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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.
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A Delayed Diagnosis....

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? 2 ! 0
. 0 visits to hospital before diagnosis — z ,4

1-4 visits 7‘

5 — 9 visits

Time to 10 or more visits

diagnosis _/_ * >

40% >5-10

7 Years
is the average

Consultations




A Delayed diagnosis .....
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Figure 5. The Diagnostic Challenge in Endometriosis.
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Consequences of Delayed Diagnosis....

Life Course Impact of Untreated Symptomatic Endometriosis
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Questionnaires for Endometriosis screening
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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

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
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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 (0 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-nil

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-lke tissue
outside the uterus [1]. Endometriotc lesions may occur at
various anatomic sites, including the pelvic peritoneum and
the ovary [2]. Deep-infiltrating endometriosis occurs in the

Only 1 study evaluated a questionnaire that was solely
patient-completed. Most measures required physician,
imaging, or laboratory assessments in addition 1o 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
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pelvic below the surface of the peritoneun. 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
2 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].

Surrey et al.

Endometriosis Diaghostics

A new validated screening method for endometriosis

No evidence that

qguestionnaires reduce the time

to diagnosis

diagnosis based on patient questionnaires
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DIAGNOSIS OF ENDOMETRIOSIS

SIGNS AND SYMPTOMS

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

Dysmenorrhoea Shoulder tip pain )

. . A symptom diary
Deep dyspareunia Catemenial pneumothorax or app can be
Dysuria Cyclical cough/haemoptysis /chest pain helpful in
Dyschezia Cyclical scar swelling and pain the history taking
Painful Rectal bleeding Fatigue process
Haematuria Infertility

-

Explore a diagnosis of endometriosis

Biomarker testing

11 Clinical (vaginal)
not recommended

NEGATIVE IMAGING examination + IMAGING
RESULT DOES NOT RULE (US or MRI)

OUT ENDOMETRIOSIS
\ _

\/

A 4 A 4 A 4 A 4
Differential Signs of Empirical medical Undetermined
diagnosis endometriosis treatment? ovarian mass



2022 ESHRE recommendations:
Diagnosis of endometriosis

Clinicianschould not use measurement of biomarkefs in endometrial tissue, blood
menstrual or uterine fluids to diagnose endometriosis

3660




ESHRE 2022 Guidelines

—

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

fndometriosis, particularly superficial peritoneal disease.

@000

Follow us!
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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.

Endometriosis

Guideline of European Society of Human
Reproduction and Embryology

The GDG recommends that laparoscopic identification of endometriotic lesions is
confirmed by histology although negative histology does not entirely rule out the
disease.
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ESHRE 2022 Guidelines

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 @©@®OO
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 GPP

the diagnosis and treatment of suspected endometriosis.
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| ihe GDG recommends that laparoscopic identification of endometriotic lesions is
confirmed by histology although negative histology does not entirely rule out the
disease.




Endometriosis Diagnostic Tests

Endometriosis test

General value

Performance value
Sensitivity
Specificity

Reliability

Reproducibility
Be simple, safe
Acceptability

Detect disease early in
its natural history

Medical questionnaire

+

76-98%
20-58%

Very Low specificity
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Ultrasound
imaging

Low accuracy for early
stage lesion

+

+
+

Ht
+

MRI imaging

79%
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Blood test
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Regulation of gene expression by miRNA
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Regulation of Gene Expression by miRNA - Ziwig

DNA MmRNA Protein

DNA
Transcription Translation
— —>
Transcription
Transcription

Transcription %
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miRNA _I* Translation
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Guo, Sun-Wei. “Epigenetics of endometriosis.” Molecular
human reproduction vol. 15,10 (2009): 587-607.
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MiARNSs function

proliferation metabolism

immune system invasion &
activation migration
vasculogenesis apoptosis

multiple targets

Cancer

Neurology
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The pioneers....

Individual analysis of 6 mi-RNA

No exhaustive analysis of mi-
RNome

No NGS, no Al
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Circulating MicroRNAs Identified in a Genome-Wide
Serum MicroRNA Expression Analysis as Noninvasive
Biomarkers for Endometriosis

Wen-Tao Wang,* Ya-Nan Zhao,* Bo-Wei Han, Shun-Jia Hong,
and Yue-Qin Chen

Department of Obstetrics and Gynecology, Sun Yat-sen Memorial Hospital (Y.-N.Z., S.-J.H.), Key
Laboratory of Gene Engineering of the Ministry of Education, and State Key Laboratory for Biocontrol
(W.-T.W,, B.-W.H., Y.-Q.C.), Sun Yat-sen University, Guangzhou 510120, China

Context: There is currently no reliable noninvasive biomarker for the clinical diagnosis of endo-
metriosis. Previous analyses have reported that circulating microRNAs (miRNAs) can serve as bio-
markers for a number of diseases.

Objective: The study aims to detect the serum miRNAs that are differentially expressed between
endometriosis patients and negative controls to evaluate the potential of these miRNAs as diag-
nostic markers for endometriosis.

Design: A total of 765 serum miRNAs were profiled using a TagMan microRNA array in a pool of
10 endometriosis patients and a pool of 10 negative controls, and a set of selected miRNAs were
further analyzed in avalidation cohort consisting of sera from 60 patients and 25 controls including
10 samples used in array profiling.

Results: The relative expression levels of miR-199a and miR-122 were found to be up-regulated in
endometriosis patient samples compared with control samples, whereas miR-145*, miR-141*, miR-
542-3p, and miR-9* were down-regulated in endometriosis patients. Importantly, the relative expres-
sion of miR-199a (P < 0.05) and miR-122 can be used to discriminate between severe and mild endo-
metriosis. We also found that miR-199a is well correlated with pelvic adhesion and lesion distribution
(P < 0.05) and associated with hormone-mediated signaling pathways. Furthermore, we investigated
the diagnostic value of these molecules and confirmed the optimal combination of miR-199a, miR-122,
miR-145*, and miR-542-3p with area under the curve of 0.994 (95% confidence interval = 0.984-1.000,
P < 0.001) and a cutoff point (0.4950) of 93.22% sensitivity and 96.00% specificity.

Conclusions: Our study demonstrated that the circulating miRNAs miR-199a, miR-122, miR-145*, and
miR-542-3p could potentially serve as noninvasive biomarkers for endometriosis. miR-199a may also
play an important role in the progression of the disease. This is the first report that circulating miRNAs
serve as biomarkers of endometriosis. (J Clin Endocrinol Metab 98: 281-289, 2013)
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Non-coding RNAs in endometriosis: 3018
a narrative review Human Reprod. Update

Kavita Panir @ ', John E. Schjenken', Sarah A. Robertson',
and M. Louise Hull""%3
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GYNECOLOGY

Accurate diagnosis of endometriosis using serum

microRNAs

2020 AJOG

Sarah Moustafa, MD; Martina Burn, MD‘; Ramanaiah Mamillapalli, PhD'; Sepide Nematian, MD; Valerie Flores, MD;

Hugh S. Taylor, MD

TABLE 2
ROC analysis of individual miRNAs

95% Wald
ROC model Area SE confidence limits Optimal cutoff Correct, % Sensitivity, % Specificity, %
miR_125b 0.73 0.05 0.63—0.83 0.084 68.0 56.1 78.0
miR_150 0.68 0.06 0.57—-0.78 0.44 63.9 20.0 94.7
miR_342 0.92 0.04 0.86—0.99 0.085 90.8 90.0 91.2
miR_451a 0.84 0.04 0.76—0.92 0.35 79.8 90.0 72.9
miR_3613 0.76 0.05 0.66—0.85 0.014° 74.0 92.7 61.0
let_7b 0.78 0.05 0.69—0.87 0.012° 73.7 82.5 67.8
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MicroRNome analysis generates
a blood-based signature
for endometriosis

Sofiane Bendifallah®**, Yohann Dabi**?, Stéphane Suisse?, Ludmila Jornea®,
Delphine Bouteiller®, Cyril Touboul™?, Anne Puchar*? & Emile Darai*?

Endometriosis, characterized by endometrial-like tissue outside the uterus, is thought to affect 2-10%
of women of reproductive age: representing about 150 million women worldwide. Numerous studies
have evaluated the diagnostic value of blood biomarkers but with disappointing results. Thus, the gold
standard for diagnosing endometriosis remains laparoscopy. We performed a prospective trial, the
ENDO-miRNA study, using both Artificial Intelligence (Al) and Machine Learning (ML), to analyze the
current human miRNome to differentiate between patients with and without endometriosis, and to
develop a blood-based microRNA (miRNA) diagnostic signature for endometriosis. Here, we present
the first blood-based diagnostic signature obtained from a combination of two robust and disruptive
technologies merging the intrinsic quality of miRNAs to condense the endometriosis phenotype

(and its heterogeneity) with the modeling power of Al. The most accurate signature provides a
sensitivity, specificity, and Area Under the Curve (AUC) of 56.8%, 100%, and 98.4%, respectively,

and is sufficiently robust and reproducible to replace the gold standard of diagnostic surgery. Such a
diagnostic approach for this debilitating disorder could impact recommendations from national and
international learned societies.
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2600 Biomarkers

86 Biomarkers

Sensitivity 96.7%, specificity 100%

Accuracy > 98%



Overview of miRNAs for the
non-invasive diagnosis of endometriosis:

evidence, challenges and strategies.
A systematic review

2021 Einstein Journal

Likewise, none of the papers examined investigated
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(Controls)
N =153
N =47

Figure 1. Flow chart of ENDO-miRNA study.
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Control Patients with

Patients Endometriosis

N (%) N (%)

N s =153
Age (years) (mean - SD) 3942 (13.79) 31.17 (MQ78) 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-11 - 52% (8 -
- II1-1v - 48% )

Control diagnoses \/ °

- No abnormality 51% (24) _ - P I

- Leiomyoma 2% (1) O u a t I 0 n
- Cystadenoma 11% (5)

- Teratoma 23% (11)

- Other gynecologic disorders Aok — C h a ra cte ri st i c s

Dysmenorrhea ( 100% 100% 3

Abdominal pain outside menstruation e g

- 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) -
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Abstract: 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. The aim of
the prospective ENDO-miRNA study was to develop a bioinformatics approach for microRNA-
sequencing analysis of 200 saliva samples for miRNAome expression and to test its diagnostic
accuracy forendometriosis. Among the 200 patients, 76.5% (n = 153) had confirmed endometriosis and
23.5% (n = 47) had no endometriosis (controls). Small RNA-seq of 200 saliva samples yielded ~4642
M raw sequencing reads (from ~13.7 M to ~39.3 M reads/sample). The number of expressed miRNAs
ranged from 1250 (outlier) to 2561 per sample. Some 2561 miRNAs were found to be differentially
expressed in the saliva samples of patients with endometriosis compared with the control patients.
Among these, 1.17% (n = 30) were up- or downregulated. Among these, the Fl-score, sensitivity,
specificity, and AUC ranged from 11-86.8%, 5.8-97.4%, 10.6-100%, and 39.3-69.2%, respectively.
Here, we report a bicinformatic approach to saliva miRNA sequencing and analysis. We underline
the advantages of using saliva over blood in terms of ease of collection, reproducibility, stability,
safety, non-invasiveness. This report describes the whole saliva transcriptome to make miRNA
quantification a validated, standardized, and reliable technique for routine use. The methodology
could be applied to build a saliva signature of endometriosis.

Keywords: endometriosis; miRNA; NGS; bicinformatics; saliva
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Saliva > Blood

Ease of collection
Non invasive
Safety

Stability
Reproductibility
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153 patients diagnhosed 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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External Validation
Study

NCT 05244668

Interim analysis

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.
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208 Saliva sample collection

‘ 225 Eligible patients ‘

17 Not included

Did not meet inclusion criteria
3 patients were outside of the age

External Validation
Study

8 Excluded

5 samples contained less than 2 ml
of saliva

200 Saliva sample collection available
for sequencing and analysis

( i ¥
159 Patients with endometriosis 41 Patients without endometriosis
\ (controls)

Figure 2. Flow Chart of the Interim Analysis of the ENDOmiRNA Saliva Test Study.

This flow chart shows the recruitment of patients and provides the details of noninclusion and exclusion.
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Accuracy of the Saliva-Based Diagnostic Signature
for Endometriosis

With an overall population prevalence of 79.5%, the diag-
nostic signature composed of 109 miRNAs (random forest
model) against the validation cohort obtained a sensitivity
of 96.2% (95% CI, 93.7 to 97.3%), specificity of 95.1%
(95% CI, 85.2 to 99.1%), PPV of 95.1% (95% CI, 85.2 to
99.1%), NPV of 86.7% (95% CI, 77.6 to 90.3%), positive
likelihood ratio of 19.7 (95% CI, 6.3 to 108.8), negative likeli-
hood ratio of 0.04 (95% CI, 0.03 to 0.07), and AUC of 0.96
(95% CI, 0.92 to 0.98).

Interim Data Analysis - Results :

- Sensitivity of 96.2% (95% Cl: 93.7%-97.3%)
- Specificity of 95.1% (95% Cl: 85.2%-99.1%)
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Saliva microRNA signature to diagnose endometriosis: care cost
A cost-effectiveness evaluation of the Endotest®

impact

Clement Ferrier>® | Sofiane Bendifallah™® | Stéphane Suisse’ | Yohann Dabi? | Results

Cyril Touboul*®> | Anne Puchar"? | Kevin Zarca®® | Isabelle Durand Zaleski*’ With an Endotest® priced at €750, the cost

per correctly diagnosed case was €1542,
€990, €919 and €1000, respectively, for

strategiesl, Il, Ill and V. Strategyl was
Endotest® price 1 140€ 7 150€ dominated by all other strategies. Strategies
4 . IV, lll and Il were, respectively, preferred for
between €473 and €4670, and beyond
2,670€ €4670 per correctly diagnosed case. At a
price of €500 per Endotest®, strategy| was
500€ _ W Strate gominated by all other strategies. At €1000,
the ICERs of strategiesll and Ill were €724
W Strate .
473€ 4,670€ and €387 per correctly diagnosed case,

Conclusion

he present study demonstrates the value
the Endotest® from an economic
erspective.
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- E Saliva microRNA signature to diagnose Article

D id g NOSIS Of endometriosis: A cost-effectiveness evaluation of o
. . the Endotest®
Endometriosis
Clement Ferrier ! 2, Sofiane Bendifallah ' 2, Stéphane Suisse 3, Yohann Dabi ' 2,
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Cost-Effectiveness
Study

PMID: 36424910 DOI: 10.1111/1471-0528.17348

Study Design

DOI : 10.1111/1471-0528.17348

Comparison of 4 diagnostic pathways :

1 - Current French Guidelines

2 - Endotest

3 - Ultrasound -> Endotest

4 - Ultrasound -> MRI -> Endotest
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Explore a diagnosis of endometriosis

Normal or Equivocal imaging
examination

Signs and symptoms

!

Clinical examination +
Imaging (US or MRI)

Endometrioma or
Rectosigmoid endometriosis

v

Empirical Medical
Traitement*

Efficacious Non Efficacious

v v

Endotest Surveillance

\ 4

Medical / surgical
Traitement

* 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 91" 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 test

General value

Performance value
Sensitivity
Specificity

Reliability

Reproducibility
Be simple, safe
Acceptability

Detect disease early in
its natural history

Endometriosis Diagnostic Tests

Medical questionnaire

+

76-98%
20-58%

Very Low specificity

+HH+

+HH+

Ultrasound
imaging

+
65-79%
91-95%

Low accuracy for early
stage lesion

+

+
++

+++
++

MRI imaging
4+
79%
72%

Low accuracy for early
stage lesion

+

+++
+++

++

Blood test

63%
69%

+++

++

Surgery and pathology

+

90-94%
40-79%

Yes
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+

+H++
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Saliva Test
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Consequences of EARLY Diagnosis....

Life Course Impact of Untreated Symptomatic Endometriosis
——No endometriosis —Untreated symptomatic endometriosis

Symptoms develop

School absences & social avoidance
Develop coping skills

Alternate career path to accommodate
symptoms & educational attainment
Sexual dysfunction

Established in career

Lack of promotion due to lost productivity
Difficulty conceiving °

. Financial challenges Of I Ife
10. Pregnancy

11. Relationship issues
12. Menopause

PON=

Quality
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o 09@
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-0 6 °2 o ®

Achievements in life, education, family, career, etc

Childhood Adolescence Adult — Premenopausal Postmenopausal




Conclusions (2)

- Al : 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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M.H.R. Raja, N. Farooqui, N. Zuberi et al. Journal of Gynecology Obstetrics and Human Reproduction 50 (2021) 102157
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Fig. 1. Mechanism responsible for endometriosis.

The mi-RNA
revolution l....
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MicroRNA as a Potential Therapeutic Molecule in Cancer
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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
. Primary liver cancer,
MRX34 ;l;?irvneui?:ll;creline-rela ed SCLC, lymphoma,
miR-34 mimic (Mirna Therapeutics, NCT01829971 . melanoma, multiple
Inc.) serous adverse events) myeloma, renal cell
Withdrawn carcinoma, NSCLC
MRX34 Withdrawn (five
miR-34 mimic (Mirna Therapeutics, ~ NCT02862145 immune-related serious -y o1 ma
Inc.) adverse events in
’ Phase 1 study)
TargomiRs/MesomiR- x:i;%zz;ﬁiural
miR-16 mimic 1 (Asbestos Diseases NCT02369198 Completed ’
. non-small-cell
Research Foundation) W e
lung cancer h h
Terminated (terminated a t I S t e
early for business reasons,
not due to concerns
regarding safety or lack of
Cobomarsen/MRG- efficacy.) e x t S t e
anti-miR-155 106/ Vorinostat NCT03713320 Terminated (study no Cutaneous T-cell [ ]
(miRagen Therapeutics, NCT03837457 longer needed because lymphoma

Inc.)

eligible subjects may
receive treatment with
cobomarsen in a crossover
arm of the SOLAR clinical
trial (NCT03713320))
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Abstract: Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)-CRISPR-associated
(Cas) systems have revolutionized modern molecular biology. Numerous types of these systems
have been discovered to date. Many CRISPR-Cas systems have been used as a backbone for the
development of potent research tools, with Cas9 being the most widespread. While most of the
utilized systems are DNA-targeting, recently more and more attention is being gained by those that
target RNA. Their ability to specifically recognize a given RNA sequence in an easily programmable
way makes them ideal candidates for developing new research tools. In this review we summarize
current knowledge on CRISPR-Cas systems which have been shown to target RNA molecules, that is
type III (Csm/Cmr), type VI (Cas13), and type II (Cas9). We also present a list of available technologies
based on these systems.
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