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A B S T R A C T

Objective: To investigate the molecular classification of endometrial cancer (EC) and atypical endometrial hy-
perplasia (AEH) patients treated with fertility-sparing treatment (FST), and its relationship with clinicopatho-
logical factors and treatment efficacy. Methods: A total of 52 EC and AEH patients who received FST and
molecular classification tested by next generation sequencing in Peking University People's Hospital from June
2020 to December 2022, were retrospectively collected. We analyzed the relationship between molecular clas-
sification and clinicopathological factors and treatment outcomes.
Results: (1) Of the 52 patients, including 46 EC and 6 AEH patients, 42 (80.8%) achieved complete remission (CR)
after FST, with a median time to achieve CR of 9 months. Ten cases (23.8%) had recurrence. (2) Patients were
distributed into 4 molecular subgroups as 39 cases (75%) of copy number low (CNL) , 7 cases (13.5%) of mi-
crosatellite instability-high (MSI-H) , 4 cases (7.7%) of POLE mutations (POLEmut), and 2 cases (3.8%) of copy
number high (CNH). Patients with MSI-H subgroup had more family history of tumor (6/7), more with loss of
expression of mismatch repair (MMR) protein (7/7), and higher expression level of Ki-67 (3/3). (3) Patients with
MSI-H subgroup had the lowest CR rate at 6 months (0/7, P ¼ 0.014), and survival analysis showed that such
patients were less likely to achieve CR than those with CNL (P ¼ 0.022). For CNL patients, median 6-month CR
rate was 40.6%. In addition, CR was obtained in 3 (3/4) POLEmut patients and 2 (2/2) CNH patients, respectively.
Conclusions: Molecular classification relates with the treatment response in patients with EC and AEH receiving
FST. Patients with MSI-H subgroup have poor treatment efficacy, and patients with CNL need to be further divided
to predict treatment benefit. There are also a few successful cases in POLEmut and CNH subtgroups, which needs
further research.
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1. Introduction

With the increase of incidence of endometrial cancer (EC) in young
patients and postponement of childbearing, more and more young EC
patients are seeking fertility-sparing treatment (FST). Progesterone based
FST has been proved a high remission rate of 72%~76% for early stage
EC.1 While 20%~41% of patients have tumor recurrence after complete
remission (CR) and less than 50% patients experience long-term remis-
sion.2 Therefore, it is important to explore biomarkers to predict treat-
ment response and to select patients benefit most from FST.
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Since the proposal of molecular classification of EC by The Cancer
Genome Atlas (TCGA) in 2013,3 it provides significant information for
prognosis and individualized treatment for EC patients. For EC patients
treated with FST, molecular classification can be obtained by testing
curettage specimens. The results of the expression status of DNA
mismatch repair (MMR) and p53 protein are highly consistent with those
from hysterectomy specimen.4,5 However, the significance of molecular
classification in FST is not yet clear. In this study, we retrospectively
analyzed the molecular classification and clinicopathological features of
patients with early stage EC or atypical endometrial hyperplasia (AEH)
sity People's Hospital, Beijing, 100044, China
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undergoing FST. We also investigated the relationship between molec-
ular classification and the efficacy of FST, so as to provide reference for
the application of molecular classification in fertility-sparing therapy of
EC and AEH.

2. Methods

2.1. Study population

Data were collected of early stage EC and AEH patients who received
FST and conducted molecular typing by next-generation sequencing in
Peking University People's Hospital from June 2020 to December 2022.
Inclusion criteria was referred to the Chinese expert consensus on
fertility-preserving treatment for young women with early stage well
differentiated endometrial cancer (Chinese expert consensus for short),6

(1) Pathological type of endometrioid cancer, G1~G2, or AEH. (2) Stage
Ia and tumor confined to endometrium confirmed by imaging examina-
tion (magnetic resonance imaging as first choice). Patients with super-
ficial myometrial invasion who had strong fertility-preserving willing,
after fully evaluating and informed the risk of tumor progression and
treatment failure, were also included. (3) No contraindications to pro-
gesterone therapy or pregnancy. (4) Patients had informed consent and
good compliance for follow-up. A total of 52 patients, 46 EC and 6 AEH
patients were included. Clinicopathological data were collected by
searching the electronic medical record system of our hospital. This study
was approved by the Biomedical Ethics Committee of Peking University
People's Hospital (approval number: IRB00001052-19142). All patients
were given informed consent.

2.2. Fertility-preserving treatment

Pre-treatment evaluation includes history collection, physical exam-
ination, pelvic enhanced MRI or ultrasound, hysteroscopic biopsy and
pathological examination, as well as complication evaluation.

Treatment regimens: Continuous oral medroxyprogesterone acetate
(MPA) 250–500 mg per day or megestrol acetate (MA) 160–320 mg per
day as the first choice. If CR was not obtained after the first-line treat-
ment, then second-line treatment can be selected: gonadotropin-
releasing hormone agonist (GnRHa) 3.75 mg, subcutaneously injected,
once every 28 days, and levonorgestrel-releasing system (LNG-IUS)
continuous intrauterine placement. Patients who were not suitable for
oral progesterone therapy were treated with LNG-IUS plus GnRHa.

2.3. Follow-up

Endometrial specimen was collected through hysteroscopy every 3
months during initial treatment. The pathological diagnosis was based on
the 5th edition of WHO Classification of Female Genital Tumors.7

Immunohistochemistry was used to detect the expression of estrogen
receptor (ER), progesterone receptor (PR), mismatch repair (MMR) gene
(including MLH1, PMS2, MSH2, MSH6 genes) related protein and Ki-67.

2.4. Efficacy evaluation

Treatment efficacy was referred to the expert consensus.6 CR was
defined as the absence of hyperplasia or carcinoma. Partial response (PR)
was defined as pathological improvement. No response (NR) was defined
as persistence of lesion as originally diagnosed. Progression of disease
(PD) was defined as evidence of EC for AEH, or the upgrade or later stage
for EC. Recurrence was defined as reappearance of EC or AEH after CR.

2.5. Molecular classification procedure

Pathological specimen was obtained by hysteroscopic resection or
biopsy. The paraffin-embedded tissue sections with lesion more than
39
30% were selected, and 5–10 5 μ m-thick slices were taken to extract
DNA. Polymerase chain reaction (PCR) was used to construct the
sequencing library. Sequencing was carried out by Illumina (Miseq,
illumina, USA), a high-throughput sequencer and data analyzed by the
system purchased from Xiamen AmoyDx Biopharmaceutical Technology
Co., Ltd.. Sequencing results were divided into four subgroups, according
to the 2013 TCGA suggestion of molecular classification, as POLE mu-
tations (POLEmut), microsatellite instability-high (MSI-H), copy number
low (CNL) and copy number high (CNH). Classification process is as
follows: (1) detect the mutation status of POLE gene, if POLE gene
mutated then was classified as the POLEmut subgroup; (2) for POLE gene
wildtype, then test MSI andwas classified as MSI-H subgroup if MSI�0.4;
(3) detect the mutation status of TP53 gene for patients with microsat-
ellite stability and was identified as CNH subgroup, and no mutation was
identified as CNL subgroup.
2.6. Post-treatment management

After completion of treatment, follow up was carried out every 3–6
months by ultrasound and hysteroscopy if necessary. Patients were fol-
lowed up till December 2022, with a median follow-up period of 9
months (3–13.5 months). 52 patients were followed up for remission and
recurrence. After CR, patients were suggested for maintenance treatment
with cyclic low dose of progesterone or LNG-IUS for those with no
temporary pregnancy plan. Otherwise, patients were recommended to
reproductive medicine department and encouraged to conceive with or
without active assisted reproduction technology (ART).
2.7. Statistical analysis

Statistical analyses are performed using SPSS 25.0 software. Contin-
uous values are presented as medians or means and the intra-group dif-
ferences are compared by Student's t-test or the Mann-Whitney U test.
Categorical variables are presented as proportions (25th ~ 75th
percentile) and frequency distributions are compared using Chi-squared
test or Fisher's exact test. Cumulative CR rate and relapse free survival
(RFS) rate are estimated by the Kaplan–Meier method and intergroup
difference is compared by log-rank test. P value < 0.05 in two-sided tests
is regarded as significant.

3. Results

3.1. General information

Median age of 52 patients with EC or AEH was 33.1 � 5.6 years old.
Among them, 35 cases (67.3%) were nulliparous,14 cases (26.9%) were
complicated with polycystic ovary syndrome (PCOS), 9 cases (17.3%)
with diabetes, 7 cases (13.5%) with hypertension, 5 cases (9.6%) with
thyroid disease, and 13 cases (25%) with family history of tumor.

Oral MPA or MA was given to 46 patients (88.5%) as the initial
treatment regimen. Among them 1 patient received MPA plus chemo-
therapy because of intra-peritoneal metastasis during treatment. 20 pa-
tients changed to second-line regimen as LNG-IUS þ GnRHa because of
poor response to progesterone. Another 6 patients (11.5%) was given
LNG-IUS þ GnRHa as initial treatment because of BMI�28 kg/m2. See
Fig. 1.

Among the 52 patients treated with FST, CR was received in 42 pa-
tients (80.8%) with the median therapeutic time to CR 9 months (3–13.5
months), PR in 6 cases (11.5%), NR in 3 cases (5.8%), PD in 1 case
(1.9%). During a median follow-up time of 9 months (4.5–13months), 10
of the 42 patients (23.8%) with CR relapsed, and the median time to
recurrence was 8 months (4–11.5 months). Three patients achieved
pregnancy among 15 those with pregnancy intention after CR.

http://gocm.bmj.com/


Fig. 1. Flow chat of 52 EC and AEH patients receiving fertility-sparing treatment
EC: endometrial cancer, AEH: atypical endometrial hyperplasia, MPA: medroxyprogesterone acetate, MA: megestrol acetate, LNG-IUS: levonorgestrel-releasing system,
GnRHa: gonadotropin-releasing hormone agonist, CR: complete remission.
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3.2. Comparison of clinicopathological characteristics among four
molecular subgroups

CNL subgroup was the main molecular classification with a total of 39
cases (75%). Others included 7 cases (13.5%) with MSI-H, 4 cases (7.7%)
with POLEmut, and 2 cases (3.8%) with CNH. Results are shown in
Table 1. Patients with CNL subgroup seemed to be younger (32.1 � 4.3
years) and have a higher body mass index (BMI) (27.8 � 5.6 kg/m2) but
with no significant differences. Patients with CNH had the highest serum
level of CA125 (34.3 � 35.2kU/L, P ¼ 0.046). And patients with MSI-H
subgroup had more family history of tumor (6/7, P ¼ 0.001). While
waist-hip ratio, nulliparous, medical complications (PCOS, diabetes,
thyroid disease, hypertension) showed no significant difference among
the four molecular subgroups.

For pathological characteristics of the 52 patients, there was no sig-
nificant difference in pathological type, depth of myometrial invasion,
expression of ER and PR among the four molecular subgroups. While
there was significant difference in the expression of MMR protein and Ki-
67 in MSI-H patients. These patients all had negative expression of MMR
protein (7/7), significantly higher than that in patients with other three
molecular subgroups (P ¼ 0.000). Also, they had significantly higher
expression level of Ki-67 (P ¼ 0.009). See Table 2.
Table 1
Clinical characteristics of the 52 EC or AEH patients among the four molecular subgr

Variable Total POLEmut (n ¼ 4) MSI-H (n ¼
Age at diagnosis (years, x �s) 52 38.5 � 7.0 34.6 � 7.8
BMI(kg/m2, x �s) 52 26.5 � 5.3 24.0 � 5.5
WHR (x �s) 52 0.88 � 0.65 0.82 � 0.08
CA125 (kU/L, x �s) 52 9.2 � 2.3 23.7 � 10.8
Infertility, n (%) 35 2 (2/4) 6 (85.7)
Nulliparous, n (%) 44 3 (3/4) 7 (7/7)
PCOS, n (%) 13 1 (1/3) 1 (1/7)
Diabetes, n (%) 9 1 (1/4) 2 (2/7)
Thyroid disease, n (%) 5 1 (1/4) 0 (0/7)
Hypertension, n (%) 7 1 (1/4) 0 (0/7)
Family history of tumor n (%) 13 2 (2/4) 6 (6/7)

EC: endometrial cancer, AEH: atypical endometrial hyperplasia, POLEmut: POLE mut
number high, BMI: body mass index, WHR: waist-hip ratio, PCOS: polycystic ovary s

40
3.3. Comparison of therapeutic effects of FST among the four molecular
subgroups

Patients with MSI-H tended to have the lowest CR rate (3/7) among
the four molecular subgroups (P ¼ 0.072). They all failed to achieve CR
within 6 months (7/7), with a significantly lower rate than the other
three groups (P ¼ 0.014). While there was no significant difference in
time to CR and recurrence rate among 52 patients (P ¼ 0.072, P¼ 0.302,
respectively). See Table 3. Furthermore, cumulative CR rate and RFS rate
were calculated by Kaplan-Meier method between the MSI-H and CNL
subgroups (Fig. 2). Patients with MSI-H subgroup needed significant
longer time to achieve CR than patients with CNL (χ 2 ¼ 5.234, P ¼
0.022). While there was no significant difference for the RFS between the
two subgroups (χ 2 ¼ 0.135, P ¼ 0.714).

For the 7 patients withMSI-H subgroup, 5 were diagnosed with Lynch
Syndrome confirmed by MMR gene test. Immunochemistry of tumor
specimen showed 4 cases of MSH2/MSH6 deficiency, and 3 of MLH1/
PMS2 deficiency. Four of seven patients underwent staging operation
including one case with NR after 14 months' treatment, one case with PD
after 33 months' treatment, and two cases of disease recurrence. And the
final surgical pathology showed three cases of stage Ia endometrioid
cancer G1 (including 1 case of synchronous primary endometrial and
oups.

7) CNL (n ¼ 39) CNH (n ¼ 2) Statistic P value

32.1 � 4.3 35.5 � 14.8 F ¼ 5.393 0.145
27.8 � 5.6 23.9 � 5.2 F ¼ 3.414 0.332
0.86 � 0.06 0.84 � 0.15 F ¼ 1.603 0.659
18.0 � 8.5 34.3 � 35.2 F ¼ 7.992 0.046
26 (66.7) 1 (1/2) χ2 ¼ 2.018 0.569
33 (84.6) 1 (1/2) χ2 ¼ 3.891 0.273
10 (29) 1 (1/2) χ2 ¼ 1.166 0.761
6 (15.4) 0 (0/2) χ2 ¼ 1.554 0.670
4 (10.3) 0 (0/2) χ2 ¼ 2.629 0.452
6 (15.4) 0 (0/2) χ2 ¼ 3.101 0.376
5 (12.8) 0 (0/2) χ2 ¼ 17.325 0.001

ations; MSI-H: microsatellite instability-high, CNL: copy number low, CNH: copy
yndrome.
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Table 2
Pathological characteristics of the 52 EC or AEH patients among the four molecular subgroups.

Variable Total POLEmut (n ¼ 4) MSI-H (n ¼ 7) CNL (n ¼ 39) CNH (n ¼ 2) Statistic P value

Pathology, n (%) χ2 ¼ 5.689 0.459
AEH 6 1 (1/4) 1 (1/7) 4 (10.3) 0 (0/2)
EC G1 39 2 (2/4) 4 (4/7) 32 (82.1) 1 (1/2)
EC G2 7 1 (1/4) 2 (2/7) 3 (7.7) 1 (1/2)

Depth of MI, n (%) χ2 ¼ 2.104 0.551
No MI 34 3 (3/4) 4 (4/7) 25 (64.1) 2 (2/2)
Superficial MI 18 1 (1/4) 3 (3/7) 14 (35.9) 0 (0/2)

ER, M(P25～P75) 32 80 (70～90) 80 (60～90) 80 (70～90) 80 (80～80) H ¼ 0.389 0.942
PR, M(P25～P75) 32 80 (70～90) 80 (30～85) 90 (80～90) 60 (30) H ¼ 2.236 0.525
MMR protein, n (%) χ2 ¼ 41.087 0.000
Negative 7 0 (0/4) 7 (7/7) 0 (0) 0 (0/2)
Positive 45 4 (4/4) 0 (0/7) 39 (100) 2 (2/2)

Ki-67, n (%) χ2 ¼ 11.622 0.009
＞40% 9 0 (0/4) 3 (3/3) 6 (26.1) 0 (0/2)
�40% 23 4 (4/4) 0 (0/3) 17 (73.9) 2 (2/2)

EC: endometrial cancer, AEH: atypical endometrial hyperplasia, POLEmut: POLE mutations; MSI H: microsatellite instability-high, CNL: copy number low, CNH: copy
number high, MI: myometrial invasion, ER: estrogen receptor, PR: progesterone receptor, MMR: mismatch repair.

Table 3
Therapeutic effects of FST of the 52 EC or AEH patients among the four molecular types.

Variable Total POLEmut (n ¼ 4) MSI-H (n ¼ 7) CNL (n ¼ 39) CNH (n ¼ 2) Statistic P value

CR χ2 ¼ 6.983 0.072
Yes 42 3 (3/4) 3 (3/7) 34 (87.2) 2 (2/2)
No 10 1 (1/4) 4 (4/7) 5 (12.8) 0 (0/2)

Time to CR � 6months, n (%) χ2 ¼ 10.634 0.014
Yes 16 1 (1/3) 0 (0/7) 13 (40.6) 2 (2/2)
No 26 2 (2/3) 7 (7/7) 17 (59.4) 0 (0/2)

Time to CR (months), M(P25～P75) 46 7 (4) 12 (8) 9.5 (4.75～13) 7.5 (3) H ¼ 1.726 0.631
Recurrence, n (%) χ2 ¼ 3.647 0.302
Yes 10 1 (1/3) 2 (2/3) 7 (22.6) 0 (0/2)
No 28 1 (1/3) 1 (1/3) 24 (77.4) 2 (2/2)

EC: endometrial cancer, AEH: atypical endometrial hyperplasia, POLEmut: POLE mutations; MSI-H: microsatellite instability-high, CNL: copy number low, CNH: copy
number high, CR: complete remission.

Fig. 2. A. Cumulative CR rates of the 46 EC or AEH patients between the MSI-H and CNL subgroups. B. Cumulative RFS of the 46 EC or AEH patients between the MSI-
H and CNL subgroups. MSI-H: microsatellite instability-high, CNL: copy number low, CR: complete remission.
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ovarian cancer, thus ovarian endometrioid cancer stage Ia G1) and 1 case
of endometrial dedifferentiated cancer stage IIIc1. The other three pa-
tients showed one CR after 8 months' treatment, one PR after 20 months'
treatment and one NR after 10 months' treatment. No successful preg-
nancy was achieved in the above 7 patients.

For the 4 patients with POLEmut subgroup, 3 patients achieved CR
after 4, 7, 9 months' treatment, respectively. Another patient showed PR
after 13 months' treatment. In particular, one patient was found with
implantation metastasis of the left colonic sulcus by laparoscopic resec-
tion specimen after the initial conservative treatment. Although contra-
dictory with the criteria for FST, she still had strong fertility-sparing
willing. After multi-disciplinary team (MDT) discussion, a tentative
regimen of paclitaxel plus carboplatin combined with MPA was given to
her. The patients showed pathologically CR after 9months' treatment and
41
imaging showed no lesion residue. She was then given in vitro
fertilization-embryo transfer (IVF-ET) and successfully gave full term
birth. She was now still in close postpartum follow up.

The two patients with CNH subgroup both achieved CR after 3, 12
months' treatment. And one patient got pregnant by IVF-ET and was in 21
weeks gestational age at last follow-up.

4. Discussion

4.1. Characteristics of molecular classification of EC and AEH patients
receiving FST

In recent years, molecular classification of EC has been carried out in
young patients. Britton et al. used the proactive molecular risk classifier

http://gocm.bmj.com/
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for endometrial cancer (ProMisE) to retrospectively analyze 257 young
patients with EC.8 Results showed there were 48 cases (19%) of MMR
deficiency (dMMR) type, 34 cases (13%) of POLEmut type, 164 cases
(64%) of p53 wild type and 11 cases (4%) of p53 mutant type.8 Another
study for patients with low-grade endometrioid cancer, showed that most
of the patients were p53 wild type (60%), dMMR type (29%), and a few
were POLEmut type (6%) and p53 mutant type (5%).3 As most of the
young patients receiving FST are low-grade endometrioid cancer, most of
them are CNL subgroup, which is consistent with the results of this study.
However, patients with CNL showed different treatment responses to
FST. It is necessary to combine molecular features with histopathological
features for further stratification, so as to predict the real low-risk pa-
tients who can benefit from progesterone therapy.

4.2. Correlation between molecular classification and clinicopathological
characteristics

There seems to be a correlation between molecular classifications and
clinicopathological characteristics. In consistent with our finding, pa-
tients with CNL subgroup are the youngest and have the highest BMI,
while dMMR and CNH subgroups relate with advanced stage (stage
III~IV), a high risk and chemotherapy.8 This may be attributed to that
most of the patients with CNL subgroup often combined with metabolic
syndrome such as obesity and diabetes and tumorigenesis is usually
estrogen-dependent. Due to related with hyperstimulation of estrogen, it
is reasonable to presume that patients with CNL may benefit most from
progesterone therapy. Britton's study also showed that obese patients of
p53 wild type and of POLEmut type had better oncologic prognosis.8

In this study, the seven patients with MSI-H subgroup showed loss of
expression of MSH2/MSH6 in 4 cases and loss of MLH1/PMS2 in 3 cases,
which was consistent with literature.9 MSI-H subgroup was considered as
moderate prognosis, but it is usually associated with adverse pathological
factors in young patients. This study showed that compared with the CNL
subgroup, patients with MSI-H had lower BMI, more with family history
of tumor and higher expression level of Ki67. Literature also shows that
patients with MSI-H type usually presents with lower BMI,10 lower origin
of uterine cavity, higher grade, and lower expression of ER and PR than
patients with MMR-proficient.11 Tumors usually show the characteristics
of MSI, including lymphocyte infiltration, undifferentiated or dediffer-
entiated pathological types.9 The above adverse pathological factors may
be the reason for the poor response to progesterone therapy in patients
with MSI-H subgroup.

4.3. Influence of different molecular subgroups on the efficacy of FST

MSI-H subgroup takes 19% of young EC patients. We found none of
the 7 patients with MSI-H subgroup got CR within 6 months' treatment.
Survival analysis showed that these patients needed longer treatment
time to CR than the CNL subgroup. Patients with MSI-H showed a poor
response to FST, which was consistent with literature.9,12 A retrospective
analysis by Zakhour et al.13 showed that for the 84 patients with EC and
AEH who received FST, 6 patients (7%) were dMMR patients, and the CR
rate was significantly lower than that of non-dMMR patients (0 vs. 53%;
P ¼ 0.028). Recently, a retrospective study from Korea showed that the
response rate to progesterone therapy in patients with dMMR was
significantly lower than that in patients with p53 wild type.14 Burleigh
et al. retrospectively analyzed 56 patients under 40 years old, 9 (16%) of
them had dMMR who had significantly poorer total survival (P ¼ 0.028)
and relapse-free survival (P ¼ 0.042).15 Based on the above adverse
pathological risk factors, poor progesterone response, poor prognosis,
and the increased risk of epithelial ovarian cancer in patients with Lynch
syndrome, we suggest that EC or AEH patients with MSI-H subgroup are
not suitable for FST. If the patient insists on fertility preserving, the risk of
treatment failure should be thoroughly informed and closely monitor
taken during treatment.
42
Patients with CNL subgroup usually have a high expression of ER and
PR, which is considered to be an independent risk factor for the prognosis
of EC. However, not all patients of this type have a good response to
progesterone. In this study, the 6 month CR rate of CNL patients was only
40.6%. Since most of the patients treated with FST are CNL subgroups. It
is necessary to further stratify this subgroup to precisely predict treat-
ment response. Some studies have shown that ProMisE molecular clas-
sification can be further stratified by combining more biomarkers. For
patients with CNL subgroup, mutation of c-terminal cyclin D1 (CCND1),
mutation of CTNNB1 gene, amplification of 1q32.1, overexpression of L1
cell adhesion molecule (L1CAM), loss of ER and PR expression and high
DNA damage are all identified as markers associated with poor
prognosis,16–20 which indicates that it is possible to make further mo-
lecular stratification for the CNL subgroup. Another study combined
molecular typing with clinicopathological features which might be a
more detailed stratification for EC patients. A total of 614 patients were
divided into three groups: patients with substantial lymphovascular
space invasion, p53-mutant, and/or >10% L1CAM are defined as group
of unfavorable prognosis (15%), patients with POLEmut, no specific
molecular profile (NSMP) being microsatellite stable, and CTNNB1
wild-type are defined as favorable prognosis (50%), while patients with
MSI or CTNNB1-mutant are defined as intermediate prognosis (35%).21

This stratification method may be more effective in selecting candidates
of EC patients for fertility preserving.

Patients with POLEmut have the best oncologic prognosis and may
not be affected by adjuvant therapy22 which suggests this group may
benefit from conservative treatment. Among the 4 POLEmut patients in
this study, one EC patient with intraperitoneal implantation metastasis
achieved CR after a regimen of chemotherapy plus hormone therapy and
gave live birth, but its long-term prognosis still needs further follow-up.
For patients with POLEmut, whether the indications of FST can be
expanded is worth further study.

On the contrary, patients with CNH subgroup have the worst prog-
nosis with a high risk of recurrence and total survival, and is not sup-
posed to be treated conservatively.23 However, two patients with CNH
subgroup in this study received FST with GnRHa plus LNG-IUS regimen
and oral MPA regimen, respectively, and both of them achieve CR, one of
them got pregnancy. Therefore, for patients with CNH subgroup, FST
might not be the contraindication. But only if they have a high compli-
ance and follow-up condition, could the fertility-preserving treatment be
carefully carried out.

This was the first report of molecular classification among EC and
AEH patients receiving FST in China. While this study used the TCGA
strategy for molecular classification and the method of next generation
sequencing is inconvenient in application. In the future, an alternative
way like PromisE by testing mutation of POLE gene combined with
immunohistochemistry of MMR/p53 protein might be cost-effective and
easy popularization. Second, risk factors for treatment response among
the CNL patients need to be further studied. Furthermore, there were
limited cases for the other three molecular subgroups other than the CNL
subgroup. And the findings in this study still needs large-sample research
to confirm.

5. Conclusion

In summary, molecular classification is significant for indicating
prognosis and progesterone response for EC and AEH patients receiving
FST. Based on molecular characteristics, it's reasonable to identify pa-
tients who can benefit most from FST. Patients with MSI-H subgroup
have poor response to FST and take a high risk of tumor recurrence and
hysterectomy, so fertility preservation is not recommended. Patients with
CNL subgroup need a more detailed stratified classification by possibly
combining the clinicopathological and molecular features. For patients
with POLEmut subgroup we might consider broader indications for FST.
And there are a few successful cases of fertility preservation for patients

http://gocm.bmj.com/


Y. Wang et al. Gynecology and Obstetrics Clinical Medicine 3 (2023) 38–43

gocm
: first published as 10.1016/j.gocm

.2023.01.006
with CNH subgroup under strictly monitor. We look forward to further
researches of large sample size to accumulate experience on molecular
classification shedding light on the fertility-sparing treatment of EC and
AEH.

Funding

National Key Technology Research and Developmental Program of
China (Program Nos. 2022YFC2704400, 2022YFC2704405).

Ethics approval

This study was approved by the Biomedical Ethics Committee of
Peking University People's Hospital (approval number: IRB00001052-
19142).

Consent to participate

Informed consent was obtained from all individual participants
included in the study.
 on N
http://gocm

.bm
j.com

/
 on 1 M

arch 2023. D
ow

nloaded from
 

Declaration of competing interest

All authors declare no conflict of interest.

References

1. Baxter E, Brennan DJ, McAlpine JN, et al. Improving response to progestin treatment
of low-grade endometrial cancer. Int J Gynecol Cancer. 2020;30(11):1811–1823.
https://doi.org/10.1136/ijgc-2020-001309.

2. Wang Y, Yu M, Yang JX, et al. Prolonged conservative treatment in patients with
recurrent endometrial cancer after primary fertility-sparing therapy: 15-year
experience. Int J Clin Oncol. 2019;24(6):712–720. https://doi.org/10.1007/s10147-
019-01404-2.

3. Kandoth C, Schultz N, Cherniack AD, et al. Integrated genomic characterization of
endometrial carcinoma. Nature. 2013;497(7447):67–73. https://doi.org/10.1038/
nature12113.

4. Abdulfatah E, Wakeling E, Sakr S, et al. Molecular classification of endometrial
carcinoma applied to endometrial biopsy specimens: towards early personalized
patient management. Gynecol Oncol. 2019;154(3):467–474. https://doi.org/
10.1016/j.ygyno.2019.06.012.

5. Chapel DB, Yamada SD, Cowan M, et al. Immunohistochemistry for mismatch repair
protein deficiency in endometrioid endometrial carcinoma yields equivalent results
when performed on endometrial biopsy/curettage or hysterectomy specimens.
Gynecol Oncol. 2018;149(3):570–574. https://doi.org/10.1016/
j.ygyno.2018.04.005.

6. Zhou R, Lu Q, Liu G, et al. Chinese expert consensus on fertility-preserving treatment
for young women with early stage well differentiated endometrial cancer. Science.
2021;1(1):49–53.
43
7. H€ohn AK, Brambs CE, Hiller GGR, et al. 2020 WHO classification of Female genital
tumors. Geburtshilfe Frauenheilkd. 2021;81(10):1145–1153. https://doi.org/
10.1055/a-1545-4279.

8. Britton H, Huang L, Lum A, et al. Molecular classification defines outcomes and
opportunities in young women with endometrial carcinoma. Gynecol Oncol. 2019;
153(3):487–495. https://doi.org/10.1016/j.ygyno.2019.03.098.

9. Garg K, Shih K, Barakat R, et al. Endometrial carcinomas in women aged 40 years
and younger: tumors associated with loss of DNA mismatch repair proteins comprise
a distinct clinicopathologic subset. Am J Surg Pathol. 2009;33(12):1869–1877.
https://doi.org/10.1097/PAS.0b013e3181bc9866.

10. Matthews KS, Estes JM, Conner MG, et al. Lynch syndrome in women less than 50
years of age with endometrial cancer. Obstet Gynecol. 2008;111(5):1161–1166.
https://doi.org/10.1097/AOG.0b013e31817051d9.

11. Shih KK, Garg K, Levine DA, et al. Clinicopathologic significance of DNA mismatch
repair protein defects and endometrial cancer in women 40years of age and younger.
Gynecol Oncol. 2011;123(1):88–94. https://doi.org/10.1016/j.ygyno.2011.06.005.

12. Walsh MD, Cummings MC, Buchanan DD, et al. Molecular, pathologic, and clinical
features of early-onset endometrial cancer: identifying presumptive Lynch syndrome
patients. Clin Cancer Res. 2008;14(6):1692–1700. https://doi.org/10.1158/1078-
0432.Ccr-07-1849.

13. Zakhour M, Cohen JG, Gibson A, et al. Abnormal mismatch repair and other
clinicopathologic predictors of poor response to progestin treatment in young women
with endometrial complex atypical hyperplasia and well-differentiated endometrial
adenocarcinoma: a consecutive case series. Bjog. 2017;124(10):1576–1583. https://
doi.org/10.1111/1471-0528.14491.

14. Chung YS, Woo HY, Lee JY, et al. Mismatch repair status influences response to
fertility-sparing treatment of endometrial cancer. Am J Obstet Gynecol. 2021;224(4):
370. https://doi.org/10.1016/j.ajog.2020.10.003. e1-.e13.

15. Burleigh A, Talhouk A, Gilks CB, et al. Clinical and pathological characterization of
endometrial cancer in young women: identification of a cohort without classical risk
factors. Gynecol Oncol. 2015;138(1):141–146. https://doi.org/10.1016/
j.ygyno.2015.02.028.

16. Xu J, Lin DI. Oncogenic c-terminal cyclin D1 (CCND1) mutations are enriched in
endometrioid endometrial adenocarcinomas. PLoS One. 2018;13(7), e0199688.
https://doi.org/10.1371/journal.pone.0199688.

17. Kurnit KC, Kim GN, Fellman BM, et al. CTNNB1 (beta-catenin) mutation identifies
low grade, early stage endometrial cancer patients at increased risk of recurrence.
Mod Pathol. 2017;30(7):1032–1041. https://doi.org/10.1038/modpathol.2017.15.

18. Depreeuw J, Stelloo E, Osse EM, et al. Amplification of 1q32.1 refines the molecular
classification of endometrial carcinoma. Clin Cancer Res. 2017;23(23):7232–7241.
https://doi.org/10.1158/1078-0432.Ccr-17-0566.

19. Karnezis AN, Leung S, Magrill J, et al. Evaluation of endometrial carcinoma
prognostic immunohistochemistry markers in the context of molecular classification.
J Pathol Clin Res. 2017;3(4):279–293. https://doi.org/10.1002/cjp2.82.

20. Auguste A, Genestie C, De Bruyn M, et al. Refinement of high-risk endometrial cancer
classification using DNA damage response biomarkers: a TransPORTEC initiative.
Mod Pathol. 2018;31(12):1851–1861. https://doi.org/10.1038/s41379-018-0055-1.

21. Stelloo E, Nout RA, Osse EM, et al. Improved risk assessment by integrating
molecular and clinicopathological factors in early-stage endometrial cancer-
combined analysis of the PORTEC cohorts. Clin Cancer Res. 2016;22(16):4215–4224.
https://doi.org/10.1158/1078-0432.Ccr-15-2878.

22. Van Gool IC, Rayner E, Osse EM, et al. Adjuvant treatment for POLE proofreading
domain-mutant cancers: sensitivity to radiotherapy, chemotherapy, and nucleoside
analogues. Clin Cancer Res. 2018;24(13):3197–3203. https://doi.org/10.1158/1078-
0432.Ccr-18-0266.

23. Talhouk A, McAlpine JN. New classification of endometrial cancers: the development
and potential applications of genomic-based classification in research and clinical
care. Gynecol Oncol Res Pract. 2016;3:14. https://doi.org/10.1186/s40661-016-
0035-4.
ovem
ber 2, 2024 by guest. P

rotected by copyright.

https://doi.org/10.1136/ijgc-2020-001309
https://doi.org/10.1007/s10147-019-01404-2
https://doi.org/10.1007/s10147-019-01404-2
https://doi.org/10.1038/nature12113
https://doi.org/10.1038/nature12113
https://doi.org/10.1016/j.ygyno.2019.06.012
https://doi.org/10.1016/j.ygyno.2019.06.012
https://doi.org/10.1016/j.ygyno.2018.04.005
https://doi.org/10.1016/j.ygyno.2018.04.005
http://refhub.elsevier.com/S2667-1646(23)00006-4/sref6
http://refhub.elsevier.com/S2667-1646(23)00006-4/sref6
http://refhub.elsevier.com/S2667-1646(23)00006-4/sref6
http://refhub.elsevier.com/S2667-1646(23)00006-4/sref6
https://doi.org/10.1055/a-1545-4279
https://doi.org/10.1055/a-1545-4279
https://doi.org/10.1016/j.ygyno.2019.03.098
https://doi.org/10.1097/PAS.0b013e3181bc9866
https://doi.org/10.1097/AOG.0b013e31817051d9
https://doi.org/10.1016/j.ygyno.2011.06.005
https://doi.org/10.1158/1078-0432.Ccr-07-1849
https://doi.org/10.1158/1078-0432.Ccr-07-1849
https://doi.org/10.1111/1471-0528.14491
https://doi.org/10.1111/1471-0528.14491
https://doi.org/10.1016/j.ajog.2020.10.003
https://doi.org/10.1016/j.ygyno.2015.02.028
https://doi.org/10.1016/j.ygyno.2015.02.028
https://doi.org/10.1371/journal.pone.0199688
https://doi.org/10.1038/modpathol.2017.15
https://doi.org/10.1158/1078-0432.Ccr-17-0566
https://doi.org/10.1002/cjp2.82
https://doi.org/10.1038/s41379-018-0055-1
https://doi.org/10.1158/1078-0432.Ccr-15-2878
https://doi.org/10.1158/1078-0432.Ccr-18-0266
https://doi.org/10.1158/1078-0432.Ccr-18-0266
https://doi.org/10.1186/s40661-016-0035-4
https://doi.org/10.1186/s40661-016-0035-4
http://gocm.bmj.com/

	Characteristics of molecular classification in 52 endometrial cancer and atypical hyperplasia patients receiving fertility- ...
	1. Introduction
	2. Methods
	2.1. Study population
	2.2. Fertility-preserving treatment
	2.3. Follow-up
	2.4. Efficacy evaluation
	2.5. Molecular classification procedure
	2.6. Post-treatment management
	2.7. Statistical analysis

	3. Results
	3.1. General information
	3.2. Comparison of clinicopathological characteristics among four molecular subgroups
	3.3. Comparison of therapeutic effects of FST among the four molecular subgroups

	4. Discussion
	4.1. Characteristics of molecular classification of EC and AEH patients receiving FST
	4.2. Correlation between molecular classification and clinicopathological characteristics
	4.3. Influence of different molecular subgroups on the efficacy of FST

	5. Conclusion
	Funding
	Ethics approval
	Consent to participate
	Declaration of competing interest
	References


