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Abstract

Objectives—To determine the relationship between mismatch repair (MMR) classification and 

clinicopathologic features including tumor volume, and explore outcomes by MMR class in a 

contemporary cohort.

Methods—Single institution cohort evaluating MMR classification for endometrial cancers (EC). 

MMR immunohistochemistry (IHC) +/− microsatellite instability (MSI) testing and reflex MLH1 
methylation testing was performed. Tumors with MMR abnormalities by IHC or MSI and MLH1 
methylation were classified as epigenetic MMR deficiency while those without MLH1 
methylation were classified as probable MMR mutations. Clinicopathologic characteristics were 

analyzed.

Results—466 endometrial cancers were classified; 75% as MMR proficient, 20% epigenetic 

MMR defects, and 5% as probable MMR mutations. Epigenetic MMR defects were associated 

with advanced stage, higher grade, presence of lymphovascular space invasion, and older age. 

MMR class was significantly associated with tumor volume, an association not previously 

reported. The epigenetic MMR defect tumors median volume was 10,220mm3 compared to 3,321 
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mm3 and 2,846mm3, for MMR proficient and probable MMR mutations respectively (p<.0001). 

Higher tumor volume was associated with lymph node involvement. Endometrioid EC cases with 

epigenetic MMR defects had significantly reduced recurrence-free survival (RFS). Among 

advanced stage (III/IV) endometrioid EC the epigenetic MMR defect group was more likely to 

recur compared to the MMR proficient group (47.7% vs 3.4%) despite receiving similar adjuvant 

therapy. In contrast, there was no difference in the number of early stage recurrences for the 

different MMR classes.

Conclusions—MMR testing that includes MLH1 methylation analysis defines a subset of 

tumors that have worse prognostic features and reduced RFS.
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Introduction

Endometrial cancer (EC) is the most common gynecologic malignancy in the United States 

with an estimated 61,380 new cases in 2017 [1]. EC usually presents at an early stage and as 

such patients with EC tend to have good outcomes with a 5-year relative survival over 80% 

[2]. Approximately 3–5% of ECs are attributable to Lynch syndrome (LS), a hereditary 

cancer predisposition that is caused by mutations in the mismatch repair (MMR) genes. 

Women with LS have up to a 60% life-time risk for developing EC as well as significant 

risks for colorectal, ovarian, stomach and other cancers [3,4,5]. Given the clinical benefit of 

identifying families with LS and intensified cancer surveillance for mutation carriers, 

universal tumor screening of EC has been recommended [6,7].

MMR deficiency is common in EC, occurring in 20–40% of cases [8,9,10,11,12,13]. The 

most common cause of MMR deficiency is epigenetic silencing of MLH1, associated with 

MLH1 promoter methylation [8,9,11,12]. Since MMR deficiency (evidenced by 

microsatellite instability (MSI) or immunohistochemistry (IHC)) plays an important role in 

colorectal cancer management there has been substantial interest in determining what role 

MMR defects play in EC [14]. Our group recently reported on the clinicopathologic 

significance of MMR classes in a large cohort of endometrioid endometrial cancer (EEC) 

cases from the Gynecologic Oncology Group 210 (GOG210) study. EEC cases in that study 

were classified as MMR normal (proficient), epigenetic MMR defect (MMR defect 

associated with MLH1 methylation), and probable MMR mutation (MMR defect not 

attributable to MLH1 methylation). The epigenetic MMR defect group was associated with 

several poor prognostic indicators that are routinely used to make decisions for adjuvant 

therapy use in EEC, the most common histologic subtype [15,16]. Despite these poor 

prognostic features associated with epigenetic MMR defects, outcomes were similar 

between MMR classes in the GOG210 study [11].

In light of the fact that MMR testing is used by many institutions, we set out to evaluate the 

role of MMR classification beyond LS screening. We sought to determine the relationship 

between MMR classification and clinicopathologic features including tumor volume, which 

has not been previously reported. We hypothesized that patients in the epigenetic MMR 
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defect group would have larger tumors, as an additional poor prognostic feature and that 

these larger tumors would have a corresponding higher rate of lymph node involvement. We 

also set out to explore patient outcomes by MMR class in a large single institution cohort 

with uniform and contemporary treatment of EC.

Methods

Patient Cohort and Classification of MMR status

In 2013, The Ohio State University Comprehensive Cancer Center initiated the Ohio 

Colorectal Cancer Prevention Initiative (OCCPI). This statewide initiative was created to 

reduce colorectal cancer incidence in Ohio by identifying newly diagnosed colorectal cancer 

patients with hereditary predisposition and also included EC patients in the Division of 

Gynecologic Oncology at Ohio State University. Subjects had universal tumor screening 

including MMR IHC, MSI testing and MLH1 methylation testing, as previously described 

[17,18]. MLH1 methylation testing was reserved for those with absent MLH1/PMS2 on IHC 

and/or MSI-high tumors with normal IHC findings. Patients with MMR deficiency not 

attributable to MLH1 methylation were tested for germline mutations in 24 cancer 

susceptibility genes.

In August 2014, The Ohio State University Comprehensive Cancer Center implemented 

reflex MLH1 methylation testing for all EC tumors with loss of expression of MLH1/PMS2 

on IHC. Clinical records were reviewed for all cases of primary EC in the calendar year of 

2015 (first full year with complete MMR data). The 2015 clinical series was combined with 

the OCCPI cohort (January, 2013–June, 2016). The studies were performed after approval 

by an institutional review board (IRB) (OSU IRB-approved protocols (OSU2012C0123 and 

OSU2016C0096)). For patients enrolled in OCCPI informed consent was obtained.

The MMR status of tumors from the OCCPI was classified as previously reported [11]. In 

brief, tumors with intact expression of MMR proteins were considered MMR proficient 

(normal). Patients’ tumors with loss of MLH1/PMS2 on IHC and/or MSI-high that were 

found to have methylation of the MLH1 promoter region were classified as having an 

epigenetic MMR defect, whereas tumors with abnormal IHC and/or MSI-high without 

MLH1 methylation were classified as MMR deficient due to a probable MMR mutation. 

Given the high concordance between MSI and IHC findings [19,20], we classified the 2015 

clinical cohort based on IHC and MLH1 methylation only (clinical MSI testing not 

performed).

Women were excluded if their MMR IHC or methylation studies were not performed/failed 

or if they had received neo-adjuvant chemotherapy (NACT) which may impact intrauterine 

tumor volume. Demographic, clinical, follow-up and pathologic data were abstracted from 

clinical charts. For outcomes analysis those patients who had persistent disease (after 

primary surgery) were excluded since time to recurrence could not be calculated (n=3). 

Patients with synchronous malignancy were excluded from treatment and outcomes analysis 

if they received therapy based on the synchronous malignancy and not their EC (n=9). 

Intrauterine tumor volume was based on hysterectomy gross tumor specimen measurements 

recorded by the evaluating pathologist. The maximum tumor measurements for 3 lengths, 
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length A (height), B (width) and C (length), were then used to calculate tumor volume with 

the equation (A × B × C / 2). This calculation assumed that most tumors have an ellipsoid 

configuration. Microscopic tumors (those too small for gross measurement), were assigned a 

tumor volume of 0.1mm3.

Analysis of Tumors/Samples

For those subjects enrolled in the OCCPI study, MMR IHC for MSH2, MSH6, MLH1 and 

PMS2 was performed as part of their routine clinical testing. Additionally, the OCCPI 

subjects’ tumors underwent MSI analysis and reflex MLH1 methylation performed, as 

previously described [17]. Patients in the 2015 cohort (those women who were not part of 

the OCCPI study) had tumor MMR IHC as part of their routine pathologic evaluation as well 

as reflex MLH1 methylation analysis performed.

Statistical Analysis

The relationship between MMR status and clinicopathologic data was assessed using X2 and 

Fisher’s exact test. Tumor volume measurements were compared using ANOVA (Kruskal 

Wallis) test and Wilcoxon rank sum test with continuity correction and were two-sided. 

Recurrence-free survival (RFS) was defined as time from surgery to recurrence; patients 

who did not recur were censored at their last encounter with a physician. EC and overall 

survival was defined as time from surgery until death from EC or other causes respectively. 

The Kaplan-Meier product limit was used to estimate survival. The log-rank test was used to 

test for differences in survival by MMR class. Significance was set at a P value of .05.

Results

A total of 493 EC cases were initially evaluated; 295 from the OCCPI study and an 

additional 198 clinical cases from the 2015 calendar year. Twenty-seven (5.5%) cases were 

excluded due to either incomplete MMR testing (n=15) or NACT (n=12). Median follow-up 

time was 18 months. Among the 466 eligible subjects, 350 (75.1%) had tumors classified 

MMR proficient, 94 (20.2%) epigenetic MMR defect and 22 (4.7%) as probable MMR 

mutation (Fig. 1).

MMR status was significantly associated with age, with those women whose tumors were 

classified as having epigenetic MMR defects being older than MMR proficient or probable 

MMR mutation group, this association has been previously reported (Table 1) [8,11]. Body 

mass index (BMI) was not significantly associated with MMR class in our cohort. The 

frequency of synchronous malignancies (~4%) was similar for all the MMR classes, with 

ovarian or fallopian tube cancer being the most common (data not shown). Most tumors 

were endometrioid histology (83.7%). All uterine papillary serous histology tumors had 

intact MMR.

Epigenetic MMR deficient tumors are associated with poor prognostic features including 
larger tumor volume

The epigenetic MMR defect group was significantly associated with several poor prognostic 

indicators including higher grade, myometrial invasion, advanced stage (III/IV), and the 
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presence of lymphovascular space invasion (LVSI) (Table 1), these associations have been 

previously reported [11,21,22,23,24]. The epigenetic MMR defect group had the highest rate 

of adjuvant therapy (42.4% of subjects receiving some form of adjuvant treatment).

MMR class was significantly associated with tumor volume, an association not previously 

reported. Tumors with epigenetic MMR defects were larger than the MMR proficient and 

probable MMR mutation tumors. The median volume [interquartile range] for the epigenetic 

MMR defect group was 10,220mm3 [3473.75, 20719.50], compared to 3,321mm3 [344.25, 

13595.75] for the MMR proficient group and 2,846mm3 [754.88, 7606.50] for the probable 

MMR mutation group (P<.001, Fig. 2A). The MMR proficient tumors were not only smaller 

overall but were also more likely to be microscopic, 14.6%, compared to only 4.3% of the 

epigenetic MMR defects (P=.02, Fisher’s exact test).

When the analyses were limited to EECs, all of the associations with demographic and 

clinicopathologic features seen for the entire cohort remained significant (Supplemental 

Table 1, Fig. 2A). Adjuvant therapy usage was significantly higher in EECs with epigenetic 

MMR defects, 33.3% compared to 19% in the MMR proficient group (P=.01, Fisher’s exact 

test). The rate of adjuvant therapy for non-EEC tumors was 82% (data not shown).

Lymph node positivity is associated with tumor volume and epigenetic MMR defects

Two hundred and fifty-five (65.4%) of EEC cases were informative for lymph node status 

(lymphadenectomy performed). Lymph node sampling differed among the three molecular 

classes, with 39% of cases with MMR proficient tumors not having lymph node dissections 

compared to only 19% of the epigenetic MMR defect group. Lymph node positive tumors 

had significantly higher median tumor volumes 12,240mm3 compared to 4,312mm3 for 

lymph node negative cases (P<.001, Fig. 2B). The significant difference in tumor volume 

and lymph node status was most pronounced for the epigenetic MMR defective group, 

31,923 mm3 compared to 7,140 mm3 (P=.002). The tumor volumes for the MMR proficient 

group on the other hand were more similar for lymph node positive cases 10,644mm3 

compared to 4,284mm3 in lymph node negative cases (P=.09).

Women with epigenetic MMR deficient EEC had more than double the rate of lymph node 

positivity than the MMR proficient group (22% versus 10%, Supplemental Table 1).

Differences in recurrence by MMR class

Recurrence-free survival (RFS) was significantly reduced for women in the epigenetic MMR 

defect group (Fig. 3A, P<.001). Even when the non-endometrioid histologies (which are at 

higher risk for recurrence compared with the EECs) were included in the outcome analysis, 

the epigenetic MMR defect group demonstrated a trend towards reduced RFS (P=.054, data 

not shown). Endometrial cancer specific and overall survival for women with endometrioid 

tumors and epigenetic MMR defects was reduced, however did not reach statistical 

significance (P=.076 and .066, respectively; data not shown).

The overall rate of disease recurrence in the cohort was 9%. For EECs, the rate of recurrence 

was 5.6%: 3.6% of early and 19% of advanced stage cases recurred. Early stage patients had 

primarily local recurrences and advanced stage cases recurrences were mostly distant (Table 
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2; Fig. 3B). There was a striking difference in the rate of recurrence in EECs for the different 

MMR subtypes when evaluating by stage. Nearly half of the women with advanced stage 

(stages III/IV) epigenetic MMR deficient EECs recurred (7/15) compared to only 1/29 

(3.4%) in the advanced stage MMR proficient group (Fig. 3B). Adjuvant therapy usage did 

not differ between the two groups.

Among early stage EECs (stages I/II, n=330) recurrence rates were similar for the MMR 

proficient and epigenetic MMR defect groups, 3.4% and 5.2%, respectively. In contrast to 

the advanced stage cases, the epigenetic MMR defect group received more adjuvant 

treatment in these early stage cases than the MMR proficient group (15.8% versus 8.9%). 

Most of the early stage recurrences were in patients who did not receive adjuvant therapy 

(11 of 12 events, 92%).

Discussion

In this study we confirmed prior reports that defective MMR and, in particular the epigenetic 

MMR deficient group is associated with poor prognostic features [11,21,22,23,24]. For the 

first time, we report that tumors with epigenetic MMR defects are larger (higher uterine 

tumor volumes) with a corresponding higher rate of lymph node involvement. Furthermore, 

these advanced stage women with epigenetic MMR deficient tumors had higher rates of 

recurrence than the advanced stage MMR proficient patients.

Tumor size is an established prognostic factor. Algorithms for risk assessment of lymph 

node involvement and thus decision for lymph node evaluation during surgery include 

intrauterine tumor size [25]. The significantly different rates of lymphadenectomy between 

the MMR proficient (61%) and the epigenetic MMR defect (80.5%) groups in our cohort 

illustrate the impact that an intraoperative assessment of tumor volume may have had in 

surgical decision making. Intrauterine tumor volume may also influence molecular findings 

that rely on analysis of primary specimens. Studies that have focused on frozen tumor 

specimens, such as TCGA, tend to have the highest rates of MMR defects, 30–36% 

[9,10,20]. We speculate that sampling for larger tumors enriches for cases with defective 

MMR.

We demonstrate a significant relationship between MMR class and RFS. The prognostic and 

predictive utility of MMR status in colorectal cancers has been well described. Our finding 

that patients with epigenetic silencing of MLH1 have poorer outcomes is unlike what has 

been reported in colorectal cancer. Multiple studies as well as a meta-analysis have 

demonstrated that colorectal cancers with MSI have more favorable outcomes than MMR 

proficient tumors [26,27,28]. The relationship between MMR classification and EC, 

however, has not been fully established [11,29]. The GOG210 study of over 1000 cases 

using the same MMR classification system suggested that the epigenetic MMR defect group 

had reduced progression-free survival. Our analysis confirms women with epigenetic MMR 

defects have reduced RFS. While the GOG210 outcomes difference was not significant in 

multivariate analysis, the most profound difference in recurrence rates in our cohort was 

among women with advanced stage (III/IV) EEC. The women with EEC and epigenetic 

MMR deficiency had a recurrence rate approaching 50%, while there was only one 
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recurrence in the advanced stage EEC MMR proficient group. The GOG210 analysis did not 

assess recurrence rates by MMR class stratified by stage.

In contrast to the dramatic differences in recurrence rates for advanced stage cases, women 

with early stage EEC (I/II) had similar low recurrence rates (~3–5%) for the both the 

epigenetic defect and MMR proficient molecular groups. A possible explanation for why 

there was no difference in recurrence rates between MMR classes in early stage cases is that 

the epigenetic MMR deficient cases were almost twice as likely to have received adjuvant 

radiation therapy. The higher rate of adjuvant radiation therapy is explained by the fact that 

these patients are more likely to fall into the GOG99 and PORTEC high-intermediate risk 

classes [15,16] due to advanced age, presence of LVSI, grade 2 or 3 tumors, and myometrial 

invasion of the outer half (Supplemental Table 1). High-intermediate risk cases can be 

treated with pelvic radiation or vaginal brachytherapy in an effort to reduce local recurrence 

[15,16]. In our series, the early stage recurrences were primarily vaginal in women who had 

not received adjuvant treatment (Table 2). Local recurrences such as those seen our cohort 

are frequently salvaged with radiation therapy (~80%) [30].

The observed high rate of recurrence for the advanced stage epigenetic MMR deficient 

group may point to a molecular class:treatment interaction. It has been reported MMR 

deficient tumors have increased sensitivity to radiation therapy [24]. Several in vitro studies 

have suggested platinum resistance in MMR deficient cell lines [31,32,33,34]. Our data 

indicate that epigenetic MMR deficient tumors are less responsive to platinum-based 

chemotherapy, the standard of care for advanced stage EEC [35]. Recently, the MAGIC Trial 

in gastric cancer reported that MMR deficiency was a negative prognostic indicator in 

patients treated with chemotherapy [36]. Additionally, in colon cancer, fluorouracil-based 

adjuvant chemotherapy has limited value in MSI-high tumors (MMR deficient), whereas it 

substantially improves outcomes for those patients with MMR proficient tumors [37]. 

Previous work from our group suggested the possibility of chemoresistance in advanced 

stage MMR deficient patients [38]. However, methylation analysis was not performed and 

the epigenetic (methylated) and probable mutation cases were considered together [38]. To 

our knowledge no prospective evaluation of MMR deficiency and chemoresistance in 

endometrial cancer has been reported.

The high recurrence rate in the MLH1 methylated (epigenetic) group strongly suggests that 

the primary therapy for advanced stage EEC was ineffective for the group. Although our 

data are not sufficiently mature to evaluate overall survival at this time, we anticipate the 

cancer-specific survival will be reduced for the epigenetic MMR defect group, because these 

distant recurrences are unlikely to be cured with further traditional cytotoxic therapy. 

Immune checkpoint blockade (PD-L1 and PD-1 inhibitors) and potentially demethylating 

agents may prove valuable in this subset of patients. The benefit of PD-1 immunotherapy in 

MMR deficient tumors has been demonstrated [39]. The study by Le and colleagues [39] 

included a small number of MMR deficient EEC cases with striking responses. More recent 

findings for a PD-1 inhibitor trial in MMR deficient recurrent endometrial cancer have 

suggested significant therapeutic benefit with 56% overall response rate and 89% clinical 

benefit rate [40]. Together these data suggest that immunotherapy as part of the primary 

treatment for advanced stage MMR deficient EC is an attractive approach to improve patient 
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outcomes. The high prevalence of epigenetic MMR defects (20%) in our cohort, with almost 

a quarter of these patients presenting at an advanced stage, highlights the fact that a large 

fraction of patients may benefit from alternative treatment strategies.

Limitations

Our study is limited by the modest number of recurrences, retrospective clinical record 

review and limited follow up time. It is nonetheless, the largest single institution experience 

with comprehensive MMR testing, and uniform utilization of adjuvant therapy for both early 

and advanced stage cases that has been reported to date.

Conclusions

MMR testing that includes MLH1 methylation analysis defines a subset of tumors that have 

worse prognostic features including higher tumor volume and lymph node involvement. 

Women with EEC and MLH1 methylation have reduced recurrence-free survival and 

highlight a high risk population, notably advanced stage cases. Our data illustrate the 

potential utility of MMR testing and classification beyond standard LS screening and 

identify a group of patients whom may benefit from radiation therapy and/or alternative 

treatment strategies such immunotherapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

1. MLH1 methylated endometrial tumors have poor prognostic features 

including larger size

2. Tumor volume and mismatch repair class are associated with lymph node 

involvement

3. Women with MLH1 methylated tumors have reduced recurrence-free survival

4. Recurrence rate by MMR class differed dramatically in advanced stage 

endometrial cancer

5. MMR defective tumors with MLH1 methylation may exhibit chemoresistance
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Figure 1. 
MMR testing algorithm and class distribution.
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Figure 2. 
A) Tumor volume by MMR class for all histologies and for endometrioid histology only. B) 
Tumor volume and lymph node status for all endometrioid cases with lymphadenectomy 

performed and by epigenetic MMR defective and MMR proficient tumors.
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Figure 3. 
A) Recurrence-free survival by MMR class for subjects with endometrioid histology tumors. 

B) Recurrence and adjuvant therapy use by stage and MMR class.
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Table 2

Recurrences among 379 endometrioid histology cases stratified by MMR class

Abbreviations: MMR, mismatch repair; VBT, vaginal brachytherapy; PVRT, pelvic radiation therapy
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