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Abstract
Objective: This study aimed to identify an optimal screening strategy to detect mismatch repair (MMR)
mutation for each histologic subtype of endometrial carcinoma. 

Material and methods: We performed a comparative analysis of the demographic, clinical, pathologic,
and molecular data for 562 patients from The Cancer Genome Atlas database, strati�ed by tumor
histologic subtype.

Results: Molecular data, including MLH1, MLH3, PMS1, PMS2, MSH2, MSH3, MSH6, and EPCAM, was
available for 562 patients, of which 162 (28.8%) had tumors that were positive for MMR gene mutations.
Of these tumors, the penetrate rate of grade 3 endometrioid endometrial carcinoma (84/184, 45.7%) was
signi�cantly higher than that of uterine serous carcinoma (35/156, 22.4%) (p < 0.001), grade 2
endometrioid endometrial carcinoma (26/129, 20.2%) (p < 0.001), and grade 1 endometrioid endometrial
carcinoma (17/93, 18.3%) (p < 0.001). Of 562 endometrial carcinomas, alterations in MSH2 (n =
55), MSH6 (n = 54), and MSH3 (n = 50) were the most frequent mutations. There were no differences in
overall survival and progression-free interval (PFI) between MMR mutation carriers and nonmutation
carriers (p >0.05) except that PFI with MMR gene mutation was higher than with MMR pro�ciency in
grade 3 endometrioid endometrial carcinoma (p = 0.014).     

Conclusions:  Grade 3 endometrioid endometrial carcinoma harbored more MMR mutations than grade
1 endometrioid endometrial carcinoma, grade 2 endometrioid endometrial carcinoma, and uterine serous
carcinoma. Besides MLH1, MSH2, MSH6, PMS2, and EPCAM mutation, MLH3, MSH3, and PMS1 mutation
may be necessary to be screened in patients with newly diagnosed endometrial carcinoma. 

Introduction
Endometrial cancer is the most frequent malignancy of the female genital tract in women in advanced
countries[1]. In the United States, there are more than 60,000 newly diagnosed cases and over 10,000
patients die from it every year. Mismatch repair (MMR) gene mutations are found in endometrial cancer
and may be associated with Hereditary Nonpolyposis Colorectal Carcinoma or Lynch Syndrome. Notably,
women with germline MMR mutation have a 43% risk of developing endometrial carcinoma [2]. Multiple
factors, including family history, histological features, and age of diagnosis, have been utilized to
demonstrate patients who could bene�t from Lynch Syndrome screening.  Prevalence studies have
shown that the incidence of MMR mutations occurring in endometrial carcinoma range from 2% to 5.9%
[3-9]. The most common “sentinel cancers” in patients with Lynch Syndrome are endometrial and
colorectal cancers [6, 10-14]. Universal screening of MMR mutations in newly diagnosed endometrial
carcinoma was recommended by the Society of Gynecologic Oncology and National Comprehensive
Cancer Network guideline (Version: February 2019).

There are numerous merits of detecting MMR de�ciency among women with newly identi�ed endometrial
carcinoma. Firstly, surveillance testing for the patients with MMR mutation can detect Lynch Syndrome‐
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associated cancers, like colorectal carcinoma and others. Second, relatives would have more chances of
receiving surveillance testing, genetic counseling, as well as risk‐reducing operations, including
hysterectomy or colectomy. Finally, immunotherapy with PD‐1/PD‐L1 inhibitors have been a promising
treatment for advanced/recurrent endometrial carcinoma with MMR mutations or microsatellite
instability (MSI-H) [7, 15-18] and pembrolizumab was recommended by the National Comprehensive
Cancer Network as a treatment option for recurrent MSI-H or MMR de�cient endometrial cancer that has
progressed after standard cytotoxic chemotherapy.

Currently, MLH1, MSH2, MSH6, PMS2, and EPCAM are routinely used in the screening strategy. MLH3,
MSH3, and PMS1 associated with Lynch Syndrome are not routinely tested. This study aims to add them
to the current gene panel and compare demographic, clinicopathologic, and molecular characteristics of
patients with endometrial cancer-based mutation status and strati�ed by histologic subtypes in order to
provide evidence of optimal criteria for screening. These results may provide further evidence of the
biology of MMR mutations, enhance clinical management of mutation carriers, and subsequently impact
clinical trial design.

Materials And Methods
This study was approved by an institutional research ethics committee of Zhangjiagang TCM Hospital
A�liated to Nanjing University of Chinese Medicine (2019-023). The data released from the The Cancer
Genome Atlas database did not require informed consent of patients because cancers are reportable
diseases in every state in the United States.

Study population

We evaluated data from the publicly available National Cancer Institute The Cancer Genome Atlas EC
database [http://www.cbioportal.org]. The �nal retrospective cohort was generated from 529 patients of
the Pancancer Atlas and 548 patients from the Provisional database. All patients with endometrioid
endometrial adenocarcinoma, or uterine serous carcinoma, or mixed endometroid and serous carcinoma
or mixed clear and serous carcinoma were included in the study. After excluding duplicate patients from
both databases (n = 515), the �nal cohort was comprised of 562 patients. We strati�ed the cohort into
four groups of patients based on the MMR gene mutation status (MLH1, MLH3, PMS1, PMS2, MSH2,
MSH3, MSH6, and EPCAM) and histology, including grade 1 endometroid endometrial carcinoma, grade 2
endometroid endometrial carcinoma, grade 3 endometroid endometrial carcinoma, and uterine serous
carcinoma. Two experienced pathologists reviewed the pathologic diagnosis of all patients. We did not
separate germline and somatic mutations. All patients were managed by National Comprehensive Cancer
Network guidelines. The following variables were recorded for each case: age at diagnosis (categorized
by <50, 50 - 69, 70 years old), mean age at the diagnosis, myometrial invasion (categorized 50%
myometrial invasion, < 50% myometrial invasion), lymph node involvement, and clinical stage
(categorized by FIGO IA, IB, II, III, IV). De�nition of overall survival (OS) was the interval from the initial
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surgery to con�rmation of death. De�nition of progression-free interval (PFI) was the interval from the
date of last chemotherapy or radiotherapy to the date of recurrence.

Statistical Analysis

Statistical analysis was performed using the Mann-Whitney test for continuous variables, and Chi-Square
analysis or Fisher exact test for categorical variables, unless otherwise speci�ed. The Student’s t test was
performed in analyzing mean of body mass index and the age at diagnosis. Multivariate Cox proportional
hazards models was used to analyze prognosis. OS or PFI was evaluated utilizing the log-rank test
starting at the time of diagnosis, and the Kaplan-Meier method was used to generate survival curves.
Statistical signi�cance was evaluated at 0.05 level (exact 2-tailed). SPSS software (Version 23, IBM, USA)
was applied in all calculations.

Results
Molecular data was available for 562 patients, of which 162 (28.8%) had tumors that were positive for
MMR gene mutations. Of these patients, 35 (22.4%) were diagnosed with USC, 84 (45.7%) with grade 3
endometroid endometrial carcinoma, 26 (20.2%) with grade 2 endometroid endometrial carcinoma, and
17 (18.3%) with grade 1 endometroid endometrial carcinoma (Table 1a). We found that MMR gene
mutations occurred in grade 3 endometroid endometrial carcinoma signi�cantly more frequently than in
USC, grade 2 endometroid endometrial carcinoma, or grade 1 endometroid endometrial carcinoma (45.7%
vs 22.4%, p < 0.001, 45.7% vs 20.2%, p < 0.001, 45.7% vs 18.3%, p < 0.001, respectively, Table 1a). We
compared the distribution of tumors with MMR gene mutations per histology class, and there was no
difference between USC (22.4%) vs. grade 2 endometroid endometrial carcinoma (20.2%, p = 0.666), or
grade 1 endometroid endometrial carcinoma (18.3%, p = 0.520).

Of the 562 endometrial carcinomas, alterations in MSH2 (n = 55), MSH6 (n = 54), and MSH3 (n = 50) were
the most frequent mutations. Among the USC, grade 3 endometroid endometrial carcinoma, grade 2
endometroid endometrial carcinoma, and grade 1 endometroid endometrial carcinoma, the most frequent
alterations were MSH2, MSH3, PMS2, and MLH3, respectively (Table 1b). We analyzed MLH3, MSH,3 and
PMS1 in this study since others have been well-studied. There were 30 patients with endometrial
carcinoma with MLH3 mutation, including 9 patients with only MLH3 mutations and 21 women with
MLH3 mutations cooccurrence with other MMR mutations (Table 1b). We found 50 patients with MSH3
mutation, including 17 patients with only MSH3 mutations and 33 women with MSH3 mutations
cooccurrence with other MMR mutations (Table 1b). There were 20 patients with endometrial carcinoma
with PMS1 mutation, including seven patients with only PMS1 mutations and 13 women with PMS1
mutations cooccurrence with other MMR mutations (Table 1b).

Among eight genes, two genes expressed simultaneously, including ten combinations; co-occurrence of
three genes had six combinations; expression of four genes simultaneously presented eight
combinations; �ve genes concurrently expressed two combinations; and cooccurrence of six genes had
only 1 combination. (Table S1)
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Within grade 3 endometroid endometrial carcinoma, patients with MMR-mutated tumors were older and
had lower body mass index than those with noncarriers (p = 0.024, p = 0.028, respectively) (Table 2). 
Similarly, MMR de�cient USC patients (Table 3) also had lower body mass index than MMR non carriers
(p = 0.001). Lymph node metastasis was more frequent in patients with MMR mutations than noncarriers
(p = 0.007). We found no differences in myometrial invasion, lymph node involvement, or FIGO stage
between patients with MMR-mutated and nonmutated grade 3 endometroid endometrial carcinoma
(Table 2).  Similarly, patients with USC showed no association between age, body mass index, myometrial
invasion, or FIGO stage and MMR status (Table 3). When considering MMR-mutated versus MMR non-
mutated grade 2 endometroid endometrial carcinoma and grade 1 endometroid endometrial carcinoma,
we did not �nd signi�cant differences in age of diagnosis (p = 0.426, p = 0.332, respectively), body mass
index (p = 0.668, p = 0.464, respectively), myometrial invasion (p = 0.494, p = 0.712, respectively), FIGO
stage (p = 0.872, p = 0.619, respectively), or lymph node involvement (p = 0.072, p = 0.203, respectively)
(Table S2, S3).

Favorable prognostic factors for all tumors included: myometrial invasion < 50% (OS and PFI), age < 50
years old (OS), minimal invasive surgery (PFI), and lymph nodes negative (OS) were good prognosis
factors (Table 4). We found no signi�cant differences in OS and PFI between MMR mutation carriers and
nonmutation carriers (p = 0.647, p = 0.350, respectively) (Figure 1A, 1B). In our sub-group analysis,
minimally invasive surgery was a good prognosis factor in grade 2 endometroid endometrial carcinoma;
myometrial invasion < 50% was a good prognosis factor in grade 3 endometroid endometrial carcinoma;
minimal invasive surgery, lymph node negative, and early stage were prognosis factors in USC (Table 4).
In grade 3 endometroid endometrial carcinoma, PFI of MMR gene mutation was more favorable than with
MMR pro�ciency (p = 0.014, Figure 1E); in contrast, OS was not affected by MMR status (p = 0.144, 1F).
MMR status was not associated with OS or PFI in patients with USC (p = 0.560, p = 0.891; respectively,
Figure 1G, 1H), and grade 2 endometroid endometrial carcinoma (p = 0.763, p = 0.385; Figure 1C, 1D). OS
and PFI were not evaluated for grade 1 endometroid endometrial carcinoma due to limited cases with
MMR mutation.

Discussion
To our knowledge, this is the �rst study to analyze clinicopathologic features and prognosis of
endometrial carcinoma with MMR mutation by histologic subtypes, including uterine serous carcinoma
which was considered to be strongly associated with TP53 and occasionally BRCA1/2 mutations. In
addition, MLH3, MSH3, and PMS1 genes were involved in this study. We identi�ed that more MMR gene
mutations occurred in grade 3 endometroid endometrial carcinoma than in grade 2 endometroid
endometrial carcinoma, grade 1 endometroid endometrial carcinoma, or USC (mixed endometroid and
serous carcinoma as well as mixed clear and endometroid carcinoma included) in our study.  There were
no signi�cant differences in the penetrate of MMR mutations among USC, grade 2 endometroid
endometrial carcinoma, and grade 1 endometroid endometrial carcinoma. Endometrial carcinomas have
a diverse morphology histologically, with subtypes including endometrioid, clear cell, serous, and mixed
(endometrioid and clear cell) carcinomas [19].  MLH1, MSH2, MSH6, PMS2, and EPCAM genes are most
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frequent and clinically related mutations in Lynch Syndrome [20, 21]. One prospective study of over 3000
patients with Lynch Syndrome demonstrated that mutations occurred in MLH1, MSH2, and MSH6, which
total incidences of endometrial carcinoma (less than age 75) to be 43%, 57%, and 46%, respectively [2].
However, our study demonstrated that MSH2 (n = 55), MSH3 (n = 50), and MSH6 (n = 54) mutations were
the most frequent alterations among endometrial carcinomas. The total incidences of MSH2, MSH3, and
MSH6 were much higher than previous literatures since we did not separate germline and somatic MMR
mutation.

Limited data reported the role of MLH3, MSH3, and PMS1 mutation in colorectal or endometrial cancers
[22-25]. In this study, there were 30 patients with MLH3 mutation, including 9 patients with only MLH3
mutations. 50 patients were identi�ed to harbor MSH3 mutation, including 17 patients with only MSH3
mutations. Of 20 patients with endometrial carcinoma with PMS1 mutation, seven patients had only
PMS1 mutations. MLH3, MSH3, and PMS1 mutations may be necessary to screen MMR mutation in
endometrial carcinoma.

Many studies demonstrated that prognosis of endometrial carcinoma with MMR mutation was more
favorable than one without MMR mutation [20, 21, 26]. Sporadic or MMR pro�cient diseases are
associated with older age of diagnosis, deeper tumor invasion, and more late-stage disease than patients
with germline MMR mutations (MSH2, MSH6, PMS2, or MHL1 absent MHL1 methylation) [26]. Although
MMR mutation carriers may have other Lynch Syndrome‐associated tumors, they had demonstrated a
better response rate to immune therapy than those with sporadic endometrial carcinoma. In contrast to
previous reports, no differences were identi�ed in OS or PFI (p = 0.647, p = 0.350, respectively) between
MMR-mutated and MMR-pro�cient tumors in this study. Sub-group analysis of MMR-mutated versus
MMR-pro�cient tumors revealed that there were no differences in OS or PFI in grade 3 endometroid
endometrial carcinoma, USC, and grade 2 endometroid endometrial carcinoma except that PFI in MMR
mutated grade 3 endometrioid endometrial carcinomas was better than MMR mutation noncarriers.

Progesterone, which is commonly used in the management of patients with complex atypical hyperplasia
or well-differentiated endometrial cancer, is not effective in patients with MMR mutation who are younger
than 55 years of age. [27]. However, advanced Lynch Syndrome related cancers, including colorectal
carcinoma, prostate cancer, and melanoma have promising therapeutic choices, such as immune
checkpoint inhibitors, including programmed cell death ligand-1 (PDL-1) or PD-1 inhibitors.  Surprisingly,
comparison of 10% of MMR mutation noncarriers, PDL-1 expression is identi�ed in 52.6% MMR mutation
carriers with endometrial carcinoma; thus, PDL-1 inhibitor may be the best option for patients with MMR
mutation carriers [28]. In another study, endometrial carcinomas with MMR mutations treated with
immunotherapy were found to have a more favorable outcome [29]. A multicenter prospective study
evaluated cancer detection among patients with MMR mutation through gynecologic and colonoscopy
surveillance [30]. Besides MLH1, MSH2, MSH6, PMS2 and EPCAM mutations, MLH3, MSH3, and PMS1
de�ciency may be screened in endometrial carcinoma to guide management.
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There are several limitations to this study. First, detailed information is unavailable concerning the
patients’ history, including family history, detailed chemotherapy, and radiotherapy. Second, the sample
size of patients with MMR genetic defects could be relatively small, and much larger population-based
studies may be necessary to detect survival differences. In addition, we did not stratify germline and
somatic MMR mutation. In the future, we may focus on germline or somatic MMR mutation to investigate
clinicopathologic feature and prognosis of endometrial carcinoma based on MMR mutations, including
MLH3, MSH3, and PMS1 mutation.

Conclusions
Our study con�rmed that endometrial carcinoma is strongly associated with MMR mutations, including
USC histology. Grade 3 endometrioid endometrial cancer harbored more MMR mutations than Grade 1
endometrioid endometrial cancer, Grade 2 endometrioid endometrial cancer, and USC. MLH1, MSH2,
MSH6, PMS2, and EPCAM de�ciencies, MLH3, MSH3, PMS1 mutations were common variants in
endometrial cancers. Even though the prognosis of MMR mutation carriers was not more favorable than
MMR pro�cient patients, immunotherapy is a promising new therapy for patients with MMR de�ciencies,
which was not likely used in our patients. Besides MLH1, MSH2, MSH6, PMS2, and EPCAM mutations,
MLH3, MSH3, and PMS1 mutations may be screened for Lynch Syndrome in patients with endometrial
cancer to guide management and surveillance testing.
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Tables
Table 1A: MMR mutation distribution in EEC subtypes and USC

 

EC Subtypes MMR Mutation status No. (%)

EC MMR Mutation 162 (28.8)

MMR Nonmutation 400 (71.2)

EEC G1 MMR Mutation 17 (18.3)

MMR Nonmutation 76 (81.7)

EEC G2 MMR Mutation 26 (20.2)

MMR Nonmutation 103 (79.8)

EEC G3 MMR Mutation 84 (45.7)

MMR Nonmutation 100 (54.3)

USC MMR Mutation 35 (22.4)

MMR Nonmutation 121 (77.6)

Abbreviations:  EC, endometrial cancer; EEC G1, grade 1 endometroid endometrial carcinoma; EEC G2,
grade 2 endometroid endometrial carcinoma; EEC G3, grade 3 endometroid endometrial carcinoma; USC,
uterine serous carcinoma.

 

Table 1B: MMR mutation distribution among the endometrial carcinoma
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MMR USC EEC G3 EEC G2  EEC G1 Total

MLH1 4 (2.56%) 25 (13.59%) 6 (4.65%) 3 (3.22%) 38 (6.76%)

MLH3 6 (3.85%) 14 (7.61%) 6 (4.65%) 4 (4.30%) 30 (5.34%)

MSH2 15 (9.61%) 31 (16.85%) 6 (4.65%) 3 (3.22%) 55 (9.79%)

MSH3 6 (3.85%) 35 (19.02%) 7 (5.43%) 2 (2.15%) 50 (8.90%)

MSH6 13 (8.33%) 31 (16.85%) 8 (6.2%) 3 (3.22%) 54 (9.61%)

PMS1 4 (2.56%) 13 (7.1%) 1 (0.77%) 2 (2.15%) 20 (3.56%)

PMS2 2 (1.28%) 23 (12.5%) 8 (6.20%) 4 (4.30%) 37 (6.58%)

EPCAM 6 (3.84%) 7 (0.54%) 3 (2.32%) 1 (0.11%) 17 (3.2%)

Abbreviations:  EC, endometrial cancer; EEC G1, grade 1 endometroid endometrial carcinoma; EEC G2,
grade 2 endometroid endometrial carcinoma; EEC G3, grade 3 endometroid endometrial carcinoma, USC,
uterine serous carcinoma.

 

Table 2 Comparison of clinicopathologic features of EEC3 with MMR mutation vs. MMR nonmutation
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Patient status MMR mutation MMR nonmutation P value

  n (%) n (%)  

EEC3 84 100  

Body mass index     0.102

<25 22 (26.2) 13 (13)  

25-29 15 (17.9) 16 (16)  

30 38 (45.2) 65 (65)  

Unknown 9 (10.7) 6 (6)  

Mean ± SD 31.4 ± 9.2 34.5 ± 8.7 0.028

Age (years)      

Mean ± SD 60.9 ± 13.0 64.9 ± 10.6 0.024

70 19 (22.6) 32 (32) 0.024

50-69 48 (57.1) 60 (60)  

<50 14 (16.7) 7 (7)  

Unknown 3 (3.6) 1 (1)  

Tumor invasion      

50% 47 (56.0) 50 (50) 0.295

<50% 36 (42.9) 44 (44)  

Unknown 1 (1.2) 6 (6)  

Lymph node involved      

+ 15 (17.8) 16 (16) 0.843

- 60 (71.4) 70 (70)  

No Lymphadenectomy 8 (9.5) 6 (6)  

Unknown 1 (1.2) 4 (4)  

FIGO stage     0.534

IA 31 (36.9) 33 (33)  

IB 22 (26.2) 29 (29)  

II 6 (7.1) 8 (8)  

III 23 (27.4) 20 (20)  
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IV 2 (2.4) 10 (10)  

Abbreviations:  EEC G3, grade 3 endometroid endometrial carcinoma.

 

Table 3  Comparison of clinicopathologic features of USC with MMR mutation vs. MMR nonmutation
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Patient status MMR de�cient MMR pro�cient P value

  n (%) n (%)  

USC 35 121 0.245

Body mass index     0.001

<25 6 (17.1) 36 (29.8)  

25-29 7 (20) 26 (21.5)  

30 21(60) 46 (38)  

  2 (5.7) 13 (10.7)  

Mean ± SD 29.8 ± 7.4 31.8 ± 8.7 0.193

Age (years)      

Mean ± SD 66.3 ± 10.2 68.7 ± 8.3 0.173

70 13 (37.1) 52 (43) 0.254

50-69 19 (54.3) 69 (57)  

<50 3 (8.6) 0  

Tumor invasion      

50% 18 (51.4) 44 (36.4) 0.120

<50% 17 (48.6) 77 (63.6)  

Lymph nodes involved      

+ 3 (8.6) 36 (29.8) 0.007

- 20 (57.1) 59 (48.8)  

No Lymphadenectomy 4 (11.4) 9 (7.4)  

Unknown 8 (22.9) 15 (12.4)  

FIGO stage     0.297

IA 9 (25.7) 29 (24)  

IB 6 (17.1) 18 (14.9)  

II 7 (20) 11 (9.1)  

III 10 (28.6) 47 (38.8)  

IV 3 (8.6) 16 (13.2)  

Abbreviations:  USC, uterine serous carcinoma.



Page 15/17

 

Table 4: Relative risk of OS and PFI in patients with EC (Multivariate Cox hazards model).

 

  All patients (N = 562)

OS (406/562) PFI (390/562)

  Variable name HR [95% CI] P HR [95% CI] P

  Myometrial invasion<50% vs.  50% 0.01 [0.00–0.41] <0.001 0.05 [0.01–0.46] 0.008

  Lymph node - vs. Lymph node + 0.40 [0.19–0.86] 0.019 - -

  Age range from 50-69 y vs. <50 y 3.95 [1.11–14.06] 0.034 - -

  Open Surgery vs. Minimally Invasive

 

- - 2.19 [1.28–3.73] 0.004

 

Abbreviations, OS, overall survival; PFI, progression-free interval; EC, endometrial cancer

 

Figures
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Figure 1

Overall survival and progression-free interval of endometrial carcinoma subtypes
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