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Endometriosis a Complex Disease

• Endometriosis is a common disease 
affecting 5-10% of women of 
reproductive age globally

• Endometrial-like tissue outside the 
uterine cavity 

• Characterized mainly by symptoms of 
pain and infertility. 

• Three subtypes ; peritoneal 
endometriosis, deep endometriosis 
and endometrioma.

Saunders, Philippa T K, and Andrew W Horne. 
“Endometriosis: Etiology, pathobiology, and 
therapeutic prospects.” Cell vol. 184,11 (2021): 
2807-2824. doi:10.1016/j.cell.2021.04.041
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If you have been diagnosed, approximately how many times 
did you visit the Doctors in hospital with your symptoms 
of endometriosis, before you received a diagnosis for 
endometriosis?

If you ever went to A&E with your symptoms before 
receiving a diagnosis, please tell us how many times
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Didn’t go to A&E before diagnosis
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A Delayed Diagnosis….

7 Years 
is the average  

40% >5-10 
Consultations



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 382;13 nejm.org March 26, 20201244

Review Article

From the Endometriosis Care and Re-
search (CaRe) Centre, Nuffield Depart-
ment of Women’s and Reproductive 
Health (K.T.Z., C.M.B.), and Wellcome 
Centre for Human Genetics (K.T.Z.), Uni-
versity of Oxford, John Radcliffe Hospi-
tal, Oxford, United Kingdom; the Divi-
sion of Adolescent and Young Adult 
Medicine, Department of Medicine, Bos-
ton Children’s Hospital and Harvard 
Medical School, Boston Center for Endo-
metriosis, Boston Children’s Hospital 
and Brigham and Women’s Hospital, and 
the Department of Epidemiology, Har-
vard T.H. Chan School of Public Health 
— all in Boston (S.A.M.); and the Depart-
ment of Obstetrics, Gynecology, and Re-
productive Biology, College of Human 
Medicine, Michigan State University, 
Grand Rapids (S.A.M.). Address reprint 
requests to Dr. Zondervan at the Nuffield 
Department of Women’s and Reproduc-
tive Health, University of Oxford Wom-
en’s Centre, Level 3, John Radcliffe Hos-
pital, Oxford OX3 9DU, United Kingdom, 
or at  krina . zondervan@  whr . ox . ac . uk.

N Engl J Med 2020;382:1244-56.
DOI: 10.1056/NEJMra1810764
Copyright © 2020 Massachusetts Medical Society.

Endometriosis is defined as the presence of endometrium-like 
tissue outside the uterus.1 However, this definition does not encompass the 
complex symptomatic, pathobiologic, and multisystemic nature of the dis-

order (Fig. 1).2 Endometriosis is primarily diagnosed through surgical visualiza-
tion — ideally, laparoscopy. Treatment consists of surgical removal of lesions and 
hormonal medication, often with side effects and variable efficacy. The 2008 U.S. 
health care costs for endometriosis were approximately $4,000 per affected woman, 
which is similar to the costs for other chronic conditions such as type 2 diabetes, 
Crohn’s disease, and rheumatoid arthritis.3 The costs of care to manage symp-
toms, including chronic pelvic pain, dysmenorrhea, deep dyspareunia, dysuria, 
dyschezia, fatigue, and infertility, are much greater, since these symptoms affect 
physical, mental, sexual, and social well-being, as well as productivity.4-6

Despite the substantial effect that endometriosis has on women, their families, 
and the economy, public and professional awareness of the disorder remains 
poor.3,7 Here, we discuss the epidemiology, pathophysiology, and pathogenesis of 
endometriosis, as well as diagnosis and treatment, with an emphasis on how 
understanding the genetic origins of the disease can inform development of better 
diagnostic and treatment options.

Epidemiol o gy

Prevalence
Endometriosis is estimated to affect 10% of reproductive-age women,8 which 
extrapolates to approximately 190 million women worldwide, given the World 
Bank’s population estimates for 2017.9 The true prevalence of endometriosis is 
uncertain, however, because definitive diagnosis requires surgical visualization. 
Estimates vary widely among population samples and diagnostic approaches.10 The 
prevalence ranges from 2 to 11% among asymptomatic women, 5 to 50% among 
infertile women, and 5 to 21% among women hospitalized for pelvic pain.8 Among 
symptomatic adolescents, the prevalence of endometriosis ranges from 49% for 
those with chronic pelvic pain to 75% for those with pain that is unresponsive to 
medical treatment.8

Knowledge of population distributions, disease manifestations, and risk factors 
is limited to data for women in whom endometriosis is successfully diagnosed. 
The number and characteristics of undiagnosed cases are unknown. Once we have 
more definitive epidemiologic and clinical data (perhaps through the use of future, 
noninvasive diagnostics), we may learn that everything we currently believe about 
endometriosis, which is biased toward factors associated with access to care, may 
represent only a portion of the story.8
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atology can also be attributed to other condi-
tions,66 and symptom-based algorithms are 
inadequately predictive.67 Women often undergo 
clinical examinations or imaging with low sen-
sitivity for peritoneal endometriosis.10 Surgery is 
appropriate only when symptoms reach a level of 
severity to justify the risk. However, the thresh-
old for surgical referral varies not only according 
to the practitioner’s awareness of endometriosis 
and associated pelvic pain but also with econom-
ic and geographic access to care. Specialists in 
endometriosis are in short supply, and women in 
large regions of the world, including the United 
States, live long distances from the nearest ap-
propriately skilled practitioner. The long interval 
between symptom onset and diagnosis results in 
prolonged pain, decreased quality of life, psycho-
logical stress, and impaired fecundity.5 The 
complex diagnostic challenge of endometriosis 
— a tetrad (Fig. 5) of nonspecific symptoms, 
lack of sensitive and specific biomarkers, and 
lack of awareness on the part of both the public 
(with symptoms discounted) and practitioners 

(with symptoms dismissed or inadequately inves-
tigated) — drives the delay in diagnosis.5,10

 Tr e atmen t

In choosing treatment for endometriosis, it is 
crucial to consider the patient’s predominant 
symptoms and preferences, side-effect profile, 
and age, as well as the extent and location of 
disease, previous treatment, and costs. Manage-
ment of endometriosis (particularly disease in-
volving the bowel, bladder, ureters, or extrapel-
vic structures and cases with overlapping pain 
conditions) requires multidisciplinary expertise.14,16

Approximately 50% of women with endometriosis 
have recurrent symptoms over a period of 5 years, 
irrespective of the treatment approach.68

 Medical Treatment
Current hormonal treatment for endometriosis-
associated pain focuses on systemic or local es-
trogen suppression, inhibition of tissue prolif-
eration and inflammation, or both (Table S3). 
The oral contraceptive pill, both combined or 
progestin only, is widely used as the first-line 
treatment for dysmenorrhea or chronic pelvic 
pain with or without presumed endometriosis, 
particularly in primary care.10 Daily or depot 
progestins have been effective in some women.69

Gonadotropin-releasing hormone (GnRH) ag-
onists are second-line treatments that substan-
tially suppress systemic estrogen levels. Meno-
pause-like side effects, including bone loss, can 
be decreased by adding low-dose estrogen- 
replacement therapy.63 Elagolix, the first GnRH 
antagonist for the treatment of endometriosis-
associated pelvic pain, is now available in North 
America.70 Oral administration of elagolix may 
allow for individualized dose adjustment, and 
early data indicate a dose-dependent effect on 
bone mineral density that is similar to the effect 
of other GnRH agonists (e.g., leuprolide, nafarelin, 
and goserelin).70 Other oral GnRH antagonists 
(linzagolix and relugolix) are currently being 
evaluated in phase 3 clinical trials.

Localized aromatase production and resulting 
estradiol formation by endometriotic lesions34

have prompted the successful off-label use of 
aromatase inhibitors for women with symptoms 
that are resistant to hormone therapy.71 How-
ever, long-term use is restricted because of bone-
density loss, vasomotor regulatory side effects 

Figure 5. The Diagnostic Challenge in Endometriosis.

The diagnostic challenge in endometriosis is multi-
faceted. Symptoms such as dysmenorrhea, dyspareunia, 
dyschezia, and infertility can be attributed to many 
conditions. In addition, these symptoms are often not 
discussed openly because of the fear of stigmatization. 
Furthermore, awareness of the disease is poor on the 
part of the general public, employers, and persons in 
health care professions. Finally, no clinically relevant 
biomarkers are available. As a result of all these factors, 
the average delay between the onset of symptoms and 
diagnosis is 7 years.
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note that dysmenorrhea and CPP are also prominent con-
ditions in women8,9 that may also impact women’s overall 
well-being and life course independent of 
endometriosis.10–12

The relative effect of endometriosis-related life events, 
such as those presented in Figure 2, will be modified by 
life stage. In semi-structured focus group discussions 
involving 35 women with a confirmed diagnosis of endo-
metriosis who ranged in age from 17 to 53 years (mean, 31 
years), participants ranked marital/sexual relationships, 
social life, physical effects, and psychological effects 
among the most important impacts of endometriosis.34 

Secondary rankings of importance were modified by life 
stage. For adolescents, education was top of mind, 
whereas young adults were concerned with life opportu-
nities and employment, and women aged 35 years and 
older more often cited the financial impact of endometrio-
sis. As our understanding of developmental factors that 
influence women’s response to endometriosis grows, we 

Figure 1 Connections between endometriosis-associated impairments and life 
impacts.

Figure 2 Theoretical effects of endometriosis on life-course trajectory. Life exposures and their influences on a patient’s attainments in life, education, family, career, etc. 
A comparison of untreated or persistently symptomatic endometriosis vs no endometriosis.
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Questionnaires for Endometriosis screening
REVIEW

Patient-completed or symptom-based screening tools
for endometriosis: a scoping review
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Abstract
Purpose The objective of this review was to evaluate

existing patient-completed screening questionnaires and/or

symptom-based predictive models with respect to their
potential for use as screening tools for endometriosis in

adult women. Validated instruments were of particular

interest.
Methods We conducted structured searches of PubMed

and targeted searches of the gray literature to identify

studies reporting on screening instruments used in
endometriosis. Studies were screened according to inclu-

sion and exclusion criteria that followed the PICOS (pop-

ulation, intervention, comparison, outcomes, study design)
framework.

Results A total of 16 studies were identified, of which 10

described measures for endometriosis in general, 2
described measures for endometriosis at specific sites, and

4 described measures for deep-infiltrating endometriosis.

Only 1 study evaluated a questionnaire that was solely
patient-completed. Most measures required physician,

imaging, or laboratory assessments in addition to patient-
completed questionnaires, and several measures relied on

complex scoring. Validation for use as a screening tool in

adult women with potential endometriosis was lacking in

all studies, as most studies focused on diagnosis versus
screening.

Conclusions This literature review did not identify any

fully validated, symptom-based, patient-reported ques-
tionnaires for endometriosis screening in adult women.

Keywords Endometriosis ! Patient-reported ! Screener !
Self-administered ! Symptoms

Introduction

Endometriosis is a painful, inflammatory condition char-

acterized by the development of endometrial-like tissue
outside the uterus [1]. Endometriotic lesions may occur at

various anatomic sites, including the pelvic peritoneum and

the ovary [2]. Deep-infiltrating endometriosis occurs in the
pelvic structures below the surface of the peritoneum. More

rarely, endometriosis lesions of the bladder, ureter, or

extrapelvic sites may also occur [2].
An estimated 10% of women of reproductive age are

affected by endometriosis [3]. Endometriosis causes con-

siderable clinical, economic, and humanistic burden.
Clinical symptoms include chronic pelvic pain, dysmen-

orrhea, and infertility [3], and endometriosis may increase
a woman’s risk of cancer or autoimmune disorders [4, 5].

Numerous studies have demonstrated the considerable

economic burden associated with endometriosis [6–8].
Hospitalizations, especially those related to surgical inter-

vention, are a primary direct cost driver for endometriosis

[6, 7, 9, 10]. Moreover, endometriosis has a significant
social and psychological impact on the lives of women

across several domains, including quality of life, intimate

relationships, fertility, education and work, and emotional
well-being [11, 12].
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Endometriosis Diagnostics

A new validated screening method for endometriosis
diagnosis based on patient questionnaires
Charles Chapron,a,b,c,1* Marie-Christine Lafay-Pillet,b,1 Pietro Santulli,a,b,c Mathilde Bourdon,a,b Chlo!e Maignien,b

Antoine Gaudet-Chardonnet,b Lorraine Maitrot-Mantelet,b Bruno Borghese,a,b,c and Louis Marcellin,a,b,c

aUniversit!e de Paris, Facult!e de Sant!e, Facult!e de M!edicine Paris Centre, Paris, France
bAssistance Publique − Hôpitaux de Paris (AP-HP), Hôpital Universitaire Paris Centre (HUPC), Centre Hospitalier Universitaire
(CHU) Cochin, Department of Gynecology Obstetrics II and Reproductive Medicine (Professor Chapron), Paris, France
cDepartment “Development, Reproduction and Cancer”, Institut Cochin, INSERM U1016, Paris, France

Summary
Background The time between symptoms onset and endometriosis diagnosis is usually long. The negative impacts
of delayed endometriosis diagnosis can affect patients and health outcomes.

MethodsWe conducted a case-control study using clinical symptoms and epidemiological data extracted from a pro-
spective pre-operative patient questionnaire compared between patients with histologically proven endometriosis
and patients with no endometriosis at surgical exploration from 2005 to 2018, in a French referral center. We used
the beta coefficients of the significant variables introduced in a multiple regression model to devise a score (score 1),
evaluated by the area under the curve (or C-index), with three levels, defined by a score between 1 and ≥ 25: (i) highly
specific, identifying correctly the patients without the disease; (ii) highly sensitive, identifying the patients with the
disease; and (iii) a level maximizing sensitivity and specificity for the best classification of the whole population. To
minimize patient self-evaluation of pain, we devised a second score (score 2) with the same method and levels and
scores definition, excluding visual analog scale pain scores, except for dysmenorrhea. These scores were validated on
an internal and external population.

Findings Score 1 had a C-index of 0.81 (95% CI [0.79−0.83]). Results for the three score 1 levels were: ≥ 25: specific-
ity of 91% (95% CI [89−93]); < 11: sensitivity of 91% (95% CI [89−93]); ≥ 18: specificity of 75% (95% CI [72−78])
and sensitivity of 73% (95% CI [70−76]). Score 2 had a C-index of 0.75 (95% CI [73−77]). The three levels of score 2
were: ≥ 24: specificity of 82% (95% CI [80−85]); < 7: sensitivity of 92% (95% CI [90−94]); ≥ 17: specificity of 62%
(95% CI [58−65]) and sensitivity of 78% (95% CI [75−81]). The two scores were internally and externally validated.

Interpretation A score based only on a patient questionnaire could allow identification of a population at high risk of
endometriosis. This strategy might help referral to specialized radiologists for a non-surgical endometriosis scan.

Funding None.

Copyright ! 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Keywords: Endometriosis; Clinical diagnosis; Questionnaire; Lmaging work-up; New paradigm; Clinical score; Mul-
tivariate regression analysis; External validation

Introduction
Endometriosis, defined as the presence of endometrial-
like tissue outside the uterine cavity, is responsible for
pain and infertility, and it hence has a major impact on
quality of life.1 Endometriosis is a heterogeneous,
chronic disease with a systemic impact,2 with three

clinical phenotypes: superficial peritoneal endometri-
osis (SPE), ovarian endometrioma (OMA), and deep
infiltrating endometriosis (DIE).

Throughout the world, and irrespective of the health
care system,3 the delay between the onset of symptoms
and endometriosis diagnosis is between 6 and 10

*Corresponding author at: Department of Gynecology Obstetrics II and Reproductive Medicine, CHU Cochin, Bâtiment Port
Royal, 123 boulevard Port Royal, 75014 Paris, France.
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Early identification of women with
endometriosis by means of a simple
patient-completed questionnaire
screening tool: a diagnostic study
Arnaud Fauconnier, M.D., Ph.D.,a Hocine Drioueche, M.Sc.,b Cyrille Huchon, M.D., Ph.D.,a

Joseph Du Cheyron, B.Sc.,b Emilie Indersie, Ph.D.,c Yasmine Candau, M.B.A.,c Pierre Panel, M.D.,d

and Xavier Fritel, M.D., Ph.D.e

a Universit!e Paris-Saclay, UVSQ, Unit!e de recherche 7285 « Risques cliniques et s!ecurit!e en sant!e des femmes et en sant!e
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Objectives: To assess the value of a self-completed questionnaire based on patients’ verbal descriptors of pelvic painful symptoms to
identify women with endometriosis.
Design: Prospective 1:2 nonmatched case-control study.
Setting: Three French endometriosis referral centers.
Patient(s): Endometriosis cases were women aged 18–45 years with endometriosis confirmed by histology. Controls were as follows:
asymptomatic women attending a gynecologic consultation for routine examination; women without evidence of endometriosis
consulting for pain/infertility; and population-based controls from the same urban locations.
Intervention(s): All women completed the 21-item yes/no questionnaire about painful symptoms.
Main Outcome Measure(s): The area under the receiver operating characteristic curve of the full question set model based on binary
logistic regression and the diagnostic accuracy of low- and high-risk classification rules based on selected threshold of the prediction
model.
Result(s): We included 105 cases and 197 controls (45 asymptomatic consultation-based controls, 66 women without endometriosis
consulting for pain/infertility, and 86 population-based controls). The full question set prediction model, including age, had an area
under the receiver operating characteristic curve of 0.92 (95% confidence interval, 0.87–0.95) after internal validation. The high-
risk classification rule had a specificity of 98.0% and a positive likelihood ratio of 30.5. The low-risk classification rule had a
sensitivity of 98.1% and a negative likelihood ratio of 0.03. For a hypothesized pretest prevalence of 10%, the high- and low-risk
prediction rules ascertained endometriosis with posttest probability rates of 77.2% and 0.3%, respectively.
Conclusion(s): A self-completed patient-centered questionnaire can identify women at low or high risk of endometriosis with a high
diagnostic accuracy and, thus, may help early identification of women with endometriosis. (Fertil Steril! 2021;116:1580-89."2021 by
American Society for Reproductive Medicine.)
El resumen está disponible en Español al final del artículo.

Key Words: Endometriosis, pelvic pain, questionnaires, diagnostic accuracy, screening

DIALOG: You can discuss this article with its authors and other readers at https://www.fertstertdialog.com/posts/32862
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No fully validated questionnaire for 
endometriosis screening 

Not reliable enough
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Abstract
Purpose The objective of this review was to evaluate

existing patient-completed screening questionnaires and/or

symptom-based predictive models with respect to their
potential for use as screening tools for endometriosis in

adult women. Validated instruments were of particular

interest.
Methods We conducted structured searches of PubMed

and targeted searches of the gray literature to identify

studies reporting on screening instruments used in
endometriosis. Studies were screened according to inclu-

sion and exclusion criteria that followed the PICOS (pop-

ulation, intervention, comparison, outcomes, study design)
framework.

Results A total of 16 studies were identified, of which 10

described measures for endometriosis in general, 2
described measures for endometriosis at specific sites, and

4 described measures for deep-infiltrating endometriosis.

Only 1 study evaluated a questionnaire that was solely
patient-completed. Most measures required physician,

imaging, or laboratory assessments in addition to patient-
completed questionnaires, and several measures relied on

complex scoring. Validation for use as a screening tool in

adult women with potential endometriosis was lacking in

all studies, as most studies focused on diagnosis versus
screening.

Conclusions This literature review did not identify any

fully validated, symptom-based, patient-reported ques-
tionnaires for endometriosis screening in adult women.

Keywords Endometriosis ! Patient-reported ! Screener !
Self-administered ! Symptoms

Introduction

Endometriosis is a painful, inflammatory condition char-

acterized by the development of endometrial-like tissue
outside the uterus [1]. Endometriotic lesions may occur at

various anatomic sites, including the pelvic peritoneum and

the ovary [2]. Deep-infiltrating endometriosis occurs in the
pelvic structures below the surface of the peritoneum. More

rarely, endometriosis lesions of the bladder, ureter, or

extrapelvic sites may also occur [2].
An estimated 10% of women of reproductive age are

affected by endometriosis [3]. Endometriosis causes con-

siderable clinical, economic, and humanistic burden.
Clinical symptoms include chronic pelvic pain, dysmen-

orrhea, and infertility [3], and endometriosis may increase
a woman’s risk of cancer or autoimmune disorders [4, 5].

Numerous studies have demonstrated the considerable

economic burden associated with endometriosis [6–8].
Hospitalizations, especially those related to surgical inter-

vention, are a primary direct cost driver for endometriosis

[6, 7, 9, 10]. Moreover, endometriosis has a significant
social and psychological impact on the lives of women

across several domains, including quality of life, intimate

relationships, fertility, education and work, and emotional
well-being [11, 12].
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Dysmenorrhoea
Deep dyspareunia
Dysuria
Dyschezia
Painful Rectal bleeding
Haematuria

DIAGNOSIS OF ENDOMETRIOSIS

SIGNS AND SYMPTOMS 
Consider Endometriosis when the woman reports one or more of these symptoms

Clinical (vaginal) 
ĞǆĂŵŝŶĂƟŽŶ�+ IMAGING

(US or MRI)

�ŝŽŵĂƌŬĞƌ�ƚĞƐƟŶŐ�
not recommended

Further imaging 
(urinary tract, 
ĚŝŐĞƐƟǀĞ�ƚƌĂĐƚ), 
based on signs 
and symptoms

DIAGNOSTIC 
LAPAROSCOPY

PROCEED TO TREATMENT OF ENDOMETRIOSIS

Explore a diagnosis of endometriosis

^ŚŽƵůĚĞƌ�ƟƉ�ƉĂŝŶ
Catemenial pneumothorax
Cyclical cough/haemoptysis /chest pain
Cyclical scar swelling and pain
&ĂƟŐƵĞ�
IŶĨĞƌƟůŝƚǇ

!!
NEGATIVE IMAGING 

RESULT DOES NOT RULE 
OUT ENDOMETRIOSIS

&ƵƌƚŚĞƌ�ĚŝĂŐŶŽƐƟĐ�ƐƚĞƉƐ�

A symptom diary 
or app can be 

helpful in
the history taking 

process

1 EMPIRICAL TREATMENT = Combined hormonal ĐŽŶƚƌĂĐĞƉƟǀĞƐ�Žƌ�WƌŽŐĞƐƚŽŐĞŶƐ�
2 �Ğ�ĂǁĂƌĞ�ƚŚĂƚ�ŶĞŐĂƟǀĞ�ŚŝƐƚŽůŽŐǇ�ĚŽĞƐ�ŶŽƚ�ƌƵůĞ�ŽƵƚ�endometriosis

�ŝīĞƌĞŶƟĂů�
diagnosis

Signs of 
endometriosis

Undetermined 
ovarian mass

• Combine with 
surgical treatment
• �ŽŶĮƌŵ�ǁŝƚŚ�

histology2

Empirical medical 
treatment1

Follow-up 
appropriately

/ŶǀĞƐƟŐĂƚĞ�ĂŶĚ�
follow-up according 

to local protocols

If unsuccessful or 
inappropriate

Explore the 
presence and 
extent of DE 

and 
endometrioma

Explore 
peritoneal 

endometriosis

ESHRE Endometriosis Guideline Development Group
2022

w
w

w
.e

sh
re

.e
u/

gu
id

el
in

es
Eu

ro
pe

an
 S

oc
ie

ty
 o

f H
um

an
 

R
ep

ro
du

ct
io

n 
an

d 
Em

br
yo

lo
gy

Fo
llo

w
 u

s!

Guideline of European Society of Human
Reproduction and Embryology

Endometriosis

Diagnostic Algorythms in 2023



2022 ESHRE recommendations: 
Diagnosis of endometriosis

 

Guideline Endometriosis - 2022 27 

status nor hormonal medication appeared to influence the outcome significantly, although the number 
of included participants in these subgroup analyses was very small. Overall, confirmation in larger, 
independent studies is required before routine clinical use can be advised. In another study set using 
sequencing, model building and then testing of the model identified miRNAs failed the test of validation 
(Vanhie, et al., 2019).  

Recommendation (4)  

Clinicians should not use measurement of biomarkers in endometrial tissue, blood, 
menstrual or uterine fluids to diagnose endometriosis. ⊕⊕⊕{ 

Justification 
Overall, no biological markers currently exist that reliably can rule in and rule out endometriosis.  

From the literature, CA-125 can be considered as a screening marker for symptomatic patients, it is also 
inexpensive and widely available. It may convince primary care physicians that endometriosis is a 
possible reason for the symptoms prompting further investigation. 

However, a negative result does not rule out the disease which bears the risk that patients who have a 
negative CA-125 are dismissed. Furthermore, it is considered that even a positive test is not clinically 
relevant, and may cause anxiety in the patient, and possible overtreatment. As such, CA-125 testing is 
not considered relevant in the diagnosis of endometriosis. 

Research recommendation (R2) 
The GDG recommends large, multi-centre prospective studies with independent validation sample sets 
to investigate the potential benefit of biomarkers in the detection and prognosis of endometriosis. 

Further information 
Details of the literature study and evidence tables are available in Annex 7 and Annex 8 (question I.4) 

I.2.b.2 Imaging techniques in the diagnosis of endometriosis 
Imaging techniques commonly applied in benign gynaecology include (where appropriate) transvaginal 
ultrasound scan (US) and magnetic resonance imaging (MRI). Whilst most ultrasound scans are part of 
routine initial investigations in primary care, more advanced ultrasound scan and MRIs are usually only 
available through secondary and tertiary care routes. 

As part of a set of Cochrane reviews on diagnostic tools for endometriosis, existing evidence of various 
imaging modalities for the non-invasive diagnosis of endometriosis was published in 2016 (Nisenblat, 
et al., 2016b). The diagnostic accuracy of superficial, ovarian, and deep endometriosis was compared 
with surgical diagnosis as a reference standard. Altogether, results from 49 studies involving 4807 
women were included. 

Pelvic (superficial) endometriosis: 
For overall pelvic endometriosis, none of the imaging modalities showed superior sensitivity and 
specificity to laparoscopy (Wykes, et al., 2004). Reported findings were heterogeneous with wide 
confidence intervals. However, transvaginal ultrasound scan showed good specificity (95%; 95%CI 89 
to 100%), but poor sensitivity (65%; 95%CI 27% to 100%). MRI showed both poor specificity and 
sensitivity (72% and 79%, respectively) as well as strong heterogeneity between studies. Two small 
studies, included in the review, using 3.0 tesla MRI reported specificity of 100% and sensitivity between 
81-95% (Manganaro, et al., 2012, Thomeer, et al., 2014). However, because of the small size of the 
studies and large confidence intervals interpretation of the data was cautioned. Studies using other 
imaging techniques such as PET-CT did not meet inclusion criteria (Nisenblat, et al., 2016b). 
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Recommendations (5-7) 

Clinicians are recommended to use imaging (US or MRI) in the diagnostic work-up for 
endometriosis, but they need to be aware that a negative finding does not exclude 
endometriosis, particularly superficial peritoneal disease. 

��{{ 

 

In patients with negative imaging results or where empirical treatment was unsuccessful 
or inappropriate, the GDG recommends that clinicians consider offering laparoscopy for 
the diagnosis and treatment of suspected endometriosis. 

GPP 

 

The GDG recommends that laparoscopic identification of endometriotic lesions is 
confirmed by histology although negative histology does not entirely rule out the 
disease. 

GPP 

Justification 
Taking the factors discussed by Wykes et al. and available data into account, it is likely that particularly 
dedicated transvaginal ultrasound in experienced hands but also MRI can replace surgery are the gold 
standard for the diagnosis of ovarian endometriosis cysts and deep endometriosis in the pelvis. 
However, the non-invasive diagnosis of superficial disease remains a significant challenge and can 
currently not accurately diagnosed or ruled out by the available imaging modalities. The GDG 
formulated a strong recommendation for using imaging in the diagnostic work-up with a sidenote on 
false-negative results. Two further good practice points were formulated to support clinical practice.  

Research recommendation (R3) 
The GDG recommends research into the development of comprehensive and inclusive consensus 
criteria for the diagnosis of endometriosis, as an alternative or adjunct to diagnosis via 
laparoscopy/histology. 

Further information 
Details of the literature study and evidence tables are available in Annex 7 and Annex 8 (question I.4) 

I.2.c Diagnostic laparoscopy or empirical treatment 

PICO QUESTION: DOES DIAGNOSTIC LAPAROSCOPY COMPARED TO EMPIRICAL MEDICAL 

TREATMENT RESULT IN BETTER SYMPTOM MANAGEMENT IN WOMEN SUSPECTED OF 

ENDOMETRIOSIS? 
 

As established above, there exist copious diagnostic challenges for endometriosis in general, in 
particular for superficial pelvic disease due a variety of factors including the lack of clinically relevant 
biomarkers, lack of specific symptoms and the inability of current imaging techniques to reliably identify 
or rule out small lesions (Zondervan, et al., 2020). 

There exists the widespread concept that laparoscopy is the accepted standard to diagnose abdominal 
endometriosis which was formulated in the first edition of this guideline (Kennedy, et al., 2005). 
However, laparoscopic surgery, albeit its widespread use, is expensive, invasive, and associated with 
morbidity and mortality. On the other hand, direct, photographic, and histological proof of lesions could 
potentially be an important psychological factor for women who have been suffering from the 
symptoms of an otherwise invisible disease creating a platform of acceptance for themselves and their 
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Endometriosis test

Medical questionnaire
Ultrasound

imaging MRI imaging Blood test Surgery and pathology Saliva Test

General value ++ ++ +++ - ++++ +++++
Performance value 
- Sensitivity
- Specificity

76-98%
20-58%

65-79%
91-95%

79%
72%

63%
69%

90-94%
40-79%

97.6%
100%

Reliability Very Low specificity

+

Low accuracy for early 
stage lesion

++

Low accuracy for early 
stage lesion

++

- Yes

++++

Yes

++++

Reproducibility  + + +++ - +++ +++++
Be simple, safe ++++ ++ +++ +++ + +++++
Acceptability ++++ +++ ++ ++ + +++++

Detect disease early in 
its natural history

+ ++ + - ++++ +++++

Limits - Common 
symptoms of 
endometriosis 
have a wide 
differential 
diagnosis

- Symptoms are not 
predictive of 
disease extent 

- Limited ability to 
detect SE

- The detection of 
DE requires highly 
trained 
sonographers/son
ologists

- The outcome is 
operator 
dependent 

- Examination may 
be considered 
invasive and 
painful 

- Static 
assessment

- Limited ability to 
detect SE

- Variable imaging 
protocols 
reported in the 
literature 

- Less accurate in 
defining bowel 
depth of 
invasion

- No consensus on 
how to describe 
findings 

- High cost 
compared to 
ultrasound 

- Dependent on 
laboratory 
techniques 
and quality 
control 
protocols

- Some 
biomarkers 
vary with 
hormonal and 
menstrual 
fluctuations

- Some 
biomarkers are 
not specific to 
endometriosis 

-

- Invasive, people 
exposed to 
surgical risk

- Diagnostic 
accuracy is 
dependent on 
surgical 
experience

- Visual diagnosis 
challenged by 
heterogenous 
lesion 
appearance, 
inaccessible 
lesions

Endometriosis Diagnostic Tests



miRNA – NGS and AI



Biosynthesis of miRNAs
Detection in biofluids 

Figure 1. 
Biogenesis, mechanism of action and extracellular secretion of microRNA (miRNA). Pri-
miRNA are transcribed by polymerase II (POL II) in the nucleus and processed by Drosha 
into pre-miRNA. An alternative non-canonical pathway is generated by certain debranched 
introns, called ‘mirtrons’, which undergo splicing and mimic the structural features of pre-
miRNA, entering the miRNA-processing pathway without Drosha-mediated cleavage. 
Exportin transports pre-miRNA molecules to the cytoplasm, where DICER generates 
miRNA–miRNA* duplexes. These are converted into single-strand mature miRNA and 
incorporated into the RNA-induced silencing complex (RISC), which sequence-specifically 
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Genome

Transcriptome
nc RNA
> 80%

RNA 
coding
< 3% mRNA and protein

Long nc RNA

< 200 nucléotides

mi RNA
Pi RNA
Sn RNA

Sno RNA

lincARN
pARN

Circ RNA
gsARN

DNA

> 200 nucléotides

Small ncRNA



Regulation of Gene Expression by miRNA

Guo, Sun-Wei. “Epigenetics of endometriosis.” Molecular 
human reproduction vol. 15,10 (2009): 587-607. 
doi:10.1093/molehr/gap064
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Individual analysis of 6 mi-RNA
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RNome
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to be markers for malignant disease progression (Li et al., 2010;
Okada et al., 2010; Dinulescu, 2012; Viganò et al., 2012; Suryawanshi
et al., 2013; Králíčková and Vetvicka, 2014; Yan et al., 2014; Zhao
et al., 2014a,b). Suryawanshi et al. (2013) compared plasma miRNA
levels from women with endometriosis to those with EAOC as well
as healthy controls (Suryawanshi et al., 2013). Ten miRNAs were dif-
ferentially expressed between the three groups, all being higher in
patients with endometriosis.

Pathophysiological pathways impacted by
differentially expressed miRNAs
The miRNAs identified as dysregulated in endometriosis appear to
target mRNAs involved in a range of cellular and biological pathways,
several of which are logically implicated in endometriotic lesion devel-
opment (Fig. 2).

Hypoxic injury
Hypoxia characterizes the early phases of ectopic endometrial tissue
survival and hypoxia induced factor 1-α (HIF-1α) gene expression is
upregulated in endometriotic tissues (Chen et al., 2015) and in early
stage endometriosis-like lesions from mouse models. In endometrio-
tic lesions, high levels of miR-20a prolong HIF-1α activation of
extracellular-signal-regulated kinase (ERK) (Lin et al., 2012), inducing
a signalling cascade which increases fibroblast growth factor (FGF)-9
expression. FGF-9 stimulates endothelial and endometrial stromal cell
proliferation and angiogenesis, potentially contributing to ectopic
lesion development (Tsai et al., 2002). Elevated miR-20a expression
suppresses antiangiogenic Netrin-4 gene expression (Zhao et al.,
2014a,b), potentially enhancing angiogenesis in ectopic endometrial
lesions. Hypoxic conditions in endometriotic lesions also induce miR-148a

and AU-rich element binding factor 1 (AUF1) expression in vitro (Hsiao
et al., 2015), leading to destabilized DNA methyltransferase 1 mRNA
expression. This could account for the aberrant epigenetic methylation
patterns seen in endometriosis patients.

Inflammation
Aberrant immune surveillance is thought to reduce the clearance of
endometrial issue within the peritoneal cavity permitting attachment,
progression and subsequent disease persistence (Herington et al.,
2011; Králíčková and Vetvicka, 2015). The inflammatory mediators
interleukin-1β (IL-1B) (Milewski et al., 2008), TNF (Keenan et al.,
1995; Gmyrek et al., 2008) and cyclooxygenase (COX)-2 (Wu et al.,
2002) are elevated in peritoneal fluid and ectopic lesions from women
with endometriosis and their inhibition suppresses endometriotic-like
lesion development in animal models (Dogan et al., 2004; Kyama
et al., 2008). Interestingly, there are studies that suggest that these
inflammatory mediators can be targeted by miRNAs in endometrial
tissue, which might then contribute to development of endometriosis.
For example, Toloubeydokhti et al. (2008) discovered that miR-542-3p
interacts with and downregulates COX-2 in ectopic endometrial tis-
sues (Toloubeydokhti et al., 2008). Furthermore, IL-1B, COX-2 and
TNF are indirectly targeted by miR-302a in endometrial stromal cells
(ESCs), where miR-302a suppression of chicken ovalbumin upstream
promoter-transcription factor II results in induction of these inflamma-
tory mediators (Lin et al., 2014).

Steroidogenesis
Aberrant estrogen and progesterone biosynthesis, metabolism and
sensitivity appear to contribute to the development of endometriosis
(Bulun et al., 2012). For example, aromatase activity is upregulated in
endometriotic lesions as part of a feed forward loop involving COX-2,

Figure 2 MicroRNAs implicated in the development of endometriosis. Experimental validation of microRNAs in endometriosis have shown that
multiple biological process are regulated by miRNAs and may have significant impacts on lesion development.
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BACKGROUND: Endometriosis is a benign gynaecological disorder, which affects 10% of reproductive-aged women and is characterized
by endometrial cells from the lining of the uterus being found outside the uterine cavity. However, the pathophysiological mechanisms
causing the development of this heterogeneous disease remain enigmatic, and a lack of effective biomarkers necessitates surgical interven-
tion for diagnosis. There is international recognition that accurate non-invasive diagnostic tests and more effective therapies are urgently
needed. Non-coding RNA (ncRNA) molecules, which are important regulators of cellular function, have been implicated in many chronic
conditions. In endometriosis, transcriptome profiling of tissue samples and functional in vivo and in vitro studies demonstrate that ncRNAs
are key contributors to the disease process.

OBJECTIVE AND RATIONALE: In this review, we outline the biogenesis of various ncRNAs relevant to endometriosis and then sum-
marize the evidence indicating their roles in regulatory pathways that govern disease establishment and progression.

SEARCH METHODS: Articles from 2000 to 2016 were selected for relevance, validity and quality, from results obtained in PubMed,
MEDLINE and Google Scholar using the following search terms: ncRNA and reproduction; ncRNA and endometriosis; miRNA and endo-
metriosis; lncRNA and endometriosis; siRNA and endometriosis; endometriosis; endometrial; cervical; ovary; uterus; reproductive tract.
All articles were independently screened for eligibility by the authors.

OUTCOMES: This review integrates extensive information from all relevant published studies focusing on microRNAs, long ncRNAs and
short inhibitory RNAs in endometriosis. We outline the biological function and synthesis of microRNAs, long ncRNAs and short inhibitory
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Accurate diagnosis of endometriosis using serum
microRNAs
Sarah Moustafa, MD; Martina Burn, MD1; Ramanaiah Mamillapalli, PhD1; Sepide Nematian, MD; Valerie Flores, MD;
Hugh S. Taylor, MD

BACKGROUND: Endometriosis, a chronic disease that afflicts millions
of women worldwide, has traditionally been diagnosed by laparoscopic
surgery. This diagnostic barrier delays identification and treatment by
years, resulting in prolonged pain and disease progression. Development
of a noninvasive diagnostic test could significantly improve timely disease
detection. We tested the feasibility of serum microRNAs as diagnostic
biomarkers of endometriosis in women with gynecologic disease
symptoms.
OBJECTIVE: The objective of the study was to validate the use of a
microRNA panel as a noninvasive diagnostic method for detecting
endometriosis.
STUDYDESIGN: This was a prospective study evaluating subjects with
a clinical indication for gynecological surgery in an academic medical
center. Serum samples were collected prior to surgery from 100 subjects.
Women were selected based on the presence of symptoms, and lapa-
roscopy was performed to determine the presence or absence of endo-
metriosis. The control group was categorized based on absence of visual
disease at the time of surgery. Circulating miRNAs, miR-125b-5p, miR-
150-5p, miR-342-3p, miR-451a, miR-3613-5p, and let-7b, were
measured in serum by quantitative real-time polymerase chain reaction in
a blinded fashion without knowledge of disease status. Receiver-operating
characteristic analysis was performed on individual microRNAs as well as
combinations of microRNAs. An algorithm combining the expression
values of these microRNAs, built using machine learning with a random
forest classifier, was generated to predict the presence or absence of
endometriosis on operative findings. This algorithm was then tested in an
independent data set of 48 previously identified subjects not included in
the training set (24 endometriosis and 24 controls) to validate its diag-
nostic performance.
RESULTS: The mean age of women in the study population was 34.1
and 36.9 years for the endometriosis and control groups, respectively.

Control group subjects displayed varying pathologies, with leiomyoma
occurring the most often (n ¼ 39). Subjects with endometriosis had
significantly higher expression levels of 4 serum microRNAs: miR-
125b-5p, miR-150-5p, miR-342-3p, and miR-451a. Two serum
microRNAs showed significantly lower levels in the endometriosis
group: miR-3613-5p and let-7b. Individual microRNAs had receiver-
operating characteristic areas under the curve ranging from 0.68 to
0.92. A classifier combining these microRNAs yielded an area under
the curve of 0.94 when validated in the independent set of subjects not
included in the training set. Analysis of the expression levels of each
microRNA based on revised American Society of Reproductive Medi-
cine staging revealed that all microRNAs could distinguish stage I/II
from control and stage III/IV from control but that the difference be-
tween stage I/II and stage III/IV was not significant. Subgroup analysis
revealed that neither phase of the menstrual cycle or use of hormonal
medication had a significant impact on the expression levels in the
microRNAs used in our algorithm.
CONCLUSION: This is the first report showing that microRNA
biomarkers can reliably differentiate between endometriosis and
other gynecological pathologies with an area under the curve
>0.9 across 2 independent studies. We validated the perfor-
mance of an algorithm based on previously identified microRNA
biomarkers, demonstrating their potential to detect endometriosis
in a clinical setting, allowing earlier identification and treatment.
The ability to diagnose endometriosis noninvasively could
reduce the time to diagnosis, surgical risk, years of discomfort,
disease progression, associated comorbidities, and health care
costs.

Key words: biomarker, endometriosis, microRNA, noninvasive diag-
nosis, miR

E ndometriosis, an inflammatory
disorder of endometrial cell prolif-

eration outside the uterus, affects nearly
10% of reproductive-age women,
causing pain and infertility. Despite its
prevalence, the average time from
symptom onset to a correct diagnosis is

5e10 years.1,2 This disease can be diffi-
cult to recognize based on patients’
nonspecific descriptions of symptoms,
especially at early stages.3 Definitive
diagnosis of the condition presently re-
quires laparoscopic examination,4 a
surgical procedure that bears annual
direct and indirect costs of $119 billion.5

Thus, further delay is incurred in the
effort to avoid an invasive procedure,
resulting in further disease progression
and prolonged suffering.
The social, psychological, and eco-

nomic impacts of endometriosis are
manifold. Studies have described the

negative effects of endometriosis on
quality of life, extending to work, edu-
cation, and social and intimate re-
lationships as well as mental and
emotional well-being.6-8 Identifying and
treating the disease sooner would
potentially prevent complications of
advanced disease such as infertility while
decreasing the economic burden of un-
treated endometriosis. Laparoscopy is
rarely undertaken early in the disease
because of the associated risk to the pa-
tient and reluctance to undergo surgery
without severe symptoms.9 Other
methods for detecting disease such as
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therapy; future longitudinal studies will
measure how the biomarkers change
over time with effective medical or sur-
gical therapy.

A significant advantage over prior
work,16 this study included patients with
all stages of disease. Analysis of the
expression levels of each miRNA based
on rASRM staging revealed that all
miRNAs could distinguish stage I/II
from control, and stage III/IV from
control, but that the difference between
stage I/II vs stage III/IV was not signifi-
cant. This may reflect limitations of the
rASRM staging system. The ASRM
staging does not exclusively record active
disease; it also reflects scarring, adhe-
sions, and reactive damage that often
lead to stage IV characterization.

MiRNA changes may be a more ac-
curate way to measure active disease.
Alternatively, because miRNAs are pro-
duced by multiple organ systems, the
levels seen may represent an effect on
organs outside the pelvis. The mecha-
nisms by which alterations in miRNAs
occur are poorly understood. Some
miRNAs are likely made directly by the
lesions, while others are altered because
of the effects of endometriosis on other
tissues. Endometriosis is a systemic in-
flammatory disease that may broadly
affect miRNA production independent
of stage.15,16

Finally, the inability to detect signifi-
cant differences between endometriosis
stages may also be due to distinct mo-
lecular profiles of different subtypes of
endometriosis that are also independent

of stage; this will be investigated in future
studies. Despite the inability to distin-
guish stage of disease, in our test the
ability to capture early-stage disease may
have significant clinical advantages.

Clinical implications
Prior attempts to establish markers for
this disease have been focused on
nonspecific inflammatory markers,
while the use of circulating miRNAs
provides a disease-specific signature,
unique to endometriosis. A highly sen-
sitive and specific test will have great
clinical significance in women with pel-
vic pain or unexplained infertility. The
ability to diagnose endometriosis non-
invasively could reduce the time to
diagnosis, surgical risk, years of
discomfort, hospitalizations and health
care spending, and, ultimately, disease
progression and associated comorbid-
ities. Further studies are warranted to
assess how these markers are altered by
endometriosis treatment or whether
unique marker profiles can provide
insight into fertility or patient pain
scores. Nonetheless, the combination of
6 miRNAs validated in this study yielded
high AUC scores, supporting the excel-
lent diagnostic potential of these bio-
markers for endometriosis.

Research implications
Our study model did not allow for the
evaluation of levels over time or in
response to therapy; however, ongoing
longitudinal studies will measure how
the biomarkers are affected by treatment.

While our study is not powered to detect
unique signatures for different disease
phenotypes, these findings support the
need for further studies to investigate
this issue. Further larger prospective
studies are required to evaluate the re-
lationships between miRNA levels in
serum and endometriosis and their
impact on the accuracy of diagnosis,
management, and outcome of the
different stages of endometriosis.

Strengths and limitation of the
study
Our study has many strengths
compared with other contemporary
studies. The study group was evaluated
prospectively allowing direct correla-
tions between levels of miRNAs and the
presence of endometriosis. In addition,
our study includes patients with other
pelvic pathologies in the control group,
accurately distinguishing between
endometriosis and other potential
sources for pelvic inflammation. This
expands the generalizability of this test
and supports its use and validity in
patients with concurrent pathology.
Furthermore, these results reveal that
the levels of these 6 miRNAs is unal-
tered by hormonal therapy or cycle
phase, further broadening its potential
use.

The weakness of the study rests on
the limited sample size of both groups,
which does not allow for more detailed
correlations between miRNA levels
and endometriosis subtypes. This also
limits the ability to assess whether

TABLE 2
ROC analysis of individual miRNAs

ROC model Area SE
95% Wald
confidence limits Optimal cutoff Correct, % Sensitivity, % Specificity, %

miR_125b 0.73 0.05 0.63e0.83 0.084 68.0 56.1 78.0

miR_150 0.68 0.06 0.57e0.78 0.44 63.9 20.0 94.7

miR_342 0.92 0.04 0.86e0.99 0.085 90.8 90.0 91.2

miR_451a 0.84 0.04 0.76e0.92 0.35 79.8 90.0 72.9

miR_3613 0.76 0.05 0.66e0.85 0.014a 74.0 92.7 61.0

let_7b 0.78 0.05 0.69e0.87 0.012a 73.7 82.5 67.8

miRNA, microRNA; ROC, receiver-p[erating characteristic.
a Greater than cutoff indicates lower odds of being in the endometriosis group.
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Figure 2. miRNAs in livestock diseases. Each V node represents an miRNA (blue V nodes (outer circle) represent miRNAs
associated to one disease, and red V nodes (inner circle) present miRNAs associated to more than one disease) and each
yellow hexagon node represents a livestock disease. FDM: foot and mouth disease; PRRS: porcine reproductive and
respiratory syndrome; ASV: African swine fever virus; MD: Marek’s disease; BD: bursal disease; CD: chronic respiratory
diseases; PPR: Peste des petits ruminants; CC: Cystic echinococcosis; EAC: enzootic nasal adenocarcinoma; BT: bluetongue;
JD: Johne’s Disease.

4. Challenges and Opportunities for Understanding Biological Roles of miRNA

To date, it is well known that miRNAs play important roles in many biological
processes related to disease development in farm animals. Therefore, the application of
miRNAs to improve disease resistance in farm animals is very promising. miRNAs can be
used as direct biomarkers or indirectly through other technologies. As direct biomarkers,
such as circulating biomarkers, miRNA in biological fluids, such as blood, milk, saliva,
and urine, can facilitate the rapid detection of disease infection status. Indirectly, miRNA
can find use in other technologies, such as RNA interference or genome editing. Genome
editing using CRISPR/Cas9 technology can robustly, specifically, and stably modify miRNA
expression by editing either the seed sequence of miRNAs or the three prime untranslated
regions of their target genes [207]. The success of the application of this technology
in miRNA-mediated therapy has been proven in diseases in animal models [208–210].
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Abstract: The pathophysiology of endometriosis remains poorly understood. The aim of the present 
study was to investigate functions and pathways associated with the various miRNAs differentially 
expressed in patients with endometriosis. Plasma samples of the 200 patients from the prospective 
“ENDO-miRNA” study were analyzed and all known human miRNAs were sequenced. For each 
miRNA, sensitivity, specificity, and ROC AUC values were calculated for the diagnosis of endome-
triosis. miRNAs with an AUC ≥ 0.6 were selected for further analysis. A comprehensive review of 
recent articles from the PubMed, Clinical Trials.gov, Cochrane Library, and Web of Science data-
bases was performed to identify functions and pathways associated with the selected miRNAs. In 
total, 2633 miRNAs were found in the patients with endometriosis. Among the 57 miRNAs with an 
AUC ≥ 0.6: 20 had never been reported before; one (miR-124-3p) had previously been observed in 
endometriosis; and the remaining 36 had been reported in benign and malignant disorders. miR-
124-3p is involved in ectopic endometrial cell proliferation and invasion and plays a role in the 
following pathways: mTOR, STAT3, PI3K/Akt, NF-κB, ERK, PLGF-ROS, FGF2-FGFR, MAPK, 
GSK3B/β–catenin. Most of the remaining 36 miRNAs are involved in carcinogenesis through cell 
proliferation, apoptosis, and invasion. The three main pathways involved are Wnt/β–catenin, 
PI3K/Akt, and NF–KB. Our results provide evidence of the relation between the miRNA profiles of 
patients with endometriosis and various signaling pathways implicated in its pathophysiology. 
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1. Introduction 
Endometriosis, defined by the presence of endometrial-like tissue outside the uterus, 

affects 5–10% of women of reproductive age, but is also diagnosed in menopausal patients 
with an incidence estimated at 2–5% [1,2]. In the premenopausal period, diagnosis is 
mainly based on symptoms including severe chronic pelvic pain, dysmenorrhea, 
dyspareunia, dyschezia, and infertility. However, no single sign is sufficiently character-
istic to make a diagnosis. In postmenopausal patients, endometriosis can be symptomatic 
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Table 2. Summary of miRNA dysregulated identified in more than one study in different samples

Total EU versus EN EC versus EN EC versus EU Plasma Serum Blood PF References

6 miR-145 miR-145 miR-145 miR-145 miR-145 Wang et al.,(19) Zheng et al.,(22) Yang et al.,(43) Ohlsson Teague 
et al.,(45) Cosar et al.(51) and Bashti et al.(58)

5 miR-200b miR-200b miR-200b Saare et al.,(34) Yang et al.,(43) Ohlsson Teague et al.,(45) 
Filigheddu et al.(46) and Rekker et al.(57)

5 miR-424 miR-424 miR-424 miR-424 Braza-Boils et al.,(25) Haikalis et al.,(26) Ohlsson Teague et al.,(45) 
Wang et al.(52) and Azmy et al.(62)

4 miR-199a miR-199a miR-199a miR-199a Wang et al.,(19) Dai et al.,(24) Maged et al.(50) and Hsu et al.(54)

4 miR-141 miR-141 miR-141 miR-141 Wang et al.,(19) Saare et al.,(34) Ohlsson Teague et al.(45) and 
Rekker et al.(57)

4 miR-20a miR-20a miR-20a miR-20a Zhao et al.,(37) Wang et al.,(52) Jia et al.(61) and Azmy et al.(62)

4 miR-200a miR-200a miR-200a Saare et al.,(34) Zhao et al.,(42) Filigheddu et al.(46) and Rekker 
et al.(57)

3 miR-29c miR-29c miR-29c Braza-Boils et al.,(25) Long et al.(27) and Joshi et al.(39)

3 miR-34c miR-34c miR-34c Braza-Boïls et al.,(25) Saare et al.(34) and Joshi et al.(39)

3 miR-200c miR-200c Liang et al.,(36) Yang et al.(43) and Filigheddu et al.(46)

3 miR-21 miR-21 miR-21 Haikalis et al.,(26) Qi et al.(38) and Azmy et al.(62)

3 miR-126 miR-126 miR-126 Liu et al.,(20) Ohlsson Teague et al.(45) and Azmy et al.(62)

3 miR-16 miR-16 miR-16 Yang et al.,(43) Suryawanshi et al.(60) and Azmy et al.(62)

3 miR-451a miR-451a miR-451a Nothnick et al.,(47) Cosar et al.(51) and Marí-Alexandre et al.(63)

3 miR-9 miR-9 miR-9 Wang et al.,(19) Haikalis et al.(26) and Burney et al.(29)

3 miR-106b miR-106b miR-106b Yang et al.,(43) Azmy et al.(62) and Marí-Alexandre et al.(63)

3 miR-17 miR-17 miR-17 Wang et al.,(53) Jia et al.(61) and Azmy et al.(62)

2 miR-122 miR-122 Wang et al.(19) and Maged et al.(50)

2 miR-449b Braza-Boïls et al.(25) and Zhao et al.(42)

2 miR-191 miR-191 miR-191 Dong et al.(35) and Suryawanshi et al.(60)

2 miR-202 miR-202 miR-202 Braza-Boïls et al.(25) and Filigheddu et al.(46)

2 miR-143 miR-143 Zheng et al.(22) and Cosar et al.(51)

2 miR-22 miR-22 Jia et al.(61) and Azmy et al.(62)

2 miR let-7g miR let-7g Wright et al.(31) and Azmy et al.(62)

2 miR-15b miR-15b Wanget al.(52) and Azmy et al.(62)

2 miR-125a miR-125a Ramón et al.(44) and Azmy et al.(62)

2 miR-195 miR-195 Suryawanshi et al.(60) and Azmy et al.(62)

2 miR-18a miR-18a Cosar et al.(51) and Azmy et al.(62)

2 miR-19b miR-19b Yanget al.(43) and Azmy et al.(62)

2 miR-146a miR-146a Yang et al.(21) and Yang et al.(43)

2 miR-182 Zhao et al.(42) and Filigheddu et al.(46)

2 miR-125b Nematian et al.(49) and Cosar et al.(51)

2 miR-let-7b Cho et al.(48) and Nematian et al.(49)

EU: eutopic endometrium of women with endometriosis; EN: eutopic endometrium of control patients; EC: ectopic endometrium; PF: peritoneal fluid.

were also found to be dysregulated in other types of 
tissue, such as EC and eutopic endometrium, and in 
the peritoneal fluid. Of these, 35% were detected in the 
same type of tissue in more than one study, including 
miR-200b, miR-145, miR-199a, miR-424, miR-200a, 
miR-126, and miR-451a. Thirteen miRNAs were found 

to be up or downregulated, as follows: miR-125b,  
miR-let-7b, miR-122, miR-451a and miR-199a in serum; 
miR-29c in the EC relative to the EN Group; and  
miR-145, miR-200b, miR-424, miR-200a, miR-200c, 
miR-449b and miR-182 in the EC relative to the EC of 
women with endometriosis (Table 3). 
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ٶ  ABSTRACT
Objective: The aim of the study was to assess the evidence on miRNAs as biomarkers for the 
diagnosis of endometriosis, as well as to provide insights into the challenges and strategies 
associated with the use of these molecules as accessible tools in clinical practice. Methods: 
Systematic review conducted on PubMed®, Latin American and Caribbean Health Sciences Literature 
(LILACS), MEDLINE® and Web of Science databases using the search terms endometriosis (all fields) 
AND miRNA (all fields), evaluating all publication up to May 2019. Results: Most miRNAs found to 
be dysregulated in this study were harvested from tissue samples, which precludes their use as 
a non-invasive diagnostic test. However, differential expression of 62 miRNAs was reported in 
samples that may be used for non-invasive diagnosis of endometriosis, such as blood, serum and 
plasma. Conclusion: Despite the identification of several candidates, studies are investigatory in 
nature and have been conducted with small number of samples. Also, no particular miRNA has 
been validated for diagnostic purposes so far. Studies based primarily on biological samples and 
applicable to translational research are warranted. Large databases comprising information on 
sample type and the use of saliva and vaginal fluid for miRNAs identification may prove essential 
to overcome current barriers to diagnosis of endometriosis.

Keywords: Biomarkers; Saliva; Serum; Vaginal fluid; Body fluids banks; MicroRNAs; Endometriosis/
diagnosis

ٶ  RESUMO
Objetivo: O objetivo do estudo foi analisar as evidências sobre miRNAs como biomarcadores 
para o diagnóstico de endometriose, bem como levantar informações sobre os desafios e as 
estratégias necessárias para tornar essas moléculas ferramentas acessíveis para uso na prática 
clínica. Métodos: Revisão sistemática conduzida nos bancos de dados PubMed®, Literatura Latino-
Americana e do Caribe em Ciências da Saúde (LILACS), MEDLINE® e Web of Science utilizando os 
termos de pesquisa “endometriosis” (todos os campos) AND “miRNA” (todos os campos), avaliando 
todas as publicações até maio de 2019. Resultados: A maioria dos miRNAs desregulados foram 
analisados a partir de amostras de tecido, o que inviabiliza seu uso como teste diagnóstico não 
invasivo. Todavia, 62 miRNAs foram identificados como diferencialmente expressos em amostras 
que poderiam ser usadas para o diagnóstico pouco invasivo de endometriose, como sangue, soro 
e plasma. Conclusão: Apesar de todos esses candidatos, os trabalhos são exploratórios, realizados 
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three controls.(62) However, it was also found to be 
upregulated in the serum of 30 patients with minimal-
mild endometriosis relative to 20 control individuals.(52)

miR-199a was upregulated in the serum of patients 
with endometriosis in two studies, one with 60 stages 
III and IV endometriosis and 25 control patients,(19) 
and another with 45 endometriosis and 35 control 
patients.(50) However, the same miRNA was found to be 
downregulated in the serum in a different study with 40 
endometriosis and 25 control patients.(54)

A study with 15 clinical cases and 11 controls 
revealed miR-29c upregulation in the EC of women with 
endometriosis relative to the eutopic endometrium in the 
Control Group.(39) This finding was further confirmed 
in a study including 51 women with endometriosis and 
32 control women,(25) in the proliferative and secretory 
phases of the menstrual cycle. However, conflicting 
results suggesting miR-29c downregulation in the EC 
of 20 women with endometriosis relative to the eutopic 
endometrium of ten control patients,(27) all of them in 
the proliferative phase of the cycle, have been reported 
by a different researcher.

miR-126 was found to be upregulated in the ectopic 
compared to the eutopic endometrium of eight women 
with stages III to IV endometriosis(45) in the proliferative 
and secretory phases of the menstrual cycle. However, 
miR-126 downregulation was reported in the ectopic 
compared to the eutopic endometrium in 31 women 
with stages III to IV endometriosis,(20) all of them in the 
secretory phase of the menstrual cycle.

miR-16 and miR-195 were found to be upregulated 
in plasma of 33 women with endometriosis relative to 20 
control patients.(60) However, another study identified 
both downregulated in the blood of four patients with 
mild endometriosis relative to three controls.(62)

miR-18a was upregulated in serum of 24 women with 
stage III and IV endometriosis compared to 24 control 
patients.(51) However, it was found to be downregulated 
in the blood of four patients with mild endometriosis 
compared to three controls.(62)

Conflicting results emphasize the relevance of 
criteria such as menstrual cycle phase, disease stage, 
type of sample and type of test procedure, and the need 
for studies with larger sample size to develop novel 
diagnostic tests for endometriosis. 

The second objective of this review was to provide 
new directions for future studies aimed to identify a 
miRNA which may be used as a reliable biomarker 
and an accurate diagnostic tool for endometriosis. 
Sadly, according to this critical literature review no 

particular miRNA or miRNA combination has been 
validated for improved diagnosis of endometriosis to 
date. This may reflect the heterogeneity of the disease 
and resultant differences in tissue composition.(87) 
Thus, we support the World Endometriosis Research 
Foundation (WERF) and Endometriosis Phenome 
and Biobanking Harmonization Project (EPHect) 
initiatives. Endometriosis research teams worldwide 
must join forces in order to develop large databases 
comprising data derived from samples obtained from 
patients with well-characterized endometriosis. 

This is an important tool for identification and 
validation of biomarkers and may play a key role 
in biomarker investigation in future endometriosis 
studies.(88) The inclusion of a large global pool of 
clinical samples collected from endometriosis patients 
is vital for the advancement of medical knowledge, and 
could be a key factor in the implementation of targeted 
therapies, which may enhance treatment effectiveness 
and improve the quality of life of endometriosis patients.

No studies investigating miRNA expression 
profile in the vaginal fluid were found in this literature 
review. This body fluid can be easily collected during 
gynecological examinations and, in spite of high rates 
of bacterial colonization, appears to be a promising 
source of diagnostic material.(89,90) The value of 
differential miRNA expression in vaginal fluid as 
potential screening test for HPV has been examined, 
with interesting results.(91-95) 

Likewise, none of the papers examined investigated 
miRNAs in saliva. To date, there are no scientifically 
proven salivary biomarkers for endometriosis. Saliva 
is a suitable and desirable medium for biomarker 
detection(96,97) and its applicability to the diagnosis 
of endometriosis has been explored previously.(98,99) 
Saliva is widely available and can be easily collected in 
a non-invasive manner, at low cost and with minimal 
discomfort. Therefore, it is an ideal fluid for biomarker 
investigation and is attracting great interest in the public 
health sector. The use of saliva for miRNA identification 
could be a potential non-invasive solution to overcome 
current barriers to the diagnosis of endometriosis. 

This study has some limitations. When evaluating 
papers with contrasting results, it was not possible 
to tease out the factors underlying such different 
outcomes. Reasons explaining miRNA heterogeneity 
were also not found.

In this review, different studies investigating 
miRNA expression in endometriosis patients were 
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Abstract: Background: Endometriosis diagnosis constitutes a considerable economic burden for the
healthcare system with diagnostic tools often inconclusive with insufficient accuracy. We sought to an-
alyze the human miRNAome to define a saliva-based diagnostic miRNA signature for endometriosis.
Methods: We performed a prospective ENDO-miRNA study involving 200 saliva samples obtained
from 200 women with chronic pelvic pain suggestive of endometriosis collected between January and
June 2021. The study consisted of two parts: (i) identification of a biomarker based on genome-wide
miRNA expression profiling by small RNA sequencing using next-generation sequencing (NGS) and
(ii) development of a saliva-based miRNA diagnostic signature according to expression and accuracy
profiling using a Random Forest algorithm. Results: Among the 200 patients, 76.5% (n = 153) were
diagnosed with endometriosis and 23.5% (n = 47) without (controls). Small RNA-seq of 200 saliva
samples yielded ~4642 M raw sequencing reads (from ~13.7 M to ~39.3 M reads/sample). Quantifica-
tion of the filtered reads and identification of known miRNAs yielded ~190 M sequences that were
mapped to 2561 known miRNAs. Of the 2561 known miRNAs, the feature selection with Random For-
est algorithm generated after internally cross validation a saliva signature of endometriosis composed
of 109 miRNAs. The respective sensitivity, specificity, and AUC for the diagnostic miRNA signature
were 96.7%, 100%, and 98.3%. Conclusions: The ENDO-miRNA study is the first prospective study
to report a saliva-based diagnostic miRNA signature for endometriosis. This could contribute to
improving early diagnosis by means of a non-invasive tool easily available in any healthcare system.

Keywords: endometriosis; saliva; diagnostic; signature; miRNA

1. Introduction
Endometriosis, defined by the presence of endometrium-like tissue outside the uterus,

affects 2–10% of the female population, i.e., around 190 million women worldwide. It is a
heterogenous disease with a poorly understood natural history and as such poses many
challenges [1,2]. The first is timely diagnosis mainly because the symptoms of endometriosis
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managed with an Excel database (Microsoft, Redmond, WA, USA) and analyzed using R
2.15 software, available online (http://cran.r-project.org/, accessed on 1 December 2021).

5. Results
5.1. Description of the ENDO-miRNA Cohort

The clinical characteristics of the patients in the endometriosis and control groups
are presented in Table 1. Among the 200 patients, 76.5% (n = 153) were diagnosed with
endometriosis and 23.5% (n = 47) without (controls). In the control group, 51% (24) of the
women had no abnormality and were defined as discordant or complex patients (Table 1).
There were no significant differences in terms of age or BMI between the groups. The mean
(±SD) time from symptom onset to diagnosis for endometriosis patients was 14.8 years
(±17.88). In both groups, the patients had pain symptoms suggestive of endometriosis.
Comparatively, for patients with and without endometriosis using Visual Analogical Scale
(VAS), the dysmenorrhea/of dysmenorrhea (mean ± SD) were 6 ± 3.4 versus 5 ± 3.2,
p < 0.001; dyspareunia was 5.28 ± 3.95 verus 4.95 ± 3.52, p < 0.001; and urinary pain
during menstruation (mean ± SD) were 4.35 ±3.36 versus 2.84 ±2.76, p < 0.001. For the
endometriosis patients, 52% (80) had rASRM stage I–II, and 48% (73) had stage III–IV.

Table 1. Demographic Characteristics of the population.

Control
Patients

Patients with
Endometriosis

N (%) N (%)
N = 47 N = 153

Age (years) (mean ± SD) 30.92 (13.79) 31.17 (10.78) 0.1912

Age range
- Less than 30 years 72% (34) 63% (96)
- Over 30 years 28% (13) 37% (57) 0.294

BMI (body mass index) (mean ± SD) 24.84 (11.10) 24.36 (8.38) 0.525

Infertility
- Yes 17% (8) 24% (36)
- No 83% (39) 76% (117) 0.556

rASRM classification
-- I–II - 52% (80)

- III–IV - 48% (73)

Control diagnoses
- No abnormality 51% (24) _ -
- Leiomyoma 2% (1)
- Cystadenoma 11% (5)
- Teratoma 23% (11)
- Other gynecologic disorders 13% (6)

Dysmenorrhea 100% 100%

Abdominal pain outside menstruation
- Yes 66% (21) 71% (89) 0.6905

Pain suggesting sciatica
- Yes 31% (10) 56% (70) 0.0214

Lower back pain outside menstruation
- Yes 62% (20) 81% (101) 0.0498

Right shoulder pain during menstruation
- Yes 9% (3) 21% (26) 0.2184

Blood in the stools during menstruation
- Yes 12% (4) 24% (30) 0.2425

Blood in urine during menstruation
- Yes 25% (8) 17% (21) 0.4172

Diagnostic method
- Surgery 47 (100) 83 (54.2)
- Magnetic Resonance Imaging - 70 (45.8) -

Population
Characteristics



!"#!$%&'(!
!"#$%&'

Citation: Bendifallah, S.; Suisse, S.;

Puchar, A.; Delbos, L.; Poilblanc, M.;

Descamps, P.; Golfier, F.; Jornea, L.;

Bouteiller, D.; Touboul, C.; et al.

Salivary MicroRNA Signature for

Diagnosis of Endometriosis. J. Clin.

Med. 2022, 11, 612. https://doi.org/

10.3390/jcm11030612

Academic Editor: Angelo Cagnacci

Received: 12 November 2021

Accepted: 24 January 2022

Published: 26 January 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Salivary MicroRNA Signature for Diagnosis of Endometriosis
Sofiane Bendifallah 1,2,*, Stéphane Suisse 3 , Anne Puchar 1,2, Léa Delbos 4,5, Mathieu Poilblanc 6,7,
Philippe Descamps 4,5, Francois Golfier 6,7, Ludmila Jornea 8, Delphine Bouteiller 9, Cyril Touboul 1,2 ,
Yohann Dabi 1,2 and Emile Daraï 1,2

1 Department of Obstetrics and Reproductive Medicine, Hôpital Tenon, 4 Rue de la Chine, 75020 Paris, France;
anne.puchar@aphp.fr (A.P.); cyril.touboul@gmail.com (C.T.); yohann.dabi@gmail.com (Y.D.);
emile.darai@aphp.fr (E.D.)

2 Clinical Research Group (GRC) Paris 6, Centre Expert Endométriose (C3E), Sorbonne University
(GRC6 C3E SU), 4 Rue de la Chine, 75020 Paris, France

3 Ziwig Health, 19 Rue Reboud, 69003 Lyon, France; stephane@ziwig.com
4 Department of Obstetrics and Reproductive Medicine, Centre Hospitalier Universitaire, 49000 Angers, France;

lea.delbos@chu-angers.fr (L.D.); phdescamps@chu-angers.fr (P.D.)
5 Endometriosis Expert Center, Pays de la Loire, 49000 Angers, France
6 Department of Obstetrics and Reproductive Medicine, Lyon South University Hospital, Lyon Civil Hospices,

69008 Lyon, France; mathieupoilblanc@gmail.com (M.P.); francois.golfier@chu-lyon.fr (F.G.)
7 Endometriosis Expert Center, Steering Committee of the EndAURA Network, 75020 Paris, France
8 Paris Brain Institute—Institut du Cerveau—ICM, Inserm U1127, CNRS UMR 7225, AP-HP—Hôpital

Pitié-Salpêtrière, Sorbonne University, 75020 Paris, France; ludmila.jornea@icm-institute.org
9 Genotyping and Sequencing Core Facility, iGenSeq, Institut du Cerveau et de la Moelle Epinière, Institut du

Cerveau, Hôpital Pitié-Salpêtrière, 47-83 Boulevard de l’Hôpital, 75013 Paris, France;
delphine.bouteiller@icm-institute.org

* Correspondence: sofiane.bendifallah@aphp.fr; Tel.: +33-1-56-01-73-18; Fax: +33-1-56-01-73-17

Abstract: Background: Endometriosis diagnosis constitutes a considerable economic burden for the
healthcare system with diagnostic tools often inconclusive with insufficient accuracy. We sought to an-
alyze the human miRNAome to define a saliva-based diagnostic miRNA signature for endometriosis.
Methods: We performed a prospective ENDO-miRNA study involving 200 saliva samples obtained
from 200 women with chronic pelvic pain suggestive of endometriosis collected between January and
June 2021. The study consisted of two parts: (i) identification of a biomarker based on genome-wide
miRNA expression profiling by small RNA sequencing using next-generation sequencing (NGS) and
(ii) development of a saliva-based miRNA diagnostic signature according to expression and accuracy
profiling using a Random Forest algorithm. Results: Among the 200 patients, 76.5% (n = 153) were
diagnosed with endometriosis and 23.5% (n = 47) without (controls). Small RNA-seq of 200 saliva
samples yielded ~4642 M raw sequencing reads (from ~13.7 M to ~39.3 M reads/sample). Quantifica-
tion of the filtered reads and identification of known miRNAs yielded ~190 M sequences that were
mapped to 2561 known miRNAs. Of the 2561 known miRNAs, the feature selection with Random For-
est algorithm generated after internally cross validation a saliva signature of endometriosis composed
of 109 miRNAs. The respective sensitivity, specificity, and AUC for the diagnostic miRNA signature
were 96.7%, 100%, and 98.3%. Conclusions: The ENDO-miRNA study is the first prospective study
to report a saliva-based diagnostic miRNA signature for endometriosis. This could contribute to
improving early diagnosis by means of a non-invasive tool easily available in any healthcare system.

Keywords: endometriosis; saliva; diagnostic; signature; miRNA

1. Introduction
Endometriosis, defined by the presence of endometrium-like tissue outside the uterus,

affects 2–10% of the female population, i.e., around 190 million women worldwide. It is a
heterogenous disease with a poorly understood natural history and as such poses many
challenges [1,2]. The first is timely diagnosis mainly because the symptoms of endometriosis
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5.2. Global Overview of miRNA Transcriptome
Small RNA-seq of 200 saliva samples yielded ~4.642 M raw sequencing reads (from

~13.7 M to ~39.3 M reads/sample). Pre-filtering and filtering steps retained 70% (~3.205 M)
of initial raw reads. The majority of the filtered reads were of short read length. Quantifica-
tion of the filtered reads and identification of known miRNAs yielded ~190 M sequences
that were mapped to 2561 known miRNAs from miRBase v21. The number of expressed
miRNAs ranged from 1250 (outlier) to 2561 per sample. The distribution of expressed
miRNAs in the 200 saliva samples and the overall composition of processed reads is shown
in Figure 2.
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Figure 2. Overall composition of processed reads. RNA reads, miRNAs + piRNAs + rRNAs + tRNAs
+ mRNAs + others; Filtered Reads, reads with no adapters + reads with low quality bases + reads too
short; Not Characterized/Mappable reads, mapped reads to GRCh38 that could not be characterized
as a particular type; Not Characterized/Not Mappable reads, reads that could not be mapped.

5.3. Feature Selection of miRNAs Relevant for a Diagnosis of Endometriosis
The expression and accuracy of the miRNA profiles were used to identify miRNAs

related to endometriosis. Out of the 2561 known miRNAs, the feature selection method
generated a subset of 109 miRNAs. The respective correlation and accuracy to diagnose
endometriosis according to the F1-score, sensitivity, specificity, and AUC ranged from
18.9–87.7%, 11.6–99.4%, 8.5–97.9%, and 36.9–69.2%, respectively. Among the 109 miRNAs
selected, 79% (n = 86) and 21% (n = 23) had an AUC value of <60 and �60% for correlation
and accuracy, respectively; 83% (n = 91) and 17% (n = 18) had an F1-score ranging between
0–79%, and �80%, respectively; 83% (n = 91) and 17% (n = 18) had a sensitivity ranging

109 Biomarkers, Accuracy > 98%
Sensitivity 96.7%, specificity 100%
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ARTICLE

Endometriosis-associated infertility diagnosis 
based on saliva microRNA signatures

BIOGRAPHY
Yohann Dabi, MD, is a gynaecologist specialized in endometriosis, He has published 
extensively on endometriosis, with specific focus on diagnosis and surgery of complex 
forms. 
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KEY MESSAGE
A robust saliva miRNA diagnostic signature for endometriosis-associated infertility is reported. It could be the 
long-awaited game changer for managing patients in this setting.

ABSTRACT
Research question: Can a saliva-based miRNA signature for endometriosis-associated infertility be designed and 
validated by analysing the human miRNome?
Design: The prospective ENDOmiARN study (NCT04728152) included 200 saliva samples obtained between 
January 2021 and June 2021 from women with pelvic pain suggestive of endometriosis. All patients underwent either 
laparoscopy, magnetic resonance imaging, or both. Patients diagnosed with endometriosis were allocated to one of 
two groups according to their fertility status. Data analysis consisted of identifying a set of miRNA biomarkers using 
next-generation sequencing, and development of a saliva-based miRNA signature of infertility among patients with 
endometriosis based on a random forest model.
Results: Among the 153 patients diagnosed with endometriosis, 24% (n = 36) were infertile and 76% (n = 117) were 
fertile. Small RNA-sequencing of the 153 saliva samples yielded approximately 3712 M raw sequencing reads (from 
a13.7 M to a39.3 M reads/sample). Of the 2561 known miRNAs, the feature selection method generated a signature 
of 34 miRNAs linked to endometriosis-associated infertility. After validation, the most accurate signature model had a 
sensitivity, specificity and area under the curve of 100%.
Conclusion: A saliva-based miRNA signature for endometriosis-associated infertility is reported. Although the results 
still require external validation before using the signature in routine practice, this non-invasive tool is likely to have a 
major effect on care provided to women with endometriosis.
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153 patients diagnosed with 
endometriosis
24 % were infertile, 76 % were 
fertile
Of the 2561 known mi-RNA, the 
feature selection method generated 
a signature of 34 miRNAs linked to 
endometriosis associated 
infertility.
Those results still require external 
validation before using the 
signature in routine practise.
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Study Design

Time persective : Prospective
Locations : Multicenter
(15 centres across France)
Cohort : 1150 patients

Eligibility criteria : 
- 18 to 43 years old (Adult)
- Suspected/ Diagnosed Endometriosis

Primary outcome :
Assess diagnostic accuracy of miRNA Salivary 
Signature
Epidemiologic, clinical, and saliva sequencing data 
were collected between Nov. 2021 and March 2022.

Interim analysis
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1 |  I N TRODUC TION

Endometriosis, defined by the presence of endometrial- like 
tissue outside the uterus, is thought to affect from 2% to 
10% of women worldwide.1,2 However, the exact incidence 
of endometriosis is probably underestimated as there are no 
pathognomonic signs. This also explains the long delay be-
tween the onset of symptoms and diagnosis, which ranges 

from 6 to 12 years and postpones the use of potentially ef-
fective therapies.3,4 In this specific setting, to avoid over-
looking a diagnosis of endometriosis, the 2022 European 
Society of Human Reproduction and Embryology (ESHRE) 
guidelines recommend screening women with a variety of 
cyclical and non- cyclical signs for endometriosis. This is po-
tentially a source of inappropriate use of medical and surgi-
cal therapies, and of imaging exams, and consequently an 
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Abstract
Objective: To evaluate a saliva diagnostic test (Endotest®) for endometriosis com-
pared with the conventional algorithm.
Design: A cost- effectiveness analysis with a decision- tree model based on literature 
data.
Setting: France.
Population: Women with chronic pelvic pain.
Methods: Strategy I is the French algorithm, representing the comparator. For strat-
egy II, all patients have an Endotest®. For strategy III, patients undergo ultrasonog-
raphy to detect endometrioma and patients with no endometrioma detected have an 
Endotest®. For strategy IV, patients with no endometrioma detected on ultrasonog-
raphy undergo pelvic magnetic resonance imaging (MRI) to detect endometrioma 
and/or deep endometriosis. An Endotest® is then performed for patients with a nega-
tive result on MRI.
Main outcomes measures: Costs and accuracy rates and incremental cost- 
effectiveness ratios (ICERs). Three analyses were performed with an Endotest® 
priced at €500, €750, and €1000. Probabilistic sensitivity analysis was conducted with 
Monte Carlo simulations.
Results: With an Endotest® priced at €750, the cost per correctly diagnosed case was 
€1542, €990, €919 and €1000, respectively, for strategies I, II, III and IV. Strategy I was 
dominated by all other strategies. Strategies IV, III and II were, respectively, preferred 
for a willingness- to- pay threshold below €473, between €473 and €4670, and beyond 
€4670 per correctly diagnosed case. At a price of €500 per Endotest®, strategy I was 
dominated by all other strategies. At €1000, the ICERs of strategies II and III were 
€724 and €387 per correctly diagnosed case, respectively, compared with strategy I.
Conclusion: The present study demonstrates the value of the Endotest® from an  
economic perspective.

K E Y W O R D S
cost- effectiveness analysis, diagnosis, endometriosis, health economics, saliva miRNA signature
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Supporting Information. Strategies III and II were preferred 
below and beyond a cost- effectiveness threshold of €2760, 
respectively.

With Endotest® priced at €1000, strategy I was domi-
nated by strategy IV. Strategies II and III were more effective 
and more expensive compared with strategy I. Strategies II, 
III and IV formed the efficiency frontier. The ICER of 
strategy III compared with strategy IV was €1131 (95%  CI 
€484, €2424) per correctly diagnosed patient. The ICER of 
strategy II compared with strategy III was €6767 (95%  CI 
−€41,747, €54,079) per correctly diagnosed patient. The 
ICERs of strategies II and III compared with strategy I were 
€724 (95% CI €135, €1241) and €387 (95% CI −€253, €785) 
per correctly diagnosed patient, respectively. The results of 
the Monte Carlo simulations and the cost- effectiveness ac-
ceptability curve are annexed in Figures S3 and S4 of the 
Supporting Information. Strategies IV, III and II were pre-
ferred for cost- effectiveness thresholds of <€1140, €1140– 
€7150 and >€7150, respectively.

4 |  DISCUSSION

The present study is the first to demonstrate that the saliva 
miRNA signature of endometriosis (Endotest®), which uses 
two disruptive technologies (NGS and AI), is a cost- effective 
tool to diagnose endometriosis compared with the conven-
tional French algorithm.

Our study is based on a decision- tree model that ends up 
with precise and definitive end points (true and false pos-
itive or negative) within a short time frame. As there are 
no interactions between individuals, this type of model is 
adapted according to the article of Brennan et al.25 Moreover, 
decision- tree models are frequently used in the economic 
assessment of diagnostic tests.26 Obviously, this is a simpli-
fication of the real diagnostic pathways encountered by pa-
tients with frequent diagnostic misdirection, repeated tests 
and possible changes to diagnostic status. In this setting, a 
Markov model may be further adapted when the objective 
of the study is to evaluate the effectiveness of treatments. 

F I G U R E  3  Cost- effectiveness acceptability curves with an Endotest® valued at €750. A cost- effectiveness acceptability curve was generated to show 
the probabilities of strategies being considered as cost- effective, according to a willingness- to- pay threshold to gain one additional correctly diagnosed 
case.

F I G U R E  4  Preferable strategy according to willingness to pay and the cost of the test.
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Endotest® Kit



Explore a diagnosis of endometriosis

Clinical examination + 
Imaging (US or MRI)

Signs and symptoms

Endometrioma or
Rectosigmoid endometriosis

Normal or Equivocal imaging 
examination

Empirical Medical 
Traitement*

Medical / surgical 
Traitement

Surveillance

Efficacious

Endotest

Non Efficacious 

Endotest

* The Endotest can be offered to patients who do not wish to take empirical medical treatment



Conclusions (1)

- Endotest is a salivary mi-RNA non invasive diagnostic test, should 
not be used for screening 

- Interim results of the external validation confirm the relevance of 
the signature Spe : 95,1, Se :96,2 (June 9th 2023-NEJM-Evidence)

- Endotest is available in Switzerland since october 2022, in Germany 
since December 2022, and in total 10 European countries in 1st
semester 2023



Endometriosis Diagnostic Tests
Endometriosis test

Medical questionnaire
Ultrasound

imaging MRI imaging Blood test Surgery and pathology Saliva Test

General value ++ ++ +++ - ++++ +++++
Performance value 
- Sensitivity
- Specificity

76-98%
20-58%

65-79%
91-95%

79%
72%

63%
69%

90-94%
40-79%

97.6%
100%

Reliability Very Low specificity

+

Low accuracy for early 
stage lesion

++

Low accuracy for early 
stage lesion

++

- Yes

++++

Yes

++++

Reproducibility  + + +++ - +++ +++++
Be simple, safe ++++ ++ +++ +++ + +++++
Acceptability ++++ +++ ++ ++ + +++++

Detect disease early in 
its natural history

+ ++ + - ++++ +++++

Limits - Common 
symptoms of 
endometriosis 
have a wide 
differential 
diagnosis

- Symptoms are not 
predictive of 
disease extent 

- Limited ability to 
detect SE

- The detection of 
DE requires highly 
trained 
sonographers/son
ologists

- The outcome is 
operator 
dependent 

- Examination may 
be considered 
invasive and 
painful 

- Static 
assessment

- Limited ability to 
detect SE

- Variable imaging 
protocols 
reported in the 
literature 

- Less accurate in 
defining bowel 
depth of 
invasion

- No consensus on 
how to describe 
findings 

- High cost 
compared to 
ultrasound 

- Dependent on 
laboratory 
techniques 
and quality 
control 
protocols

- Some 
biomarkers 
vary with 
hormonal and 
menstrual 
fluctuations

- Some 
biomarkers are 
not specific to 
endometriosis 

-

- Invasive, people 
exposed to 
surgical risk

- Diagnostic 
accuracy is 
dependent on 
surgical 
experience

- Visual diagnosis 
challenged by 
heterogenous 
lesion 
appearance, 
inaccessible 
lesions

> 95%
> 95%
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note that dysmenorrhea and CPP are also prominent con-
ditions in women8,9 that may also impact women’s overall 
well-being and life course independent of 
endometriosis.10–12

The relative effect of endometriosis-related life events, 
such as those presented in Figure 2, will be modified by 
life stage. In semi-structured focus group discussions 
involving 35 women with a confirmed diagnosis of endo-
metriosis who ranged in age from 17 to 53 years (mean, 31 
years), participants ranked marital/sexual relationships, 
social life, physical effects, and psychological effects 
among the most important impacts of endometriosis.34 

Secondary rankings of importance were modified by life 
stage. For adolescents, education was top of mind, 
whereas young adults were concerned with life opportu-
nities and employment, and women aged 35 years and 
older more often cited the financial impact of endometrio-
sis. As our understanding of developmental factors that 
influence women’s response to endometriosis grows, we 

Figure 1 Connections between endometriosis-associated impairments and life 
impacts.

Figure 2 Theoretical effects of endometriosis on life-course trajectory. Life exposures and their influences on a patient’s attainments in life, education, family, career, etc. 
A comparison of untreated or persistently symptomatic endometriosis vs no endometriosis.

International Journal of General Medicine 2021:14                                                                      submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                          
19

Dovepress                                                                                                                                                        Missmer et al

In
te

rn
at

ion
al 

Jo
ur

na
l o

f G
en

er
al 

M
ed

ici
ne

 d
ow

nlo
ad

ed
 fr

om
 h

ttp
s:/

/w
ww

.d
ov

ep
re

ss
.co

m
/ b

y 3
7.

16
5.

22
5.

42
 o

n 
03

-O
ct-

20
21

Fo
r p

er
so

na
l u

se
 o

nly
.

Powered by TCPDF (www.tcpdf.org)

Pain

Quality
of life

Pathway

Consequences of EARLY Diagnosis….



Conclusions (2) 

- AI : Promizing path to revolutionize women’s health

- Gyn RNA study : salivary test able to give several diagnosis

- Next steps : 
. Informations from the 1000 study  (Phenotypes)
. Teenagers study
. Fertility
. Adenomyosis
. Ovarian cancer
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CONCLUSION (3)

The mi-RNA 
revolution !....
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A diagnostic miRNA signature for pulmonary arterial hypertension using
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Niamh Erringtona,1, James Iremongerb,1, Josephine A. Pickworthb, Sokratis Kariotisa,
Christopher J. Rhodesc, Alexander MK Rothmanb,d, Robin Condliffeb,d, Charles A. Elliotb,d,
David G. Kielyb, Luke S. Howarde, John Whartonc, A. A. Roger Thompsonb,d,
Nicholas WMorrellf, Martin R. Wilkinsc, Dennis Wanga,g,h,2, Allan Lawrieb,2,*
a Sheffield Institute for Translational Neuroscience, University of Sheffield, UK
b Department of Infection, Immunity & Cardiovascular Disease, University of Sheffield, Beech Hill Road, Sheffield, UK
c National Heart & Lung Institute, Imperial College London, Hammersmith Campus, Du Cane Road, London, UK
d Sheffield Pulmonary Vascular Disease Unit, Royal Hallamshire Hospital, Sheffield, UK
eNational Pulmonary Hypertension Service, Imperial College Healthcare Trust NHS, Hammersmith Hospital, Du Cane Road, London, UK
f Department for Medicine, University of Cambridge, UK
g Department of Computer Science, University of Sheffield, UK
h Singapore Institute for Clinical Sciences, Singapore, Singapore

A R T I C L E I N F O

Article History:
Received 27 February 2021
Revised 3 June 2021
Accepted 3 June 2021
Available online 26 June 2021

A B S T R A C T

Background: Pulmonary arterial hypertension (PAH) is a rare but life shortening disease, the diagnosis of
which is often delayed, and requires an invasive right heart catheterisation. Identifying diagnostic bio-
markers may improve screening to identify patients at risk of PAH earlier and provide new insights into dis-
ease pathogenesis. MicroRNAs are small, non-coding molecules of RNA, previously shown to be dysregulated
in PAH, and contribute to the disease process in animal models.
Methods: Plasma from 64 treatment naïve patients with PAH and 43 disease and healthy controls were pro-
filed for microRNA expression by Agilent Microarray. Following quality control and normalisation, the cohort
was split into training and validation sets. Four separate machine learning feature selection methods were
applied to the training set, along with a univariate analysis.
Findings: 20 microRNAs were identified as putative biomarkers by consensus feature selection from all four
methods. Two microRNAs (miR-636 and miR-187-5p) were selected by all methods and used to predict PAH
diagnosis with high accuracy. Integrating microRNA expression profiles with their associated target mRNA
revealed 61 differentially expressed genes verified in two independent, publicly available PAH lung tissue
data sets. Two of seven potentially novel gene targets were validated as differentially expressed in vitro in
human pulmonary artery smooth muscle cells.
Interpretation: This consensus of multiple machine learning approaches identified two miRNAs that were able
to distinguish PAH from both disease and healthy controls. These circulating miRNA, and their target genes
may provide insight into PAH pathogenesis and reveal novel regulators of disease and putative drug targets.
Funding: This work was supported by a National Institute for Health Research Rare Disease Translational
Research Collaboration (R29065/CN500) and British Heart Foundation Project Grant (PG/11/116/29288).

© 2021 The University of Sheffield. Published by Elsevier B.V. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/)

Keywords:
Machine learning
Biomarkers
PAH
MicroRNA

1. Introduction

Pulmonary arterial hypertension (PAH) is a rare but progressive
cardiopulmonary disease characterised by increased pulmonary

vascular resistance driven by a sustained pulmonary arterial vasocon-
striction and pulmonary vascular remodelling that leads to right
heart failure and premature death. PAH pathogenesis is progressive
and includes vasoconstriction, endothelial cell dysfunction, vascular
cell proliferation and recruitment of circulating inflammatory cells.
PAH can be further sub-categorised into seven sub-groups: Idiopathic
PAH (IPAH), heritable PAH (HPAH), drug and toxin induced, PAH
associated with other associated diseases, PAH long term responders
to calcium channel blockers, PAH with overt features of venous/
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MicroRNA expression classification for pediatric multiple sclerosis 
identification

Gabriella Casalino1  · Giovanna Castellano1  · Arianna Consiglio2  · Nicoletta Nuzziello2  · Gennaro Vessio1 

Received: 17 February 2020 / Accepted: 3 March 2021 
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Abstract
MicroRNAs (miRNAs) are a set of short non-coding RNAs that play significant regulatory roles in cells. The study of miRNA 
data produced by Next-Generation Sequencing techniques can be of valid help for the analysis of multifactorial diseases, 
such as Multiple Sclerosis (MS). Although extensive studies have been conducted on young adults affected by MS, very 
little work has been done to investigate the pathogenic mechanisms in pediatric patients, and none from a machine learning 
perspective. In this work, we report the experimental results of a classification study aimed at evaluating the effectiveness 
of machine learning methods in automatically distinguishing pediatric MS from healthy children, based on their miRNA 
expression profiles. Additionally, since Attention Deficit Hyperactivity Disorder (ADHD) shares some cognitive impairments 
with pediatric MS, we also included patients affected by ADHD in our study. Encouraging results were obtained with an 
artificial neural network model based on a set of features automatically selected by feature selection algorithms. The results 
obtained show that models developed on automatically selected features overcome models based on a set of features selected 
by human experts. Developing an automatic predictive model can support clinicians in early MS diagnosis and provide new 
insights that can help find novel molecular pathways involved in MS disease.

Keywords MicroRNA expressions · Next-Generation Sequencing · Pediatric Multiple Sclerosis · Bioinformatics · Digital 
Health · Feature selection · Artificial neural networks · Classification

1 Introduction

Transcriptomics is one of the most important fields of study 
in Molecular Biology and Bioinformatics. In every living 
cell, at every moment, the information stored in the DNA is 
copied into RNA transcripts that are used for all the essential 
functions of a cell, such as the production of proteins. The 
copied portions of DNA are called genes, and the frequen-
cies of the gene copies produced in the cell under a given 
condition are called gene expressions. Next-Generation 

Sequencing (NGS) techniques allow biologists to decode 
and quantify the entire gene expression profile of a sample, 
i.e. the entire set of RNAs present in the sample at a specific 
time. NGS revolutionised Transcriptomics, as it allowed 
biologists to discover new genes and RNA transcripts. 
Before NGS, the gene expression profile was estimated with 
micorarrays, which are sets of pre-defined probes that pro-
duce signals when they recognize known genes. However, 
these are unable to detect new genes or transcripts contain-
ing unknown mutations. On the contrary, NGS allows the 
study of all of existing RNAs produced in a cell and has 
promoted the study of novel classes of RNA that play pivotal 
roles in the cell, such as microRNAs (miRNAs).

MiRNAs are a class of small RNAs that regulate the 
expression of other longer RNAs and the consequent pro-
duction of proteins (Bartel 2004). In recent years, research 
on miRNA-related problems has become a hot field in Bio-
informatics mainly because of the miRNA essential bio-
logical functions (Huang et al. 2011). The study of miRNA 
expression changes, in fact, offers the opportunity to identify 
biomarkers, i.e. molecules predicting the clinical course or 
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Identifying Potential miRNA
Biomarkers for Gastric Cancer
Diagnosis Using Machine Learning
Variable Selection Approach
Neda Gilani 1*, Reza Arabi Belaghi2,3, Younes Aftabi 4, Elnaz Faramarzi 5, Tuba Edgünlü6 and
Mohammad Hossein Somi5

1Department of Statistics and Epidemiology, Faculty of Health, Tabriz University of Medical Sciences, Tabriz, Iran, 2Department of
Mathematics, Uppsala University, Uppsala, Sweden, 3Department of Statistics, Faculty of Mathematical Science, University of
Tabriz, Tabriz, Iran, 4Tuberculosis and Lung Diseases Research Center, Tabriz University of Medical Sciences, Tabriz, Iran, 5Liver
and Gastrointestinal Diseases Research Center, Tabriz University of Medical Sciences, Tabriz, Iran, 6Department of Medical
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Aim: This study aimed to accurately identification of potential miRNAs for gastric cancer
(GC) diagnosis at the early stages of the disease.

Methods: We used GSE106817 data with 2,566 miRNAs to train the machine learning
models. We used the Boruta machine learning variable selection approach to identify the
strongmiRNAs associated with GC in the training sample. We then validated the prediction
models in the independent sample GSE113486 data. Finally, an ontological analysis was
done on identified miRNAs to eliciting the relevant relationships.

Results: Of those 2,874 patients in the training the model, there were 115 (4%) patients
with GC. Boruta identified 30 miRNAs as potential biomarkers for GC diagnosis and hsa-
miR-1343-3p was at the highest ranking. All of the machine learning algorithms showed
that using hsa-miR-1343-3p as a biomarker, GC can be predicted with very high precision
(AUC; 100%, sensitivity; 100%, specificity; 100% ROC; 100%, Kappa; 100) using with the
cut-off point of 8.2 for hsa-miR-1343-3p. Also, ontological analysis of 30 identifiedmiRNAs
approved their strong relationship with cancer associated genes and molecular events.

Conclusion: The hsa-miR-1343-3p could be introduced as a valuable target for studies
on the GC diagnosis using reliable biomarkers.

Keywords: miRNA, machine learning, boruta algorithm, gastric cancer, hsa-miR-1343-3p, AUC, GSE106817,
GSE113486

INTRODUCTION

Gastric cancer (GC) is a significant global health issue due to being the fifth leading cancer worldwide
as well as the third cancer-related death leading cause, which leads to nearly 8,00,000 deaths annually
(Bray, 2018). Morbidity and mortality due to GC have reduced in recent years, though the rate of 5-
year survival is still fairly low (Howlader, 2014). A significant prognostic factor is the stage of cancer
at the diagnosis time. The 5-year survival of GC patients is below 30% if the disease is diagnosed at
the advanced stages (Hundahl et al., 2000), while the 5-year survival of patients ranges between 70
and 90% if diagnosed at the early stages (Choi, 2015). Thus, GC will remain among the toughest
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to be effective, especially when mimic molecules are used as endogenous miRNAs to
restore tumor suppressor function [264,291]. Nevertheless, the systemic introduction of
microRNA mimics carries the risk of integrating their function not only in neoplastic cells
but also in properly functioning cells [292,293]. Despite the promising data from in vitro
experiments and animal models for breast, intestine, gastric, lung, and hematological
neoplasms confirming their therapeutic efficacy, side effects in the form of toxicity and
induction of immune and inflammatory responses have also been noticed [294].

Despite the promising results of scientific and preclinical research, attempts to imple-
ment therapies with the use of the miRNA nanostructure in oncological clinical trials have
been unsuccessful (Table 4). The main reasons are the technical barriers to the effective
introduction of therapeutic molecules into the body, especially degradation by nucleases
and an unfavorable immune reaction. One of these disadvantages was noted at the stage of
Phase I clinical trials in an attempt to introduce miRNA replacement therapy with MRX34,
the aim of which was to restore miR-34 expression in cancer patients [295]. Due to the
strong immune responses that resulted in the death of four patients, the trials were stopped.

Table 4. Clinical trials of miRNA therapy in oncology (based on https://clinicaltrials.gov, accessed
on 10 January 2022).

Therapeutic Agent Drug Name (Sponsor) Clinical Trial Number Phase Status Cancer

miR-34 mimic
MRX34
(Mirna Therapeutics,
Inc.)

NCT01829971

Terminated
(Five immune-related
serious adverse events)
Withdrawn

Primary liver cancer,
SCLC, lymphoma,
melanoma, multiple
myeloma, renal cell
carcinoma, NSCLC

miR-34 mimic
MRX34
(Mirna Therapeutics,
Inc.)

NCT02862145

Withdrawn (five
immune-related serious
adverse events in
Phase 1 study)

Melanoma

miR-16 mimic
TargomiRs/MesomiR-
1 (Asbestos Diseases
Research Foundation)

NCT02369198 Completed

Malignant pleural
mesothelioma,
non-small-cell
lung cancer

anti-miR-155

Cobomarsen/MRG-
106/Vorinostat
(miRagen Therapeutics,
Inc.)

NCT03713320
NCT03837457

Terminated (terminated
early for business reasons,
not due to concerns
regarding safety or lack of
efficacy.)
Terminated (study no
longer needed because
eligible subjects may
receive treatment with
cobomarsen in a crossover
arm of the SOLAR clinical
trial (NCT03713320))

Cutaneous T-cell
lymphoma

anti-miR-155

Cobomarsen/MRG-
106/Vorinostat
(miRagen Therapeutics,
Inc.)

NCT02580552 Completed

CTCL, MF, chronic
lymphocytic Leukemia
(CLL), diffuse large
B-cell lymphoma
(DVBCL), activated
B-cell (ABC) subtype,
adult T-cell leukemia/
lymphoma (ATLL)

Quite promising results of studies on the introduction of miRNA into clinical practice
were obtained by van Zandwijk et al. [296] in a Phase I study, which checked the safety
and activity of miR-16-loaded bacterial minicells (TargomiR) in the treatment of patients
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Abstract: Small noncoding RNAs, as post-translational regulators of many target genes, are not
only markers of neoplastic disease initiation and progression, but also markers of response to
anticancer therapy. Hundreds of miRNAs have been identified as biomarkers of drug resistance,
and many have demonstrated the potential to sensitize cancer cells to therapy. Their properties of
modulating the response of cells to therapy have made them a promising target for overcoming
drug resistance. Several methods have been developed for the delivery of miRNAs to cancer cells,
including introducing synthetic miRNA mimics, DNA plasmids containing miRNAs, and small
molecules that epigenetically alter endogenous miRNA expression. The results of studies in animal
models and preclinical studies for solid cancers and hematological malignancies have confirmed the
effectiveness of treatment protocols using microRNA. Nevertheless, the use of miRNAs in anticancer
therapy is not without limitations, including the development of a stable nanoconstruct, delivery
method choices, and biodistribution. The aim of this review was to summarize the role of miRNAs in
cancer treatment and to present new therapeutic concepts for these molecules. Supporting anticancer
therapy with microRNA molecules has been verified in numerous clinical trials, which shows great
potential in the treatment of cancer.

Keywords: miRNA; replacement therapy; drug resistance; oncomiRs; tumor suppressor; metastamiRs;
miRNA delivery systems; miRNA inhibition therapy

1. Introduction
MicroRNAs are an abundant class of endogenous small RNA molecules (18–22 nu-

cleotides in length) that are noncoding post-transcriptional modulators of gene expres-
sion [1–3]. The human genome produces nearly 2000 miRNAs. Approximately 1900 pre-
cursors and 2600 mature human miRNA sequences are indexed in the miRBase database
(http://www.mirbase.org/, accessed on 25 October 2021) [4]. The majority of miRNAs
still await discovery, but some of them may be cancer-specific markers. They regulate gene
expression by suppressing mRNA translation, mRNA cleavage, and mRNA decay initiated
by miRNA-guided rapid deadenylation and reducing mRNA stability [5,6]. Each miRNA
can control hundreds of target genes, so identifying key miRNA targets for cancer research
is an important aspect.

Research on identifying single or sets of miRNAs, as regulators of cell proliferation
and apoptosis processes, is currently one of the most promising areas of research. The role
of these molecules is varied (Table 1). Some miRs exert negative control over the expression
of many oncoproteins in normal cells, and therefore their deregulation is believed to be
a significant mechanism underlying the development and progression of cancer. Due
to their role in the process, there are three categories of microRNA: oncogenic miRNAs
(oncomiRs), tumor suppressor miRNAs, and metastatic miRNAs (metastamiRs) (Table 1).
The consequence of the overexpression of oncomiRs is the initiation, development, pro-
gression, and invasion of neoplastic disease. The miRNA classification is not clear, because
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