
Have we a validated pathogenesis after 
almost 100 years from the Samson’s 

Theory?
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Endometriosis

How do eutopic
endometrial cells
become ectopic?



1. Retrograde 

menstruation

Ectopic cells

Eutopic cells

2. Vascular and 

lymphatic

dissemination

Ectopic cells

Eutopic cells

3. Stem cells/ 

Metaplasia

Ectopic cells

Stem cells

Endometriosis: the mechanisms

Autophagia/

apoptosis

Ectopic cells



Endometriosis

What is the most
recognized

pathogenesis on 
2023?
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Endometriosis

Why is clinically
relevant to 
understand

the 
pathogenesis?



Pathogenesis of endometriosis

Genetic and epigenetic factors

Sex steroid hormones
Inflammation

DNA mutation

polymorphism
DNA metabolism

miRNAs



Non-invasive diagnosis of endometriosis: miRNAs

Saliva-based diagnostic miRNA signature for endometriosis

2020

Circulating microRNA biomarkers
can reliably differentiate between

endometriosis and other
gynecological pathologies

• miR-125b-5p
• miR-150-5p
• miR-342-3p
• miR-451a
• miR-3613-5p
• let-7b

2022
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Pathogenesis of endometriosis: 

Increased estrogen receptors activity

Genetic/Epigenetic variations

DNA methyltransferase

Hypermethylation

Cell proliferation

+

aromatase

Steroidogenic factor 1

Estradiol

Han and O’Malley HRU 2014

Hypomethylation

ERαERβ
+ -

Inflammation

+

Rahmioglu et al HRU 2014

Increased

estrogen

receptor

activity



Randomised controlled trials showed that treatment for 3 months with a 
GnRH agonist may be as effective as 6 months in terms of pain relief

The endometriotic lesions returned to the original volume within 
6 months of follow-up after cessation of treatment and pain comes back

Drugs decreasing ovarian estrogen secretion

GnRH analogs

• Goserelin
• Leuprolide
• Nafarelin
• Buserelin
• Triptorelin

The administration of GnRH-a for a period of 3 to 6 
months prior to ART may increase the odds of 

clinical pregnancy by 4-fold 



Endometriosis and oral GnRH antagonists: Elagolix

2017
ELAGOLIX: a new oral, nonpeptide

GnRH antagonist

150 mg once/day

200 mg twice/day

August 2018

6-month phase 3 trials 
Elaris Endometriosis I and II [EM-I and EM-II])

Women with surgically diagnosed endometriosis and 
moderate or severe endometriosis-associated pain.



Endometriosis and oral GnRH antagonists: Relugolix

Phase 2, multicenter, randomized, double-blind, placebo-controlled study

Fert Ster, 2020



Endometriosis and oral GnRH antagonists: Linzagolix

Fert Ster, 2020

Phase 2b, double-blind, placebo-controlled, dose-ranging study

EDELWEISS
study



estrogens

androgens

Increased aromatase expression

+

PGE2

COX-2

Arachidonic acid

+

Endometriosis

Pathogenesis of endometriosis: 

increased local estrogen production

increased 17βhydroxy syteroid dehydrogenase 1 (E1       E2)

+

+



phase IIb study 

Anastrazole
300-600-1050 µg/d

levonorgestrel

Intravaginal ring for 12 weeks

to Assess the Efficacy and Safety of Different Dose Combinations of an Aromatase Inhibitor and 
levonorgestrel in an Intravaginal Ring Versus Placebo and Leuprorelin / Leuprolide Acetate in Women
With Symptomatic Endometriosis.

placebo
Leuprolide acetate
(subcutaneous depot)

272 participants

A Randomized, Double-blind, Double-dummy, Parallel- Group, Multi-center Phase IIb Study

Drugs decreasing peripheral estrogen secretion

Aromatase inhibitors
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Endometriosis and progestins: mechanisms of action

Restore progesterone 

sensitivity

Decreased PGs, COX-2, 

TNFα and ILs

Increase apoptosis

Reduce cell proliferation

Decrease VEGF and NGF

LH

FSH

Estradiol

Progesterone

Androgens

EstrogensAromatase

Estrogens

Direct effects on endometriotic implants

Anovulation

PROGESTINS

Amenorrhea

Anovulation
effects on HPO axis

Reduce local estrogen 

activity

Reis, Petraglia, HRU 2020;      

Vannuccini , Petraglia.  Review EndoMetabDisor 2021



Dienogest and ovarian endometriosis

Reduction of OMA volume up to 76%

Del Forno  et al, EJOG, 2019
Vignali et al, Gynecol Endocrinol, 2020

Angioni et al, Gynecol Endocrinol, 2020

DNG 2 mg/day orally

Effective in reduction of pain symptoms 
(dysmenorrhea and pelvic pain) 

Endometrioma recurrence after 5 ys follow up: 
Placebo 69%

Dienogest for 60 months: 4%
Ota et al, JEPPD, 2015

No recurrence after 24 months of DNG, with 
better compliance than GnRH agonists + COC

Seo et al, EJOG, 2019

AFTER SURGERY FOR OMA

RECURRENT OMA

Koshiba et al, J Obstet Gynaecol Res. 2018 

After 24 months of treatment with DNG, complete 

resolution of recurrent OMA in 57.1%

DNG EARLY after recurrence of postsurgical OMA 
reduces the risk of repeated surgery.

Lee et al, Reprod Sci. 2018 



Dienogest for DIE: long term treatment

Dienogest is an effective medication to control symptoms of pain related to DIE, 
even without reducing the volume of DIE nodules.

Dyspareunia
Dysmenorrhea
pelvic pain
bowel pain

Quality of life

Leonardo-Pinto et al, EJOG, 2017

Long-term (60-month) treatment 
with DNG  in women with 

endometriosis effectively reduced 
pelvic pain and avoided pain 

recurrence post-surgery.

Up to 60 months

DNG 
after surgery

DNG 
No surgery

60 months

Romer, Arch Gynecol Obstet. 2018



Dienogest for recurrence of endometriosis

Patients receiving dienogest after conservative surgery for endometriosis had significantly 
lower risk of postoperative disease recurrence than those who were expectantly managed.
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Taiwan J Obstet Gynecol, 2020

The antioxidants N-acetyl-L-cysteine or catalase significantly reduced levels of the 
autophagy marker LC3 and caused levels of Beclin-1 to significantly decrease. 

Antioxidant therapy shows 
potential to treat

endometriosis by acting on 
autophagy

Endometriosis: drugs inhibiting autophagy



an endometriosis-targeting peptide 
that is internalized by cells (z13), 

using phage display, linked with an 
apoptosis-inducing peptide

Endometriosis: drugs increasing apoptosis

Endometrial cells in endometriosis 
lesions selectively underwent 

apoptosis with no effect on 
neighbouring organs



Endometriosis: pathogenesis on 2023

progesterone resistance
. Increased estrogen

activity

Increased
inflammation



Endometriosis:  inflammation and monoclonal antibodies

Antibody carriers for pharmacodelivery of 
anti-inflammatory IL10 in endometriotic 

lesions

Neri D et al, Hum Reprod 2011

Anti-IL-10

Anti-IL-4

Anti-IL-6

Quattrone F. et al, Repro Sci 2015

Antibody anti-IL-4 induces an impairment 
in adhesion, invasion, and vascularization 

of endometriotic lesions

Tocilizumab significantly suppressed 
the volume of endometriotic lesions

El-Zayadi et al, Immunologic Research, 2020
Treated Non treated



Improvment of pain from 
gynecologic conditions

National guidelines cannot
recommend cannabis-based products

because the lack of evidences

Endometriosis: pain and cannabinoids

Randomized clinical trials on 
the use of cannabinoids for the 

treatment of endometriosis
are currently ongoing.



1. Impaired apoptosis/autophagy

2. Increased cell proliferation

3. Increased acute inflammation

5. Neuroangiogenesis

n
o

rm
a
li

z
e
d

 e
x
p

re
s
s
io

n

NGF

0

5

10

*

DEOMAEutopic

15

n
o

rm
a
li

z
e
d

 e
x
p

re
s
s
io

n

Synaptophysis

0

2.5

5

*

DEOMAEutopic

7.5

NGF

Synaptophysin

Endometriosis: pathogenesis on 2023

VEGF

Tissue factor

Gori  Petraglia et al, Fertil Steril 2016



Endometriosis: pathogenesisEndometriosis: pathogenesis

Neurogenesis in eutopic

endometrium

Eutopic endometrium

Increased nerve fiber density,  

sensory C fibers and adrenergic 

nerve fibers in the endometrium

Endometriosis: pathogenesisEndometriosis: pathogenesisEndometriosis: pathogenesisEndometriosis: pathogenesis and diagnosis 

Neurogenesis in ectopic

endometriosis

Fraser et al.  2006

Increased nerve fibres stained 

with PGP9.5 in the

peritoneal endometriotic lesions

Endometriosis



Endometriosis: neuroangiogenesis and future drugs

Phase 2 Quinagolide is a selective D2 receptor agonist

Randomised, double-blind, placebo-controlled, proof-of-mechanism phase 2 trial 
investigating the effect of quinagolide extended-release vaginal ring on reduction 

of lesions assessed by high-resolution magnetic resonance imaging in women 
with endometrioma, deep infiltrating endometriosis, and/or adenomyosis.

It antagonizes VEGF receptor-2 reducing 
neoangiogenesis (in vitro)



Nerve sparing
surgery

surgical treatment of deep 
infiltrating endometriosis with the 
aim to prevent urinary, rectal, and 

sexual dysfunction

good outcomes in terms of bladder morbidity; 
digestive and sexual functions more complex 

to restore
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S1P signaling is implicated in TGFβ1-induced fibrosis

Endometriosis: pathogenesis and fibrosis

Sphingosine-1-phospate is dysregulated in endometriosis

Bernacchioni et al, Fertil Steril 2020

TGF-beta

Fingolimod is an oral treatment of multiple sclerosis, modulating S1P .



Endometriosis: pathogenesis and medical treatments

Local estrogen

secretion

Increased estrogen

receptor activity

Progesterone 

resistance
Aromatase

inhibitors
SPRMs

progestins

SERMs

GnRH analogs

Combined oral

contraceptives

Oral GnRH

antagonists

Increased
inflammation

Prostaglandin receptors

antagonists

Monoclonal

antibodies

HORMONAL DRUGS +       NON-HORMONAL DRUGS

statins

resveratrol, curcumin, 

melatonin

gabapentin

cannabinoids

Dopamine agonists



Vannuccini Petraglia, Review Endocr Metab Disord. 2021

Neuro-neoangiogenesis

Impaired apoptosis and autophagia

Increased oxidative stress

Increased cell proliferation

progesterone 
resistance

increased
inflammation

Increased
estrogen

sensitivity

Fibrosis

New drugs

New 
diagnostic
markers

Personalized
treatment

Pathogenetic
mechanisms

Endometriosis: clinical implications of pathogenesis



Endometriosis 2023

It is clinically relevant to 
understand

the pathogenesis for the 
diagnostic and 

therapeutic
implications!!
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