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Background: Multiplatform molecular subtyping has been put into clinical practice as an alternative for 
The Cancer Genome Atlas (TCGA)-based classification for endometrial cancer (EC), which proved a tool 
for predicting prognosis and guiding treatment. The traditional methods for the molecular classification 
of EC only based on pathological indicators are not accurate. The present study aimed to classify EC on a 
molecular level and explored the possibility of a one-time solution to guide clinical treatment and prognosis 
determination by utilizing data from a next-generation sequencing (NGS) panel. The ultimate aim was to 
utilize multiplatform testing to overcome disadvantages of long detection periods and limitations in the 
information regarding genetic variation. 
Methods: An NGS-panel was produced using FFPE samples isolated from 86 patients pathologically 
diagnosed with EC, and molecular subtyping was performed according to the recommended criteria. In 
addition, 45 matched samples from 86 patients were randomly selected for immunohistochemical (IHC) 
staining of P53, MLH1, MSH2, PMS2, and MSH6. Another 41 samples were not analyzed due to incomplete 
IHC staining results. SPSS (V26.0; IBM Corp., Armonk, NY, USA) was used for receiver operating 
characteristic (ROC) curve analysis. 
Results: The molecular typing ratio of the 86 cases of endometrial carcinoma was calculated to be 16.28% 
for POLE type, 17.44% for MSI-H type, 47.67% for CN-L type, 12.79% for CN-H type, 5.81% for 
unclassified case. A comparison between IHC ProMisE-based subtyping and NGS-based subtyping of the 
45 cases revealed that 3 cases were classified as MSI-H by IHC but as MSS by NGS. Among these cases, 1 
case was deficient in MLH1 expression and PMS2 protein expression but had wild-type P53 protein, and 
the P53 sequencing data of this sample showed a missense mutation. Good overall consistency between the 
2 determination methods was shown. Receiver operating characteristic (ROC) analysis showed that NGS 
had particularly high specificity and sensitivity for detecting the MSI and CN subtypes [area under the curve 
(AUC) =0.893>0.5, P=0.000029<0.01]. 
Conclusions: The present study suggested that NGS-based subtyping could serve as an effective approach 
for the molecular typing of EC. Both NGS and IHC bear their own unique advantages and challenges in 
clinical practice.
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Introduction 

Next-generation sequencing (NGS), a high-throughput 
sequencing technology that can identify genomic alterations 
occurring in any region of a target gene, can detect 
frequencies as low as one mutated copy in thousands of 
wild-type copies and elucidate many Types of Mutational 
Landscapes of Tumors. NGS has become an important 
aspect of accurate tumor diagnosis and treatment, and has 
a variety of uses, such as tumor targeted therapy-related 
driver gene detection, drug resistance mechanism analysis, 
tumor metastasis and prognosis assessment, molecular 
classification diagnosis (1).

Endometrial cancer (EC) is the seventh most prevalent 
cancer among women and is second only to cervical cancer 
in terms of reproductive system malignancies (2-5). EC can 
be classified into 2 different types, namely type I and type 
II. Type I tumors include estrogen-related endometrioid 
endometrial adenocarcinomas (EECs), which are typically 
low grade. By contrast, type II tumors include non-
endometrioid endometrial carcinomas (NEECs), which 
mainly consist of serous and clear-cell EC (6). In 2013, The 
Cancer Genome Atlas (TCGA) performed an integrated 
genomic, transcriptomic, and proteomic characterization of 
373 endometrial carcinomas using array- and sequencing-
based technologies, before conducting a typing study 
on the EC genome (7). The results revealed 4 distinct 
molecular subgroups. Group 1 (~7% of patients) consisted 
of patients with EEC exhibiting polymerase ɛ (POLE) 
somatic mutations at an abnormally high mutation rate 
(hypermutation). This group of patients typically exhibited a 
superior prognosis. Group 2 (~28% of patients) consisted of 
patients with microsatellite instability (MSI) EEC exhibiting 
high MutL homolog 1 (MLH1) promoter methylation levels 
with a high mutation rate. Group 3 (~39% of all patients) 
consisted of patients with low copy number (CN-L) EEC. 
Group 4 (~26% of all patients) consisted of patients with 
high copy number (CN-H) EC, including most cases of 
serous carcinoma. These patients harbored TP53 gene 
mutations with low mutation rates and typically exhibited 
a poor prognosis. The 4 subgroups of EC benefit from 
different treatments strategies and have distinct clinical 
outcome profiles, in addition to manifesting different 

clinicopathological characteristics (8).
Proactive Molecular Risk Classifier for Endometrial 

Cancer (ProMisE) typing is a classification method that 
is suitable for clinical application but inferior to TCGA 
multiomics molecular typing (9). However, simple 
methods, such as immunohistochemistry (IHC) and POLE 
next-generation sequencing (NGS), are able to produce 
comparable profiles to TCGA typing. This is especially 
the case for POLE-mutated, mismatch repair-deficient 
(MMR-d), P53-abnormal (P53-abn), and P53-wild-type EC. 
In 2020, León-Castillo et al. proposed the TransPORTEC 
classification system for patients with high-risk EC (10). 
This system produced 4 categories, namely P53abn, POLE-
ultramutated, MMR-d, and no specific molecular profile, 
which proved to be a useful tool for predicting prognosis 
and guiding treatment. In addition, the 2020 edition of 
the National Comprehensive Cancer Network (NCCN) 
guidelines recommended the routine molecular subtyping 
of EC to predict treatment outcome and prognosis of early 
EC while also guiding the design of adjuvant treatment 
strategies (11).

However, it is not accurate to classify EC into subgroups 
based on pathological indicators only (12). Although the 
majority of EC cases are in the P53-abn group, low-grade 
endometrioid carcinomas with no specific molecular profile 
also exist. In addition, high-grade endometrioid carcinomas 
can fall into any of the 4 molecular subtypes. Therefore, 
it is important to distinguish tumor aggressiveness while 
subtyping to more accurately classify EC for clinical 
treatment development (13). It should also be noted that 
stratification of high-grade EC cancers by pathological 
morphology alone is challenging, which limits its value in 
clinical applications (14).

An EC molecular typing technology platform has 
previously been developed that incorporates data derived 
from IHC and the Sanger/NGS methods. However, its data 
interpretation, test cycle, subjective judgment parameters, 
and lack of specimens restrict the accuracy of this platform 
in clinical application (15-17). Therefore, in the present 
study, NGS was performed to detect and analyze the 
profiles of associated genes prior to typing. Subsequently, 
the effectiveness and feasibility of the clinical application of 
this NGS-based method was assessed by comparing it with 
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the existing consensus method recommended by the current 
guidelines. We present the following article in accordance 
with the TRIPOD reporting checklist (available at https://
atm.amegroups.com/article/view/10.21037/atm-22-3446/rc).

Methods

Clinical research design

EC from 86 patients, were molecularly subclassified using 
two different methods; by performing the next generation 
sequencing (NGS) panel and using the Proactive Molecular 
Risk Classifier for Endometrial Cancer (NCCN guidelines) 
classifier and performing immunohistochemical staining 
for MMR proteins and P53. The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). The study was approved by the ethics committee 
of Henan Cancer Hospital affiliated with Zhengzhou 
University (No. 2017407), and informed written consent 
was obtained from all participants.

Patient and tissue selection

In total, ≥2 paraffin samples were obtained from each 
tissue sample surgically removed form 93 patients with EC 
between January 2019 and December 2020 at the Affiliated 
Cancer Hospital of Zhengzhou University (Zhengzhou, 
China). Among the 93 confirmed cases, 7 cases were 
excluded because the number of tumor cells in the tissues 
was observed to be <20%. In addition, patients who had 
undergone preoperative chemotherapy or other treatments 
were excluded. Finally, 86 specimens were obtained 
for subsequent experiments. The pathomorphological 
diagnosis of the patients was evaluated by 2 professional 
pathologists in a double-blinded manner. The detailed 
clinicopathological data are shown in Table 1. 

NGS-panel detection

Pathologists first evaluated the tumor cell content before 
sample processing for NGS. Excess noncancerous normal 
tissues were excised from samples with <20% tumor cell 
content. A total of 86 of the 93 samples were treated 
to procure the proportion of tumor cells required for 
sequencing. Samples from all patients were sequenced using 
a panel containing 36 genes associated with EC. First, an 
EC molecular typing detection kit (Novogene Co., Ltd., 
Tianjin, China) was used for hybridization capture. This kit 
covers the detection of associated genes recommended by 
the NCCN guidelines for EC. In addition, clinical studies 
that tested a large cohort of clinical samples have found that 
the kit only requires a total of <1 G data to accurately detect 
variations at a low abundance of 1% and analyze the MSI 
status of the samples.

After the data were unloaded, Fastp software (V0.19.4) (18)  
was used for quality control and preprocessing, and the 
Burrows-Wheeler Aligner software (V0.7.8) (19) was 
used to align clean reads with the hg19 reference genome. 
VarScan (V2.4.3) (20) and Genome Analysis Toolkit (GATK;  
V4.1) (19) analyses were performed to detect somatic and 
germline variants, respectively, in the tumor and normal 
samples. Single nucleotide/indel variants were annotated 
and filtered using snpEff (21) + ANNOVAR (V4.3) (19,21) 
and Ensembl Variant Effect Predictor (ensembl-vep 90.6) 
+ ANNOVAR. The distribution difference between  
94 microsatellite fragments in case-control was analyzed 
using the MANTIS software (V1.0.5) (22), which contributed 
to the MSI class calculations. The interpretation of variants 
was performed by referring to the Catalogue Of Somatic 

Table 1 Patient characteristics

Patient characteristics N (%)/mean ± SD

Age (years)

<60 61 (70.93)/51.61±6.59

≥60 25 (29.07)/65.68±5.14

FIGO classification

I 34 (39.53)

II-III 31 (36.05)

NA 21 (24.42)

The full depth of the infiltrate uterine wall

<1/2 43 (50.00)

≥1/2 29 (33.72)

NA 14 (16.28)

Pathological type

Endometrioid carcinoma 67 (77.91)

Mucinous carcinoma 4 (4.60)

Serous carcinoma 5 (5.80)

Clear cell carcinoma 4 (4.65)

NA 6 (6.98)

Remote metastasis 7 (8.16)

FIGO, International Federation of Gynecology and Obstetrics; 
NA, uncertain.

https://atm.amegroups.com/article/view/10.21037/atm-22-3446/rc
https://atm.amegroups.com/article/view/10.21037/atm-22-3446/rc
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Mutations In Cancer (COSMIC) database (https://cancer.
sanger.ac.uk/cosmic) and the self-built database. Any disease-
causing or potential disease-causing mutations found were 
judged as having biological significance. Patients were 
then divided into 4 molecular subtypes according to the  
NCCN (11) and Chinese gynecological evaluation 
guidelines. In all cases, the POLE exonuclease mutation status 
was determined according to the León-Castillo and other  
criteria (10). The remaining cases were annotated for their 
MSI status based on the NGS results and were classified as 
either MSI-high (MSI-H) or microsatellite stability (MSS). 
Those with harmless TP53 mutations were sorted into the 
CN-L group, whereas those with pathogenic TP53 mutations 
were considered to be of the abnormal P53-abn type and 
were sorted into the CN-H group. 

IHC analysis

Each formalin-fixed paraffin-embedded (FFPE) sample 
from the enrolled cases was cut into 3.5 µm slices for IHC 
staining. Roche reagent standard operating procedures 
were used. The primary antibodies used were as follows: 
CONFIRM anti-P53 (clone DO-7, product code 790-2912, 
Roche Diagnostics, Figure S1), VENTANA anti-MLH1 
(clone M1, product code 790-5091, Roche Diagnostics), 
mutS homolog 2 (MSH2; clone G219-1129, product code 
790-5093, Roche Diagnostics), postmeiotic segregation 
increased 2 (PMS2, clone A16-4, product code 790-5094, 
Roche Diagnostics) and VENTANA anti-MSH6 (clone 
SP93, product code 790-5092, 1:300, Roche Diagnostics; 
Figure S2). Two pathologists independently evaluated the 

immunostaining results after dyeing. If strong positive 
staining was observed in >75% of tumor cells (nucleus or 
cytoplasm), then the P53 IHC was considered mutant. 
Otherwise, the section was considered wild type. 

The expression of MLH1, MSH2, MSH6, and PMS2 
proteins was detected according to the Consensus on The 
Detection of Microsatellite Instability in Colorectal Cancer 
and Other Related Solid Tumors in China published in  
2019 (23). If there was no staining in the tumor cell nucleus, 
the sample was considered negative; if the proportion of 
stained cells was <5%, the sample was considered focally 
positive. Negative expression of any of the aforementioned 
proteins was considered to be loss of expression. For 
P53 and MMR proteins, abnormal subclonal expression 
was considered to occur if abnormal staining patterns 
were detected in the adjacent areas of the tumor (24). 
Nonmalignant regions and stromal tissues in the tumor 
specimens were used as the internal reference for the 
negative control of all proteins. The evaluation was 
performed double-blinded. After IHC staining, patients 
with loss of MMR protein expression were classified as 
MMR-d. If P53 IHC staining was negative, the sample was 
considered to be wild type and of the CN-L type. If P53 
IHC showed positive abnormal staining, the sample was 
considered to be of the CN-H type. 

Statistical analysis

Classification variables were described as counts and 
percentages where κ-values were calculated (κ>0.75). 
Continuous variables were described as median and range. 
SPSS software (V26.0; IBM Corp., Armonk, NY, USA) (25) 
was used for receiver operating characteristic (ROC) curve 
and area under the curve (AUC >0.5) analysis. 

Results

Molecular typing performed through NGS

The molecular typing of 86 EC tissue samples was performed 
using NGS. The proportions of POLE mutant, MSI-H,  
CN-L, CN-H, and unclassified samples were 16.28%, 
17.44%, 47.67%, 12.79%, and 5.81%, respectively (Figure 1).  
The sequencing data of the 2 unclassified cases mainly 
revealed mutations in histone-lysine N-methyltransferase 2A 
and cyclin D1, which are associated with the stability of the 
DNA helical structure and cell cycle regulation, respectively. 
However, no mutations in POLE, TP53, or PTEN genes 

POLE

MSI-H

CN-L

CN-H

NA

47.67%

17.44%

16.28%
5.81%

12.79%

Figure 1 Distribution of molecular typing in the 86 patients with 
endometrial cancer. POLE, polymerase Ɛ; MSI, microsatellite-
instability; CN, copy number; H, high; L, low; NA, unclassified.

https://cancer.sanger.ac.uk/cosmic
https://cancer.sanger.ac.uk/cosmic
https://cdn.amegroups.cn/static/public/ATM-22-3446-Supplementary.pdf
https://cdn.amegroups.cn/static/public/ATM-22-3446-Supplementary.pdf
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were found. The main variation site in the POLE gene was 
NM_006231.2 exon 9 c.857C>G p.P286R. The majority of 
variants found were consistent with those reported in Europe 
and America (26-28) (Figure 2).

Distribution of the 4 subgroups in the different pathological 
subtypes

We analyzed the distributions of the 4 subgroups in the 
different pathological subtypes (Figure 3). The results 
showed that the CN-L group accounted for 54.41% of 
all endometrioid carcinomas, whereas the CN-H group 
comprised only 8.82%. By contrast, the CN-H group 
constituted the largest proportion of those with serous 
endometrial carcinoma, while the other 3 types were not 
found in this pathological type. The proportion of MSI-H 
was particularly high in clear cell carcinoma and mucinous 
endometrial carcinoma, but the POLE mutant group 
was not found in these pathological types. These result 
suggested that different pathological types may mediate 
different mechanisms in the developmental process of EC.

Classification results of 45 patients with EC by IHC and 
NGS-based technologies

In total, 45 FFPE samples were randomly selected from 
the 86-patient NGS typing cohort for IHC staining of 
MMR proteins and P53. Molecular typing was performed 
according to the recommended typing standard of Chinese 

gynecology, before being compared with the typing results 
classified by NGS (Table 2).

The comparison results showed that 3 cases were sorted 
into the MSI-H group by IHC staining, while the NGS 
typing classified these cases as MSS and sorted them into 
the CN-L group. The specific IHC results are shown in 
Table 3. Among these 3 cases, 1 case had deficient expression 
of MLH1 and PMS2 proteins, although the expression of 
the P53 protein was normal. However, P53 gene sequencing 
in this sample found a missense mutation. The IHC results 
of P53 in the other 2 samples were consistent with the NGS 
results. 

Consistency check of the 2 methods

Due to the inconsistent results in the study cohort of  
45 matched samples, a consistency test was conducted for 
the 2 diagnostic methods. The statistical results showed that 
κ=0.902>0.75, P<0.01, which suggested that the 2 diagnostic 
methods exhibited good overall consistency (Table 4). To 
understand whether the difference between the MSI-H and 
the CN-L group could affect the sensitivity and specificity 
of NGS typing, ROC curve analysis was performed. The 
results showed that the NGS method had statistical efficacy 
and good diagnostic performance in the classification of 
MSI-H in patients with EC [area under the curve (AUC) 
=0.893, P<0.01] (Figure S3). 

Discussion

In 2013, a large-scale, comprehensive, integrated TCGA 
genome analysis of 373 cases of EC was performed 
according to the tumor’s clinicopathological and molecular 
characteristics. This study divided EC into the following 
subtypes: POLE mutant (7%), MSI-H (28%), CN-L (39%), 
and CN-H (26%) (7). Previous studies found that the 
molecular typing of EC plays a potentially important role in 
guiding the clinical treatment of EC (13,29). Adverse effects 
due to excessive adjuvant chemotherapy can be avoided in 
patients with EC harboring POLE mutants, while patients 
with MMR-d EC can benefit from radiotherapy but not 
chemotherapy. By contrast, patients with P53-abn EC can 
typically benefit from chemotherapy (10,30). At present, 
the consensus recommendation for the molecular typing of 
EC is an integrated multiplatform approach using IHC and 
molecular detection methods to detect and classify the 4 
subtypes of EC (17). 

The purpose of the present study was to compare the 

Figure 2 Distribution of POLE gene variant subtypes in the 
86 patients. c.857C>G, c.1231G>T, c.1100T>G, c.1307C>G, 
c.1331T>A, c.13A>G, c.2641A>G, c.4901G>A, c.778C>T, 
c.890C>T correspond to different variation sites in the POLE 
gene. POLE, polymerase Ɛ.
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POLE

MSI-H

CN-L

CN-H

Endometrioid carcinoma

Mucinous carcinoma

Serous carcinoma

Clear cell carcinoma

Figure 3 Distribution of the NGS-based molecular subtypes among the four pathological types. NGS, next-generation sequencing; POLE, 
polymerase Ɛ; MSI, microsatellite-instability; CN, copy number; H, high; L, low.

Table 2 Classification results of 45 EC patients by IHC and sequencing-based technologies

Groups POLE MSI-H/MMRd CN-L CN-H Total

IHC group 16 14 14 1 45

Sequencing group 16 11 17 1 45

EC, endometrial cancer; IHC, immunohistochemistry; POLE, polymerase ɛ; MSI-H/MMRd, microsatellite instability-high; CN-L, the low 
copy number; CN-H, the high copy number.

Table 3 Results of three cases with inconsistent IHC and sequencing methods

Case name
IHC group Sequencing group

MLH1 MSH2 MSH6 PMS2 TP53 MSI TP53

Case 1 − + + − wt MSS +

Case 2 + + − + wt MSS −

Case 3 − + + − wt MSS −

IHC, immunohistochemistry; MLH1, MutL homolog 1; MSH2, mutS homolog 2; MSH6, mutS homolog 6; PMS2, postmeiotic segregation 
increased 2; TP53, tumor protein p53; MSI, microsatellite instability; MSS, microsatellite stability; wt, wild type.
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consistency and potential real-world clinical application 
value of the 2 genotyping methods: multiplatform combined 
assay and NGS panel. The results revealed that the 2 
methods were highly consistent but also had differences. 
The rate of overall agreement was 91%, with an agreement 
rate of 100% in the POLE group, 78.57% in the MSI-H 
group, 78.57% in the CN-L group, and 100% in the CN-H 
group. The classification results of MSI-H tumors using 
NGS showed the most difference. IHC staining showed a 
lack of MLH1 and PMS2 expression, while NGS revealed 
MSS status. Several previous large studies have reported 
individual inconsistencies between gene-based MSI results 
and protein-based MMR results (31-34). It is possible that 
the loss of expression of MMR proteins is compensated 
by other genes. There have been reports showing that the 
MSS phenomenon in tissues without MLH1 and PMS2 
protein expression is associated with hypermethylation of 
the MLH1 promoter (35). Another possible explanation is 
that there are excessive numbers of nuclei (particularly in 
the normal endometrium and a large number of tumor-
infiltrating lymphocytes) that allow the MSI or protein 
expression of MMR to be used to indicate if patients with 
EC can benefit from immune checkpoint inhibitor therapy 
or radiotherapy (36). In addition, the result that MSI or 
protein expression of MMR is also a referring indicator for 
the diagnosis of Lynch syndrome. 

The results of the present study suggested that patients 
classified into the MSI-H group by NGS all showed a loss 
of expression of 1 or 2 mismatch repair proteins (MLH1, 
MSH2, MSH6, and PMS2). There were high levels of 
consistency in detecting MSI/MMR-d status between NGS 
and IHC. Therefore, if MSI status remains unclear, it can 
instead be verified using IHC. However, for the diagnosis of 
hereditary tumors, such as Lynch syndrome, the use of these 

2 methods alone is currently not sufficient. The results of 
the 2 methods for detecting MSI were inconsistent mainly 
when detecting somatic mutations, epigenetic events, or 
germline mutations. Since IHC detects expression at the 
protein level, it cannot be reliably used to detect genome 
mutations. By contrast, the NGS method can be used 
to identify MSI status and detect MMR-related gene 
mutations. Therefore, cases of MSI-H status without MMR 
mutations must be validated using an additional method, 
such as NGS. However, NGS cannot be used to detect gene 
methylation. 

IHC methods are mainly used to determine the 
expression of MMR proteins. The molecular subtype 
diagnostic method using IHC has the advantage of being 
easy to obtain and cost-effective with fast turnaround 
times, even on small biopsy specimens. Although P53 and 
MMR protein expression can be clearly distinguished using 
IHC, tumor heterogeneity can result in protein expression 
being detected in other clonal subtypes, and weak IHC 
staining and background interference can make accurate 
diagnose difficult in some cases. In addition, improper 
postoperative specimens from total hysterectomy may also 
impact IHC results. At present, there are no alternative 
markers and methods for detecting point mutations based 
on IHC. This is one of the main limitations of IHC for 
the clinical detection of POLE or other genetic mutations. 
Therefore, gene sequencing is an area that requires further 
development.

POLE is a DNA polymerase ɛ catalytic subunit that is 
involved in nuclear DNA replication and repair and plays an 
important role in nuclear DNA identification and repairing 
after base mismatches. When POLE gene mutations occur, 
mismatched bases cannot be recognized and repaired, 
resulting in an abnormal increase in the number of 

Table 4 Consistency check of the two methods

Sequencing group
IHC group

Total
POLE MSI-H CN-L CN-H

POLE 16 0 0 0 16

MSI-H 0 11 3 0 14

CN-L 0 0 14 0 14

CN-H 0 0 0 1 1

Total 16 11 17 1 45

IHC, immunohistochemistry; POLE, polymerase ɛ; MSI-H, microsatellite instability-high; CN-L, the low copy number; CN-H, the high copy 
number.
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mutations in the genome and leading to the occurrence 
of tumors (26,37). A mechanism of hypermutation caused 
by POLE defect was originally proposed, as the reported 
POLE mutation preferentially affects the conserved amino 
acid residues in the Pol ε exonuclease domain, leading 
to replication errors. The POLE subgroup exhibits an 
abnormally high tumor mutational burden, and the genes 
that are commonly found to be mutated include phosphatase 
and tensin homolog (PTEN), phosphatidylinositol-4,5-
bisphosphate 3-kinase catalytic subunit α (PIK3CA), 
phosphoinositide-3-kinase regulatory subunit 1 (PIK3R1), 
F-Box and WD repeat domain-containing 7 (FBXW7), 
AT-rich interaction domain 1A (ARID1A), KRAS proto-
oncogene, GTPase (KRAS), and AT-rich interaction 
domain 5B (ARID5B). The present study showed that there 
are P53 and MMR gene mutations in the POLE subgroup 
apart from PTEN. A number of cases in the present study 
lacked functional validation despite missense mutations in 
the POLE gene. One was classified as MSI-H, while 2 were 
classified as CN-H and 6 were classified as CN-L. Although 
NGS can provide important analytical evidence for 
subtyping, it can also produce irrelevant or even misleading 
data, such as nonpathogenic POLE mutations and TP53 
passenger mutations that are not important for function. 
In the present study, 20 nonpathogenic mutations were 
found. Unlike pathogenic mutations, these mutations are 
independent of tumorigenesis. MMR gene mutations were 
also found in the POLE group, which may be passenger 
mutations of these hypermutated tumors rather than 
pathogenic mutations per se. Therefore, it is particularly 
important to carefully interpret the different variant data 
of NGS in combination with the clinicopathological 
characteristics to make a more comprehensive judgment. 
Previous accounts have proposed that the detection of 
POLE gene mutation is not in sequence with the detection 
of MSI and must be performed before CN-type detection. 
However, others have suggested that POLE gene mutation 
detection should be performed first, because MSI and TP53 
mutations may occur secondary to POLE mutations. There 
is no consideration of the detection order when using 
the NGS method, and at the same time detecting a large 
amount of information can provide effective supplementary 
information for data interpreters. In addition, Stelloo  
et al. (38) previously analyzed the feasibility of molecular 
typing detection methods on intratumoral heterogeneity. 
They discovered an inaccuracy rate of 10.2% in molecular 
classification due to intratumoral heterogeneity, the risk 
of which can be reduced by selecting representative wax 

blocks. As PTEN is frequently accompanied by POLE 
changes, it has the potential to serve as an auxiliary 
diagnostic marker in detecting POLE gene mutations and 
PTEN mutation status (PTEN IHC results show deletion). 
Although PTEN mutations are partially present in MSI and 
CN-L, it is more common for PTEN and POLE mutations 
to occur synchronously in the POLE group. 

C N - L  t u m o r s  a r e  p r e d o m i n a n t l y  l o w - g r a d e 
endometrioid adenocarcinomas with a low mutational 
burden, and their prognosis is slightly superior to that of 
MSI-H tumors. CN-L tumors rarely harbor TP53 gene 
mutations, but genes in the Wnt pathway (including 
β-catenin, KRAS, and SRY-box transcription factor 17), in 
addition to those encoding PTEN, PIK3CA, and ARID1A, 
have all been reported to be frequently mutated. A previous 
study found that (39) patients in the CN-L group with 
P53-wt had neither POLE gene mutations nor mismatch 
repair gene functional defects and thus might be the biggest 
beneficiary of endocrine therapy. The results of the present 
study are consistent with those previously reported.

CN-H tumors include almost all serous cancers, mixed 
cancers, and high-grade endometrioid cancers. These 
tumors have the worst prognosis among the 4 molecular 
classifications. CN-H tumors mostly harbor TP53 gene 
mutations, while some high-grade endometrioid carcinomas 
have somatic copy number alterations with gene mutation 
profiles that are similar to serous carcinomas (40). This 
suggests that the CN-H group may benefit from treatments 
similar to those of serous cancer. TP53 gene mutations 
can cause 2 functional results, namely increase or loss of 
function. Nonsynonymous mutations can lead to increased 
function, because ubiquitination by mouse double minute 2 
homolog fails to degrade the P53 protein. This leads to the 
accumulation of P53 in the nucleus, which promotes potent 
and diffuse P53 protein overexpression in the nucleus. This 
is easily recognized by IHC staining. Loss of function can 
occur following nonsense mutations, insertion, and splicing 
mutations, which can in turn interfere with correct protein 
translation. In fact, these mutations are associated with the 
complete loss of P53 protein expression (the ‘zero mode’) 
or rare intracytoplasmic aggregation. In addition, PIK3CA, 
protein phosphatase 2, and FBXW7 gene mutations, coupled 
with human epidermal receptor 2 gene amplifications, have 
been frequently reported in patients with copy number 
variations. By contrast, PTEN, ARID1A, and KRAS gene 
mutations are rare, and their molecular changes mainly 
correspond to type II EC. For patients harboring the 
P53 mutant, standard staging surgery and/or adjuvant 
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treatment is recommended, since conservative treatment 
is not suitable (41). In the present study, when comparing 
the 2 typing methods, we found a 100% agreement rate in 
the P53 group. Two cases analyzed using the NGS method 
were different from the recommended method. It is likely 
that there was a deviation in the judgment of P53 functional 
inactivation by NGS. This suggests that clinical testing 
should be repeatedly performed and that ambiguous cases 
should be considered for IHC verification. 

At present, exploration of the molecular classification of 
EC is mainly focused on the associated signaling pathways 
and genes (42-44). The majority of ECs can be classified by 
NGS based on the varying statuses of POLE, TP53, PTEN, 
and MSI in addition to those associated with genotyping. 
In terms of panel selection, although the conventional 
large panel contains genes associated with the molecular 
type of EC, it produces a large number of irrelevant 
detection results, resulting in data redundancy and the 
loss of resources. Therefore, the smaller panel used in the 
present study for the molecular classification of EC appears 
to have greater clinical applicability and is more suitable 
for clinical promotion. MSI detection using NGS relies 
on the proportion of unstable sites in the selected MSI 
sites, where the MSI status of the patients is determined by 
comparing with the cutoff value. The selection of MSI sites 
and the delineation of cutoff values are core for ensuring 
accurate detection. The MSI sites in the NGS panel used 
in the present study have undergone strict screening and 
verification, in a manner that is consistent with the PCR 
method (45). Single NGS tests can maximize the use of 
samples, avoid excessive sample consumption caused by 
multiple tests, and avoid the problem of long routine and 
sequential test cycles. In addition, this method can assist 
clinical decision-making, improve patient yield, greatly 
shorten the test cycle, and save medical costs.

The present study had some limitations. The number 
of patients was relatively small, especially in the POLE and 
MSI-H groups. Therefore, the results may not accurately 
reflect the distribution of global EC molecular typing. 
Due to the lack of clinical follow-up results, clinical 
verification of this EC molecular typing is required. In 
the future, determination criteria of NGS detection in the 
POLE and MSI groups need to be established. Previous 
studies have shown that tumors with POLE mutations 
generally have superior clinical outcomes despite their 
high-risk histopathological features. Therefore, in this case, 
treatment reduction can benefit patients clinically and avoid 
overtreatment. 

Conclusions

In general, NGS and IHC provide equal information for 
molecular subtype diagnosis. Both methods have unique 
advantages and challenges in application and clinical 
practice. 
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Supplementary

Figure S1 Representative immunohistochemistry staining images of high expression of TP53.

Figure S2 Representative immunohistochemistry staining images of mismatch repair-deficient and mismatch repair-proficient tissues.
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Figure S3 ROC curve.


