervical endometriosis occupies a special place 
among the various forms of endometriosis. It is characterized 
by the formation of deep infi ltrative foci emanating from the 
rectovaginal septum, without a capsule or clear boundaries, 
spreading inward and along the length, passing to neighbor-
ing organs (rectum, sigmoid colon, bladder, etc.), with the 
formation of a cicatricial adhesive process.Th is form of endo-
metriosis is characterized by severe clinical symptoms (pelvic 
pain, dyspareunia, dyschezia, etc.) and a decrease in the pa-
tient’s quality of life. Th ere are diffi  culties in diagnosing this 
form of endometriosis, which oft en occurs quite late, when a 
large amount of tissue is already aff ected.Surgical treatment, 
which is oft en very traumatic, requires a multidisciplinary 
approach (with the involvement of surgeons and urologists), 
and subsequently, oft en leads to the formation of adhesions. 
Of course, aft er radical surgical treatment, it is necessary to 
use medication in order to reduce the risk of recurrence and 
improve the quality of woman life.Noteworthy is the case of 
“off -label” use of dienogest 2 mg/day for 3 months with intra-
vaginal administration of the drug. Th ere was a decrease in 
clinical manifestations (in the posterior fornix of the vagina, 
see Fig. 5) a decrease in the severity of pelvic pain, while the 
patient reported better tolerability of the drug compared to 
oral administration.Vaginal administration of dienogest cer-
tainly requires further study regarding pharmacokinetics in 
clinical trials (see Fig. 5) [26].

Conclusion
Endometriosis is a disease of a woman of predominant-

ly reproductive age with a preserved two-phase menstrual 
cycle, ovulation, oft en burdened by a gynecological history 
(including artifi cial and spontaneous abortions). Th erefore, 
a modern measure of pathogenetic prevention of endome-
triosis is the use of hormonal contraceptives from the onset 
of sexual activity in case of delayed reproductive plans, then 
in integrative intervals. Th e main strategy of therapy for pa-
tients with endometriosis is a diff erentiated use of modern 
hormonal drugs depending on patient’s age (reproductive or 
approaching menopause) and on the immediate and long-
term reproductive plans. In the absence of the eff ect of hor-
monal therapy, surgical treatment is recommended.
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