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Abstract:

Background: The purpose of the present study was to retrospectively evaluate clinical features,
pathological characteristics, and molecular classification among patients with early-stage endome-
trioid cancer (EEC) in reproductive age following unsuccessful fertility-sparing treatment.

Methods: We enrolled 18 EEC patients who experienced failure of fertility-sparing treatment in our
hospital from January 2011 to October 2021. Then, fertility-sparing treatment outcomes and prog-
nosis were recorded. We compared preoperative curettage biopsy with histopathological results. In
addition, we performed molecular classification of all patients using second-generation sequencing
to determine which type of molecular endometrial cancer (EC) was not suitable for fertility preser-
vation therapy.

Results: Six patients showed more severe pathologic types in histopathology than in curettage bi-
opsy results. Besides, molecular classification results showed 15 patients with CNL, 2 patients with
MSI-H, and 1 case with “unclassifiable’. All 18 patients were infertility following fertility-sparing

treatment.

Conclusions: Molecular classification could provide reliable supplementary information for evalu-
ating prognostic and contribute to treatment option decision-making in EEC patients. Fertility-spar-
ing treatment is not recommended for EEC patients with CNH and MSI-H. Furthermore, fertility-
sparing treatment can be attempted in EEC patients with CHL, but regular follow-up should be
carried out to early detection of EC relapse and prevention of disease progression.

Keywords: endometrial cancer; fertility-sparing management; molecular classification; reproduc-
tive age; pregnancy

1. Introduction

Endometrial cancer (EC) is one of the most common invasive malignant neoplasms
of the female genital tract [1, 2]. More than 90% of EC are diagnosed in perimenopause
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women [3], and 15%~25% in premenopausal patients [2, 4]. However, 2.1%~14.4% of
women with EC are younger than 40 years old [1, 5], and over 70% of them are nulliparous
at diagnosis since in the current era women delay their childbearing [3]. Moreover, EC has
an increasing incidence in adolescents [6], and even in 13-year-old girl [7]. In this scenario,
the standard surgical intervention of hysterectomy and bilateral salpingo-oophorectomy
may not be ideal for reproductive age patients who plan to preserve their fertility [8].
Thus, fertility-sparing treatment for such patients is strongly demanded [2, 9].

EEC was defined as tumor grade 1, absence of extrauterine metastases, absence of
lymphovascular space, myometrial, or cervical invasion [10]. Fertility-sparing treatment
approaches for EEC are mainly progestin therapies, including medroxyprogesterone ace-
tate (MPA), megestrol acetate (MA), levonorgestrel intrauterine system (LNG-IUS) [11-
14], and comprehensive hysteroscopic evaluation and lesion resection plus progestin ther-
apy [15]. Successful pregnancy cases with EEC following fertility-sparing treatment have
been reported worldwide [16]. However, the first difficulty of fertility-sparing treatment
for some EEC patients is disease progression while on treatment or after initial response
to medical treatment [2], which might lead to infertility, spontaneous abortion [15], and
even life-threatening; the second difficulty was that fertility-sparing treatment, such as
hormonal therapy, is a non-standard treatment method for EEC [2], and carries potential
adverse outcomes. Therefore, an effective method for evaluating the prognosis of fertility-
sparing treatment in young patients with EEC is essential, facilitating screening candi-
dates for fertility-sparing treatment and reducing the risk of failure.

Traditionally, EC has been classified into two main clinic-pathological types: Type I
and Type II [3]. Type L is the endometrioid type [17] because it is similar to the endome-
trium and is characterized by genetic predisposition (e.g., Lynch syndrome-LS); it usually
has a favorable outcome due to minimal myometrium invasion [18]. Type Il EC is associ-
ated with higher patient age, high stage and grade, non-endometrioid histology, and poor
prognosis. Type II includes several subtypes such as serous, clear cell, and undifferenti-
ated carcinomas [19]. However, traditional typing cannot meet current clinical needs be-
cause it cannot accurately predict patient survival and disease outcome. In 2013, a molec-
ular classification scheme was proposed by The Cancer Genome Atlas (TCGA), which can
evaluate the disease prognosis of EC [20]. However, few studies focus on molecular clas-
sification features in young patients with EEC who experienced pregnancy failure after
fertility-sparing treatment. We hypothesized that molecular classification results have an
association with fertility-sparing treatment outcomes in EEC patients. Herein, we retro-
spectively evaluated the clinical features, pathological characteristics, molecular classifi-
cation, and fertility-sparing treatment outcomes in EEC patients.

2. Results
2.1. Demographic characteristics of patients

All 18 patients were initially diagnosed with G1 EC. The patient's age ranged from
26 to 40, with an average of 33.67 years. The median age of menarche was 13.56 years (11-
16 years). Among the 18 patients, 3 were unmarried and had no history of pregnancy; the
other 15 were married, of which 10 were primarily infertile. In addition, 12 patients had
irregular non-menstrual bleeding, 11 patients had irregular menstrual cycle; 3 cases had
a family history of EC, 3 patients were complicated with polycystic ovary syndrome
(PCOS); 8 patients (44.44%) were obese (BMI > 28 kg/m?2), and 2 of these 8 had obesity and
PCOS; only 1 patient has a history of intra-cervical epithelioid neoplasia (Grade 3) (Case
2) (Table 1). Serum CAI25 and imaging evaluation were performed preoperatively. The
results of serum CAI25 were normal in all patients. Moreover, the curettage biopsy results
of all patients are shown in Table 2.

2.2. Pregnancy outcomes after fertility-sparing treatment

2.2.1. The patients had complete remission after fertility-sparing treatment for EC but remained
infertile
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6 cases achieved complete remission of EC, among which 3 patients (case 7, 13, and
17) had no relapse and did not undergo surgery, but the other 3 cases (case 1, 9, and 11)
suffered from tumor relapse and performed a hysterectomy. Unfortunately, none has yet
been pregnant until now (Table 2).

2.2.2. The patients had stable disease after fertility-sparing treatment for EC and remained infertile

12 patients showed stable disease which did not respond to progesterone after 3-9
months of treatment, and the disease was not reversed. Among them, case 2 has a history
of intra-cervical epithelioid neoplasia (Grade 3); cases 7, 9, and 16 with EC had PCOS; case
14 had liver disease; case 10 with EC has hypertension; case 1, 5, 7, 10, 13, 15, 16, and 18
with EC had obesity (BMI > 28 kg/m?2). Moreover, the curettage biopsy was performed 3,
6, or 9 months after fertility-sparing treatment and suggested stable disease. The
immunohistochemical (IHC) results showed a negative progesterone receptor. Thus, all
the 12 EC patients, who presented with the stable disease following fertility-sparing
treatment, underwent a hysterectomy.

2.2.3. Surgical intervention, ovarian preservation, and histopathological results

Totally 15 patients performed surgical intervention after fertility-sparing treatment
due to EC recurrence (cases 1, 9, and 11), stable disease (cases 2-5, 8, 10, 12, 14-16, and 18),
and progression disease (case 6) (Table 2).

12 of 15 patients who underwent surgery had ovaries preservation. Moreover,
intraoperative ovarian biopsies were performed in 8 of the 12 patients with ovaries
preservation, and all results were negative. In the 12 patients with ovaries preservation, 7
cases have bilateral ovaries preservation, and 5 cases have unilateral ovaries preservation.

6 of 15 patients have different pathologic types in histopathology compared to
curettage biopsy results. All patients were G1 EC in curettage biopsy. However,
histopathology results were Mullerian mixed sarcoma in case 2, G1G2 EC in cases 3, 6,
and 10-12 (Table 2).

2.3. Molecular classification

Molecular typing detection showed that cases 1, 3-12, and 15-18 were CNL, cases 2
and 14 were MSI-H. The tumor concentration of case 13 samples was too low to carry out
a molecular classification test, so no results were available. Moreover, the details of
molecular classification are presented in Table 4.

2.4. Follow-up

The median follow-up time was 39 months (13 months to 120 years), none developed new
neoplasms, and all patients survived at the final follow-up visit. Besides, 1 (case 2)
experienced colon cancer 4 years after gynecologic surgery and then performed partial
colorectal resection.

2.5. Figures and Tables
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Figure 1. Method of molecular classification. CHL, copy number abnormalities low; CNH, copy
number abnormalities high; MSI, microsatellite instability; MMR, mismatch repair.

Table 1. Demographic characteristics of patients.

No. MS Age PP M AAM MMCL MPL INMB IMC PCOS FHEC PI
(yr) (Kg/m?) (yr) (d) (d)
1 Yes 40 GO, PO 33.53 14 60 7 Yes Yes No No Yes
2 Yes 26 G1, PO 19.53 13 30 8 Yes No No Yes No
3 No 29 - 21.64 13 60 7 No Yes No Yes -
4 Yes 34 GO0, PO 23.03 14 30 8 Yes No No No Yes
5 Yes 32 GO0, PO 31.24 13 60 15 Yes Yes No No Yes
6 Yes 31 GO, PO 21.61 13 30 7 No No No No  Yes
7 No 33 - 43.25 13 28 7 Yes No Yes No -
8 Yes 33 GO, PO 25.28 14 60 3 No Yes No No No
9 Yes 32 GO, PO 23.62 13 90 7 No Yes Yes No  Yes
10 Yes 38 G3, PO 36.79 11 90 15 Yes Yes No No No
11 Yes 27 GO, PO 27.34 12 180 7 Yes Yes No No Yes
12 Yes 35 GO, PO 23.88 16 180 6 No Yes No No  Yes
13 Yes 32 GO, PO 35.16 15 120 8 Yes Yes No No Yes
14 Yes 33 G4, P1 24.77 13 25 7 Yes No No No No
15 Yes 40 GO, PO 31.23 14 35 7 No No No No Yes
16 No 36 - 33.80 13 30 7 Yes Yes Yes No -
17 No 36 - 27.68 16 30 6 Yes No No No -
18 Yes 39 GO, PO 36.73 14 30 15 Yes Yes No Yes Yes
Average - 33.67 - 28.90 13.56 64.89 8.17 - - - - -

MS, marital status; PP, previous pregnancies; G, gestation; P, parturition; -, asexual life; BMI, body mass index; AAM,
age at menarche; MMCL, maximal menstrual cycle length; MPL, menstrual phase length; INMB, irregular non-
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menstrual bleeding; IMC, irregular menstrual cycle; PCOS, polycystic ovary syndrome; FHEC, family history of endo-
metrial cancer; PI, primary infertility; yr, year; d, day.

Table 2. The curettage biopsy, conservative treatment approaches, treatment outcomes, surgical treatment strategies, and patholog-
ical results of patients were recorded.

IHC
No. CB CTA TO DT* DOR* STS PT Histopathology = MI  Stage ———— X — FU*
ER PR P53

G1

1 EEL+MPA CR 6 12 LH+BS None G1EC NMI 1A o - 120
EC
G1

2 MA SD 6 - TAH+BSO+PLND TC MMDMT SMI IA + - - 100
EC
G1

3 MPA SD 6 - TAH+BSO+PLND TC G1G2 EC SMI IA  ++ - 88
EC
G1

4 MPA SD 9 - LH+BS None G1EC NMI 1A o - 52
EC
G1

5 MPA SD 3 - LH+BS None G1EC NMI 1A o+ - 51
EC
G1

6 MPA PD 3 - LH+BSO None GIG2 EC SMI 1A o - 50
EC
G1

7 MA CR 6 NR / / / / / / / / 48
EC
G1

8 MPA SD 3 - TAH+BS None G1EC SMI IA o+ - 42
EC
G1

9 MPA CR 6 6 TAH+BS None G1EC NMI  IA  +++  +++ + 40
EC
G1

10 MA/MPA SD  3/6 - LH+BS None G1G2 EC NMI 1A +++  ++ - 39
EC
G1

11 MPA CR 6 3 TAH+BS+PLND None G1G2 EC SMI 1A o - 38
EC
G1

12 MPA SD 3 - LH+BS None G1G2 EC SMI 1A ++ 4+ - 36
EC
G1

13 MPA CR 6 NR / / / / / / / / 33
EC
G1

14 LNG-IUS SD 3 - LH+BS None G1EC NMI 1A 4 - 28
EC
G1

15 MPA SD 6 - TAH+BS+PLND None G1 EC SMI 1A + o+ - 22
EC
G1

16 MPA SD 9 - LH+BS None G1EC NMI  IA  +++  ++ - 22
EC
G1

17 EEL+MPA CR 6 NR / / / / / / / / 18
EC
G1 SD

18 MPA 3 0 TAH+BS None G1EC SMI 1A o+ + 13

EC
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CB, curettage biopsy; TO, treatment outcome; PD, progression disease; SD, stable disease; CR, complete regression;
CTA, conservative treatment approaches; EEL, excision of endometrial lesions; MPA, medroxyprogesterone acetate;
MA, megestrol acetate; LNG-IUS, levonorgestrel intrauterine system; DT, duration of treatment; DOR, duration of over-
all response; NR, no relapse; STS, surgical treatment strategies; LH, laparoscopic hysterectomy; BSO, bilateral salpingo-
oophorectomy; TAH, trans-abdominal hysterectomy; PLND, pelvic lymph node dissection; BS, bilateral salpingectomy;
PT, postoperative treatment; PR, pathological results; MMDMT, malignant Mullerian duct mixed tumor; MI, myome-
trial invasion; NMI, no myometrial invasion; SMI, superficial muscular infiltration; G1 EC, high differentiation endo-
metrial cancer; G1G2 EC, high-medium differentiation endometrial cancer; IHC, immunohistochemical; ER, estrogen
receptor; PR, progesterone receptor; FU, follow-up; *, month.

Table 3. The genes, ranges, and types of sequencing.

Genes Ranges of detection Types of detection
POLE Exonuclease domain, and partial region of exon 19
Point mutation, insertion/deletion
TP53 Coding area
MSI 55 gene locus of MSI

POLE indicates polymerase epsilon, and MSI represents microsatellite instability.

Table 4. Molecular classification results of patients.

No. Molecular classification
1 CNL
2 MSI-H
3 CNL
4 CNL
5 CNL
6 CNL
7 CNL
8 CNL
9 CNL
10 CNL
11 CNL
12 CNL
13 ---
14 MSI-H
15 CNL
16 CNL
17 CNL
18 CNL

CNL, copy number abnormalities low; MSI-H, microsatellite instability hypermutated.

3. Discussion

In the present study, we found the differences between histopathological and pre-
operatively curettage biopsy results in EEC patients, suggesting that treatment decision-
making based on curettage biopsy results is not reasonable. The other essential finding
was that molecular classification could provide vital evidence for prognosis and optimal
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treatment decision-making. Gullo G et al. reported that progesterone therapy is feasible
and effective for young patients with EEC [1]. According to previous studies, successful
pregnancy after fertility-sparing treatment in EEC cases has been provided [16]. However,
pregnancy failure following fertility-sparing management in patients with EEC remains
an unresolved problem and has been rarely reported. Recently, tumor molecular data
have been integrated into medical practice decisions, enabling precision medicine [22].
Using molecular categorization to classify the risk of tumors in a fertility-sparing setting
has been trialed with promising results [23]. Nevertheless, molecular categorization in
such patients, who were diagnosed with EEC and experienced pregnancy failure after
fertility-sparing treatment, has been infrequently reported. We hypothesized that molec-
ular classification might provide more reliable prognostic information and guide treat-
ment option decision-making. We herein retrospectively evaluated the molecular features
for such EEC patients.

3.1. Curettage biopsy and histopathological results

Our results showed heterogeneity in the outcomes of curettage biopsy and postoper-
ative pathology. In the 18 patients of the study, 15 received surgery and underwent endo-
metrial histopathology. We found that 6 patients had differences between preoperative
curettage biopsy results and postoperative pathological outcomes; among them, 5 patients
were G1 EC in curettage biopsy, but they were G2 EC in postoperative pathological; 1 case
was G1 EC in curettage biopsy, but she was malignant Mullerian duct mixed tumor in
postoperative pathological. Thus, candidates selection for fertility-sparing treatment only
based on curettage biopsy is unreliable, and this viewpoint was supported by several
scholars [3, 8, 15].

3.2. Molecular classification

In 2013, The Cancer Genome Atlas (TCGA) had proposed the molecular classifica-
tion, which classified endometrioid cancers into four subtypes [20]: POLE hypermutation,
microsatellite instability (MSI), copy number abnormalities low (CNL), copy number ab-
normalities high (CNH).

Copy number abnormalities low (CNL) represents that patient with EC have the best
prognosis, with an incidence of 39% [20]. In our study, 15 patients (15/18, 83.33%) with EC
were classified as CNL, which usually had no significant molecular characteristics. Leon-
Castillo et al. reported that the 5-year relapse-free survival rate of patients with CNL type
was 74%. Authors also claimed that no significant difference between radiotherapy com-
bined with chemotherapy and radiotherapy alone was found [24]. Therefore, comprehen-
sively evaluating the risk factors, including PCOS syndrome [25, 26], high BMI [9], and
tumor family history [2], is essential in EC patients with CNL before fertility-sparing treat-
ment.

POLE hypermutation suggests that patients with EC have a good prognosis, with an
incidence of 7% [20]. In this study, we found that no EEC patients have POLE hypermu-
tation. This result is consistent with the low incidence of POLE hypermutation (7%). In
addition, this may be related to the small sample size of our study.

MSI-H indicates that patients with EC have a moderate prognosis, with an incidence
of 28% [20]. MSI-H has the following characteristics: 1) most EC patients with MSI-H have
a pathological type of endometrioid adenocarcinoma; 2) MSI-H is usually detected with
mismatched repair genes (MMR) mutations, such as MLH1, MSH2, MSH6, and PMS2, or
hypermethylation of the MLH1 gene promoter. In the present study, 2 patients (2/18,
11.11%, cases 2 and 14) had MSI-H. Both patients had a history of pregnancy, normal BMI,
regular menstrual cycles, and did not have PCOS syndrome. Case 2 was diagnosed with
Lynch syndrome, and she developed colon cancer after EC surgery. Meanwhile, a curet-
tage biopsy of case 14 revealed atypical endometrial hyperplasia and local G1 EC. Case 14
was treated with Mirena, and then curettage biopsy indicated a stable disease. However,
postoperative pathological results suggested a more severe G1 EC than preoperatively.
Therefore, in our opinion, fertility-sparing treatment is not recommended for patients
with MSI-H of molecular classification, especially for patients with Lynch syndrome.
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Copy number abnormalities high (CNH) indicates that EC patients have a poor prog-
nosis, with an incidence of 26% [20]. In this study, we found that no patients presented
with CNH. CNH incidence in our study was relatively lower than in previous results (0%
vs. 26%). In our opinion, this result was related to the inclusion of subjects because only
patients with G1 EC were enrolled, but CNH type is usually found in G3 EC (25%) and
serous adenocarcinoma (75%). However, gynecologists should consider the misdiagnosis
caused by the small tumor tissue materials and inaccurate curettage biopsy results. Con-
sequently, detailed doctor-patient communication is necessary with EC patients who have
CNH and intends to undergo conservative treatment and inform them that the prognosis
of fertility-preserving treatment, in this case, is very poor.

In our series, 1 patient (case 13) presented with “unclassifiable” in molecular classifi-
cation due to the very low tumor tissue specimen concentration (<5ng/ul). Kommoss et al.
and his colleagues also found that 3 failures in achieving MMR status were due to the very
low tumor volume (<4 mm), called ‘unclassifiable” [27]. In our study, case 13 received
medroxyprogesterone acetate tablets for 6 months and showed no tumor recurrence dur-
ing follow-up. We considered that the patient's good reversal of relapse-free survival was
directly related to less tumor tissue.

3.3. Feasibility and risk of fertility-sparing treatment with progesterone

Since the treatment of EC with progesterone was first reported in 1961, numerous
studies have reported that progesterone treatment of EC is feasible and effective and has
achieved a high pregnancy rate and live delivery rate [4, 21, 28, 29]. However, fertility
preservation therapy for EC is not a standardized treatment approach [2], and the effective
rate of progesterone in treating EC varies greatly among different studies, ranging from
42% to 88.9% [30, 31]. Gunderson et al. [32] conducted a meta-analysis of 391 patients with
EC who underwent fertility-sparing treatment in 45 studies, with an overall effective rate
of 77.7%, the sustained complete remission rate within 39 months of median follow-up
was 53.2%, the relapse rate after the initial reaction was 35.4%, and the neoplasm persis-
tence rate was 25.4%. The effect of conservative progesterone therapy on EC is temporary,
and nearly half of patients relapse within 3 years of treatment remission. The relapse rate
of patients with well-differentiated and EEC treated with progesterone was 23% ~47% [4,
21], and a few patients were found to have infiltrated muscle layer when EC recurred[33],
or even advanced neoplasm[34]. In addition, some patients died from multiple organ me-
tastasis of neoplasms [35, 36]. In the present study, the complete remission rate of fertility-
sparing treatment was only 16.67% (3/18), which was relatively lower than previous stud-
ies [30-32]. This phenomenon can be interpreted as the inclusion bias in the study because
we included women with pregnancy failure after conservative treatment.

3.4. Treatment following the failure of progesterone therapy

Progesterone can be used again for patients with relapse and fertility requirements
after evaluating tumor grade and myospheric invasion. Park et al. [37] used progesterone
for secondary treatment of 33 patients with recurrent EC confined to the uterus, among
which 29 patients were treated with MPA 500 mg/d, with a median treatment period of 6
months (3-19 months). They found that 28 patients achieved complete remission, with a
complete remission rate of 85% at a median follow-up of 52 months. In our series, 15 pa-
tients with EC relapse, stable, and progression diseases were performed surgical interven-
tion to prevent disease aggravation. Importantly, hysterectomy is the standard treatment
approach for stable and progressive diseases after progesterone therapy failure because
most lesions were confined to the uterus [38, 39]. Hysterectomy is feasible for patients
with relapse and no fertility requirements. Furthermore, staged surgery with attachment
preservation or total hysterectomy or adnexectomy only should be performed for patients
with failure of progesterone therapy or the disease progression. Besides, staging surgery
for endometrial and ovarian cancers combined with chemotherapy or radiation therapy
was recommended for patients with adnexal metastasis [24].

3.5. Risk factors for failure of fertility-sparing treatment
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According to our retrospective analysis of the clinical and pathological features of 18
patients in this study, we found that the reasons for failure of fertility-sparing treatment
are as follows: firstly, the patient has various risk factors for EC, such as obesity, PCOS,
insulin resistance, diabetes, irregular menstruation, infertility, non-ovulation or sparse ov-
ulation, and amenorrhea; secondly, negative or low expression of PR receptor, or negative
or reduced expression of PR receptor during treatment; thirdly, after EC is successfully
reversed by fertility-sparing treatment, numerous patients tried natural pregnancy, failed
to carry out regular follow-up, and delayed the best period of pregnancy assistance;
fourth, after the disease improved effectively by fertility-sparing treatment, some patients
presented no continuous regular menstruation, and some patients have amenorrhea, lead-
ing to the relapse of the disease; fifth, the lesions infiltrated muscle layer, or the histolog-
ical grade of the lesions was medium, poorly differentiated or non-endometrioid adeno-
carcinoma; sixth, patients suffered from other serious medical complications during the
process of treatment, such as myocardial infarction, new neoplasms, or a history of other
neoplasms, and have to give up treatment failure; seventh, latent ovarian cancer was not
found by imaging and laparoscopic exploration. Eighth, the patient did not receive regu-
lar treatment due to poor compliance.

3.6. Feasibility and risk of ovarian preservation in patients who fail fertility-sparing
treatment

In recent years, numerous scholars believed that ovarian preservation did not in-
crease neoplasm-related mortality and did not affect the overall survival rate in young
patients with G1 EC [37, 40-42]. Koskas et al. [41] reported 489 patients younger than 40
with G1 intramucosal EC, 1010of them received fertility-sparing treatment, 184 had ovarian
preservation, and 204 had both uterus and ovary resection. Multivariate analysis results
showed that uterine and ovarian preservation did not increase neoplasm-related mortal-
ity or overall survival. In the past 20 years, more than 70 young patients received fertility-
sparing treatment for the treatment of atypical endometrial hyperplasia or EEC in our
hospital; among them, 15 patients underwent hysterectomy and 12 patients retained ova-
ries. In the present study, no relapse or death occurred during the median follow-up pe-
riod of 39 months.

In our opinion, the risk of ovarian preservation in young patients with EEC is long-
term ovarian malignancy. Some scholars suggest that laparoscopic lymph node sampling
can be performed to detect the presence of extrauterine lesions and ovarian neoplasms
[43]. However, even in patients with normal ovarian appearance during intraoperative
exploration, there are still 4% ~ 25% patients with latent ovarian malignancy [4, 44]. There-
fore, patients and their families should be fully informed that there is a risk of tumor re-
lapse after surgery.

Although positive outcomes were achieved in the present study, there are still several
limitations. Firstly, the limited sample size and retrospective setting represent the main
limitations of our preliminary study. The perfect prediction for molecular classification
might be due to the high number of covariates compared to the sample size. However,
greater sample size and a prospective study design are difficult to obtain in a single center.
Therefore, multicenter, prospective, and randomized controlled trials studies should be
conducted to evaluate the role of molecular classification in treatment decision-making in
EEC patients. Secondly, only CNL and MSI-H types of molecular classification were eval-
uated because we strictly limited the conditions for inclusion in the study. Thus, POLE
and CNH types need to be further assessed in future studies.

4. Materials and Methods
4.1. Patients

We enrolled 18 EEC patients who failed fertility-sparing treatment in our hospital
from January 2011 to October 2021. The clinical data, pathological features, fertility-
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sparing treatment outcomes, pregnancy outcome, tumor relapse, and prognosis were rec-
orded from medical records, telephone, and outpatient follow-up. The patient's demo-
graphic characteristics, including marital status, age at admission, previous pregnancies,
body mass index (BMI), cigarette smoke, age at menarche, maximal menstrual cycle
length, menstrual phase length, irregular non-menstrual bleeding, irregular menstrual cy-
cle, polycystic ovary syndrome, family history of EC, are listed in Table 1.

Inclusion criteria are as follows: (1) all patients were diagnosed with EEC; (2) the
patient was younger than 40 years old; (3) the tumor cell differentiation results of curet-
tage biopsy indicate high differentiation; (4) Imaging results, including MRI or ultra-
sound, or CT, showed no myometrium infiltration and no distant metastasis of other or-
gans. Exclusion criteria are as follows: (1) the patient was diagnosed with atypical endo-
metrial hyperplasia and other pathological types of EC; (2) the patient was older than 40
years old; (3) absence of written informed consent for the use of biospecimens for research
purposes; (4) follow-up period less than 12 months.

4.2. Fertility-sparing treatment approaches

(1) High-dose progesterone therapy: Medroxyprogesterone acetate (MPA) (Medrox-
yprogesterone Acetate Dispersible Tables, Nanjing Xianhe Pharmaceutical Co., Ltd,
China), 250-500 mg/d; Or metoprogesterone acetate (MA) (Megestrol Acetate Table,
160mg/tablet, Bristol Myers Squibb, China), 160-320 mg/d. In the present study, 17 of 18
patients underwent fertility-sparing treatment using high-dose progesterone (Case 1-13,
and Case 15-18) (Table 2).

(2) Other treatment methods: it is suitable for patients with obesity, abnormal liver
function, and other contraindications of progesterone therapy. Case 14 performed fertil-
ity-sparing treatment using levonorgestrel intrauterine sustained release system (LNG-
IUS) (Mirena, 52mg/piece, Bayer Healthcare Co., LTD. Guangzhou Branch, China), 20
ug/24 hours, because she has the liver disease (Table 2).

4.3. Evaluation of fertility-sparing treatment outcomes

Pathologic response to fertility-sparing treatment was categorized as complete re-
mission, stable disease, and progressive disease [21]. Complete remission was defined as
the absence of any hyperplastic or cancerous lesion. Stable disease was defined as residual
lesion without degeneration or atrophy of endometrial glands. Progressive disease was
defined as the appearance of G2 or G3 EC. The progressive disease also was clinically
defined when the endometrium showed larger than 20 mm of the thickness measured by
transvaginal ultrasonography or when myometrial invasion or extrauterine lesion were
recognized.

All patients underwent curettage biopsy after 3 months of fertility-sparing treatment.
If the biopsy result suggests complete remission, the patient stops using high-efficiency
progesterone and is prepared for pregnancy. If the biopsy result suggests stable disease,
the patient will continue fertility-sparing for the other 3 months until the biopsy results
show complete remission. Gynecologists generally recommend high-dose progesterone
therapy for less than 6 months [17], to avoid the MPA resistance of EC cells caused by
prolonged application of progesterone, resulting in increased proliferation of EC cells. If
the biopsy result indicates progressive disease, fertility-sparing was discontinued, and
surgery was performed immediately.

4.4. Surgical treatment strategies
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The same experienced gynecologist performed all operations. Surgical strategies, in-
cluding laparoscopic hysterectomy (LH), bilateral salpingo-oophorectomy (BSO), trans-
abdominal hysterectomy (TAH), pelvic lymph node dissection (PLND), or bilateral sal-
pingectomy (BS), were performed alone or in combination for the patients who experi-
enced failure of fertility-sparing treatment (Table 2). Before 2016, the criterion of ovariec-
tomy was that the area of lesion in the hysterectomy was greater than 1/2 of the uterine
cavity area, and the intraoperative frozen section of the lesions indicated myometrial in-
vasion. After 2016, we performed the intraoperative rapid frozen pathological examina-
tion of ovaries before ovariectomy. Then, according to the pathological results, it is de-
cided whether to remove the ovary or not. Moreover, the criterion of PLND was that the
area of lesion in the hysterectomy was greater than 1/2 of the uterine cavity area. All pa-
tients who received surgical intervention performed a histopathological examination (Ta-
ble 2).

4.5. Detection of molecular typing of EC

We used Next-generation sequencing (NGS) technology for molecular typing detec-
tion. The detection platform was Illumina's high-throughput sequencing platform. The
samples were achieved by curettage, and prepared into 5um paraffin sections, 10 pieces,
and the tumor cell content was required to be > 30%. The detection included: (1) Exonu-
case domain of POLE gene (exon 3-14) and a partial region of exon 19; (2) All the coding
regions outside of exon 4 of TP53 gene (except partial regions of exon 4), and specific mi-
crosatellite (MS). It can detect POLE, TP53, and point mutation, small fragment insertion-
deletion, and microsatellite instability state (MSI) in the range of the target region. Besides,
the genes, ranges, and types of sequencing are listed in Table 3. The process of molecular
typing detection is presented in Figure 1.

5. Conclusions

Molecular classification could provide reliable supplementary information for eval-
uating prognostic and contribute to select treatment strategies in EEC patients. Fertility-
sparing treatment is not recommended for EEC patients with CNH and MSI-H. However,
fertility-sparing treatment can be attempted in EEC patients with CHL, and regular fol-
low-up should be carried out to early detection of EC relapse and prevention of disease
progression.
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