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Simple Summary: Endometrial cancer is a common gynecological malignant disease. Its incidence in
women of reproductive age in developed countries is increasing. The standard treatment is surgical
in the form of hysterectomy and bilateral salpingo-oophorectomy, which has a significant impact on
the quality of women’s lives and precludes further fertility. Conservative management to preserve
reproductive function and delay final surgery can today be considered in carefully selected women.
We analyze the current approaches to select appropriate candidates and current medical regimens for
fertility sparing management. We elaborate on the future perspectives of management. With better
characterization of the disease and implementation of molecular biomarkers, more women should be
able to benefit from conservative approaches to management of endometrial cancer.

Abstract: Endometrial cancer is the most common gynecological cancer in developed countries. The
disease is diagnosed with increasing frequency in younger women, commonly also in their repro-
ductive age. The standard treatment of endometrial cancer is surgical in the form of hysterectomy
and bilateral salpingo-oophorectomy, and this precludes future fertility in younger women. The
current challenge is to identify the group of women with endometrial cancer and low-risk features
that would benefit from more conservative treatment options. More focus in management needs to be
aimed towards the preservation of quality of life, without jeopardizing oncological outcomes. In this
review, we analyze the current approaches to identification of women for conservative management
and evaluate the success of different medical options for treatment and surgical techniques that
are fertility sparing. We also elaborate on the future perspectives, focusing on the incorporation
of molecular characterization of endometrial cancer to fertility preservation algorithms. Future
studies should focus specifically on identifying reliable clinical and molecular predictive markers in
this group of young women. With improved knowledge and better risk assessment, the precision
medicine is the path towards improved understanding of the disease and possibly widening the
group of women that could benefit from treatment methods preserving their fertility.

Keywords: endometrial cancer; fertility sparing; reproductive function; young women; molecular
classification; quality of life

1. Introduction

Endometrial cancer is the most common gynecological malignancy in developed
countries today. It is the fourth most common cancer in women in the United Kingdom
and United States [1,2]. There were over 380,000 new cases diagnosed worldwide in
2018 [3]. It is most commonly a disease of postmenopausal women, but the incidence in
younger women of reproductive age is also increasing. Women younger than 40 years
represent up to 5% of endometrial cancer cases and around 20% of cases are diagnosed
before menopause [4]. This is partly related to increasing global epidemics of obesity, and
this trend of increasing disease occurrence in young women is expected to further increase.
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In younger women, the development of atypical endometrial hyperplasia or endometrial
cancer is often associated with obesity and anovulation [5]. Further risk factors include
history of oligomenorrhea, chronic anovulation and polycystic ovary syndrome (PCOS),
infertility, nulliparity, and diseases related to excessive production of estrogens. In these
cases, the balance between estrogens and progesterone is disturbed and relatively higher
levels of estrogens lead to excessive proliferation of endometrial tissue, development of
endometrial hyperplasia, and endometrial cancer.

The diagnosis of cancer is traumatizing for any woman, but the prognosis in terms
of survival in young women undergoing standard surgical management is in the vast
majority of cases excellent. As endometrial cancer causes symptoms of irregular bleeding,
most young women are diagnosed with early stage adenocarcinoma that is most commonly
low grade and rarely grows invasively into the myometrium [6,7]. In these cases, standard
surgical management results in 5-year survival that exceeds 90% [8].

In addition to tumor spread, the prognostic factors in endometrial cancer include
histological type, grade, and lymphovascular space invasion (LVSI). Since 1983, endometrial
cancer has been classified using mostly dualistic approach, classifying tumors into type I
and type II. Type I tumors are of endometrioid subtype and type II tumors are primarily of
non-endometrioid histology, such as serous, clear-cell, mixed cell, dedifferentiated tumors,
or carcinosarcomas that are associated with poor prognosis [9]. Before menopause, a very
small proportion of women are diagnosed with type II tumors.

The loss of reproductive function and ovarian hormone production is a serious and
frustrating consequence of standard oncological management. Young patients who desire
fertility preservation and have good expected oncological outcomes may prefer more
conservative approaches. In these cases, it is of utmost importance to carefully select the
women in whom fertility sparing treatment is oncologically safe and tailor the treatment
according to their needs. Undertreatment of women with endometrial cancer in an attempt
to preserve fertility may translate to excessive oncological risk and progression of the
disease. On the other hand, overtreatment may cause loss of fertility, lifelong side-effects,
such as increased risk of cardiovascular events, or even result in secondary malignancies.
Today, this decision still relies on standard histopathological assessment of endometrial
biopsy and imaging methods to assess the stage of the disease (most commonly expert
ultrasound or magnetic resonance imaging (MRI)) [10]. Witnessing the developments in
the techniques of endometrial biopsy assessment in the last decade, there is a possibility of
more precise characterization of the disease and the risk it poses to women. This review
analyses the current diagnostic algorithms and management of women with endometrial
cancer that are candidates for conservative management. We will discuss the potential
changes in risk stratification that molecular characterization of tumors could contribute to
management of young women with endometrial cancer and the effectiveness of different
available progestin options.

2. Materials and Methods

In view of the heterogeneity of the addressed topic and the fragmented literature, a
conventional systematic review was not considered appropriate. Instead, we aimed to
systematically search the academic databases to produce a critical narrative overview of
the current state of knowledge [11]. We searched PubMed (https://pubmed.ncbi.nlm.nih.
gov), Cochrane Library (https://www.cochranelibrary.com), Scopus (https://www.scopus.
com), and Web of Science (https://webofknowledge.com/WOS) for English language
sources using the following keywords: endometrial cancer, fertility preservation, young
women, reproductive function, and molecular classification. The publications cited in
these articles were then screened and selected for review if relevant. Preference was given
to the sources published in the last ten years. All types of articles were considered for
review. Exclusion criteria were articles for which full text was not available or articles not in
English language. The ClinicalTrials registry (https://www.clinicaltrials.gov) was searched
to identify the ongoing studies of conservative endometrial cancer management in young

https://pubmed.ncbi.nlm.nih.gov
https://pubmed.ncbi.nlm.nih.gov
https://www.cochranelibrary.com
https://www.scopus.com
https://www.scopus.com
https://webofknowledge.com/WOS
https://www.clinicaltrials.gov
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women. The search terms used were: endometrial cancer and young women. Additionally,
the guidelines of the relevant scientific societies were considered for the review.

3. Results

The described strategy yielded 52 papers to be included in the review (Figure 1).
In addition, the recommendations from relevant societies focusing specifically on the
management of young women have been collected and are presented in Table 1. Because
our area of interest was represented by a heterogeneous collection of work, a conventional
systematic review was not performed and consequently this review presents a narrative,
thematic summary, and appraisal of this field.

Figure 1. Study selection process.

Table 1. Scientific societies’ guidelines on selection of women with endometrial cancer that are candidates for fertility
sparing management.

Scientific Society

Selection Criteria for Fertility Sparing Treatment

Histology Tumor Stage

Specimen Obtainment
Method and

Recommended
Imaging Modality

Other
Recommendations

ESGO-ESTRO-ESP
Consensus Conference

on Endometrial
Cancer [12]

Well-differentiated
(grade 1) endometrial

adenocarcinoma or
premalignant state

(atypical hyperplasia).

Tumor confined to the
endometrium.

No extrauterine
involvement (adnexal

or pelvic nodes).

Histology and grade
confirmed by

hysteroscopy by an
expert pathologist.

Myometrial invasion or
adnexal involvement

excluded by MRI.
Expert ultrasound can

be considered as an
alternative.

Women should
understand the

non-standard nature of
conservative treatment
and the need for close

follow-up.
Women must be

informed of the need
for future

hysterectomy.



Cancers 2021, 13, 602 4 of 18

Table 1. Cont.

Scientific Society

Selection Criteria for Fertility Sparing Treatment

Histology Tumor Stage

Specimen Obtainment
Method and

Recommended
Imaging Modality

Other
Recommendations

The American College
of Obstetricians and

Gynecologists (ACOG)
and Society of

Gynecologic Oncology
(SGO) Clinical
management

guidelines [13]

A well-differentiated,
grade 1, endometrioid

endometrial carcinoma.

No myometrial
invasion.

No extrauterine
involvement (no

synchronous ovarian
tumor or metastases,

no suspicious
retroperitoneal nodes).

Dilatation and
curettage may be better
than office endometrial

biopsy.
MRI may be the

preferred modality
compared to

ultrasonography and
CT to evaluate the

presence of myometrial
invasion.

Strong desire for
fertility sparing.

No contraindications
for medical

management.
Patient understands
and accepts that data
on cancer-related and

pregnancy-related
outcomes are limited
(informed consent).

British Gynaecological
Cancer Society (BGCS)

Uterine Cancer
guidelines [14]

Selected women
with grade 1

endometrial cancer.

No invasion or
superficial myometrial

invasion.

MRI imaging to
exclude >50%

myometrial invasion,
adnexal or nodal

involvement.

Specialist
gynae-pathology

multidisciplinary team
review is required.
Women should be

counseled carefully
about the current

known response rates
on progestins and
progression risk.

Women should be
offered genetic

counseling to exclude
the presence of

Lynch syndrome.

3.1. Currently Used Diagnostic Methods in Women with Endometrial Cancer and
Their Limitations

All women diagnosed with endometrial cancer should undergo comprehensive eval-
uation before commencing treatment, but this is even more crucial in case conservative
management is considered. Diagnostics minimally consists of pre-surgical assessment
of stage and grade of the disease. The routine steps in this procedure include complete
medical history, endometrial sampling, and pelvic and abdominal imaging. Myometrial
invasion and grade of the tumor are currently recognized as the most important prognostic
factors, and the selection of women eligible for fertility sparing treatment is today largely
based on these two parameters [12]. However, it should be emphasized that the final diag-
nosis of tumor spread and grade is based on examination of the uterus after hysterectomy.
In women seeking fertility sparing options, we have to rely on imaging methods to assess
the stage and endometrial biopsy specimen analysis to evaluate the grade. Therefore, these
represent the cornerstone of pretreatment diagnostics. The discordance between the results
of pre-surgical investigations and the final post-hysterectomy diagnosis is not uncommon;
thus, especially in women deciding for conservative management, all efforts should be
made to reach the most accurate estimation [15–17].

Myometrial and cervical tumor invasion can be assessed by transvaginal ultrasound
or MRI. Although the data showing superiority of either method is controversial, latest
reports suggest that the diagnostic accuracy of both modalities to diagnose myometrial
invasion is comparable [10]. The dilatation and curettage (D&C) has long been considered
the method of choice for endometrial sampling, but according to the very recent European
Society of Gynaecological Oncology (ESGO)/European Society for Radiology and Oncology
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(ESTRO)/European Society for Pathology (ESP) [12] consensus, endometrial sampling
should be performed by hysteroscopy. Hysteroscopy offers direct visualization of the
endometrium and has been demonstrated to result in higher agreement with the final
histological diagnosis compared to D&C. Nonetheless, it has been demonstrated that a
certain degree of error is unavoidable [15] and women should be aware that even in well-
planned and executed diagnostic procedures, under-staging can occur and women with
higher stage or grade of the disease may commence with conservative management.

3.2. Management of Women Deciding for Fertility Sparing Approach
3.2.1. Candidates for Fertility Sparing Management Based on Tumor Grade and Stage

According to the current European Society of Gynaecological Oncology (ESGO)/European
Society for Radiology and Oncology (ESTRO)/European Society for Pathology (ESP) con-
sensus [12] and The American College of Obstetricians and Gynecologists (ACOG) practice
guidelines, only women with grade 1 endometrial cancer without evidence of myometrial
invasion can be offered the possibility of fertility sparing management options. It is sug-
gested that grade 2 tumors without myometrial invasion should only be counseled about
fertility sparing treatment in highly experienced centers, as current evidence of safety in this
setting is sparse. Only British Gynaecological Cancer Society (BGCS) guidelines consider
also women with superficial myometrial invasion as potential candidates (Table 1).

Patients with grade 2 or 3 disease have significantly worse prognosis compared to
grade 1 patients and this is today generally considered a contraindication for conservative
management [18]. A large retrospective study has also concluded that use of progestins
in women with FIGO IB disease (myometrial invasion >50%) is related to decreased
survival [19]. Based on a landmark Gynecologic Oncology Group (GOG) study from the
1980s, patients with grade 1 endometrial cancer and inner third myometrial invasion still
had about 3% and 1% risk of pelvic and paraaortic lymph node spread, respectively [20].
In cases where grade 1 endometrioid tumor was confined to the endometrium, there were
no patients with metastatic disease and the risk of extrauterine spread was negligible [20].
In the same study, the risk of lymph node spread for grade 2 endometrial cancer was 3%
(both pelvic and paraaortic) when the tumor was confined to the endometrium. Similar
findings were confirmed also in subsequent studies; a very recent large-scale retrospective
study focusing specifically on young women with endometrial cancer included 1284 cases
and showed that the rate of lymph node metastasis in grade 1 tumors without myometrial
invasion was 0.5%. With up to 50% myometrial invasion, this risk was increased to 1.6%. In
grade 2 and 3 tumors, this risk was 2.1% and 4.3%, respectively [21]. In the last decade, with
the widespread use of minimally invasive surgery and introduction of sentinel lymph node
dissection and pathological ultra-staging, studies have shown higher rates of lymph node
metastases. A prospective study including 187 patients with stage I–II endometrial cancer
has shown that almost 50% of micrometastases are missed when conventional staging is
performed in comparison with sentinel lymph node dissection and ultrastaging [22]. A
study focusing specifically on sentinel lymph node dissection has shown that in grade 1
endometrial cancer, ultra-staging results in 1.2% of lymph node metastasis in cases without
myometrial invasion and 12% in cases with myometrial invasion (even superficial) [23].
Therefore, myometrial invasion is considered to be the most important factor for lymph
node metastasis and is today generally considered a contraindication for conservative
management [24]. However, the clinical importance of micrometastases is still not clear
today and it is not definite that women with lymph node micrometastases have worse
prognosis compared to women without micrometastases [25,26]. It should be mentioned
that it is difficult to estimate the influence of micrometastases on the clinical outcome, as
most women with micrometasases would today receive adjuvant treatment according to
current guidelines [27,28]. Nonetheless, currently available data shows that the use of
sentinel lymph node dissection allows for higher sensitivity in detecting possible lymph
node metastases compared to standard lymph node dissection. Therefore, it remains to be
investigated in future studies whether sentinel lymph node dissection may be a tool that
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could be used in women to specifically select a subgroup with less aggressive tumors that
could opt for fertility sparing management. This could possibly extend the indications for
safe conservative management options even to certain women with superficial myometrial
invasion without the evidence of lymph node involvement.

3.2.2. Assessing the Risk of Synchronous Ovarian Cancer

Ovarian conservation is an important factor in improving quality of life in pre-
menopausal women [29]. Pelvic imaging is a crucial part of diagnostics not only for
determining the predicted stage of the disease, but also to detect possible synchronous
ovarian tumors. The data reporting this risk is unfortunately sparse, mostly retrospective,
and of low quality. An early retrospective study by Walsh et al. including 102 young
women with endometrial cancer (aged <46 years) has demonstrated an incidence of co-
existing ovarian malignancies in up to 25% cases [30]. Almost half of these women had
well-differentiated endometrial cancer with <50% myometrial invasion. However, a subse-
quent large-scale retrospective study evaluating synchronous cancer in 260 young women
with endometrial cancer has shown that only 21 out of 471 women (4.5%) had synchronous
ovarian cancer. This risk has been shown to be even lower and appears to be <1% in case of
disease macroscopically confined to the uterus [31]. The largest retrospective study includ-
ing young women by Song et al [32]. included 471 women with endometrial cancer that
were younger than 40 years. In this group of women, there was 4.5% risk of synchronous
ovarian cancer; however, in women with low-risk disease (no myometrial invasion, grade
1 endometrioid histology, normal looking ovaries), there were no cases of ovarian cancer
detected [32]. A large retrospective study, not focusing specifically on young women, has
shown that women with endometrial cancer and synchronous ovarian cancer are more
likely to be younger and less likely to be of black ethnicity. In women younger than 40 years,
the incidence of synchronous ovarian cancer was again 4.5% [33]. This shows that although
the risk of synchronous ovarian malignancy seems to be relatively low, when deciding for
ovarian conservation, this possibility should be considered.

The second theoretical risk of ovarian conservation is related to continuous hormone
secretion that might stimulate the growth of hormone dependent tumor cells. While this
could arguably present an obstacle to ovarian conservation, it has been shown that hormone
replacement therapy is safe in case of stage I and stage II endometrial cancer and at least in
this setting, ovarian conservation should be possible [34]. Meta-analyses have shown that in
premenopausal women with good preoperative imaging evaluation, ovarian conservation
is a safe approach that does not impose a risk to oncological outcomes [35,36]. A recent,
large scale retrospective study, has also shown there is a low risk of endometrial cancer
ovarian metastases in women with early-stage, low-grade endometrial cancer and ovarian
conservation is a safe approach in this population of women [37]. Considering the fact that
routine scanning of the ovaries when performing gynecological pelvic ultrasound does not
require significant additional time or cost, this procedure should be considered as part of a
good clinical practice. It provides information that is crucial when deciding for fertility
sparing options, but even in women undergoing surgical management, this allows for better
management plan and the possibility of ovarian conservation. In women with high-risk
endometrial cancer, when ovarian conservation is not considered to be safe, the possibility
of ovarian stimulation with oocyte cryopreservation for possible surrogacy could also be
considered. In these difficult cases, extensive counseling should be provided to understand
the oncological outcomes and the realistic possibilities of future fertility treatment.

3.2.3. Choice of the Best Regimen for Conservative Management of Endometrial Cancer

According to the current recommendations [12], women considering fertility sparing
treatment should be counseled that this represents a deviation from the recommended
standard of care and is supported by limited evidence. They should be offered close surveil-
lance after successful regression. The recurrence after progestin treatment was shown to be
time-dependent and between 30–40% of women are likely to experience recurrence [38,39].
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This means that patients are generally advised to undergo hysterectomy after finished
childbearing [40,41]. A survey of European clinicians managing women with endometrial
cancer has shown that although most believe women with grade 1 endometrial cancer
without myometrial invasion are candidates for fertility sparing management, few women
are actually managed conservatively. There was no consensus whether progesterone recep-
tor status should be considered and if patients with Lynch syndrome could be considered
as appropriate candidates [42]. This indicates the need for better prognostic markers.

Conservative medical management is currently based on progestins with medroxypro-
gesterone acetate (MPA; 400–600 mg/day) or megestrol acetate (MA; 160–320 mg/day) for
at least six months. Meta-analysis including young women with early stage endometrial
cancer has shown that a complete response of treatment occurs in about 80% of patients,
and the plateau of response occurs after 12 months of progestin treatment. Recurrence
occurred in 17% after 12 months and in 29% after 24 months after treatment [38]. Long-term
oral administration of large doses of progestins is associated with adverse gastrointesti-
nal side effects, which restricts its use in certain populations and limits compliance in
young women. Therefore, studies have compared the use of levonorgestrel-releasing
intrauterine system or oral letrozole combined with gonadotropin-releasing hormone ag-
onist therapy to standard oral therapy. A recent study showed the overall response rate
with levonorgestrel-releasing intrauterine system therapy alone was successful in 75% at
6 months [43]. However, there is skepticism on using levonorgestrel-releasing intrauter-
ine system alone, as a recent meta-analysis demonstrated that patients with endometrial
cancer/atypical endometrial hyperplasia who are treated with progestins, with or without
levonorgestrel-releasing intrauterine system, and levonorgestrel-releasing intrauterine sys-
tem alone can reach good response rates, but levonorgestrel-releasing intrauterine system
group without any additional treatment had the worst pregnancy outcomes [44]. How-
ever, the data are of low quality and further studies are needed to confirm these findings.
One Korean study reported high success rates with 87.5% of patients reaching complete
remission after 9.8 months after using oral progestins in combination with levonorgestrel-
releasing intrauterine system [45]. Levonorgestrel-releasing intrauterine system combined
with gonadotrophin-releasing hormone agonists had a success rate of 75.5% in achieving a
complete response, according to meta-analysis, published by Fan et al. [46].

Progestin therapy has also been studied in combination with hysteroscopic tumor
resection [47]. There is concern for developing intrauterine adhesions, and the possibility
of peritoneal cancer spread after hysteroscopy, but none of these risks have been confirmed
in prospective studies [48]. Although only a limited number of patients undergoing
hysteroscopic resection followed by progestin treatment were included in a recent meta-
analysis (n = 73), the success rates in terms of complete remission appear to be higher (95.3%)
compared to progestin treatment alone (72.9% in oral progestins and 76.3% in intrauterine
progestins). The pregnancy rate was similar among the three groups (47.8–56.0%) and the
risk for recurrence appeared to be higher in the group using oral progestins [46].

A few reports [49,50] evaluated fertility sparing treatment in women with superficial
myometrial invasion. Casadio et al. [49] reported on a group of 82 women opting for
fertility sparing procedures in endometrial cancer and atypical endometrial hyperplasia.
Among them, in the grade 1 endometrial cancer group, 5/36 women (13.8%) had superficial
myometrial invasion. In these women, hysteroscopic resection and progestin therapy were
attempted. In a 60-month follow-up period, recurrence was observed in four out of
36 women. In the subgroup of five women with superficial myometrial invasion, the cancer
recurred in one woman after the end of hormonal treatment. In two women with initial
superficial myometrial invasion, disease recurred after 60 months of follow-up as atypical
endometrial hyperplasia. All these women were then treated with total hysterectomy and
histologic diagnosis was confirmed after surgery.

Discovery of metformin’s antiproliferative action on endometrial cancer cells has
prompted its use in women with endometrial cancer. In vitro studies have demonstrated
that metformin suppresses endometrial cancer cell growth leading to autophagy and
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apoptosis [51]. Although the quality of evidence was assessed as low and the heterogeneity
of studies in this area is significant, a systematic review has concluded that addition of
metformin may improve regression of atypical endometrial hyperplasia to normal and
reduce proliferation markers implicated in tumor progression in patients with advanced
endometrial cancer [52]. A recent retrospective study including women with atypical
complex endometrial hyperplasia has shown that metformin may be of benefit in women
using progestins in the form of levonorgestrel-releasing intrauterine system [53]. In contrast
to these findings, a very recent retrospective study focusing specifically on young women
seeking fertility sparing treatment concluded that addition of metformin to progestins does
not improve remission rates [54]. There are multiple ongoing studies investigating the
addition of metformin to different forms of progestins in women seeking fertility sparing
management (Table 2) and the value of metformin in this setting remains to be established.

Table 2. Currently ongoing studies of different conservative management options in women with endometrial cancer.

CT Identifier Recruitment
Criteria

Response
Markers Intervention Status Primary

Completion

NCT03804463

Women with EC
up to 50 years of

age, with EC Stage
IA G1 or G2,

normal CA125

Histology and
recurrence free

survival

radical surgery vs.
endometrectomy
vs. histerectomy

with ovarian
preservation

Not yet recruiting January 2019

NCT03538704
EC up to 40 years

of age, Stage IA G1
or G2

Complete
pathological
response and
fertility, RFS

MPA or MPA +
metformin Recruiting March 2020

NCT02990728

EC from 20–40
years of age, Stage
IA G1, no imaging

signs of
adenomyosis or

ovarian
endometriosis,
normal CA125

Histology and
markers:

progesteron A and
B receptors,

estrogen, Ki7,
PTEN, Bcl2

Mirena vs. Mirena
+ Metformin Unknown March 2018

NCT03567655

EC from 20–40
years of age, Stage
IA G1 or G2 with

superficial
invasion

Histology and
recurrence free

survival
MPA Not yet recruiting October 2022

NCT04362046

EC from 19–39
years of age and

Stage IA G1, up to
1/3 of myometrial
invasion and AEH

Local/distant
disease and

fertility outcomes

6 months of
high-dose

progestin and then
hysteroscopic

resection

Not yet recruiting May 2026

NCT04008563

EC from 18–41
years of age and

Stage I, G1 or AEH
and BMI ≥ 35, no
signs of disease
beyond uterus

Patient reported
outcomes and

complete response
rate vs.

LNG-IUS alone

Mirena and
bariatric surgery

vs. Mirena
Not yet recruiting August 2022
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Table 2. Cont.

CT Identifier Recruitment
Criteria

Response
Markers Intervention Status Primary

Completion

NCT04046185
EC from 18–45

years of age and
early EC

Histology and
fertility outcomes

PD-1 inhibitor
(toripalimab) every

3 weeks and
megestrol acetate

vs. megestrol
acetate alone

Not yet recruiting October 2022

NCT03463252

EC up to 40 years
of age, Stage IA,
G1 with positive

progesterone
receptors or AEH,

no Lynch
syndrome

Histology and
fertility outcomes

randomized study
of MPA only or

MPA + LNG-IUS
or GnRH-a +
LNG-IUS or

LNG-IUS only for
EC or AEH

Recruiting December 2019

NCT01594879 [55]

EC up to 40 years
of age, Stage IA,

G1without
myometrial

invasion

Treatment
response rate and

diagnostic
accuracy

Combined oral
MPA/LNG-IUS
treatment and
evaluation of

hysteroscopy vs.
D&C for follow up

Unknown December 2014

NCT01686126 [56]

EC from 18 years
of age wishing to
retain fertility or

unfit candidate for
surgery due to

comorbidity with
Stage IA G1 EC or

AEH, normal
CA125

Complete
histological

response,
secondary: serum

and molecular
markers

LNG-IUS +
Metformin,

LNG-IUS + weight
loss, LNG-IUS

alone

Active, not
recruiting August 2020

NCT03241914

Stage I EC with no
deep myometrial

invasion in
patients between
18 and 45 years

of age

Pathological
response rate

Megestrol acetate
alone vs. megestrol

acetate and
LNG-IUS

Recruiting July 2020

NCT00788671

Stage IA EC, G1 or
AEH with fertility
preservation wish
or comorbidities
preventing safe

surgery

Pathological
response rate, IHC,
estrogen and Wnt
signaling response

LNG-IUS
placement

Active, not
recruiting November 2020

NCT02035787

Stage IA EC, G1 or
AEH with fertility
preservation wish
or comorbidities
preventing safe

surgery

Pathological
response

LNG-IUS +
Metformin Recruiting December 2022

NCT02397083

Pre- and
post-menopausal

women with Stage
IA EC, G1 or AEH

Pathological
response

LNG-IUS alone or
LNG-IUS with

mTOR inhibitor
everolimus

Recruiting September 2026

Information valid as of 25 October 2020 based on ClinicalTrials.gov registry.

ClinicalTrials.gov
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3.3. Incorporating Tumor Biology into Management Algorithms

The most common classical risk factor for endometrial cancer is considered to be
estrogen excess. In the last decade, we have witnessed a growing interest in the iden-
tification of other risk factors and stratification of women based on the biology of the
disease. A retrospective study focusing on younger women with endometrial cancer (un-
der 50 years of age) has shown that based on the causes and the interconnected biology,
women with endometrial cancer can be classified into three groups. These are (i) “high
estrogen” group (57.7% cases), (ii) the “Lynch” group (8.3% cases), and (iii) the “neither”
group (34.2% cases) [57]. This is especially important in patients with progestin therapy
failure, as in these patients, there can be higher influence of other, progestin-independent
signaling pathways [58].

The presence of Lynch syndrome in young women with endometrial cancer is higher
compared to the general population [59]. Inherited genetic mutations predisposing women
for endometrial cancer account in the general population for 3–5% of cases. The most
prevalent genetic mutation predisposing women to endometrial cancer among inherited
genetic mutations is Lynch syndrome (present in 2–3% of all patients) [60]. Prospective
trials testing women with endometrial cancer under the age of 50, however, show that in
this population, Lynch syndrome was present in 9% of cases [59]. A recent data analysis
added that in women under 50 years of age, microsatellite instability (marker for further
testing for Lynch syndrome) was highly expressed in 11% of stage IA tumors. It was also
shown that endometrial cancer characterized by microsatellite instability is more frequently
present in advanced stages and is associated with lymphovascular space invasion more
frequently than sporadic cancer [61]. Currently, there is no unified consensus on guiding
testing for Lynch syndrome in women opting for fertility sparing management. A web-
based study of the European Network of Young Gynecologic oncologists (ENYGO) showed
that patients with endometrial cancer and Lynch syndrome were considered as candidates
for conservative management by nearly half of the survey participants (49.1%), but nearly
half also disagreed (47.5%) [42]. Undergoing fertility sparing management may limit
the detection of this mutation that predisposes women to increased risk of colorectal,
endometrial, and ovarian cancer. Young women with endometrial cancer should therefore
always be carefully consulted about the need for Lynch syndrome testing. The possibility of
conservative management in the presence of Lynch syndrome is questionable and extensive
counseling is needed in these cases.

Histopathological examination of endometrial biopsy is associated with significant
inter- and intra-observer variability and is unreliable in predicting the risk of disease recur-
rence [16,17]. Thus, novel molecular classifications to improve risk stratification of patients
are being investigated today. Four distinct molecular subtypes of endometrial cancer have
been identified from the Cancer Genome Atlas (TCGA), leading to several studies assessing
the impact of endometrial cancer molecular classification on patient outcomes. By using
genetic and surrogate immunohistochemical markers, a classification of key groups was
made. These groups are POLE ultramutated (POLEmut), MMR deficient (MMRd), non-
specific molecular profile (NSMP), and p53 abnormal (p53abn) endometrial cancer [62]. An
early study by the TransPORTEC group has demonstrated that based on these classifiers,
a group of MMR-deficient endometrial cancer cases, which is a marker of microsatellite
instability (MSI), and POLEmut cases were associated with favorable prognosis. The 5-year
recurrence-free survival was 93% for MMR-deficient and 95% for POLE-mutant in com-
parison to the p53abn group (recurrence free survival 50%) and non-specific molecular
profile (NSMP) subgroup where recurrence free survival was 52% [63]. Further research
showed that POLEmut endometrial cancer patients had a 10-year recurrence free survival
of 100% in comparison to the POLE wild type group which had a recurrence free survival
of 80.1% [64]. Another study showing prognostic applicability of molecular classification
was the Proactive Molecular Risk Classifier for Endometrial Cancers (ProMisE) study [65].
In a cohort of 257 young patients (below the age of 50 years) it showed a benefit towards
overall survival and recurrence free survival in the POLEmut and p53 wild type group.
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Overall and recurrence-free survival was significantly lower in p53 abnormal and MMR
deficient patient subgroups. The molecular profile of patients in this study showed, that
young women with endometrial cancer were classified as 19% MMR immunohistochemi-
cally abnormal, 13% POLE exonuclease domain mutations (EDM), 4% p53 abnormal, and
64% p53 wild type [65]. Adding to that is data of a small cohort (n = 15) analyzed by
Falcone et al. [66], reporting in their analysis of biopsy samples of young women with
endometrial cancer, that 46.7% were MMR abnormal, 6.6% POLE EDM, 0% p53 abnormal
and 46.7% p53 wild type [66]. A recent review of low-grade endometrial cancer molecular
profiles showed that certain molecular subtypes of (i) POLE-ultramutated tumors; (ii) p53
wild type/NSMP tumors with wild type CCND1 and CTNNB1, are estrogen receptor
(ER) and progesterone receptor (PR) positive and lack 1q32.1 amplification, and with low
L1CAM expression and DNA damage; and (iii) MMR-deficient tumors with wild type
CCND1 are estrogen receptor and progesterone receptor positive, lack PTEN methyla-
tion, and, without Lynch syndrome, could be potentially considered low-risk endometrial
cancer tumors [67]. This is in contrast to the earlier findings that MMR-deficient type
cases could be considered as “low-risk” and benefit from progestin therapy. Therefore,
further refinements are needed to improve the molecular characterization of these women.
This indicates the need for further investigations of additional molecular markers, such as
mutational status of beta-catenin (CTNNB1), L1 cell adhesion molecule (L1CAM), estrogen
receptor and progesterone receptor status, PTEN methylation status and CCND1, and
other markers that could potentially improve the risk stratification models in the future.
Molecular markers can also be combined with immunohistochemical investigations on
tumor biopsy samples before planned treatment and clinical parameters to create a reliable
prediction model [67]. Travaglino et al. [68] have recently published a systematic review on
immunohistochemical markers predicting response to treatment and evaluating treatment
during follow-up period. The analysis (depicted in Figure 2) revealed markers which
belong to different pathways potentially involved in the good response or resistance to
progestin therapy [68].

Figure 2. Summary of statistically significant immunohistochemical markers for conservative
management [68].

The study showed that staining for progesterone and estrogen receptor expression
was important prior to treatment, but that an indicator of good response was also Dusp6,
a marker of the mitogen-activated protein kinase (MAPK) signaling pathway. An absent
expression, deficiency of MMR, was an important sign of potential therapy failure as was
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the involvement of PTEN, an activator of the mTOR/AKT/PI3K pathway. This shows
that next to understanding of progesterone and estrogen signaling, further focus is needed
towards the pathways of MAPK and mTOR/AKT/PI3K.

A recent study including 81 women with endometrial cancer has shown that the
incidence of CTNNB1 somatic gene mutation was higher in early onset endometrial cancer
and the immunohistochemical accumulation of beta-catenin was inversely correlated with
patients’ age [69]. It has been proposed that overexpression of beta-catenin could be an
of treatment failure in fertility sparing management [58]. A growing body of indicator
evidence indicates the clinical importance of CTNNB1 mutation. Especially in young
patients, there are propositions of establishing CTNNB1 status as the 5th molecular classifier
of endometrial cancer [62]. CTNNB1 evaluation in a case-control study showed that the
odds of disease recurrence, if the CTNNB1 mutation was present, were nine times higher
than in those the mutation was not present [70]. Kurnit et al. [71] evaluated the molecular
expression in presumably low-risk endometrial cancer and found that in stage I or II,
the presence of either Tp53 mutations or CTNNB1 mutations represented a risk factor
for disease recurrence in otherwise presumed low-risk patients [71]. On the other hand,
a significant discordance between immunohistochemical expression of beta-catenin and
CTNNB1 gene profiling status has been demonstrated and further studies are needed to
support its clinical value [62]. While Tp53 has relatively low copy number alterations,
further proposed candidates for risk stratification can be found in frequently mutated
genes, such as PTEN, PIK3CA, ARID1A, and KRAS [72]. Representatives of the PTEN and
PI3K/Akt/mTOR signaling pathway were also associated with poor outcomes [60,68], but
the association was only significant when models for risk stratification incorporated PTEN
status and one of the molecular marker statuses [60,68]. In silico analysis reported novel
gene signatures which were associated with a worse risk profile in endometrial cancer.
These were CDK1, KIF2C, UBE2C, and TPX2. These genes were associated with worse
overall survival in endometrial cancer. Validated on tissue samples, TPX2 was shown to be
relevant for risk assessment especially in grade 1 and 2 endometrial cancer [73]. Further
bioinformatic research with archival sample validation also proposed, that UBE2C could
serve as a marker of worse prognosis [74]. Figure 3 depicts the candidate genes adding to
the pool of risk stratification markers. The depiction of different markers in Figures 2 and 3
shows, that there is still much unknown about the interactions of different molecular
signaling pathways [68,73–75]. The major pathways involved in endometrial cancer seem
to be PI3K/Akt/mTOR, MAPK, WNT, and FBXW7 signaling. While in isolation several
studies have shown that these markers have potential predicting abilities in endometrial
cancer, they have yet to be understood in terms of the Cancer Genome Atlas (TCGA) risk
profiles. Currently, we do not understand how a specific molecular profile of the tumor is
connected to the signaling pathways that are important in endometrial cancer.

Figure 3. Functional grouping of candidate genes for potential risk stratification in early endometrial
cancer [68,73–75].
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3.4. Implications of Molecular Markers for the Future of Fertility Sparing Management

There are many future challenges in improving risk stratification for fertility sparing
management. In patients currently classified as low-risk early stage according to established
recommendations, there are still patients with increased risk of disease recurrence and
spread. This is supported by recent reports showing recurrence rates in well differentiated
stage IA cancers, where in a cohort of 2691 women in a median follow-up time of 6.1 years,
the incidence of recurrences was 7.2% [76]. The initial studies that are available show
that endometrial cancer molecular classification and different molecular markers further
refine the patient risk profiles and not all stage IA, grade 1 patients bear the same disease
biology. As Bosse et al. [77] showed by evaluating endometrioid cancer samples that are
grade 3 and generally deemed to have a higher risk of recurrence, their biological risk
profile differs greatly if molecular classification is applied to them. It was shown, that the
currently grade 3 tumor group (n = 381) was assembled of 12.9% of POLE ultramutated
tumors, 20.7% of p53 abnormal tumors, 30.2% non-specific molecular profile (NSMP)
tumors, and 36.2% of MMR deficient tumors. Further analysis of recurrence-free survival
showed that POLE ultramutated and MMR-deficient remained independent prognostic
factors for improved recurrence free survival in the grade 3 endometrioid cancer group [77].
Although the molecular classifiers are promising for the future management of women,
currently available data do not allow for clinical applicability to extending the potential
candidates for fertility sparing management. As new genetic signatures are identified
through the transcriptional endometrial cancer landscape, finding a signature that could be
incorporated into a prognostic model combined with the other molecular identifiers will
be needed.

4. Discussion

Management of endometrial cancer in young women and selection of women that are
candidates for fertility sparing conservative treatment are challenges that are becoming in-
creasingly complex. According to the current recommendations, this is today largely based
on classical histopathological specimen evaluation and pelvic imaging. The promising
investigations of novel endometrial cancer biomarkers are likely to change this approach
in the future; however, there is currently insufficient data to support their routine use in
this clinical setting.

With increasing incidence of endometrial cancer in younger women, increasingly more
women are likely to seek conservative management options. Today, there is considerable
data showing that in low-risk endometrial cancer, without adnexal metastases seen by MRI
or ultrasound, or hereditable conditions (Lynch syndrome), ovarian conservation should
be considered safe in women before menopause. This change in surgical management can
have a significant impact on the quality of women’s life. The most significant challenge
in this setting is to balance the potential benefits of sparing fertility or conserving the
ovaries to minimizing the risk of negative oncological outcome. Therefore, clinicians and
patients need better and reliable tools to plan their management. This could be achieved by
better quality imaging modalities, improved histopathological assessment, and molecular
characterization of tumors. In any case, the prognosis after fertility sparing management
should not be worse compared to primary radical surgical treatment.

The techniques of ultrasound imaging as well as MRI have improved significantly
over the last decade. This allows for more accurate assessment of tumor size, vascularity
and myometrial or cervical stromal invasion. Although most of these markers are currently
of limited value, further studies evaluating whether detailed, expert ultrasound scan
analyzing these markers can distinguish low-risk endometrial cancer from more high-risk
variants are warranted [78]. It also remains to be evaluated in the future trials, what
is the risk of lymph node metastasis by sentinel lymph node mapping in women with
well-differentiated tumors and superficial myometrial invasion. These cases are today
considered controversial for conservative management, but a subgroup of women could
possibly benefit from fertility sparing treatment and delaying hysterectomy.
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Molecular characterization of endometrial cancer is changing the approach to diagno-
sis and management of women. It is likely that certain subgroups of POLE-ultramutated
tumors, p53 wild type/non-specific molecular profile (NSMP) tumors and MMR-deficient
tumors with specific low risk characteristics could potentially be considered as low-risk
for advancement of disease and be possible candidates for fertility sparing management.
However, the currently available data suggest that addition of other predictive markers to
the model, such as determination of CCND1 and CTNNB1 status and progesterone and
estrogen receptor expression will improve the predictive ability of these markers. Universal
molecular tumor screening can also increase the detection rate of Lynch syndrome in young
women. This is the group of women that is also probably at higher risk of disease pro-
gression and development of synchronous cancer, and needs especially careful counseling
about the possible benefits and risks before deciding for conservative approach. Unfor-
tunately, there is currently no sound evidence on the safety of fertility sparing approach
in this population of women. Considering that 20–70% of women carrying a mutation in
one of the MMR genes will develop endometrial cancer [79], appropriate counseling is
needed. It has been shown that women carriers of pathological MMR gene variants (that is,
MHL1, MSH2, and MSH6) had a cumulative risk to develop additional ovarian cancer (at
age 75 years) of up to 10–17% [80]. These data need to be considered when counseling and
shared decision-making on fertility sparing approaches in women with Lynch syndrome.
In the future, when deciding for fertility sparing management, immunohistochemical and
clinical parameters described in our review will probably also need to be included in
decision algorithms to reach a satisfactory predictive model.

5. Conclusions

In conclusion, the prognosis for early-stage endometrial cancer has been shown to be
excellent regardless of age. Most women diagnosed with early-stage endometrial cancer are
more likely to die from cardiovascular disease than from cancer. With the advancements in
molecular characterization of the disease, there is more than ever a need and the possibility
to develop better risk stratification models to guide treatment in young women. One
approach fits all model should be replaced with patient focused management. Further
studies in this setting are warranted to make a step forward in clinical care and improve
quality of life in this group of women.

Author Contributions: Conceptualization of the review: J.K. and M.S.; writing of the original draft:
J.K., M.S., and L.A.M.; writing, review and editing the manuscript: J.K., M.S., and I.T. All authors
have read and agreed to the final version of the manuscript.

Funding: This research has been funded by the Slovenian Research Agency (ARRS) research program
P3-0327 and University Medical Centre Maribor research project IRP-2019/02-13.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Evans, T.; Sany, O.; Pearmain, P.; Ganesan, R.; Blann, A.; Sundar, S. Differential trends in the rising incidence of endometrial

cancer by type: Data from a UK population-based registry from 1994 to 2006. Br. J. Cancer 2011, 104, 1505–1510. [CrossRef]
2. Cancer Statistics Working Group. U.S. Cancer Statistics Data Visualizations Tool, Based on 2019 Submission Data (1999–2017);

U.S. Department of Health and Human Services, Centers for Disease Control and Prevention and National Cancer Institute:
Washington, DC, USA. Available online: https://www.cdc.gov/cancer/ (accessed on 25 October 2020).

3. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018, 68, 394–424. [CrossRef] [PubMed]

4. Creasman, W.T.; Odicino, F.; Maisonneuve, P.; Beller, U.; Benedet, J.L.; Heintz, A.P.; Ngan, H.Y.; Sideri, M.; Pecorelli, S. Carcinoma
of the corpus uteri. J. Epidemiol. Biostat. 2001, 6, 47–86. [PubMed]

5. Wise, M.R.; Jordan, V.; Lagas, A.; Showell, M.; Wong, N.; Lensen, S.; Farquhar, C.M. Obesity and endometrial hyperplasia and
cancer in premenopausal women: A systematic review. Am. J. Obstet. Gynecol. 2016, 214, 689.e1–689.e17. [CrossRef] [PubMed]

http://doi.org/10.1038/bjc.2011.68
https://www.cdc.gov/cancer/
http://doi.org/10.3322/caac.21492
http://www.ncbi.nlm.nih.gov/pubmed/30207593
http://www.ncbi.nlm.nih.gov/pubmed/11385776
http://doi.org/10.1016/j.ajog.2016.01.175
http://www.ncbi.nlm.nih.gov/pubmed/26829507


Cancers 2021, 13, 602 15 of 18

6. Yamazawa, K.; Hirai, M.; Fujito, A.; Nishi, H.; Terauchi, F.; Ishikura, H.; Shozu, M.; Isaka, K. Fertility-preserving treatment with
progestin, and pathological criteria to predict responses, in young women with endometrial cancer. Hum. Reprod. 2007, 22,
1953–1958. [CrossRef] [PubMed]

7. Navarria, I.; Usel, M.; Rapiti, E.; Neyroud-Caspar, I.; Pelte, M.F.; Bouchardy, C.; Petignat, P. Young patients with endometrial
cancer: How many could be eligible for fertility-sparing treatment? Gynecol. Oncol. 2009, 114, 448–451. [CrossRef]

8. Lewin, S.N.; Herzog, T.J.; Barrena Medel, N.I.; Deutsch, I.; Burke, W.M.; Sun, X.; Wright, J.D. Comparative performance of the
2009 international Federation of gynecology and obstetrics’ staging system for uterine corpus cancer. Obstet. Gynecol. 2010, 116,
1141–1149. [CrossRef]

9. Bokhman, J.V. Two pathogenetic types of endometrial carcinoma. Gynecol. Oncol. 1983, 15, 10–17. [CrossRef]
10. Epstein, E.; Blomqvist, L. Imaging in endometrial cancer. Best Pract. Res. Clin. Obstet. Gynaecol. 2014, 28, 721–739. [CrossRef]
11. Dixon-Woods, M.; Cavers, D.; Agarwal, S.; Annandale, E.; Arthur, A.; Harvey, J.; Hsu, R.; Katbamna, S.; Olsen, R.; Smith, L.;

et al. Conducting a critical interpretive synthesis of the literature on access to healthcare by vulnerable groups. BMC Med. Res.
Methodol. 2006, 6, 35. [CrossRef]

12. Concin, N.; Matias-Guiu, X.; Vergote, I.; Cibula, D.; Mirza, M.R.; Marnitz, S.; Ledermann, J.; Bosse, T.; Chargari, C.; Fagotti, A.;
et al. ESGO/ESTRO/ESP guidelines for the management of patients with endometrial carcinoma. Int. J. Gynecol. Cancer 2020,
12–39. [CrossRef]

13. Practice Bulletin No. 149: Endometrial cancer. Obstet. Gynecol. 2015, 125, 1006–1026. [CrossRef] [PubMed]
14. Sundar, S.; Balega, J.; Crosbie, E.; Drake, A.; Edmondson, R.; Fotopoulou, C.; Gallos, I.; Ganesan, R.; Gupta, J.; Johnson, N.;

et al. BGCS uterine cancer guidelines: Recommendations for practice. Eur. J. Obstet. Gynecol. Reprod. Biol. 2017, 213, 71–97.
[CrossRef] [PubMed]

15. Frumovitz, M.; Singh, D.K.; Meyer, L.; Smith, D.H.; Wertheim, I.; Resnik, E.; Bodurka, D.C. Predictors of final histology in patients
with endometrial cancer. Gynecol. Oncol. 2004, 95, 463–468. [CrossRef] [PubMed]

16. Hoang, L.N.; McConechy, M.K.; Köbel, M.; Han, G.; Rouzbahman, M.; Davidson, B.; Irving, J.; Ali, R.H.; Leung, S.; McAlpine,
J.N.; et al. Histotype-genotype correlation in 36 high-grade endometrial carcinomas. Am. J. Surg. Pathol. 2013, 37, 1421–1432.
[CrossRef] [PubMed]

17. Clarke, B.A.; Gilks, C.B. Endometrial carcinoma: Controversies in histopathological assessment of grade and tumour cell type. J.
Clin. Pathol. 2010, 63, 410–415. [CrossRef] [PubMed]

18. Gonthier, C.; Trefoux-Bourdet, A.; Koskas, M. Impact of Conservative Managements in Young Women with Grade 2 or 3
Endometrial Adenocarcinoma Confined to the Endometrium. Int. J. Gynecol. Cancer 2017, 27, 493–499. [CrossRef]

19. Ruiz, M.P.; Huang, Y.; Hou, J.Y.; Tergas, A.I.; Burke, W.M.; Ananth, C.V.; Neugut, A.I.; Hershman, D.L.; Wright, J.D. All-
cause mortality in young women with endometrial cancer receiving progesterone therapy. Am. J. Obstet. Gynecol. 2017, 217,
669.e1–669.e13. [CrossRef]

20. Creasman, W.T.; Morrow, C.P.; Bundy, B.N.; Homesley, H.D.; Graham, J.E.; Heller, P.B. Surgical pathologic spread patterns of
endometrial cancer. A Gynecologic Oncology Group Study. Cancer 1987, 60, 2035–2041. [CrossRef]

21. Gonthier, C.; Douhnai, D.; Koskas, M. Lymph node metastasis probability in young patients eligible for conservative management
of endometrial cancer. Gynecol. Oncol. 2020, 157, 131–135. [CrossRef]

22. Koskas, M.; Chereau, E.; Ballester, M.; Dubernard, G.; Lécuru, F.; Heitz, D.; Mathevet, P.; Marret, H.; Querleu, D.; Golfier, F.; et al.
Accuracy of a nomogram for prediction of lymph-node metastasis detected with conventional histopathology and ultrastaging in
endometrial cancer. Br. J. Cancer 2013, 108, 1267–1272. [CrossRef] [PubMed]

23. Kim, C.H.; Khoury-Collado, F.; Barber, E.L.; Soslow, R.A.; Makker, V.; Leitao, M.M.; Sonoda, Y.; Alektiar, K.M.; Barakat, R.R.;
Abu-Rustum, N.R. Sentinel lymph node mapping with pathologic ultrastaging: A valuable tool for assessing nodal metastasis in
low-grade endometrial cancer with superficial myoinvasion. Gynecol. Oncol. 2013, 131, 714–719. [CrossRef] [PubMed]

24. Koskas, M.; Luton, D.; Graesslin, O.; Barranger, E.; Clavel-Chapelon, F.; Haddad, B.; Darai, E.; Rouzier, R. Direct Comparison of
Logistic Regression and Recursive Partitioning to Predict Lymph Node Metastasis in Endometrial Cancer. Int. J. Gynecol. Cancer
2015, 25, 1037–1043. [CrossRef] [PubMed]

25. Plante, M.; Stanleigh, J.; Renaud, M.-C.; Sebastianelli, A.; Grondin, K.; Grégoire, J. Isolated tumor cells identified by sentinel
lymph node mapping in endometrial cancer: Does adjuvant treatment matter? Gynecol. Oncol. 2017, 146, 240–246. [CrossRef]

26. Todo, Y.; Okamoto, K.; Takeshita, S.; Sudo, S.; Kato, H. A patient group at negligible risk of para-aortic lymph node metastasis in
endometrial cancer. Gynecol. Oncol. 2016, 141, 155–159. [CrossRef]

27. Holloway, R.W.; Gupta, S.; Stavitzski, N.M.; Zhu, X.; Takimoto, E.L.; Gubbi, A.; Bigsby, G.E.; Brudie, L.A.; Kendrick, J.E.; Ahmad,
S. Sentinel lymph node mapping with staging lymphadenectomy for patients with endometrial cancer increases the detection of
metastasis. Gynecol. Oncol. 2016, 141, 206–210. [CrossRef]

28. Daraï, E.; Dubernard, G.; Bats, A.-S.; Heitz, D.; Mathevet, P.; Marret, H.; Querleu, D.; Golfier, F.; Leblanc, E.; Rouzier, R.; et al.
Sentinel node biopsy for the management of early stage endometrial cancer: Long-term results of the SENTI-ENDO study.
Gynecol. Oncol. 2015, 136, 54–59. [CrossRef]

29. Wright, J.D. Take ’em or leave ’em: Management of the ovaries in young women with endometrial cancer. Gynecol. Oncol. 2013,
131, 287–288. [CrossRef]

30. Walsh, C.; Holschneider, C.; Hoang, Y.; Tieu, K.; Karlan, B.; Cass, I. Coexisting Ovarian Malignancy in Young Women With
Endometrial Cancer. Obstet. Gynecol. 2005, 106, 693–699. [CrossRef]

http://doi.org/10.1093/humrep/dem088
http://www.ncbi.nlm.nih.gov/pubmed/17449880
http://doi.org/10.1016/j.ygyno.2009.05.038
http://doi.org/10.1097/AOG.0b013e3181f39849
http://doi.org/10.1016/0090-8258(83)90111-7
http://doi.org/10.1016/j.bpobgyn.2014.04.007
http://doi.org/10.1186/1471-2288-6-35
http://doi.org/10.1136/ijgc-2020-002230
http://doi.org/10.1097/01.AOG.0000462977.61229.de
http://www.ncbi.nlm.nih.gov/pubmed/25798986
http://doi.org/10.1016/j.ejogrb.2017.04.015
http://www.ncbi.nlm.nih.gov/pubmed/28437632
http://doi.org/10.1016/j.ygyno.2004.07.016
http://www.ncbi.nlm.nih.gov/pubmed/15581947
http://doi.org/10.1097/PAS.0b013e31828c63ed
http://www.ncbi.nlm.nih.gov/pubmed/24076778
http://doi.org/10.1136/jcp.2009.071225
http://www.ncbi.nlm.nih.gov/pubmed/20418232
http://doi.org/10.1097/IGC.0000000000000895
http://doi.org/10.1016/j.ajog.2017.08.007
http://doi.org/10.1002/1097-0142(19901015)60:8+&lt;2035::AID-CNCR2820601515&gt;3.0.CO;2-8
http://doi.org/10.1016/j.ygyno.2020.02.021
http://doi.org/10.1038/bjc.2013.95
http://www.ncbi.nlm.nih.gov/pubmed/23481184
http://doi.org/10.1016/j.ygyno.2013.09.027
http://www.ncbi.nlm.nih.gov/pubmed/24099838
http://doi.org/10.1097/IGC.0000000000000451
http://www.ncbi.nlm.nih.gov/pubmed/25950129
http://doi.org/10.1016/j.ygyno.2017.05.024
http://doi.org/10.1016/j.ygyno.2016.01.024
http://doi.org/10.1016/j.ygyno.2016.02.018
http://doi.org/10.1016/j.ygyno.2014.09.011
http://doi.org/10.1016/j.ygyno.2013.09.026
http://doi.org/10.1097/01.AOG.0000172423.64995.6f


Cancers 2021, 13, 602 16 of 18

31. Lee, T.S.; Jung, J.Y.; Kim, J.W.; Park, N.H.; Song, Y.S.; Kang, S.B.; Lee, H.P. Feasibility of ovarian preservation in patients with early
stage endometrial carcinoma. Gynecol. Oncol. 2007, 104, 52–57. [CrossRef]

32. Song, T.; Seong, S.J.; Bae, D.-S.; Suh, D.H.; Kim, D.-Y.; Lee, K.-H.; Lim, M.C.; Lee, T.S. Synchronous primary cancers of the
endometrium and ovary in young women: A Korean Gynecologic Oncology Group Study. Gynecol. Oncol. 2013, 131, 624–628.
[CrossRef] [PubMed]

33. Matsuo, K.; Machida, H.; Blake, E.A.; Holman, L.L.; Rimel, B.J.; Roman, L.D.; Wright, J.D. Trends and outcomes of women with
synchronous endometrial and ovarian cancer. Oncotarget 2018, 9, 28757–28771. [CrossRef] [PubMed]

34. Barakat, R.R.; Bundy, B.N.; Spirtos, N.M.; Bell, J.; Mannel, R.S. Randomized Double-Blind Trial of Estrogen Replacement Therapy
Versus Placebo in Stage I or II Endometrial Cancer: A Gynecologic Oncology Group Study. J. Clin. Oncol. 2006, 24, 587–592.
[CrossRef] [PubMed]

35. Gu, H.; Li, J.; Gu, Y.; Tu, H.; Zhou, Y.; Liu, J. Survival Impact of Ovarian Preservation on Women With Early-Stage Endometrial
Cancer: A Systematic Review and Meta-analysis. Int. J. Gynecol. Cancer 2017, 27, 77–84. [CrossRef] [PubMed]

36. Sun, C.; Chen, G.; Yang, Z.; Jiang, J.; Yang, X.; Li, N.; Zhou, B.; Zhu, T.; Wei, J.; Weng, D.; et al. Safety of ovarian preservation
in young patients with early-stage endometrial cancer: A retrospective study and meta-analysis. Fertil. Steril. 2013, 100,
782–787.e5. [CrossRef]

37. Matsuo, K.; Cripe, J.C.; Kurnit, K.C.; Kaneda, M.; Garneau, A.S.; Glaser, G.E.; Nizam, A.; Schillinger, R.M.; Kuznicki, M.L.;
Yabuno, A.; et al. Recurrence, death, and secondary malignancy after ovarian conservation for young women with early-stage
low-grade endometrial cancer. Gynecol. Oncol. 2019, 155, 39–50. [CrossRef]

38. Koskas, M.; Uzan, J.; Luton, D.; Rouzier, R.; Daraï, E. Prognostic factors of oncologic and reproductive outcomes in fertility-sparing
management of endometrial atypical hyperplasia and adenocarcinoma: Systematic review and meta-analysis. Fertil. Steril. 2014,
101, 785–794.e3. [CrossRef]

39. Park, J.-Y.; Kim, D.-Y.; Kim, J.-H.; Kim, Y.-M.; Kim, K.-R.; Kim, Y.-T.; Seong, S.J.; Kim, T.-J.; Kim, J.W.; Kim, S.M.; et al. Long-term
oncologic outcomes after fertility-sparing management using oral progestin for young women with endometrial cancer (KGOG
2002). Eur. J. Cancer 2013, 49, 868–874. [CrossRef]

40. National Comprehensive Cancer Network (NCCN). NCCN Clinical Practice Guidelines in Oncology: Uterine Neoplasms, 3rd ed.;
NCCN: Amsterdam, The Netherlands, 2019.

41. Rodolakis, A.; Biliatis, I.; Morice, P.; Reed, N.; Mangler, M.; Kesic, V.; Denschlag, D. European Society of Gynecological Oncology
Task Force for Fertility Preservation: Clinical Recommendations for Fertility-Sparing Management in Young Endometrial Cancer
Patients. Int. J. Gynecol. Cancer 2015, 25, 1258–1265. [CrossRef]

42. La Russa, M.; Zapardiel, I.; Halaska, M.J.; Zalewski, K.; Laky, R.; Dursun, P.; Lindquist, D.; Sukhin, V.; Polterauer, S.; Biliatis,
I. Conservative management of endometrial cancer: A survey amongst European clinicians. Arch. Gynecol. Obstet. 2018, 298,
373–380. [CrossRef]

43. 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]

44. Wei, J.; Zhang, W.; Feng, L.; Gao, W. Comparison of fertility-sparing treatments in patients with early endometrial cancer and
atypical complex hyperplasia: A meta-analysis and systematic review. Medicine (Baltimore) 2017, 96, e8034. [CrossRef] [PubMed]

45. 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, prospec-
tive multicenter study: Korean gynecologic oncology group study (KGOG2009). Jpn. J. Clin. Oncol. 2012, 42, 1215–1218.
[CrossRef] [PubMed]

46. Fan, Z.; Li, H.; Hu, R.; Liu, Y.; Liu, X.; Gu, L. Fertility-Preserving Treatment in Young Women With Grade 1 Presumed Stage IA
Endometrial Adenocarcinoma: A Meta-Analysis. Int. J. Gynecol. Cancer 2018, 28, 385–393. [CrossRef]

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

48. Cicinelli, E.; Tinelli, R.; Colafiglio, G.; Fortunato, F.; Fusco, A.; Mastrolia, S.; Fucci, A.R.; Lepera, A. Risk of long-term pelvic
recurrences after fluid minihysteroscopy in women with endometrial carcinoma. Menopause 2010, 1. [CrossRef]

49. Casadio, P.; La Rosa, M.; Alletto, A.; Magnarelli, G.; Arena, A.; Fontana, E.; Fabbri, M.; Giovannico, K.; Virgilio, A.; Raimondo,
D.; et al. Fertility sparing treatment of endometrial cancer with and without initial infiltration of myometrium: A single center
experience. Cancers 2020, 12, 3571. [CrossRef]

50. Casadio, P.; Guasina, F.; Paradisi, R.; Leggieri, C.; Caprara, G.; Seracchioli, R. Fertility-Sparing Treatment of Endometrial Cancer
with Initial Infiltration of Myometrium by Resectoscopic Surgery: A Pilot Study. Oncologist 2018, 23, 478–480. [CrossRef]

51. Takahashi, A.; Kimura, F.; Yamanaka, A.; Takebayashi, A.; Kita, N.; Takahashi, K.; Murakami, T. Metformin impairs growth of
endometrial cancer cells via cell cycle arrest and concomitant autophagy and apoptosis. Cancer Cell Int. 2014, 14, 53. [CrossRef]

52. Meireles, C.G.; Pereira, S.A.; Valadares, L.P.; Rêgo, D.F.; Simeoni, L.A.; Guerra, E.N.S.; Lofrano-Porto, A. Effects of metformin on
endometrial cancer: Systematic review and meta-analysis. Gynecol. Oncol. 2017, 147, 167–180. [CrossRef]

53. Matsuo, K.; Mandelbaum, R.S.; Ciccone, M.; Khoshchehreh, M.; Pursuwani, H.; Morocco, E.B.; Matsuzaki, S.; Dancz, C.E.; Ozel, B.;
Paulson, R.J.; et al. Route-specific association of progestin therapy and concurrent metformin use in obese women with complex
atypical hyperplasia. Int. J. Gynecol. Cancer 2020, 30, 1331–1339. [CrossRef] [PubMed]

http://doi.org/10.1016/j.ygyno.2006.07.003
http://doi.org/10.1016/j.ygyno.2013.09.009
http://www.ncbi.nlm.nih.gov/pubmed/24051220
http://doi.org/10.18632/oncotarget.25550
http://www.ncbi.nlm.nih.gov/pubmed/29983894
http://doi.org/10.1200/JCO.2005.02.8464
http://www.ncbi.nlm.nih.gov/pubmed/16446331
http://doi.org/10.1097/IGC.0000000000000857
http://www.ncbi.nlm.nih.gov/pubmed/27922977
http://doi.org/10.1016/j.fertnstert.2013.05.032
http://doi.org/10.1016/j.ygyno.2019.08.007
http://doi.org/10.1016/j.fertnstert.2013.11.028
http://doi.org/10.1016/j.ejca.2012.09.017
http://doi.org/10.1097/IGC.0000000000000493
http://doi.org/10.1007/s00404-018-4820-7
http://doi.org/10.1097/AOG.0000000000002390
http://www.ncbi.nlm.nih.gov/pubmed/29215513
http://doi.org/10.1097/MD.0000000000008034
http://www.ncbi.nlm.nih.gov/pubmed/28906392
http://doi.org/10.1093/jjco/hys171
http://www.ncbi.nlm.nih.gov/pubmed/23071290
http://doi.org/10.1097/IGC.0000000000001164
http://doi.org/10.1016/j.fertnstert.2008.12.009
http://doi.org/10.1097/gme.0b013e3181c8534d
http://doi.org/10.3390/cancers12123571
http://doi.org/10.1634/theoncologist.2017-0285
http://doi.org/10.1186/1475-2867-14-53
http://doi.org/10.1016/j.ygyno.2017.07.120
http://doi.org/10.1136/ijgc-2020-001362
http://www.ncbi.nlm.nih.gov/pubmed/32376736


Cancers 2021, 13, 602 17 of 18

54. Acosta-Torres, S.; Murdock, T.; Matsuno, R.; Beavis, A.L.; Stone, R.L.; Wethington, S.L.; Levinson, K.; Grumbine, F.; Ferriss, J.S.;
Tanner, E.J.; et al. The addition of metformin to progestin therapy in the fertility-sparing treatment of women with atypical
hyperplasia/endometrial intraepithelial neoplasia or endometrial cancer: Little impact on response and low live-birth rates.
Gynecol. Oncol. 2020, 157, 348–356. [CrossRef] [PubMed]

55. Kim, M.K.; Seong, S.J.; Kang, S.B.; Bae, D.S.; Kim, J.W.; Nam, J.H.; Lim, M.C.; Lee, T.S.; Kim, S.; Paek, J. Six months response rate
of combined oral medroxyprogesterone/levonorgestrel-intrauterine system for early-stage endometrial cancer in young women:
A Korean gynecologic-oncology group study. J. Gynecol. Oncol. 2019, 30, 1–10. [CrossRef] [PubMed]

56. Obermair, A.; Brennan, D.J.; Baxter, E.; Armes, J.E.; Gebski, V.; Janda, M. Surgical safety and personal costs in morbidly obese,
multimorbid patients diagnosed with early-stage endometrial cancer having a hysterectomy. Gynecol. Oncol. Res. Pract. 2016, 3,
1–6. [CrossRef] [PubMed]

57. Burleigh, A.; Talhouk, A.; Gilks, C.B.; McAlpine, J.N. Clinical and pathological characterization of endometrial cancer in young
women: Identification of a cohort without classical risk factors. Gynecol. Oncol. 2015, 138, 141–146. [CrossRef] [PubMed]

58. Hu, T.W.Y.; Li, L.; Yang, E.; Nie, D.; Li, Z.Y. Molecular expression characteristics confirm the malignancy concealed by mor-
phological alterations in endometrial cancer after fertility-preserving treatment. Arch. Gynecol. Obstet. 2019, 299, 1673–1682.
[CrossRef] [PubMed]

59. Lu, K.H.; Schorge, J.O.; Rodabaugh, K.J.; Daniels, M.S.; Sun, C.C.; Soliman, P.T.; White, K.G.; Luthra, R.; Gershenson, D.M.;
Broaddus, R.R. Prospective determination of prevalence of Lynch syndrome in young women with endometrial cancer. J. Clin.
Oncol. 2007, 25, 5158–5164. [CrossRef]

60. Arend, R.C.; Jones, B.A.; Martinez, A.; Goodfellow, P. Endometrial cancer: Molecular markers and management of advanced
stage disease. Gynecol. Oncol. 2018, 150, 569–580. [CrossRef]

61. Pecorino, B.; Rubino, C.; Guardalà, V.F.; Galia, A.; Scollo, P. Genetic screening in young women diagnosed with endometrial
cancer. J. Gynecol. Oncol. 2017, 28. [CrossRef]

62. Vermij, L.; Smit, V.; Nout, R.; Bosse, T. Incorporation of molecular characteristics into endometrial cancer management. Histopathol-
ogy 2020, 76, 52–63. [CrossRef]

63. Stelloo, E.; Bosse, T.; Nout, R.A.; MacKay, H.J.; Church, D.N.; Nijman, H.W.; Leary, A.; Edmondson, R.J.; Powell, M.E.; Crosbie,
E.J.; et al. Refining prognosis and identifying targetable pathways for high-risk endometrial cancer; a TransPORTEC initiative.
Mod. Pathol. 2015, 28, 836–844. [CrossRef] [PubMed]

64. Wortman, B.G.; Creutzberg, C.L.; Putter, H.; Jürgenliemk-Schulz, I.M.; Jobsen, J.J.; Lutgens, L.C.H.W.; van der Steen-Banasik,
E.M.; Mens, J.W.M.; Slot, A.; Kroese, M.C.S.; et al. Ten-year results of the PORTEC-2 trial for high-intermediate risk endometrial
carcinoma: Improving patient selection for adjuvant therapy. Br. J. Cancer 2018, 119, 1067–1074. [CrossRef] [PubMed]

65. Britton, H.; Huang, L.; Lum, A.; Leung, S.; Shum, K.; Kale, M.; Burleigh, A.; Senz, J.; Yang, W.; McConechy, M.; et al. Molecular
classification defines outcomes and opportunities in young women with endometrial carcinoma. Gynecol. Oncol. 2019, 153,
487–495. [CrossRef] [PubMed]

66. Falcone, F.; Normanno, N.; Losito, N.S.; Scognamiglio, G.; Esposito Abate, R.; Chicchinelli, N.; Casella, G.; Laurelli, G.; Scaffa, C.;
Greggi, S. Application of the Proactive Molecular Risk Classifier for Endometrial Cancer (ProMisE) to patients conservatively
treated: Outcomes from an institutional series. Eur. J. Obstet. Gynecol. Reprod. Biol. 2019, 240, 220–225. [CrossRef] [PubMed]

67. Baxter, E.; Brennan, D.J.; McAlpine, J.N.; Mueller, J.J.; Amant, F.; Van Gent, M.D.J.M.; Huntsman, D.G.; Coleman, R.L.; Westin,
S.N.; Yates, M.S.; et al. Improving response to progestin treatment of low-grade endometrial cancer. Int. J. Gynecol. Cancer 2020,
1–13. [CrossRef]

68. Travaglino, A.; Raffone, A.; Saccone, G.; Insabato, L.; Mollo, A.; De Placido, G.; Zullo, F. Immunohistochemical predictive markers
of response to conservative treatment of endometrial hyperplasia and early endometrial cancer: A systematic review. Acta Obstet.
Gynecol. Scand. 2019, 98, 1086–1099. [CrossRef]

69. Makabe, T.; Arai, E.; Hirano, T.; Ito, N.; Fukamachi, Y.; Takahashi, Y.; Hirasawa, A.; Yamagami, W.; Susumu, N.; Aoki, D.;
et al. Genome-wide DNA methylation profile of early-onset endometrial cancer: Its correlation with genetic aberrations and
comparison with late-onset endometrial cancer. Carcinogenesis 2019, 40, 611–623. [CrossRef]

70. Myers, A.; Barry, W.T.; Hirsch, M.S.; Matulonis, U.; Lee, L. β-Catenin mutations in recurrent FIGO IA grade i endometrioid
endometrial cancers. Gynecol. Oncol. 2014, 134, 426–427. [CrossRef]

71. Kurnit, K.C.; Kim, G.N.; Fellman, B.M.; Urbauer, D.L.; Mills, G.B.; Zhang, W.; Broaddus, R.R. CTNNB1 (beta-catenin) mu-
tation identifies low grade, early stage endometrial cancer patients at increased risk of recurrence. Mod. Pathol. 2017, 30,
1032–1041. [CrossRef]

72. Cancer Genome Atlas Research Network; Kandoth, C.; Schultz, N.; Cherniack, A.D.; Akbani, R.; Liu, Y.; Shen, H.; Robertson, A.G.;
Pashtan, I.; Shen, R.; et al. Integrated genomic characterization of endometrial carcinoma. Nature 2013, 497, 67–73. [CrossRef]

73. Besso, M.J.; Montivero, L.; Lacunza, E.; Argibay, M.C.; Abba, M.; Furlong, L.I.; Colas, E.; Gil-Moreno, A.; Reventos, J.; Bello, R.;
et al. Identification of early stage recurrence endometrial cancer biomarkers using bioinformatics tools. Oncol. Rep. 2020, 44,
873–886. [CrossRef] [PubMed]

74. Zhang, W.; Gao, L.; Wang, C.; Wang, S.; Sun, D.; Li, X.; Liu, M.; Qi, Y.; Liu, J.; Lin, B. Combining bioinformatics and experiments to
identify and verify key genes with prognostic values in endometrial carcinoma. J. Cancer 2020, 11, 716–732. [CrossRef] [PubMed]

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

http://doi.org/10.1016/j.ygyno.2020.02.008
http://www.ncbi.nlm.nih.gov/pubmed/32085863
http://doi.org/10.3802/jgo.2019.30.e47
http://www.ncbi.nlm.nih.gov/pubmed/30740964
http://doi.org/10.1186/s40661-016-0023-8
http://www.ncbi.nlm.nih.gov/pubmed/27231573
http://doi.org/10.1016/j.ygyno.2015.02.028
http://www.ncbi.nlm.nih.gov/pubmed/25870916
http://doi.org/10.1007/s00404-019-05145-5
http://www.ncbi.nlm.nih.gov/pubmed/30953185
http://doi.org/10.1200/JCO.2007.10.8597
http://doi.org/10.1016/j.ygyno.2018.05.015
http://doi.org/10.3802/jgo.2017.28.e4
http://doi.org/10.1111/his.14015
http://doi.org/10.1038/modpathol.2015.43
http://www.ncbi.nlm.nih.gov/pubmed/25720322
http://doi.org/10.1038/s41416-018-0310-8
http://www.ncbi.nlm.nih.gov/pubmed/30356126
http://doi.org/10.1016/j.ygyno.2019.03.098
http://www.ncbi.nlm.nih.gov/pubmed/30922603
http://doi.org/10.1016/j.ejogrb.2019.07.013
http://www.ncbi.nlm.nih.gov/pubmed/31326637
http://doi.org/10.1136/ijgc-2020-001309
http://doi.org/10.1111/aogs.13587
http://doi.org/10.1093/carcin/bgz046
http://doi.org/10.1016/j.ygyno.2014.06.010
http://doi.org/10.1038/modpathol.2017.15
http://doi.org/10.1038/nature12113
http://doi.org/10.3892/or.2020.7648
http://www.ncbi.nlm.nih.gov/pubmed/32705231
http://doi.org/10.7150/jca.35854
http://www.ncbi.nlm.nih.gov/pubmed/31942195
http://doi.org/10.1038/s41568-019-0177-x
http://www.ncbi.nlm.nih.gov/pubmed/31388127


Cancers 2021, 13, 602 18 of 18

76. Francis, S.R.; Ager, B.J.; Do, O.A.; Huang, Y.H.J.; Soisson, A.P.; Dodson, M.K.; Werner, T.L.; Sause, W.T.; Grant, J.D.; Gaffney, D.K.
Recurrent early stage endometrial cancer: Patterns of recurrence and results of salvage therapy. Gynecol. Oncol. 2019, 154, 38–44.
[CrossRef] [PubMed]

77. Bosse, T.; Nout, R.A.; McAlpine, J.N.; McConechy, M.K.; Britton, H.; Hussein, Y.R.; Gonzalez, C.; Ganesan, R.; Steele, J.C.;
Harrison, B.T.; et al. Molecular Classification of Grade 3 Endometrioid Endometrial Cancers Identifies Distinct Prognostic
Subgroups. Am. J. Surg. Pathol. 2018, 42, 561–568. [CrossRef] [PubMed]

78. Epstein, E.; Fischerova, D.; Valentin, L.; Testa, A.C.; Franchi, D.; Sladkevicius, P.; Frühauf, F.; Lindqvist, P.G.; Mascilini, F.;
Fruscio, R.; et al. Ultrasound characteristics of endometrial cancer as defined by International Endometrial Tumor Analysis (IETA)
consensus nomenclature: Prospective multicenter study. Ultrasound Obstet. Gynecol. 2018, 51, 818–828. [CrossRef]

79. Vietri, M.T.; Elia, G.D.; Caliendo, G.; Casamassimi, A.; Federico, A.; Passariello, L.; Cioffi, M.; Molinari, A.M. Prevalence of
mutations in BRCA and MMR genes in patients affected with hereditary endometrial cancer. Med. Oncol. 2021, 1–10. [CrossRef]

80. Møller, P.; Seppälä, T.T.; Bernstein, I.; Holinski-Feder, E.; Sala, P.; Evans, D.G.; Lindblom, A.; Macrae, F.; Blanco, I.; Sijmons, R.H.;
et al. Cancer risk and survival in path-MMR carriers by gene and gender up to 75 years of age: A report from the Prospective
Lynch Syndrome Database. Gut 2018, 67, 1306–1316. [CrossRef]

http://doi.org/10.1016/j.ygyno.2019.04.676
http://www.ncbi.nlm.nih.gov/pubmed/31029507
http://doi.org/10.1097/PAS.0000000000001020
http://www.ncbi.nlm.nih.gov/pubmed/29505428
http://doi.org/10.1002/uog.18909
http://doi.org/10.1007/s12032-021-01454-5
http://doi.org/10.1136/gutjnl-2017-314057

	Introduction 
	Materials and Methods 
	Results 
	Currently Used Diagnostic Methods in Women with Endometrial Cancer and Their Limitations 
	Management of Women Deciding for Fertility Sparing Approach 
	Candidates for Fertility Sparing Management Based on Tumor Grade and Stage 
	Assessing the Risk of Synchronous Ovarian Cancer 
	Choice of the Best Regimen for Conservative Management of Endometrial Cancer 

	Incorporating Tumor Biology into Management Algorithms 
	Implications of Molecular Markers for the Future of Fertility Sparing Management 

	Discussion 
	Conclusions 
	References

