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Abstract. - Estrogens and progestogens act
on female reproductive tissues in opposite ways.
As they counteract each other actions, the cor-
rect balance between these two classes of hor-
mones is pivotal to avoid dangerous states. Un-
opposed estrogens occur when progestogen lev-
els do not balance estrogens, primarily deriving
from overproduction of estrogens via aromatase
enzyme. In the endometrium, unopposed estro-
gens induce proliferative or invasive phenomena,
which represent the first step toward different dis-
eases. These pathologies include endometrial hy-
perplasia, endometrial polyps, endometriosis and
adenomyosis. Endometrial hyperplasia and pol-
yps are proliferative pathologies, while endometri-
osis and adenomyosis are characterized by the in-
vasion of other tissues by endometrial cells. Cur-
rent pharmacological treatments include Gonado-
tropin-Releasing-Hormone analogs, aromatase in-
hibitors and progestogens, either alone or in com-
bination with estrogens. As these drugs usually
lead to burdensome undesired effects, research-
ers seek to find new therapeutical molecules. Re-
cent literature highlights the positive effects of
metformin, an insulin sensitizing drug that reduc-
es the insulin proliferative stimulus on the endo-
metrium. p-chiro-inositol is an insulin second mes-
senger with insulin sensitizing and mimetic proper-
ties, recently described as an aromatase down-reg-
ulator. Based on current evidence, p-chiro-inositol
may be useful to treat the pathologies responsive
to unopposed estrogens.
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Introduction

Estrogens and progestogens are two classes of
steroidal hormones involved in the regulation of
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several physiological processes'?, including the
menstrual cycle, thus playing pivotal roles in fe-
male fertility®*. If on the one hand estrogens are
necessary throughout the entire menstrual cycle,
on the other hand progestogens are mainly pro-
duced in the luteal phase, i.e.: the second half of
the menstrual cycle.

Progestogens are directly synthesized from
cholesterol and then converted in corticosteroids
or in androgens (Figure 1)°. Corticosteroid path-
way the proceeds toward mineralocorticoids and
glucocorticoids. In the androgen pathway, instead,
further enzymatic reactions lead to the production
of androstenedione and/or testosterone. They are
then converted in estrogens, in reactions mediat-
ed by an enzyme of the cytochrome family called
aromatase (Figure 1)°.

Estrogen and Progestogen Unbalance

Steroidal hormones are strongly related to each
other in terms of functions and chemical structures
(Figure 1)°. However, estrogens and progestogens
mediate different, sometimes opposed activities.
In the uterus, in fact, estrogens promote cellular
growth and proliferation, while progestogens in-
duce cellular differentiation’. Thus, the balance
between estrogens and progestogens is paramount
to avoid potentially dangerous hormonal stimula-
tions. Either high levels of estrogens associated
with normal levels of progestogens, or low lev-
els of progestogens coupled with normal levels of
estrogens® result in a relative estrogen overstim-
ulation. The condition is known as unopposed
estrogens and represents a major risk factor for
several pathologies deriving primarily from pro-
liferation and invasiveness®!'. While the effects
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Figure 1. The steroidogenesis pathways.

of unopposed estrogens in cancer pathogenesis
and progression, including uterine and breast tu-
mors are widely described®!?, the literature lacks
recent publications that gather comprehensive ev-
idence on their role in other gynecological condi-
tions. On these premises, the present review aims
to provide an updated report that focuses on the
following aspects: 1) uterine benign formations
associated with unopposed estrogens, including
endometrial hyperplasia and polyps; 2) delocal-
ization of non-cancerous uterine tissues, namely
endometriosis and adenomyosis, that depends on
unopposed estrogens.

Estrogen and Progestogen Receptors

In women estrogens are primarily produced
by the ovaries, while progesterone is produced by
the adrenal cortex and the corpus luteum. Once
secreted, steroidal hormones exert their final ef-
fects in target cells that express the related recep-
tors**. Estrogen signaling is transduced either via
G-protein-coupled estrogen receptor (GPER) on
the membrane or via water-soluble receptors (ER),
named ERa and ERB>*1314, Likewise, progesterone
receptors make up a heterogenous family. Canon-
ical progesterone receptor is detectable in two iso-
forms named Progesterone Receptor A (PR-A) and

B (PR-B), the latter providing the stronger down-
stream response's. Other progesterone receptors
include those located in cell membranes, which are
divided in two families, namely membrane proges-
terone receptors (mPR)" and progesterone receptor
membrane components (PGRMC)!¢. Overall, lo-
cally altered expression of estrogen and/or proges-
terone receptors may account for the effect of un-
opposed estrogens in pathological conditions'” 2.

Endogenous and Exogenous
Hyper-estrogenic Stimulation

Other than from altered receptor expressions,
hyperestrogenism can derive either from dimin-
ished progesterone or from an augment of estro-
gens. The latter, known as hyperestrogenism or
absolute hyperestrogenism, generally derived from
the altered expression of the aromatase enzyme.
Aromatase, encoded by the gene Cypl9al, is ex-
pressed in different tissues, including ovaries, ad-
renal glands, placenta, some neuronal species, and
white adipose tissue (WAT). Considering this, obe-
sity represents an important risk factor, as it may
play a major role in estrogen production. More-
over, as the mammalian body accumulates WAT,
the more severe the obesity, the higher the produc-
tion of estrogens®.
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Even if the precise etiology of unopposed es-
trogens remains unexplained in most cases, some
conditions may constitute a risk factor. Ageing
is one of the most important, as it plays a crucial
role in endogenous overproduction of estrogens.
O’ Connor et al® reported that during the repro-
ductive age, women are physiologically exposed
to different grades of unopposed estrogen. In de-
tail, women of childbearing age are exposed to
unopposed estrogens for at least forty days every
six months, with the number of days that increas-
es toward menopause. During the perimenopausal
transition, women are exposed to unopposed es-
trogens for almost twice the number of days. Once
in menopause, unopposed estrogen stimulus ends
and, as a consequence, the risk of developing as-
sociated pathologies decreases. On the other hand,
reduced estrogens during menopause may cause
other issues, as bone loss or vaginal dryness, and
Hormone-Replacement Therapies (HRT) are often
prescribed”*?*. Unfortunately, HRT expose women
to unopposed estrogen stimulus even after meno-
pause, reiterating the issue.

Other drugs can mimic unopposed estrogen
stimulus. Among them, the class of Selective Es-
trogen Receptor Modulators (SERMs) is one of the
most studied>?*3!. As their name suggests, SERMs
exhibit different activities depending on the specif-

ic receptor and the involved tissue. For example,
Tamoxifen is a widely prescribed SERM, cur-
rently used to treat breast cancer”. In the breast,
tamoxifen binds ER and induces the expression of
progesterone receptor, while reducing the growth
of the tumoral mass. Thus, tamoxifen acts both as
antagonist and agonist in the same tissue, proba-
bly depending on the specific receptor’. However,
in the uterus, tamoxifen treatment mimics a strong
unopposed estrogen stimulus as the agonist activi-
ty on ER seems to prevail. The effect is an exces-
sive stimulus that leads to deregulated proliferation
(Figure 2)»-31,

Selective Progesterone Receptor Modulators
(SPRMs) are another class of molecules mimick-
ing unopposed estrogen stimulus. SPRMs act at the
same time both as agonist and antagonist of the PR,
partially mimicking the effect of progestogens and
inhibiting other downstream effects. Even if such
phenomenon is still unclear, SPRMs may exert both
activities in the uterus, and in the case of antagonist
dominance they mimic unopposed estrogen effects*.
Among SPRMs, Ulipristal Acetate (UPA) is widely
used in the treatment of uterine fibroids or to induce
pharmacological abortion. UPA may induce cellular
proliferation that histologically resembles the mor-
phological effects induced by unopposed estrogens,
thickening the endometrium (Figure 2)*-,
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Figure 2. The effects of Selective Receptor Modulators on estrogen and progesterone receptors in the uterus that can mimic

unopposed estrogens.
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Table I. Main uterine benign pathologies that respond to unopposed estrogens and the relate symptoms.

Effect of estrogen stimulus Pathologies

Main symptoms

Proliferation

Endometrial hyperplasia

Abnormal uterine bleeding

Heavy menstrual bleeding

Pelvic pain

Menstrual cycle <21days

Endometrial polyps

Pelvic pain

Dysmenorrhea

Nausea

Pain during sexual intercourse

Reduced fertility

Invasiveness Endometriosis

Abnormal uterine bleeding

Heavy menstrual bleeding

Reduced fertility

Adenomyosis

Pelvic pain

Dysmenorrhea

Abnormal uterine bleeding

Reduced fertility

Pathologies

Unopposed estrogens may cause different
pathologies (Table I), depending on several
factors. Indeed, the systemic levels of estrogen
and progesterone may impact the endometrium
in different ways, promoting the proliferation
and the invasiveness of the tissue®. Moreover,
the levels of estrogen and progesterone recep-
tors may also contribute to mimic a condition
of unopposed estrogen, although local and
systemic levels of hormones are in the normal
range®'?. Thus, depending on the hormonal
stimuli and the expression of the receptors,
unopposed estrogens may cause pathologies
characterized by either hyperproliferation or
invasiveness (delocalization).

Hyperproliferation

Estrogens play important roles in cellular
proliferation of various tissues, acting as growth
factors. Several body districts are responsive to
the estrogen stimulus, including reproductive
and bone tissues. Notably, the unopposed estro-
gen condition can induce a higher proliferation
of uterine tissues, especially of the endometrium,
which highly expresses estrogen receptors®. This
estrogen-induced growth appears at the beginning
as an endometrial thickening, which can further
evolve into proliferative pathologies®*. Endome-
trial hyperplasia and endometrial polyps are the
most investigated proliferative pathologies of the
endometrium.

Endometrial Hyperplasia

Endometrial hyperplasia (EH) is a pre-can-
cerous, non-invasive proliferation of the endo-
metrial tissue characterized by increased volume
and relative abundance of the glandular com-
ponent compared to the stroma®*. As it derives
from an endometrial thickening, ultrasound di-
agnosis is based on the detection of thickened
endometrium, usually during routine visits;
following biopsy allows to confirm the hyper-
plasia and investigate the subtype’’. In fact, in
2014, WHO recognized two different types of
EH, namely 1) hyperplasia without atypia and
2) atypical hyperplasia, which features cellular
atypia or supernumerary nuclei’®. Hyperplasia
without atypia does not include significant ge-
netic alterations, so the rate of malignant trans-
formation is relatively low (1-3%). On the con-
trary, atypical hyperplasia displays higher risk
of malignant transformation, estimated to be in
the range 25-59%7.

EH mostly affects women between the age of
45 and 69, with a peak of diagnoses between 50
and 54, which accounts for almost 400 diagno-
ses per 100,000 women every year. Overall, in
women aged 18-90, the estimated incidence is
greater than 133 diagnoses per 100,000 wom-
en every year®”. The estimated prevalence in the
population displaying physiological bleeding
patterns is lower than the prevalence on aggre-
gate, reaching only 6%. In detail, the greater part
(5% of total population) has EH without atypia,
while the remainder displays EH with atypia®.

The etiology of both types of EH is strong-
ly dependent on proliferative stimuli. Estrogens
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represent the strongest proliferative stimulus in
the endometrium, accounting for most of the EH
cases. Moreover, as endometrial hyperplastic
tissue shows reduced expression of PR-A and
PR-B, it fails to respond properly to progesto-
gens, exacerbating the estrogen effect?!3649,

Obesity is an important risk factor for EH
due to overproduction of estrogens and develop-
ment of insulin resistance, leading to compensa-
tory hyperinsulinemia®. Insulin, indeed, strong-
ly stimulates cellular proliferation by binding
to the receptors of both insulin and insulin-like
growth factor (IGF)*, thus contributing to EH.
Moreover, receptors for IGF and Estrogen show
cross-talk phenomena, enhancing each other re-
sponsiveness*.

Abnormal uterine bleeding is the most com-
mon symptom of EH, and encompasses inter-
menstrual bleeding, irregular bleeding, and
postmenopausal bleeding. The latter is one of
the most important in the diagnosis, as approx-
imately 15% of women displaying postmeno-
pausal bleeding suffer from EH, generally in-
duced by pharmacological treatments such as
HRT or tamoxifen. Other relevant symptoms
include heavy menstrual bleeding, generally
coupled with moderate to severe pain, and short
menstrual cycles defined by less than 21 days
between periods® (Table I).

Endometrial Polyps

Endometrial polyps are localized prolifer-
ative masses displaying fibrous areas that pro-
trude in the uterine cavity. They consist of both
a glandular and a stromal component, with high
vascularization of the area’. As for EH, the gold
standard for the diagnosis of polyps is the ultra-
sonography. Hysteroscopy with biopsy allows
for further histological investigations*. Polyps
also share some molecular signatures with EH,
exhibiting higher expression of ER compared to
healthy endometrial tissue. In this case PR ex-
pression appears increased as well, in contrast to
what happens in EH'*%.

Polyps are generally benign formations, with
a malignant transformation rate lower than 3%"*.
They are strongly susceptible to the unopposed
estrogen stimulus; indeed, they usually occur
as the most frequent side effects of tamoxifen
treatment*’*®. Epidemiological analyses estimate
a global prevalence ranging from 7% to 12% in
the general population, rising to 27% in wom-

en on tamoxifen*®**°. Also, UPA and HRT may
cause endometrial polyps®*>*’. Drugs account for
the greater part of diagnosed polyps of known
origin¥’. However, the majority of diagnosed
polyps remain of uncertain cause since a uni-
vocal mechanism for the onset still remains un-
identified. Other risk factors include ageing and
obesity, as for EH***!. Of note, other than acting
as ER agonist in the uterus, tamoxifen can also
improve IGF signaling, providing an increased
growth stimulus®.

As for EH, abnormal uterine bleeding is fre-
quently associated with polyps, occurring in up
to 68% of patients*. It includes irregular menses,
menorrhagia, intermenstrual bleeding, and post-
coital bleeding. Thirteen to 50% of the abnormal
bleeding events are attributable to polyps*. A re-
cent review* concluded that 44% of postmeno-
pausal women with polyps display bleeding,
rising to 82% in affected premenopausal women
(Table I).

Reduced fertility often occurs in premeno-
pausal women with polyps. Even if the causes
are unclear, the most likely explanations include
obstruction of the uterus or biochemical effects
that reduce the chance of a correct embryo im-
plantation*.

Delocalization

Estrogens and progestogens support two op-
posite processes in the endometrium. While the
former induces epithelial-mesenchymal transi-
tion (EMT), the latter sustains mesenchymal-ep-
ithelial transition (MET)>-. These events are
deeply investigated in the study of cancer metas-
tasis, but they seem involved also in other gyne-
cological pathologies, including endometriosis
and adenomyosis.

Endometriosis

Endometriosis consists in the ectopic presence
of endometrial tissue outside the uterus, general-
ly in the adjacent intraperitoneal cavity, even if
“distal” endometriosis occurs in some cases'®’.
Ectopic islets of endometrial tissue respond to
the hormonal signal of estrogens and progesto-
gens'®*® and undergo all the physiological chang-
es occurring in the eutopic endometrium during
the menstrual cycle, including cyclic bleeding!®’.
Endometriosis may interest ovarian tissues, ex-
posing patients to a higher risk of developing
ovarian cancer'’.
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Although the involvement of absolute levels of
estrogens in the etiopathogenesis of endometrio-
sis is still debated, the role of unopposed estro-
gens is well documented in such process, causing
cell proliferation and pain*. Indeed, literature
reports that endometriotic tissues express aro-
matase, locally producing estrogens to sustain
self-growth>*%. Furthermore, data collected in
the last decade indicate a possible involvement
of insulin and IGF in the pathogenesis of endo-
metriosis®! .

Recent evidence® indicates that the incidence
of the pathology in fertile-age women is con-
stantly around 72 per 100,000 women every year.
Estimations on the prevalence indicate that en-
dometriosis affects around 10% of women aged
15 to 54, even if a clear diagnosis is difficult to
achieve'® as the only unbiased diagnostic method
is the surgical visualization. Projections estimate
that more than 190 million patients currently suf-
fer from endometriosis worldwide®. Endometri-
osis affects up to 50% of infertile women and
21% of women reporting pelvic pain®-®’. Con-
versely, pelvic pain unrelated to menses affects
more than 65% of women with endometriosis,
while menstrual pain affects up to 93% of them®®,
leading to an over-prescription of painkillers®.

Other common symptoms are gastrointes-
tinal disorders as nausea or vomiting, reported
respectively by more than 50% and 15% of the
women®. According to the National Institute of
Health (NIH), other gynecological and gastroin-
testinal symptoms and signs include pain during
sexual intercourse, intestinal pain, painful bowel
movements, painful urination, and infertility”
(Table I).

Adenomyosis

Adenomyosis consists in the ectopic occur-
rence of endometrial tissue specifically in the
myometrium, and thus inside the uterus. As ex-
pectable, endometriosis and adenomyosis are
associated: about 50% of women suffering from
endometriosis exhibit adenomyosis as well”'. In
some cases, adenomyotic tissue can aggregate in
a disorganized mass named adenomyoma. This
tumoral mass consists of proliferating endometri-
al and myometrial cells that compress surround-
ing tissues’. To date the diagnosis is still based
on histological analyses following hysterectomy,
even though recent progresses in imaging tech-
niques allow an easier diagnosis™. Histological
analyses revealed that several proteins involved
in estrogen metabolism appear altered in adeno-

myosis. Specifically, cellular expression levels
of ER are increased, while decreased response
to progesterone fails to counterbalance the re-
sponse to estrogens®7*7*. As in endometriosis,
adenomyotic tissue displays high expression of
aromatase, producing its own growth stimuli®.

Adenomyosis has a prevalence of 0.79%
on aggregate, ranging from 0.02% in women
younger than 20 years to 1.54% in women aged
41-457. A study’ revealed that adenomyosis is
probably underestimated, as routine exams still
lack histologic examinations for the diagnosis.
A large study in the US estimated that the inci-
dence of the disease is around 289 diagnoses ev-
ery 100,000 women every year. The same study
pointed out that women aged between 41 and 45
years are the most affected, with incidence above
600 every 100,000 women every year. This may
be ascribable to a longer physiological exposure
to estrogens, which is a known risk factor for the
pathology’. Other important risk factors include
high body mass index (BMI), probably due to
the synthesis of estrogens by the WAT, and the
occurrence of an early menarche that extends
the duration of estrogen exposure''. Recent ev-
idence’ on altered intracellular signal of IGF
highlighted that impaired insulin signal may also
account for the relationship between elevated
BMI and adenomyosis’. Previous data suggest-
ed that tamoxifen treatments may represent an
important risk factor for the development of ad-
enomyosis’s.

Pelvic intermenstrual pain and dysmenorrhea
are the most prevalent symptoms of adenomy-
osis, affecting up to 93% of the patients™, and
women with adenomyosis also seem to have a
higher incidence of abnormal uterine bleeding.
In fact, up to 49% of women displaying abnor-
mal uterine bleeding exhibit adenomyosis™. The
condition may reduce fertility because of alter-
ations in both endometrium and inner part of
myometrium (Table I).

Current and Future Perspectives

Current treatments for all the pathologies men-
tioned above include surgical and pharmacologi-
cal intervention. Even if surgery is often the only
definitive treatment, it may reduce or altogether
preclude fertility, and is generally avoided when
possible. Accordingly, the latest research focused
on pharmacological treatments that reduce the es-
trogen relative stimulus to manage the symptoms.



Current and future treatments for the management of uterine benign pathologies

Surgical Treatments

Endometrial Hyperplasia

Surgical approaches for hyperplasia without
atypia include ablation, laser therapy or endome-
trial resection. Although ablation and laser ther-
apy are considered safe and effective, hysterec-
tomy is the treatment of first choice unless the
patient wishes to preserve fertility. Conversely, in
the case of atypia, hysterectomy is highly recom-
mended to avoid malignant degenerations*®*.

Endometrial Polyps

Hysteroscopic resection of the polyp, also
known as polypectomy, is a non-invasive outpa-
tient procedure considered as gold standard, un-
less the polyps are malignant®'. In this latter case,
hysterectomy is highly recommended to avoid
complications and recurrencies®'. In fertility-spar-
ing procedures, the recurrence risk of endometrial
polyps reaches 20% in the first two years follow-
ing surgery, and post-operative pharmacological
management may be beneficial®.

Endometriosis

Surgical approach in endometriosis is now-
adays controversial. Surgery can effectively re-
move the endometriosis foci, but removal may be
incomplete due to the dispersion of the lesions.
Moreover, the outcome often depends on the ex-
perience of the surgeon®.

Adenomyosis

Hysterectomy is the treatment of election but
fertility-sparing procedures (e.g., adenomyomec-
tomy and high intensity focused ultrasound) are
the first choice in case of patients in the reproduc-
tive age®.

Pharmacological Treatments

Endometrial Hyperplasia

In the case of EH without atypia, pharmaco-
logical approaches are nowadays the best choice
to reduce the risk of progression and recurrence,
while preserving fertility®. Earlier options in-
cluded agonists of the Gonadotropin-releasing
Hormone (GnRH), which induce menopause as
side effect’®. Third generation aromatase inhib-
itors (Als) represent an interesting therapeutic
opportunity that preserves fertility®*, but they
usually have significant unwanted effects, in-
cluding the loss of bone density®’. For this rea-

son, scientists searched for novel treatments de-
void of side effects. Nowadays, progestin is the
treatment of election to reduce cell proliferation
and concomitantly avoid the surgery in the case
of EH without atypia, without affecting women’s
fertility®-°. Despite their efficiency, progestins
also can expose to undesired effects, including
gastrointestinal disturbs, dizziness, weakness,
pain, difficult breathing and chest pain’’. Among
the emerging treatments for EH, metformin is an
insulin sensitizer that represents a new option
currently under investigation. Research on in-
sulin sensitizing compounds, indeed, highlight-
ed their effectiveness in such clinical picture,
even if the mechanism of action is unrelated to
estrogens®. A recent meta-analysis investigated
the efficiency of metformin alone or associated
with progestins vs. the canonical progestin treat-
ment®. The results suggest that metformin could
represent both an efficient treatment and an in-
teresting add-on therapy to progestins to coun-
teract stimuli of proliferation. However, also
metformin may cause serious undesired effects
including disturbs of the digestive system, ane-
mia, deficiency of vitamin B12 and hypoglyce-
mic episodes™.

Polyps

Progestins are used to treat the polyps without
surgical intervention and to reduce the risk of re-
currence after polypectomy®*°. Most importantly,
progestins help preventing the onset of endome-
trial polyps in patients taking SERMs for breast
cancer’’%. Als represent a relevant pharmaco-
logical strategy as they reduce the endometrial
thickness in oncological patients previously on
tamoxifen®.

A recent clinical trial' demonstrated that
metformin exhibits inhibitory activity on the oc-
currence of tamoxifen-induced endometrial pol-
yps, reducing both estrogen synthesis and insulin
stimulus'®.

Endometriosis

While surgical intervention is an option,
pharmacological approaches that reduce the
symptoms are generally preferred. Moreover,
they can also reduce the risk of post-surgical
recurrence'”’. As pathogenetic mechanisms
that cause endometriosis are still unclear, these
treatments reduce the estrogen stimulus. They
include progestins, combined oral contracep-
tives, GnRH agonists, Als and metformin.
Progestins balance estrogen overstimulation,
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significantly improving symptomatology'**-'%¢,
Combined oral contraceptives are effective in
reducing symptoms and improving the quality
of life, especially regarding the non-cyclical
pain'®. GnRH agonists reduce estrogen synthe-
sis but induce menopause''’. Als block the syn-
thesis of estrogens and effectively reduce both
the dimension of the lesions and the symptoms,
even if evidence on their use is still limited'''-'"3.
Metformin use is supported by pre-clinical and
in vitro robust evidence on its molecular effica-
cy"19 A single clinical trial exists'* and re-
ports great improvements in pain recovery, dys-
menorrhea, and infertility after three months,
improving further after six months of metformin
therapy. Among all the therapeutic opportunity,
progestogens and combined oral contraceptives
remain the treatments of choice to date, despite
their side effects?!!?!.

Adenomyosis

The use of GnRH analogs is an effective
approach to reduce symptoms, but fertility is
compromised in this case as well'?2. Lately,
treatments with progestins and Als have been
investigated to reduce respectively pelvic pain
and dysmenorrhea, without compromising fer-
tility. They proved effective in relieving symp-
toms, and in reducing uterine volume'#*. Recent
in vitro studies indicate that metformin can be
used to treat adenomyosis'?*, and clinical evi-
dence'® indicated that it improves the outcomes
of ultrasound treatments.

Excluding GnRH analogs, these pharmaco-
logical treatments for pathologies associated
with unopposed estrogens may help preserve
the fertility. However, they are associated
with adverse effects. Indeed, progestins may
provoke disturbs of the gastrointestinal tract,
weakness or episodes of hyperglycemia®. In
addition to disturbs of the digestive system, Als
may induce the loss of bone density, eventually
leading to arthrosis or osteoporosis. They can
also cause breast and abdominal pain, the lat-
ter usually coupled with abnormal bleeding®’.
Metformin is gaining attention in the research
on the pathologies here described. However,
its use may be accompanied by disturbs of the
gastrointestinal tract, muscle pain, chest pain,
stomach pain, and heartburn®. For these rea-
sons, novel treatments that modulate the es-
trogen stimulus without causing relevant side
effects are highly desirable and constitute a
current field of research.

Future Perspectives: p-Chiro-lnositol

Recent findings highlighted the clinical inter-
est for p-chiro-inositol, a molecule acting both as
insulin sensitizer and as transcriptional inhibitor
of aromatase®'?'?, p-chiro-inositol is a natural
polyol belonging to the inositol family. Detectable
in almost every form of life, inositols are hydro-
philic components of phospholipid bilayer in ani-
mals, and participate in different regulatory path-
ways, including insulin signaling'*®. Among nine
possible stereoisomer, myo-inositol is the most
abundant in nature, while p-chiro comes second.
They account for different, although sometimes
related, activities'” investigated both in vitro and
in vivo'. Inositols are also safe compounds, with
null or minor side effects, and the FDA included
them in the list of Generally Recognized as Safe
(GRAS) molecules'*.

In recent years, p-chiro-inositol gained inter-
est for its two-sided activity, both on metabolic
and steroidogenic pathways. Metabolic activities
of p-chiro-inositol are known since its early char-
acterization. Phosphoglycans containing p-chi-
ro-inositol were first identified as physiological
second messengers of insulin signaling pathway
by Larner et al'*. Further evidence from the same
research group highlighted that insulin stimulus
in fibroblasts prompted the biosynthesis of p-chi-
ro-inositol from myo-inositol. Such conversion
occurs at different grades in all insulin-respon-
sive tissues via an insulin-stimulated epimerase
enzyme'3*13, They also found out that diabetic
patients displayed reduced p-chiro-inositol levels
in the urine, suggesting an impairment of intra-
cellular synthesis'*®. Subsequent pre-clinical and
clinical research confirmed the insulin-sensitiz-
ing properties of such molecule®’'*!. Clinical
evidence also revealed that insulin sensitizers as
metformin act mainly by prompting the release of
p-chiro-inositol from membranes'*.

The importance of inositols as second mes-
sengers of sexual hormones is a fairly recent find-
ing. Nestler et al'* first demonstrated the role of
D-chiro-inositol in the steroidogenesis, pointing
out that insulin inhibits estrogen synthesis via
inositol-glycans. Later, Sacchi et al'?*® analyzed
the effects of in-vitro p-chiro-inositol treatment
on human granulosa cells from healthy subjects,
demonstrating that it inhibits the expression of
aromatase in a dose-dependent manner. Interest-
ingly, such activities define a unique and specif-
ic role for p-chiro-inositol in clinical practice,
representing a therapeutic opportunity in case of
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excess estrogens. Recent literature highlights that
p-chiro inositol displays different effects depend-
ing on the patient, and the dosage and timing of
treatments!®-13114 Particularly, low doses seem to
favor its metabolic effects, while higher dosages
allow the effect on steroidogenesis'?*"3!. As treat-
ments with p-chiro-inositol traditionally involved
insulin-resistant patients, in which the metabolic
effect is predominant, this feature only emerged
in recent years.

Clinical trials with male subjects treated with
D-chiro-inositol highlighted that high doses pro-
mote androgen accumulation, while repressing
estrogen synthesis in non-insulin-resistant pa-
tients. Indeed, Monastra et al'* pointed out that
healthy volunteers exhibit reduced levels of es-
tradiol and estrone and increased levels of tes-
tosterone after 30 days of treatment with 1000
mg per day of p-chiro-inositol. Moreover, Nor-
dio et al'* treated elderly hypogonadal males
with 1200 mg per day of p-chiro-inositol for 30
days, obtaining significant results both in reduc-
ing estrogens and in increasing androgens. De-
spite such encouraging evidence in males, data
on clinical effectiveness of p-chiro-inositol in
women are still unavailable.

The recovery of physiological levels of estro-
gens and progestogens would result in important
effects: halt the progression of the pathologies and
reduction of the associated symptoms, improv-
ing the quality of life of women with conditions
worsened by unopposed estrogen stimulus. Data
indicate that p-chiro-inositol reduces both insulin
stimulus and estrogen production, mimicking the
effects of a treatment with metformin and Als but
without the same adverse effects. Due to its activity
on the expression of aromatase and on insulin sig-
naling, p-chiro-inositol could be helpful to reduce
systemic estrogen production, and to lower insulin
levels, thus removing pivotal growth signals'*-'%".
As some of these pathologies display in situ in-
creased expression of aromatase, p-chiro-inositol
could represent an efficient opportunity by re-
ducing local production, thus restoring a balance.
Some detrimental effects for p-chiro-inositol are
reported only in specific cases including treatment
with high dosages for long periods of time'*.

Conclusions
Unopposed estrogens, which may arise from

multiple conditions, negatively affect the life of
women, and expose them to the risk of estro-

gen-responsive pathologies of the endometrium.
In particular, endometriosis, adenomyosis, endo-
metrial hyperplasia, and polyps are estrogen-re-
sponsive pathologies that may heavily impact the
quality of women’s life. Current treatments in-
clude surgery, which is usually invasive and pre-
cludes fertility, and drugs that may reduce fertility
as well and expose patients to undesired effects.
Accordingly, new therapeutical options should
be evaluated. Recent literature reports the poten-
tial benefits of p-chiro-inositol supplementation.
Based on data available in the literature, p-chi-
ro-inositol treatment could reduce circulating es-
trogens and increase insulin sensitivity, thus rep-
resenting an ideal approach for women suffering
from estrogen-responsive conditions, especially
in the case of excess estrogen stimulus. Consid-
ering the properties and clinical effects of p-chi-
ro-inositol, proper clinical trials are warranted to
establish its efficacy in conditions connected with
unopposed estrogens.

Acknowledgements
None.

Funding
None.

Author Contributions

MMO, CA and VU conceptualized the work. MMO, RG,
GF, GP and VU searched literature for appropriate articles.
RG, GF and GP drafted the original paper. MMO, GF, CA
and VU critically revised the article. All authors read and
approved the final version of the paper.

Conflict of Interest

RG, GF and VU are employed at Lo.Li Pharma. MMO, GP
and CA declare no conflict of interest.

Data Availability
Not applicable.

ORCID ID

Mario Montanino Oliva: https:/ https://orcid.org/0000-
0001-8676-1465

Gianpiero Forte: https:/ https://orcid.org/0000-0003-4720-4054
Giuseppina Porcaro: https://orcid.org/0000-0002-0316-1593

Vittorio Unfer: https://orcid.org/0000-0002-1805-3181



M. Montanino Oliva, R. Gambioli, G. Forte, G. Porcaro, C. Aragona, V. Unfer

References

1) Patel B, Elguero S, Thakore S, Dahoud W, Be-
daiwy M, Mesiano S. Role of nuclear progester-
one receptor isoforms in uterine pathophysiology.
Hum Reprod Update 2015; 21: 155-173.

2) Arnal JF, Lenfant F, Metivier R, Flouriot G, Hen-
rion D, Adlanmerini M, Fontaine C, Gourdy P,
Chambon P, Katzenellenbogen B, Katzenellen-
bogen J. Membrane and N uclear Estrogen Re-
ceptor Alpha Actions: From Tissue Specificity
to Medical Implications. Physiol Rev 2017; 97:
1045-1087.

3) Grimm SL, Hartig SM, Edwards DP. Progester-
one Receptor Signaling Mechanisms. J Mol Biol
2016; 428: 3831-3849.

4) Fuentes N, Silveyra P. Estrogen receptor signal-
ing mechanisms. Adv Protein Chem Struct Biol
2019; 116: 135-170.

5) Gambioli R, Montanino Oliva M, Nordio M,
Chiefari A, Puliani G, Unfer V. New Insights into
the Activities of D-Chiro-Inositol: A Narrative Re-
view. Biomedicines 2021; 9: 1378.

6) Patel S, Homaei A, Raju AB, Meher BR. Estro-
gen: The necessary evil for human health, and
ways to tame it. Biomed Pharmacother 2018;
102: 403-411.

7) Gompel A. Progesterone, progestins and the en-
dometrium in perimenopause and in menopausal
hormone therapy. Climacteric 2018; 21: 321-325.

8) Goad J, Ko YA, Kumar M, Jamaluddin MFB, Tan-
war PS. Oestrogen fuels the growth of endome-
trial hyperplastic lesions initiated by overactive
Wnt/B-catenin signalling. Carcinogenesis 2018;
39: 1105-1116.

9) Indraccolo U, Di lorio R, Matteo M, Corona G,
Greco P, Indraccolo SR. The pathogenesis of en-
dometrial polyps: a systematic semi-quantitative
review. Eur J Gynaecol Oncol 2013; 34: 5-22.

10) Saunders PTK, Horne AW. Endometriosis: Etiolo-
gy, pathobiology, and therapeutic prospects. Cell
2021; 184: 2807-2824.

11) Struble J, Reid S, Bedaiwy MA. Adenomyosis:
A Clinical Review of a Challenging Gynecologic
Condition. J Minim Invasive Gynecol 2016; 23:
164-185.

12) Chen WY, Manson JE, Hankinson SE, Rosner B,
Holmes MD, Willett WC, Colditz GA. Unopposed
estrogen therapy and the risk of invasive breast
cancer. Arch Intern Med 2006; 166: 1027-1032.

13) Kim MJ, Kim TH, Lee HH. G-protein Coupled Es-
trogen Receptor (GPER/GPR30) and Women’s
Health. J Menopausal Med 2015; 21: 79-81.

14) Barton M. Position paper: The membrane estro-
gen receptor GPER--Clues and questions. Ste-
roids 2012; 77: 935-942.

15) Valadez-Cosmes P, Vazquez-Martinez ER, Cer-
bon M, Camacho-Arroyo |I. Membrane proges-
terone receptors in reproduction and cancer. Mol
Cell Endocrinol 2016; 434: 166-175.

16) Cahill MA, Jazayeri JA, Catalano SM, Toyokuni
S, Kovacevic Z, Richardson DR. The emerging
role of progesterone receptor membrane com-
ponent 1 (PGRMCH1) in cancer biology. Biochim
Biophys Acta 2016; 1866: 339-349.

17) Mittal K, Schwartz L, Goswami S, Demopoulos R.
Estrogen and progesterone receptor expression
in endometrial polyps. Int J Gynecol Pathol 1996;
15: 345-348.

18) Gul A, Ugur M, Iskender C, Zulfikaroglu E, Ozaksit
G. Immunohistochemical expression of estrogen
and progesterone receptors in endometrial pol-
yps and its relationship to clinical parameters.
Arch Gynecol Obstet 2010; 281: 479-483.

19) Antunes A, Jr., Vassallo J, Pinheiro A, Ledo R,
Neto AM, Costa-Paiva L. Immunohistochemical
expression of estrogen and progesterone recep-
tors in endometrial polyps: A comparison between
benign and malignant polyps in postmenopausal
patients. Oncol Lett 2014; 7: 1944-1950.

20) Dyson MT, Kakinuma T, Pavone ME, Monsivais
D, Navarro A, Malpani SS, Ono M, Bulun SE.
Aberrant expression and localization of deoxyri-
bonucleic acid methyltransferase 3B in endome-
triotic stromal cells. Fertil Steril 2015; 104: 953-
963.e2.

21) Chakravarty D, Srinivasan R, Ghosh S, Rajwan-
shi A, Gopalan S. Estrogen receptor beta (ERbe-
ta) in endometrial simple hyperplasia and endo-
metrioid carcinoma. Appl Immunohistochem Mol
Morphol 2008; 16: 535-542.

22) Pellegrini C, Gori I, Achtari C, Hornung D, Chardon-
nens E, Wunder D, Fiche M, Canny GO. The ex-
pression of estrogen receptors as well as GREB1,
¢c-MYC, and cyclin D1, estrogen-regulated genes
implicated in proliferation, is increased in peritoneal
endometriosis. Fertil Steril 2012; 98: 1200-1208.

23) Mehasseb MK, Panchal R, Taylor AH, Brown L,
Bell SC, Habiba M. Estrogen and progesterone
receptor isoform distribution through the men-
strual cycle in uteri with and without adenomyo-
sis. Fertil Steril 2011; 95: 2228-35.e1.

24) Zahid H, Simpson ER, Brown KA. Inflammation,
dysregulated metabolism and aromatase in obe-
sity and breast cancer. Curr Opin Pharmacol
2016; 31: 90-96.

25) O’Connor KA, Ferrell RJ, Brindle E, Shofer J,
Holman DJ, Miller RC, Schechter DE, Singer B,
Weinstein M. Total and unopposed estrogen ex-
posure across stages of the transition to meno-
pause. Cancer Epidemiol Biomarkers Prev 2009;
18: 828-836.

26) Shifren JL, Gass ML. The North American Meno-
pause Society recommendations for clinical care
of midlife women. Menopause 2014; 21: 1038-
1062.

27) Su HI, Freeman EW. Hormone changes associat-
ed with the menopausal transition. Minerva Gine-
col 2009; 61: 483-489.

28) Weiss G. Understanding the perimenopause.
Womens Health (Lond) 2007; 3: 387-390.



Current and future treatments for the management of uterine benign pathologies

29) Emons G, Mustea A, Tempfer C. Tamoxifen and
Endometrial Cancer: A Janus-Headed Drug.
Cancers (Basel) 2020; 12.

30) Mourits MJ, De Vries EG, Willemse PH, Ten Hoor
KA, Hollema H, Van der Zee AG. Tamoxifen treat-
ment and gynecologic side effects: a review. Ob-
stet Gynecol 2001; 97: 855-866.

31) Nasu K, Takai N, Nishida M, Narahara H. Tumor-
igenic effects of tamoxifen on the female genital
tract. Clin Med Pathol 2008; 1: 17-34.

32) Salas A, Vazquez P, Bello AR, Baez D, Almeida
TA. Dual agonist-antagonist effect of ulipristal ac-
etate in human endometrium and myometrium.
Expert Rev Mol Diagn 2021; 21: 851-857.

33) De Milliano I, Van Hattum D, Ket JCF, Huirne
JAF, Hehenkamp WJK. Endometrial changes
during ulipristal acetate use: A systematic re-
view. Eur J Obstet Gynecol Reprod Biol 2017;
214: 56-64.

34) Whitaker LH, Murray AA, Matthews R, Shaw G,
Williams AR, Saunders PT, Critchley HO. Selec-
tive progesterone receptor modulator (SPRM) uli-
pristal acetate (UPA) and its effects on the human
endometrium. Hum Reprod 2017; 32: 531-543.

35) Williams AR, Bergeron C, Barlow DH, Ferenczy
A. Endometrial morphology after treatment of
uterine fibroids with the selective progesterone
receptor modulator, ulipristal acetate. Int J Gyne-
col Pathol 2012; 31: 556-569.

36) Chandra V, Kim JJ, Benbrook DM, Dwivedi A, Rai
R. Therapeutic options for management of endo-
metrial hyperplasia. J Gynecol Oncol 2016; 27: e8.

37) Armstrong AJ, Hurd WW, Elguero S, Barker NM,
Zanotti KM. Diagnosis and management of en-
dometrial hyperplasia. J Minim Invasive Gynecol
2012; 19: 562-571.

38) Emons G, Beckmann MW, Schmidt D, Mallmann P.
New WHO Classification of Endometrial Hyperpla-
sias. Geburtshilfe Frauenheilkd 2015; 75: 135-136.

39) Reed SD, Newton KM, Clinton WL, Epplein M,
Garcia R, Allison K, Voigt LF, Weiss NS. Inci-
dence of endometrial hyperplasia. Am J Obstet
Gynecol 2009; 200: 678.e1-6.

40) Sanderson PA, Critchley HO, Williams AR, Ar-
ends MJ, Saunders PT. New concepts for an old
problem: the diagnosis of endometrial hyperpla-
sia. Hum Reprod Update 2017; 23: 232-254.

41) McCampbell AS, Walker CL, Broaddus RR, Cook
JD, Davies PJ. Developmental reprogramming of
IGF signaling and susceptibility to endometrial hy-
perplasia in the rat. Lab Invest 2008; 88: 615-626.

42) Chen RS, Zhang XB, Zhu XT, Wang CS. The
crosstalk between IGF-1R and ER-a in the pro-
liferation and anti-inflammation of nucleus pulpo-
sus cells. Eur Rev Med Pharmacol Sci 2020; 24:
5886-5894.

43) Palmer JE, Perunovic B, Tidy JA. Endometrial hy-
perplasia. Obstetr Gynaecol 2008; 10: 211-216.

44) Nijkang NP, Anderson L, Markham R, Manconi
F. Endometrial polyps: Pathogenesis, sequel-

ae and treatment. SAGE Open Med 2019; 7:
2050312119848247.

45) Inceboz US, Nese N, Uyar Y, Ozcakir HT, Kur-
tul O, Baytur YB, Kandiloglu AR, Caglar H,
Fraser IS. Hormone receptor expressions and
proliferation markers in postmenopausal en-
dometrial polyps. Gynecol Obstet Invest 2006;
61: 24-28.

46) Lieng M, Istre O, Sandvik L, Qvigstad E. Prev-
alence, 1-year regression rate, and clinical sig-
nificance of asymptomatic endometrial polyps:
cross-sectional study. J Minim Invasive Gynecol
2009; 16: 465-471.

47)Oguz S, Sargin A, Kelekci S, Aytan H, Tapisiz
OL, Mollamahmutoglu L. The role of hormone
replacement therapy in endometrial polyp forma-
tion. Maturitas 2005; 50: 231-236.

48) McGurgan P, Taylor LJ, Duffy SR, O’Donovan
PJ. An immunohistochemical comparison of
endometrial polyps from postmenopausal wom-
en exposed and not exposed to HRT. Maturitas
2006; 53: 454-461.

49) Dreisler E, Stampe Sorensen S, Ibsen PH, Lose
G. Prevalence of endometrial polyps and abnor-
mal uterine bleeding in a Danish population aged
20-74 years. Ultrasound Obstet Gynecol 2009;
33: 102-108.

50) Goldstein SR, Monteagudo A, Popiolek D, May-
berry P, Timor-Tritsch I. Evaluation of endometrial
polyps. Am J Obstet Gynecol 2002; 186: 669-674.

51) Ozkan NT, Tokmak A, Giizel A, Ozkan S, cicek
MN. The association between endometrial pol-
yps and metabolic syndrome: a case-control
study. Aust N Z J Obstet Gynaecol 2015; 55:
274-278.

52) Strissel PL, Ellmann S, Loprich E, Thiel F, Fas-
ching PA, Stiegler E, Hartmann A, Beckmann
MW, Strick R. Early aberrant insulin-like growth
factor signaling in the progression to endometrial
carcinoma is augmented by tamoxifen. Int J Can-
cer 2008; 123: 2871-2879.

53) Yang YM, Yang WX. Epithelial-to-mesenchymal
transition in the development of endometriosis.
Oncotarget 2017; 8: 41679-41689.

54) Liu Y, Zhao R, Chi S, Zhang W, Xiao C, Zhou
X, Zhao Y, Wang H. UBE2C Is Upregulated by
Estrogen and Promotes Epithelial-Mesenchymal
Transition via p53 in Endometrial Cancer. Mol
Cancer Res 2020; 18: 204-215.

55) Du Y, Zhang Z, Xiong W, Li N, Liu H, He H, Li Q,
Liu Y, Zhang L. Estradiol promotes EMT in endo-
metriosis via MALAT1/miR200s sponge function.
Reproduction 2019; 157: 179-188.

56) Richardson LS, Taylor RN, Menon R. Revers-
ible EMT and MET mediate amnion remodeling
during pregnancy and labor. Sci Signal 2020; 13.

57) Burney RO, Giudice LC. Pathogenesis and
pathophysiology of endometriosis. Fertil Steril
2012; 98: 511-519.

58) Zanetta GM, Webb MJ, Li H, Keeney GL. Hyper-
estrogenism: a relevant risk factor for the devel-



M. Montanino Oliva, R. Gambioli, G. Forte, G. Porcaro, C. Aragona, V. Unfer

opment of cancer from endometriosis. Gynecol
Oncol 2000; 79: 18-22.

59) Bulun SE, Fang Z, Imir G, Gurates B, Tamura M,
Yilmaz B, Langoi D, Amin S, Yang S, Deb S. Aro-
matase and endometriosis. Semin Reprod Med
2004; 22: 45-50.

60) Hatok J, Zubor P, Galo S, Kirschnerova R, Do-
brota D, Danko J, Racay P. Endometrial aro-
matase mRNA as a possible screening tool for
advanced endometriosis and adenomyosis. Gy-
necol Endocrinol 2011; 27: 331-336.

61) Cayan F, Ertun¢ D, Aras-Ates N, Ayaz L, Akbay
E, Karakas S, Coban O, Dilek S. Association of
G1057D variant of insulin receptor substrate-2
with endometriosis. Fertil Steril 2010; 94: 1622-
1626.

62) Kim H, Park JH, Ku SY, Kim SH, Choi YM, Kim
JG. Association between endometriosis and
polymorphisms in insulin-like growth factors
(IGFs) and IGF-I receptor genes in Korean wom-
en. Eur J Obstet Gynecol Reprod Biol 2011; 156:
87-90.

63) Kim H, Ku SY, Kim SH, Choi YM, Kim JG. Associ-
ation between endometriosis and polymorphisms
in insulin-like growth factor binding protein genes
in Korean women. Eur J Obstet Gynecol Reprod
Biol 2012; 162: 96-101.

64) Eisenberg VH, Weil C, Chodick G, Shalev V.
Epidemiology of endometriosis: a large popu-
lation-based database study from a healthcare
provider with 2 million members. BJOG 2018;
125: 55-62.

65) WHO. Endometriosis 2021. Available at: https:/
www.who.int/news-room/fact-sheets/detail/en-
dometriosis.

66. Shafrir AL, Farland LV, Shah DK, Harris HR,
Kvaskoff M, Zondervan K, Missmer SA. Risk for
and consequences of endometriosis: A critical
epidemiologic review. Best Pract Res Clin Obstet
Gynaecol 2018; 51: 1-15.

67) Bulletti C, Coccia ME, Battistoni S, Borini A. En-
dometriosis and infertility. J Assist Reprod Genet
2010; 27: 441-447.

68) DiVasta AD, Vitonis AF, Laufer MR, Missmer SA.
Spectrum of symptoms in women diagnosed
with endometriosis during adolescence vs adult-
hood. Am J Obstet Gynecol 2018; 218: 324.e1-.
ell.

69) Sachedina A, Todd N. Dysmenorrhea, Endome-
triosis and Chronic Pelvic Pain in Adolescents. J
Clin Res Pediatr Endocrinol 2020; 12: 7-17.

70)NIH. What are the symptoms of endometri-
osis? 2020. Available at: https://www.nichd.
nih.gov/health/topics/endometri/conditioninfo/
symptoms.

71) Lazzeri L, Di Giovanni A, Exacoustos C, Tosti C,
Pinzauti S, Malzoni M, Petraglia F, Zupi E. Pre-
operative and Postoperative Clinical and Trans-
vaginal Ultrasound Findings of Adenomyosis in
Patients With Deep Infiltrating Endometriosis.
Reprod Sci 2014; 21: 1027-1033.

72) Vannuccini S, Petraglia F. Recent advances in
understanding and managing adenomyosis.
F1000Res 2019; 8.

73) Vannuccini S, Tosti C, Carmona F, Huang SJ,
Chapron C, Guo SW, Petraglia F. Pathogenesis
of adenomyosis: an update on molecular mecha-
nisms. Reprod Biomed Online 2017; 35: 592-601.

74) Zhai J, Vannuccini S, Petraglia F, Giudice LC.
Adenomyosis: Mechanisms and Pathogenesis.
Semin Reprod Med 2020; 38: 129-143.

75)Yu O, Schulze-Rath R, Grafton J, Hansen K,
Scholes D, Reed SD. Adenomyosis incidence,
prevalence and treatment: United States popula-
tion-based study 2006-2015. Am J Obstet Gyne-
col 2020; 223: 94.e1-.e10.

76) Bird CC, McElin TW, Manalo-Estrella P. The elu-
sive adenomyosis of the uterus--revisited. Am J
Obstet Gynecol 1972; 112: 583-593.

77)Zhai J, Li S, Sen S, Opoku-Anane J, Du Y, Chen
ZJ, Giudice LC. m(6)A RNA Methylation Regu-
lators Contribute to Eutopic Endometrium and
Myometrium Dysfunction in Adenomyosis. Front
Genet 2020; 11: 716.

78) Cohen |, Beyth Y, Tepper R, Figer A, Shapira J,
Cordoba M, Yigael D, Altaras MM. Adenomyosis
in postmenopausal breast cancer patients treat-
ed with tamoxifen: a new entity? Gynecol Oncol
1995; 58: 86-91.

79) Gordts S, Grimbizis G, Campo R. Symptoms and
classification of uterine adenomyosis, including
the place of hysteroscopy in diagnosis. Fertil
Steril 2018; 109: 380-8.e1.

80) Singh G, Puckett Y. Endometrial Hyperplasia.
StatPearls. Treasure Island (FL): StatPearls
Publishing Copyright © 2021, StatPearls Pub-
lishing LLC 2021.

81) Salim S, Won H, Nesbitt-Hawes E, Campbell N,
Abbott J. Diagnosis and management of endo-
metrial polyps: a critical review of the literature. J
Minim Invasive Gynecol 2011; 18: 569-581.

82) Wang Y, Yang M, Huang X, Li X, Lin E, Feng Y.
Prevention of Benign Endometrial Polyp Recur-
rence Using a Levonorgestrel-releasing Intra-
uterine System in Premenopausal Patients: A
Retrospective Cohort Study. J Minim Invasive
Gynecol 2020; 27: 1281-1286.

83) Rolla E. Endometriosis: advances and contro-
versies in classification, pathogenesis, diagno-
sis, and treatment. F1000Res 2019; 8.

84) Oliveira MAP, Crispi CP, Jr., Brollo LC, Crispi CP,
De Wilde RL. Surgery in adenomyosis. Arch Gy-
necol Obstet 2018; 297: 581-589.

85) Barker LC, Brand IR, Crawford SM. Sustained ef-
fect of the aromatase inhibitors anastrozole and
letrozole on endometrial thickness in patients with
endometrial hyperplasia and endometrial carcino-
ma. Curr Med Res Opin 2009; 25: 1105-1119.

86) Straubhar A, Soisson AP, Dodson M, Simons E.
Successful treatment of low-grade endometrial
cancer in premenopausal women with an aro-
matase inhibitor after failure with oral or intra-



Current and future treatments for the management of uterine benign pathologies

uterine progesterone. Gynecol Oncol Rep 2017;
21:10-12.

87) NIH. Letrozole 2018. Available at: https://medlin-
eplus.gov/druginfo/meds/a698004.html.

88) Mittermeier T, Farrant C, Wise MR. Levonorge-
strel-releasing intrauterine system for endome-
trial hyperplasia. Cochrane Database Syst Rev
2020; 9: Cd012658.

89) Gompel A. Progesterone and endometrial can-
cer. Best Pract Res Clin Obstet Gynaecol 2020;
69: 95-107.

90) Romero SA, Young K, Hickey M, Su HI. Levo-
norgestrel intrauterine system for endometrial
protection in women with breast cancer on ad-
juvant tamoxifen. Cochrane Database Syst Rev
2020; 12: Cd007245.

91) NIH. Megestrol 2019. Available at: https://med-
lineplus.gov/druginfo/meds/a682003.html.

92) Yang BY, Gulinazi Y, Du Y, Ning CC, Cheng YL,
Shan WW, Luo XZ, Zhang HW, Zhu Q, Ma FH, Liu
J, Sun L, Yu M, Guan J, Chen XJ. Metformin plus
megestrol acetate compared with megestrol ace-
tate alone as fertility-sparing treatment in patients
with atypical endometrial hyperplasia and well-dif-
ferentiated endometrial cancer: a randomised
controlled trial. Bjog 2020; 127: 848-857.

93) Clement NS, Oliver TR, Shiwani H, Sanner JR,
Mulvaney CA, Atiomo W. Metformin for endome-
trial hyperplasia. Cochrane Database Syst Rev
2017; 10: Cd012214.

94) NIH. Metformin 2020. Available at: https://med-
lineplus.gov/druginfo/meds/a696005.html.

95) Monastra G, Minini M. Metformin in obstetrics
and gynecology — evaluation of its activity and
possible risks. IJIMDAT 2020: e258.

96) Chen Q, Zhang D, Wang S, Lang JH, Chao XP,
Fan QB. A prospective, open-label, single-arm
study to evaluate the efficacy of dydrogesterone
in the treatment of endometrial polyps. Gynecol
Endocrinol 2021; 37: 152-156.

97) Chan SS, Tam WH, Yeo W, Yu MM, Ng DP,
Wong AW, Kwan WH, Yuen PM. A randomised
controlled trial of prophylactic levonorgestrel in-
trauterine system in tamoxifen-treated women.
Bjog 2007; 114: 1510-1515.

98) Gardner FJ, Konje JC, Bell SC, Abrams KR,
Brown LJ, Taylor DJ, Habiba M. Prevention of
tamoxifen induced endometrial polyps using
a levonorgestrel releasing intrauterine system
long-term follow-up of a randomised control trial.
Gynecol Oncol 2009; 114: 452-456.

99) Morales L, Timmerman D, Neven P, Konstan-
tinovic ML, Carbonez A, Van Huffel S, Ameye L,
Weltens C, Christiaens MR, Vergote |, Paridaens
R. Third generation aromatase inhibitors may pre-
vent endometrial growth and reverse tamoxifen-in-
duced uterine changes in postmenopausal breast
cancer patients. Ann Oncol 2005; 16: 70-74.

100) Davis SR, Robinson PJ, Jane F, White S, Brown
KA, Piessens S, Edwards A, McNeilage J, Woin-
arski J, Chipman M, Bell RJ. The benefits of add-

ing metformin to tamoxifen to protect the endo-
metrium-A randomized placebo-controlled trial.
Clin Endocrinol (Oxf) 2018; 89: 605-612.

101) Zondervan KT, Becker CM, Missmer SA. Endo-
metriosis. N Engl J Med 2020; 382: 1244-1256.

102) Bizzarri N, Remorgida V, Leone Roberti Maggio-
re U, Scala C, Tafi E, Ghirardi V, Salvatore S,
Candiani M, Venturini PL, Ferrero S. Dienogest
in the treatment of endometriosis. Expert Opin
Pharmacother 2014; 15: 1889-1902.

103) Ferrero S, Remorgida V, Venturini PL, Bizzarri
N. Endometriosis: the effects of dienogest. BMJ
Clin Evid 2015; 2015: 0802.

104) Andres Mde P, Lopes LA, Baracat EC, Podgaec
S. Dienogest in the treatment of endometriosis:
systematic review. Arch Gynecol Obstet 2015;
292: 523-529.

105) Fu J, Song H, Zhou M, Zhu H, Wang Y, Chen
H, Huang W. Progesterone receptor modulators
for endometriosis. Cochrane Database Syst Rev
2017;7: Cd009881.

106) Cho B, Roh JW, Park J, Jeong K, Kim TH, Kim
YS, Kwon YS, Cho CH, Park SH, Kim SH. Safety
and Effectiveness of Dienogest (Visanne®) for
Treatment of Endometriosis: A Large Prospec-
tive Cohort Study. Reprod Sci 2020; 27: 905-915.

107) Mehdizadeh Kashi A, Niakan G, Ebrahimpour M, Al-
lahqgoli L, Hassanlouei B, Gitas G, Alkatout I. A ran-
domized, double-blind, placebo-controlled pilot study
of the comparative effects of dienogest and the com-
bined oral contraceptive pill in women with endome-
triosis. Int J Gynaecol Obstet 2022; 156: 124-132.

108) Piacenti |, Viscardi MF, Masciullo L, Sangiuliano
C, Scaramuzzino S, Piccioni MG, Muzii L, Ben-
edetti Panici P, Porpora MG. Dienogest versus
continuous oral levonorgestrel/EE in patients
with endometriosis: what'’s the best choice? Gy-
necol Endocrinol 2021; 37: 471-475.

109) Grandi G, Barra F, Ferrero S, Sileo FG, Bertucci
E, Napolitano A, Facchinetti F. Hormonal con-
traception in women with endometriosis: a sys-
tematic review. Eur J Contracept Reprod Health
Care 2019; 24: 61-70.

110) Dai Y, Shi B, Huang X, Duan J, Qiu Y, Ha C,
Huang R, Xiao D, Liu J, Xuan J. Cost-effec-
tiveness Analysis of Dienogest Compared With
Gonadotropin-Releasing Hormone Agonist After
Conservative Surgery for Endometriosis in Chi-
na. Clin Ther 2021; 43: 1276-84.e1.

111) Pavone ME, Bulun SE. Aromatase inhibitors for
the treatment of endometriosis. Fertil Steril 2012;
98: 1370-1379.

112) Garzon S, Lagana AS, Barra F, Casarin J, Cromi
A, Raffaelli R, Uccella S, Franchi M, Ghezzi F,
Ferrero S. Aromatase inhibitors for the treatment
of endometriosis: a systematic review about effi-
cacy, safety and early clinical development. Ex-
pert Opin Investig Drugs 2020; 29: 1377-1388.

113) Nothnick WB. The emerging use of aromatase
inhibitors for endometriosis treatment. Reprod
Biol Endocrinol 2011; 9: 87.



M. Montanino Oliva, R. Gambioli, G. Forte, G. Porcaro, C. Aragona, V. Unfer

114) Oner G, Ozcelik B, Ozgun MT, Serin IS, Ozturk
F, Basbug M. The effects of metformin and letro-
zole on endometriosis and comparison of the two
treatment agents in a rat model. Hum Reprod
2010; 25: 932-937.

115) Yilmaz B, Sucak A, Kilic S, Aksakal O, Aksoy Y,
Lortlar N, Sut N, Gungor T. Metformin regress-
es endometriotic implants in rats by improving
implant levels of superoxide dismutase, vas-
cular endothelial growth factor, tissue inhibitor
of metalloproteinase-2, and matrix metallopro-
teinase-9. Am J Obstet Gynecol 2010; 202:
368.e1-8.

116) Zhang H, Xue J, Li M, Zhao X, Wei D, Li C. Met-
formin regulates stromal-epithelial cells commu-
nication via Wnt2/B-catenin signaling in endome-
triosis. Mol Cell Endocrinol 2015; 413: 61-65.

117) Zhou Y, Xu JN, Zeng C, Li X, Zhou YF, Qi Y, Xue
Q. Metformin Suppresses Prostaglandin E2-In-
duced Cytochrome P450 Aromatase Gene Ex-
pression and Activity via Stimulation of AMP-Ac-
tivated Protein Kinase in Human Endometriotic
Stromal Cells. Reprod Sci 2015; 22: 1162-1170.

118) Jamali N, Zal F, Mostafavi-Pour Z, Samare-Najaf
M, Poordast T, Dehghanian A. Ameliorative Ef-
fects of Quercetin and Metformin and Their Com-
bination Against Experimental Endometriosis in
Rats. Reprod Sci 2021; 28: 683-692.

119) Yari S, Khoei HH, Saber M, Esfandiari F, Moini
A, Shahhoseini M. Metformin attenuates expres-
sion of angiogenic and inflammatory genes in
human endometriotic stromal cells. Exp Cell Res
2021; 404: 112659.

120) Foda AA, Aal IAA. Metformin as a new therapy
for endometriosis, its effects on both clinical pic-
ture and cytokines profile. Middle East Fertility
Society Journal 2012; 17: 262-267.

121) NIH. Estrogen and Progestin (Oral Contracep-
tives) 2015. Available at: https://medlineplus.gov/
druginfo/meds/a601050.html.

122) Kang JL, Wang XX, Nie ML, Huang XH. Efficacy
of gonadotropin-releasing hormone agonist and
an extended-interval dosing regimen in the treat-
ment of patients with adenomyosis and endome-
triosis. Gynecol Obstet Invest 2010; 69: 73-77.

123) Benetti-Pinto CL, Mira TAA, Yela DA, Teatin-Ju-
liato CR, Brito LGO. Pharmacological Treatment
for Symptomatic Adenomyosis: A Systematic
Review. Rev Bras Ginecol Obstet 2019; 41: 564-
574.

124) Xue J, Zhang H, Liu W, Liu M, Shi M, Wen Z, Li
C. Metformin inhibits growth of eutopic stromal
cells from adenomyotic endometrium via AMPK
activation and subsequent inhibition of AKT
phosphorylation: a possible role in the treatment
of adenomyosis. Reproduction 2013; 146: 397-
406.

125) Hou Y, Qin Z, Fan K, Xu Y, Huang X. Combina-
tion therapeutic effects of high intensity focused
ultrasound and Metformin for the treatment of ad-
enomyosis. Exp Ther Med 2018; 15: 2104-2108.

2988

126) Sacchi S, Marinaro F, Tondelli D, Lui J, Xella S,
Marsella T, Tagliasacchi D, Argento C, Tirelli A,
Giulini S, La Marca A. Modulation of gonadotro-
phin induced steroidogenic enzymes in granulo-
sa cells by d-chiroinositol. Reprod Biol Endocri-
nol 2016; 14: 52.

127) Gambioli R, Forte G, Aragona C, Bevilacqua A,
Bizzarri M, Unfer V. The use of D-chiro-Inositol
in clinical practice. Eur Rev Med Pharmacol Sci
2021; 25: 438-446.

128) Lagana AS, Unfer V. D-Chiro-Inositol’s action as
aromatase inhibitor: rationale and potential clin-
ical targets. Eur Rev Med Pharmacol Sci 2019;
23: 10575-6.

129) Kiani AK, Paolacci S, Calogero AE, Cannarella R,
Di Renzo GC, Gerli S, Della Morte C, Busetto GM,
De Berardinis E, Del Giudice F, Stuppia L, Facchi-
netti F, Dinicola S, Bertelli M. From Myo-inositol
to D-chiro-inositol molecular pathways. Eur Rev
Med Pharmacol Sci 2021; 25: 2390-402.

130) Berridge MJ, Irvine RF. Inositol phosphates and
cell signalling. Nature 1989; 341: 197-205.

131) Dinicola S, Unfer V, Facchinetti F, Soulage CO,
Greene ND, Bizzarri M, Lagana AS, Chan SY,
Bevilacqua A, Pkhaladze L, Benvenga S, String-
aro A, Barbaro D, Appetecchia M, Aragona C,
Bezerra Espinola MS, Cantelmi T, Cavalli P, Chiu
TT, Copp AJ, D’Anna R, Dewailly D, Di Lorenzo
C, Diamanti-Kandarakis E, Hernandez Marin |,
Hod M, Kamenov Z, Kandaraki E, Monastra G,
Montanino Oliva M, Nestler JE, Nordio M, Ozay
AC, Papalou O, Porcaro G, Prapas N, Roseff S,
Vazquez-Levin M, Vucenik |, Wdowiak A. Inosi-
tols: From Established Knowledge to Novel Ap-
proaches. Int J Mol Sci 2021; 22: 10575.

132) FDA. CFR - Code of Federal Regulations Title 21
2021. Available at: https://www.accessdata.fda.
gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?-
fr=184.1370.

133) Larner J, Allan G, Kessler C, Reamer P, Gunn
R, Huang LC. Phosphoinositol glycan derived
mediators and insulin resistance. Prospects for
diagnosis and therapy. J Basic Clin Physiol Phar-
macol 1998; 9: 127-137.

134) Pak Y, Huang LC, Lilley KJ, Larner J. In vivo
conversion of [8H]myoinositol to [3H]chiroinosi-
tol in rat tissues. J Biol Chem 1992; 267: 16904-
16910.

135) Pak Y, Paule CR, Bao YD, Huang LC, Larner J.
Insulin stimulates the biosynthesis of chiro-ino-
sitol-containing phospholipids in a rat fibroblast
line expressing the human insulin receptor. Proc
Natl Acad Sci U S A 1993; 90: 7759-7763.

136) Kennington AS, Hill CR, Craig J, Bogardus C,
Raz |, Ortmeyer HK, Hansen BC, Romero G,
Larner J. Low urinary chiro-inositol excretion in
non-insulin-dependent diabetes mellitus. N Engl
J Med 1990; 323: 373-378.

137) Ortmeyer HK, Bodkin NL, Lilley K, Larner J, Han-
sen BC. Chiroinositol deficiency and insulin re-
sistance. |. Urinary excretion rate of chiroinositol



Current and future treatments for the management of uterine benign pathologies

is directly associated with insulin resistance in
spontaneously diabetic rhesus monkeys. Endo-
crinology 1993; 132: 640-645.

138) Ortmeyer HK, Huang LC, Zhang L, Hansen BC,
Larner J. Chiroinositol deficiency and insulin
resistance. Il. Acute effects of D-chiroinositol
administration in streptozotocin-diabetic rats,
normal rats given a glucose load, and sponta-
neously insulin-resistant rhesus monkeys. Endo-
crinology 1993; 132: 646-651.

139) Huang LC, Fonteles MC, Houston DB, Zhang C,
Larner J. Chiroinositol deficiency and insulin re-
sistance. Ill. Acute glycogenic and hypoglycemic
effects of two inositol phosphoglycan insulin me-
diators in normal and streptozotocin-diabetic rats
in vivo. Endocrinology 1993; 132: 652-657.

140) Nestler JE, Jakubowicz DJ, Reamer P, Gunn
RD, Allan G. Ovulatory and metabolic effects of
D-chiro-inositol in the polycystic ovary syndrome.
N Engl J Med 1999; 340: 1314-1320.

141) luorno MJ, Jakubowicz DJ, Baillargeon JP, Dil-
lon P, Gunn RD, Allan G, Nestler JE. Effects of
d-chiro-inositol in lean women with the polycystic
ovary syndrome. Endocr Pract 2002; 8: 417-423.

142) Baillargeon JP, luorno MJ, Jakubowicz DJ,
Apridonidze T, He N, Nestler JE. Metformin ther-
apy increases insulin-stimulated release of D-chi-

ro-inositol-containing inositolphosphoglycan me-
diator in women with polycystic ovary syndrome. J
Clin Endocrinol Metab 2004; 89: 242-249.

143) Nestler JE, Romero G, Huang LC, Zhang CG,
Larner J. Insulin mediators are the signal trans-
duction system responsible for insulin’s actions
on human placental steroidogenesis. Endocrinol-
ogy 1991; 129: 2951-2956.

144) Bevilacqua A, Dragotto J, Lucarelli M, Di Emidio
G, Monastra G, Tatone C. High Doses of D-Chi-
ro-Inositol Alone Induce a PCO-Like Syndrome
and Other Alterations in Mouse Ovaries. Int J Mol
Sci 2021; 22.

145) Monastra G, Vazquez-Levin M, Bezerra Espinola
MS, Bilotta G, Lagana AS, Unfer V. D-chiro-ino-
sitol, an aromatase down-modulator, increases
androgens and reduces estrogens in male volun-
teers: a pilot study. Basic Clin Androl 2021; 31: 13.

146) Nordio M, Kumanov P, Chiefari A, Puliani G.
D-Chiro-Inositol improves testosterone levels in
older hypogonadal men with low-normal testos-
terone: a pilot study. Basic Clin Androl 2021; 31:
28.

147) Lagana AS, Garzon S, Unfer V. New clinical tar-
gets of d-chiro-inositol: rationale and potential
applications. Expert Opin Drug Metab Toxicol
2020; 16: 703-710.



