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Preface

My interest in the study of endometriosis arose during my post-doc at the
Department of Gynecology, Escola Paulista de Medicina, Universidade Federal de
Sao Paulo (EPM-UNIFESP), Brazil, under the guidance of the late and inspiring
Dr. Manoel Jodo Batista Castello Girdo (in memory) in 2008 and led me to study
disease progression and cell cycle control strategies at the molecular level.

Endometriosis is not just a medical problem. Some recent research shows that
there is a high chance that women surgically diagnosed with endometriosis will
leave the workforce and have problems with fertility. Endometriosis is estimated
to cost the world economy $9.7 billion a year. Most of these costs come from lost
productivity at work. Focusing on work can be difficult due to unpredictable
symptoms as well as side effects from using strong pain relievers. Women seeking
a diagnosis of endometriosis through surgery need time to recover and may have
more surgeries in the future.

This book presents a comprehensive overview of endometriosis, including
information on molecular diagnostics and imaging methods for early detection
as well as new, less-invasive treatments that preserve women’s fertility.

Giovana Ap. Gongalves

Associate Professor,

Department of Medicine — Father Albino Universitary Center - UNIFIPA,
Catanduva, Brasil






Chapter1

Introductory Chapter:
Endometriosis - Recent Advances,
New Perspectives and Treatments

Giovana Ap. Gongalves and Ana Paula Girol

1. Introduction

Endometriosis is a chronic gynecological disorder defined as the presence of
endometrial tissue in extrauterine sites. Normally, functional endometrial tissue is
present outside the uterine cavity and results in symptoms that include pelvic pain,
dysmenorrhea, and dyspareunia. Patients with endometriosis often experience
infertility and are at an increased risk of epithelial ovarian cancer. Endometriosis
can be classified into three subtypes: lesions in the pelvic peritoneum; ovarian
endometriosis which may occur as superficial lesions on the surface of the ovary or
as cysts lined with endometrioid epithelium (endometrioma); and deeply infiltrat-
ing lesions of the rectovaginal septum [1, 2]. Despite the prevalence of endometrio-
sis and its significant impact on women’s lives, there are relatively few in vitro and in
vivo models available for studying the biology and pathophysiology of this complex
disease, as well as for use in the preclinical development of new therapies [3, 4].

The most accepted theory describes that viable endometrial cells, expelled by
the fallopian tubes, are able to survive in the peritoneal environment by binding
to its membrane [5]. However, approximately 90% of women of reproductive age
with leaky fallopian tubes experience retrograde menstruation, while the preva-
lence of endometriosis is estimated at 6-10% [6-9]. To discover the mechanisms
and propose therapeutic approaches to endometriosis, various in vitro and in vivo
models of the disease are frequently proposed [9-11]. The study of endometriosis
mechanisms is complex and the research results obtained may vary among different
researchers who apply various methods of material collection, inclusion criteria,
and genetic profiles of the sample population [12]. Furthermore, the use of primary
cells in endometriosis research is highly recommended as it is a multifactorial and
heterogeneous disease that varies widely among patients [5, 13-20].

In recent years, advances in neuroendocrinology, endocrinology, tumorigenesis,
neurogenesis, and genomics are transforming current approaches to treating endo-
metriosis. In this regard, GnRH antagonists, SPRM/SERM, aromatase inhibitors,
immunomodulators, and antiangiogenic drugs appear as emerging and promising
medical treatments for endometriosis. More studies are needed to promote person-
alized medication for patients with endometriosis.

One of the approaches of interest to the treatment of endometriosis is
phytotherapy. The use of medicinal plants individually or in association, in the
form of decoctions, extracts, and purified bioactive compounds is a common
practice in several countries [21-26]. Medicinal plants exhibit many properties,
including anti-inflammatory, anti-angiogenic, anti-proliferative, proapoptotic,
immunomodulatory, and estrogen modulating activities which can be explored
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for the treatment of endometriosis or as a complementary therapy to overcome
endometriosis-related symptoms [26-28]. Herbal medicines can be cheaper,
easily accessible and well accepted by the population [21, 27, 28] in addition to
valuing the national flora and traditions of different peoples.

Chinese herbal medicine as Xuefu Zhuyu decoction (XZD), Xiaochaihu decoction
(XCHD), QuYi Kang (QYK), Yi Wei Ning (YWN), Yi Wei San (YWS), and Huoxue
Xiaoyi decoction (HXD), which are composed of a mixture of different medicinal
herbs, are widely used to relieve dysmenorrhea, reduce ectopic lesions and aid in the
maintenance of fertility [21]. In general, these drugs inhibit adhesion, aggregation,
and angiogenesis, reduce serum estradiol levels and inflammatory chemical
mediators [21].

Angelica sinensis (Danggui), Curcuma longa (Jianghuang), Pueraria lobata
(Gegen), Salvia miltiorrhiza (Danshen), Paeonia lactiflora Pall (Chishao) are some
of the herbs commonly used in Chinese medicine prescriptions for dysmenorrhea
and irregular menstruation due to endometriosis and which have antiangiogenic
effects, including the regulation of the vascular endothelial growth factor
(VEGF) [27, 29].

Additionally, bioactive compounds isolated from plants, including Epigallocatechin
Gallate (catechin, Camelia sinensis, green and black teas), Curcumin (hydrophobic
polyphenol, Curcuma longa), Puerarin (isoflavone from roots of Pueraria spp),
Ginsenoside Rg3 (kind of steroid glycosides, and triterpene saponins, genus Panax),
Resveratrol (a natural phytoalexin, mainly extracted from grapes), Genistein (isofla-
vone isolated from soy); Xanthohumol (Humulus lupulus), Naringenin (flavanones
group, found in citrus and grapes) have been evaluated for the treatment of endome-
triosis in iz vivo and in vitro models, as well as clinical trials [21, 27-31]. The actions of
these bioactive compounds involve reducing the expression of VEGF, matrix metal-
loproteinases (MMP2 and MMP9), intercellular adhesion molecule 1 (ICAM-1) and
cytokines as tumor necrosis factor-alpha (TNF-a), interleukins (IL-6 and IL-8) and
monocyte chemoattractant protein 1(MCP-1) [21, 26-30].

Using bioinformatics and data mining various combinations and mechanisms
of action of Chinese herbal medicines were analyzed to establish interactions with
multiple targets. These studies showed that, among other findings, Chinese herbal
medicines could regulate various signaling pathways including VEGF, nuclear
factor kappa B (NF-kB), mitogen-activated protein kinase (MAPK), phosphati-
dylinositol 3-kinase (PI3K)/protein kinase B (AKT), and hypoxia-inducible factor 1
(HIF-1) [32].

In the search for new therapeutic strategies, experimental models are useful
tools for understanding the effects, mechanisms of action, and safety in the use
of medicinal herbs in endometriosis. However, they do not replace clinical trials,
even less explored. In view of the vast literature and in order not to be exhaus-
tive, below, only some of the investigations on herbal medicines and bioactive
compounds are presented, as an example of the possibilities of treatments for
endometriosis.

Regarding the traditional Chinese medicine, low and high doses of Gui Xiong
Xiaoyi Wan (GXXYW), a formula that contains a combination of 14 types of plants,
orally given for 28 days to rats surgically-induced endometriosis, were able to reduce
the volume of the lesion, inhibit cell proliferation, induce apoptosis of endometri-
otic cells, as well to regulate the cell-mediated immune response by increasing the
CD4:CD8 lymphocytes ratio [33]. The reduced size of the endometriotic implants
was also observed for Hua Yu Xiao Zheng (HYXZ) decoction, a mixture of 13
plants, which were used in a rat endometriosis model, administered by oral gavage
at three different doses. HYXZ effects are associated with decreased protein and
mRNA levels of VEGF and angiopoietin 2 (Ang-2) [34].
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Through nuclear magnetic resonance spectroscopy-based metabolomics, the
Gui-Zhi-Fu-Ling-Capsules (GZFLC), a classic Chinese medicinal formula com-
posed of five herbs was studied in experimental endometriosis. This study pointed
out that GZFLC regulates endometriosis by modulating metabolites changes of
glycolysis or gluconeogenesis and then the expression of transforming growth
factor-beta 1 (TGF-f1), glucose transporter-4 (GLUT-4), and VEGF [35]. Network
pharmacology and mRNA transcriptome analysis were performed to study ELeng
Capsule (ELC), another Chinese medicine formula that has been used for the
treatment of endometriosis [36]. Based on network pharmacology, the ELC mecha-
nisms involve neuroactive ligand-receptor interaction, toll-like receptor, VEGF
and MAPK signaling pathways related to apoptosis, angiogenesis inhibition, and
immune regulation. Moreover, based on RNA-sequence analysis, ELC effects were
related to regulation of cytoskeleton, epithelial-mesenchymal transition, and focal
adhesion [36].

In a clinical trial, a formulation containing five Chinese medicinal plants was
orally taken by post-operative women with stage III-IV endometriosis after conser-
vative surgery, at one dosage a day for 12 consecutive weeks, and compared with
anterior abdominal subcutaneous injection with goserelin acetate sustained-release
depot, at the dosage of 3.6 mg once every 28 days also for 12 weeks [37]. Serum
levels of cancer antigen 125 (CA-125) and IL-18 were decreased by both treatments,
but between them, CA-125 levels were reduced in the herbal treated women, point-
ing out the effects of Chinese medicinal plants in preventing the recurrence of stage
III-IV endometriosis after conservative surgery [37].

Besides Chinese medicine, several other plant extracts and bioactive compounds
have been explored in preclinical investigations. Salvia miltiorrhiza extracts were
studied in a rat endometriosis model with interesting effects as decreased serum
levels of CA-125 while in peritoneal fluids IL-18 and TNF-a were reduced and
IL-13, an anti-inflammatory cytokine, was increased [38]. Extracts and extracts
subfractions of Anthemis austriaca flowers, a Turkey native plant, were applied to
treat rats after surgically-induced endometriosis. Adhesion scores, endometriotic
implant volumes, TNF-a, VEGF, and IL-6 levels decreased after treatments with
ethyl acetate and methanol extracts and methanol subfractions. These actions may
be related to flavonoids and sterols [31].

The root aqueous extract of Entada Africana (EA), administered at three
different doses and periods, was also evaluated in an experimental model of
endometriosis and indicated EA as a potential treatment of pelvic pain and female
infertility. EA decreased endometrial implant volume, dysmenorrhea, prevented
the progress of endometriosis by increasing the activity of catalase in endometrial
implants as well as promoted ovarian follicle growth, and prevented anovulation
[22]. Similarly, the ethanol extract of Persea americana (avocado) seeds was orally
administered at different doses to treat rats with endometriosis. Again, decreased
endometrial implant volume was observed, in addition to reduced ectopic
endometrium heigh. Moreover, serum levels of estradiol and progesterone and
luteinized unruptured follicles were reduced while the number of antral follicles
and corpora lutea increased, indicating the beneficial effects of the extract [24].
Furthermore, decreased endometriotic implants volume and intra-abdominal
adhesions were observed by treatment with ethyl acetate and methanol extracts
obtained from flowers of Teucrium chamaedrys L. These effects are probably
associated with secondary metabolites of nonpolar and polar features in the
extracts [39].

The beneficial action of Allium sativum (garlic) extract on reducing the symptoms
of endometriosis was clinically evaluated. The patients received usual care supple-
mented by a garlic tablet (400 mg of dried garlic powder; 1100 pg of allicin) daily and
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were followed up for 3 months. Garlic tablets reduced pelvic and back pain, dysmen-
orrhea, and dyspareunia [25].

The molecular docking for active ingredients of Scurrula atropurpurea showed
that among the nine studied ingredients which can interact with the complex
NF-xB/inhibitor of nuclear factor-kB (IkB), Rutin showed the strongest interaction
and therefore the greatest anti-inflammatory potential [23]. However, when pure
Rutin and Uncaria guianensis aqueous extracts obtained from bark, roots, and leaves
were tested, alone or in combination, in primary stromal cells isolated from patients
with and without endometriosis, using two- and three-dimensional culture models,
they increased pro-inflammatory cytokines, growth factors levels, and reactive
oxygen species (ROS) production. The authors speculate that cell death might
increase with longer treatment time. Another consideration is that stromal and
epithelial cells are present in endometriosis and the study was performed only with
stromal cells [40]. Differently, in surgically-induced endometriosis, Rutin treat-
ment enhanced apoptosis, especially at higher doses, by reducing B-cell lymphoma
protein 2 (Bcl-2) and increasing Bcl-2-associated X (Bax) and cleaved caspase 9.
The compound was also effective in increasing antioxidants concentrations [41].

Regarding other phytochemicals, the therapeutic potential of Curcumina was
evaluated in primary cultures of stromal cells derived from eutopic endometrium of
endometriosis and normal endometrial stromal cells. In a dose-dependently man-
ner and over the time course Curcumina abrogated various chemokines, cytokines,
and growth factors secretion, besides decreasing phosphorylation of the inhibitor
of NF-«B kinase subunit o/p (IKKa/p), NF-kB, signal transducer and activator of
transcription 3 (STAT3), and Jun N-terminal kinase (JNK) signaling molecules
[42]. In addition, the treatment of rats with a protoberberine-rich fraction obtained
from Chelidonium majus L. in an endometriosis model prevented the reoccurrence
of endometriosis and positively regulated the metabolism of glucose, lactate, and
glutamate [43].

As described, there are a large number of herbal medicines already in use, but
which need more clinical tests to better understand their effects and mechanisms
of action. Additionally, many other medicinal herbs and bioactive compounds
derived from them with potential application in endometriosis are under investiga-
tion and many others can still be studied. It is important to highlight that, although
extremely useful, studies in experimental models need the complementation of
clinical trials so that the results can be effectively understood. These researches,
associated with the enormous wealth of plant-derived products, and based on tra-
ditional knowledge, may provide new therapeutic alternatives suitable for different
stages of the disease and diverse populations, which encourages the continuity of
studies of herbal medicines in the management of endometriosis.
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Chapter2
Endometriosis and Cancer

Sushil Kumar Giri and Bhagyalaxmi Nayak

Abstract

Endometriosis is a chronic debilitating inflammatory disease of women, with
the growth of ectopic endometrium in extrauterine sites like rectovaginal septum,
peritoneal surfaces, or ovaries, etc. Though endometriosis is not regarded as a
malignant disorder, it does have some features common to malignant disease. They
are; local and distant metastasis, invasion and destruction to adjacent structures,
unrestricted growth, development of new blood vessels. The association between
endometriosis and ovarian, endometrial, and cervical cancers and between endo-
metriosis and extra-ovarian malignancies has been reported in different kinds
of literature. Clear cell and endometrioid ovarian carcinomas are presumed to
have developed from endometriosis. Ovarian seromucinous borderline tumors,
low-grade serous ovarian carcinomas, adenosarcoma, and endometrial stromal
sarcomas may also arise from endometriosis. However, it is not very clear whether
endometriosis has undergone malignant transformation or simply is found
co-existent with cancer. Endometriosis itself may increase a woman’s risk of
developing non-Hodgkin’s lymphoma, malignant melanoma, and breast cancer.

Keywords: endometriosis, common genetic instability, cancer

1. Introduction

Endometriosis is a chronic debilitating inflammatory disease of women, with
the growth of ectopic endometrium in extrauterine sites like uterosacral ligaments,
pelvic peritoneum, rectovaginal septum, other peritoneal surfaces, ovaries, etc. It
is an extremely heterogeneous clinical entity as regards etiopathogenesis, clinical
features, and treatment. The genetic basis of this disease has been quite clear and
endometriosis running in families has been quite established. The exact etiopatho-
genesis and treatment option of the disease is still evolving. Though endometriosis
is not regarded as a malignant disorder, it does have some features akin to malignant
disease. They are local and distant metastasis, invasion and destruction of adjacent
structures, unrestricted growth, resistance to apoptosis, development of new blood
vessels etc [1]. With the increasing availability of new gene sequencing methods,
the genetic profiling of endometriosis has given way to new findings that endome-
triosis and certain cancers share the same aberrant genetic sequences.

Sampson et al. in 1925 postulated a histological link between endometriosis and
cancer and proposed the three criteria for the diagnosis of endometriosis-associated
ovarian cancer (EAOC). They were (1) evidence of endometriosis close to the
tumor, (2) exclusion of invasion from other sources, (3) presence of tissue resem-
bling endometrial stroma surrounding characteristic epithelial glands [2]. Scott
et al. in 1953 revised the criteria and added the fourth criterion, i.e., histological
proof of transition from benign changes in endometriosis to malignant changes [3].
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Figure 1.
(a) Cut section of an ovarian mass showing chocolate material with solid components, (b) clear cell carcinoma
ovary associated with endometriosis, (c) endometrioid adenocarcinoma in the vicinity of endometriosis.

All four criteria are continued in practice to diagnose endometriosis-associated
malignancy (EAM) (Figure1).

Endometriosis is associated with genetic instability and several genetic altera-
tions. Loss of heterozygosity (LOH) at 10923, PTEN, ARID1A, and p53 mutations
have been found in both endometriosis and EAM [4]. It is presumed that EAM
arises from atypical endometriosis, which is an intermediate lesion between endo-
metriosis and cancer. About 80% of EAM is found in the ovary and the rest are
localized in the abdominal wall, pleura, intestine, rectovaginal septum etc [5].

Considering the above facts, obvious controversies ensue as to the role of
endometriosis as the cause of malignant transformation or a mere association with
cancers.

2. The mechanism for malignant transformation of endometriosis

The exact mechanisms of malignant transformation of endometriosis are not
fully established. It is proposed that chronic inflammation and immune dysregula-
tion are the main factors related to the malignant transformation of endometriosis
due to most probably iron-triggered oxidative stress leading to genetic alteration
[6]. It is reported that endometriotic cysts have more concentration of iron than
non-endometrioid counterparts, because of periodic hemorrhage into the cyst with
the accumulation of free iron. Moreover, genomic alteration also is a resultant of
hyperoestrogenic state associated with endometriosis, leading to inactivation of
tumor suppressor genes like p53, PTEN, ARID 1A, and activation of KRAS and p13
oncogenic pathways, thus favoring the development of hormone-dependent malig-
nant diseases like Type-I epithelial ovarian cancer and breast cancers [7]. Some
authors have also established an association of endometriosis with ovarian cancer,

10



Endometriosis and Cancer
DOI: http://dx.doi.org/10.5772/intechopen.102393

Figure 2.
Probable pathway for transformation of endometriosis to cancer.

breast cancer (BC), cutaneous melanoma, and non-Hodgkin’s lymphoma [1, 8]. It is
presumed that endometriosis-associated, and endometriosis independent neo-
plasms may develop from different molecular pathways with distinct genetic altera-
tion with significant clinical and prognostic implications. The estrogen-dependent
pathogenesis of ovarian endometrioid carcinomas associated with endometriosis is
corroborated also by the increased incidence of synchronous primary endometrial
(Type I, estrogen-dependent) and ovarian, endometriosis-associated, endometri-
oid adenocarcinomas (Figure 2).

3. Endometriosis and specific cancers
3.1 Endometriosis and ovarian cancer

In a recently completed large cohort study “The ENOCA population-based cohort
study” analyzing 2043 women of ovarian cancer in the endometriosis cohort and 471
women with ovarian cancer in the nevus cohort, the authors observed an increased
incidence of endometrioid and clear-cell ovarian cancer in women with histologi-
cally proven endometriosis and the median age of ovarian cancer diagnosis was
56 years and 60 years in endometriosis and nevus cohort respectively [9]. The exact
mechanism of development of EAOC is yet to be understood. However, the pres-
ence of some factors is implicated in a higher risk of the development of EAOC. Ina
recent study, it was observed that increasing age, postmenopausal status, high level of
CA-125, ovarian endometrioma >8 cm size, long-standing endometriosis of >5 years
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duration was found to have a higher risk of coexistent malignancy in both univariate
and multivariate analysis. Longer use of oral contraceptive pills does have a protective
effect. A significantly increased risk of development of ovarian cancer was observed
after 1-4 years of diagnosis of endometriosis and 5-9 years of follow-up, but not

>10 years after initial diagnosis. The highest risk was observed when diagnosed at the
age of 50 years [10]. The relative risk of developing ovarian cancer is about 4.2 times
higher than the general population in women with long-standing endometriosis and
such women are 10-20 years younger [11]. To establish the EAOC, it is proposed that,
in addition to the presence of ovarian cancer, there should have at least one of the
following criteria: (1) coexistence of carcinoma and endometriosis within the same
ovary; (2) endometriosis of the contralateral ovary, (3) pelvic endometriosis, or (4)
histology-proven transition from benign endometriosis to cancer [12].

Endometrioid and clear cell carcinoma are the most common types of ovarian
carcinoma of EAOC, whereas the endocervical type of mucinous borderline tumor,
endometrial stromal sarcoma, and Mullerian adenosarcoma are less frequently
encountered [5]. It was described that women with endometriosis have a 2-3 times
higher risk of developing endometrioid and clear cell ovarian tumors [13]. It was
observed in a recent study that out of EAOC, 32% and 28% constituted clear cell
ovarian carcinoma (CCOC) and endometrioid ovarian carcinoma (EnOC) respec-
tively. About 62% of ovarian malignancy cases were diagnosed in early-stage and
overall optimal surgery could be achieved in 88% [11]. As CA-125 is raised both
in endometriosis and carcinoma ovary, estimation of serum HE4 can differentiate
between the two as its higher level is detected mostly in ovarian carcinoma.

The molecular genomic alteration, inflammation, hyperestrogenism, and oxida-
tive stress, etc. in combination are thought to be involved in the transformation of
endometriosis from benign to atypical (borderline) and then to EAOC [11]. Other
risk factors involved are obesity and the use of unopposed estrogen. EAOC develops
from atypical endometriosis with common molecular alteration such as mutations
of ARID1A, PI3KCA, and loss of heterozygosity of PTEN, hepatocyte nuclear
factor-1b (HNF-1b) upregulation, and mutation of CTNNBI1 (catenin beta 1) [14].
However, a higher frequency of ARID1A mutations of 46-57% has been observed in
CCOC in comparison to 30% in EnOC [15]. In both situations, atypical endometrio-
sis has been identified as a direct precursor [16].

Diagnosis of malignant transformation in endometriosis or endometrioma is
very challenging. Some degree of caution should be exercised in women at high risk
of malignant transformation, like women with a long-standing history, endome-
triosis diagnosed at an early age, large endometrioma, endometriosis-associated
infertility, and/or history of infertility treatment. Early detection is of paramount
importance to improve the prognosis. As the EAOC presents at an early stage,
optimal cytoreduction is feasible, and fertility promoting surgery is possible as the
case may demand. Features of malignant transformation can be picked up by high-
resolution ultrasound and by expert ultrasonologist. In a retrospective multicenter
study involving 239 women of endometrioid carcinoma, the authors observed
unilocular cyst with papillary projection without ascites in most instances of EAOC,
whereas endometrioid carcinoma without evidence of endometriosis had a large
central solid component entrapped within locules, giving the tumor a cockade-like
appearance [17]. Unilateral cystic mass containing hemorrhagic fluid and mural
nodule is the characteristic feature of T1 weighted images of contrast-enhanced
MRI in the diagnosis of malignant transformation of endometrioma. The disap-
pearance of shading on T2-weighted images with enlargement of endometrioma is
suggestive of malignant transformation [18].

The long-standing persistence of endometriosis plays an important role in
the development of EAOC. It was observed that there is an increased risk of

12



Endometriosis and Cancer
DOI: http://dx.doi.org/10.5772/intechopen.102393

development of both EnOC and CCOC after 10 years of diagnosis of endometriosis.
Moreover, when the first diagnosis of endometriosis is at 50 years or more, there is
an increased risk of serous ovarian cancer, though the increased risk of CCOC was
observed in all age groups at first diagnosis of endometriosis [8].

Some authors observed that EAOCs present in the low stage and low-grade
disease status with a significantly better prognosis compared with non-EAOC
counterparts [19]. However, other experts had contradictory views and opined that
the better outcome was due to early-stage and grade of the disease and not because
of associated endometriosis [20]. Surgery followed by standard chemotherapy is
the treatment of choice when deemed necessary, though the response to chemo-
therapy is not so encouraging. However, in a large population-based cohort study,
longer survival was observed in ovarian cancer patients with histologically proven
endometriosis than those without endometriosis even after adjusting stage, grade,
type, age at diagnosis, treatment protocol, and residual tumor after surgery [9].
Given the poor response to standard chemotherapy and as mutation of ARID1A,
PI3K/AKT/mTOR, MET, and HNF-1p pathways are frequently activated, targeted
inhibitors for these pathways can be considered as a future in the treatment strategy
for EAOC, especially OCCC [21].

It will not be out of the place to mention that most women with endometriosis
will not develop carcinoma of the ovary. Though evidence from several studies
demonstrates increased risk, the lifetime risk of developing ovarian cancer is still
low in women with endometriosis and is not different from women without endo-
metriosis. The clinician and the woman need to be aware of the risk, but need not be
worried about the cancer risk [22].

3.1.1 Prevention strategies for EAOC

As of now, there is no availability of any specific biological markers to stratify
which endometriosis case will develop into a malignant one. A recently published
report suggests that ovarian endometriosis is prone to develop into ovarian cancer,
while there is no association between peritoneal or deep endometriosis and ovarian
cancer [23]. As mutations in ARID1A, PTEN, PIK3CA, and KRAS are associated
both in endometriosis and ovarian cancer of the same patient, detection of these
and other mutations may predict future development of EAOC.

The application of sensitive and specific molecular biomarkers needs to be
explored to identify endometriosis with oncogenic potential. Employing the study
of circulating tumor DNA (ctDNA) can play a major role in detecting cancer
precursor lesions present in some endometriosis [24]. Few interventions can reduce
the risk of ovarian cancer in general and EAOC in particular. It is evident that
5 years of use of oral contraceptive pills results in a 20-30% reduction of EnOC
and CCC [25]. Tubal ligation shows almost 50% risk reduction of EnOC and CCC
[26]. Risk-reducing salpingo-oophorectomy may be considered in endometriosis to
prevent EAOC as well as symptom relief. Unilateral oophorectomy with complete
resection of all visible endometriotic lesions has been observed to have a protective
effect in the development of ovarian cancer [27]. As the risk of development of
ovarian cancer is more when endometriosis is detected in women aged >50 years,
complete surgical resection is of paramount importance in older women diagnosed
with endometriosis [28].

3.2 Endometriosis and endometrial carcinoma

Pathogenesis of both endometriosis and endometrial carcinoma is not well
defined and thought to be multifactorial with an uncertain underlying molecular
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mechanism. However, mutation of the gene as observed in EAOC has been
identified to be associated with endometrioid endometrial carcinoma [29]. Both
estrogen stimulation and chronic inflammation have been attributed as causative
factors of the two disorders. The endometrioid histopathology of co-existent
ovarian and endometrial carcinoma (synchronous) with evidence of ovarian
endometriosis in 30% of cases points towards the association of endometriosis
and endometrial cancer [30]. J.B. Mogensen, et al. [7] observed a statistically
significant increased risk of development of mostly Type-I endometrial carci-
noma after 10 years of initial diagnosis of endometriosis [7]. They detected a 40%
increased risk of endometrial carcinoma as opposed to other studies showing

no association [31]. H.C. Yu HC.et al. had the same observation of the increased
association of endometriosis and endometrial cancer [32]. A. Dahiya et al.
detected 104 (13%) cases of different malignancies from 800 patients of histo-
logically proven endometriosis. Out of which 33 cases had endometrial carcinoma
with endometrioid histology in 87.8% of cases and 81.8% were in stage I [10]. Ina
population-based retrospective cohort study of 129,862 women with histologically
proven endometriosis/adenomyosis, M. Hermens et al. observed an increased
incidence of endometrial cancer. They suggested evaluating endometrium before
hysterectomy for endometriosis to exclude endometrial carcinoma so that inap-
propriate surgery can be avoided [33].

3.3 Endometriosis and breast cancer

Data are inconsistent to establish a relationship between endometriosis and
breast cancer [34]. Both are associated with a high oestrogenic environment.
Farland et al. in their prospective cohort study did not find an increased risk of ER
& PR+ve, or ER & PR—ve breast cancer in women with laparoscopically proved
endometriosis in a follow-up period of 24 years. Rather they observed an increased
risk of ER+ve and PR—ve breast cancers in women with endometriosis [35].

3.4 Endometriosis and cervical cancer

Saavalainen et al. found a strongly decreased risk of squamous cell carcinoma
of the cervix in women diagnosed with peritoneal endometriosis. This can be
explained that screening for cervical cancer as such can have an impact on such
reduction and reduced sexual activity, because of dyspareunia, thereby reducing
exposure to HPV infection [23].

3.5 Endometriosis and non-gynecological cancers

The association of endometriosis and non-gynecological cancers is not well
established nor well studied. However, some association has been attributed in
some studies as described below.

3.5.1 Endometriosis and colorectal cancer (CRC)

In a prospective study of 2266 women with endometriosis, with 9842 patient-
years of follow-up, a marked (13-fold) increase in the incidence of CRC was
observed in women with adenomyosis and extragonadal endometriosis. This is
attributed to the malignant transformation of endometriotic implants over colorec-
tal tissue, partly due to the hyperoestrogenic environment [36].
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3.5.2 Non-Hodgkin’s lymphoma

A study by J.E. Olson et al. reported 3.2 times increased risk of development of
diffuse non-Hodgkin’s lymphoma and extranodal disease in women with endome-
triosis as compared to those without it [37]. A similar observation was described by
A. Melin et al. in their study using National Swedish Inpatient Register [38]. They
linked this association to abnormal cellular and humoral immune function. As
polyclonal B-cell autoimmune activation is observed in endometriosis, it is postu-
lated to associate B cell lymphoma to B cell activation of endometriosis.

3.5.3 Endometriosis and Thyroid Cancer

In a large cohort study from the Finish Cancer registry, L. Saavalainen et al.
observed an increased risk of thyroid cancer especially of papillary type in women
with diagnosed endometriosis [39]. Women do have three times more risk of
development of thyroid cancer than men and attribute it to female sex hormones.
So hormonal abnormality, mostly estrogen disorder may be a risk factor for thyroid
cancer, which is also a factor for endometriosis [40].

3.5.4 Endometriosis and brain tumor

Melin et al. in a large study demonstrated the association of endometriosis to
brain tumour [41]. E.B. Claus et al. in a large study observed endometriosis as a risk
factor for meningioma and attributed hormonal factors for such incidence [42].

3.5.5 Endometriosis and skin cancer

LV. Farland et al. observed that women with endometriosis do have an increased
risk of skin cancers, mostly associated with melanoma. They also found no associa-
tion of endometriosis with basal cell carcinoma and squamous cell carcinoma [43]. A
similar association was also observed by M. Kvaskoff et al. They attributed hormonal
hypothesis and some molecular genetic alteration in both the conditions [44].

3.5.6 Endometriosis and other cancers

Saavalainen et al. observed a 40% decreased risk of oral and pharynx carci-
noma. This decrease might be due to less exposure to HPV infection and complex
alteration of immune response associated with HPV and endometriosis. Though
not HPV-related, about %™ decrease in the incidence of pancreatic carcinoma
was observed in women with endometriosis. The cause of this lower risk might be
attributed to lifestyle modification and hormonal treatment for endometriosis [23].

4, Conclusion

The link between endometriosis and different cancers is yet to be well under-
stood. Though evidence dates back to the early 1990s, we still need robust data
to back the hypothesis. Genetic alteration and hormonal role are postulated to
be factors in the development of different cancers in women with endometriosis.
The exact mechanism of this complex process is yet to be established. First, we
need to understand the basics of endometriosis, the physiological changes, genetic
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aberration associated with the disease, and morbidity issues. All women with endo-
metriosis should be evaluated clinically and with appropriate imaging studies and
be managed appropriately by specific drugs, fertility-enhancing surgery, or surgical
removal of all visible lesions which may necessitate hysterectomy and bilateral
oophorectomy. These women need strict follow-up even years after menopause.
This will reduce the risk of future development of EAOC. More methodically robust
prospective research with a large population is the need of the day to attribute the
relationship of endometriosis and cancers as a cause or association. Our knowledge
is growing and our understanding is evolving.
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Abstract

The classic imaging diagnosis of endometriomas encounters multiple
limitations, including the subjective evaluation of medical examinations and a
similar imaging appearance with other adnexal lesions, especially the functional
hemorrhagic cysts. For this reason, a definite diagnosis of endometriomas can be
made only by pathological analysis, which reveals particular features in terms of
cellularity and biochemical components of their fluid content. It is theorized that
these histopathological features can also be reflected in medical images, altering the
pixel intensity and distribution, but these changes are too subtle to be assessed by
the naked eye. New quantitative imaging evaluations and emerging computer-aided
diagnosis techniques can provide a detailed description of image contents that can
be furtherly processed by algorithms, aiming to provide a more accurate and non-
invasive diagnosis for this disease.

Keywords: computer-aided diagnosis, endometrioma, endometriosis, MRI,
texture analysis

1. Introduction

Laparoscopic biopsy of suspicious-looking lesions, followed by histologic
confirmation, is the gold standard for diagnosing pelvic endometriosis [1]. The
first line imaging of ovarian endometriotic lesions (endometriomas) remains
transvaginal ultrasonography (TVUS) which is able, in most situations, to offer
sufficient information for adequate preoperative planning [2]. Other diagnostic
procedures, such as magnetic resonance imaging (MRI), are used in certain
circumstances based on the results of the TVUS and the severity of the symp-
toms. The pelvic MRI scan provides for full lesion mapping, with a high detec-
tion rate for both anterior and, particularly, posterior lesions, whereas TVUS
shows lower sensitivity rates [3]. MRI shows higher accuracy for the detection
and characterization of endometriotic lesions than other imaging modalities,
therefore it is often used to evaluate adnexal masses and monitor treatment
response, potentially avoiding the need for a follow-up laparoscopy [4].
Moreover, this method is especially usefull in the detection of deep infiltrating
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endometriosis, being absolutely required in this subcohort of patients. As with
any other imaging modality, the MRI evaluation of endometriosis is limited

by the technique itself, but more by the examiner’s experience and level of
training, since all classic MRI signs of this disease are qualitative and entire
subjectively evaluated.

One of the most challenging tasks in the diagnosis of endometriomas is dis-
tinguishing these lesions from functional hemorrhagic ovarian cysts (HCs) since
they share many both imaging and histological characteristics. To avoid unneces-
sary surgery, it’s critical to correctly distinguish the two lesions [5]. As a result,
the difference in imaging between the two entities has a significant impact on the
subsequent medical and surgical treatment options [6]. This chapter focuses on
the emerging quantitative imaging modalities that can improve the diagnostic
and characterization of endometriomas and may aid to distinguish these lesions
from HCs.

2. MRI signal intensity measurements

The “T2 shading” sign is currently considered a characteristic MRI finding
of endometriomas [7]. This sign refers to a cystic lesion with a high signal on
T1-weighted (TIW) sequences and subsequent T2 shortening which results in
hypointensity on T2-weighted (T2W) images, as a result of in-lesion hemorrhage
and accumulation of blood products and proteins [8, 9].

The “T2 shading” was first described by Togashi and colleagues [10] in 1991,
who attributed it high diagnostic value (98% sensitivity and 96% specificity).
Following further investigation, more recent studies demonstrated that this sign is
not as specific to endometriomas as originally thought, mostly due to the subjec-
tive character of the imaging findings [11] and the occurrence of this sign in other
ovarian cysts accompanied by bleeding [12-14]. The acknowledgment of these
limitations drastically decreased the utility of this sign in further studies (with
a sensitivity and specifity as low as 68% and sensitivity and 14.2%, respectively
specificity) [11, 12].

It is important to remember that some HCs have a delayed regression and may
accumulate blood products, which also leads to a decrease in their intrinsec signal
on T2W sequences [14]. However, it is expected that HCs would accumulate f
blood products to a lesser degree compared to endometriomas, since they usu-
ally regress within a few menstrual cycles and do not exhibit cyclic intra-lesional
bleeding. In this regard, Outwater et al. [11] concluded that endometriomas tend to

Author Year Sensitivity Specificity
Diasetal. [15] 2015 73% 93%
Leeetal. [12] 2015 89.8% 14.2%
Outwater et al. [11] 1993 68% 76%
Sugimura et al. [16] 1993 82% 91%
Sugimura et al. [16] 1993 11% 98%
Scoutetal. [17] 1994 92% 91%
Table 1.

The diagnostic ability of the “T2 shading” sign for identifying endometriomas.
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Figure 1.

The magnetic resonance (MRI) representation of the “T2 shading” sign, based on the examination of a patient
with two histologically-proven endometriotic lesions. (A) On the axial T1-weighted image, both lesions express
similar high-signal intensity (green arrows). (B) On the T2-weighted image, the two lesions express different
degrees of signal drop (green arrows).

have higher T1 and lower T2 signal intensities (SI) than HCs, thus creating a more
abrupt “shading” phenomenon. However, previous studies did not provide a clear
definition of the extent of the signal difference between TIW and T2W sequences,
and the degree required for this in order to become a confident diagnostic criterion
(Table1). An adequate example of the variation of this signs’ appearance is demon-
strated in Figure 1.

Lately, a small-cohort study [18] aimed to differentiate endometriomas
from HCs by quantifying the “T2 shading” sign through signal intensity (SI)
measurements made by placing regions of interest (ROIs) within the lesions
on T1 and T2 weighted-images (WTI). The signal intensity difference was
quantified by subtracting SI values between T1 and T2 WI (A = T1 — T2).

There were statistically significant differences between the two entities only
when comparing T1 SIs (p = 0.0003) due to the much higher values obtained

by endometriomas, while the T2 SIs were very similar and did not differ sig-
nificantly (p = 0.27). As expected, endometriomas demonstrated a higher loss
(median SI loss = 432.95 units) while HCs recorded negative results (median SI
loss = —46.8 units). In most cases, the values recorded by HCs on T2 WI were
higher than the ones on T1 WI, which could be a consequence of the HCs’ blood
content being in different stages of degradation and to an overall lesser amount of
blood products or protein accumulation (or to a higher percentage of intrinsically
present fluid — which is usually not present in endometriomas). These results

are in accordance with the early observations of Outwater et al. [11] that were
mentioned earlier.

Through the quantitative appreciation of the “shading” sign, using a cut-off for
the signal drop of more than 31.3 SI units, endometriomas could be differentiated
from HCs with 100% sensitivity and 81.82% specificity. Therefore, this study [18]
concluded that the key in identifying endometriomas relies upon a brighter T'1
appearance of the lesions, which cannot be always appreciated by the visual evalua-
tion (Figure 2). As the proposed measurement technique is rather basic, it could be
easily translated into daily clinical practice, possible offering more confidence in the
MRI diagnosis of these lesions.
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Figure 2.

Qfantimtive assessment of the “T2 shading” sign in endometriomas and functional hemorrhagic cysts.

(A and B) The MRI examination of a 32-year old patient with endometrioma. The difference in signal
intensity between (A) T1 (1146.61 units) and (B) T2 (318.93 units) was 827.68 units. (C and D) The MRI
examination of a 27-year old patient with an ovarian hemorrhagic cyst. The difference in signal intensity
between (C) T1 (413 units) and (D) T2 (420.19 units) was —7.19 units.

3. Diffusion-weighted imaging

MRI incorporates a functional technique known as diffusion-weighted imaging
(DWI). DWI sequences provide information about the Brownian motion of water mol-
ecules in a tissue [19]. Based on these sequences, apparent diffusion coefficient (ADC)
maps can be computed, and together they offer qualitative and quantitative information
about tissue density [20]. Tissues that are highly cellular or have cellular swelling show
lower water diffusion coefficients which translate to higher SI on DWI sequences and
lower values on ADC maps. The ADC value can be quantified as SI values through ROI
placement, and can also be used as a marker of cellularity [20]. In recent years, these
sequences have evolved as a new tool for the molecular characterization of pathological
fluid collections [21]. Technically, the DWI sequences are constructed by acquiring
T2-based images at different b-values, through diffusion-sensitizing gradients turned
on at various strengths [22]. These b-values reflect the strength and time of the gradi-
ents employed to generate such diffusion-weighted images. Subsequently, the diffusion
effects are closely linked to the b value [23]. In classic pelvic examinations, ADC maps
are automatically generated using all acquired b values. An adequate example is dis-
played in Figure 3. The utility of this technique in differentiating endometriomas from
HCs was also investigated in several studies, with contradictory results (Table 2).

Overall, the studies conducted by Lee [12] and Balaban [24] showed a statistically
significant difference between the ADC values measured in the two groups, while no
such difference was observed in a third study conducted by Lupean [18]. Interestingly,
in the studies coordinated by Balaban [24] and Lupean [18], the recorded ADC values
were higher for HCs than for endometriomas, while Lee [12] obtained opposite results.
It is possible that due to the short-living nature of HCs, these lesions do not have the
necessary time to build up blood and degradation products, and therefore they produce
have a higher motion degree of the water molecules and therefore a lesser decrease
of ADC values. However, the differentiation of the two entities based on diffusion
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Figure 3.

(Ag) Axial T2 fat sat, (B) Axial DWI (b = 200), and (C) ADC map of a left-ovarian endometriotic lesion
(ved arrows). (D) Axial T2, (E) axial DWI, and (F) ADC map of a vight-ovarian hemorrhagic cyst (green
arrows). There is an obvious lower ADC signal intensity for the endometrioma (red arrow in (C)) than for the
hemorvhagic cyst (green arrow in (F)).

Author Endometriomas HCs p-Value Cut-off Se Sp
n ADC n ADC

Leeetal. [12] 91 1.06 21 0.73 <0.002 0.849 776% 76.2%

Balaban etal. [24] 12 1.84 12 2.70 <0.0001 1.54 100% 92%

Lupean etal. [18] 28 0.964 18 1.001 0.52 — — —

n, number of patients; HCs, hemorrhagic cysts; ADC, median ADC values expressed as number x 1073 mm?/s; cut-off,
ADC cut-off value expressed as number x 107 mm’/s; p-value, univariate analysis result; Se, sensitivity; Sp, specificity.

Table 2.
The main rvesults that were obtained by studies that focused on the role of differentiating endometriomas from
hemorrhagic cysts through apparent diffusion coefficients.

sequences seems unreliable, considering the changing nature of HCs and therefore the
variable results obtained in different studies. Therefore, the MRI diffusion techniques
may be less suitable for the characterization of ovarian endometriotic lesions.

4. Texture analysis
4.1 Technical considerations

Sometimes the classic imaging features of different types of adnexal lesions may be
subtle or overlap, resulting in experts giving the wrong interpretation [25]. For these
reasons, in most cases, a definitive diagnosis of an ovarian mass can be made only
based on pathological analysis, which raises the patients’ risks and healthcare costs.

It is theorized that the several micro and macroscopic histological characteristics
of ovarian masses can also be reflected into the background of medical images, but
their influence is too subtle to be assessed by the common visual evaluation. Textures
represent the intrinsic and intuitive properties of surfaces such as roughness, granu-
lation, and regularity. Texture analysis (TA) is an image processing method based
on the extraction and analysis of image-specific parameters that reflect the pixels’
distribution patterns and intensity variations [26]. Through these processes, TA
provides an objective description of image content by attributing values to several
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classes of texture parameters. The basic principle of image-based TA is that a patho-
logical process that alters a tissue produces a modified signal, which will, in turn,
give textural features different values from those of the normal structure [27].

The standard TA workflow consists of five steps: image segmentation, feature
extraction, feature reduction, feature selection, and class prediction. Image segmenta-
tion can be performed automatically, semi-automatically, or manually. It consists of
incorporating a given structure into a region of interest (ROI). Most often, researchers
choose a semi-automatic technique, where a seed is defined near the center of the target
lesion and the software automatically delineates the rest of the lesion based on gradient
and geometry coordinates. The region or volume of interest could be delineated as a two
or three-dimensional structure, the latter being able to provide more information at the
cost of higher definition times [19]. However, it was proven that the latter reduces opera-
tor variability associated with multislice/volumetric analysis [20]. Therefore, it remains
debatable which form will be best suited for clinical implementation. The TA parame-
ters’ extraction is performed automatically in almost all available software. The user can,
however, adjust several settings regarding the parameters’ computation methods (such
as the number of bits/pixel and inter-pixel distances). Most software solutions allow the
extraction of a large number of texture features (parameters), which can be more dif-
ficult to process by researchers that are not familiar with statistical analysis. Therefore,
in order to identify the parameters that are most suited to discriminate between groups,
several reduction techniques can be available (such as Fisher, Mutual Information, and
the probability of classification error and average correlation coefficients) [21]. The
number of parameters can be furtherly reduced by univariate analysis (typically the
Mann-Whitney U test), or this analysis could be used as the only reduction and selection
technique [28]. Class prediction (or the ability of previously-selected texture parameters
to distinguish between vectors belonging to different pre-defined groups) can be per-
formed statistically through the receiver operating characteristic analysis or by the use
of classifiers (such as k-nearest neighbors algorithm or artificial neural networks) [29].
One of the most often used software for TA-related medical imaging research remains
MaZda, which provides build-in functions for feature selection and class prediction
[30]. A typical workflow for feature extraction in MaZda is displayed in Figure 4.
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Figure 4.

Workflow within the MaZda software for extracting texture parameters from a T2-weighted MRI image of a
patient with an ovarian hemorrhagic cyst. (A) The region of interest (ROI) seed placed by the researcher (ved
ellipse) and (B) the ROI that was automatically defined by the software. Before feature extraction, parameter
settings can be adjusted (C). Histogram representation based on the parameters extracted from the lesion (D).
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Texture parameter Role
Wavelet energy Measures local variations of pixel intensity [31]
Entropy Measures the degree of the disorder among pixels within an image; is inversely
correlated with uniformity [32]
Sum entropy Measures the complexity of pixel values distribution [33]
Angular second moment Directly proportional with the gray level distribution (image uniformity) [34]
Variance Inversely proportional with image uniformity [35]
Table 3.

A brief description of the MRI-based texture parameters that showed statistically significant results when
comparing endometriomas to HCs, based on the study conducted by Lupean et al. [25].

4.2 MRI-based TA for the diagnosis of endometriomas

One study [25] analyzed the texture parameters’ ability to distinguish endo-
metriomas from HCs. This study [25] extracted texture features from the internal
content of these lesions as seen on T2W. Fourteen parameters showed statistically
significant results when comparing the two entities: two variations of the wavelet
energy, seven variations of entropy, three of the angular second moment, one of
the sum entropy, and the histogram’s variance (Table 3). Their combined ability
was able to differentiate the two entities with a sensitivity of 100% [95% confidence
interval (95% CI), 85.8-100%] and a specificity of 100% (95% CI, 71.5-100%).

HCs displayed lower values of wavelet energy, most likely because their content is
more homogeneous, resulting in lower signal variation rates [25]. Also, these lesions
expressed lower values of the entropy and sum entropy parameters, probably because
they do not contain such diverse cell populations and heterogeneous biochemical com-
ponents compared to endometriomas [36]. Endometriomas on the other hand showed
lower values of the angular second moment and higher value of the variance param-
eter, indicating a lesser uniform content for these lesions (Figure 5). These parameters
were considered reflections of the heterogeneous content of endometriomas, which
otherwise could not be assessed by the usual examinations of the MRI images [25].

Figure 5.
(A) T2-weighted image of a patient with histologically-proven endometriomas. The texture maps show the
distribution of the variance (B) and wavelet energy (C) parameters.

4.3 Ultrasound-based TA for the diagnosis of endometriomas

The ultrasound (US) appearance of endometriomas mainly depends on the
time-lapse of blood degradation [37]. Most often, these lesions express a “ground
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Author Year Se Sp

Patel et al. [38] 1999 30-95% 49-90%

Mais et al. [39] 1993 84% 90%

Alcdzar et al. [40] 1997 88.9% 91%

Van Holsbeke et al. [41] 2010 73% 94%
Table 4.

Studies that evaluated the diagnostic utility of the “ground glass” appearance of endometriomas.

glass” appearance, a feature to which different degrees of accuracy have been
attributed over time (Table 4).

In practice, the grayscale US of endometriomas and HCs can be very similar,
both lesions showing characteristics of different stages of blood degradation, mak-
ing the distinction difficult [42]. A study [43] showed that 20 texture parameters
that were extracted from the US of greyscale images showed statistically significant
results when distinguishing endometriomas from HCs. Their combined ability
was able to differentiate between the two entities with 100% (95% CI, 88.4-100%)
sensitivity and 100% (95% CI, 75.3-100%) [43]. Three parameters were proved to
be independent predictors of endometriomas (difference variance, contrast, and
the 10th percentile) (Figure 6) [43]. The difference of variance parameter measures
the variance of the difference of gray level values (reflecting the randomness within
an image) [44]. The contrast parameter shows the local variations present in an
image, expressing higher values when an image contains a large number of pixels
with different gray level values [45]. The study [43] showed that both of these
parameters held higher values for HCs than for endometriomas. On the other hand,
the 10th percentile showed higher values for endometriomas than for HCs, which
signifies that 10% of the pixels within images were distributed under higher values
for endometriomas than for HOCs [43]. Even though endometriomas were expected
to have a higher degree of echogenic randomness due to a large number of con-
tained elements, HCs displayed higher values for the parameters that mirror these
characteristics [43]. This finding is consistent with the literature, which suggests

Figure 6.
(A) T2-weighted image of a patient with histologically-proven endometrioma. The texture maps show the
distribution of the (B) 10th percentile, (C) contrast, and (D) difference variance parameters.
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that HOCs have more complicated and heterogeneous content on TVUS (since they
express tiny linear strands and retraction clots more frequently) [46].
5. Conclusion

The current imaging diagnosis of endometriomas encounters several limitations,
including a similar appearance to other hemorrhagic adnexal lesions and the subjec-
tive nature of the imaging signs considered specific to this disease. Quantitative
imaging methods (such as MRI SI measurements and TA) can improve the diag-
nostic confidence of endometriomas, but the studies validating these methods are
certainly required.
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Chapter 4

Potential Therapeutic Options

and Perspectives for Alleviation of
Endometrial Estrogen Dominance
and Progesterone Resistance in
Endometriosis

Manuela Cristina Russu

Abstract

Endometriosis is a chronic disease, influenced by internal and external environ-
ment, with long duration from intrauterine life with acme during childbearing,
when it is associated to chronic pelvic pains, and infertility/subfertility. DNA hyper-
methylation of endometrial promoter PRs Hox genes and DNA hypomethylation
of promoter ERp gene is a possible explanation of estrogen dominance, progressive
loss of progesterone signaling, followed by progesterone resistance in ectopic, and
progesterone attenuance in eutopic endometrium, for failure of hormone therapy
(HT), repeated recurrences after surgery, cancers after long time evolution. Animal
models, human trials demonstrated progesterone (P4) and progestins influences
over progression of disease pathological characteristics, associated to endometrial
ER, PR aberrant expressions: ERa loss, and abnormal PRB/PRA ratio. P4 supple-
mentation before mice induced-endometriosis protected from PRs depletion, action
that can be translated in women according to the difference of 7 to 12 years between
histologic onset and clinical symptoms/signs, parallel to progressive loss of PRs and
PR-mediated signaling in ectopic and eutopic endometria. The animal studies have
shown that a DNA methylation inhibitor alleviates lesion growth, and induces PRs
target gene expression restoration. Continuous/extended contraceptives, dienogest-
a new progestin, GnRH agonists/antagonists, aromatase inhibitors, SERM, SPRM,
combinated molecules are therapeutic options/perspectives aiming restoration
endometrial estrogen-progesterone balance, without disease’s cure. HT may be
active alone, or surgery associated.

Keywords: endometriosis, estrogen dominance, progesterone resistance/attenuance,
timing, progesterone/progestins, DNA methylation inhibition
1. Introduction

Urgent innovations are demanded in endometriosis management, which
should start by deeper undestanding of disease core features, with disease dif-

ferent phenotypes and idiosyncrasies. Endometriosis, a chronic inflammatory
and immune disease, dependent on environement factors, genes- Hox genes
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code (HOXA10/HOXAI11), epigenetics, and ovarian steroid hormones, with their
receptors and coregulators in the eutopic endometrium and ectopic sites, was
demonstrated to have a long duration of progress from intrauterine life, latency

in childhood, and acme during reproductive years [1-3] with reappearance in
postmenopause when hormone replacement therapy, or even without [4]. This
fact permits therapeutic intervention to correct endometrial abnormal functions
during menstrual cycle, to prepare decidua receptivity for successful egg implanta-
tion in women with minimal or mild to moderate endometriosis, in order to avoid
the severe stages, and lack of response to therapy, considering that progesterone
resistance is an acquired property of eutopic endometrium [5]. The therapeutic
aims are to prevent, or at least to stop the progressive damages induced by ectopic
endometriotic lesions in the uterus, entire genital tract, and in extra-uterine sites
by the endometrial mezenchymal stromal/stem/progenitor cells with their specific
migratory, adhesive, and invasive properties, with their genome changes when are
outside the uterus, to influence the self- protected endometriotic lesions [6] and

to ensure a normal eutopic endometrial cycle functioning, with normal ovarian
steroid hormones receptors distribution during menstrual cycle. The aims can be
individually accomplished if therapy is started from early stages of illness, by mov-
ing from pure hormonal therapy to drug combination, or novel molecules- SERMs,
SPRMs which can escape the disrupted homeostatic mechanisms characteristic for
endometriosis [7].

One may propose and discuss a perspective “timing” of endometriosis treat-
ment, to maintain or for an early restoration of endometrial estrogen- progesterone
receptors natural balance [8] being recognized a still delay in diagnosis, and
treatment [9] delay that permits the evolution of genital damages by progressing
endometriosis, and in time the risk of atypical endometriosis, and cancers which is
very difficult to be assessed clinically, without specific biochemical markers [10].

The incidence of endometriosis of one case in 10 women of reproductive age [11, 12]
or around 17% [13] is increasing when one assseses infertility and chronic pelvic pains -
up to 50% [14] respectively up to 60% [15] recently being estimated 176 million women
worldwide, making endometriosis as common as diabetes mellitus [16].

There are three distinct forms of disease according to ectopic sites of endome-
trial-like tissue location (peritoneal, ovarian and rectovaginal endometriosis), each
of them being associated with specific symptoms, although dysmenorrhea, and
chronic non-menstrual pelvic pains, dyschezia, dyspareunia are the most frecquent
[17]. The literature makes some differences regarding the score of endometriosis,
namely the ENZIAN classification/score describes superficial (less than 1 mm),
intermediate (2 to 4 mm), deep (greater than or equal to 5 mm), and very deep
implants (greater than 10 mm) [18]. The ENZIAN score was proposed of the
revised American Society of Reproductive Medicine score (1996) [19], which was
demonstrated to be less adequate to clinics, and the ENZIAN score was recently
reviewed by experts in imagistic and surgical diagnosis [20]. So endometriosis has
a similarity to oncology with 4 stages of evolution, with the difference of missing
nuclear atypia [21] but with possible evolution to malignancy in 1% cases [1, 22] or
further it may be associated to hematopoietic and breast cancer (HR of 1,3-95%

CI 1.1-1.4, in Swidish women) [23] and ovarian cancer, — OR of 1.73, (95% CI:
1.10-2.71) on a pool of women from different continents- Australia, Canada,
Denmark, USA, during 10 years (1989-1999) with previous endometriosis [24]. The
natural history of endometriosis is uncertain, e.g. it is not known whether super-
ficial peritoneal endometriosis (SPE) can progress to become another subtype,
regress spontaneously, or whether disease progression (or lack of treatment) can
lead to problems with infertility, and there is poor correlation between pain severity
and the amount, location, and subtype of the ectopic lesions [16].
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The literature does not mention a conclusive noninvasive diagnostic available
tool to allow early detection of endometriosis, the delay in detection being of
7-12 years of latency from symptoms onset to the definitive diagnosis, and even in
the best medical centres the full extent of the disease may be unknown [25] and up
to 2017 it was not identified any fully validated, symptom-based, patient- reported
questionnaire for endometriosis screening in adult women with potential endome-
triosis [26]. One must think to endometriosis in adolescent girls with family history,
abnormal characteristics of menstrual cycles with the aim to avoid the structural
and functional abnormalities progression induced in women’s endometrial genes -
mainly Hox codes for steroid hormones receptors, ligands, and co-regulators.

The next pages will discuss concepts, theories or hypothesis of potential thera-
peutic options and perspectives for prevention, normalization or restoration the
endometrial estrogen- progesterone balance, and their receptors in the epithelium
and stroma, because many years there were recommended ovarian supressing
drugs, and surgery.

2. Endometrial phenotypes in endometriosis

The interest for diagnosis and therapeutic success connected to side effects,
limitations and failure rate of different classes of medication, and high risks of
recurrence after surgery or medication discontinuation imposed the analysis
of endometrium phenotypes, proliferative and differention iz vitro capacities of
stromal cells from ectopic lesions of peritoneum, ovaries, and deeply infiltrating
endometriosis in comparison to the same structures of normal women, using the
new techniques as contrast microscopy, immunocytochemistry, functional bioas-
says [27] and RT- qPCR of endometrial genes.

The study of Burney et al. [28] analyzed eutopic and ectopic endometria
comparative to non ill women, and it was demonstrated a molecular phenotype of
attenuated progesterone response within eutopic endometrium, from the dysregu-
lation of numerous genes which are progesterone regulated, and the progesterone
resistant phenotype is more frecquent in ectopic endometrium comparative to
non-ill cases. This condition is associated to a pro-inflammatory phenotype [29, 30]
which increases both estrogen dominance, and progesterone resistance. The eutopic
endometrium of ill women has an attenuate response to P4 because estrogen-
responsive genes are not suppressed in their stromal cells in early secretory phase of
menstrual cycle comparative to normal [28, 31, 32]. The British and Italian doctors’
conclusion [29] was that endometriotic cell lines, and stromal eutopic endometrial
cells in ill-women are lossing the capacities of differentiation, and respectively of
deciadualisation, aspects that explain cells capacities for proliferation and survival
in the ectopic environment, and high infertility/subfertility rates. Deep endome-
triosis appears to be a special type, because predominance of PR less active isoform
(PR-A) over the full length, due to epigenetic abnormalities affecting PR gene
transcription, associated to oxidative stress, facts that induce a condition of more
resistant to size regression upon medical treatments [7].

3. Concepts on endometrial peculiarities, as a steroid hormones target
in endometriosis. Estrogen dominance. Progesterone resistance.
Progesterone attenuance

The efficacy of endometriosis therapies may be improved by dissecting the
unique molecular properties of eutopic and ectopic endometria compared to normal
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endometrium. At first glance, the terms “estrogen dominance” and “progesterone
resistance” appear to describe opposite sides of the same coin [6]. Endometrial
Progesterone Resistance is described since many years [33] as there are other hor-
mones resistance, being first named as “Pseudocorpus Luteum Insufficiency” [34]
meaning that endometrium is not able to respond to bioavailable P4 plasma levels
inbetween normal limits. In non-ill women E2 induces epithelial proliferation to
build endometrial thickness during the proliferative phase of the menstrual cycle,
then P4 inhibits E2-induced proliferation and allows stromal cells to begin decidu-
alization during the secretory phase [35] in order to prepare the stroma to become
receptive to blastocyst invasion during “window of receptivity/implantation” in
normal, fertile women [36].

3.1 Dysregulation of endometrial steroid hormones receptors in endometriosis

The molecular mechanism triggered by ovarian steroid hormones in endome-
trium is well known: steroid hormones link to specific nuclear (ERa, ERf; PRA,
PR-B, with specific ratios between them), cytoplasmic (ERf), and membrane
receptors (non- canonical G protein-coupled estrogen receptor (GPER) [37] and
PGRMC-1 and PGRMC-2), which are able to bind to the promoter of the target
genes, being up- or down- regulated by their co-activators (SRC-1, SRC-2, SRC-3
for estrogen receptors- ER) or downstream effectors (TGFp, Dickkopf-1, retinoic
acid, c-myc, etc. for progesterone receptors- PRs) [28] and influence endometrial
cells proliferation and differentiation [38]. Endometrial repair after menstruation,
proliferation and/or differentiation processes are dysregulated in endometriosis
when menstrual reflux with endometrial stromal and epithelial glands cells with
their exosomes migrate, adhere and invade peritoneal surface and/or other ectopic
sites, associated to waves of inflammation (by systemic and local reactive responses
to the presence of endometrial debris), neuro- angiogenesis and neuroinflam-
mation, and aberant scar formation through fibrosis and adherences (possible a
self-protection mechanism for ectopic lesion, as in chronic infections) at every
ovarian cycle (different from normal endometrium restoration after each menstrual
cycle). All these events are genetic controlled, epigenetic changed by hyper (for
PR promoter) or hypomethylation (for ERp) of DNA steroid hormones receptors
promoters [39-41]. When the tightly regulated balance of epithelial- stromal P4
and E2 signaling is lost, P4 resistance and E2 dominance are prone to ensue, as
in endometriosis [6]. P4 resistance may lead to both increased lesion growth and
a non-receptive endometrium, and actually one speaks also about progesterone
attenuated response in eutopic endometrium, which is associated to infertilty/
subfertility. Estrogen dominance, progesterone resistance and progesterone attenu-
ance in the ectopic and eutopic endometrium are explained by the dysregulation
of estrogen and progesterone receptors their genes (ESR1 and ESR2) [32]; a single
gene- PRG for PRs) [42] with their micro-RNA (miRNA) —the cells’ critical regula-
tors for development, and physiology, their mis-expression being associated to
pathology [43].

When dysregulation condition persists it leads to both increased lesion growth
and progression to a superior stage, and a non-receptive endometrium. P4 acts on
stromal cells of the normal endometrium, inducing paracrine factor(s), and they
induce the expression of the enzyme 17p-hydroxysteriod dehydrogenase type 2
(17p-HSD-2) for metabolization of E, to estrone (E;), in the epithelial cells, and
cell proliferation arrest. Excess E2 with Estrogen Dominance, and Progesterone
Resistance are well documented in ectopic endometrium with aberrant levels
of ERs and changed ER-a/ ER p ratio, where the genes analyses have proved to
become an acquired property, through their migration and exposure process to

38



Potential Therapeutic Options and Perspectives for Alleviation of Endometrial Estrogen...
DOI: http://dx.doi.org/10.5772/intechopen.100039

peritoneal environement [5]. ER-a and ER- p have essential roles in establishment
and progression of ectopic lesions [32]. ERp is excessively expressed in stromal
cells of the ectopic lesions, versus non-ill women, fact due to hypomethylation of
ERp promoter, which contributes to low ER-a expression in ectopic endometrium
[41, 44]. ERP protein net -work together with SRC-1 coactivator isoform with
which it cooperates, may have a cytoplasmic, non-genomic action in endometriosis
as Han SJ, Jung SY, Wu SP, et al. discovered [44] (Figure1).

Eutopic endometrium may prove the same endometrial dominance and proges-
terone resistance, but after some years of disesease evolution, being described cases
with initial progesterone attenuance in eutopic endometrium and progesterone
resistance in the ectopic sites, usually in deep endometriosis [28]. It is docu-
mented a local increased synthesis of estrogen [45, 46] not a systemic high level
[47] through the presence of the enzymens (aromatase, and 17f-hydroxysteroid
dehydrogenase-1, 178-HSD-1) [48, 49] and a blunted response to progesterone in
eutopic and ectopic endometrium, P4 serum levels being similar to non- ill women
[45]. In human and experimental mice the ER-a content may be normal in eutopic
endometrium, as in non ill women, but ER p are increased in both epithelial and
stromal endometrial cells of eutopic and ectopic sites, as PRs levels are reduced in
eutopic endometrium and PRs are lost in ectopic sites [44]. A recent analyses of
ERs in deep endometriosis revealed that ER-a is a subtype for this condition [50]
ER-a levels being predictive for symptoms severity, and for responses to treatment
[51]. Progesterone attenuance of eutopic endometrium is connected to altered
endometrial receptivity in the “window of receptivity/implantation” and to a
significant reduction of implantation rate in ill-patients trying in vitro fertiliza-
tion, due to stromal cells impair decidualization proved by a reduction of nearly
2-fold in IGFBP-1, and of leukemia inhibitory factor (LIF) [52] and to reduction/
dysregulation of P4 target genes during the “window of receptivity/implantation”,
time when normally, the endometrium is exposed to the highest levels of P4 [53] as
it is strikingly down-regulated glycodelin- the prototype progesterone-responsive
gene, in eutopic endometrium of ill-women compared to non-ill [53, 54]. LIF low
levels are an intrisic glandular dysfunction, induced by the gland-specific transcrip-
tion factor Forkhead box A2 (FOXA?2) low level [55, 56] also a P4 gene target. There
are contradictions on the status of ERs and PRs in ectopic endometrium — an ERs
increased expression, or others show reduced expression of both ERx and ERf
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Figure 1.

Role of ER-B in endometriosis. microRNA levels of stevoids in primary stromal cells isolated from endometrium
and endometriosis (n = 8 patients in each category). Comparable in vivo differences were also observed between
whole tissues of endometrium and endometriosis Legend: ER: estrogen receptor; PR: progesterone receptor; veal
time-PCR: polymerase chain reaction (adapted from Bulun et al. [45]: open acces).
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[57-59] and lower levels of PRs [5, 60]. The eutopic endometrium has an attenuate
answer to P4, the isoform PR- B is not expressed in patients’ endometrium, being
only the isoform PR-A, because progesterone-responsive genes are not deleted in
eutopic endometrium in comparison to normal women in the early secretory phase
of cycle [28-32], a normal PR-A/PR-B ratio is very important in endometrial func-
tion. One may consider that the relative differences between studies regarding the
PR isoforms loss in ectopic and eutopic endometrium may be explained by stage of
disease, type of lesion and cells, and method of analysis.

Previous studies [32] demonstrated in experimental mice that high levels of
ERa are driving proliferation, adhesion and angiogenesis in ectopic tissue, and also
modulate inflammation, and ERp prevents apoptosis and enhance invasion, prolifer-
ation, adhesion, and inflammation to stimulate the growth of ectopic lesion, so both
isoforms might sinergistically contribute to regulation of proliferation, adhesion,
and inflammation in endometriotic lesion. These discrepant findings are explained
by the differences in study design, patient selection criteria, cycle stage, and endo-
metriosis type and stage. Similar to these contradictory results on endometrial
steroid hormones receptors is the situation with miRNA indentification by real-time
quantitative reverse transcription-polymerase chain reaction (real time qRT-PCR) in
normal endometrium, eutopic and ectopic sites, connected to mi-RNA upregulation
(over expression) or down regulation (under expression) in eutopic and in different
ectopic areas (peritoneal, ovarian), and some are “mis-expressed” endometriosis
[61]. There are differences between authors, with conflicting reports on whether or
not miRNA expression was influenced by the menstrual cycle phases, endometrial
cell type, miRNA type, level in ectopic/eutopic tissue, and stage of disease.

3.2 High micro-heterogeneity of endometrial steroid hormones receptors
signaling in endometriosis

Normal endometrium is containing large quantities of distinct stromal cells
with abundant estrogen-induced PRs, which influence glandular epithelial cell
proliferation and differentiation, and protect against carcinogenic transformation,
when PRA/PRB are in a proper ratio to ensure normal P4 response. PRA and PRB
are members of a superfamily of almost 50 ligand-activated nuclear transcription
factors [62]. In-vitro studies suggest that the two PR isoforms differ functionally,
and that their relative expression in a target cell may determine the nature and
magnitude of response to P4. The two isoforms are in comparable levels expressed
in proliferative phase, but in the mid- secretory only PR- B is present in the epithe-
lial glands, PR-A is predominantly present in the stroma throughout the cycle. It is
a homogeneity in the relative expression in PR-A and PR-B in adjacent cells within
the same tissue compartment, and a heterogeneity between glands, observed under
some circumstances in the endometrium functionalis, suggesting that PR isoforms
down-regulation by P4 is asynchronous, and between the glands of the basalis and
functionalis of the endometrium implying region specific responses to hormonal
stimuli [63].

A recent European study on deep endometriosis [64] showed a high variability of
ERa and PR distribution in the same gland, among distinct glands of the same sample,
and among distinct patients receiving the same treatment. Luminal epithelial height
variability was primarily due to epithelial cells heterogeneity in a gland, secondarily
to the glands randomaly evaluated on the same section, and tertiary to the patient
category. The heterogeneity of ERa and PR distribution in the same women could
explain why endocrine treatments are unable to cure deep endometrios. The cause of
heterogeneity in endometriotic tissues is difficult to be ascertain, one hypothesis being
the DNA methylation of the steroid hormones [65] or of their promoters [39, 40] or
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an abnormal proteolysis of steroid hormones chaperons [66], the co-chaperons are
required by PR for signaling uterine cycles and implantation [67].

Mice induced endometriosis demonstrated a high inter-animal variation in the
levels of ERs, PRs, in ectopic endometrium vs. controls; with variable levels by
almost 100-fold within the same lesion, and with differences between two lesions
from the same animal [68] aspect called “micro-heterogeneity”. The changes are tis-
sue intrinsic, and some researchers propose that the variable outcomes in hormonal
therapy for endometriosis could be possibly due to heterogeneity or polymorphism
in the expression of steroid hormone receptors in the ectopic endometrium [68] or
in all endometrial locations- eutopic, and ectopic, being known the heterogeneity
of PRsin glands, and the homogeneity of PR isoforms in stroma of normal human
endometrium [63] making the magnitude in response, the attenuance, and the
resistance in response to P4, independently to the serum levels of P4 [69]. This
intrinsic biologic alteration of eutopic endometrium explains the missing differ-
ences in endometrial thickness, and histology -respectively luteal differentiation, or
epithelial integrin expression at the lower mid-luteal serum progesterone level (as
3-4 ng/ml) in programmed cycles of physiological and subphysiological exogenous
progesterone replacement in GnRH agonist-suppressed healthy volunteers. One
may consider that these results are an answer to the questions whether the abnor-
malities of eutopic endometrium in early secretory phase suggestive of attenuated
progesterone response in the transition from proliferative to secretory phase are due
to lower level of circulation or local bioavailable progesterone or to the changes in
endometrial transcriptome, with dysregulation of progesterone- regulated genes.

3.3 Nuclear receptor coregulators in the modulation of progesterone and
estrogen signaling in endometriosis

Endocrinologic literature presents different series of nuclear receptors coregula-
tors,- proteins that intervene to modify chromatin structure and regulate large-scale
gene transcription programs by forming large complexes with the nuclear receptors
of the target cells [70]. In the female genital tract the PRG and ESR1 are critically
regulated by a family of regulatory proteins named steroid receptor coactivators
(SRCs) - SRC-1, SRC-2, and SRC-3, the first nuclear receptors coregulators are
involved in the balance between E2 and P4 in human endometrium. SRC-1 down
regulates P4 target genes in the epithelium, and up regulates them in the stroma;
SRC-2 is necessary for human endometrial stromal cells decidualisation [71] for
P4 signaling and for ESR1 signaling; the transcriptomic analysis revealed that 50%
of SRC-2-regulated genes are also regulated by P4 [72] and it is critical for murine
uterine function; ablation of SRC-2 induces partial loss of decidualisation and
infertility, and both SRCs ablation induces complete loss of decidualisation [73, 74].

4. Potential therapeutic options to maintain/restore endometrial normal
estrogen-progesterone signaling in endometriosis

Presently pharmacotherapy mainly with hormones (Hormone Therapy- HT)
and surgery are two cornerstones in endometriosis management. Surgery with his-
tological confirmation of ectopic endometrial glands and stroma remains the gold
standard for diagnosis [75, 76] surgery being generally reserved for patients who fail
medical therapy, or who desire pregnancy, being usually performed by laparoscopy
[77,78]. Surgery is able to eliminate visible endometriotic lesions, without the cure
of the disease [79], and majority of drugs are symptomatic, not cytoreductive [80].
Yet it is not known if surgery itself may be incomplete (i.e., microscopic disease)
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or if other factors, such as aberrant PRs expression of the eutopic endometrium
influences recurrence [60] connected to the eutopic endimetrium transcriptome
changes compared to non-ill women, indicating abnormalities that predispose to
new implants in extrauterine locations after surgical excision of ectopic lesions
[81]. Recurrence rate after surgery or medication discontinuation was recorded up
to 45% after 5 years [82] and recently one discusses the translation from adjuvant
therapy to tertiary endometriosis prevention in postoperative medical care [83].
The moment of medical therapy associated to surgery- before, after, or both before
and after surgery is much analyzed, to maximize treatment response, but literature
data is still inconclusive [84]. The HT goal is to induce atrophy of endometriotic
lesions, even if one missis the ability to predict which medication each individual
patient will respond to, being many attempts to find one or more predictive mark-
ers [85] to score HT, as it is the immunohistochemical Histo (H) -score on the PRs
status, and CYP19A1 expression for the response to progestins, respectively for the
need to block estrogen signaling [60]. The high H-score for PRs was proposed to
be >80 (associated with 100% positive predictive value), and the low H-score < 5
(associated to 94% negative predictive value), with some authors’ comments
regarding H-score usage: the score is useful for ectopic endometrium response to
progestin- based therapy, not for eutopic endometrium, because the lack of score’s
correlation to eutopic endometrium. It is recommend to score PRs in the excised
ectopic tissues, and to determine the reason for progesterone/progestins/COCs
failure. When adhesions/fibrosis are predominant it is sure the non-response to
HT, but some PRs expression may indicate an insufficient dosage of progestin or
noncompliance with therapy (i.e., inability to tolerate side effects), and for cases
with low H-score, patients being PR resistant, it is advised to avoid progestins after
surgery in favor of GnRH agonists or GnRH antagonists [86, 87], danazol- rarely
used actually, or aromatase inhibitors.

Actual medical therapies allow suppression of endometriotic lesions, women
require long term treatment [79] to maintain the benefits, to avoid recurrences,
being recognized high rate relapse even after surgery. After surgery one must
continue HT with contraceptive pills, or IUD [88] with the aim to preserve ovarian
follicles reserve, and because ovarian aging, to try spontaneous pregnancy or ART.

Individual genetic characteristics can affect the bioavailability and pharmaco-
dynamics of HT, mainly estrogen dominance and P4 resistance/attenuance, and,
hence, explain part of the variability in the therapeutic response, as it is the poly-
morphism of CYP3A4/5 involved in levonorgestrel metabolism [89].

One can respond to therapeutic wishes by timing progesterone/progestins
administration, and by moving from pure hormonal therapy to drug combination,
or to novel molecules capable to restore the various homeostatic disrupted mecham-
nisms by disease. A number of potential therapeutics are currently in pre-clinical or
early clinical studies, fact which may alter further treatment strategies.

4.1 Progesterone/progestins therapy

Kistner [90] was first who postulated that decidualisation observed during preg-
nancy might cause necrosis, and the consequent elimination of superficial ectopic
implants, and this was the logical reasoning for progesterone recommendation,
and use to control endometriosis. During pregnancy on assists at ovarian functions
suppression, fact that is mimicised by HT in endometriosis [91]. After Kistner RW
first initiave in the years 1960, there were used progestins, which are inducing a
pseudo-pregnancy endometrial aspect or endometrial atrophy at microscopy [92].
The progestins are synthetic different derivates, such as C-21 progesterone deri-
vates (medroxyprogesterone acetate, MPA, and depot MPA, and dydrogesterone,
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(DYD- a semisyntethic progesterone derivate), or C-19 nortestosterone derivates
(levonorgestrel, norethisterone, lynestrenol, desogestrel, and dienogest), or the
19-norprogesterone derivates without androgenic activity; nomegestrol acetate
— (NOMAC) has a similar anti-gonadotropic activity compared to the 19-nortestos-
terone derivates with androgenic activity, norethisterone acetate (NETA) [93] and
a separate class with drospirenone, the unique progestin [94]. The COCs with the
synthetic ethinyl-estradiol (20, 30 pg/pill) plus one of the previously mentioned
progestins represent a very important cathegory in the control of eutopic and
ectopic endometria from intrinsic abnormal steroids signaling [95]. One must keep
in mind the Japanese oppinion [96] that concurrent estrogen action is essential
for maximal progestin effect in COC, fact controverted by some studies regarding
patients satisfaction on pain alleviation in endometriosis, explained by summeriz-
ing endogenous estrogen local levels in ectopic endometrium to that of pills [97] but
estrogen priming may be necessary to induce PR in endometriotic lesions [96, 98]
as progesterone usually actions on estrogen primed tissue. Progesterone and
progestins, alone or in association to a synthetic estrogen are considered first line
therapy in endometriosis. The positive response to progestins alone or combined
estrogen- progestins may induce only partial improvement, the ectopic sites are not
eliminated or some patients do not respond at all [99] being recognized only the
quiescence of lesions, at best [100] and when first line therapy fails - in one- third
of women because progesterone resistance [79] or it is contraindicated, or it is not
tolerated one recommends Gonadotropin-Releasing Hormone (GnRH) agonists,
GnRH antagonists, and aromatase inhibitors being used in cases refractory to other
therapy. Up to 2021 it was published a single RCT on COCs in endometriosis [101] as
Donnez and Dolman [79] mentionned in the last European review. It is described a
statistically significant, though modest, improvement in dysmenorrhea with OCPs
given for four months compared to placebo, and a lack of any beneficial effect of
OCPs on non-menstrual pelvic pain and dyspareunia, being appreciated the studies
failure to report data on their efficacy according to lesion phenotype [102, 103].
Patients present variable responses to progesterone/progestins, according to their
pharmakinetics, to their capacities to reacts to medication (genes, receptors for E2,
P4), to metabolize progesterone/progestins connected to their levels of N-Acetyl
transferases, associated to drug kinetics control by acetylating and converting active
forms into inactive metabolites, to their cytochrome P450 3A (CYP3A) system- one
of the most known pathway in steroid hormones metabolism,and P450 3A polymor-
phism is not precisely known in endometrial patgology [89].

4.1.1 “Old” hormone thevapies still active in endometriosis

During the long time of progestins usage it was reported a good rate of patient
adherence and satisfaction [104, 105]. There are few direct comparisons between
different types of progestins in endometriosis clinical studies, with the scarce
evidence suggesting that when given by the same route and the same regimen, the
effectiveness may be similar [7]. By binding to PRs, progesterone/the synthetic
compounds, administrated orally or by non conventional routes (vaginal [106],
intrauterine [107]) induce inhibition of estrogen synthesis through down regulation
of ERs [64] and of steroidogenic enzymes in endometrial stromal cells, either by
up regulation of the oxidative 173-HSD type 2, which transforms E2 to E1 [108],
being triggered by retinoic acid [109] or by reduction of 173-HSD type 1 expression,
and activity, — as was proved specially for MPA, DYD, dienogest [108, 110] which
induces the inhibition of aromatase expression with a low local estrogen production
in immortalized human endometrial epithelial cells [111] with inhibition of eutopic
and endometriotic cells proliferation, and reducing cells survival by apoptosis
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induction [112] with limitation of local angiogenesis and neurogenesis (proved with
the CD31- a neurovascularisation marker), and linking all these mechanisms, the
attenuation of the immune-inflammatory response (proved to be more accentuated
on new progestins as drospirenone by its effects on inflammatory cytokines - VEGF,
and nerve growth factor) [113] so progesterone/progestins change the morphology
of endometrium- ectopic and eutopic with reduction of lesion sizes, but with net
differences in their response to these drugs, as experimental and clinical studies
demonstrated [7, 114], stages III- IV are not responding. Longitudinal assess-

ment of endometrial morphology has demonstrated that the histology aspects are
changing in time: initially one registers secretory differentiation, and after several
cycles through ERs down- regulation one registers atrophy with tubular glands,
weak secretory vacuolation, and stroma low cellular density [115]. Usually one
recommends a HT for long term duration, short term therapy being insufficient

to obtain the wanted effects, even with dienogest, — which in a short term therapy
demonstrated a high frequency of decidualisation and a tendency of inflammation
reduction, but it was not able to induce differences comparable to non- treated cases
in terms of necrosis, glandular atrophy and angiogenesis [116] (Table 1).

4.1.2 Timing progesterone/progestins for preventing progesterone attenuance and
progesterone resistance in endometriosis

The discussion on administration of progesterone from early ages of reproduc-
tive period, just to permit P4 to stop endometriosis progression, inflammation,
and angiogenesis, by maintainance of ERs, PRs normal ratios in epithelial glands
and stroma, is supported by Li et al. study [114] at University of Illinois at Urbana-
Champaign, (USA). Endometriosis was induced in two immunocompetent mice
groups, differently maintained afterwards: one group with E2, and the second
group with E2 and P4 subcutaneously, at every 4 days beginning at 4 days before
lesion induction (pre- P4 treatment). The endometriosis-like islands were very
quickly developed, with different numbers, aspects and sizes according to steroids
administrated- after E2 alone there were yellow, more numerous, larger, with
abundant blood vessels and extensive adhesions; after E2 plus P4 were white,
smaller, non-vascular, with loose attachment. The microscopy (H&E, special
biomarkers, IHC for ER, PR, their genes) have shown marked differences regard-
ing mitotic activity (Ki-67 reduction), glandular secretion, endothelial cells and
angiogenesis (CD31 increased when was added P4 before induced endometriosis).
Another peculiar aspect in the treated group with E2 plus P4 are the inflammatory
response changes - first an increase, and later a reduction of inflammatory cells, and
changes of their type in endometriosis-like tissues, with similarities between groups
in the first 16 days, and a dramatically changed aspect of inflammation after 24 days
from induced endometriosis, such as suppressed production of pro-inflammatory
cytokines, and infiltration of immune cells in ectopic sites. The authors debated
the P, action to alleviate lesion outgrowth and to maintain ERa and PR expression

* P, restricts expansion of the ectopic lesions by inhibiting endometrial cell proliferation, and
neovascularization

* P, suppresses E;-dependent inflammatory responses in the ectopic lesions

* P4 maintaines ERa/PR-mediated signaling; their loss in the ectopic lesions leads to resistance to P4
therapy if the treatment is postinduction of lesion

Table 1.
Progesterone alleviates endometriosis, induced in the peritoneal cavities of femele immunecompetent mouse,
maintained with estrogen if administered before illness induction (from Li et al. [114]).
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when P4 is administrated before lesion induction. The use of RT- qPCR permited
the endometrial genes assessment in eutopic and ectopic endometria, showing a
progressive down-regulation of miRNA expression corresponding to ESR1, PRs
and PR-stromal targets Hand2 and Hoxa-10 with time of disease progression, and
in contrast a gradually increase of ESR2 miRNA, parallel to increased expression of
ESR1, PRs, and HOXA 10 in ectopic lesions, while Hand2 expression remained sup-
pressed when P4 was administered before lesion induction (PreP4). The P4 inhibi-
tory effect was not observerd when P4 was started at 4 days after endometriosis
induction (Post-P4). The study results clearly indicate that the loss of PR-mediated
signaling components is a major causal factor for the P, resistance existing in mice
with endometriosis. The conclusion is that progesterone supplementation from
early moments of disease, when PRs are still present can preserve steroid respon-
siveness and ameliorate E,-dependent disease progression, but when at later stage,
P4 supplementation has minimum effects, because of PRs absence. The hope is that
if PRs women’s loss is progressive after disease onset, the add of P4/progestins may
action with the wanted effects.

4.1.3 Not all progestins ave equal in restoring estrogen- progesterone balance in
endometriosis. New trends-dienogest

If there were questions if progestins are all equaly capable of acting on endo-
metriosis lesions to induce apoptosis, or to inhibit cell proliferation, adhesion,
invasiveness, angiogenesis/neuroangiogenesis, and inflammation, actually one
knows their different actions and effects, according to their biochemical structure,
and cross effects on glucocorticoid, mineralocorticoid and androgen receptors
[117]. In the last 20 years, starting with the Japanese experiments [118] on rats
induced- endometriosis, the progestin dienogest (DNG) was much analyzed in
Japon, USA, Europe (The European Clinical Study Program) [119] in order to avoid
progesterone resistance or progesterone attenuance, by reducing estrogen deleteri-
ous effects on endometrium- normal, eutopic and ectopic increasing PRs expres-
sion and decreasing proinflammatory cytokines, and the necessity of “add back”
therapy imposed by GhRh agonists [120, 121] as it will be further discussed. It was
demonstrated that DNG 2 mg/day (once/day in Europe, and 1 mg twice/day in
Japon) [120] after 24-52 weeks of administration reduces lesions size, [122] without
changing bleeding pattern [123] and with a good score regarding chronic pelvic
pains [120]. Because it was proved an iz vitro dose-dependent inhibition of human
endometrial stomal cells proliferation together with morphological and functional
changes [124], an Italian clinical study on 20 cases of endometriosis [125] had
evaluated doses of 20 mg/day effects, for 24 weeks, with no comparative study-
group, and showed no clinically significant effects on hemostasis, haematologic
parameters, thyroid and adrenal, liver functions, glucose and lipid metabolism, or
electrolyte balance, with maintainance of mean high-density lipoprotein-3 choles-
terol from the baseline.

The morphological studies reported inhibition of endometrial cells prolifera-
tion, by down-regulation of ESR2/ESR1 ratio [126] and aromatase expression [127]
with local estrogen synthesis reduction, and the inhibition of human endometrial
stomal cells proliferation, together with functional changes, as it is prolactin syn-
thesis- a typical marker for decidualisation [124] and the association of increased
apoptosis in endometriotic lesions [128]. DNG increases the PR-B/PR-A ratio in
ovarian endometriosis [126] and down-regulates the expression of CYP19A1, and
inflammatory, and neuroangiogenesis factors through PR- A and B- isoforms [129].
Some studies have revealed that DNG reverses some alterations of the immune sys-
tem by increasing natural killer cells in the peritoneal fluid, and spleen, parallel to
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the decrease of peritoneal fluid cellular content, and lower peritoneal macrophages
synthesis of inflammatory cytokine IL-1p [118], and inhibits IL-1p release by the
endometriotic epithelial cells [130].

4.1.4 Extended regimen of continuous combined hormonal contraceptives in
endometriosis

The continuous regimen or extended cycle vs. cyclic use of combined hormonal
contraceptives was first proposed by Loudon [131] in a family planning clinic from
Ediburgh (UK) by skipping the tablet-free interval of 7 or 4 days. The innitial pro-
posed non traditional regimen was with 84 active pill with etyhil estradiol 50 pg
plus linestrenol 250 pg /day and 7 days free, and it obtained a great adherence in
women suffering of endometriosis, according to suppression of withdrawal bleed-
ing, and inducing atrophy in ectopic and eutopic endometrium, as it is recognized
by Cochrane Database Syst Rev., 2014 [132]. The regimen was recommended
with levonorgestrel - LNG (90 or 100 pg/day), drospirenone- DRS (3 mg/day)
[133, 134] desogestrel (150 pg/day) [135], NETA (1000 pg/day) [136], and recently
dienogest (2 mg/day) [137] as progestins, associated to 20 or 30 pg/day of ethinyl
estradiol. The regimen of ethinyl estradiol 20 pg plus LNG 90 pg/day was reported
for 364 days at Eastern Virginia Medical School, Norfolk (USA) [138] and in Italy
during 6 months with ethinyl estradiol 20 pg plus LNG 100 pg/day [139], or during
3 to 6 months in Germany, Frankfurt University [140, 141], and recently the Italian
prospective open label study [137] analyzed ethinyl estradiol 30 pg/day plus dieno-
gest 2 mg/day in a continuous regimen vs. 21/7 to assess quality of life and sexual
function in women with endometriosis. The pharmaceutical industry created some
drugs combinating ethinyl estradiol 30 pg/LNG 150 mg/day for 84 days plus 7 days
placebo, or the combination of ethinyl estradiol 30 ug/LNG 150 mg/day for 84 days
plus ethinyl estradiol 10 pg/day for 10 days, or of ethinyl estradiol 20 pg/LNG
150 mg/day for 84 days plus ethinyl estradiol 10 pg/day for 10 days [142] after the
concept called “tricycle regimen” or “tricycling”, first named so in Sweden in 1993
very easy to be followed, and very well appreciated by users [135].

The literature describes some attempts to short free hormones interval for the
reduction of hormone withdrawal symptoms, as pelvic pains, headaches [143] and
this regimen used LNG, norethindrone (1 mg/day), desogestrel, and norgestimate
with ethinyl estradiol 35 pg or less/day. All these attempts were followed by better
results of pelvic pain control, but after a longer duration of administration (as after
6 months of norethindrone).

One must consider the tricycle regimen of contraceptives in adolescents suf-
fering of menorrhagia, dysmenorrhea, or with family history of endometriosis, in
order to reduce the concerns of a future progress of an eventually later diagnosed
endometriosis, existing already findings on this cathegory of women, at the
Department of Adolescent Medicine of the University of Pitsburg (USA), witha
significant ovarian suppression, endometrial atrophy, no metabolic change, and
adolescents safety [144]. At this study one must add a recent one [145] sustaining
that women who used the new generation of COC or only progestins have lower
circulatory inflammatory biomarkers [IL-6, sSTNFR2 (soluble tumor necrosis factor
a receptor 2), and in a lower degree C-reactive protein] similar to the effect of a
higher number of lifetime ovulatory years. The presence of progesterone after
ovulation, the new generation of COCs, and the effects of progestins can be the
explanation for the benefits in reducing systemic inflammation; being considered
that chronic inflammation reduces ovulation rate in premenopausal women, and
ovulation and menstruation increase local inflammation.
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There are recent reviews on the comparison of flexible/extended COCs to cyclic
COC use in endometriosis, published in 2018 in USA (on dysmenorhheea, non- pel-
vic pains, dyspareunia [146]), or in Europe [147] and the systematic review (2019)
of only 8 RTC published between 1934 and 2018 (of a total 743 studies) on dysmen-
orrheea [148] and in 2021 [79]. It is shown a statistically significant, though modest,
improvement in dysmenorrhea - a reduction of 50% when COCs were given for
four months compared to placebo [147] and a shorter duration of only 4 days of the
pains, with conflicting results on interference with daily activity, pain severity, and
pain reccurence [148].

4.1.5 Different routes of administration for progesterone/progestins to increase
positive effects in alleviation progesterone attenuation/vesistance and estrogen
dominance

Since many years one discusses non conventional routes for drug administra-
tion in order to avoid the second liver passage, and to increase bioavailable active
substance where is necessary. Vaginal route for progesterone and medicated intra-
uterine devices are most analyzed for their beneficial endometrial effects, without
or with less systemic effects of progesterone/progestins.

4.1.5.1 Vaginal route for micronized progesterone

Natural Progesterone has far more anti- inflammatory properties, fewer side
effects, is very versatile in how it can be used, and the micronization of P4 is very
important, and the oral micronized progesterone capsules were re-directed to be
used vaginally [149]. Micronized P4 has a more selective effect on PRs, and results
in less interaction with androgenic and mineral-corticoid receptors compared with
progestins.

The vaginal route for P4 was proposed since many years ago [150] but the new
hypothesis regarding the higher endometrial P4 levels than that obtained after
intravenous administration was presented by Cicinelli and de Ziegler [151]. This
phenomenon of preferential uterine distribution after vaginal administration was
named “first uterine pass effect” [38] or “uterine specificity of vaginal proges-
terone” [152]. The high uterine level of P4 vaginally administered is explained by
various putative modes of transport including direct diffusion through tissue, intra-
cervical aspiration, absorption into the venous or lymphatic circulatory systems
and countercurrent vascular exchange with diffusion from utero-vaginal veins/
lymphvessels to arteries. While the serum P4 concentration is often low or “sub-
physiological”, endometrial effects show in most cases clear and complete secretory
changes, or pseudodecidual aspects, or atrophy after long duration of therapy
[153]. In USA at Brigham and Women’s Hospital [154] one recommends vaginal gel,
cream, or suppositories, in a higher dosage for endometriosis control than that for
replacement therapy recommanded in menopause, such as 300 mg twice a day for
minimum 3 months, then 300 mg at bed-time.

4.1.5.2 Medicated intrauterine systems to restove estrogen-progesterone balance

The direct application of progesterone or a progestin (usually LNG), or of a
SPRM (ulipristal acetate was proposed) was another potential option to control
estrogen dominance in eutopic endometrium, for avoidance irregular effects
of systemic progestins, considering a consistent inhibition of ERs expression in
eutopic endometrium [107, 155] with pain reduction, or to avoid pain relapse in
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postoperative period, and a total patients’ satisfaction when compared to their
attention for daily pills intake [156].

4.2 New therapeutic strategies to restore estrogen-progesterone endometrial
balance in endometriosis. Selective estrogen receptor modulators (SERMs).
Selective progesterone receptor modulators (SPRMs)

Medical literature presents under the name of selective estrogen receptors
modulators (SERMs) a relative new cathegory of drugs aimed to target down-
regulation of E2 signaling, by a direct binding to ERs in a tissue specific manner
[91]. The studies on rat induced endometriosis [157] have shown the reduction of
endometriotic lesions by down-regulation of ESR1 and cell proliferation by baze-
doxifene or by raloxifene, but in a RCT on administration of raloxifene (180 mg/
day) after laparoscopically apparent complete excision of ectopic lesions, it was
recorded a shortly time for chronic pain relapse with raloxifene vs. placebo, but
without recurrence of endometriotic lesions at the second laparoscopy [158] and
these results have reduced the enthusiasm for first and second generation of SERMs
in endometriosis. The third generation of SERMs administration - basedeoxifene,
reduced glands size and number of ectopic sites in mice [159].

The selective progesterone receptor modulators (SPRMs) are known since long
time, with the antiprogesterone representative RU 436 or mifepristone. SPRMs
were proposed to treat unresponsive cases to progestin treatment, due to progester-
one resistance dilemma [160] connected to their direct interaction to progesterone
receptors, in order to reduce estrogen- induced cells proliferation and prosta-
glandins production [161]. Two old multicentres trials on mifepristone showed
its efficacy in the endometriosis chronic pain control, with lesions size reduction,
although results are mixed [162, 163].

Ulipristal acetate suppressed ectopic endometrium induced in mice, with slow
reappearance after discontinuation [100]. After many discussions on the promising
evidence of inhibiting human endometrial cell proliferation in vivo [164] and on the
so-called progesterone receptor modulator-associated endometrial changes (PAEC)
recorded after 6 months of therapy, which is reversible after ulipristal discontinu-
ation [164] the liver life threatening complications induced the discontinuation of
the study on endometriosis effects [165].

Per global these so called “new” classes of molecules with selective receptors of
steroid hormones modulation objectives did not covered the expections in endo-
metriosis, according to women pathologic condition progressively induced on their
steroid hormones receptors dysregulation/loss.

4.3 New potential therapeutic perspectives: A combination therapy
using agonist of ERp and the SRC-1 isoform as the next generation of
endometriosis therapy to restore estrogen-progesterone signaling balance

Long duration of systemic hypoestrogenism may affect brain, heart, and bones,
in young women, and for non responders to first line therapy mentionned above,
long term medication with GnRH agonists/ antagonists or aromatase inhibitors can-
not be recommended, fact that imposed more researches to try to improve estrogen
dominance/progesterone resistance, to stop ectopic tissue growth and disease stage
progression with chronic pelvic pains, and infertility. These aims were objectives at
the Bayllor College of Medicine, Houston (USA) where it was proposed a combina-
tion therapy using an agonist of ER p and the steroid receptor coactivator-1 (SRC 1)
isoform as the next generation of endometriosis therapy — Han et al. [44] (Figure 2).
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Figure 2.

Hypothesis of Bulun SE, et al. on hypomethylation of ERp promoter in endometriotic stromal cells

vs. hypermethylation, which suppresses the promoter expression in normal endometrium by blocking
transcriptional complex including co-activators of ER- B (adapted from Bulun et al. [45]: open acces).

The combination of ERp- selective agonist and SRC-1 is based on the significant
supressive effect of PHTPP on ectopic lesion growth by inhibiting ERp activity
in mice induced endometriosis [166] associated to minimum side effects on ERa,
without influences on eutopic endometrium or negative influences on mice fertility.
SRC-1is considered a PR co-activator, and indirectly through it, ERp may impair
PR-mediated signaling in the ectopic lesions, because actually it is no evidence
available to show that PR could potentially interact directly with ERp [167]. These
drivers combination allows marked suppression of ectopic lesion growth compared
with either individual agents alone, both demonstrating essential roles in early
stages of disease pathogenesis [168] specially on apoptosis modulation and inflam-
mation reduction.

4.4 Potential therapeutic options for estrogen dominance control

Several medical treatments for endometriosis directly aim to reduce E2 pro-
duction or action in order to mitigate E2 dominant conditions, and actually one
discusses GhRh agonists, and the new class of GhRh antagonists. These therapies
are efficient in cases wishing to conceive, and for the control of chronic pelvic
pains- menstrual and non-menstrual [169] but associated hypoestrogenism is cause
of many health concerns, requiring hormone “add-back” for long term use [91].
Numerous studies included in the Cochrane Data Base Systematic Review (2003)
[170] revealed since long time that these effects limit the duration of treatment,
which cannot be administered without “add back”/hormone-replacement therapy
[171] and treatment cannot be dose-adjusted to alleviate the side effects - Practice
Committee of the American Society for Reproductive Medicine (2014) [172].

The recent history of HT for estrogen dominance and progesterone resistance in
endometriosis shows that the “old” injectable depot MPA, which can decrease ESR1
and ESR2 while increasing PR-A and PR-B in the eutopic and ectopic endometria
[173] has equivalent efficacy to leuprolide- a GnRH agonist, in reducing pain, but
with less adverse hypoestrogenic effects on bone density [174].

4.4.1 GnRH agonists. GnRH antagonists

Injectable GnRH agonists (leuprolide, diferelin, nafarelin) are normally second-
line treatments. Which decrease hormone levels by down-regulating the pituitary
through negative feedback mechanisms [91] and indirectly they favor an endo-
metrial complete silenced hormonal milieu, on the bases of estrogen dominance
concept. GnRH agonists have been shown to be effective in reducing endometriosis-
related pain [175] with adverse effects — hot flushes, bone mineral density loss, or
coronary heart disease, headaches due to a hypoestrogenic state, requiring hormone
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“add-back” [91]. It was reported a mean percent decrease from baseline in bone
mineral density at the lumbar spine of 3.2% at 6 months, and of 6.3% at 12 months
after leuprolide alone, and these side effects were associated with rates of discon-
tinuation by 6% because hot flushed, and 8% because of emotional changes [171].

GnRH antagonists, known since long time [176] were in last 10 years under
investigation for endometriosis treatment in USA, and Europe according to their
capacity to downregulate gonadotropins, without flare-ups like GnRH agonists
because they rapidly and directly compete for GnRH receptors [177] and the oral
administration is another benefit. Their mechanism of action is different to that
of GnRH agonists. After an initial stimulatory phase desensitize GnRH receptors
in the pituitary, causing a subsequently depletion of pituitary gonadotropins and
full suppression of E2 to levels that are equivalent to those associated with bilateral
oophorectomy [178].

Based on Barbieri RL (1992)” estrogen threshold hypothesis” [179] the 2 large
multicenters RCTs (Australia, Brazil, Canada, New Zeeland, Poland, USA) [177]
have concluded that the new oral Elagolix, a nonpeptide GnRH antagonist, in 2 dif-
ferent doses (one with Elagolix 150 mg/day, and the other RCT with Elagolix 100 mg
twice/day) significantly lower scores for dysmenorrhea and non-menstrual pelvic
pain than placebo after 3 and respectively 6 months of treatment, and dyspareunia at
3 months, with significantly better results in cases on 200 mg/day with respect to the
use of rescue analgesic agents at 3 months and 6 months, dyspareunia at 3 months,
and rescue opioid use at 3 months less than did those receiving placebo. The dysmen-
orrhea control was better than that of non-menstrual pelvic pains, dysmenorrhea is
mostly dependent on cyclic changes in ovarian hormones, whereas the mechanism of
non-menstrual pelvic pain are considered more complex [180]. The results allowed
the researchers to consider that complete estrogen supression may not be needed to
controll endometriosis- associated pain, and estrogen may be adjusted to a level that
is adequate to control pain with minimum hypoestrogenic effects (hot flushes, bone
mineral density, lipid levels), more frequently claimed in the higher dosage, similar
to those induced by GnRH agonists. Elagolix was associated with an antiproliferative
effect at each dose, and with endometrial atrophy at higher dose, which was consis-
tent with decreases in endometrial thickness at that dose, but there were considered
some limits of the study, as time since endometriosis first surgical diagnosis (in
between 10 years), short duration (6 months) of drugs administration. Elagolix did
not completely suppress ovulation at either of the two doses [181] being recorded
pregnancies, even if patients were recommended to use non — hormonal contracep-
tive methods during trials. Presently one waits the published results of a phase 3
multicenters RCT in Eastern European countries on an daily oral combination of
GnRH antagonist (relugolix) with low doses of estradiol and norethindrone acetate
regarding endometrial histology, and endometriosis associated chronic pain, and
side effects in comparison to the 4 weeks injectable leuprolide.

4.4.2 Avomatase inhibitors

Aromatase inhibitors (Al), anastrozole and letrozole - the most known deri-
vates, were destinated for control of local E2 levels in many pathologies, and in
endometriosis they induce regression of peritoneal lesion size, in a higher degree
than MPA [182] by reducing androgen aromatization into estrogens, both in adipose
tissue and within endometriotic sites. These drugs are inhibiting endometrial
progenitor cells migration to ectopic sites [183], and by increasing apoptosis, and
diminishing endometrial VEGF and PGE2 in a mouse model [184] they reduce
chronic pelvic pains. AI have significant adverse effects like irregular bleeding, and
joint pains [185].
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Al action is explained by the promotion of pituitary gonadotropin hormones
release, with consequent ovarian stimulation; therefore, they must be combined
with a progestin or other method of gonadotropin inhibition to treat endometriosis
in premenopausal women [186]. There was compared the association of letrozole
(2,5 mg/day) to NETA (2,5 mg/day) vs. NETA (2,5 mg/day) alone, and the Italian
open-label study proved a better control for pain and dyspareunia of the drugs
association in rectovaginal endometriosis [187] with a better sizes reduction of
rectovaginal nodules [188] and of endometrotic ovarian cysts [189]. The effect of
the combination of a progestin to an Al is not lasting after termination of HT, so
Reis et al. [7] in their published review on progesterone ligands consider letrozole
as a second therapeutic- line for selected patients, who fail to respond to first line
HT- progesterone/progestins.

5. Potential therapeutic perspectives to restore the estrogen-progesterone
receptors balance in endometriosis

The dysregulation of ER and PR in endometrial glandular epithelium and
stroma is for sure a pathological mechanism involved in eutopic and ectopic endo-
metrium in women suffering of endometriosis, a disease with onset during embryo-
fetal life, and long time duration, sometimes up to death. The prevention and the
attemps to maintain or restore the ERa/ERp, and PR-A/PR-B through their normal
genes is one of new potential contemporary therapeutic options.

5.1 Genetic/epigenetic interventions in dysregulated endometrial progesterone
responses in endometriosis

Progesterone resistance in endometriosis has genetic causes as PRs gene poly-
morphisms, altered microRNA expression, and epigenetic changes of PRs and their
targets. A consequence of impaired progesterone action is that hormonal therapy
is rendered ineffective for a subset of women with endometriosis. Environmental
toxins as dioxin may play a role in the genesis of endometriosis by permitting an
inflammatory milieu.

5.1.1 Progesterone responsive genes methylation: a cause of a dysregulated
progesterone response

The studies at Yale University, New Haven, Connecticut (USA) using RT-qPCR
for assessment of endometrial genes in mice induced endometriosis compared
to normal mice [190] have demonstrated the silencing or inhibition of P4 target
HOX genes (HOXA 10/HOXA 11, known also as genes of receptivity) by promoter
hypermethylation - an epigenetic mechanism, which favorizes lack of menstrual
cycle variation of PRs distribution, which is proper in normal menstruated women,
and this is appreciated as a partial explanation for the refractoriness of some endo-
metriotic lesions to progesterone/progestin therapy [7, 191]. Altered PRs expres-
sion or diminished activity may lead to attenuated or dysregulated P4 response in
ectopic endometrium, and decreased expression of P4 responsive genes including
HOX genes in the eutopic endometrium. Cakmak and Taylor [191] and Lee et al.
[190] concluded that normal endometrium placed in an ectopic location, in order
to create experimental endometriosis led to characteristic changes in gene expres-
sion of eutopic endometrium, fact that was previously observed regrading stromal
stem cells migration to ectopic sites, without this genetic/epigenetic explanation,
and it was controverted. These data were suggestive for the existence of a signal
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conduction pathway from endometriosis that alters endometrial gene expression
through altered Pgr signaling and epigenetic programming. The relatively per-
manent nature of methylation may explain the widespread failure of HT [7]. One
discusses about promoters methylation, being controversies if both PRs promoters
are methylated, discovering only PR-B methylation, not PR-A [39] or both PRs
promoters [192] or DNA methylation of the CG- islands in PR promoter, and its
gene HOXA 10 [114] as there are controversions regarding ERs genes (ESR-1 and
ESR-2), being hypomethylated CpG island at the ESR2 promoter region,- involved
in primary mechanism responsible for differential expression of ESR2, discovered
to be increased in ectopic and eutopic endometria [40] while other study from
Brazil [192] denies their methylation in eutopic and ectopic endometria.

5.1.2 DNA methylation inhibitor: a new therapeutic perspective/challenge to
restore PR-mediated signaling molecules in endometriosis

The women’s ectopic and eutopic endometrial progressive loss of PRs and ERa/
PR-mediated signaling in the developing ectopic lesions during 7 to 12 years from
histologic disease’s onset to clinical symptoms/signs permits to health care providers
to intervene in the epigenetic regulation therapeutic control.

The animal studies at the University of Illinois at Urbana-Champaign (USA)
[114] have shown that a DNA methyltransferase (DNMT) inhibitor, such as
Decitabine (DAC, 5-aza-2'-deoxycytidine), an analogue of deoxycytidine that can
incorporate into DNA strands and cause DNA demethylation [193] compared to
vehicle administration in immunocompetent mice induced endometriosis, treated
also with E2 had alleviated lesion growth, and increased expressions of PR protein,
and miRNA corresponding to Esr1, Pgr, Hand2, and Hoxal0, (P4 target), but not
for Ccl5 and Ptgs2 in the eutopic endometrium and ectopic sites. The results of the
study enable the authors to review the involvement of estrogens and progesterone
in eutopic and ectopic endometrium, the epigenetic regulation including DNA
methylation, the fact that ERa and ERB (ESR1 and ESR2), PRs (PRA and B), as well
as PR-targets Hoxa10, Gata2/6, and Hand2 are susceptible to DNA methyltransfer-
ases, leading to an aberrant expression of these molecules in endometriosis.

Early studies showed that the promoter sequences of ERa and ERf ((ESR1 and
ESR2), PRs (PR-A and B), as well as PR-targets Hoxa10, Gata2/6, and Hand?2 are
susceptible to DNA methyl transferases, leading to an aberrant expression of these
molecules in endometrial diseases [194] and loss of PR-mediated signaling during
disease progression contributes to the increased susceptibility to P, resistance in
ill women. Li et al. [114] accepted the proposed role of inflammation to provoke
widespread changes in the genes and chromatin landscape of lesions, because their
analyses showed that DNA methylation in PRs and Hoxa10 promoters was enhanced
in the ectopic lesions in comparison to the normal endometrium, and inhibition
of genome-wide DNA methylation in female mice restrained lesion expansion and
partially restored target gene expression.

6. Conclusions

Endometriosis is a chronic disease, with possible onset in embryonic life, latency
in childehood, reactivation from the menarche, with clinical symptoms and signs
difficult to be early accurate assessed during reproductive years. Endometriosis
has a progressive evolution, which drives through tissue intrinsic properties to
increase lesions size and number, and to functional damages of original eutopic
endometrium. The cascade of dysregulations in chromatin machinery is difficult
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to be stopped by hormone therapy and surgery (associated in different strategies),
when the abnormal signaling of steroid hormones has started: endometrial estrogen
dominance and progesterone attenuate response up to progesterone resistance,
because their genes epigenetic disorders. The 7-12 years delay in diagnosis and
proper therapy drives to accentuation of chronic pelvic pains, dyspareunia, dysche-
zia, infertility/subfertility.

The best therapy is to avoid the dysregulation of steroid hormones signaling,
induced initially in ectopic and later in eutopic endometrial stroma and glands, to
maintain or to restore the estrogen/progesterone receptors natural balance, which
may be possible when an early intervention, from the menarche. One may discuss
about timing in starting HT in adolescent girls with family history of endometriosis,
precocious dysmenorrheal, menorrhagia, abundant blood and clots loss, favorising
menstrual blood reflux.

First line therapy is progesterone/progestins, working in prevention of estrogen
dominance and progesterone dysregulated signals, and can maintain their positive
effects, when it is early administrated, as animal models have shown. One must
recommend this first line therapy, for a long time duration, with a single drug
(micronized progesterone, or dienogest, a new progestin) or combined with a syn-
thetic/natural estrogen in COCs, in cyclic or in continuous/extended regimens up
to response failure, with the advice to avoid drug discontinuation. Vaginal route for
micronized progesterone, IUD with progesterone/levonorgestrel may work better
for alleviation of estrogen dominance and progesterone resistance.

GnRH agonists/antagonists- second line therapy, are active in correcting the
steroid imbalance, but less than our expectances, even with the new oral molecules
(as elagolix), or combination of molecules [GnRH antagonists (relugolix or elago-
lix) plus an estrogen, or plus an estrogen and a progestin], which were proposed to
avoid or to reduce add back therapy. The most recent studied molecule of elagolix
may be used no longer than 24 months, because a longer administration may impose
add back therapy.

Aromatase inhibitors are also second line therapy, recommended in selected
patients for refractory endometriosis, with chronic pelvic pains. Letrozole com-
bination to norethindrone acetate is better than the progestin alone in correcting
estrogen dominance, and progesterone resistance.

The new therapeutic perspectives regarding the combination of ER agonists
with co-activators, and DNA methylation inhibitors are still in studies at high level
technology laboratories, not for current medical use.
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Chapter 5

The Impact of Endometriosis on
Controlled Ovarian Stimulation
Outcome

Dragos Albu and Alice Albu

Abstract

Endometriosis, a frequent condition in reproductive age women, is also
associated with infertility by mechanisms incompletely clarified. The effectiveness
of endometriosis treatment for infertility is debated, being possible that in vitro
fertilization (IVF) offers a better alternative. The response to controlled ovarian
stimulation (COS) is an important predictor of live birth, but it might be affected in
endometriosis possibly through a decrease of ovarian reserve. Moreover, the predic-
tive value of anti-mullerian hormone (AMH) for the response to COS could be
altered by factors disrupting the AMH production in endometriosis. Therefore, we
aim to review the literature regarding the response to COS and the AMH production
and their predictive value for COS response in patients with endometriosis.

Keywords: endometriosis, controlled ovarian stimulation, in vitro fertilization,
oocytes number

1. Introduction

Endometriosis is a frequent disease in reproductive-age women [1], consisting
of the presence of endometrial tissue outside the uterine cavity. Endometriosis is
frequently associated with infertility, being present in 25-50% of infertile patients
[2]. On the other hand, 30-50% of endometriosis patients report difficulties to
become pregnant [2]. In a large cohort study, women with endometriosis younger
than 35 years old had a two-fold higher risk of infertility in comparison with women
without endometriosis [3]. The mechanisms underlying the association between
endometriosis and infertility are incompletely clarified, with both anatomical and
microenvironmental disturbances being suggested [4]. While in infertile patients
with advanced-stage endometriosis anatomical changes might be involved (peri-
tubal and periovarian adhesions), the presence of infertility in milder forms of
endometriosis suggests other mechanisms. Thus, decreased ovarian reserve, altered
folliculogenesis, oocyte quality and endometrial receptivity were reported as
possible contributors to infertility [4].

The extent and severity of endometriosis lesions are variable, ranging from few
implants on the pelvic peritoneum to surrounding organs infiltration or extension
outside the pelvis. Several grading systems for endometriosis have been created, but
their predictive value for fertility is unclear. One of these classification systems, the
Endometriosis Fertility Index (EFI) which is based on the scores from the American
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Society for Reproductive Medicine (ASRM) system [5] combined with anamnestic
and information from surgery, gives a score from 0 to 10 points [6]. It was shown
that a score between 0 and 3 is associated with a 10% probability of obtaining
pregnancy after 3 years with non-IVF treatments, while a score of 9-10 points is
associated with a 75% chance of pregnancy [6, 7]. The predictive value of the EFI
score for pregnancy was also confirmed for IVF treatments [8].

The impact of variate treatments for endometriosis on chances to obtain preg-
nancy and the efficacy of infertility treatments is still a matter of discussion. Thus,
whether surgery contributes to the improvement of fertility in endometriosis or is
preferable to perform infertility treatments needs further clarification.

In minimal or mild endometriosis without anatomical disruption, it was shown
that laparoscopic removal of endometriosis implants improves fertility with an
increase of risk ratio of 1.44 [9] and an odds ratio of 1.94 [10]. In a large Canadian
multicenter study, the monthly fecundity rate and the 36-week cumulative prob-
ability of pregnancy increased from 2.4 to 17.7% for a diagnostic laparoscopy to
4.7 and 30.7% for laparoscopic surgery [11]. However, these rates of pregnancy
should be discussed with the patients in the light of similar success rates of 30%
after only one cycle of IVF taking into account the age, ovarian reserve or the cost
of the treatment [12].

In patients with moderate and severe endometriosis surgery aims to remove
large endometriomas and to restore the pelvic anatomy. Data regarding the effect
of surgery on fertility in this category of patients are lacking. Excision of endome-
trioma is controversial in infertile patients taking into account the risk to decrease
the ovarian reserve and lack of evidence of benefits on IVF outcome [13].

IVF could be a treatment option for infertility in patients with endometriosis.
Therefore, the performance of patients with endometriosis at IVF and their pre-
dictors should be clarified to elaborate strategies for ovarian stimulation and to
improve IVF outcomes. Oocyte yield at IVF is an important predictor of live birth
in the general population of patients performing IVF, but it might be affected by
the microenvironmental changes associated with endometriosis. Moreover, the
AMH production could be disturbed in endometriosis, possibly interfering with its
relationship with the ovarian reserve.

Therefore, the present paper aims to review the literature regarding the asso-
ciation of endometriosis with oocytes number and serum AMH level in infertile
patients performing IVF, and the predictive value of AMH for the response to
controlled ovarian stimulation.

2. The serum level of AMH in infertile patients with endometriosis

The relationship between endometriosis and serum AMH level is largely debated
and data available in infertile women undergoing IVF are scarce. Only a limited
number of studies with small study groups evaluated the impact of endometriosis
on circulating AMH levels in patients with a wider range of endometriosis lesions
[14, 15], most of the studies included only patients with endometrioma. The sur-
gery for endometrioma probably affects the serum AMH level as suggested by two
systematic reviews [16, 17] and represents a possible confounder of the relationship
between endometrioma and AMH. It was shown that the decrease of serum AMH
level after surgery was significant and persistent at 12 months in patients with
endometrioma over 7 cm, with bilateral cysts and with endometriosis stage IV [18].
In turn, patients with smaller and unilateral ovarian endometrioma and stage III
endometriosis had higher chances to have an only transient decline in circulating
AMH [18]. However, a recent meta-analysis showed that the mere presence of
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endometrioma, without previous surgery, is associated with lower AMH levels in
patients without clearly defined fertility status [19]. In this study the serum AMH
level was decreased in patients with endometrioma both versus patients with
non-endometriotic cysts and with healthy ovaries, suggesting a specific effect of
endometriosis independent of mass effect. The dimension of the endometriotic
cyst could be an important contributor to the decrease of AMH level, although the
available data are limited. In the meta-analysis of Muzii et al. most of the studies
included patients with mean endometrioma dimension over 6 cm, being therefore
impossible to conclude smaller cysts [19]. A small study found that even endome-
trioma bigger than 2 cm had lower serum AMH levels in comparison with controls
[20]. On the other hand, Yoon et al. failed to find any relationship of ovarian endo-
metrioma size with serum AMH level [21]. A small study with less than 60 patients
per study group showed that patients with bilateral endometrioma had lower serum
AMH levels in comparison with both unilateral endometrioma and no cysts [22].
Moreover, a negative linear relationship was found between endometrioma size

and serum AMH level [22]. A prospective study with 40 women per study group
reported that patients with endometrioma have a progressive decline in serum AMH
level at an accelerated rate in comparison with patients without endometrioma [23].

Data regarding the impact of a wider range of endometriosis lesions on serum
AMH levels are limited. A cross-sectional study that evaluated women surgically
explored for a benign gynecological condition irrespective of their fertility status
reported a similar serum AMH level in endometriosis patients and controls [24].
Patients in this study presented with various types of endometriosis: endometri-
oma, deep infiltrating endometriosis and superficial lesions [24]. However, in this
study, infertile patients with decreased ovarian reserve might be underrepresented
since these patients are more probably referred for reproductive treatments rather
than for surgery.

Several studies evaluated the relationship between endometriosis and serum
AMH levels in patients with infertility. Thus, Yoo et al. found that infertile
patients with endometriosis performing IVF had lower AMH in comparison with
male factor infertility patients [14]. In this study, the type of the endometriosis
lesions was not specified and the number of patients in the two groups was
reduced (43 versus 48). Moreover, patients with and without previous surgery for
endometriosis were included, without a significant difference in terms of circu-
lating AMH in these two categories of patients. Ashrafi et al. reported that serum
AMH level is decreased in patients with deep infiltrating endometriosis with or
without endometrioma and infertility [25]. Another small study showed that
infertile patients with endometriosis stage I and II have lower circulating AMH
levels in comparison with patients with tubal infertility undergoing IVF [15].

Inal et al. found no difference in serum AMH level in infertile patients with and
without endometrioma performing IVF [26]. Shebl et al. studied the serum AMH
level in patients undergoing IVF and found a decreased AMH only in patients
with endometriosis stage III-IV in comparison with male factor infertility, but not
in patients with stage I-II endometriosis [27].

3. The association between endometriosis and oocyte yield in infertile
patients performing IVF

The relationship between endometriosis and oocytes yields in infertile patients
performing IVF was previously studied, but the results are divergent. Senapati
et al. found that patients with endometriosis obtain fewer oocytes in comparison
with patients with other causes of infertility undergoing IVF in a big database of
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347,185 assisted reproductive technic cycles [28]. In this study, the presence of
endometriosis was associated with a lower number of oocytes in patients with
isolated endometriosis or association with other causes of infertility, including
diminished ovarian reserve [28]. The negative association between endometriosis
and oocytes yield was also studied by a meta-analysis that included 20,167 patients
with endometriosis and 121,931 without endometriosis [29]. Subgroups with 1703
women with stage III/IV endometriosis were compared with 2227 women with stage
I/Il endometriosis. Although, a small difference in oocytes yield was observed in
favor of non-endometriosis patients, the authors concluded that the quality of the
evidence is very low, not allowing meaningful conclusions to be drawn [29]. No
significant difference in patients with variate stages of endometriosis was reported
[29]. Moreover, in both studies patients with and without previous surgery for
endometriosis were included, generating a possible bias [28, 29]. Thus, Dong
et al. analyzed only patients with previous surgery for endometriosis and found
that patients with stage III/IV endometriosis obtained lower oocytes number in
comparison with controls [30], suggesting that surgery for severe endometriosis
might negatively affect COS response. Several other studies confirmed the negative
association between surgery for endometriosis and oocytes yield in women with
advanced-stage endometriosis [31]. In patients operated for endometrioma, laparo-
scopic cystectomy is associated with decreased oocytes number, with an additional
effect of bilateral versus unilateral cystectomy [32]. Similarly, bilateral surgery
for endometrioma was shown to decrease the oocytes number in comparison with
unoperated patients [33].

Regarding the association of variate types of endometriosis with COS response,
a recent meta-analysis found that unoperated endometriomas are associated with
reduced oocytes number in IVF cycles [34]. Papaleo et al. found that profound
infiltrative endometriosis has an additional negative effect on oocytes yield in
comparison with patients with isolated ovarian endometrioma, supporting the
hypothesis that variate types of endometriosis lesions can differently impact the
ovarian response [35]. In turn, a small study that included only patients with stage
I and IT endometriosis found similar oocytes number with patients performing IVF
for tubal infertility [15].

4. The predictive value of AMH for oocyte yield in endometriosis

Although, circulating AMH levels are considered, in general, a valuable tool
for the prediction of the ovarian response to COS, in endometriosis its predictive
value might be affected. This hypothesis is supported by studies that demonstrated
that AMH production could be influenced independently of the ovarian reserve.
However, its predictive value in endometriosis is largely unknown.

Yoo et al. showed that serum AMH level is a significant predictor of oocytes
yield in endometriosis patients performing IVF [14], while Wahd et al. found no
predictive value of AMH in patients with advanced endometriosis [36]. The lack of
the predictive ability of AMH was confirmed in another study that analyzed only
patients with endometrioma [26]. The design of the studies and differences in study
populations might explain the divergent results of the studies, being possible that
more severe endometriosis and endometrioma, especially bigger ones to signifi-
cantly disrupt the relationship between AMH and ovarian reserve.

Despite the negative relationship between endometriosis and circulating AMH
reported by several studies, two reports found an increasing serum AMH level with
endometrioma size [37, 38]. If this finding will be confirmed by future studies, a
possible explanation is a different impact of endometrioma on AMH production
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from the other endometriosis lesions. The authors hypothesized that the increasing
AMH level could be due to higher discharge in the systemic circulation by increased
ovarian blood flow as a consequence of the inflammation and neoangiogenesis
found in endometriosis. In support of this hypothesis are the studies that reported
increased levels of vascular endothelial growth factor (VEGF) in serum and
peritoneal fluid of patients with endometriosis [39]. These increased levels are cor-
related with microvessels density in the endometriotic tissue [40]. Thus, increased
vascularization might contribute to disproportionately higher serum AMH levels in
comparison with ovarian reserve, therefore affecting its value as a predictor of COS
response in endometriosis. However, this mechanism could be particular to endo-
metrioma as suggested by a study that showed that the gene expression of VEGF is
increased only in patients with endometrioma and not in those with deep infiltrat-
ing endometriosis [41].

5. The mechanisms explaining the decreased ovarian response and
decreased serum AMH level in infertile patients with endometriosis

Besides the mass effect of the endometrioma, other mechanisms might be also
involved in the occurrence of reduced oocytes yield since similar oocytes number
was found in the contralateral ovary of women with unilateral endometriomas [42].
Moreover, more severe endometriosis seems to have an additional negative impact
on oocytes number [35].

Histological studies found that the cortex of ovaries with endometrioma pres-
ents decreased follicular density, increased fibrosis, loss of cortex-specific stroma
[43] and high density of atretic follicles [44]. Moreover, activated follicular recruit-
ment was observed in ovaries with endometrioma [44], suggesting follicle ‘burnout’
as a possible cause of decreased follicle number. It was suggested that the structural
changes are the consequence of the cytokines produced in the endometriotic tissue
which might affect the surrounding ovarian tissue by diffusion [44]. It was also
showed that the addition of human endometriotic fluid to mouse preantral follicles
decreases the follicles survival rates proportional with the endometriotic fluid
supernatant concentration [45]. These data support the hypothesis that endometri-
otic fluid components can influence the ovarian response to COS through long-term
destructive effects of ovarian tissue and, therefore, decreased ovarian reserve, but
also by directly influencing the follicles survival [45]. It is also possible that the dif-
fusion of the endometriotic fluid components from the peritoneum or the endome-
trioma to be able to influence the unaffected ovary function and structure [46].

The decreased serum AMH level in patients with endometriosis might be
the consequence of reduced ovarian reserve due to structural ovarian changes.
However, it was shown that the endometriotic fluid components can directly induce
the dysfunction of the granulosa cells [47]. Tumor necrosis factor (TNF) alpha, one
of the cytokines overproduced in endometriosis, was found to be negatively associ-
ated with serum AMH level [15], suggesting its involvement in decreased circulat-
ing AMH. Indeed, an experimental study showed that TNF alpha administration
decreases the expression of AMH in bovine ovarian granulosa cells [48]. In mice,
TNF alpha was demonstrated to inhibit the AMH production in testis [49]. Thus,
TNF alpha might be the mediator of functional decrease of AMH production in
endometriosis.

Another mechanism that can contribute to low oocytes yield is a decreased
response to gonadotropin stimulation in endometriosis. Thus, interleukin 1 (IL1)
was found to be increased in the peritoneal fluid of patients with endometriosis
[50-52]. 111 is also a regulator of ovarian function, being able to decrease the ovary
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receptors of FSH and LH [53], thus inducing a reduced sensitivity to gonadotro-
pin stimulation. Moreover, women with endometriosis seem to have a decreased
expression of the soluble decoy receptor IL1-RII which can generate an augmenta-
tion of IL1 alpha and IL1 beta effects [51, 54].

6. Conclusions

The data available in the literature support a negative association between the
presence of an endometrioma and serum AMH level. Moreover, previous surgery
for endometrioma is associated with decreased serum AMH level, the risk of the
persistence of low AMH being higher in patients with bilateral endometrioma,
bigger than 7 cm and with stage IV endometriosis. However, in patients with a
wider range of endometriosis without clearly defined fertility status the serum
AMH level does not seem to be decreased. In infertile patients with endometriosis
available studies suggest lower serum AMH levels, although further research is
necessary to clarify this aspect. Moreover, endometriosis seems to negatively
impact the oocyte yield, especially in patients with previous surgery for severe
endometriosis and endometrioma. The impact of variate types of endometriosis
on the oocytes yield is incompletely clarified, the available evidence supporting
that endometrioma has a deleterious effect on the ovarian response, with a possible
additional negative effect of deep infiltrating endometriosis.
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Abstract

Adenomyosis is characterized by the development of endometrial ectopic
glands and tissue in the myometrium layer in depth greater than 2.5 mm from the
endometrial surface of the separative area by -myomas well as by hypertrophy
and hyperplasia of the smooth muscles of the myometrium. This is filtration, not
mere displacement, of the myometrium, from the endometrium. Clinical symp-
toms include dysmenorrhea and menorrhagia. It is diffuse (adenomyosis) or focal
(adenomyoma), asymmetrically affects the uterine wall of premenopausal women
(usually the posterior) and often coexists with myomas. The pathogenesis of
adenomyosis remains unknown. The treatment options are: drug therapy, invasive
treatment of fibroids: myomectomy (open—intra-abdominal, laparoscopic, hys-
teroscopic), hysterectomy, myolysis—cryocatalysis, microwave or radiofrequency
thermal catalysis (RF-ablation), ultrasound focus catalysis (FUS), laser photoca-
talysis and percutaneous selective uterine artery embolization (UAE). Embolization
remains an alternative and not a substitute of hysterectomy. The medical indication
is made on a case-by-case basis, depending on age, desire for pregnancy and the
clinical symptoms of adenomyosis.

Keywords: adenomyosis, adenomyoma, uterine artery embolization,
conservative therapy, surgical procedures
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1. Introduction

Adenomyosis consists of a term that describes the presence of endometrial
glands in a layer deep in the myometrium, in a random arrangement and similar
histological lesions can be also appeared outside of the uterus, such as the area of
the rectal septum [1-3]. Pathogenesis and etiology of adenomyosis development
have not been elucidated thoroughly.

Studies in humans and experiments in animals support the hypothesis of endo-
metrial insertion from the myometrium, although the development of adenomyosis
from Miiller’s duct debris at locations outside the uterus is possible from the outset.

The conditions for the development of adenomyosis can be either some “weak-
ness” of the smooth muscle fibers of the myometrium or the increased pressure in
the uterine cavity or both. To maintain adenomyosis, relatively high concentrations
of estrogen and impaired control of the development of the ectopic endometrium,
which is associated with the immune system, may be necessary. Hyperplasia and
hypertrophy of smooth muscle fibers are a reflection of the reactive changes in the
proliferation of ectopic endometrium. The definitive diagnosis is made after hys-
terectomy, although efforts have been made to confirm the diagnosis preoperatively
with magnetic resonance imaging and endometrial biopsies [4-6].

1.1 Genetic predisposition

Adenomyosis, one of the most common diseases in gynecology with a frequency
ranging between 5% and 70%, can significantly affect the quality of life of women
with clinical symptoms such as menorrhagia, dysmenorrhea and infertility [7-9].
There are two prevailing theories concerning the origin of adenomyosis. One
supports “migration”, which concerns the penetration of the endometrium into
the myometrium, while the other is based on the metaplastic differentiation of the
remaining endometrial stem cells in the myometrium. Mutations that have been
observed, almost exclusively, in the KRAS genes, in the presence of adenomyosis,
underscore the importance of these genes in the pathogenesis of the disease at the
genetic level. This discovery of the cause-effect relationship between the presence
of mutations in the aforementioned [7-9]. KRAS genes and adenomyosis refuted
the recent theory that the reported molecular abnormalities in adenomyosis are
mainly epigenetic or associated with abnormal expression in different genes [7-9].
Most recognized abnormalities regarding gene expression, were associated with
excess estrogen formation, progesterone resistance and were related to steroid hor-
mone receptors and other transcription factors. More specifically, mutations have
been found, such as the following two P129R, M4271/L429M, which are the most
predominant ones, in the ESR1 gene of the estrogen receptor a (ERa) located on
chromosome 6q25.1 and appear to be involved in the etiology of adenomyosis [7-9].
It has also been described an association between adenomyosis and deregulation of
mechanisms involved in the transition process of epithelial to mesenchymal cells,
as occurs in cases of decreased expression of Cadherin-1 (CDH1) protein, as well as
in cases of increased Notch I and TGF-p levels [7-9]. Regarding epigenetic factors,
it has been suggested that Class I histone deacetylases (HDACs) are involved in
promoting gene transcription, as well as DNA methyltransferase (DNMT) proteins
involved in DNA methylation are associated with adenomyosis. High levels of
HDAC1 and HDAC3 as well as DNMT1 and DNMT3B were found in cases of adeno-
myosis at the ectopic endometrium. Consequently, epigenetic alterations seem to
play an important role in the pathogenesis of adenomyosis, which along with the
other aforementioned genetic factors provides knowledge that could potentially
lead to advances in the diagnosis and treatment of the disease [7-9].
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1.2 History of adenomyosis

In the mid-nineteenth century, Rokitansky described a condition in which
elongated endometrial glands were embedded in the hyperplastic endometrial
layer. The author mentioned two variants of this condition: the first, in which the
glands developed in the muscular wall of the uterus and the second, in which the
glands extended to the intrauterine cavity, forming polyps [10]. Several research-
ers in the 1880s and 1890s considered adenomyosis to be either an embryonic error
in the distribution of Miiller’s ducts or the penetration of the hyperplastic basal
endometrium into the myometrium [10-14]. Von Recklinghausen, then argued
that adenomyosis is the result of displacement of the mesonephric elements. The
researcher reported that these ectopic glands are more commonly found in the
posterior wall of the uterus and the area of the cornea, and that these areas consist of
remnants of Wolff’s pores rather than Miiller’s ducts [10-14]. Marcus, later described
the lymphatic transmission of endometrial elements [14]. Although, this theory has
been used to interpret pelvic endometriosis, it also provides a possible explanation
for adenomyosis. Marcus, then suggested that there are some miller pluripotent cells
in the myometrium, which can differentiate into endometrial cells, offering another
possible interpretation for the development of adenomyosis [14]. The cycle is now
complete, and most researchers believe that adenomyosis is caused by the penetra-
tion of the basic endometrium into the hyperplastic layer of the myometrium. It
should be noted that all the organs of the human body, which show cavities, present
a sub-orogenic area, except for the uterus. It is believed that the main function of
the sub-orogenic region is to inhibit the growth of the glands that line these cavities.
The term “uterine adenomyosis” was first used by Frankl in 1925. In 1972 Bird and
his colleagues defined adenomyosis as “benign, penetration of the endometrium into
the myometrium, which causes diffuse enlargement of the uterus and microscopi-
cally presents ectopic, non-neoplastic, endometrial glands and layer, surrounded by
hypertrophic and hyperplastic endometrium” [15]. This definition still applies today.

However, it has been described by some researchers as “the presence of endome-
trial glands and a layer, which are diffuse and deep inside the myometrium” The issue
of depth is important as the normal endometrial contribution is usually irregular.
Thus, adenomyosis must be distinguished from cases in which there is minimal adhe-
sion of the basal layer of the endometrium surrounded by myometrium and there are
two ways to treat it. The first case is the detection of myometrial hypertrophy (“collar
around the foci of adenomyosis”), because this type of change is not observed in
the intramuscular junction. The second way is to measure the distance between the
endomyometrial junction and the nearest adenomyotic site, the size of which must
correspond to at least 25% of the total thickness of the myometrium. The second
approach is particularly useful in the postmenopausal and pregnant uterus, as in
these cases there is generally no muscle hypertrophy around the foci of adenomyosis.
Although, many researchers consider adenomyosis as a variety of endometriosis
and call it internal endometriosis, adenomyosis should be defined as the presence of
endometrial glands and mattresses, located outside the myometrium [10-18].

1.3 Epidemiology

The incidence of adenomyosis varies widely, with rates ranging from 5.7% to
69.6% [19, 20]. Although, some of this discrepancy can be explained by the dif-
ferent histological definitions of adenomyosis, the difference is mainly due to the
interest of pathological volumes in making the diagnosis. As a result of the local
entity of the condition, the diagnosis of adenomyosis is particularly difficult. In
the excellent prospective study by Bird et al. [15], 200 consecutive hysterectomy
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specimens were examined histologically. When three sections of the myometrium
were examined, adenomyosis was found in 62 women (31%). When six more inci-
sions were made, three from the anterior and three from the posterior wall of the
uterus, another 61 cases of adenomyosis were diagnosed, increasing the rate from
31 to 61.5% [21-25].

The main reason for the difficulty in determining the true incidence of adeno-
myosis is mainly due to the fact that published studies report the number of
adenomyosis cases, but without mentioning the total number of hysterectomies
per age group, so the relative impact of adenomyosis with age has not been defined.
Another problem is determining the true frequency is also the fact that in the various
studies, only women who undergo a hysterectomy are evaluated, and a selection of
cases is applied. In two necropsy studies, the incidence of adenomyosis was reported
between 50 and 53.7% [21-25]. Although, these studies had a different choice of
cases (excluding women who underwent hysterectomy), they show that the true
incidence of adenomyosis is at the highest end of the published frequency range. The
woman’s interest appears to be related to adenomyosis, as 93% of the women treated
had children [21-25]. Although, the numbers tend to mimic the general population,
their importance is questionable. If these numbers are real, the observation will
confirm an interesting paradox, that is, the number of pregnancies protects against
endometriosis, but it is a risk factor for the development of adenomyosis. There does
not appear to be a significant association between adenomyosis and another gyneco-
logical entity. In a retrospective study of 134 women who underwent a hysterectomy,
Vercillini and colleagues found a similar coexistence of adenomyosis with fibroids
(23%), with uterine prolapse (19%), with endometrial cancer (28%), with ovarian
cancer (28%) and with ovarian cysts (21%) [26].

1.4 Pathogenesis

Although, the exact etiological factors of endometriosis have not been clarified
yet, there are many theories on this subject, such as the ones proposed by Ridley
[27]. According to the most popular view, adenomyosis is the result of the attach-
ment of the basal layer of the endometrium to the myometrium. In non-uterine
areas, the predominant theory concerning the pathogenesis of adenomyosis is the
de novo development of ectopic fetal residues of Miiller’s ducts, since an invasive
mechanism of the endometrium into the myometrium has not been established.
There are significant differences in the cellular level between the basal layer of the
endometrium and the functional layer, such as increased DNA synthesis in the
nucleus, and margin formation in the functional layer. In general, the functional
layer is considered to be the site of blastocyst implantation while the basal layer
provides the possibility of intrauterine regeneration after menstruation. During the
period of regeneration of the endometrium, cells from the basal layer glands are in
close contact with the endothelial cells having intracellular microfiber/tubular and
squamous cell systems [28-30].

These findings support the location of possible migration through amoebic
contraction-extension. Such morphological changes have not yet been described in
the intrauterine epithelium of adenomyosis. However, in vitro studies have shown
that endometrial cells have the penetrating capacity and that their penetration rate
is similar to that of cell lines from metastatic bladder carcinoma. This penetrating
ability can facilitate the expansion of the basal layer of the endometrium to the
myometrium. In MCF-7 cells from breast cancer, tenascin production is stimulated
by epidermal growth factors (EGF), which are regulated by hormones. The fact that
fibroblasts of the endometrial layer produce tenascine, a fibronectin inhibitor that
in turn facilitates the migration of epithelial cells, suggests that there is a complex
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physicochemical relationship during the growth process of the endometrium in the
production phase. Tenascin has been immunohistochemically located around the
endometrial glands during the productive phase of the cycle, but not in this position
after ovulation [28-30]. Tenascin may mediate the interactions between epithelial
and mesenchymal cells, where it inhibits cell adhesion to fibronectin in the endo-
metrial adenomyotic type in the same way as in the normal endometrium.

In a study within situ hybridization and immunohistochemistry, it was found
that the endometrial glands in adenomyosis selectively express more human chori-
onic gonadotropin (hCG) receptor mRNA and immunoreactive receptor protein,
compared to the present [31-34]. It seems that HCG/LH receptor expression levels
do not differ at different sites of the normal endometrium, but increased expression
of this receptor may give epithelial cells the ability to invade the myometrium and
form adenomyotic islets. Furthermore, quite interesting is the fact that there is an
increased expression of hCG/LH receptors in endometrial carcinomas as well as in
non-invasive choriocarcinoma trophoblast cells [31-34]. Studies on steroid hor-
mone receptors in adenomyosis foci have shown dubious results. Thus, some studies
reported the absence of progesterone receptors in 40% of adenomyosis cases, while
others showed higher concentrations of progesterone receptors than estrogens.
Relatively high concentrations of estrogen and progesterone receptors were found
in both the basal and adenomyotic endometrium using immunohistochemical
detection techniques. Estrogen receptors are a prerequisite for the development of
the uterus, which is caused by estrogen [35-38]. Although, there is no clear evidence
of a disturbed hormonal environment in most women with adenomyosis, hyper-
estrogenemia may play a role in the process of endometrial infiltration, as women
with adenomyosis have a high rate of endometrial hyperplasia. According to some
researchers, a relatively high concentration of estrogen is necessary for the develop-
ment of both endometriosis and adenomyosis [31-38]. The clinical observation
that the destruction of the estrogenic environment with danatrol causes regression
of the ectopic endometrium and remission of the associated symptoms of menor-
rhagia and dysmenorrhea reinforces this hypothesis [31-38]. As in uterine fibroids,
estrogen is synthesized and secreted in adenomyotic tissues [31-38]. It was found,
therefore, that there is aromatase activity of estrogen sulfatase in the upper part of
the myometrium, which contained foci of adenomyosis, by the method of steroid
biochemical analysis. The activity of estrogen sulfatase and, in particular, aroma-
tase was higher than that observed in normal adjacent endometrium, leiomyomas
and suprauterine endometrium. In addition, endometrial aromatase enzyme
activity was inhibited in vitro by up to 50% with the addition of 106 M of danatrol
[31-38]. Finally, the presence of aromatase was confirmed in foci of adenomyosis
from human matrices by immunohistochemical method and, in particular, in the
cytoplasm of glandular epithelial cells, but not in the cytoplasm of stratum cells.
The production of estrogen by adenomyotic tissue is further enhanced by the
finding of a large number of women with adenomyosis and a high concentration of
estradiol (30 pg/ml) in menstrual material compared to those without adenomyosis
and normal menstrual cycles [31-38].

Adenomyotic tissue appears to respond well to progesterone with secretory dif-
ferentiation. Progestogens also enhance aromatase activity in both eutopic endome-
trium and adenomyotic tissues, thus contributing to the biosynthesis of estrogen in
adenomyotic foci.

It is possible, however, that the bioavailability of race steroids alone is not sufficient
to develop adenomyosis. It is possible that the myometrium, in cases of adenomyosis,
is either predisposed to penetrate the main endometrium, so that benign “penetra-
tion” of the endometrium occurs secondarily due to “weak” myometrium, or the
morbidity of the uterine scraping, fibromyectomy and cesarean section. Thus,
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adenomyosis was induced in pregnant rabbits, after scraping one horn of the uterus
and fallopian tube, while maintaining the pregnancy in the opposite horn [31-38].
Penetration into the myometrium of the basal layer of the endometrium is enhanced,
possibly, by increased intrauterine pressure, which, according to Cullen, can be
caused by high circulating progesterone concentrations. The immunohistochemical
method has been observed, increased expression of class II antigens of the major
histocompatibility complex (HLA-DR) in the glandular cells of the idiopathic endo-
metrium, endometriosis and adenomyosis [31-38]. In addition, the number of mac-
rophages in the myometrium of women with adenomyosis appears to be increased.
These macrophages can activate helper T- and B-cells to produce antibodies [31-38].
Phospholipid autoantibodies and significant deposition of immunoglobulins (Igs)
or complement factors have been found in women with endometriosis or adeno-
myosis [31-38]. The exact importance of these immune aberrations in adenomyosis
or endometriosis is not currently understood. In vitro experiments have shown

that activated CD3+ T cells in the uterus and their secretory product, interferon y,
promote the expression of HLA-DR immunoreactivity in endometrial glandular cells
and inhibit their proliferation [31-38]. The closer the endometrial cells are to the
activated T cells, the greater the inhibition of their growth. It appears that lym-
phocyte-like formations, located mainly at the endomyometrial junction, are rich

in activated T cells. Their appearance coincides with the maximum suppression of
endometrial growth, which is observed both morphologically and with proliferation
indices [31-38]. On the contrary, the proliferation of the endometrium is observed,
to the greatest extent, near the surface of the endometrium, that is, far enough away
from the basal layer, in which these lymphoid formations are found [31-38].

1.5 Pathological anatomy

During a hysterectomy, the adenomyotic uterus is usually spherical or soft. It is
swollen in 60% of cases, but rarely exceeds the size of a 12-week pregnant uterus
[39]. The uterus weighs from 80 to 200 g. In his classic study, in which a woman’s
interest determined the weight of the uterus, Langlois reported the upper limit
of the normal uterus weight at 130 g for the unmarried woman, at 210 g for the
firstborn to the third child, and at 250 g for women with four or more children [40].
With these criteria, excluding cases of fibroids, the weight of the uterus does not
increase significantly with adenomyosis. Uterines with adenomyosis are usually
hyperemic with thick walls. Although, many researchers have reported that adeno-
myosis is more common in the posterior wall of the uterus than in the anterior. Bird
and colleagues found that the foci of adenomyosis were evenly distributed when
receiving six additional incisions for histopathology [15]. These foci may be dif-
fusely dispersed in the myometrium, and may sometimes be large and localized,
forming structures called adenomas. The characteristic macroscopic appearance
of adenomyosis is due to hypertrophy of the myometrium, which surrounds the
endometrium [40-44]. When the entire myometrium, or one of the layers of the
uterine wall, is diffusely affected, the uterus increases in size and takes on a spheri-
cal shape. During the cross-section of the uterus, the hypertrophic muscular beams
are visible, which develop in all directions and surround the foci of adenomyosis.
The latter, in some cases, may contain “old” blood with a brown appearance, cor-
responding to hemolyzed blood and hemosiderin deposits [40-44].

Local infection of the uterus by adenomyosis resembles fibroid. The term
adenomyoma is used for the frequent occurrence of adenomyosis. Because the treat-
ment is not neoplastic, the term focal adenomyosis is preferred by Hendrickson and
Kempson [40-44]. As adenomyoma is often confused clinically with leiomyoma,
which is a benign but neoplastic condition, the term adenoma is accepted. Typically
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the adenoma does not have clearly defined boundaries because they merge with the
normal myometrial environment. In contrast, lelomyomas compress the myome-
trial environment and have well-defined boundaries [45-50].

Leiomyoma can be nucleated, while adenomyoma can not. Histologically, by
the immunohistochemical method, the endometrial glands and the layer in foci of
adenomyosis resemble the basal layer of the endometrium. Rarely do they respond
to hormonal stimuli, a phenomenon that explains, at least in part, that only in
certain cases are hemorrhagic or regenerative morphological findings observed
in foci of adenomyosis. The reason for the increased tendency of focal bleeding in
deep-seated adenomyotic foci is not understood [45-50]. In contrast, the ectopic
endometrium at foci of endometriosis often undergoes circular changes, including
degeneration, bleeding, and regeneration, which are similar to those seen in the
functional layer of the endometrium. The different frequency of menstrual-type
changes may be due to the relatively poor vascularity of the ectopic endometrium,
which is a type of primary endometrium, compared to the endometriosis of the
endometrium, which is rich in perspiration and is a type of functional layer of the
endometrium. However, it appears to retain the ability to proliferate as a result it
can develop and be responsible for the failure of amenorrhea or submenorrhea after
endometrial destruction operations [45-50]. The secretory changes, which include
the degradation of the layer in foci of adenomyosis, are observed mainly during
pregnancy and treatment with exogenous progestogens and these changes are made
through estrogen and progesterone receptors.

Progesterone effect in the non-pregnant uterus is observed in approximately
30-50% of foci of adenomyosis. During intrauterine pregnancy, 57% of the studies
evaluated by Azziz found degeneration [39]. Other authors observed degeneration
during pregnancy, only in deep foci, at a depth of at least two low-magnification
optical fields, while degeneration was absent or insignificant in foci less than two
low-magnification optical fields, the boundary of the basal layer of the endometrium-
myometrium [45-52]. It is worth to be mentioned that adenomyosis can often be
complicated by hyperplastic disorders up to atypia, while squamous cell carcinoma,
mucosal metaplasia, and adenocarcinoma can occur in parallel with adenomyosis.

When the carcinoma is confined to an adenomyotic lesion, it should be considered
“intravenous” as the prognosis is no worse than the carcinoma for which the patient
underwent surgery. It is not possible to determine histologically whether the adeno-
carcinomas found in the supracervical uterus in foci of adenomyosis are the primary
foci or the expansion of the endometrium into the foci of adenomyotic foci [45-52].

1.6 Clinical symptoms

Approximately 35% of adenomyosis cases are symptomatic [53-56]. In other
cases, the most common symptoms are menorrhagia (50%), dysmenorrhea (30%)
and uterine bleeding (20%). In some cases, discomfort may be an additional
symptom. The frequency and severity of symptoms depend on the extent and depth
of adenomyosis [53-56].

The exact cause of menorrhagia in patients with adenomyosis is not known.
Menorrhagia may be due to poor contractility of the adenomyotic myometrium
and compression of the endometrium by submucosal adenomas or leiomyomas.
Mefenamic acid may reduce blood loss, suggesting that prostaglandin F2a (PGF2a)
may play a role in the greater blood loss in women with adenomyosis [53-57]. Other
factors may include anovulation, hyperplasia and, rarely, endometrial adenocarci-
noma. Dysmenorrhea, finally, is due to the irritability of the uterus, which in turn
is secondary to the increased amount of blood loss [58-60]. The symptoms associ-
ated with adenomyosis have not been analyzed by all researchers. For example, in
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a study of 136 patients with histologically confirmed adenomyosis, the symptoms
were varied, non-specific and, according to the researchers, associated with co-
existing pathological conditions such as leiomyomas, endometriosis and polyps,
rather than with adenomyosis [58-60]. In another prospective study, there were no
differences in the incidence or severity of dysmenorrhea and pelvic pain between

28 women with adenomyosis and 157 controls [58-62]. A study of 23 women with
myometrial adenomyosis reported no qualitative differences in spontaneous motil-
ity of isolated myometrial tissue during the menstrual cycle, compared with normal
uterine fibroids [58-62]. The type of mobility was low-intensity and high-frequency
automatic contractions during the reproductive phase, both of which increased dur-
ing the secretory phase. Histamine-induced contractions of the myometrium were
similar to all myometrial tissues tested [58—62].

Because the symptoms of adenomyosis are not specific, it is natural for the
disease to be rarely diagnosed preoperatively. Most researchers report a correct
preoperative diagnosis in less than 10% of cases [58-62]. However, due to the way
the cases are selected, the incomplete pathological examination of the surgical
specimens, and the limited number of well-designed studies, the true ability to
diagnose adenomyosis is difficult to assess.

1.7 Diagnosis

The clinical diagnosis of adenomyosis is, at best, hypothetical (50%) and more
often, it either does not occur (75%) [63-66] or the disease is overdiagnosed (35%)
[63-66]. Menorrhagia and dysmenorrhea in a large woman, aged 40-50 years, raise
the suspicion, but not the diagnosis, of adenomyosis. The uterus may be diffusely
swollen, about the size of a 12-week pregnant uterus, and soft and tender to the
touch. In addition, the presence of endometrial hyperplasia at the time of hysterec-
tomy is the only variable directly related to adenomyosis [63-66].

Several researchers have used radiological methods to diagnose adenomyosis. In
the largest hysterosalpingography study, Marshak and Eliasoph diagnosed adeno-
myosis in only 38 of 150 patients with proven adenomyosis [67]. However, they
did not report either the total number of patients examined or the frequency of a
false-positive diagnosis. The most common findings in hysterosalpingography are
endometrial diversions and cellular invasions within the myometrium [67].

This test was considered inaccurate because myometrial adhesions attributed to
adenomyosis resemble lymphatic or vascular infiltrations of the pigment. Intra-
abdominal ultrasound is not useful in diagnosing adenomyosis. In the late 1970s,

a group suggested that abnormal ultrasound areas of the myometrium, 5-7 mm in
size, were an ultrasound finding characteristic of generalized adenomyosis [63-66].

This view was subsequently challenged by Siedler et al., who reported general-
ized uterine enlargement, normal uterine echogenicity, and retention of uterine
shape in the majority of women with established adenomyosis. Subsequent studies
have failed to clarify this issue [68].

Vaginal ultrasound has been used to diagnose adenomyosis since the early 1990s.
Fedele estimated 43 women who would undergo hysterectomy for menorrhagia
with preoperative transvaginal ultrasound. He described numerous small subsonic
areas of the myometrium, with an abnormal ultrasound outline in 22 women [69].

The sensitivity of the method was estimated at 80% and specialization at 74%.
Other researchers reported lower sensitivity, at 48 and 53% [70-80]. Other studies,
with a larger number of women, are needed to address this issue [81-85].

Magnetic resonance imaging (MRI) has been applied to pelvic pathology and the
initial results in women with adenomyosis are encouraging [75-84]. Mark and his
colleagues predicted adenomyosis in eight of 20 women studied with T2 images. Ten
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of the remaining 12 women were correctly diagnosed with adenomyosis free, while
in two the diagnosis was uncertain [70].

The researchers described a typical, wide, low-density area surrounding the
normal, high-density, endometrium in women with diffuse adenomyosis. Tiny foci
of adenomyosis could not be diagnosed. T2 imaging has a significant advantage over
shadowless imaging and that with T1 amplification. MRI has been used to differen-
tially diagnose adenomyosis from leiomyomas [75-85].

Ninety-three patients were evaluated preoperatively and the results were related to
surgical pathology. The 16 cases of adenomyosis were diagnosed preoperatively. The
wider application of new technology needs, however, further evaluation. In addition,
the cost can prevent MRI from becoming a widely used diagnostic test [75-85].

CA-125 is an antigen produced by the ovarian epithelial cells. It is secreted from
these cells into the blood and is determined in a variety of gynecological diseases.
Some researchers have used the determination of CA-125 levels to predict recur-
rences of non-mucosal ovarian cancers, while others have used it to diagnose recur-
rences of endometriosis. In the second case, successive determinations of CA-125
levels [75-85].

was required. In 1985, Takahashi and colleagues reported high preoperative
CA-125 levels in six out of seven women with adenomyosis [70]. Although, CA-125
levels were elevated in these women, they were significantly lower than in patients
with ovarian cancer. One month after hysterectomy, all women showed normal
CA-125 levels. The same researchers, by immunohistochemical method, observed
CA-125 production in the glandular epithelium of adenomyosis foci in eight hys-
terectomy specimens [75-88]. In another study, it was not possible to reproduce
these results. In the report of 22 women, 11 of whom had adenomyosis, Halila and
colleagues found normal preoperative CA-125 levels in all women with adenomyosis
[71, 72]. These levels did not change significantly at one and five weeks after sur-
gery. The cause of the different results in these studies was not clear, but it is hoped
that future research will lead to some conclusions [71, 72].

Cysteine and leucine aminopeptidase levels have been used as possible markers
of adenomyosis. Levels of these enzymes are elevated in various benign and malig-
nant conditions of the uterus and ovaries [75-88].

However, no control studies have been performed to evaluate the clinical utility
of these measurements. Although, adenomyosis can be diagnosed after a needle
biopsy of the uterus, the sensitivity of this method is low and depends on the num-
ber of biopsies and the depth of penetration of the adenomyosis. This technique is
of little or no importance in the diagnosis of minimal or moderate disease, but can
provide histological confirmation in cases with extensive myometrial infiltration.
If the biopsy confirms the diagnosis, women should be identified based on their
history and tested for transvaginal ultrasound and MRI. These diagnostic methods
can also help determine the location of the biopsy. However, myometrial biopsy, as a
routine method, in women with pelvic pain should not be performed [75-88].

1.8 Treatment

Hysterectomy surgery remains the key approach in both the diagnosis and treat-
ment of adenomyosis until a safer and more effective method of immediate biopsy
is found. The only way to accurately diagnose adenomyosis is to remove the uterus,
which also provides treatment for this condition, whereas prolactin, progesterone
and growth hormone appear to accelerate the development of the disease [89-94].

RU 486, an anti-progesterone agent that inhibits the action of progesterone on
its receptors in the uterus, suppresses the development of adenomyosis if adminis-
tered for 30 days. Of course, they also require studies in humans [89-94]. There is
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evidence that progesterone promotes the development of adenomyosis in humans as
well as in muscles [89-94]. Danazol, an antigonadotropic derivative of testosterone
17a-ethinyl, has not been widely used in the treatment of adenomyosis [88].

From June 1993 to August 2000, Tamaoaka et al. treated adenomyosis women
with endometrial glomeruli containing danatrol, and observed a marked reduction
in dysmenorrhea and levels of CA-125 in women with endometrial hyperplasia.

The histopathological findings of hyperplasia disappeared during the use of these
endometrial glomeruli. The mechanism of the direct action of danatrol in endome-
trial hyperplasia has not been fully elucidated [89-94].

Hormone therapy with progestogens or gonadotropin-releasing hypothalamic
hormone analogs (GnRH-a) could be as effective as in endometriosis [94-96].
However, an increase in uterine size and a recurrence of symptoms occur within six
months of stopping treatment. Conservative surgical treatment may be helpful in
some patients, although follow-up of women after such surgery is limited to three
years [96-98].

The activity of one orally administered metalloproteinase inhibitor (ONO-4817)
in the development of adenomyosis was recently tested experimentally by anterior
pituitary gland transplantation into muscle. The results indicate that this drug could
be activated the development of adenomyosis [96-98].

2. Uterine artery embolization

The uterine artery embolization (UAE) has been used successfully for refractory
gynecologic problems in premenopausal women like: hemorrhage, pain, bulk symp-
toms, or a combination of them despite previously performed surgical procedures
(myomectomy, adenomectomy) or medical treatment. The desire for minimally
invasive alternatives for the management of symptomatic adenomyosis premeno-
pausal women prompts interventional radiologists to propose UAE as an alternative
treatment to surgical treatment of adenomyosis. According to various reports, the
ability to improve menstrual disorders and symptoms of premenopausal women
through UAE without the need for surgical procedures led to this method becoming
famous. However, despite the positive comments of several reports exist no prospec-
tive randomized trials to determine the relative safety effectiveness of UAE compared
either to surgical or medical options [78-84]. The cooperation between a gynecologist
and interventional radiologist is obligatory to establish optimal clinical guidelines for
premenopausal women care due to preinterventional consultation, procedural course
and postprocedural follow up require gynecological and also radiological services.

2.1 UAE technical procedure

The target of the UAE is to administrate material polyvinyl alcohol (PVA).
Microspheres or gelatin-coated tris-acryl polymer microspheres bilateral in uterine
arteries to interrupt or reduce the blood supply at the level of the arterioles and to
produce irretrievable ischemic damage, degeneration and shrinkage of adenomyosis
focus without causing permanent damage to uterus. The target of UAE is an inter-
ruption or reduction of the blood supply of fibroids at the level of the arterioles
after bilateral (from left and right) super-selective catheterization with microcath-
eters of the arteries that supply the fibroids and injection of acryl polymer embo-
lospheres with a diameter of 500-900 pm for provocation of irretrievable ischemic
damage to the fibroids. The aspects of the technical approach of UAE are summa-
rized and described as follows: A single right femoral artery is typically catheterized
after intravenous local analgesia and after that is performed pelvic arteriography to
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define the vascular tree and identifiy both uterine arteries. All UAE procedures were
carried out in the angio suite with a digital subtraction angiography (DSA) system.
Except this is of great importance to exclude present vascular abnormalities. The
goal of UAE is partial or complete occlusion of both uterine arteries branches

which led to adenomyosis focus with polyvinyl alcohol (PVA). Microspheres or
gelatin-coated tris-acryl polymer microspheres and after the embolization of the
above-mentioned vessels may produce effective infraction of adenomyosis focus
associated due to moderate or severe pain. It is very important to sparing of cervical
and vaginal branches, vasoconstriction avoidance, catheter 4-F retraction in the
internal iliac artery, after the microcatheter placement.

Caution for anatomic variances:

atypical origin of uterine arteries, ovarian/uterine tube arteries deriving from
uterine arteries, multiple arteries branching instead of one artery, absence of
uterine arteries, origin from ovarian arteries or round ligament arteries, avoidance
of embolization of the ascending branches to the ovary and descending branches to
the cervix and the vagina.

After the selective catheterization of the uterine artery visualization with
contras, if major ovary branch is visualized micro catheter is moved superelectively
inside the ovary branch and the embolization of the supply to the ovary is done first
with microspheres or big embolospheres with a diameter 900 pm. Technical dif-
ficulties include severe cannulating of arteries due to anatomic variations, arterial
spasm, recently use of gonadotropin releasing hormone agonist, uterine perfusion
from collateral ovarian vasculature. During the procedure, analgesic treatment
(paracetamol and morphine) is administered wherever it is necessary.

3. Our experience with UAE treatment in adenomyosis premenopausal
women

Between April 2008 and 2021 sixty-four premenopausal women from our
department Obstetrics and Gynecology, with symptomatic adenomyosis (dif-
fuse adenomyosis), focal (adenomyoma) or coexisting with uterine myomas in
fourty cases, ten cases and fourteen cases respectively underwent uterine artery
embolization (UAE) in cooperation with Interventional Radiology department of
Democritus University of Thrace, Greece. All procedures were performed by the
institutional ethical standards and with the 1964 Helsinki Declaration.

Informed consent was obtained from all individual participants included in
the study. All study participants with adenomyosis with or without concomitant
fibroids were assessed for treatment by an experienced gynecologist.

With a medical history, the main symptoms were divided into the following
categories: menstrual bleeding, pelvic pain (rated on a VAS score from 0 to 10, with
0 representing no pain and 10 unbearable pain), urinary discomfort, bleeding pain,
massive symptoms, combination despite previous treatment, and health-related quality
of life effects (restrictions on daily activities, energy/mood, self-awareness, and sexual
function). Each participant then underwent a gynecological clinical examination,
also transvaginal ultrasound followed by an MRI study. All imaging findings [US/
MRI transvaginal ultrasound in either a Tesla 1 scanner (GE Healthcare) or a 1.5 Tesla
magnet (Philips Multiva) ] were then evaluated by an experienced gynecologist and
invasive radiologist for possible treatment in the UAE. We present from our study par-
ticipants Figures from a case with mixed adenomyosis and myoma uteri (Figures 1-6).
Additional laboratory tests were performed that included platelet count, clotting time,
and renal function markers (creatinine and glomerular filtration rate). All the methods
and procedures followed in the present study obey the basic ethical rules. The study was
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Figure 1.
Uterus myoma straight vessels.

conducted under the Helsinki Declaration. After detailed information of the partici-
pants regarding treatment options by the gynecologist and the invasive radiologist,
written consent from every single one of the participants was obtained. Study partici-
pants were admitted to the University Obstetrics and Gynecology Clinic one day before
the uterine artery embolization and underwent laboratory tests. On the procedure day
they were receiving intravenous chemoprophylaxis and in particular iv Augmentin
600 mg and iv Metronidazole 1 g, while four hours before the UAE a urinary catheter
was placed. Following the procedure, all participants received additional analgesic
treatment every 4 h (tramadol 100 mg) and were monitored at the Department of
University Obstetrics and Gynecology.

The clinical results of the study were based on evaluations concerning the
overall satisfaction of the patients, the relief of clinical symptoms, the need for
reoperation and hysterectomy and the amenorrhea rates during the follow-up
period, which varied from 1 to 12 months.

3.1 Exclusion criteria
Included were postmenopausal women, patients with severe co-morbidities,

patients who wished to maintain their fertility, patients with a known allergy to the
contrast agent used during the procedure, and patients with suspected malignancy.
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Figure 2.
Adenomyosis uteri spiral vessels.

There was no planned pregnancy or pelvic inflammation in the participants, while
patients with only symptoms of back pain, asymptomatic, fibroid pendulum and
rapidly improved size were excluded from the present study.

3.2 Study participants

A total of 64 patients met the inclusion criteria, with a mean admission age of
51 years (36-53). 40 patients (62.5%) were diagnosed with pure adenomyosis, 10
patients (15.62%) with focal adenomyosis (adenomyoma) and 14 patients (21.87%)
with adenomyosis and fibroids. 50 participants (78%) had a history of pregnancy
and childbirth in the past.

Reported symptoms included: dysmenorrhea (98%) with a mean VAS score of
8.8 (range 6-10), menorrhagia with menstrual clots (88%), menorrhagia without
menstrual clots (53%) and urinary problems (12%). In terms of quality of life data,
76.5% of women complained of limited daily activities and low energy due to heavy
menstrual bleeding, while 73.5% had problems with their sex life.
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Figure 3.

Mixed type adenomyosis, myomas predominate, pressing and repelling the endometrium. MRI section, T2-WI,
Sagital. Notice the increase in the width of the myometrial transition zone and hemosiderin granule (arrow) in
the enlavged transition zone.

3.3 Results

According to our results, we confirm the following data:

Successful embolization (100%) was observed in all participants. On average,
patients spent two days in the hospital, one day before the procedure and one on
the day of the intervention. Elimination of clinical symptoms and reduction in
pelvic pain intensity, assessed using VAS, was observed in 62 participants (96.87%).
Pain in these cases decreased by an average of 7.5 points (from 8.2 to 1.0 points)
during the follow-up period (from 1 to 12 months, average 3 months). Severe pain
immediately after embolization and for approximately 24 h was observed in 8 cases
with diffuse adenomyosis, 4 cases with adenomyoma and 2 cases with coexisting
adenomyosis, in which analgesics and non-steroidal anti-inflammatory drugs were
administered. In the majority of participants in our study, there were no significant
complications associated with the procedure. However, in 4 participants (6.2%)
recurrence of pain was observed within one to 2 months after embolism. In these
cases, fractional dissolution is required, because submucosal fibroids coexist and
adenomyosis diffuses. A postpartum neonatal ward of focal adenomyosis, sepsis,
and surgical resection of necrotic sections was established, subject to the uterus.

In no case was either reoperation or hysterectomy required. Restoration of normal
menstruation was immediately observed in the subgroup of participants under

45 years of age. The other subgroup, which included participants over the age of 45,
had normal menstruation. Only in 93% of cases immediately and only in 4 partici-
pants reported experience of the absence of menstruation for at least 3 months after
embolization, resulting in the appearance of the period later after three months
than in the other participants. In participants of the older participants over 45 years
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Figure 4.

MngI section, T2-WI, Sagital of the patient, six months after bilateral embolization. The myomas have
completely degenerated and shrunk, however they continue to vepel the endometrium to a lesser degree. The
myometrial band anatomy has been vestored to normal. The examination was performed with sections T2-WI,
D-WI and T1-WI, simple and with spectral suppression of the magnetic fat signal, before and after intravenous
administration of paramagnetic substance—situation after UAE 6 months ago. Degeneration, complete
elimination of vasculitis and very significant further shrinkage of the two submucosal myomas, degeneration,
ischemia and mild further shrinkage of the subarachnoid myoma of the anterior myometrium are observed,
while the muscles of the fibroids ave completely indistinguishable. The (normal) endometrium is slightly
repelled by the two submucosal myomas. In the present examination, the uterus, which has been reduced in size,
is presented with normal belt anatomy. Normal imaging of the cervix—a little free peritoneal liquid is shown
in the Douglas pouch—the ovaries are normal—no pathological lymph nodes are not detected.

Figures.
Hyperelective catheterization and imaging before embolization of the left uterine artery, using a microcatheter.
Observe the spiral vessels of adenomyosis and the straight lines of the myomas.
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Figure 6.
Hyperelective catheterization and imaging before embolization of the right uterine artery, using a
micro-catheter.

with a delayed onset of menstruation, low levels of AMH were established depend-
ing on biological age. Based on the findings of the MRI, partial or complete restora-
tion of the normal zone anatomy in the uterus was confirmed after 6 months. All
participants reported a decrease in menstrual bleeding and consequently improve-
ment of everyday life quality. In one woman aged 49 years old, the decrease was not
satisfactory and she underwent two months of analgesics therapy and after that the
clinical symptoms were successfully improved. In our participants, the avoidance
of hysterectomy was achieved in 100% of the women. All participants reported to
be very or fairly satisfied with the results and would recommend this treatment to
colleagues and friends.

4. Discussion

Adenomyosis is reasonable, although it has not been proven, that matrices with
adenomyosis are deficient in activated T-cells, with the result that the basal endo-
metrium in adenomyosis has an advantage in terms of growth potential over non-
adenomyotic and lymphoid-rich basal formations. The adenomyosis led to reducing
the junctional zone thickness whereas the latter results in the reduction of uterine
volume. It remains a major problem that the diagnosis is based on its variable pre-
sentation and common coexistence of other gynecologic disorders like fibroids or
endometriosis. Growth of adenomyosis focus proved due to contrast-enhanced MRI
and TVUS are recommended currently as the most accurate imaging techniques
for the diagnosis of the disease. The classical surgical procedure, hysterectomy,
is recommended as the only definite treatment modus, while the other treatment
alternatives medical and UAE are widely implemented and exist controversially
reports [94-98].
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Both treatments are reported to be successful, especially in the short term, but
there are some long-term reports of UAE adenomyosis treatment being poor in suc-
cess rate and reaching almost 50% of patients receiving treatment without report-
ing clinical improvement. Regarding the previously published reports, a recurrence
rate of 38% was reported, satisfactory life results were observed in 76% of the par-
ticipants. However, the question remains unanswered whether such an abnormality
is necessarily associated with acquired “morbidity” of the myometrium or whether
it is an independent condition for the development of adenomyosis. The exact cause
of hyperplasia-hypertrophy of the myometrium, located around the deep foci of the
endometrium, is not known [94-98].

Myometrial hyperplasia-hypertrophy may indicate either an attempt to control
endometrial penetration or simply represent bundles of smooth muscle fibers
displaced by the expanding endometrium. After examination, by immunohisto-
chemical technique, it was found that the myometrium, which surrounds the ectopic
endometrium either diffuse (adenomyosis) or focal (adenomyoma), does not show
abnormalities. Smooth muscle cells in adenomyotic foci, normal myometrium and
leiomyomas, whether or not coexisting with adenomyosis, are rich in actin and
desmin [94-98]. Several experimental “models” have been reported to study the
pathogenesis of adenomyosis. In one of them, endometrial grafts of the anterior
pituitary gland in mice led to the development of adenomyosis [98-100]. Prolactin
may amplify this, as the uterine horn that did not contain isografts showed relatively
less development of adenomyosis. In this experimental model ovarian resection was
prevented, while benzoic estradiol favored the development of adenomyosis.

In another mouse model, which received high doses of diethylstilbestrol (DES)
during fetal life, adenomyosis developed. These genera of mice appear to be prone
to developing adenomyosis when there are high concentrations of prolactin, estro-
gen and progestogens. More recently, other researchers have induced adenomyosis
in uncastrated rats with hyperprolactinaemia [98-104].

The researchers argued that high concentrations of prolactin cause degeneration
of the myometrium, with the concomitant presence of ovarian steroids, which leads
to its weakening, resulting in the invasion of the basal layer of the endometrium.
Also of great interest were the observations of Mori and Nagasawa in mice, in which
the penetration of stromal fibroblasts along the branches of the myometrial blood
vessels preceded the invasion of the endometrial glands [105].

In another study, Sakamoto et al., caused severe adenomyosis of the uterus in
mice by placing ectopic anterior pituitary lobe isografts [106]. DNA synthesis-
related activities and related enzymes, such as thymidyl synthetase and thymidine
kinase, were significantly increased in adenomyosis matrices, compared with
controls in the control group. In the same experimental model, it was found that
finding low molecular weight metalloproteinases plays a role in the development of
adenomyosis, at the level of gene transcription, activation and repression [99-108].
Specific experimental observations suggest that hereditary factors may be involved
in the pathogenesis of adenomyosis. For example, the matrices of recombinant
SMXA mice automatically develop adenomyosis-like histological changes and
contain tenascin around the adenomyotic glands [100-108]. These observations,
together with the biological properties of tenascin, reinforce the view of the
endometrial origin of adenomyosis and the idea of endometrial penetration into the
myometrium, which is genetically predisposed.

Also, compared to SMXA mice, the matrices of F1 mice, a genus found between
SMXA and NJL, contain even more obvious spontaneous changes, resembling
human adenomyosis. It should be noted, however, that it has not yet been deter-
mined whether heredity is an important factor in the development of adenomyosis
in humans [100-108]. The early development of adenomyosis from remnants
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of Miiller’s ducts, in positions outside the uterus, is enhanced by the finding of
adenomyosis in the rectal septum [100-108]. In this anatomical position can be
found endometrial glands and layers, which are associated with hypertrophy of
the adjacent smooth muscle fibers and form adenomyotic nodules [100-108].
Although, these nodules can develop as a result of penetration of the peritoneal
endometriosis of their origin from remnants of Miiller’s resources. Thus, accord-
ing to Nisolle and Donnez, in most cases, adenomyotic nodules are located deep

in the septum and in some cases in the muscular layer of the rectum, away from
the pelvic peritoneum [106-108]. The co-expression of vimentin and cytokeratin
in the endometrium, when it is located in the endometrial cavity and when it is
located in adenomyotic foci, is a typical feature of tissue, derived from Miiller’s
ducts. Morphologically and in terms of receptor content, adenomyosis of the atrial
septum is similar to that of the myometrium, including poor or no response to

the post-ovulatory effect of progesterone. Despite the high doses of progestogens
in women with rectal adenomyosis to induce secretory differentiation, hormone
therapy has poor results. The definitive treatment of the rectal lesions with surgery
also suggests the existence of a metaplastic process from the beginning, from
remnants of Miller’s ducts in this position, despite the implantation and penetra-
tion by peritoneal endometriosis [109-119].

Therefore, as the pathogenetic mechanisms of adenomyosis remain unclear,
more studies are needed to reveal the pathophysiology of the disease. In the present
study, all patients presented improvement in menorrhagia and had less blood loss
during menstruation, while the effectiveness of the method appeared to be higher
than that of other conservative surgeries such as intra-myometrial resection/exci-
sion and adenoectomy and laparoscopic myometrial electrocoagulation [119-125].
Radical surgery such as hysterectomy was eventually avoided in all participants,
in 100% of the 64 patients. We did not observe the occurrence of permanent
menopause, except in 0.6% of the participants, while transient amenorrhea within
the first 3 months, occurred in the subgroup over the age of 45 years [119-125].
Premature menopause induction and subclinical reduction of ovarian functional
reserve after the UAE is a known complication of this procedure, however, we have
not observed any cases [119-125]. We know that our study has limitations and that
the small sample size precludes a more detailed statistical analysis. Also, when
adenomyosis coexists with uterine fibroids, it is very difficult to determine if the
symptoms are caused by adenomyosis or the other. The incidence of pure adeno-
myosis is relatively low and due to a rare condition, individuals with co-existing
fibroids were included [119-125].

5. Conclusions

In conclusion, despite the small number of participants, our preliminary study
showed promising results with a very high rate of satisfied patients confirming that
UAE might be a safe and effective method of treatment for premenopausal women
with symptomatic adenomyosis in different if occurs with or without fibroids. It is
a non-amputating treatment, alternative to hysterectomy UAE, for the treatment of
symptomatic adenomyosis, when conservative treatment fails associated with few
complications and allowed an option for the new session for recurrent disease.
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Chapter7

Applying Machine Learning
Algorithms to Predict
Endometriosis Onset
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Abstract

Endometriosis is a commonly occurring progressive gynecological disorder, in
which tissues similar to the lining of the uterus grow on other parts of the female
body, including ovaries, fallopian tubes, and bowel. It is one of the primary causes
of pelvic discomfort and fertility challenges in women. The actual cause of the
endometriosis is still undetermined. As a result, the objective of the chapter is to
identify the drivers of endometriosis’ diagnoses via leveraging selected advanced
machine learning (ML) algorithms. The primary risks of infertility and other health
complications can be minimized to a greater extent if a likelihood of endometriosis
could be predicted well in advance. Logistic regression (LR) and eXtreme Gradient
Boosting (XGB) algorithms leveraged 36 months of medical history data to demon-
strate the feasibility. Several direct and indirect features were identified as impor-
tant to an accurate prediction of the condition onset, including selected diagnosis
and procedure codes. Creating analytical tools based on the model results that could
be integrated into the Electronic Health Records (EHR) systems and easily accessed
by healthcare providers might aid the objective of improving the diagnostic pro-
cesses and result in a timely and precise diagnosis, ultimately increasing patient
care and quality of life.

Keywords: endometriosis, infertility, likelihood, logistic regression,
machine learning, eXtreme gradient boosting, nomogram, odds ratio

1. Introduction

Recent advancements in artificial intelligence (AI) and machine learning (ML)
have offered an opportunity for utilization of these advanced methodologies in the
healthcare industry, while also at the same time improving upon the performance
and accuracy benchmarks established by the classical statistical techniques [1]. A
variety of ML techniques have been already applied to clinical data to examine a
number of conditions and therapeutic areas, their onset, progression, and treat-
ment options. In addition, deep learning algorithms such as convolutional neural
network (CNN) have been employed in medical image data to predict disease onset
and progression with even greater precision [2-5].

ML algorithms applied to a large amount of structured and unstructured data
and combined with available data processing technology have already improved
researchers’ ability to mine the vast amount of data and assisted in making the
patient healthcare decisions [6]. As a result of the high precision and robustness of
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ML algorithms compared to the classical statistical methods, the insights derived
from the application of these methods became important in driving the strategies
and processes related to healthcare access, patient care, as well as disease diagnos-
tics, healthcare trend forecasting, drug discovery, etc., thereby, further impacting
the ability to reducing medical costs, shortening the time to diagnoses and treat-
ment, and enhancing patients’ quality of life and outcomes [7].

Endometriosis is one of the most commonly occurring disorders in women of
menstruating age. Tissues, resembling the endometrium lining, grow on the outer
part of the uterus and other organs of the pelvic area. The signs and symptoms dif-
fer across patients with some individuals experiencing mild symptoms, while others
displaying moderate to severe signs. The most common symptoms of endometriosis
include pain in the pelvic area, dysmenorrhea, and the inability to have children.
Most commonly laparoscopy, surgery under general anesthesia, is performed to
confirm the diagnosis of endometriosis [8]. Since it is an invasive procedure, it
may not be suitable for all women. Laparoscopy is also quite expensive and women
require a confirmation of a variety of indicatives of endometriosis before undergo-
ing this procedure [9]. There are also a number of studies researching biomarkers of
endometriosis via assessing endometrial tissue, uterine or menstrual fluids, immu-
nological markers in blood or urine, gene expressions, etc. [10].

The availability of noninvasive methods to predict the likelihood of endome-
triosis could reduce the diagnostic delays and the number of women undergoing
surgery unnecessarily, and thus avoiding unwanted complications and potential
trauma [11]. In other research studies, researchers developed a new ensemble
technique called GenomeForest that analyzed the gene expression data. The method
systematically examined capabilities in classifying endometriosis and control
samples, using both transcriptomics and methylomics data [12, 13].

Another research study developed symptom-based models that predicted the
likelihood of endometriosis using logistic regression (LR). Symptomatic data
including patient demographics, women’s past medical history, obstetrics, fam-
ily history, etc. were collected through a 25-item self-administered questionnaire
[14]. Researchers also systematically applied selected ultrasound techniques in the
diagnosis of endometriosis and concluded that these methods should remain the
first-line procedures in the evaluation of patients with endometriosis [15].

In recent years, researchers aimed at developing CNN-based CAD systems that
could classify endometrial lesions images obtained from hysteroscopy and evaluate
the diagnostic performance of the model [16]. Their system slightly outperformed
gynecologists in classifying endometrial lesion images. With a large number of
diagnostic procedures, there is, however, no guaranteed treatment for endometrio-
sis at this time. With an early diagnosis and available medical and surgical options;
however, healthcare providers might be able to reduce the risks of potential compli-
cations and improve the quality of life for their patients [17, 18].

In the above research studies, researchers used either relatively small samples, or
a limited number of variables to develop models or systems to predict the likelihood
of endometriosis. The source of data represented mostly clinics and care providers
in a controlled environment. There have been a limited amount of research stud-
ies performed thus far leveraging US-based patient-level claims data in predicting
endometriosis. Claims data consist of the entire patient medical journey, such as
diagnosis, procedures, prescriptions, physician, and patient demographics [19, 20].
In this chapter, US patient-level claims datasets at a transactional level were lever-
aged to develop accurate ML algorithms to predict the likelihood of endometriosis
onset. Predicting the probability of endometriosis occurrence via leveraging the
diagnosed patients’ medical history might benefit both the diagnostics process as
well as improved patients’ quality of life. The LR and eXtreme Gradient Boosting
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(XGB) algorithms were employed to identify the key drivers of endometriosis onset.
An earlier version of this chapter is available on the Research Square website. The
posting allowed for the dissemination of these important insights with the research
community in advance, while at the same time, leveraging the received feedback to
enhance the research design in this chapter.

2. Methodology overview

As mentioned earlier, the analysis design was described in the earlier ver-
sion of the chapter available on the Research Square website. It leveraged the US
healthcare claims patient-level database with the period from January 31, 2019 to
December 31, 2019 [21]. Patients with a history of medical diagnosis ICD 10 codes
for endometriosis were labeled as targets and the remaining patients were assigned
as controls. As endometriosis is a women-only condition, female patients 18 and
older were selected for the study target cohort. A control cohort, using a propensity
matching algorithm, was built as a comparison group to the study targets. Thirty
six (36) months of patients’ medical history before the first condition event in 2019
were extracted for both cohorts. The US healthcare claims data included diagnosis,
medical, procedural, surgical, and hospital codes, as well as medical treatments and
therapies prescribed to patients. The dataset was presented at the transactional level
to ensure proper capture of medical events longitudinally [21]. Several analytical
approaches were employed for the analysis from the rules-based patient qualifica-
tion criteria to ML algorithms to derive the probability of endometriosis onset.
The healthcare claims patient-level dataset considered in the analysis represented
healthcare claims sourced for the United States regions only.

2.1 Healthcare claims patient-level database

The US healthcare claims patient-level database is an anonymous longitudinal
patient dataset often applied by healthcare organizations to derive insights [22, 23],
while at the same time informing the effective treatment outcome options, patient
access strategies, and areas for improvement in the diagnostic process [19]. The US
healthcare claims patient-level database employed for this chapter consisted of medi-
cal, procedural, surgical, hospital, and prescriptions claims across all types of insur-
ance payments and all geographic areas in the United States [24, 25]. The healthcare
claims database overall covered more than 317 million active patients with over more
than 17 years of medical health history and involved more than 1.9 million healthcare
providers [25]. Figure 1 presents the summary of information in the database.

2.2 Cohort selection

For this chapter, a sample of 314,101 confirmed endometriosis patients in 2019 in
the US healthcare claims patient-level database was leveraged for the analysis. The
patients were identified using predefined ICD 10 diagnosis codes (Table 1). Female
patients of age 18 and older were identified for the target cohort. For the control
cohort, a random sample of 3 million female patients with the same age specifica-
tions was selected from the database [21].

To define a control cohort of an equal size to the study target group, a ‘propen-
sity score matching’ methodology was employed [18]. The algorithm selected the
controls based on several similar characteristics or covariates. Covariates included
patient age and medical history [26, 27]. Table 2 presents the summary of the
distribution comparison between the study target and control cohorts by age and
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Figure 1.
Healthcare claims patient level database summary.

Diagnosis Codes diagnosis long description
N80.0 Endometriosis of uterus
N80.1 Endometriosis of ovary
N80.2 Endometriosis of fallopian tube
N80.3 Endometriosis of pelvic peritoneum
N80.4 Endometriosis of rectovaginal septum and vagina
N80.5 Endometriosis of intestine
N80.6 Endometriosis in cutaneous scar
N80.8 Other endometriosis
N80.9 Endometriosis, unspecified

Table 1.

ICD 10 diagnosis codes of endometriosis.

Age group Target (%) Control (%)
18-24 6.45 6.55
25-34 25.01 25.24
35-44 3757 37.08
45-54 2313 2318
55-64 6.22 6.31
65+ 1.62 1.64
Region Target (%) Control (%)
South 39.90 39.90
Midwest 22.78 22.76
Northeast 18.82 18.84
West 17.02 17.02
Other 148 148
Table 2.

Comparison between target and control cohort by age and region respectively.
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Census geographies. The patient age variable was created via grouping age ranges,
while states were grouped into the US regions [21].

2.3 Data extraction

The next step in the analysis process was to pull the patients’ medical history from
the available information in the US healthcare claims patient-level database [21]. The
event date for the target cohort was established for each individual in the study to
ensure the extraction of the healthcare information before the first condition event.
For the control cohort, the first activity in 2019 was leveraged as the event date [21].

The approach for the data extraction and the study target and control setup was
the same as presented in the earlier version of the chapter available on Research
Square. Using the medical event dates, representing the first date of endometriosis
diagnosis, as the index date, 36 months of medical history was extracted for each
patient. Historical data presented all available medical events in the patients’
healthcare history before the condition diagnosis, including diagnoses for comorbid
conditions, medical and surgical procedures, therapeutics, healthcare provider’s
specialty, and treatments prescribed to patients. A transactional level dataset, rep-
resenting the top 1000 diagnosis codes, top 800 medical and surgical procedures,
and top 500 prescribed drugs, was utilized to enable additional insights since these
top codes constituted more than 80% of the dataset [21].

A pivot table was built at the transaction level and aggregated at the patient-
level. Each row of the dataset represented an individual patient and the values
within the row represented the counts of transactions that were generated during
the patient’s journey for the respective medical events. The columns of the table
were the medical events, such as diagnosis and procedure codes, drugs prescribed,
and physician specialties. The aggregated data table had more than 6 million rows
and 2600 columns. The aggregated data table had missing values for selected
patients and data elements, as not all records had complete medical information
captured in the study period. Any medical events absent in the patient’s history
were represented with the value of zero (0), which implied that no such event was
observed in the individual’s medical history. The final aggregated dataset was lever-
aged as an analytical dataset for the remaining parts of the chapter [21].

The analytical dataset was further normalized and divided into two groups: a
training and test set. A ratio of 70:30 was applied to the dataset [28]. The training
dataset was employed to identify the key data elements driving endometriosis
diagnoses, while the test group was used to confirm whether these elements would
predict the condition occurrence accurately [29]. Splitting the data into training and
test sets aided the assessment of the model performance and its ability to generalize
the hidden data trends [21, 30].

2.4 Overview of machine learning algorithms

In this section of the chapter, a summary of the classical statistical modeling and
ML approaches is presented to review the available methods for healthcare research,
and also to summarize the selected methodology applied in this study. Statistical
modeling has evolved in the last few decades and shaped the future of business
analytics and data science, including the current use and applications of ML
algorithms [31]. It represents a branch of applied mathematics, in which statistical
methods are leveraged to analyze a dataset. Statistical models are the mathematical
representation of real-world scenarios with certain assumptions undertaken. They
play a fundamental role in making statistical inferences while studying the char-
acteristics of a population, upon which hypotheses were framed [8]. These models
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are not only useful in finding relationships between variables and the significance
of those relationships, but they are also useful in the prediction and forecasting of
future events.

ML is a subfield of the Al area, which includes statistics, mathematics, computer
algorithms, etc., focused on building applications that learn and improve their pre-
dictive capabilities automatically over time without being specifically programmed
to do so. ML models are built upon a statistical framework since they involve a large
amount of data elements often described using statistical distributions. In the last
two decades, ML algorithms have received a significant amount of attention in
the fields of computer vision, natural language processing, autonomous driving
vehicles, healthcare and drug development, e-commerece, to list a few due to the
increased amounts of data availability and significant advancements in the comput-
ing power. ML algorithms can be broadly categorized as supervised, unsupervised,
and semi-supervised algorithms [5, 7, 32, 33].

2.4.1 Supervised learning algorithms

Supervised learning is a set of algorithms that learn from the input space (X)
to the output space (Y), i.e. Y = f(X) [34]. The major objective is to estimate the
mapping function (f) to ensure that with an addition of a new data point (x), the
outcome, (y), could be predicted [35]. Supervised learning algorithms are often
applied to classification and prediction problems [32]. The following are the
selected examples of supervised algorithms often employed in research studies:
logistic regression, decision trees (DT5), random forest (RE), extreme gradient boosting,
support vector machines (SVMs), Naive Bayes, adaptive boosting (AdaBoost), artificial
neural network (ANN), etc. [36].

2.4.2 Unsupervised learning algorithms

Different from the supervised learning algorithms, the unsupervised learning
algorithms try to understand the hidden patterns within the input dataset (X) [37].
The algorithms learn and uncover the patterns without the researcher’ assistance
[38]. These algorithms are often leveraged to find the naturally occurring clusters,
reduce data dimensions, detect anomalies, etc. k-means clustering, principal compo-
nent analysis (PCA), factor analysis (FA), singular value decomposition (SVD), apriori
algorithm (association rule) represent a few examples of these types of algorithms
[36]. In some cases, a semi-supervised approach is used to enhance the model
performance with the help of a small amount of labeled data [36].

Depending on the study objectives and the availability and granularity of data,
algorithms are reviewed for analytical relevance, tested for performance, data type
fit, and selected as optimal algorithms accordingly. For this chapter, LR and XGB
models were chosen to develop a predictive algorithm for the endometriosis onset.
LR estimated the odds of the condition occurrence for a given medical event [39],
while XGB provided more flexibility in fine-tuning the hyper-parameters when
compared to other tree-based algorithms [40].

2.4.3 Logistic regression

An LR is a statistical model as well as the simplest version of ML algorithms
that uses a logistic function to model a binary dependent variable with two pos-
sible outcomes: ‘0’ and ‘1’ [39, 41, 42]. A multinomial logistic regression is also often
considered for research studies with multiple outcomes. LR is applied in a variety of
fields, including healthcare research and social sciences [43].

112



Applying Machine Learning Algorithms to Predict Endometriosis Onset
DOI: http://dx.doi.org/10.5772/intechopen.101391

In regression modeling, analysis often involves interpreting the independent
variables’ coefficients. Regression coefficients describe the size and direction of
the relationship between regressors (x) and the outcome variable (y). They explain
the behavior of the dependent variable given a unit change in an independent
variable while holding all other data elements constant. The magnitude and sign
of the coefficients signify the resulting relationship with the dependent variable.
Interpreting the LR’s coefficients also includetheir interpretation, as well as the
odds and odds ratios [41].

Odds exemplify the ratio of probabilities of two mutually exclusive events
[41], at the same time the odds ratio represents the ratio of two different odds. The
simplest way to calculate the odds ratio in the LR is to exponentiate the coefficient
of a predictor [39]. As a result, if the odds ratio for the age variable in years is 1.25,
then for each additional year, the probability of event/success increases by 25%. For
categorical features, the interpretation of the odds ratio can be more meaningful
than the interpretation of odds [41].

2.4.4 xExtreme gradient boosting

A gradient boosting is another ML algorithm, which is an ensemble of simple,
weak, and unreliable predictors, mainly decision trees [40]. When multiple trees
are grouped, they create a robust and reliable algorithm [44]. XGB starts by creating
a first simple tree [45] and builds upon the weaker learners. Each iteration revises
the previous tree until an optimal point is reached [46].

Feature importance is the value generated by tree-based models, including deci-
sion trees, random forest, XGB, etc. [40]. The measure signifies the importance of fea-
tures in the model as well as how good the feature is at reducing the node impurity.
Feature importance is also known as ‘gini importance’ or ‘mean decrease impurity, and
is defined as the total decrease in node impurity averaged over trees in the ensemble
[44]. It is calculated as: weight, gain, and cover, where ‘weight’ represents the number
of times a feature is observed in a tree, ‘gain’ denotes the average gain of splits, and
cover’ is defined as the average coverage of splits. Finally, coverage represents the
number of samples impacted by the split [46].

2.4.5 Chi-Square test

The Chi-Square test is nonparametric [33], often employed to test the indepen-
dence between the observed and expected frequencies of one or more data ele-
ments. It is known as the goodness of fit test’ [47]. In this chapter, the Chi-Square test
was utilized to select the top significant features [48].

2.4.6 p-value

The p-value is the probability of an observed result, assuming that the null
hypothesis is correct. The p-value is used to test if the null hypothesis can be
rejected in favor of the alternative hypothesis. A lower p-value implies a stronger
indication in support of the alternative hypothesis [23]. In this analysis, the signifi-
cance level was set at 5% to aid the feature importance evaluation and statistical
results’ identification.

2.4.7 Classification metrics

The following classification metrics are often leveraged to validate the ML mod-
els’ performance. A confusion matrix is generated from the predicted probability
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values with 0.5 as the classification threshold. Patients with probability values

greater than or equal to 0.5 are classified as 7 and below 0.5 are classified as 0. Below

is the list of metrics used in evaluating models performance [32, 43, 46, 49]:
Confusion matrix:

* True positive (TP)—Target patient correctly identified by the model as
target patient

* False positive (FP)—Control patient misclassified by the model as target patient

* True negative (TN)—Control patient correctly classified by the model asa
control patient

* False negative (FN)—Target patient misclassified by the model as a con-
trol patient

Model performance metrics:
o Accuracy: % of total patients correctly identified among total patients

* Positive predictive value (PPV, Precision): % of true target patients among total
predicted target patients

* True positive rate (TPR, Sensitivity, Recall, Hit Rate): % of true target patients
who were correctly identified among total target patients

* False positive rate (FPR): % of true control patients incorrectly identified
among total control patients

* Specificity: % of those control who will have a negative target result
* F1score: is the harmonic mean of precision and recall

» AUC: Area under the receiver operating characteristic (ROC) curve. To validate
the trade-off between true positive rate and false-positive rate

In this chapter, the LR, being the simplest of all ML algorithms, was chosen
as the base model. Both the LR and XGB models were trained on the analytical
dataset defined in the earlier section of this chapter. The top 1000 features from
each algorithm were selected to reduce the dataset dimension. As the next step, the
Chi-Square test from the scikit-learn Python package was utilized to identify the top
most significant features from the list of data elements employed in both models.
Finally, algorithms were re-trained on the top significant features to identify the
key data elements in predicting the endometriosis onset. All ML algorithms were
trained on Python 3.5 using ‘scikit-learn’ and “xgboost’ libraries.

3. Results
3.1Important features selection

Table 3 presents the ML model performance metrics of the initial run, where
the objective was to select the top features and study whether the data captured was
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Algorithms Statistic Train set Test set
LR Accuracy 96% 96%
Sensitivity/TPR/recall 95% 95%
Specificity/ TNR 98% 97%
Precision/PPV 98% 97%
f1-Score 0.96 0.96
AUC 0.96 0.96
XGB Accuracy 90% 88%
Sensitivity/TPR/recall 86% 84%
Specificity/ TNR 95% 93%
Precision/PPV 95% 92%
f1-Score 0.9 0.88
AUC 09 0.88
Table 3.

Classification metrics of train and test sets for LR and XGB model.

reasonably proven in disease prediction. Algorithms were trained on 70% of the
analytical dataset and were tested on the remaining 30%. Metrics captured indicated
that both the LR and XGB models performed relatively well in predicting the condi-
tion onset. The models’ accuracy ranged between 88% and 96%. Figure 2 presents
the ROC curves on the test set for LR and XGB models respectively. The area under
the ROC curve (AUC) values were 0.88 and 0.96, respectively for both models.

From the outputs of the initial model run, the top 1000 features with absolute
regressor coefficients in descending order greater than zero (0) were selected from
the LR. Similarly, another set of top 1000 features with feature importance greater
than zero (0) were identified from XGB. Both sets were combined to establish a
unique list of top features. As the next step, the Chi-Square test for feature selection
from Python scikit-learn package was applied to select the top 1000 most significant
features for the final model run. The top features were selected at a standard sig-
nificance level of 5% (a = 0.05). Most of the top significant features were associated
with a series of medical and surgical procedures, as well as various diagnostic and
comorbid conditions.

As noted above, Table 4 presents the list of most significant features identified
by the Chi-Square test, which were associated with the endometriosis diagnosis.

Test Set - Xgboost 2 - Class ROC Curve

Xghoost (AUC = 0.68}

False Positive Rate

Figure 2.
XGB ¢ LR ROC curves on test set.
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Feature Feature description Chi-square LR: feature
coefficients
D N85_8 Other specified non-inflammatory 0 3.48
disorder of uterus
D N94_6 Dysmenorrhea, unspecifie 0 0.17
D N94 9 Unspecified condition associated with 0 6.9
female genital organs and menstrual
cycle
D R10_2 Pelvic and perineal pain 0 —-0.04
D 7Z01_419 Encounter for gynecological 0 -1.95

examination (general) (routine)
without abnormal findings

P_00840 Anesthesia intraperitoneal lower abd 0 154
w/laps nos
P_00944 Anesthesia vaginal hysterectomy incl 0 155
biopsy
P_52000 Cystourethroscopy 0 5.78
P 58571 Laps total hysterect 250 gm/<w/rmvl 0 325
tube/ovary
P_58573 Laparoscopy tot hysterectomy >250 g 0 531
w/tube/ovar
P_58662 Laps fulg/exc ovary viscera/ 0 417
peritoneal surface
P_76830 Us transvaginal 0 193
P_J1950 Injection. Leuprolide acetate (for 0 374
depot suspens)
R_Norethindrone_Acetate Norethindrone acetate 0 0.26
SPCLT_EM Emergency medicine 0 -947
SPCLT_FM Family medicine 0 -3.63
SPCLT_HO Hematology/oncology 0 -4.6
SPCLT_OBG Obstetrics and gynecology 0 —243
Table 4.

Most significant features from LR, XGB, and Chi-Square test.

The table also presents the LR coefficients to provide relative direction between

the endometriosis onset and the selected top regressors. As noted in the earlier
version of the chapter available on Research Square, data elements including
‘non-inflammatory disorder of uterus, ‘pelvic and perineal pain’ presented
examples of the diagnosis codes, indicated a positive relationship with symptoms
of endometriosis [21, 50]. Procedure codes such as ‘anesthesia of lower abdomen
for laparoscopy, ‘vaginal hysterectomy including biopsy’ were also identified as the
procedures often correlated with the diagnosis as well treatment of endometriosis
[50]. Furthermore, the Chi-Square test suggested that patients often consulted with
avariety of healthcare specialists, including ‘emergency medicine (SPCLT_EM),
‘family medicine (SPCLT_FM), ‘obstetrics and gynecology (SPCLT_OBG)’ when
experiencing gynecological symptoms and concerns; however, a larger number of
office visits might negatively impact the likelihood for the condition diagnosis, as
noted by the negative regressor coefficients.
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3.2 Feature selection for the cohort selection

The significant features from Section 3.1, which were specific to the target
cohort, seemed promising in defining the drivers of the endometriosis condi-
tion onset, and hence, were selected to identify the patient base list for scorning.
Therapeutics as well as medical and surgical procedure codes specific to endome-
triosis treatment such as Orilissa, Marilissa, and Lupron Depot, were excluded from
the analysis to avoid introducing any biases into the next phase of the study. Around
9.5 million female patients age 18 and above qualified for the scoring process.

3.3 Machine learning model training and outcome validation

The LR and XGB models were re-trained, using the top significant features.
A drop in the model performance at the beginning of the re-training process
was observed. After several iterations and hyper-parameter tuning, the predic-
tive power of the XGB model significantly improved compared to the previous
iterations; however, no improvement in the LR model performance metrics was
observed. Interestingly, both models were able to identify additional new features
aligned with endometriosis.

Table 5 presents the top features identified by the XGB and LR models to be
important in predicting the likelihood of endometriosis along with the statistical
measures and metrics to assess the importance and significance of the features. The
Chi-Square test (p-value) signified the importance of data elements in differentiat-
ing the target and control patients. The XGB feature importance weighed the value
of features in the model in predicting the outcome. Similarly, the LR odds ratios
helped to understand the odds of being diagnosed with endometriosis, given a
particular medical event.

Overall, results suggest that features including ‘other ovarian cyst, right side,
‘hypertrophy of uterus, ‘submucous leiomyoma of uterus, ‘excessive bleeding in
the premenopausal period, ‘unspecified condition associated with female genital
organs, and ‘menstrual cycle’ were important in predicting the likelihood of
endometriosis. The models had also flagged ‘acetaminophen’ and ‘megestrol acetate’
drugs as strong predictors of the condition.

Table 6 shows that the XGB model performed better overall compared to the
LR model. Figure 3 shows the receiver operating characteristic (ROC) curves on
the test sets for both re-trained models. The area under the ROC curve (AUC)
values of the LR and XGB models were 0.87 and 0.96, respectively. Furthermore,
Figure 4 suggests that the XGB model was able to differentiate more accurately
the targets from the controls than the LR model; hence, based on the final model
results, the XGB model was utilized to score the qualified patients.

3.4 Scoring qualified patients

The last step of the model evaluation was to score the qualified patients to assess
the model’s accuracy in predicting the endometriosis onset. A sample of 9.5 million
patients was identified and complete medical history was extracted for 36 months.
After dataset preparation, the probability of endometriosis was estimated, leverag-
ing the re-trained XGB model.

Probability distribution of 9.5 million scored patients is shown in Figure 5.

Most of the predicted probability values were concentrated either toward ‘0’ or T’
When considering 0.5 as a threshold, the XGB model identified around 36% of the
scored patients as being likely to receive an endometriosis diagnosis within the next
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Algorithms Statistic Train set Test set
LR Accuracy 87% 87%
Sensitivity/ TPR/recall 75% 75%
Specificity/ TNR 98% 98%
Precision/PPV 98% 98%
f1-score 0.85 0.85
AUC 0.87 0.87
XGB Accuracy 96% 94%
Sensitivity/ TPR/recall 93% 90%
Specificity/ TNR 99% 98%
Precision/PPV 99% 97%
f1-score 0.96 0.93
AUC 0.96 0.94
Table 6.

Classification metric of LR and XGB model on train and test set.

Test Set - Logistic Regression 2 - Class ROC Curve Test Set - Xgboost 2 - Class ROC Curve
10 »
a“’
f’.
:"

08 P
2 @ e
& 2
ks Q06 o
- z o
g § 04 ot
- = ”

L -
r,
-J‘
02 ")'
l“‘
v T = S
B ‘_,. Logistic Regression (AUC = 0.67} ",.« — Xgboast (AUC = 0.54)
00 ) )4 1 ) o 00 4
0 02 a4 bé (1}:] 10 00 03 04 0 08 10

False Positive Rate
False Positive Rate

Figure 3.
ROC curves of LR and XG models on test set.
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Distribution of probability on test data set for both the LR and XGB models. Figure on right side is of XGB and
most of scoves are grouped at extreme values.
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12 months. Assuming an ability to leverage the significant variables in diagnosing
the condition onset, practitioners could provide focused and specialized medical
care in time to their patients, thereby, reducing the risks of endometriosis and its
related complications.

There is also a different way to present the data elements driving the predic-
tion of disease onset and the scoring of patients for the likelihood of the disease.
A nomogram (otherwise known as nomograph) is defined as an alignment chart
or a two-dimensional diagram applied to estimate the graphical computation of
a mathematical function [51]. A nomogram comprises a set of scales, where each
scale denotes a selected feature of the studied population.

The nomogram tool is often employed in clinical medicine to predict patients’ out-
comes when considering their clinical features [52]. It is also used in clinical oncology
to aid healthcare providers in their treatment decisions. It leverages regression models

Nomogram of top Features for Endometriosis Prediction
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Figure 6.
Nomogram of top features to predict likelihood of endometriosis.
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such as the LR and parametric survival model as the basis for its framework [53]. For
this chapter, a nomogram was selected to present a selected group of top features
important to predicting the likelihood of endometriosis, as shown in Figure 6. The
following attributes were noted on the chart as important in driving the diagnosis:
‘laps total hysterect 250 gm/< w/rmvl tube/ovary, ‘other noninflammatory disorders
of ovary, fallopian tube, and broad ligament, ‘other ovarian cyst, right side, ‘hyper-
trophy of uterus, ‘acetaminophen,’ and ‘pelvic and perineal pain’

To predict the disease onset, the contribution of each feature was measured as a
point score (topmost axis in the nomogram) based on the values that each feature
could take with individual point scores being added to determine the likelihood
of endometriosis onset. When the value of the feature was ‘0’, its contribution was
‘0’points. The dotted line depicted the point score for an individual value of each
respective feature with the total point being 198, which implied a very high prob-
ability of the disease onset. Nomogram was found to be a helpful tool to graphically
study the outcomes given a group of few features; however, it was also challenging
to leverage it, knowing a large number of studied features [52, 53].

4. Discussion

As mentioned in Section 3, the LR and XGB ML models were able to identify the
top features that could help to explain endometriosis onset in advance. Tables 4
and 5 present the important features to predict the condition onset. These features
included diagnosis codes, medical and surgical procedure codes, as well as physician
specialties that often support patients through their healthcare journey.

Furthermore, Table 5 also presents the LR odds ratio and XGB feature impor-
tance index to aid the understanding and interpretation of the results. As noted
in the above section, odds ratios defined the odds of being diagnosed with endo-
metriosis when the feature changes by a unit, holding other features constant. For
example, the odds ratio of ‘uterovaginal prolapse, unspecified’ was 6.40, which
implied that for every additional diagnosis of ‘uterovaginal prolapse, unspeci-
fied’, the odds of endometriosis went up by 540%. Similarly, if a patient had an
additional appointment with an ‘obstetrics and gynecology’ specialist then the odds
decreased by 47%.

As a reminder, the first part of the ML analysis was to identify the top features
from an extensive list of data elements (Table 4). LR, XGB, and Chi-Square tests
were employed to derive the final list of features to re-train the model. Table 5 pres-
ents the most promising features with their respective significance and importance
values. A number of the variables from the model were also cited in other medical
and scientific journal publications, including articles from Johns Hopkins Medicine
[17] and Queensland Health [18] on endometriosis signs, symptoms, and diagnosis,
which confirmed the model’s validity from the medical and clinical side.

In the next part of this section, the selected most important features by their
respective groups were reviewed and evaluated for their relevance to the endome-
triosis diagnostic process. The preliminary insights for this research are available on
the Research Square website. The advanced preview allowed for valuable feedback
that helped to enhance the research design for this chapter.

1. Diagnoses codes: ‘other ovarian cyst, right side’, ‘unspecified condition associ-
ated with female genital organs and menstrual cycle, ‘other specified nonin-
flammatory disorders of the uterus, ‘excessive bleeding in the premenopausal
period, ‘female pelvic peritoneal adhesions (post-infective), ‘uterovaginal pro-
lapse, unspecified; etc. clearly showed association with the risks and symptoms
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of endometriosis [54]. Feature importance from XGB suggested that these fea-
tures drove the model, whereas odds ratio from LR also indicated the direction of
increase or decrease in odds of getting diagnosed with the condition. To further
define the magnitude of importance, Table 5 presents that if a patient was di-
agnosed with ‘excessive bleeding in the premenopausal period’ then the odds of
receiving endometriosis diagnosis in the near future increased by 899%. Similar
to these findings, Mayo Clinic articles also stated that patients might experience
occasional heavy bleeding before being diagnosed with the condition [55].

2.Medical and surgical procedures: ‘laps fulg/exc ovary viscera/peritoneal
surface), ‘laps total hysterect 250 gm/< w/rmvl tube/ovary’, ‘anesthesia vaginal
hysterectomy incl biopsy’, laparoscopy w/rmvl adnexal structures’, ‘MRI pelvis
w/o & w/contrast material,’ ‘cystourethroscopy’, etc. were also associated with
the diagnosis as well treatment of endometriosis. The finding showed that
for every additional procedure on ‘mri of pelvis, the odds of endometriosis
increased by 1471%. Recent research from Abdominal Radiology, published by
Springer Nature, also supported this claim that MRI could be more precise in
the diagnosis of endometriosis compared to other diagnostic techniques [56].

As presented in Table 5, the procedure ‘laps total hysterect 250 gm/< w/rmvl
tube/ovary’ had the odds ratio of 64.53, which implied that if a patient had a
‘laparoscopy with hysterectomy’ then the odds of endometriosis onset increased
significantly. Previous studies on endometriosis also cited ‘laparoscopy proce-
dure as the gold standard’ in the diagnosis process [8]. However, while the nomo-
gram graph (Figure 6) also suggested that a patient was likely to get diagnosed
with endometriosis post this procedure, the data element was further analyzed
to understand how it might have correlated to the actual diagnoses, knowing that
many laparoscopic procedures were performed to treat other female gynecologi-
cal conditions. Figure 6 shows that the feature ‘laparoscope days difference’
presented little importance in predicting the likelihood of the disease onset. The
data element measured the significance of laparoscopic procedures in predicting
the likelihood of endometriosis via calculating the days’ difference between the
laparoscopic procedure and the event date for both target and control cohorts.

Furthermore, the additional analysis revealed that around 60% of the target
patients compared to only about 5% of the control group were diagnosed with
endometriosis after a laparoscopic procedure performed on the same day of
diagnosis. This finding implies that laparoscopy might not actually be a signifi-
cant driver of the endometriosis diagnosis as presented in the XGB model when
accounting for the time component before the diagnosis, although there were
statistical significant differences between the two groups.

3.From the patient medical journey and healthcare access side, the ML models
suggested that patients often consult with multiple healthcare specialists,
including ‘emergency medicine, ‘family medicine, ‘hematology/oncology,
‘internal medicine, ‘obstetrics and gynecology’ when experiencing endo-
metriosis-related symptoms and gynecological issues. Since, endometriosis
tends to be difficult to diagnose, patients often had a number of unrelated
office visits with symptoms associated later with endometriosis. This finding
presented that many female patients faced substantial challenges in receiving
proper care and treatment. Consequently, patients visited multiple special-
ists in search of answers for their signs and symptoms [57]. In agreement with
these statements, both LR and XGB models presented negative weights and
low importance to these healthcare providers’ features, which suggested that if
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a patient visited these specialists more frequently, the longer it took to receive a
confirmatory endometriosis diagnosis.

Furthermore, women with a history of endometriosis were found more likely to
be diagnosed with either an ‘ovarian cancer’ or ‘endometriosis-associated adeno-
carcinoma’ in the future [21, 58-60]. With this in mind, having the ML models
identify ‘hematology/oncology (SPCLT_HO), as one of the top Board Certified
specialties, further suggested that an office visit with an oncologist should be
recommended for any patients presenting signs and symptoms as noted above to
rule out any potential cancer risk [21, 61, 62].

4.LR and XGB models also identified additional data elements, which were
important in predicting the likelihood of endometriosis onset. The models
suggested, as noted in the earlier version of the chapter posted on the Research
Square website that data elements like ‘deep dyspareunia, ‘female infertil-
ity associated with anovulation, ‘premenstrual tension syndrome, ‘hormone
replacement therapy, ‘family history of malignant neoplasm of ovary’ were
identified as highly significant to the prediction endometriosis. Past medical
articles supported these claims of fibroids, ovarian cysts, infertility, menstrual
period complications, family history of neoplasm of the ovary, hormone ther-
apy, etc. having a strong association with the condition [21, 54]. Furthermore,
the finding that women of reproductive age who experience chronic stress
were also at a higher risk of developing endometriosis was noted in other medi-
cal articles, implying that healthcare providers should consider this symptom
in their diagnostic process [21, 63].

5. As mentioned in the preliminary version of the chapter on the Research Square
website, ‘acetaminophen, ‘megestrol acetate, ‘lidocaine hcl, etc. were found
to be strong predictors of endometriosis occurrence, as these drugs were often
prescribed as analgesics to help control pelvic pain. Data elements, includ-
ing ‘submucous leiomyoma of the uterus’ and ‘hypertrophy of uterus, were
identified as the significant predictors as well [55, 64]; however, more clinical
research is required in support of this claim, as these diseases presented similar
symptoms, which might impact the ability for healthcare providers to diagnose
endometriosis [21, 65].

Overall, the analysis results presented the important data elements to be consid-
ered when diagnosing endometriosis in women of reproductive age, to time more
accurately disease onset and aid the diagnostic process. As noted in Section 3, when
leveraging these features in the diagnostic process, a high accuracy prediction of the
disease occurrence was identified, with the model differentiating with high preci-
sion between patients with and without the condition. Furthermore, a nomogram
graphical representation could be leveraged as one of the tools to graphically predict
the outcome given a set of features. Top features were utilized to showcase the prac-
ticality of the tool; however, the tool has limitations on the number of data elements
that could be applied in the analysis.

5. Conclusions
In this chapter, the crucial role of Al and ML algorithms in disease diagnosis

prediction and forecasting was presented, studied, and validated. Patient medical
history was leveraged for the ML analysis. LR and XGB models identified important

124



Applying Machine Learning Algorithms to Predict Endometriosis Onset
DOI: http://dx.doi.org/10.5772/intechopen.101391

medical attributes, which were then leveraged to predict the likelihood of endo-
metriosis onset. Early diagnosis can offer an opportunity for women to receive
required medical care much earlier in the patient journey.

Leveraging the findings of this study and other related studies can help inform
the development of analytical tools and algorithms to be integrated into the
Electronic Health Records (EHR) systems to simplify and enhance the diagnosing
activities performed by healthcare providers. The enhancements could further
inform the diagnostic processes to aid in a timely and precise diagnostic process,
ultimately increasing the quality of patient care and life.

Future research should focus on enhancing the ML analysis and exploring
advanced deep learning methodologies to improve the accuracy and precision of the
current results. Furthermore, imputing the missing data elements with mean and
mode values, or even predictive models, can further augment the model perfor-
mance and increase the accuracy of the ML models in predicting the likelihood of
the disease onset. Creating time-based variables (30, 60, 120 days before diagnosis)
to account for the time to endometriosis diagnosis would add a significant improve-
ment in the feature engineering step to help with establishing a timeline of events
important in the endometriosis diagnostic process.
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Chapter 8

Endometriosis in Mare; What the

Mare Can Teach Us When Dealing
with Endometriosis in the Woman

David A. Trundell

Abstract

Endometriosis is a serious, often irreversible disease of the mare. Often associated
with endometritis, this chapter will review our current understanding of pathophysi-
ology, etiology, diagnosis and possible treatments. Endometriosis is a disease com-
plex typically seen in our older mare population. It is important that we understand
that although the same term is used to describe a condition in our human patients,
it is, however, not the same medical condition as seen in our equine patients. As this
disease profile is irreversible with limited treatment options, it causes significant
economic strain in our broodmare population.

Keywords: mare, uterus, endometriosis, endometritis, infertility

1. Introduction

This chapter will examine endometriosis in our equine patients, focusing
on etiology, diagnosis/prognosis and treatments for this debilitating condition.
Endometriosis in the mare is a multifactorial disease, with severity of endometriosis
being positively correlated with age. This condition, although with the same name
given to a condition seen in women, is not the same in nature, pathophysiology and/or
treatment. A detailed comparison between the condition seen in our equine patients
and that of women is given below. Further it is utmost important for the scholars
amongst us to be aware of the differences between endometritis and endometriosis;
although similar and indeed as will be shown, often linked, they again are different
conditions. For clarity, endometritis relates to the inflammation of the endometrium,
either of an infectious nature (typically bacteriologic) or noninfectious, such as the
presence of spermatozoa in the uterine lumen. Whereas endometriosis in the mare
is characterized by chronic endometrial degeneration. This condition has serious
consequences from an economic standpoint and often leads to mare being infertile.

2. Etiology and pathophysiology of equine endometriosis

Endometriosis is a debilitating condition leading to significant subfertility and
often infertility in the mare, causing significant economic loss in our horse breeding
population [1, 2]. The term endometriosis is somewhat misleading in our equine
clinics. Endometriosis in the mare is a degenerative, chronic condition demon-
strated by fibrosis [3] within the endometrium often as a sequelae to chronic deep
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rooted infection, typically associated with a number of bacterial species. Although
this etiology is not universally recognized [4]. This fibrotic condition in the mare
is considered irreversible [5-7], and sadly clinicians are limited in their treatment
options for this condition. In our human patients, endometriosis is the presence

of endometrial glands and stroma-like lesions occurring outside the uterus [8].
These lesions can be peritoneal lesions, superficial implants, cysts on the ovary

or deep infiltrating disease in nature [9]. Thus for the academics amongst us, we
must understand the difference between our human and non-human patients with
regards to the terminology of endometriosis.

Kenney [10] termed endometriosis in our equine patients based on different
alterations to the endometrium based on histopathology [11]. A grading system
came into effect in the late 1980s [12]; this was later modified by Schoon [12, 13].
Currently endometriosis is defined as active or inactive periglandular and/or
stromal endometrial fibrosis including glandular alterations within fibrotic foci
[14]. Single glands and/or glandular nests may be affected in equine edometriosis
[15, 16]. In our equine patients, endometriosis is further classified as either destruc-
tive or non-destructive forms of fibrosis [17]. Endometriosis is a condition that
involves the stroma, progressing to involve around the endometrial glands and is
characterized by periglandular fibrosis associated with dysfunction of affected
glandular epithelial cells [18-20]. Distinguishing between active and inactive,
destructive or non-destructive, is based on the morphology of stromal cells involved
in fibrotic foci via pathological examination. For the attending veterinarian, regard-
less of type of endometriosis, the clinical picture would be one of an aged mare,
with a history of multiple pregnancies, and pregnancy failure, often with a number
of years (recently) of bareness. In tandem these mares are often observed clinically
to have endometritis, the hallmark often being hyperechogenic particular fluid
within the uterine lumen on transrectal ultrasonography. Destructive endometriosis
is characterized by a strong epithelial vimentin expression, excessive extracellular
matrix accumulation, cystic gland dilations and mechanical destruction of those
glands [21]. Non-destructive endometriosis is characterized by glandular epithelial
cells that are intact whereas their degeneration and necrosis are features of destruc-
tive endometriosis [22]. Active stromal cells are characterized by an oval shape,
pale cytoplasm, and ovoid hypochromatic nuclei whereas inactive stromal cells
are spindle shaped with elongated hyperchromatic nuclei [23]. The cyclicity of our
mare patients (mares being long day breeders) and associated seasonal endocrine
changes appear to have no effect on the disease process.

Mare’ age, repeated insult on the endometrium, multiple pregnancies and partu-
rition have been implicated as etiological factors for the development of the degen-
erative changes within the endometrium seen in endometriosis [24-27]. Nonetheless,
not all of these are universally accepted as etiologic factors, as Hoffman [28] found no
correlation between endometriosis and number of foaling (i.e. number of pregnan-
cies carried to term), and indeed that of season and estrous cycle associated changes.
Older mares with endometriosis have been shown to have a deficient uterine blood
flow during pregnancy with poor placenta microvillus development contributing
to increased pregnancy loss, or the birth of weak foals [29]; which also reduced
fertility in our managed broodmare populations. Further etiologic factors have been
described include periglandular localized endometriosis, focal oxygen deficiency
(caused by angiosclerosis) and wound healing after mechanical damage leading to
physiological turnover of the basal lamina [30]. In a retrospective study by Ebert
et al. [31], found that 90 to 92.5% of uterine biopsies showed signs for endometriosis
in age categories of 16-20 years and > 20 years of age, respectively.

Following deposition of semen in the uterus, whether by natural service or artifi-
cial insemination, a transient inflammatory process is initiated within the uterus. This
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is a normal physiologic event in the mare. This process removes excessive spermatozoa
and bacteria that may be induced in the uterus are removed. This process peaks some
12 hours after deposition of semen within the uterus, and is usually completed within
48 hours after insult [32]. It has been suggested that this mechanism of uterine clear-
ance is a critical factor in the uterine defense against infection [33].

Mares susceptible to endometritis have difficulty in clearing inflammatory debris
either due to anatomical and/or degenerative defects that interfere with uterine
drainage. These defects include a pendulous uterus, impaired myometrium contrac-
tility, lymphatic or cervical drainage, atrophy of endometrial folds and disturbed
mucociliary clearance. It has been postulated that this decreased physical clear-
ance may increase endometrial periglandular fibrosis [34] and result in decreased
pregnancy rates in the mare. There is consensus amongst authorities that there is
an initial insult to the endometrium, whether bacteriologic in nature or not, that
triggers the start of a complex pathophysiologic process, ending in endometriosis
[35-39]. Nonetheless, there are some underlying risk factors to the development of
endometriosis. In the initial stages of endometriosis, stromal cells synthesize collagen
fibers and differentiate into myofibroblasts, which in turn are responsible for extra-
cellular matrix deposition, eventually ending in endometrial periglandular fibrosis
[40]. Periglandular-accentuated mononuclear cell infiltrates (PAMC) have also been
suggested as a possible triggering event to endometriosis development [41].

Once established, the endometrium is characterized by abundant fibrosis,
ulcer-like holes present on the surface of the epithelium; the cells lack cilia, have
few organelles and increased degenerative cell structures [42]. In spite of exten-
sive tissue damage seen in endometriosis, cyclic vascular and non-vascular tissue
growth occurs in a coordinated manner as in non-affected mares [43]. Different
types of endometriosis are a reflection of different stages of fibrotic process [44].
These areas (endometriosis-affected) of the endometrium exhibit specific differen-
tiation dynamics and become independent from normal uterine control mechanism
[45]. Nonetheless, the cardinal feature of endometriosis according to Walter [46]
is the deposition of extracellular matrix by myofibroblasts located around the
endometrial glands. The epithelial differentiation of the fibrotic uterine glands can
be divided into a cycle synchronous, asynchronous and intermediate forms [47].
Initially an epithelial hypertrophy with subsequent epithelial degeneration and
glandular dilatation with congestion of secretions is observed, as well as epithelial
cell atrophy; there are marked differences in several epithelial enzymatic secre-
tion pathways in the fibrotic foci compared to unaffected glands [48]. Hoffman
[49] found that there is a temporary activation of fibrotic stromal cells which were
observed after experimentally induced bacterial endometritis likely mediated via
profibrotic growth factors and cytokines released by inflammatory cells.

The precise mechanism of endometriosis in the mare is not yet fully understood
despite many decades of research. It appears that there is an initial insult, whether
non-infectious such as deposition of semen within the uterus or bacterial in origin,
results in neutrophil (PMN) migration into the uterine lumen [50]. PMN are the
first line of defense (part of the innate immune defense system) against invading
microorganisms [51].

It should be noted that endometriosis does not appear to impair PMN functional-
ity [52]. In susceptible mares (in relation to endometritis), those that have a IIB and
IIT endometrial score of biopsy (Table 1) have a significant influx of PMN two to
twenty-four hours post insult to the endometrium. This PMN hyperactivation and
its role in causing severe inflammation and their role in the progression of endome-
triosis is not fully unknown [54]. PMN appear to cast off the DNA in response to
infectious stimuli, forming neutrophil extracellular traps (NETs) [55]. These consist
of DNA associated molecule complexes which transport nucleic and cytoplasmic
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Category Histological findings Estimated foaling rates
(to produce a live foal)

I No significant alterations >80-90%

IIa Mild endometritis OR Mild endometriosis OR Mild lymphatic 50-80%

lacunae OR Partial endometrial atrophy during late breeding
season

IIb Moderate endometritis OR Moderate endometriosis OR 10-50%
Moderate lymphatic lacunae OR Bareness >2 years OR A
combination of two categories from Ila findings

111 Marked endometritis OR Marked endometriosis OR Marked <10%
lymphatic lacunae OR Deep endometrial atrophy during the
breeding season OR Combined presence of three or more Ila
findings or 2 or more IIb/III findings

Table 1.
Categorization of endometrial score proposed by Kenny and Doig [53] and modified by Schoon et al. [12].

proteins, which appear to have immunomodulating properties [56]. PMN play a
positive role in infection control, however, they can also have a deleterious effect
by their content releasing molecules, which can alter the endometrium potentially
contributing to the formation of fibrosis on the endometrium architecture [57].

In inflamed tissues, an intricate network of pro-fibrotic cytokines interacts
with extracellular matrix, fibroblasts and other cells to regulate collagen deposition
and tissue fibrosis [58]. It is known that in the mare with endometriosis, those that
are susceptible to endometritis, there is a release of pro-inflammatory cytokines,
including interleukins (IL-1B) and TNFa« - both of which have high mRNA expres-
sion [59]. However, early in the post insemination period a lower mRNA expres-
sion of IL-6 and IL-10 were detected in susceptible PMIE (post mating induced
endometritis) mares [60]. Included in that study were mares diagnosed with
endometriosis. In a further study, it was shown that E. coli induced endometritis
showed a sustained expression of pro-inflammatory cytokines (IL-1f and IL-8)
within the endometrium [61]. Thus it can be suggested that these disturbed expres-
sions of endometrial inflammatory cytokines may play a role in the pathogenesis
of endometriosis [62]. Researchers have found that expression levels of ILIRA (an
interleukin receptor antagonist) were lower in endometriosis affected endometria
compared with non-affected endometria, suggesting a protective role with the
endometrium [63].

The first signs of endometriosis on histopathomorphology are atypical mor-
phology and functional differentiation of periglandular stromal cells [64]. The
first stage of fibrosis is characterized by large polygonal periglandular stromal
cells (type 1) that synthesize collagen fibers [65]. In advanced fibrosis, metabolic
active or inactive stromal cells (type II) without signs of collagen synthesis, as well
as myofibroblasts, predominate [66]. In the latter, the contractability appears to
be affected and may lead to a constriction of uterine glands resulting in glandular
dilation [67]. Additionally myofibroblasts may be able to affect the composition and
amount of extracellular matrix by secreting different mediators [68]. Typically the
endometrium undergoes cyclic changes with typical histomorphological, ezyme-
thistochemical and immunohistocehmical glandular patterns in response to steroid
levels [69]. The changes observed in endometriosis on histopathology are indepen-
dent of the stage of the estrous cycle.

A number of researchers have examined the alteration in secretion pattern of a
number of uterine enzymes, namely uteroglobin, uterocalin, calbindin, uteroferrin,
and their potential role in the pathogenesis of endometriosis [70-76]. Uteroclain
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is the most prominent progesterone dependent uterine derived protein, which

is abundantly expressed during pregnancy [77]. Uteroglobin, also progesterone
dependent and of uterine origin, is thought to mask the trophoblasts from the
mare’s immune system, allowing pregnancy to establish [78]. Calbindinpo is a small
cytosolic protein expressed by the endometrium, and has a role in the transport of
calcium from glandular epithelia and from the blood supply to the uterine lumen
[79]. Uteroferrin again is a endometrial derived progesterone dependent protein
that is involved with iron transport during pregnancy [80]. Hoffman [81] showed
a synchronous expression pattern: uterocallin and uteroglobin expression were
decreased, whereas uteroferrin expression was increased in affected glandular
epithelia. Lehman [82] found that affected endometria showed decreased fibrotic
stromal cell expression of both estrogen and progesterone receptors compared to
unaffected endometria. Normal cyclic dependent expression of these proteins were
not observed in affected endometrial tissue, however what is observed is within
fibrotic foci, there is a cycle asynchronous patchy protein secretion [83]. Hoffman
[84] observed a decrease in uterocallin expression in mares suffering from both
destructive and non-destructive fibrosis of their endometrium. Hoffman [85]
found that there was decreased expression of Calbindinpe in fibrotic glands of the
endometrium; however, this was not observed by Lehman [86] and therefore is

an unreliable marker for endometriosis in the mare. Lehman [87] concluded that
uterogoblin and uterocallin should be utilized when trying to refine biopsy classifi-
cation of endometrium biopsy for our mare population.

Two enzymes that are secreted in abundance in the process of fibrosis in the
endometrium, that are capable of degrading collagen IV and laminin, are Tissue
Transglutaminase (TG2) and Matrix Metalloproteinase (MMP2) [88]. These
enzymes have also been implicated in causing dilation of uterine glands [89].
However, although these enzymes have been implicated in fibrosis, there is con-
tradictory evidence to suggest that there is no correlation between the secretion of
these enzymes and the development of endometriosis in the mare [90]. MMP-9 has
been shown to degrade collagen IV, the main component of basement membranes
[91]. In humans MMP-9 has been reported to be expressed in inflammatory cells as
well as glandular and periglandular stromal cells in the endometrium [92].

In a two year experiment where mares were subjected to induced and repeated
endometritis researchers found that these endometritis events had no significant
exacerbation of the endometriosis observed [93]. Hoffman [94] found in the equine
endometrium distinctly reduced ER (estrogen receptors) and PR (progesterone
receptors) expression; in fibrotic stromal cells as compared to the unaltered stroma
and these markers according to Hoffman [95] are the hallmarks of equine endome-
triosis. Studies in human patients with endometriosis have found similar results.
On the microscopic level it has been reported that the hallmark of endometriosis
in the mare is the appearance of concentric arrangement of stromal cells and/or
collagen fibers around affected glands [96]. The degree of periglandular fibrosis is
determined by the number of periglandular layers of stromal cells and the number
of fibrotic nests of glands [97].

Hoffman [98] observed that there is accumulation of fibronectin and proteo-
glycans particularly in active destructive fibrotic foci and is probably due to an
increased number of secretively active myofibroblasts. Hoffman [99] suggests a
pathogenesis of endometriosis which the authors describe as conceivable; there is an
initial epithelial alteration and activation with a partial thickening of the affected
parts of the basal lamina. Only an intact basal lamina is able to suppress the epithe-
lial cell activation and the synthesis of profibrotic growth factors [100]. The early
stages of fibrosis are characterized by slight basal lamina alterations with a focal
accumulation of stromal cells which synthesize collagen fibers [101].
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It has been described in equine endometriosis that there is stromal cell pro-
liferation and their differentiation into myofibroblasts as well as their increased
synthesis of extracellular matrix (ECM) occurs in response to a milieu of synergis-
tically and autoinductively acting mediators which might result in a periglandular
fibrosis [102].

With different grades of endometriosis, increasing amounts of collagen IV are
deposited around the endometrial glands and fibrotic nests [103]. Aresu [104]
hypothesized that MMP-9 production would increase with endometriosis; however
their results showed no significant increase in this protein level with endometrio-
sis affected mares and controls. They concluded that immunohistochemistry is
not useful in clinical practice to evaluate fertility. Hoffman [105] has concluded
that it does seem as though endometritis is the initiator to activate the process of
endometriosis.

There is clear evidence between age and the degree of endometriosis observed in
our equine patients; however the degree of inflammation and grade of endometrio-
sis is poorly correlated [106]. Fibrosis continues to progress even after the inflam-
matory process has stopped [107]. Therefore this process becomes independent of
the initial inflammatory event of which it arose from.

3. Role of prostaglandins in the pathogenesis of equine endometriosis

It has been demonstrated that fibrosis of the lungs is often the result of low
grade, chronic inflammation, and this may be true in the development of endome-
triosis [108]. In addition to the cytokines described above, the role of eicosanoids
including prostaglandin E; and F,, could provide an alternative pathway to fibro-
genesis [109].

The short half-life of prostaglandins would suggest that they act locally via
specific receptors [110]. When PGE, binds to its E prostanoid receptor it triggers
numerous antifibrotic events within fibroblasts, epithelial cells and leukocytes.
However when it binds to PGF,, receptors (to which it has lower affinity) it induces
fibrosis with lung tissue. In the woman, there is emerging evidence of the role
of PG and the development of fibrosis, with PG receptors providing a signaling
pathway for their enzymes to cause vasoconstriction, increase myometrial contrac-
tions and pain [111]. It has been shown in the mare’s endometrium, those suffering
with endometriosis, there is altered synthesis of PG and mRNA transcription of
prostaglandin synthases [112]. In iz vitro studies, it has been shown that decreased
PGE, production coupled with an increase in mRNA type 1 collagen level due to
sustained, low grade chronic infectious stimulus may establish a pathway to endo-
metrial fibrosis [113].

NETs have been shown to decrease prostaglandin E, that exerts an antifibrotic
response after binding to the E prostanoid receptor [114]. It has been suggested that
mares with underlying endometriosis predisposes the uterus to endometritis, rather
than the other way around. This is based on observations that iz vitro induced
bacterial endometritis with subsequent treatments was not associated with the
progression of endometriosis over a 2 year observation period in 90% of the mares.
Whether endometritis is the initiator to endometriosis or vice versa, a mutual
influence of endometritis and endometriosis has been postulated by a number of
authors [115].

Hoffman [116] found that advanced dedifferentiation of the stromal cells within
the fibrotic foci led to inadequate hormone receptor expression that are not able
to react to cyclic endocrine changes, becoming independent of hormonal control
mechanisms in the uterus.
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The establishment of equine endometriosis is a dynamic and complicated
process, involving PMN, their role in NETs production and the release of their
contents, pro-fibrotic cytokines, interleukins and PG production.

4. Diagnosis

Uterine biopsy is a standard test to evaluate the endometrium, to grade it and
most importantly to give the clinician a prognosis of likelihood of the mare to
carry a pregnancy to term. This is an indispensable test for evaluating fertility in
our mares. Endometrial Biopsy are used to evaluate endometrial health, presence
and degree of uterine disease and as a prognostic indicator to future fertility of our
equine patients. Evaluation of the degree of endometrial fibrosis is essential as, in
contrast to the inflammatory changes, fibrosis is of a permanent nature, and, if it
is intense, it becomes the main factor that reduces the reproductive performance of
the mare [117].

A detailed description and step by step guide to obtaining a biopsy from a mare’s
uterus is provided in the book Equine Reproductive Procedures [118], however a
brief overview is provided here. It is recommended that a transrectal ultrasound
is performed prior to obtaining a biopsy, especially in unknown mares, to rule
out concurrent pregnancy. It is also recommended to obtain the sample in either
diestrus or early estrus (confirmed by transrectal ultrasonography) and this infor-
mation should be supplied to the pathologists, to allow for normal alterations of the
endometrium due to stage of the estrous cycle to be considered.

The perineum should be thoroughly washed with a non-residual soap and rinsed
clean with clean water, and dried with disposable tissue. A sterile obstetrical sleeve
with sterile lubricant is worn by the veterinarian, and with the biopsy instrument in
a closed position is advanced through the vagina, and carefully through the cervix,
with the examiners hand acting as both a guide and protector to the delicate tissues
of the reproductive tract. The veterinarian removes his arm from the vagina and
inserts it rectally; this is to guide the instrument to the correct location for sampling
typically at the base of either of the uterine horns. The biopsy instrument is care-
fully opened, and with a ventral pressure from the rectum, the endometrial tissue
is forced into the cutting basket of the instrument. The examiner then closes the
instrument and retracts it from the vagina. The small sample of uterine tissue is
then placed into a fixative solution such as 10% formalin or Bouin’s solution. The
container should be labeled appropriately and sent to the pathologists for interpre-
tation. A single biopsy from this area has been shown to be representative of the
entire endometrium [118]. A slight hemorrhagic discharge from the vulva may be
seen up to 24 hours post biopsy, and owners should be informed of such.

5. Treatment

There is no satisfactory treatment for equine endometriosis and this is frustrat-
ing for all clinicians working within equine theriogenology. The changes to the
endometrium are considered by most authorities to be irreversible. However, there
is some anecdotal evidence for treatments that revolve around mechanical curettage
or use of chemical agents such as kerosene, DMSO and isotonic salts which may be
beneficial [119]. Analysis of physical curettage applied to mares will typically cause
hyperemia within the endometrium and lead to establishment of endometritis,
which can be treated utilizing appropriate antibiotic therapy based on culture and
sensitivity. After treatment mares treated with kerosene intrauterine showed an
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improved biopsy score; 44% increase, 51% no change, and 5% showed a deteriora-
tion of grade [120]. Kerosene is widely used in broodmare practice to potentially
revert uterine fibrosis, via endometrial necrosis.

A detailed description and step by step guide to lavaging a mare’s uterus is pro-
vided in the book Equine Reproductive Procedures [121], however a brief overview
is provided here. The mare is retained in adequate stocks, and can be sedated if
required. Her tail should be wrapped and held to the side to allow visualization
and access to the vulva, without the possibility of contamination from her tail. The
vulva and surrounding perineum is washed with a non-residue soap and rinsed. It is
then dried with disposal paper. The clinician should put on a sterile, disposal glove
and a small amount of sterile lubricant applied to the back of the gloved hand. The
assistant should open the sterile y-tubing, avoiding contamination and allow the
veterinarian to put the tubing end into his/her hand. The other end of the tubing
should be connected to a fluid bag containing approximately 500 mL kerosene. The
clinician should open the clasp to allow some kerosene to run through the tubing
before it is entered into the uterus to prevent instilling air into the uterus. The clini-
cian should alert the horse of their presence by gently patting the mare of her side
with his/her ungloved hand. The sterile glove containing the lubricant should be
slowly introduced through the vulva, avoiding any contamination. Clasp the hand
around the end of the tubing as you advance through the cervix; this will protect
the delicate mucosa from any potential damage. Once the cervix has been located,
slowly advance the tubing into the uterus. Utilizing the hand that is inside the mare
gently clasp the cervix closed around the tubing and begin instilling the kerosene.
Approximately 500 mL should be infused into the uterus. Once delivered, slowly
remove your arm from the mare’s reproductive tract. Leave the kerosene in the mare
for approximately 24 hours.

The following day the mare is returned to the stocks, and her perineum is
cleaned as above. The mare is then subjected to a uterine lavage, utilizing Lactated
Ringer’s solution (LRS). Initially the fluid that is returned from the uterus is cloudy
often with particular matter - these are sloughed off parts of the endometrium.
Continue to lavage the uterus until the returned fluid runs clear. This may be
several liters. Often it is recommended to repeat the uterine lavage the next day. The
clinician may utilize the aid of ecbolic agents such as oxytocin given IV. or .M. (one
unit) to aid in the evacuation of uterine contents.

6. Concluding remarks

Endometriosis is often linked to endometritis in our mare patients. This
frustrating disease complex is irreversible and debilitating for the mare and
owner alike. This condition once diagnosed leaves the clinician with little options
when it comes to treatment choices. Although strides have been made in utilizing
enzymatic and protein detection in biopsy sampling for grading of the uterus,
this, unfortunately offers the clinician little in terms of possible treatments.

Any mare suspected to be suffering from endometriosis should have a uterine
biopsy performed. This allows for classification, grading and prognosis, which
will help the practitioner to have educated discussions with the mare’s owner. If
the clinician at hand is working on sport horses, such as show jumpers or quarter
horses, options include embryo transfer or intracytoplasmic sperm injection
(ICSI). However, should the clinician be working on thoroughbreds for racing,
all worldwide jurisdictions ban such measures, and the mare must carry and
deliver her own offspring. In these situations, faced with a mare with endome-
triosis, leaves the veterinarian with little option but to try chemical lavages as
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described above, such as kerosene uterine lavage. However, prior to this a biopsy
should be obtained to confirm endometriosis, and to allow the clinician to clearly

and precisely explain to the owner of the mare, the mare’s likelihood of carrying
a foal to term.
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