MultiMENDo Project

The quest for better
endometriosis care

Endometriosis is a common heterogeneous

gynaecological disorder
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Endometriosis isacommon gynaecological
disease defined by the presence of lesions
of functional endometrial tissue outside
the uterine cavity (ectopic endometrium).
It affects approximately 10 per cent of
women in their reproductive years (from
puberty to menopause).

The most common symptoms are pelvic
pain (during the menses and chronically)
and pain during intercourse (Chapron et
al., 2019). Usually, the intensity of these
pain symptoms is high. Other symptoms
include painful bowel movements/
constipation/diarrhoea, painful urination,
fatigue, depression or anxiety, abdominal
bloating and nausea. In some cases,
endometriosis can be asymptomatic. So,
the manifestation of the disease is quite
variable across patients, participating in
the delay of its diagnosis. Furthermore,
infertility, which can be seen as a silent
symptom (unknown until the patient
tries to conceive), is associated with
endometriosis in around 40 per cent of
patients. Endometriosis is also associated
with an increased risk of miscarriage and
pregnancy complications (Leone Roberti
Maggiore et al., 2016).

Endometriosis patients can be classified
into three subgroups according to
the lesion localisation and infiltration:
superficial peritoneal lesions, ovarian
endometriosis (also called endometrioma)
and deep infiltrating endometriosis
(Chapron et al., 2019).

So endometriosis is a major health issue
that strongly affects the quality of life of
patients and is an economic burden, with
a cost estimated at =10 k€ per year per
patient (Simeons et al., 2012).

Endometriosis diagnosis

As the symptoms are not very specific
(and sometimes wrongly dismissed), the
diagnosis of endometriosis is difficult and
is usually considered definitive only after
a lesion histological analysis, requiring an
invasive procedure. However, the current
guidelines (from several national and
international societies) recommend the
use of hormonal therapy as a first line of
treatment in suspected endometriosis
cases to avoid unnecessary invasive
procedures if the medical treatment is
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efficient in reducing the pain symptoms
(Kalaitzopoulos et al., 2021). Imaging
is also a proposed tool in diagnosing
endometriosis, i.e. transvaginal ultrasound
(TVUS) and magnetic resonance
imaging (MRI). Depending on the
lesion localisation and the interpreter
experience, the detection rate with these
methods is highly variable. Therefore,
using imaging for endometriosis diagnosis
has several limitations: the cost of these
technologies, the false negative rate
that is not negligible (5 to 20 per cent)
and their effectiveness that is highly
dependent on the image interpretation,
an expertise rarely available in a primary
care setting. So, one of the current high-
stakes goals of endometriosis patient care
is the development of reliable methods
for early non-invasive diagnosis. Despite
numerous efforts, in a variety of tissues,
but mainly in peripheral blood or semi-
invasively in endometrium or peritoneal
fluid (Brulport et al., 2024), no biomarkers
or a combination of those (including
imaging data) was found and validated
with sufficient sensitivity and specificity
for use in clinical practice (Nisenblat et
al., 2016a-b; Gupta et al., 2016). As a

Figure 1: Endometriosis is characterised by lesions of ectopic endometrium. Schematic representation of the healthy (A) and endometriosis-affected (B) female
reproductive tract with its surroundings. The positioning of a menstrual cup is shown (A). Lesion site of abnormally located endometrium (ectopic) defines the
three commonly used subtypes (superficial, ovarian and deep infiltrating). The uterine endometrium changes during the menstrual cycle, and it is shed during the

menses (C). Source: BioRender.com.
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result of these aspects, there is a delayed
diagnosis, estimated to be eight years
(Ghai et al., 2020).

Endometriosis treatment

The current treatments for endometriosis
are based on medical and surgical
approaches for pain management and
assisted reproductive technologies (ART)
(and/or surgery) for infertility. There is
still a lot of dissensus for endometriosis
treatment (Kalaitzopoulos et al., 2021)
and a global lack of long-term efficacy of
the available options.

The medical treatment (Barbara et al.,
2021; Barra et al., 2019; Becker et al.,
2017; Donnez and Dolmans, 2021)
basically consists of inducing amenorrhea
(to suppress the shedding of the
endometriotic lesions) using hormonal
treatments, in combination with pain meds
if necessary. As such, it is symptomatic
and not curative, and the beneficial effect
is usually lost upon treatment cessation.
Usually proposed as first-line therapies
are the combined oral contraceptives
(oestrogen-progestins) and progestins.
Their efficacy on dysmenorrhoea is usually
higher than on non-menstrual pelvic
pain. Gonadotropin-releasing hormone—
GnRH—agonists and antagonists are
proposed as second-line treatments.
They were shown to be effective on
menstrual and non-menstrual pelvic pain.
Concerning the response to these medical
treatments, 15-30 per cent of patients
do not respond to these options. These
medical options have shown no benefit
for the fertility of endometriosis patients.

The surgical treatment (Kalaitzopoulos
et al, 2021; Singh et al., 2020) is
a potentially curative option. The
recommendation for surgery is a lack
of pain relief (due to medical treatment
inefficacy or intolerance). Surgical
excision of all the lesions by laparoscopy
is recommended in an expert centre as
lesions may involve several other organs
from the pelvic cavity (bowel, urinary
tract, etc.). Surgery is efficient, but pain
relief is sometimes incomplete, and
recurrence of pain is observed in seven
to 28 per cent of patients within two
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years of the surgery. Around 20 per cent
of patients undergo further surgery in the
following two and a half years, indicating
the recurrence of the endometriotic
lesion(s). Unlike medical treatment,
surgery may provide benefits for fertility.
However, endometrioma surgery can
negatively impact ovarian reserve and
does not improve the outcome of in vitro
fertilisation (IVF) in infertile patients.

The fertility treatment (Kalaitzopoulos
et al., 2021; Singh et al, 2020) mostly
relies on IVF. Endometriosis is known
to contribute to subfertility via several
mechanisms: pelvic adhesions, distorted
pelvic anatomy, bilateral tubal blockage,
poor quality of the oocyte/embryo and/or
endometrial environment. Interestingly,
it was shown that deferring the embryo
transfer in endometriosis-affected
women was associated with significantly
higher cumulative pregnancy rates
(Bourdon et al., 2018), probably due to a
better endometrial environment in a cycle
without ovarian stimulation. Concerning
the response to IVF fertility treatment,
a meta-analysis (Barbosa et al, 2014)
showed that women with endometriosis
have practically the same chance of
achieving clinical pregnancy and live birth
as women with other causes of infertility.
IVF success rate is around 40 per cent
(with a strong influence being the patient’s
age at the time of egg retrieval).

So, treatment options are imperfect and
very limited data are available to predict
which treatment will work for which
patient.

Endometriosis
pathophysiology is not
well understood

The strongest hypothesis for the origin
of endometriotic lesions is retrograde
menstruation, a reflux of menstrual
blood through the fallopian tubes
into the peritoneal cavity. But as this
phenomenon occurs in 90 per cent
of menstruating women and only 1
in 10 develops endometriosis, other
mechanisms are at play. Individual
susceptibilities involving intrinsic specific
alterations of eutopic (uterine) and/
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or ectopic endometrium (high survival
capacity, invasive and proliferative
capabilities, somatic mutation), as well
asalterations of the local peritoneal
environment (excessive inflammation,
defective immune clearance of ectopic
cells, oxidative stress) are thought to be
key aspects of the pathophysiology.

Indeed, endometriotic lesions have an
altered gene expression profile compared
to eutopic endometrium (normally
localised within the uterus) (Borghese
et al., 2008), with increased survival
and adhesion signatures. The eutopic
endometriumfromendometriosis patients
is also altered compared to healthy
control, with notable differences involved
in immunity (Rai et al., 2010; Poli-Neto
et al., 2020). A single-cell transcriptomic
study on endometrium from healthy
donors, endometrium and endometriotic
lesion from endometriosis patients
(all obtained by invasive procedures)
showed that several cell subtypes from
the patients’ eutopic endometrium share
alterations with endometriotic lesions
(Ma et al., 2021). An aberrant immune
response seems crucial for enabling the
ectopic proliferation of endometrial cells
(Vallvé-Juanico, Houshdaran and Giudice,
2019). Not only do peritoneal immune
cells fail to clear the endometriotic lesions,
but they also. appear to promote their
proliferation and invasion capabilities
(Jeung, Cheon, and Kim, 2016; Chan et
al., 2017). Immunomodulation may be
an interesting strategy for the treatment
of endometriosis (Jeljeli et al., 2020). As
immune cells are involved in implantation
and placentation (Ander, Diamond,
and Coyne, 2019), modulating them
may benefit fertility. The MultiMENDo
project’s coordinator led a study showing
that pre-conceptional immunomodulation
alters immune cell recruitment at
the maternal-foetal interface in mice
(Dang et al., 2021). In the inflammatory
context of endometriosis, such an effect
may be beneficial. Menstrual immune
cells are also refluxed in the peritoneal
cavity, but they were scarcely studied
in endometriosis (Schmitz et al., 2021;
Warren et al., 2018), and their potential
pathogenic role remains to be evaluated.

Menstrual blood is an easily
accessible yet understudied
biological fluid

Menstrual blood is an easily accessible
biological fluid available monthly in non-
pregnant women of reproductive age.
Amongst the naturally available biological
fluids, it is by far one of the least studied,
with 37 to 189 times fewer biomedical
research studies for menstrual blood
than other biological fluids (peripheral
blood, saliva, urine samples, faeces/stool,
or seminal fluid/sperm). This illustrates
that menstrual blood has been greatly
overlooked as a biological fluid so far.

Theincreased popularity of reusable items
of personal feminine hygiene products,
such as the menstrual cup, makes it
very easy to collect. This collection
method greatly improves the possibility
of studying viable cells (immune and
endometrial cells) from this fluid and
secreted factors in the menstrual serum.
Menstrual immune cells resemble the
uterine microenvironment more than the
circulating immune cells (van der Molen
et al., 2014). While menstrual blood is
easily accessible and relevant to both
gynaecological disorders and fertility,
there is an extremely low number of
studies on this biological fluid. Most
studies focused on its use as a source of
mesenchymal stem cells for regenerative
therapies (Lv et al., 2018). A few studies
using menstrual blood in the context
of endometriosis have shown some
promise (Nikoo et al.,, 2014; Warren et
al., 2018; Schmitz et al., 2021; Shih et al.,
2022), but so far, the number of included
patients was limited. Collecting both
menstrual immune and endometrial cells
from a higher number of women with
no or different types of endometriosis
is therefore relevant for a search for
endometriosis biomarkers that could
truly impact diagnosis, understanding
and treatment of this disease.

MultiMENDo project

The MultiMENDo project aims to
identify relevant differences in menstrual
blood between healthy donors and those
with endometriosis. The project also

looks at variations within subgroups
of people with endometriosis. These
differences could become reliable signs
for diagnosing or predicting outcomes
(biomarkers). MulttMENDo seeks to
understand how endometriosis develops
and explore new ways to treat it.

For this, single-cell transcriptomics and
soluble protein multiplex assays will be
used on 64 menstrual blood samples to
identify candidate diagnostic biomarkers
that differentiate endometriosis-affected
women from healthy controls. Validation
of these biomarkers will be carried out
in menstrual blood samples from 250
women (200 endometriosis-affected
women with different subtypes of
endometriosis). Prognostic candidate
biomarkers for response to surgery and
in vitro fertilisation will be identified
in menstrual blood from patients with
longitudinal monitoring. Menstrual-
fluid-derived organoids cultured with
or without immune cells will be used
to assess endometriosis-associated
functional changes and to test new
immunomodulatory treatments. The
MultiMENDo project will lead to
better endometriosis care and improve
our understanding of endometriosis
pathophysiology. It will also broaden
the study of menstrual blood, a greatly
overlooked biological fluid relevant
to gynaecological and reproductive
disorders.
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PROJECT SUMMARY

The MultiMENDo project focuses on
endometriosis, a gynaecological disorder
affecting approximately 10 per cent of
women of childbearing age. This complex
disease is notably associated with chronic
pelvic pain and infertility, leading to a
reduced quality of life. There is a huge
diagnostic delay and a lack of curative
therapies. The project aims to find
diagnostic and prognostic biomarkers and
investigate new therapeutic approaches
using menstrual blood, a relevant and easily
accessible yet overlooked biological fluid.
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