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The Proactive Molecular Risk Classifier for Endometrial Cancer (ProMisE) is a molecular
classification system that identifies endometrial cancer (EC) into four prognostically distinct
subtypes: POLE-mutated, mismatch repair deficiency (MMR-D), p53 wild-type (p53wt),
and p53 abnormal (p53abn). However, few reports have applied the ProMisE classifier to
EC patients who underwent fertility-preserving treatment (FPT) so far. This study evaluated
whether the ProMisE classifier predicted in early-stage EC patients after FPT. We first
summarized the three reported outcomes of ProMisE applied to EC patients who received
FPT. The hormone-treated patients with EC from 2010 to 2020 in our facility were then
analyzed. By sequential immunohistochemistry and Sanger sequencing of POLE
according to the ProMisE system, formalin-fixed paraffin-embedded blocks of patients
before treatment were collected and classified into POLE-mutated, MMR-D, p53wt, and
p53abn subtypes. The primary outcome was a complete response rate after FPT.
Thirteen patients were enrolled from our facility, with 3 (3/13) MMR-D, 0 (0/13) POLE, 8
(8/13) p53wt, 1 (1/13) p53abn, and 1 (1/13) failed with DNA amplification. Six (6/8)
patients with p53wt, 2 (2/3) patients with MMR-D, and 1 (1/1) patient with p53abn
achieved a complete response in 6 months after treatment. The results of our study and
the reported outcomes were finally combined. A total of 106 patients who underwent FPT
were included. Of these, 23 (21.7%) were classified as MMR-D, 3 (2.8%) as POLE-
mutated, 3 (2.8%) as p53abn, and 77 (72.6%) as p53wt. There was no significant
difference in the complete response rate (P = 0.152) and recurrence rate (P = 0.174)
between MMR-D and p53wt subtypes after FPT. Based on current data, we observed no
prognostic significance of the ProMisE classifier in EC patients who underwent FPT.
Larger prospective studies are needed to elucidate the precise prognostic meaning of this
molecular classifier in these cases.
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INTRODUCTION

Endometrial cancer (EC) is one of the most common
gynecological malignancies worldwide, with approximately
417,000 cases diagnosed in 2020 (1). Almost 7% of new cases
occur in women under age 44, and the incidence is increasing
due to obesity and other risk factors (2). Although the gold
standard treatment for patients with EC is total hysterectomy
with bilateral salpingo-oophorectomy, fertility-preserving
treatment (FPT) could be considered in FIGO stage IA,
lesions confined to the endometrium or superficial
myometrium, and grade 1 endometrioid EC patients who
desire pregnancy in the future (3). Current FPT options
include oral progestin agents (medroxyprogesterone acetate
or megestrol acetate) or the levonorgestrel intrauterine
system (LNG-IUS), with a 79.4% overall complete response
rate in a recent meta-analysis (4).

Although fertility-sparing management for endometrial
cancer has increasingly been investigated, the selection of
patients suitable for FPT with pathologic examination and
magnetic resonance imaging (MRI) still has shortfalls due to a
lack of consensus among pathologists and an unreproducible
diagnosis of histotype and grade of EC (5). Besides, although
patients eligible for FPT are those younger than 40 years
with well-differentiated, endometrioid EC clinically limited
to the endometrium and no extra-uterine disease, these
indications are not restricted in clinical practice. FPT
appears to be feasible even in age > 40 years (6), with grade
2 endometrioid adenocarcinoma (7), or with minimal
myometrial infiltration (8). In this scenario, a better tool of
a molecular classifier is needed to help direct patient
management and identify patients for whom conservative
management is safe.

The Cancer Genome Atlas (TCGA) endometria l
collaborative project discovered four distinct prognostic EC
genomic subtypes (9). Since it was costly and complex for
clinical application, the Proactive Molecular Risk Classifier for
Endometrial Cancer (ProMisE), which is simple and suitable in
clinical practice, was developed and stratified EC into 4
subgroups: (i) mismatch repair deficient (MMR-D), showing
the loss of one or more mismatch repair protein(s); (ii) DNA
polymerase epsilon (POLE), with mutations in the exonuclease
domain in exons 9–14, is associated with very favorable
outcomes; (iii) p53 abnormal (p53abn) demonstrating
aberrant p53 immunohistochemical staining; and (iv) p53
wild type (p53wt) (10). This classifier has been validated and
applied to EC patients who underwent standard surgical
treatment. However, its application to EC patients who
received FPT is relatively novel, and there are only a few
studies tested on a cohort of EC patients who were
conservatively treated, with differences in outcomes among
these studies (11–13). This study further validated whether
the ProMisE classifier could predict treatment response in
women with endometrial cancer who underwent fertility-
sparing treatment.
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MATERIALS AND METHODS

Search Strategy, Data Extraction and
Quality Assessment
First, we included original studies with primary data reporting
the prognostic significance of the Proactive Molecular Risk
Classifier for EC in the fertility-sparing management of
endometrial cancer. We searched for peer-reviewed studies
published before 1 November 2021, in the MEDLINE, Embase,
and Google Scholar databases with various combinations of the
following keywords: fertility-sparing treatments, progesterone,
intrauterine devices, and early endometrial cancer. Studies were
selected if the participants were women diagnosed histologically
with early-stage EC, the intervention was fertility-sparing
therapy, patients were classified according to the ProMisE for
molecular subtypes, and a complete response (CR) rate, a partial
response (PR) rate, a and relapse rate (RR) were included in
the outcomes.

Studies were hand-searched and selected in a 2-stage process.
First, the titles and abstracts from the electronic searches were
scrutinized by 2 reviewers independently (XR and TH), and full
manuscripts of all citations that met the pre-defined selection
criteria were obtained. Second, final inclusion or exclusion
decisions were made on the examination of the full manuscripts.

Data were extracted independently by 2 reviewers (XR and
TH). We extracted data on the study population (number, age,
BMI, percentage of molecular subtypes, and follow-up time), and
the major outcomes. We assessed study quality using items from
the Newcastle–Ottawa Quality Assessment Scale and the Quality
Assessment of Diagnostic Accuracy Studies tool (14)
(Supplementary Table 1).

Two reviewers (XR and TH) independently assessed the risk
of bias of each study using the Quality in Prognosis Studies
(QUIPS) tool, which contains several domains: study
participation, study attrition, prognostic factor measurement,
outcome measurement, study confounding, and statistical
analysis and reporting. The risk of bias concerns were rated in
each domain as “high risk of bias,” “moderate risk of bias,” or
“low risk of bias.” The overall risk of bias was considered low if
≤2 domains were rated as having a moderate risk of bias and all
others were rated as having a low risk of bias. The overall risk of
bias was considered moderate if >2 domains were rated as having
a moderate risk of bias and all others were rated as having a low
risk of bias. The overall risk of bias was considered high if ≥1
domain was rated a high risk of bias, irrespective of all other
domains (15). Consensus was reached after classification by
individual researchers (Supplementary Table 2).

Study Population
We retrospectively reviewed the data of young patients with
endometrial cancer who had received FPT at the West China
Second University Hospital, Sichuan University, during 2010–
2020. The study was approved by the ethics committee of West
China Second University Hospital, Sichuan University. The
inclusion criteria were as follows (1): aged 18–40 years (2),
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clinically presumed International Federation of Gynecology and
Obstetrics (FIGO) stage IA (3), pathologically diagnosed grade 1,
endometrioid adenocarcinoma, and (4) no contraindication for
progestin treatment. Exclusion criteria include inadequate
quality of tumor tissues, unclear medication history, or no
tissue available at our institution. The primary outcome was
the complete response rate after FPT for each molecular group. A
complete response (CR) was defined as no evidence of residual
EC or atypical hyperplasia (AH) at follow-up endometrial
sampling, diagnosed by hysteroscopic biopsy. Time until CR
was measured from the treatment start date. The other
pathologic responses to progestin treatment were defined as
follows: Partial regression (PR) was defined as the presence of
atypical hyperplasia (AH) during follow-up endometrial
sampling by hysteroscopic biopsy. Disease persistence was
defined as no evidence of disease regression was observed
within 6 months. Disease progression is a lesion of higher
grade or clinically progressive disease, including myometrial
invasion, extrauterine disease, or lymph node metastasis.
Recurrence was defined as the presence of EC or AH during
follow-up after an endometrial sample indicated treatment
response. Time to recurrence was defined as from the date of
the complete response. Patient follow-up data were gathered
until the end of 2020.

The evaluation of response before achieving CR was performed
using dilation and curettage (D&C) or hysteroscopic biopsy every 3
months during the initial treatment for 2 years, then 6-monthly.
Unless there was any evidence of progression in the follow-up
endometrial biopsies and/or imaging studies, patients continued to
receive initial treatment until they achieved CR.

Application of the ProMisE Classifier to
Endometrial Biopsy Specimens
The FFPE biopsies of patients were evaluated according to the
ProMisE algorithm based on IHC for MMR proteins, sequencing
for the presence of POLE exonuclease domain mutations, and
IHC for p53 (5, 12, 16). Tumors were categorized into one of the
four ProMisE molecular subgroups: POLE-mutated, mismatch
repair deficient (MMR-D), p53 wild-type (p53wt), and p53-
abnormal (p53abn).

IHC for MMR and P53 Proteins
In the first step of the algorithm, a representative FFPE block was
evaluated for the expression of the MMR proteins, namely, MLH1,
MSH2, MSH6, and PMS2 by IHC. Sections were cut at 4 mm
thickness and de-waxed in xylene and ethanol before rehydration.
Researchers then blocked endogenous peroxidase activity by
incubating sections in a 3% H2O2 solution in methanol at room
temperature for 10 min. After antigen retrieval with citric acid (pH
6.0) at 121°C for 15 min, the sections were blocked with 10%
normal goat serum and incubated overnight at 4°C with four
antibodies: anti-hMLH1 (1:1,000; ProteinTech Group, Chicago,
IL); anti-hMSH2 (1:100; ProteinTech Group, Chicago, IL); anti-
hMSH6 (1:100; ProteinTech Group, Chicago, IL); and anti-hPMS2
(1:1,000; ProteinTech Group, Chicago, IL). After washing with
PBS, the sections were incubated with biotinylated rabbit anti-goat
Frontiers in Oncology | www.frontiersin.org 3
immunoglobulin antibody (ZSGB-Bio Ltd., Beijing, China), and
the slides were visualized by staining with diaminobenzidine
(Dako Ltd., Glostrup, Denmark) and counterstained with
hematoxylin. Protein expression in appendix tissue served as an
internal positive control. For p53 immunostaining, the slides were
incubated with p53 primary antibody (1:100; ProteinTech Group,
Chicago, IL). Slides of high-grade serous ovarian cancer were used
as positive controls.

We performed image acquisition (BA400Digital; MOTIC
China Group Co., Ltd.) and quantitative analysis (Halo 101-
WL-HALO-1; Indica Labs, USA) of the slides. The tumor was
classified into the MMR-D subtype if IHC demonstrated a loss of
MMR protein nuclear expression. Immunostaining for p53 was
considered abnormal when there was no staining of tumor cell
nuclei or strong and diffuse staining (absent p53 protein or ab-
errant increased protein accumulation, respectively), while
intermediate levels of expression were considered wild-type.

DNA Extraction, Targeted Sequencing for
POLE Mutation
Genomic DNA (gDNA) was extracted from FFPE using the Ezup
Column Animal Genomic DNA Purification Kit (Sangon Biotech
(Shanghai) Co., Ltd.). gDNA was amplified with the forward and
reverse primers. After purified PCR products were detected by
agarose gel electrophoresis (150 V, 100 mA, 10–20 min), DNA was
extracted from the agarose gel by a SanPrep Column DNA Gel
Extraction Kit (Sangon Biotech (Shanghai) Co., Ltd.), and then
Sanger-sequenced with the BigDye terminator v1.1 sequencing kit
and a 3730xl automated sequencer (Applied Biosystems, Foster
City, CA, USA). The results were analyzed by Variant reporter
software version 2.1 (Applied Biosystems).
Statistical Analysis
Data were collected retrospectively through chart review. Summary
statistics are provided. Normally distributed continuous variables
(age and body mass index (BMI)) were compared using Student’s t-
test; nonparametric continuous factors were compared using the
Wilcoxon rank-sum test and proportions were compared using a
chi-square test. Analyses were conducted using SPSS 22.0 (IBM
Corp., Armonk, NY, USA).
RESULTS

Literature Review of the Three
Previous Studies
After literature searching, we found three studies that tested the
PromisE classifier on EC patients who received FPT so far
(11–13). The characteristics and outcome measures of each
study are summarized in Table 1. A total of 94 EC patients
who underwent hormone therapy were classified by ProMisE in
3 studies and distributed as follows: 20 (21.3%) MMR-D, 3
(3.2%) POLE, 2 (2.1%) p53abn, and 69 (73.4%) p53wt. In the
study by Falcone et al. (12), three cases had more than one
molecular feature: MMR-D + p53abn (n = 1); MMR-D + POLE-
May 2022 | Volume 12 | Article 810631
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mutated subtypes (n = 2). The rest of all cases demonstrated one
molecular feature.

The oncologic outcomes of the three studies are presented.
Chung et al. reported the following CR rates at 6 months of the
four ProMisE subtypes: 1 (11.1%) MMR-D, 1 (1/2) POLE, 1 (1/1)
p53abn, and 24 (53.3%) p53wt; best overall response of CR/PR
rate: 4 (44.4%) MMR-D and 37 (82.2%) p53wt; recurrence rate
after CR: 1 (25.0%)MMR-D, 1 (1/2) POLE, 1 (1/1) p53abn, and 16
(43.2%) p53wt. Falcone et al. stated the CR rate at 6 months as
follows: 5 (5/7) MMR-D, 1 (1/1) POLE, and 7 (7/7) p53wt;
recurrence rate after CR: 1 (1/7) MMR-D and 2 (2/7) p53wt.
Puechl et al. reported a CR rate at 6 months: 3 (3/4) MMR-D and
13 (76.5%) p53wt, with 1 (1/4) MMR-D, 1 (1/1) p53abn, and 4
(23.5) p53wt having progression or requiring definitive treatment.
After combining the results of three studies, patients withMMR-D
showed a lower overall response rate of CR/PR rate than those
with the p53wt subtype (60.0% vs 82.6%, P = 0.040), which was
consistent with the result of Chung et al. (11). The combined CR
rate after 6 months of hormone therapy in the MMR-D group had
no significant difference compared with p53wt subgroup, however,
Chung et al. (11) reported a lower rate inMMR-D patients. Puechl
et al. (13) reported that 1/4 of EC patients with MMR-D and 4/17
with p53wt developed progression or underwent definitive surgery
after levonorgestrel intrauterine system (LNG-IUS) treatment.
They also included 37 endometrial intraepithelial neoplasia
(EIN) patients. After adding them to EC patients (n = 59),
p53abn tumors exhibited the shortest time to progression or
definitive therapy. Due to the small sample size, Falcone et al.
(12) did not conclude that there were significant differences in
outcomes among subtypes.
Frontiers in Oncology | www.frontiersin.org 4
From combined studies, we found that, similar to the result of
Chung et al. (11), the MMR-D subtype was associated with a
worse overall response rate compared to the p53wt subtype in
women with EC who underwent FPT. However, larger samples
changed the comparison outcomes of the CR rate at 6 months
after treatment between MMR-D and p53wt subtypes. Therefore,
studies are needed to further test whether the MMR-D subtype
could predict response in women with endometrial cancer
treated conservatively. Besides, owing to the limited sample
size, the POLE-mutated and p53abn subtypes in predicting
hormone response also need to be further explored.

Results of the Current Study
Owing to the limited samples and changed outcomes after the
combination of previous studies, we performed further
exploration to test the prognostic ability of the ProMisE
classifier in EC patients who underwent FPT. Thirteen patients
with Grade 1 endometrioid adenocarcinoma who underwent FPT;
pretreatment formalin-fixed, paraffin-embedded (FFPE) tissues in
our institution were included. The study flowchart is shown in
Figure 1. A total of 49 Grade 1 endometrioid adenocarcinoma
(EAC) patients who underwent FPT between 2010 and 2020 in the
West China University Hospital were first identified; 35 patients
had their pre-treatment biopsies obtained in other hospitals, and 1
patient lost survival information. Finally, 13 patients were enrolled
in the ProMisE algorithm application.

Immunohistochemistry (IHC) for MMR proteins was
performed in the first step. Three cases exhibited a loss of MMR
proteins and were categorized as MMR-D subtype. MMR-intact
cases were then evaluated for POLE mutations by Sanger
TABLE 1 | Molecular characterization of patients with endometrial cancer underwent FPT and outcomes.

Study Characteristics MMR-D POLE-Mutated p53abn p53wt P1 Total

Chung et al. (11) Number 9 (15.8) 2 (3.5) 1 (1.8) 45 (78.9) – 57
Age at diagnosis (years) 33 (26–40) 27, 34 33 31 (19–45) 0.382 33 (19–45)
BMI (kg/m2) 24.6 (18.8–41.3) 40.5, 20.2 20.0 26.8 (17.8–39.9) 0.265 25.7 (17.8–41.3)
CR rate at 6 months 1 (11.1) 1 (1/2) 1 (1/1) 24 (53.3) 0.010 27 (47.4)
Best overall response of CR/PR rate 4 (44.4) 1 (1/2) 1 (1/1) 37 (82.2) 0.018 43 (75.4)
Recurrence rate after CR 1 (25.0) 1 (1/2) 1 (1/1) 16 (43.2) 0.629 19 (44.2)
Hysterectomy 4 (44.4) 2 (2/2) 0 (0/1) 22 (48.9) 1.000 28 (49.1)

Falcone et al. (12) Number 7 (46.7) 1 (6.7) 0 (0) 7 (46.7) 15
Age at diagnosis (years) 38 (28–39) 36 – 37 (25–40) – 37 (25–40)
BMI (kg/m2) 29.0 (24.3–53.5) 38.3 – 24.2 (22.7–33.1) – 26.3 (22.7–53.3)
CR rate at 6 months 5 (5/7) 1 (1/1) – 7 (7/7) – 13 (13/15)
Best overall response of CR/PR rate 5 (5/7) 1 (1/1) – 7 (7/7) – 13 (13/15)
Recurrence rate after CR 1 (1/7) 0 (0/1) – 2 (2/7) – 3 (3/15)
Hysterectomy 2 (2/7) 0 (0/1) – 2 (2/7) – 4 (4/15)

Puechl et al. (13) Number 4 (18.2) 0 (0) 1 (6.7) 17 (77.3) – 22
CR rate at 6 months 3 (3/4) – 0 (0/1) 13 (76.5) – –

Best overall response of CR/PR rate 3 (3/4) – 0 (0/1) 13 (76.5) – 16 (72.7)
Progression or required definitive treatment 1 (1/4) – 1 (1/1) 4 (23.5) – 6 (27.3)
Hysterectomy 1 (1/4) – 1 (1/1) 4 (23.5) – 6 (100.0)

Summary of the 3 studies Number 20 (21.3) 3 (3.2) 2 (2.1) 69 (73.4) – 94
CR rate at 6 months 9 (45.0) 2 (2/3) 1 (1/2) 44 (63.8) 0.195 56 (59.6)
Best overall response of CR/PR rate 12 (60.0) 2 (2/3) 1 (1/2) 57 (82.6) 0.040 72 (76.6)
Recurrence rate after CR 3 (15.0) 1 (1/3) 2 (2/2) 22 (31.9) 0.168 28 (29.8)
Hysterectomy 7 (35.0) 2 (2/3) 1 (1/2) 28 (40.6) 0.796 38 (40.4)
May 2022 | Vo
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Data are presented as median (range) or n (%). 1Patients with POLE-mutated or p53abn were excluded.
MMR-D, mismatch repair deficient; abn, abnormal; wt, wild type; BMI, body mass index; CR, complete regression; PR, partial response; -, not available.
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sequencing. Nine cases showed POLE wild-type and one case
failed DNA amplification. Then, POLE wild-type cases were
subjected to IHC for p53, one case showed p53 overexpression
and was classified as p53abn subtype. In summary, the molecular
classification of the 13 cases presented the following ProMisE
subtypes: 3 (3/13) MMR-D, 0 (0/13) POLE, 8 (8/13) p53wt, 1
(1/13) p53abn, and 1 (1/13) failed with DNA amplification.
No cases showed more than one molecular feature. The detailed
molecular features of all patients are summarized in Table 2.
Frontiers in Oncology | www.frontiersin.org 5
The clinical–pathological characteristics, treatment,
oncologic, and pregnancy outcomes of the patients are detailed
in Table 3. The mean age of the cohort was 29.8 ± 4.3 years and
the mean body mass index (BMI) was 25.4 ± 7.1 (kg/m2). All
patients had an initial diagnosis of Grade 1 endometrioid
adenocarcinoma (EAC). Four of thirteen cases were diagnosed
via hysteroscopy, and 9/13 via dilation and curettage (D&C).
Patients received treatment, namely, megestrol acetate (MA),
medroxyprogesterone acetate (MPA), goserelin acetate, and
FIGURE 1 | Flow chart of patient selection and ProMise algorithm apllication.
TABLE 2 | Molecular classification by ProMisE algorithm of all the patients.

Patients (No.) Age at diagnosis (years) ProMisE subtype MMR IHC abnormal POLE mutation p53 IHC

1 31 p53wt – – p53wt
2 35 MMR-D MSH6 – p53wt
3 23 p53wt – – p53wt
4 29 p53wt – – p53wt
5 28 p53wt – – p53wt
6 33 p53wt – – p53wt
7 26 – – DNA amplification failure p53wt
8 34 p53abn – – p53abn
9 29 p53wt – – p53wt
10 23 p53wt – – p53wt
11 29 p53wt – – p53wt
12 31 MMR-D MSH6 – p53wt
13 37 MMR-D MSH2; MSH6 – p53wt
May 2022 | Volume 12 | Articl
IHC, immunohistochemistry; MMR, mismatch repair; MSH6, MutS homolog 6; MSH2, MutS homolog 2; MMR-D, mismatch repair deficient.
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levonorgestrel. The average time of the treatment was 7.7
months, ranging from 3 to 24 months. Ten of thirteen patients
had a complete response after hormone treatment at 6 months.
Patient No. 3 was found with disease progression and an ovarian
mass after 107 months of complete response and was treated by
definitive surgery, showing a stage IA G2 endometrioid ovarian
cancer (OC) and synchronous asymptomatic endometrioid
G2 EC.

Three patients had disease progression and persistent disease,
respectively. Patient No. 5 had p53wt mutation-developed
disease progression after 6 months of MA plus 5 months of
LNG-IUS therapy. The final diagnosis showed stage IA G1
endometrioid EC. Patient No. 11 with p53wt mutation kept
persistent after 3 months of MA treatment, then underwent
Frontiers in Oncology | www.frontiersin.org 6
definitive surgery immediately. Patient No. 13 with MMR-D
underwent genetic testing and did not suggest Lynch syndrome.
MRI of the patient showed minimal myometrial infiltration and
it was not recommended to continue FPT after 1 month of MA
treatment and 4 GnRH-A injections. Overall, 12 patients were
alive and had no evidence of disease; 1 patient was alive with
ovarian cancer at the end of the follow-up.

Finally, we combined our results with the three previous
studies. The molecular characterization and outcomes are
detailed in Table 4. A total of 106 EC patients who underwent
hormone therapy were included after the combination of the 4
studies. p53wt was still the most common subtype and was
observed in 77 cases (72.6%). MMR-D was found in 23 cases
(21.7%) and was presented as the second most common subtype.
TABLE 4 | Molecular characterization and outcomes of the 4 studies.

Study Characteristics MMR-D POLE-Mutated p53abn p53wt P1 Total

Summary of the 4 studies Number 23 (21.7) 3 (2.8) 3 (2.8) 77 (72.6) – 106
CR rate at 6 months 11 (47.8) 2 (2/3) 2 (2/3) 50 (64.9) 0.152 64 (60.4)
Best overall response of CR/PR rate 14 (60.9) 2 (2/3) 2 (2/3) 62 (80.5) 0.092 80 (75.6)
Recurrence rate after CR/Progression 3 (13.0) 1 (1/3) 2 (2/3) 23 (29.9) 0.174 29 (27.4)
Hysterectomy 8 (34.8) 2 (2/3) 1 (1/3) 32 (41.6) 0.633 43 (40.6)
Ma
y 2022 | Volum
e 12 | Articl
1Patients with POLE-mutated (n = 3) or p53abn (n = 3) were excluded.
TABLE 3 | Demographics, clinical–pathological characteristics, treatment, oncologic outcomes of the EC patients who underwent FPT.

Patients
(No.)

Age at diagnosis
(years)

BMI (kg/m2) Pre-diagnosis
GxPx

Pathology Diagnostic
method

Treatment, mg/day Treatment duration,
months

1 31 21.9 G0P0 G1 EAC D&C MA, 160 + MPA, 250 3 +3
2 35 20.4 G2P1 G1 EAC Hysteroscopy MA, 160 3
3 23 20.7 G0P0 G1 EAC D&C MA, 160 6
4 29 18.4 G1P0 G1 EAC D&C MA, 160 3
5 28 30.8 G0P0 G1 EAC Hysteroscopy MA, 160 + LNG-IUS 6 + 5
6 33 37.6 G0P0 G1 EAC D&C MA, 160 + LNG-IUS 6
7 26 26.6 G0P0 G1 EAC Hysteroscopy MPA, 250 + LNG-IUS 10
8 34 39.4 G2P0 G1 EAC Hysteroscopy MPA, 500 24
9 29 30.7 G0P0 G1 EAC Hysteroscopy LNG-IUS 12
10 23 24.8 G0P0 G1 EAC Hysteroscopy LNG-IUS 11
11 29 18.6 G0P0 G1 EAC Hysteroscopy MA, 160 3
12 31 20.4 G0P0 G1 EAC Hysteroscopy MPA, 250 + LNG-IUS 4
13 37 20.3 G0P0 G1 EAC Hysteroscopy MA, 160 + GnRH-A (i.m) 1month + 4 times
Patients
(No.)

Follow-up
duration, months

Oncologic outcome
at 6 months

Final
diagnosis

Recurrence
(months)

Second cancer
(months)

Hysterectomy Current
status

GxPx at the end of
the treatment

1 138 CR Normal – – No NED G0P0
2 120 CR Normal – – No NED G2P1
3 123 CR Normal 107 Ovarian cancer

(107)
Yes AWD G0P0

4 84 CR Normal – – Yes NED G1P0
5 60 Progression1 EAC – – Yes NED G0P0
6 48 CR Normal – – No NED G0P0
7 46 CR Normal – – No NED G0P0
8 27 PR Normal – – No NED G2P0
9 15 CR Normal – – No NED G0P0
10 11 CR Normal – – No NED G0P0
11 12 Persistent EAC – – Yes NED G0P0
12 15 CR Normal – – No NED G0P0
13 13 Persistent EAC – – Yes NED G0P0
1Definitive surgery at 5 months.
BMI, body mass index; G, gravida; P, para; G1, Grade 1; D&C, dilation and curettage; EAC, endometrioid adenocarcinoma; MA, megestrol acetate; MPA, medroxyprogesterone acetate;
LNG-IUS, Levonorgestrel-releasing intrauterine system; GnRH-A, Gonadotropin-releasing hormone agonist; i.m, intramuscular injection; CR, complete response; AWD, alive with disease;
NED, no evidence of disease.
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Patients were classified as the following subtypes: 23 (21.7%)
MMR-D, 3 (2.8%) POLE-mutated, 3 (2.8%) p53abn, and 77
(72.6%) p53wt. We compared the outcomes of the MMR-D
subtype and the p53wt subtype, and we found there was no
significant difference in the CR rate after treatment at 6 months
between the two groups (47.8% vs. 64.9%, P = 0.152) and overall
response of CR/PR rate (60.9% vs. 80.5%, P = 0.092). Recurrence
rates were 13.0 and 29.9% in the MMR-D and p53wt subtypes,
respectively, which also showed no significant difference (P =
0.174). Of 43 patients with treatment failure or progression who
underwent hysterectomy, there was no significant difference
between the two groups either.
DISCUSSION

This study evaluated the prognostic ability of the ProMisE
classifier in early-stage EC patients after FPT. We found no
significant difference in the CR rate (P = 0.152) between the
MMR-D and p53wt subtypes after FPT. The other oncologic
outcomes, including overall response, CR/PR rate, and
recurrence rate, also showed no significant difference. Based on
current results, we observed no prognostic significance for the
ProMisE classifier in EC patients who underwent FPT.

Due to the inadequate ability to refine prognostication or assess
treatment efficacy in the last decade, the traditional systems of
histo-morphological classification and risk group stratification of
EC have been challenged by molecular-based classification. The
Cancer Genome Atlas (TCGA) endometrial collaborative project
discovered four distinct prognostic EC subtypes based on genomic
abnormalities, identifying four molecularly defined prognostic
subgroups (10). Later, the analogous but simplified ProMisE
classifier was developed and validated, showing high
concordance between diagnostic and hysterectomy specimens
(5, 17). A few previous studies have applied the ProMisE
classifier to EC patients who were conservatively treated, and
our study further tested the ProMisE molecular classification
system on EC patients who underwent FPT. Our results showed
a two-type molecular heterogeneity (MMR-D and p53wt
subtypes) within a group of G1 EACs and relatively
homogeneous good survival outcomes at present.

We found 3/13 cases of MMR-D at IHC analysis. Patient No.
13 with MMR-D did not suggest Lynch syndrome and had a
hysterectomy due to persistent disease. The other two MMR-D
patients had a good response to hormone therapy, and they did
not undergo LS testing. Similar to the small sample study by
Falcone et al. (12), they found about 50% (7/15) MMR defects at
IHC analysis and clinical outcome, with 4 of 7 mutated patients
showing EC persistence/progression or metachronous Lynch
syndrome-associated tumors. The different distributions and
outcomes were likely due to the study populations.

We finally combined the outcomes of four studies with the
same purpose. The combined results showed four ProMisE
subtype distributions as follows: 77 (72.6%) p53wt, 23 (21.7%)
MMR-D, 3 (2.8%) POLE-mutated, and 3 (2.8%) p53abn. There
were no significant differences in CR rate and recurrence rate
Frontiers in Oncology | www.frontiersin.org 7
between MMR-D and p53wt subtypes, which broke the
hypotheses based on validated ProMisE in large cohorts of EC
patients and indicated that MMR-D could predict good or poor
responses to FPT in EC patients. Our results were different from
the pre-combined study and opinions (11, 18–20). The reason
for this difference may be attributed to the study population due
to the lack of mechanism evidence between MMR deficiency and
hormone therapy in EC patients. From previous clinical studies,
we also found a controversial relationship between MMR-D and
hormone-treated outcomes of EC. Britton et al. (18) first applied
the ProMisE classifier to a large cohort of young EC women (<50
years of age) after ProMisE was validated in the non-age
stratified cohorts (17) and reported that MMR-D is associated
with poorer outcomes compared to p53wt, including overall,
disease-specific, and progression-free survival. However, several
studies hold different opinions about whether MMR-D can be a
predictive biomarker for hormone therapy in EC women.
Zakhour et al. (21) found 5/84 EAC patients with MMR-D
who underwent progestin therapy and none of the MMR-D
patients responded to progestin. Chung et al. (11) found MMR-
D had poor outcomes after hormone therapy in early-stage EC.
Gallos et al. (22) found no associations between MLH1 protein
expression and regression/relapse of women with endometrial
hyperplasia treated with LNG-IUS. A hypothesis indicated that
MMR-deficient may reduce the function of progesterone
receptor (23), however, its reaction to progesterone therapy
remained unclear (24, 25). In this regard, further validation is
needed to assess the relationship between MMR-D and progestin
response in EC patients who received FPT.

Our results showed rare POLE mutated and p53abn subtypes
and a much higher proportion of p53wt and MMR-D subtypes
than the EC cohort <50 yo at diagnosis (18). A possible reason
for this difference may be the loss of POLE patients during the
selection of large volume tumor blocks for DNA extraction or
population characteristics.

Other factors that have been studied to predict the efficacy of
fertility sparing treatment of EC. Travaglino et al. (26) assessed
the predictive significance of PTEN and found it seemed not to
be useful as a predictive marker of response to conservative
treatment of EC, suggesting that PTEN is not applicable as a
stand-alone predictive marker. Raffone et al. (27) reported that
mismatch repair protein deficiency appears as a highly specific
predictor of recurrence of EEC after initial regression. Clinical
factors, such as longer menstrual cycles and infrequent
menstrual bleeding, also appeared as independent predictive
factors for conservative treatment failure in EEC (28). Weak
stromal expression of isoform B of the progesterone receptor
(PRB) was also found as a highly sensitive predictive marker of
both no response and recurrence of EEC conservatively treated
(29). Besides, many of the non-coding RNAs (ncRNAs) also
reported a prognosis prediction function and remarkable
importance in defining the therapeutic and surveillance path of
EC patients, such as lncRNA and sncRNA (30). Both lncRNA
and sncRNA functionally interact with EC diagnostic and
prognostic genes and may be a valuable alternative marker for
risk evaluation to aid patient-tailored treatment and improve the
May 2022 | Volume 12 | Article 810631
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outcome of patients with EC (31). Further prospective studies,
suggest that all of these factors, combined with the ProMisE
classifiers, might represent valuable biomarkers to improve risk
stratification for EC patients who underwent fertility
sparing treatment.

This study combined the eligible outcomes of the FPT
response with the implementation of ProMisE in EC patients.
Based on current data, we observed no prognostic information
from the classifier for conservatively treated patients. However,
this study is limited by the lack of assessment of outcomes for
POLE-mt and p53abn patients due to the limited sample size,
retrospective nature, and heterogeneity in classification methods
across a combination of several studies. Future evaluation is
warranted to determine whether molecular classification predicts
outcomes for patients considering hormone therapy for
endometrial cancer.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the ethics committee of West China Second
Frontiers in Oncology | www.frontiersin.org 8
University Hospital, Sichuan University. The ethics committee
waived the requirement of written informed consent
for participation.
AUTHOR CONTRIBUTIONS

Methodology, formal analysis, investigation, writing—original
draft preparation, XR. Methodology, formal analysis,
investigation, TH. Conceptualization, formal analysis,
investigation, resources, data curation, writing—review and
editing, supervision, project administration, funding
acquisition, ZL. All authors listed have made a substantial,
direct, and intellectual contribution to the work and approved
it for publication.
FUNDING

This research was funded by the Department of Science and
Technology of Sichuan Province, grant number 2019YJ0072.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.
810631/full#supplementary-material
REFERENCES
1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al.

Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and
Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J Clin
(2021) 71(3):209–49. doi: 10.3322/caac.21660

2. Corzo C, Barrientos Santillan N, Westin SN, Ramirez PT. Updates on
Conservative Management of Endometrial Cancer. J Minim Invasive
Gynecol (2018) 25(2):308–13. doi: 10.1016/j.jmig.2017.07.022

3. KohWJ, Abu-RustumNR, Bean S, Bradley K, Campos SM, Cho KR, et al. Uterine
Neoplasms, Version 1.2018, NCCN Clinical Practice Guidelines in Oncology.
J Natl Compr Canc Netw (2018) 16(2):170–99. doi: 10.6004/jnccn.2018.0006

4. Lucchini SM, Esteban A, Nigra MA, Palacios AT, Alzate-Granados JP, Borla HF.
Updates on Conservative Management of Endometrial Cancer in Patients Younger
Than 45 Years.Gynecol Oncol (2021) 161(3):802–9. doi: 10.1016/j.ygyno.2021.04.017

5. Talhouk A, McConechy MK, Leung S, Li-Chang HH, Kwon JS, Melnyk N,
et al. A Clinically Applicable Molecular-Based Classification for Endometrial
Cancers. Br J Cancer (2015) 113(2):299–310. doi: 10.1038/bjc.2015.190

6. Capozzi VA, Rosati A, Rumolo V, Ferrari F, Gullo G, Karaman E, et al. Novelties
of Ultrasound Imaging for Endometrial Cancer Preoperative Workup. Minerva
Med (2021) 112(1):3–11. doi: 10.23736/S0026-4806.20.07125-6

7. Mitsuhashi A, Habu Y, Kobayashi T, Kawarai Y, Ishikawa H, Usui H, et al.
Long-Term Outcomes of Progestin Plus Metformin as a Fertility-Sparing
Treatment for Atypical Endometrial Hyperplasia and Endometrial Cancer
Patients. J Gynecol Oncol (2019) 30(6):e90. doi: 10.3802/jgo.2019.30.e90

8. Falcone F, Leone Roberti Maggiore U, Di Donato V, Perrone AM, Frigerio L,
Bifulco G, et al. Fertility-Sparing Treatment for Intramucous, Moderately
Differentiated, Endometrioid Endometrial Cancer: A Gynecologic Cancer
Inter-Group (GCIG) Study. J Gynecol Oncol (2020) 31(5):e74. doi: 10.3802/
jgo.2020.31.e74
9. Casadio P, La Rosa M, Alletto A, Magnarelli G, Arena A, Fontana E, et al.
Fertility Sparing Treatment of Endometrial Cancer With and Without Initial
Infiltration of Myometrium: A Single Center Experience. Cancers (Basel)
(2020) 12(12):3571. doi: 10.3390/cancers12123571

10. Kandoth C, Schultz N, Cherniack AD, Akbani R, Liu Y, Shen H, et al.
Integrated Genomic Characterization of Endometrial Carcinoma. Nature
(2013) 497(7447):67–73. doi: 10.1038/nature12113

11. Chung YS,Woo HY, Lee JY, Park E, Nam EJ, Kim S, et al. Mismatch Repair Status
Influences Response to Fertility-Sparing Treatment of Endometrial Cancer. Am J
Obstet Gynecol (2021) 224(4):370.e1–370.e13. doi: 10.1016/j.ajog.2020.10.003

12. Falcone F, Normanno N, Losito NS, Scognamiglio G, Esposito Abate R,
Chicchinelli N, et al. 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–
5. doi: 10.1016/j.ejogrb.2019.07.013

13. Puechl AM, Spinosa D, Berchuck A, Secord AA, Drury KE, Broadwater G,
et al. Molecular Classification to Prognosticate Response in Medically
Managed Endometrial Cancers and Endometrial Intraepithelial Neoplasia.
Cancers (Basel) (2021) 13(11):2847. doi: 10.3390/cancers13112847

14. Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, et al.
QUADAS-2: A Revised Tool for the Quality Assessment of Diagnostic
Accuracy Studies. Ann Intern Med (2011) 155(8):529–36. doi: 10.7326/
0003-4819-155-8-201110180-00009

15. Ubachs J, Ziemons J, Minis-Rutten IJG, Kruitwagen RFPM, Kleijnen J,
Lambrechts S, et al. Sarcopenia and Ovarian Cancer Survival: A Systematic
Review and Meta-Analysis. J Cachexia Sarcopenia Muscle (2019) 10(6):1165–
74. doi: 10.1002/jcsm.12468

16. Talhouk A, McConechy MK, Leung S, Yang W, Lum A, Senz J, et al.
Confirmation of ProMisE: A Simple, Genomics-Based Clinical Classifier for
Endometrial Cancer. Cancer (2017) 123(5):802–13. doi: 10.1002/cncr.30496
May 2022 | Volume 12 | Article 810631

https://www.frontiersin.org/articles/10.3389/fonc.2022.810631/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.810631/full#supplementary-material
https://doi.org/10.3322/caac.21660
https://doi.org/10.1016/j.jmig.2017.07.022
https://doi.org/10.6004/jnccn.2018.0006
https://doi.org/10.1016/j.ygyno.2021.04.017
https://doi.org/10.1038/bjc.2015.190
https://doi.org/10.23736/S0026-4806.20.07125-6
https://doi.org/10.3802/jgo.2019.30.e90
https://doi.org/10.3802/jgo.2020.31.e74
https://doi.org/10.3802/jgo.2020.31.e74
https://doi.org/10.3390/cancers12123571
https://doi.org/10.1038/nature12113
https://doi.org/10.1016/j.ajog.2020.10.003
https://doi.org/10.1016/j.ejogrb.2019.07.013
https://doi.org/10.3390/cancers13112847
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.7326/0003-4819-155-8-201110180-00009
https://doi.org/10.1002/jcsm.12468
https://doi.org/10.1002/cncr.30496
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Ran et al. Molecular Classifier in Endometrial Cancer
17. Kommoss S, McConechy MK, Kommoss F, Leung S, Bunz A, Magrill J, et al.
Final Validation of the ProMisE Molecular Classifier for Endometrial
Carcinoma in a Large Population-Based Case Series. Ann Oncol (2018) 29
(5):1180–8. doi: 10.1093/annonc/mdy058

18. Britton H, Huang L, Lum A, Leung S, Shum K, Kale M, et al. Molecular
Classification Defines Outcomes and Opportunities in Young Women With
Endometrial Carcinoma. Gynecol Oncol (2019) 153(3):487–95. doi: 10.1016/
j.ygyno.2019.03.098

19. Stewart KI, Yates MS, Westin SN. Pushing the Envelope: Expanding Fertility
Sparing Treatment of Endometrial Cancer. J Gynecol Oncol (2020) 31(5):e82.
doi: 10.3802/jgo.2020.31.e82

20. Son J, Carr C, Yao M, Radeva M, Priyadarshini A, Marquard J, et al.
Endometrial Cancer in Young Women: Prognostic Factors and Treatment
Outcomes inWomen Aged ≤40 Years. Int J Gynecol Cancer (2020) 30(5):631–
9. doi: 10.1136/ijgc-2019-001105

21. Zakhour M, Cohen JG, Gibson A, Walts AE, Karimian B, Baltayan 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):1576–83.
doi: 10.1111/1471-0528.14491

22. Gallos ID, Devey J, Ganesan R, Gupta JK. Predictive Ability of Estrogen
Receptor (ER), Progesterone Receptor (PR), COX-2, Mlh1, and Bcl-2
Expressions for Regression and Relapse of Endometrial Hyperplasia Treated
With LNG-IUS: A Prospective Cohort Study. Gynecol Oncol (2013) 130
(1):58–63. doi: 10.1016/j.ygyno.2013.04.016

23. Derbyshire AE, Ryan N, Crosbie EJ. Biomarkers Needed to Predict Progestin
Response in Endometrial Cancer. Bjog (2017) 124(10):1584. doi: 10.1111/
1471-0528.14490

24. Chen M, Jin Y, Li Y, Bi Y, Shan Y, Pan L. Oncologic and Reproductive
Outcomes After Fertility-Sparing Management With Oral Progestin for
Women With Complex Endometrial Hyperplasia and Endometrial Cancer.
Int J Gynaecol Obstet (2016) 132(1):34–8. doi: 10.1016/j.ijgo.2015.06.046

25. Zhou R, Yang Y, Lu Q, Wang J, Miao Y, Wang S, et al. Prognostic Factors of
Oncological and Reproductive Outcomes in Fertility-Sparing Treatment of
Complex Atypical Hyperplasia and Low-Grade Endometrial Cancer Using
Oral Progestin in Chinese Patients. Gynecol Oncol (2015) 139(3):424–8. doi:
10.1016/j.ygyno.2015.09.078

26. Travaglino A, Raffone A, Saccone G, Insabato L, Mollo A, De Placido G, et al.
PTEN as a Predictive Marker of Response to Conservative Treatment in
Endometrial Hyperplasia and Early Endometrial CancerA Systematic Review
Frontiers in Oncology | www.frontiersin.org 9
and Meta-Analysis. Eur J Obstet Gynecol Reprod Biol (2018) 231:104–10. doi:
10.1016/j.ejogrb.2018.10.025

27. Raffone A, Catena U, Travaglino A, Masciullo V, Spadola S, Della Corte L,
et al. Mismatch Repair-Deficiency Specifically Predicts Recurrence of Atypical
Endometrial Hyperplasia and Early Endometrial Carcinoma After
Conservative Treatment: A Multi-Center Study. Gynecol Oncol (2021) 161
(3):795–801. doi: 10.1016/j.ygyno.2021.03.029

28. Raffone A, Travaglino A, Flacco ME, Iasevoli M, Mollo A, Guida M, et al.
Clinical Predictive Factors of Response to Treatment in Patients Undergoing
Conservative Management of Atypical Endometrial Hyperplasia and Early
Endometrial Cancer. J Adolesc Young Adult Oncol (2021) 10(2):193–201. doi:
10.1089/jayao.2020.0100

29. Raffone A, Travaglino A, Zullo FM, Gencarelli A, Micheli M, Miranda S, et al.
Predictive Accuracy of Progesterone Receptor B in Young Women With
Atypical Endometrial Hyperplasia and Early Endometrial Cancer Treated
With Hysteroscopic Resection Plus LNG-IUD Insertion. J Minim Invasive
Gynecol (2021) 28(6):1244–53. doi: 10.1016/j.jmig.2020.10.009

30. Cavaliere AF, Perelli F, Zaami S, Piergentili R, Mattei A, Vizzielli G, et al.
Towards Personalized Medicine: Non-Coding RNAs and Endometrial
Cancer. Healthcare (Basel) (2021) 9(8):965. doi: 10.3390/healthcare9080965

31. Piergentili R, Zaami S, Cavaliere AF, Signore F, Scambia G, Mattei A, et al.
Non-Coding RNAs as Prognostic Markers for Endometrial Cancer. Int J Mol
Sci (2021) 22(6):3151. doi: 10.3390/ijms22063151
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Ran, Hu and Li. This is an open-access article distributed under the
terms of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
May 2022 | Volume 12 | Article 810631

https://doi.org/10.1093/annonc/mdy058
https://doi.org/10.1016/j.ygyno.2019.03.098
https://doi.org/10.1016/j.ygyno.2019.03.098
https://doi.org/10.3802/jgo.2020.31.e82
https://doi.org/10.1136/ijgc-2019-001105
https://doi.org/10.1111/1471-0528.14491
https://doi.org/10.1016/j.ygyno.2013.04.016
https://doi.org/10.1111/1471-0528.14490
https://doi.org/10.1111/1471-0528.14490
https://doi.org/10.1016/j.ijgo.2015.06.046
https://doi.org/10.1016/j.ygyno.2015.09.078
https://doi.org/10.1016/j.ejogrb.2018.10.025
https://doi.org/10.1016/j.ygyno.2021.03.029
https://doi.org/10.1089/jayao.2020.0100
https://doi.org/10.1016/j.jmig.2020.10.009
https://doi.org/10.3390/healthcare9080965
https://doi.org/10.3390/ijms22063151
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Molecular Classification in Patients With Endometrial Cancer After Fertility-Preserving Treatment: Application of ProMisE Classifier and Combination of Prognostic Evidence
	Introduction
	Materials and Methods
	Search Strategy, Data Extraction and Quality Assessment
	Study Population
	Application of the ProMisE Classifier to Endometrial Biopsy Specimens
	IHC for MMR and P53 Proteins
	DNA Extraction, Targeted Sequencing for POLE Mutation

	Statistical Analysis

	Results
	Literature Review of the Three Previous Studies
	Results of the Current Study

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


