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Abstract: Endometrial cancer (EC) is a deleterious condition which strongly affects a woman’s quality
of life. Although aggressive interventions should be considered to treat high-grade EC, a conservative
approach should be taken into consideration for women wishing to conceive. In this scenario, we
present an overview about the EC fertility-sparing approach state of art. Type I EC at low stage
is the only histological type which can be addressed with a fertility-sparing approach. Moreover,
no myometrium and/or adnexal invasion should be seen, and lymph-vascular space should not
be involved. Regarding the pharmaceutical target, progestins, in particular medroxyprogesterone
acetate (MPA) or megestrol acetate (MA), are the most employed agent in conservative treatment
of early-stage EC. The metformin usage and hysteroscopic assessment is still under debate, despite
promising results. Particularly strict and imperious attention should be given to the follow-up and
psychological wellbeing of women, especially because of the double detrimental impairment: both
EC and EC-related infertility consequences.

Keywords: endometrial cancer; fertility sparing; fertility preservation; ART; infertility; progestin;
IUD; metformin

1. Introduction

Endometrial cancer (EC) is the fifth most common cancer in women worldwide and
the most common malignancy of the female genital tract in developed countries [1,2]. Most
women are diagnosed postmenopausal, and although rare in young patients, 14–25% of
patients affected by EC are premenopausal and 5% of them are under 40 years of age, and
for many of them, the desire of motherhood has not yet been satisfied [3]. Risk factors
for EC include nulliparity, early menarche, late age at menopause, age >55 years, ovarian
disease such as PCOS, therapy with tamoxifen, chronic liver disease, and obesity [4,5].
Table 1 shows the risk factors detected for endometrial cancer, ovarian cancer, and cervical
cancer etiopathogenesis, according to the strength of association.
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Table 1. The number of arrows indicates the strength of the association. ↑: Increased risk; ↓:
Decreased risk; –: No evidence for an association; ?: Some evidence for association/lack of association
but not confirmed; CCC: Clear cell cancer; E: Estrogen; END: Endometrioid cancer; HRT: Hormone
replacement therapy; MUC: Mucinous cancer; P: Progesterone; SER: Serous cancer. Table adapted
from Webb [5].

Risk Factor Endometrial Cancer Ovarian Cancer Cervical Cancer

Medical History

HPV infection Necessary

Hysterectomy ↓↓↓ ?

Tubal sterilization ↓
Endometriosis – ↑ CCC and END

Diabetes ↑
Polycystic ovary

syndrome ↑

Reproductive history and hormones

Older age at
menarche ↓ –

Younger age at
menopause ↓ ↓

Parity ↓↓↓ ↓↓↓ ↑
Breastfeeding – ↓

Oral contraceptive
pill ↓↓↓ ↓↓↓ ↑ (recent use)

HRT:
–E only ↑↑↑ ↑↑

–Combined E + P ↓? (continuous) ↑
Fertility drugs –? –? –?

Lifestyle

Overweight and
obesity ↑↑↑ ↑ (not SER?) –

Physical activity ↓ ?

Diet ↑ Glycemic index ?

Coffee ↓ coffee –

Tea ↓? green tea ↓? green tea

Smoking ↓ ↑↑MUC ↑
Alcohol – –

NSAIDs ↓? ?

Talcum powder –? ↑

Most patients with EC typically show high BMI or are obese, and they also have often
some components of metabolic syndrome, such as hypertension and/or diabetes. EC can
be distinguished in two main clinic and pathological/molecular types: I and II.

Type I is the endometrioid type (EEC) and is the most common. It tends to develop
in a younger cohort of women and includes the perimenopausal group [6]. This type of
cancer is often estrogen dependent, minimally invasive, and low grade. This is the reason
why they are better in terms of prognosis.
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Type II endometrial cancer is typically found in older patients. This cancer is not
estrogen dependent, usually is aggressive, and of high stage and grade. It presents a non-
endometrioid histology, deeply invades the myometrium and has the worst prognosis [7].

Most endometrial cancer cases are sporadic and only 10% of them are considered
familiar. Particularly, patients with EC at a younger age may have a genetic etiology.
Usually, EC is associated to Lynch syndrome [8]. Diagnosis is mainly performed by the
execution of hysteroscopy (HSC) with endometrial biopsy [9]. However, moderate agree-
ment is still found when comparing HSC to post-operatory histologic examination [10].
To sum up, among curettage and hysteroscopic guided biopsy, the hysteroscopy resection
reduces the risk of underdiagnosed endometrial cancer [11]. Imaging performed by MRI
or transvaginal ultrasounds by experts, are useful to detect possible myometrial invasion
and exclude synchronous ovarian cancer or ovarian metastasis [12]. Standard treatment
for EC, which includes total hysterectomy and bilateral salpingo-oophorectomy (TH-BSO),
has excellent outcomes in terms of survival [13]. However, such operation leads to per-
manent loss of fertility, and for women who want to preserve their fertility, conservative
methods must be investigated. A diagnosis of Lynch Syndrome and the associated risks
for EC and ovarian cancer might impact a patient’s decision about fertility-sparing treat-
ment [8,14]. Fertility-sparing methods include hormonal therapy with oral progestins
and/or levonorgestrel-releasing IUD (LNG-IUD), surgical treatment by hysteroscopy and,
only in recent times, also the combined use of metformin may evaluate. After complete
remission, women must be encouraged to conceive. Even if some conservative methods
have been proposed to preserve female fertility of patients with low grade and low stage
of EC, the optimal management of these patients is still unknown [15].

2. Discussion
2.1. Target Patients for Fertility-Sparing Treatment

When considering a conservative management approach, the characteristics of the
disease should be evaluated to select the therapeutic approach that perfectly fits for the
patients. Fertility sparing could be considered for patients who have interest to preserve
their fertility and plan to conceive as soon as possible after remission, with no medical
contraindication to the medical treatment and favorable histopathological characteristics
of the cancer. However, patients should be informed that the fertility-sparing option
is not a standard management and treatment for EC, and they must be encouraged to
undergo a TH-BSO after pregnancy [2]. Traditionally, G1 and EEC are the most suitable
kind of malignancy for fertility-sparing treatment. On the contrary, EC type II usually is
deeply invasive and poorly differentiated, and these patients are ineligible for conservative
treatments.

Thus, the ideal candidates for fertility-sparing treatment have been suggested to be
young women with G1, no myometrium and/or adnexal invasion, and without lymph-
vascular space involvement [2,16]. These patients are more likely to present estrogen and
progesterone receptors, with positive tumors and progestin treatment results in encour-
aging outcomes. Although low grade of the disease and absence of myometrial invasion
is a requirement that would be better to have, few studies conducted on patients with
advanced EC and with unsatisfied desire for motherhood assessed the outcomes of fertility
sparing for these kinds of patients [17].

Chae et al. [18] reported that higher grade is associated with pregnancy failure after
fertility-sparing treatment. Park et al. [17] reported outcomes of fertility-sparing treatment
for grade 2–3 EC with or without myometrial invasion. The rates of complete response to
fertility-sparing treatment were lower and lower as the severity of the disease increased.
Some guidelines suggested that myometrial invasion should be considered as contraindica-
tion for fertility-sparing treatment [19].

The Japan Society of Gynecologic Oncology, the European Society of Gynecological
Oncology and the Korean Society of Gynecologic Oncology have established that fertility-
sparing treatment should be considered only for patients with grade 1 EEC confined to
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the endometrium [20]. The British Gynecological Cancer Society suggested that fertility-
sparing treatment may be safe only for a short term and in patients with grade 1 ECC and,
at most, a superficial myometrial invasion [21].

MRI is known to be the best method and offers the highest efficacy to determine
the myometrial invasion [22]. According to Federation International Gynecologic and
Obstetrics (FIGO), myometrial invasion is the most important prognostic factor for lymph-
node invasion in patients with EC [23]. In presence of lymph-node metastasis, mortality is
high and fertility sparing is not safe and should be avoided [24].

2.2. Hormonal Approach for Fertility Sparing

Although literature exists regarding medical treatment for fertility sparing, it is neces-
sary to specify that there is no consensus on which agent, dose, or duration of treatment
is most effective. Generally, in accord with the present published literature, progestin,
in particular medroxyprogesterone acetate (MPA) or megestrol acetate (MA) at 400–600
mg/daily and 160–320 mg/daily, respectively, tends to be the most employed agent in
conservative treatment of early-stage EC [25]. A complete response of treatment after
therapy with progestin occurs in about 50% of patients on average, with around 5.5 months
of continuous use [1,26,27]. Despite a positive response, 1/5 of patients treated only with
progestin reported a recurrence of the disease [26]. Yamazawa et al. [27] reported that
recurrence takes place after 23+/− months. Additionally, relapse was documented [25]
for a small percentual of patients after their initial total response. Park et al. [28], in a
retrospective study, demonstrated the safety of fertility-sparing treatment with MPA or MA
for EEC; in fact, of the 148 patients recruited for the study, nobody shows clinical progres-
sion. The study also concluded that MPA was associated with a lower risk of recurrence
than MA. However, MA has been linked to higher remission probabilities compared to
MPA [29]. In patients who receive long-term oral administration of progesterone, close
monitoring and endometrial sampling is mandatory every 3–6 months [1], and if there is
a progression of EC and/or a continuous presence of EC after 6–12 months of progestin
therapy, TH +/− SBO is highly recommended [1,2]. Unluckily, long-term oral administra-
tion of progestin may cause side effects in patients including thrombophlebitis, pulmonary
emboli, hypertension, weight gain, depression, headache and abdominal cramps, and for
this reason, complete compliance by the patient is difficult [30–33]. That is the reason why
continuous conservative treatment may also include an IUD containing levonorgestrel
(LNG), alone or in combination with MPA/MA or gonadotropin-releasing hormone agonist
(GnRHa) [1,25,32,34], and also the reason why more and more women choose to accept
this option for conservative management of endometrial hyperplasia and EC [32,33]. The
LNG-IUD can bypass the issues with patient noncompliance due to progestin adverse
reactions as well as increase local effectiveness. Yuk et al. [35], in a recent meta-analysis,
compared the LNG-IUD to oral administration of MPA, finding that regression rate for both
was similar overall. Pal et al. [36] demonstrated that therapy with LNG-IUD in patients
with atypical hyperplasia or early-stage EC leads in a return to a normal histology in most
cases. However, Wei et al. [2] demonstrated that therapy with LNG-IUD alone became
worse with pregnancy outcomes. Kim et al. [37] evaluated the efficacy of LNG-IUD with
oral administration of MPA 500 mg/daily, the complete remission was 87.5%, and around
12% continued to have successful pregnancies, concluding that combined treatment is more
successful than use of LNG-IUD alone. Pronin et al. [38] conducted a study on women with
early-stage EC by using LNG-IUD with injection of GnRHa; 72% of the patients recruited
reached complete remission; 8 patients of the study developed 10 pregnancies in total with
8 live births. Dhar et al. [39] evaluated the effectiveness efficacy of LNG-IUD and GnRHa
on 90 patients with low-grade EC; 68 patients (75.5%) reached complete response, and
among 68 patients, 34 patients were prepared for pregnancy—3 of these patients became
pregnant naturally and 13 conceived successfully with ART protocols. These positive
results on LNG-IUD + GnRHa open a scenery on the effective, usefulness and necessity of
progesterone oral administration for conservative treatment.
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2.3. Metformin in Fertility Sparing

There is evidence that suggests that diseases associated with insulin resistance are
also a risk factor for EC. It has been reported that patients with BMI >25 kg/m2 usually
have a higher risk for EC developing [40] and a bad effect on response rates of conservative
treatment, highlighting the importance of obesity as a cause of EC, and the maintenance
of normal BMI during conservative treatment to not invalidate its effectiveness [28,41].
Metformin is a biguanide worldwide used as a first-step therapy for type 2 diabetes,
which inhibits hepatic glucose output and intestinal glucose adsorption, and promote
the uptakes of glucose by skeletal muscle to alleviate insulin resistance. Mallik et al. [42]
demonstrated that metformin has also been suggested to be a potential anticancer agent.
Many studies established the role of metformin as an inhibitor of many kinds of tumors like
pancreatic, medullary thyroid, breast, prostate, ovarian and endometrial carcinoma, in a
dose-dependent manner via altering glucose metabolism, inhibiting the PI3K-AKT-mTOR
signaling pathway, and promoting the apoptosis of cancer cells [43]. Obese patients have
excessive adipose tissue in which biosynthesis of estrogen may occur. Greater amount of
adipose tissue also means higher levels of adipokines and inflammatory factors strictly
linked with the carcinogen process that led to EC [44,45]. Furthermore, type 2 diabetes is
another risk factor for EC as a high level of insulin is an independent factor for EC [46]. Mu
et al. [47] conducted a study that suggested that insulin resistance serves a central role in
the pathogenesis of EC, and as insulin sensitizer, metformin improves the utilization of
insulin by body tissues to reduce insulin resistance. As a result, serum insulin decreases
and, consequently, EC risk decreases. Additionally, Yates et al. [48] reported that metformin
increase adiponectin gene expression levels in obese patients, promote the secretion of
adiponectin and induce apoptosis of EC cells. Yang et al. [49] conducted a prospective
randomized controlled trial to investigate the efficacy of metformin plus MA compared
with MA alone as fertility-sparing therapy for women with atypical hyperplasia or EEC.
They concluded that the early complete response rate might be improved by adding
metformin into MA therapy also for women without obesity or other components of
metabolic syndrome. Mitsuhashi et al. [50] retrospectively analyzed long-term outcomes
of MPA plus metformin as a fertile-sparing treatment for atypical hyperplasia and EEC,
demonstrating that adding metformin to MPA led to a complete response in 81% of cases
with only 10% of recurrence rate. MPA plus metformin achieved a high response rate,
low recurrence rate and good fertility outcomes for fertility-sparing treatment of atypical
hyperplasia and EEC, especially if the patient was obese. Thus, it is logical thinking
that metformin may improve the early complete response rate of progestin therapy for
fertility sparing in early-stage EC or atypical hyperplasia. Data on the use of metformin
are encouraging, unfortunately, they are not strong enough to support metformin plus
progestin treatment as a clinical routine, and more studies are needed to make these data
more meaningful.

2.4. Surgical Treatment by Hysteroscopy

Although recent studies [33] showed that hysteroscopy followed by progestin therapy
has the best outcomes in terms of complete response, the role of hysteroscopy as integrative
therapy for fertility-sparing treatment in EC is still not well defined because most of the
studies related to the use of hysteroscopy are clinic cases. A systematic review [51] of 39
years of published studies of young patients affected by early stage and low grade of EC
with unsatisfied motherhood desire, treated with hysteroscopic resection, shows that the
complete response rate was 88.9%. Pregnancy rate was 22% which increases to 66% if ART
is applied. It suggests the potential role of hysteroscopy against the hormone treatment
alone. Mazzon et al. [52] reported a series of patients treated with hysteroscopic resection
of tumor, adjacent endometrium and under myometrium, and oral MPA (400 mg/daily) or
MA (160 mg/daily) started 5 days after the hysteroscopy. Pregnancy rate for these patients
was high also without ART (65%) and they were able to conceive also after 24 months after
the end of the therapy. Additionally, studies regarding hysteroscopic treatment followed by
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LNG-IUD are extremely encouraging. Laurelli et al. [53] described that 78% of the patients
with early stage of EC recruited for the study, and treated with hysteroscopy followed by
LNG-IUD, reached the complete response to the therapy and only 7% of patients had a
cancer recurrence; 45% of them after complete response removed the IUD and were able to
conceive. Giampaolini et al. [54] demonstrated that hysteroscopic treatment followed by
LNG-IUD has a high efficacy as fertility-sparing treatment, and strongly recommended
this kind of approach since the insertion of LNG-IUD should have a lower relapse rate
than progestin therapy alone, with similar response and pregnancy rate. However, many
studies [55,56] suggest that hysteroscopy may influence the obstetrics outcomes due to
mechanical damage of the endometrium causing Asherman’s syndrome and raising the
risk of placental accretism. Data on the use of hysteroscopy with progestin or LNG-IUD are
encouraging, and often gave better outcomes than hormone therapy alone. Unfortunately,
they are not strong enough to support hysteroscopy plus hormone treatment as a clinical
routine, and more studies are needed to make these data more meaningful.

2.5. Follow-Up

Patients who have chosen fertility sparing have to understand that a strict follow-up
to assess the response is necessary. Complete remission for patients undergoing fertility-
sparing treatment was described as 72% after 6 months and 78% after 12 months, suggest-
ing that to have marginal benefits, hysteroscopy and imaging must be performed after 6
months and not before [29,56]. Current recommendations are for histological evaluation
by endometrial biopsy through dilatation and curettage. In cases of complete response,
conception must be encouraged. For women who want to delay pregnancy, even if con-
troversial, maintenance treatment is mandatory. For patients who have satisfied their
desire of motherhood, TH is highly recommended as definitive treatment [57], ovarian
preservation could be considered depending on age and possible genetic mutations of the
patient. Partial responders after 6 months of treatment may continue the treatment for
another 3–6 months. If the disease is still confirmed by dilatation and curettage after the
elongation of the conservative treatment, TH should be recommended [51,58].

2.6. Consideration about Psychological Impact

Gynecological chronic conditions could be heavily stressful for women [59]. The
sexual function and psychological wellbeing of these women could be highly impaired
after EC diagnosis. In particular, these women could be affected by depression, anxiety
and impairment of quality of life [60]. Moreover, ART for fertility preservation strongly
impacts on female psychological wellbeing. However, in cases of couple involvement,
attention should be also given to the male counterpart [61]. Future perspectives about
female psychological wellbeing should also be considered in EC management.

2.7. New Molecules on Endometrial Cancer Supplementation

The majority of breast cancers and type-1 endometrial cancers show a similar overex-
pression of the estrogen receptors. To continue with, the risk of these types of tumors is
higher in women who present elevated systemic estrogen levels [62]. Moreover, previous
studies performed in these type of hormone sensible tumors suggest that insulin and
insulin-like growth factors (IGFs) could have a role in endometrial tumor genesis. This
action could be shared with estrogens [63]. As a consequence, aromatase inhibitors are
molecules used in these hormonal sensitizing tumors since they have a negative effect on
estrogen production. Moreover and more importantly, they have proved to be effective in
reducing the long-term recurrence of estrogen-dependent cancer and the mortality rate [64].
However, a continuous treatment with aromatase inhibitors can be responsible for possible
side effects. In particular, the continuous hypoestrogenic status can hamper women’s
quality of life and, specifically, bone resorption. For this reason, new molecules have been
studied which can supplement the aromatase inhibitor action. These molecules are part
of natural compounds such as inositols. They are cyclic polyols with a main role in many



Int. J. Mol. Sci. 2021, 22, 11825 7 of 12

metabolic pathways and are classified in nine stereo-isomeric compounds. Of them, the
myo-inositol (MI) form is the most important and frequently found in nature [65]. In hu-
mans, inositols derive from the diet in the form of MI. Subsequently, MI is unidirectionally
converted into different isomeric form such as D-chiro-inositol (DCI). This conversion is
allowed thanks to insulin action and with the action of a specific Nicotinamide Adenine
Dinucleotide (NAD)-NADH dependent epimerase [66].

Both MI and DCI are second messengers, after conversion, inside the cell as inos-
itolphosphoglycans (IPGs) in their form as MI-IPG and DCI-IPG. These products both
mediate the insulin signaling pathway but with some marked differences [67]. MI and DCI
present different concentrations in tissues, suggesting different roles. These differences are
detected addressing the MI/DCI ratio in tissues. The epimerase, which is responsible for
the conversion of MI to DCI, has a tissue-specific activity [68] and has the key role for the
MI:DCI specific ratios in different tissues and organs [69]. In this regard, Figure 1 shows
the action of epimerase on MI to DCI conversion and its relationship with aromatase [70].
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Figure 1. Schematic representation of inositol epimerase action. In healthy women, MI stimulates
aromatase to produce estrogens, while DCI, obtained from insulin-dependent MI conversion by
epimerase, has the opposite effect. Figure adapted from Unfer et al. [70].

In particular, this ratio has been found around 40:1 in the peripheral blood [71], about
20:1 in the thecal cells, and about the range 70:1–100:1 in the follicular fluid of dominant
follicles [66]. These ratios, as hypothesized, suggest a specific role for inositols, even
though not defined yet. Of them, DCI supplementation has been found to have a key role
in steroidogenic activity that can be distinguished in:

1. an indirect steroidogenic effect mediated by the insulin pathway;
2. an independent steroidogenic direct effect through downregulation of the aromatase

gene expression and cytochrome P450 side-chain cleavage (P450scc) genes. These
actions lead to an increase of testosterone synthesis.

DCI could synthetically act in the following ways. First, DCI causes a decrease in
androgens in the short term followed by a decrease in estrogen [72]. Secondly, DCI focuses
on aromatase and testosterone synthesis. This action causes androgen levels to increase
once again [73]. However, when DCI is administered at higher doses, it can therefore act
in the short-term period by increasing androgen levels [74]. For all these reasons, DCI
can implement aromatase inhibitors’ activity by downregulating aromatase. Probably,
DCI could act primarily as a supplement to established hormonal therapies, and further
randomized controlled trials are needed in order to clarify its role. Similarly, these types
of new molecules can act as a supplement in endometrial hyperplasia. This condition is
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defined as a pre-cancerous lesion of the endometrium. This lesion presents typically a
high cell-proliferation rate that can result in endometrial carcinoma. Histopathologically
and academically, endometrial hyperplasia can be divided into two forms: typical and
atypical forms. In the first case, it can be seen as a single cell structure modification. In
the second case, more than one cell structure modification is seen [75]. Among the risk
factors, estrogens have a key role since they trigger endometrial proliferation in great
proportion of cases. Moreover, an increased expression of aromatase P450 has been found
in endometrial hyperplasia endometrium cells. This finding was peculiar for women with
a history of polycystic ovary syndrome (PCOS) [76]. This overexpression has the potential
to bring a local increase of estrogen levels with a subsequent mitogen stimulus. Aromatase
inhibitors have been proved to play a main role in decreasing the local estrogen stimulus
and in revealing atrophical endometrium [77]. However, considering the known properties
of DCI, a potential role of this natural molecule can be found in treating endometrial
hyperplasia. In fact, DCI acts in downregulating aromatase and, subsequently, reducing
estrogen levels. Taking this into consideration, DCI may be an efficient supplement for
reducing proliferation and treating the endometrial hyperplasia. As stated above, it is clear
that well-designed RCTs are strongly needed, but the actual importance of inositols is day
by day more evident and numerous targets of application are found [78–80].

2.8. The Molecular Role in EC

It is now elucidated that low-grade EECs and SECs have distinguishing molecular
features. Type I EC, also known as endometrioid endometrial cancer, presents PTEN
mutation, the most frequent somatic mutation. Moreover, this mutation commonly co-
occurs with PIK3CA and PIK3R1 mutations in human EECs. In addition, a co-operativity
has been proved between Pten loss and Ctnnb1 (which encodes β-CATENIN) mutation
or Mlh1 inactivation. On the contrary, serous endometrial cancers (SEC) present as first
event of the mutation of p53. Moreover, the frequent occurrence of FBXW7, PIK3CA and
PPP2R1A somatic mutations, as well as CCNE1 amplification have been proved to be
associated with SEC carcinogenesis [81].

Nevertheless, epigenetic cell modifications are gaining importance in cancer etiopatho-
genesis and characterization. In particular, a group of molecules could be used as marker
of clinical prognosis: the non-coding RNAs (ncRNAs). Moreover, ncRNAs can have also a
diagnostic role. New insights propose a therapeutic marker role, helping in building an
“epigenetic profile” [82]. Actually, various ncRNAs have been individualized as having a
role in EC pathogenesis, and for which a functional characterization is available. Moreover,
ncRNAs have been detected which have a functional interaction with the EC diagnostic and
prognostic genes [83]. A panel actually still lacks, but its formulation seems undelayable
for a more tailored target medicine, especially in rare but critical cases [84].

3. Conclusions

Young women with stage IA and low-grade, positive progesterone receptors EEC
and non-metastatic involvement or risk factors may require conservative management
for fertility sparing if the motherhood desire is not yet satisfied. Uterine preservation is a
feasible option that also seems to be safe until conception. The management may be various.
The use of oral hormone therapy, the LNG-IUD and the GnRHa, alone or combinate
between each other, offer good results for fertility preservation. In the last years, the data
on metformin combined with hormone therapy are extremely encouraging, especially
for obese patients, but more data are needed. Hysteroscopic surgery plus progestin or
LNG-IUD may reduce the recurrence rate and should be preferred to other treatments,
thanks to this high remission rate, although deserving further studies. Therefore, the
optimal treatment is still debated and no consensus has been reached yet. Guidelines for
managing conservatively the fertility of these patients should be drawn up without ever
forgetting that an individual approach for this problem is mandatory since each patient
has different characteristics and expectations regarding motherhood.
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Granese, R.; Palmara, V.; Ban, Frangež, H.; Vrtačnik-Bokal, E.; Chiofalo, B.; Triolo, O. Clinical dynamics of Dienogest for the
treatment of endometriosis: From bench to bedside. Expert Opin. Drug Metab. Toxicol. 2017, 13, 593–596. [CrossRef]

33. Lagana, A.S.; Vitale, S.G.; Muscia, V.; Rossetti, P.; Buscema, M.; Triolo, O.; Rapisarda, A.M.C.; Giunta, L.; Palmara, V.; Granese, R.;
et al. Endometrial preparation with Dienogest before hysteroscopic surgery: A systematic review. Arch. Gynecol. Obstet. 2017, 295,
661–667. [CrossRef]

34. Perino, A.; Quartararo, P.; Catinella, E.; Genova, G.; Cittadini, E. Treatment of endometrial hyperplasia with levonorgestrel
releasing intrauterine devices. Acta Eur. Fertil. 1987, 18, 137–140. [PubMed]

35. Yuk, J.S.; Song, J.Y.; Lee, J.H.; Park, W.I.; Ahn, H.S.; Kim, H.J. Levonorgestrel-releasing intrauterine systems versus oral cyclic
medroxyprogesterone acetate in endometrial hyperplasia therapy: A meta-analysis. Ann. Surg. Oncol. 2017, 24, 1322–1329.
[CrossRef]

36. Pal, N.; Broaddus, R.R.; Urbauer, D.L.; Balakrishnan, N.; Milbourne, A.; Schmeler, K.M.; Meyer, L.A.; Soliman, P.T.; Lu, K.H.;
Ramirez, P.T.; et al. Treatment of low-risk endometrial cancer and complex atypical hyperplasia with the levonorgestrel-releasing
intrauterine device. Obstet. Gynecol. 2018, 131, 109–116. [CrossRef] [PubMed]

37. Kim, M.K.; Seong, S.J.; Lee, T.S.; Kim, J.W.; Nam, B.H.; Hong, S.R.; Suh, K.S. Treatment with medroxyprogesterone acetate
plus levonorgestrel-releasing intrauterine system for early-stage endometrial cancer in young women: Single-arm, prospective
multicenter study: Korean gynecologic oncology group study (KGOG2009). Jpn. J. Clin. Oncol. 2012, 42, 1215–1218. [CrossRef]

38. Pronin, S.M.; Novikova, O.V.; Andreeva, J.Y.; Novikova, E.G. Fertility-sparing treatment of early endometrial cancer and complex
atypical hyperplasia in young women of childbearing potential. Int. J. Gynecol. Cancer 2015, 25, 1010–1014. [CrossRef]

39. Dhar, K.K.; NeedhiRajan, T.; Koslowski, M.; Woolas, R.P. Is levonorgestrel intrauterine system effective for treatment of early
endometrial cancer? Report of four cases and review of the literature. Gynecol. Oncol. 2005, 97, 924–927. [CrossRef] [PubMed]

40. Kliemann, N.; Murphy, N.; Viallon, V.; Freisling, H.; Tsilidis, K.K.; Rinaldi, S.; Mancini, F.R.; Fagherazzi, G.; Boutron-Ruault,
M.C.; Boeing, H.; et al. Predicted basal metabolic rate and cancer risk in the European prospective investigation into cancer and
nutrition. Int. J. Cancer 2020, 147, 648–661. [CrossRef]

41. Park, J.Y.; Seong, S.J.; Kim, T.J.; Kim, J.W.; Bae, D.S.; Nam, J.H. Significance of body weight change during fertility-sparing
progestin therapy in young women with early endometrial cancer. Gynecol. Oncol. 2017, 146, 39–43. [CrossRef] [PubMed]

42. Mallik, R.; Chowdhury, T.A. Metformin in cancer. Diabetes Res. Clin. Pract. 2018, 143, 409–419. [CrossRef]

http://doi.org/10.1016/j.ygyno.2014.06.003
http://www.ncbi.nlm.nih.gov/pubmed/24929052
http://doi.org/10.1016/j.ejogrb.2017.04.015
http://www.ncbi.nlm.nih.gov/pubmed/28437632
http://doi.org/10.1148/radiology.212.3.r99au29711
http://www.ncbi.nlm.nih.gov/pubmed/10478237
http://doi.org/10.1016/S0140-6736(15)00130-0
http://doi.org/10.1200/JCO.2008.19.8150
http://www.ncbi.nlm.nih.gov/pubmed/19171707
http://doi.org/10.1016/S0015-0282(01)02937-5
http://doi.org/10.1093/humrep/dem088
http://doi.org/10.1016/j.ejca.2012.09.017
http://www.ncbi.nlm.nih.gov/pubmed/23072814
http://doi.org/10.1016/j.fertnstert.2013.11.028
http://doi.org/10.3109/09513590.2014.929658
http://www.ncbi.nlm.nih.gov/pubmed/24919887
http://doi.org/10.3109/09513590.2015.1128409
http://www.ncbi.nlm.nih.gov/pubmed/26743136
http://doi.org/10.1080/17425255.2017.1297421
http://doi.org/10.1007/s00404-016-4244-1
http://www.ncbi.nlm.nih.gov/pubmed/3115027
http://doi.org/10.1245/s10434-016-5699-9
http://doi.org/10.1097/AOG.0000000000002390
http://www.ncbi.nlm.nih.gov/pubmed/29215513
http://doi.org/10.1093/jjco/hys171
http://doi.org/10.1097/IGC.0000000000000467
http://doi.org/10.1016/j.ygyno.2004.10.031
http://www.ncbi.nlm.nih.gov/pubmed/15943993
http://doi.org/10.1002/ijc.32753
http://doi.org/10.1016/j.ygyno.2017.05.002
http://www.ncbi.nlm.nih.gov/pubmed/28526167
http://doi.org/10.1016/j.diabres.2018.05.023


Int. J. Mol. Sci. 2021, 22, 11825 11 of 12

43. Lee, J.; Yesilkanal, A.E.; Wynne, J.P.; Frankenberger, C.; Liu, J.; Yan, J.; Elbaz, M.; Rabe, D.C.; Rustandy, F.D.; Tiwari, P.;
et al. Effective breast cancer combination therapy targeting BACH1 and mitochondrial metabolism. Nature 2019, 568, 254–258.
[CrossRef] [PubMed]

44. Yoon, Y.S.; Kwon, A.R.; Lee, Y.K.; Oh, S.W. Circulating adipokines and risk of obesity related cancers: A systematic review and
meta-analysis. Obes. Res. Clin. Pract. 2019, 13, 329–339. [CrossRef] [PubMed]

45. Wang, Y.; Hua, S.; Tian, W.; Zhang, L.; Zhao, J.; Zhang, H.; Zhang, W.; Xue, F. Mitogenic and anti-apoptotic effects of insulin in
endometrial cancer are phosphatidylinositol 3-kinase/Akt dependent. Gynecol. Oncol. 2012, 125, 734–741. [CrossRef] [PubMed]

46. Gunter, M.J.; Hoover, D.R.; Yu, H.; Wassertheil-Smoller, S.; Manson, J.E.; Li, J.; Harris, T.G.; Rohan, T.E.; Xue, X.; Ho, G.Y.; et al. A
prospective evaluation of insulin and insulin-like growth factor-I as risk factors for endometrial cancer. Cancer Epidemiol. Biomark.
Prev. 2008, 17, 921–929. [CrossRef] [PubMed]

47. Mu, N.; Zhu, Y.; Wang, Y.; Zhang, H.; Xue, F. Insulin resistance: A significant risk factor of endometrial cancer. Gynecol. Oncol.
2012, 125, 751–757. [CrossRef]

48. Yates, M.S.; Coletta, A.M.; Zhang, Q.; Schmandt, R.E.; Medepalli, M.; Nebgen, D.; Soletsky, B.; Milbourne, A.; Levy, E.; Fellman,
B.; et al. Prospective randomized biomarker study of metformin and lifestyle intervention for prevention in obese women at
increased risk for endometrial cancer. Cancer Prev. Res. 2018, 11, 477–490. [CrossRef]

49. Yang, B.; Xie, L.; Zhang, H.; Zhu, Q.; Du, Y.; Luo, X.; Chen, X. Insulin resistance and overweight prolonged fertility-sparing
treatment duration in endometrial atypical hyperplasia patients. J. Gynecol. Oncol. 2018, 29, e35. [CrossRef] [PubMed]

50. Mitsuhashi, A.; Habu, Y.; Kobayashi, T.; Kawarai, Y.; Ishikawa, H.; Usui, H.; Shozu, M. Long-term outcomes of progestin plus
metformin as a fertility-sparing treatment for atypical endometrial hyperplasia and endometrial cancer patients. J. Gynecol. Oncol.
2019, 30, e90. [CrossRef]

51. Alonso, S.; Castellanos, T.; Lapuente, F.; Chiva, L. Hysteroscopic surgery for conservative management in endometrial cancer: A
review of the literature. Ecancermedicalscience 2015, 9, 505. [CrossRef] [PubMed]

52. Mazzon, I.; Corrado, G.; Masciullo, V.; Morricone, D.; Ferrandina, G.; Scambia, G. Conservative surgical management of stage 1A
endometrial carcinoma for fertility preservation. Fertil. Steril. 2010, 93, 1286–1289. [CrossRef] [PubMed]

53. Laurelli, G.; Di Vagno, G.; Scaffa, C.; Losito, S.; Del Giudice, M.; Greggi, S. Conservative treatment of early endometrial cancer:
Preliminary results of a pilot study. Gynecol. Oncol. 2011, 120, 43–46. [CrossRef]

54. Giampaolino, P.; Di Spiezio Sardo, A.; Mollo, A.; Raffone, A.; Travaglino, A.; Boccellino, A.; Zizolfi, B.; Insabato, L.; Zullo, F.;
De Placido, G.; et al. Hysteroscopic endometrial focal resection followed by levonorgestrel intrauterine device insertion as a
fertility-sparing treatment of atypical endometrial hyperplasia and early endometrial cancer: A retrospective study. J. Minim.
Invasive Gynecol. 2019, 26, 648–656. [CrossRef]

55. Park, H.; Seong, S.J.; Yoon, B.S. The effect of operative hysteroscopy conducted befote progestins treatment in early stage
endometrial cancer from the view of fertility. Gynecol. Oncol. 2011, 123, 427–428. [CrossRef]

56. Jadoul, P.; Donnez, J. Conservative treatment may be beneficial for young women with atypical endometrial hyperplasia or
endometrial adenocarcinoma. Fertil. Steril. 2003, 80, 1315–1324. [CrossRef]

57. Ramirez, P.T.; Frumovitz, M.; Bodurka, D.C.; Sun, C.C.; Levenback, C. Hormonal therapy for the management of grade 1
endometrial adenocarcinoma: A literature review. Gynecol. Oncol. 2004, 95, 133–138. [CrossRef]

58. American Cancer Society. Surgery for Endometrial Cancer; American Cancer Society: Atlanta, GA, USA, 2019.
59. La Rosa, V.L.; Garzon, S.; Gullo, G.; Fichera, M.; Sisti, G.; Gallo, P.; Riemma, G.; Schiattarella, A. Fertility preservation in women

affected by gynaecological cancer: The importance of an integrated gynaecological and psychological approach. Ecancermedi-
calscience. 2020, 14, 1035. [CrossRef]

60. La Rosa, V.L.; De Franciscis, P.; Barra, F.; Schiattarella, A.; Török, P.; Shah, M.; Karaman, E.; Marques Cerentini, T.; Di Guardo, F.;
Gullo, G.; et al. Quality of life in women with endometriosis: A narrative overview. Minerva Med. 2020, 111, 68–78. [CrossRef]

61. Gullo, G.; Cucinella, G.; Perino, A.; Gullo, D.; Segreto, D.; Laganà, A.S.; Buzzaccarini, G.; Donarelli, Z.; Marino, A.; Allegra, A.;
et al. The Gender Gap in the Diagnostic-Therapeutic Journey of the Infertile Couple. Int. J. Environ. Res. Public Health 2021, 18,
6184. [CrossRef]

62. Huang, B.; Warner, M.; Gustafsson, J.Å. Estrogen receptors in breast carcinogenesis and endocrine therapy. Mol. Cell Endocrinol.
2015, 418 Pt 3, 240–244. [CrossRef]

63. Tian, W.; Teng, F.; Zhao, J.; Gao, J.; Gao, C.; Sun, D.; Liu, G.; Zhang, Y.; Yu, S.; Zhang, W.; et al. Estrogen and insulin synergistically
promote type 1 endometrial cancer progression. Cancer Biol. Ther. 2017, 18, 1000–1010. [CrossRef]

64. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG). Aromatase inhibitors versus tamoxifen in early breast cancer:
Patient-level meta-analysis of the randomised trials. Lancet 2015, 386, 1341–1352. [CrossRef]

65. Thomas, M.P.; Mills, S.J.; Potter, B.V. The “other” inositols and their phosphates: Synthesis, biology, and medicine (with recent
advances in myo-inositol chemistry). Angew. Chem. Int. Ed. Eng. 2016, 55, 1614–1650. [CrossRef] [PubMed]

66. Heimark, D.; McAllister, J.; Larner, J. Decreased myo-inositol to chiro-inositol (M/C) ratios and increased M/C epimerase activity
in PCOS theca cells demonstrate increased insulin sensitivity compared to controls. Endocr. J. 2014, 61, 111–117. [CrossRef]

67. Nestler, J.E.; Unfer, V. Reflections on inositol(s) for PCOS therapy: Steps toward success. Gynecol. Endocrinol. 2015, 31, 501–505.
[CrossRef]

http://doi.org/10.1038/s41586-019-1005-x
http://www.ncbi.nlm.nih.gov/pubmed/30842661
http://doi.org/10.1016/j.orcp.2019.03.006
http://www.ncbi.nlm.nih.gov/pubmed/31003933
http://doi.org/10.1016/j.ygyno.2012.03.012
http://www.ncbi.nlm.nih.gov/pubmed/22426488
http://doi.org/10.1158/1055-9965.EPI-07-2686
http://www.ncbi.nlm.nih.gov/pubmed/18398032
http://doi.org/10.1016/j.ygyno.2012.03.032
http://doi.org/10.1158/1940-6207.CAPR-17-0398
http://doi.org/10.3802/jgo.2018.29.e35
http://www.ncbi.nlm.nih.gov/pubmed/29533020
http://doi.org/10.3802/jgo.2019.30.e90
http://doi.org/10.3332/ecancer.2015.505
http://www.ncbi.nlm.nih.gov/pubmed/25729418
http://doi.org/10.1016/j.fertnstert.2008.12.009
http://www.ncbi.nlm.nih.gov/pubmed/19700153
http://doi.org/10.1016/j.ygyno.2010.10.004
http://doi.org/10.1016/j.jmig.2018.07.001
http://doi.org/10.1016/j.ygyno.2011.01.012
http://doi.org/10.1016/S0015-0282(03)01183-X
http://doi.org/10.1016/j.ygyno.2004.06.045
http://doi.org/10.3332/ecancer.2020.1035
http://doi.org/10.23736/S0026-4806.19.06298-0
http://doi.org/10.3390/ijerph18126184
http://doi.org/10.1016/j.mce.2014.11.015
http://doi.org/10.1080/15384047.2017.1394547
http://doi.org/10.1016/S0140-6736(15)61074-1
http://doi.org/10.1002/anie.201502227
http://www.ncbi.nlm.nih.gov/pubmed/26694856
http://doi.org/10.1507/endocrj.EJ13-0423
http://doi.org/10.3109/09513590.2015.1054802


Int. J. Mol. Sci. 2021, 22, 11825 12 of 12

68. Sun, T.H.; Heimark, D.B.; Nguygen, T.; Nadler, J.L.; Larner, J. Both myo-inositol to chiro-inositol epimerase activities and
chiro-inositol to myo-inositol ratios are decreased in tissues of GK type 2 diabetic rats compared to Wistar controls. Biochem.
Biophys. Res. Commun. 2002, 293, 1092–1098. [CrossRef]

69. Facchinetti, F.; Espinola, M.S.B.; Dewailly, D.; Ozay, A.C.; Prapas, N.; Vazquez-Levin, M.; Wdowiak, A.; Unfer, V. Expert Group on
Inositols in Preclinical and Clinical Research. Breakthroughs in the Use of Inositols for Assisted Reproductive Treatment (ART).
Trends Endocrinol. Metab. 2020. [CrossRef]

70. Unfer, V.; Dinicola, S.; Laganà, A.S.; Bizzarri, M. Altered Ovarian Inositol Ratios May Account for Pathological Steroidogenesis in
PCOS. Int. J. Mol. Sci. 2020, 21, 7157. [CrossRef]

71. Facchinetti, F.; Dante, G.; Neri, I. The Ratio of MI to DCI and Its Impact in the Treatment of Polycystic Ovary Syndrome:
Experimental and Literature Evidences. In Frontiers in Gynecological Endocrinology; ISGE Series; Genazzani, A., Tarlatzis, B., Eds.;
Springer: Cham, Switzerland, 2016; pp. 103–109.

72. Artini, P.G.; Obino, M.E.R.; Micelli, E.; Malacarne, E.; Vacca, C.; Papini, F.; Cela, V. Effect of d-chiro-inositol and alpha-lipoic acid
combination on COH outcomes in overweight/obese PCOS women. Gynecol. Endocrinol. 2020. [CrossRef]

73. Laganà, A.S.; Barbaro, L.; Pizzo, A. Evaluation of ovarian function and metabolic factors in women affected by polycystic ovary
syndrome after treatment with D-Chiro-Inositol. Arch. Gynecol. Obstet. 2015, 291, 1181–1186. [CrossRef] [PubMed]

74. Cheang, K.I.; Baillargeon, J.P.; Essah, P.A.; Ostlund, R.E., Jr.; Apridonize, T.; Islam, L.; Nestler, J.E. Insulin-stimulated release of
D-chiro-inositol-containing inositolphosphoglycan mediator correlates with insulin sensitivity in women with polycystic ovary
syndrome. Metabolism 2008, 57, 1390–1397. [CrossRef] [PubMed]

75. Kurman, R.J.; Kaminski, P.F.; Norris, H.J. The behavior of endometrial hyperplasia. A long-term study of “untreated” hyperplasia
in 170 patients. Cancer 1985, 56, 403–412. [CrossRef]

76. Zhao, P.L.; Zhang, Q.F.; Yan, L.Y.; Huang, S.; Chen, Y.; Qiao, J. Functional investigation on aromatase in endometrial hyperplasia
in polycystic ovary syndrome cases. Asian Pac. J. Cancer Prev. 2014, 15, 8975–8979. [CrossRef]

77. Agorastos, T.; Vaitsi, V.; Pantazis, K.; Efstathiadis, E.; Vavilis, D.; Bontis, J.N. Aromatase inhibitor anastrozole for treating
endometrial hyperplasia in obese postmenopausal women. Eur. J. Obstet. Gynecol. Reprod. Biol. 2005, 118, 239–240. [CrossRef]

78. Iervolino, M.; Lepore, E.; Forte, G.; Laganà, A.S.; Buzzaccarini, G.; Unfer, V. Natural Molecules in the Management of Polycystic
Ovary Syndrome (PCOS): An Analytical Review. Nutrients 2021, 13, 1677. [CrossRef]

79. Gambioli, R.; Forte, G.; Buzzaccarini, G.; Unfer, V.; Laganà, A.S. Myo-Inositol as a Key Supporter of Fertility and Physiological
Gestation. Pharmaceuticals 2021, 14, 504. [CrossRef] [PubMed]

80. Gullo, G.; Carlomagno, G.; Unfer, V.; D’Anna, R. Myo-inositol: From induction of ovulation to menopausal disorder management.
Minerva Ginecol. 2015, 67, 485–486.

81. Urick, M.E.; Bell, D.W. Clinical actionability of molecular targets in endometrial cancer. Nat. Rev. Cancer 2019, 19, 510–521.
[CrossRef]

82. Cavaliere, A.F.; Perelli, F.; Zaami, S.; Piergentili, R.; Mattei, A.; Vizzielli, G.; Scambia, G.; Straface, G.; Restaino, S.; Signore, F.
Towards Personalized Medicine: Non-Coding RNAs and Endometrial Cancer. Healthcare 2021, 9, 965. [CrossRef] [PubMed]

83. Piergentili, R.; Zaami, S.; Cavaliere, A.F.; Signore, F.; Scambia, G.; Mattei, A.; Marinelli, E.; Gulia, C.; Perelli, F. Non-Coding RNAs
as Prognostic Markers for Endometrial Cancer. Int. J. Mol. Sci. 2021, 22, 3151. [CrossRef] [PubMed]

84. De Vincenzo, R.; Tortorella, L.; Ricci, C.; Cavaliere, A.F.; Zannoni, G.F.; Cefalo, M.G.; Scambia, G.; Fagotti, A. Locally advanced
cervical cancer complicating pregnancy: A case of competing risks from the Catholic University of the Sacred Heart in Rome.
Gynecol. Oncol. 2018, 150, 398–405. [CrossRef] [PubMed]

http://doi.org/10.1016/S0006-291X(02)00313-3
http://doi.org/10.1016/j.tem.2020.04.003
http://doi.org/10.3390/ijms21197157
http://doi.org/10.1080/09513590.2020.1737007
http://doi.org/10.1007/s00404-014-3552-6
http://www.ncbi.nlm.nih.gov/pubmed/25416201
http://doi.org/10.1016/j.metabol.2008.05.008
http://www.ncbi.nlm.nih.gov/pubmed/18803944
http://doi.org/10.1002/1097-0142(19850715)56:2&lt;403::AID-CNCR2820560233&gt;3.0.CO;2-X
http://doi.org/10.7314/APJCP.2014.15.20.8975
http://doi.org/10.1016/j.ejogrb.2004.07.002
http://doi.org/10.3390/nu13051677
http://doi.org/10.3390/ph14060504
http://www.ncbi.nlm.nih.gov/pubmed/34070701
http://doi.org/10.1038/s41568-019-0177-x
http://doi.org/10.3390/healthcare9080965
http://www.ncbi.nlm.nih.gov/pubmed/34442102
http://doi.org/10.3390/ijms22063151
http://www.ncbi.nlm.nih.gov/pubmed/33808791
http://doi.org/10.1016/j.ygyno.2018.06.028
http://www.ncbi.nlm.nih.gov/pubmed/30126588

	Introduction 
	Discussion 
	Target Patients for Fertility-Sparing Treatment 
	Hormonal Approach for Fertility Sparing 
	Metformin in Fertility Sparing 
	Surgical Treatment by Hysteroscopy 
	Follow-Up 
	Consideration about Psychological Impact 
	New Molecules on Endometrial Cancer Supplementation 
	The Molecular Role in EC 

	Conclusions 
	References

