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ABSTRACT 

Objectives. Beginning in 2014, the Society of Gynecologic Oncology and the 

American College of Obstetricians and Gynecologists have recommended universal tumor 

testing for mismatch repair deficiency in endometrial cancer. Mismatch repair testing can 

triage patients who may benefit from genetic testing for Lynch syndrome. Many women 

previously diagnosed with endometrial cancer have not undergone mismatch repair tumor 

testing. We sought to determine the feasibility of retroactive assessment for mismatch repair 

deficiency among women with diagnosed with endometrial cancer prior to 2014.  

Methods. Between 2016 and 2018, we identified 36 patients presenting for 

gynecologic oncology follow-up visits who were previously diagnosed with endometrial 

cancer. The endometrial pathology underwent tumor assessment for loss of expression of 

mismatch repair proteins by immunohistochemistry. Patients with abnormal mismatch repair 

testing were referred to genetic counseling and, if indicated, for germline genetic testing. 

Results. Thirty-six patients underwent retroactive tumor immunohistochemistry, 

yielding 10 (28%) abnormal results, including nine (25%) with loss of one or more mismatch 

repair proteins and one with inconclusive staining (2.8%). All ten patients with abnormal 

immunohistochemistry were referred to genetic counseling; 9 (90%) accepted the referral 

and proceeded with genetic testing. One pathogenic mutation was identified in CHEK2 

(11%). Five patients (56%) were found to have a variant of unknown significance. 

Conclusions. Implementation of universal retroactive tumor testing for mismatch 

repair deficiency in patients previously diagnosed with endometrial cancer is feasible. With 

the growing use of new molecular classification protocols for endometrial tumors, 

identification of mismatch repair deficiency may have significant clinicopathologic 

implications.  
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BACKGROUND 

Endometrial cancer is the most 

common gynecologic cancer in developed 

countries. In the United States, the incidence 

of endometrial cancer in 2019 was 61,880, 

with the incidence and mortality of 

endometrial cancer increasing by 0.7% and 

1.1% respectively per year from 1999-2015 

(1). As with many other solid tumors, 

researchers have turned to genetics and 

molecular tumor analysis in management of 

endometrial cancer (2).  

Lynch syndrome is a highly penetrant 

autosomal dominant hereditary cancer 

syndrome and the most common cause of 

hereditary endometrial and colon cancers. 

Approximately 2-5% of endometrial cancers 

are attributable to Lynch syndrome (3). 

Identification of Lynch-associated mutations 

is critical as it allows for optimization of 

cancer surveillance and disease prevention in 

patients and their at-risk family members. 

Historically, referral for Lynch syndrome 

was based on the Amsterdam and Bethesda 

criteria, however, these methods have limited 

sensitivity (4). Tumor screening with 

immunohistochemistry is another option to 

identify women with mismatch repair 

deficient tumors, which can then triage 

patients for Lynch syndrome genetic testing. 

It is estimated that 98% of individuals with 

Lynch syndrome are not aware of their 

underlying mutation (5). A recent meta-

analysis demonstrated that 43% of patients 

with endometrial cancer who were diagnosed 

with Lynch syndrome via tumor assessment 

would have been missed by family-history 

based screening alone (6). 

There is a growing body of literature 

demonstrating clinicopathologic implications 

of mismatch repair deficiency in endometrial 

cancer (7–13). In 2014, the Society for 

Gynecologic Oncology released a clinical 

practice statement, recommending universal 

molecular tumor screening for mismatch 

repair deficiency for all endometrial cancers 

(14). Later that year, the American College of 

Obstetricians and Gynecologists reaffirmed 

this recommendation (15). At this time, no 

studies have been conducted to assess the 

feasibility and yield of retroactive universal 

genetic screening for mismatch repair 

deficiency in patients with a history of 

endometrial cancer. In accordance with the 

statement released by the Society of 

Gynecologic Oncology and the American 

College of Obstetricians and Gynecologists, 

our institution implemented a policy in 2016 

whereby all newly and previously diagnosed 

endometrial tumors undergo screening for 

mismatch repair deficiency. Here we report 

our experience with retroactive tumor 

screening in all women with a history of 

endometrial cancer presenting for follow-up 

gynecologic oncology visits. 

 

METHODS 

This quality improvement study was 

approved by the Weill Cornell Medicine 

Institutional Review Board (#1711018743). 

The requirement for written informed 

consent was waived by the Institutional 

Review Board. All women with previously 

diagnosed endometrial cancer presenting for 

a follow-up visits to the gynecologic 

oncology clinic between September 1, 2016 

and May 31, 2018 had tumor assessment for 

mismatch repair deficiency. Date of 

diagnosis of previously diagnosed 

endometrial cancer ranged from December 8, 
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2009 to September 14, 2017. Patients were 

followed until January 1, 2020 to identify 

outcomes up to 40 months after tumor 

assessment of mismatch repair and 

subsequent referral to genetic testing. 

Patients were excluded from analysis if they 

did not have pathologic tissue available for 

analysis and/or they had previously 

undergone genetic or tumor testing. Tumor 

assessment was performed via 

immunohistochemistry analysis of MLH1, 

MSH2, MSH6 and PMS2 from paraffin 

embedded blocks. If MLH1 protein 

expression was absent, the sample was 

reflexively tested for MLH1 promoter 

methylation. Patients were referred for 

genetic counseling and testing if any 

mismatch repair proteins were found to have 

absent staining, and in the case of MLH1 

absence, if the MLH1 promoter was negative 

for methylation.  

Data extracted from the medical 

record included age at endometrial cancer 

diagnosis, histology, stage, grade, treatment 

history (surgery, chemotherapy, radiation), 

personal medical history, family oncologic 

history, molecular testing results, genetic 

testing results, and additional cancer 

screening (colonoscopy/ endoscopy). 

Univariable tests were applied on the basis of 

whether the variable of interest was 

distributed normally (ie, t test, analysis of 

variance) or not normally (ie, Mann-Whitney 

U test). All P-values are two-sided with 

statistical significance evaluated at the 0.05 

alpha level. All analyses were performed in 

Statistical Product and Service Solutions 

(SPSS) Version 24 (IBM SPSS Statistics for 

Windows, Version 24.0. Armonk, NY: IBM 

Corp.). 

RESULTS 

We identified 36 patients previously 

diagnosed with endometrial cancer without 

prior tumor or germline analysis during the 

study period. The median age at diagnosis 

was 56 years (range 38-77 years). Tumor 

histology included endometrioid (26 patients, 

72.2%), serous (3 patients, 8.3%), 

carcinosarcoma (1, 2.8%), and mixed (6, 

16.7%). Stage distribution was as follows: 

Stage IA (23, 63.9%), IB (8, 22.2%), II (1, 

2.8%), IIIC (1, 2.8%), IVB (1, 2.8%), and 

incomplete staging (2, 5.6%). International 

Federation of Gynecology and Obstetrics 

(FIGO) grade included 15 with FIGO Grade 

I disease (41.7%), 10 with FIGO grade II 

disease (27.8%), eight with FIGO grade III 

disease (22.2%) and three patients who were 

unable to be classified (8.3%). Eight patients 

(22.2%) had lymphovascular invasion of the 

tumor. Nine patients (25%) had recurrence of 

their disease with a median time to recurrence 

of 24 months (range 11-84) (Table 1). The 

follow-up period ranged from 19 to 40 

months after retroactive tumor testing.  
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Table 1- Characteristics of study population 

 N % 

Age   

 Median age at diagnosis (years) 56  

 Range of age at diagnosis 33-77  

Tumor histology   

 Endometrioid 26 72.2% 

 Serous 3 8.3% 

 Carcinosarcoma  1 2.8% 

 Clear cell 0 0% 

 Other, including mixed, undifferentiated 6 16.7% 

Stage   

 1A 23 63.9% 

 1B 8 22.2% 

 II 1 2.8% 

 IIIA 0 - 

 IIIB 0 - 

 IIIC 1 2.8% 

 IVA 0 - 

 IVB 1 2.8% 

 Incomplete 2 5.6% 

FIGO   

 I 15 41.6% 

 II 10 27.8% 

 III 8 22.2% 

 Other  3 8.3% 

Lymphovascular invasion 8 22.2% 

Tumor mismatch repair deficiency by immunohistochemistry 10 27.8% 

Recurrence 9 25% 

 Median time to recurrence (months) 24  

 Range of time to recurrence (months) 11-84  

 

 

All 36 identified patients underwent 

retroactive tumor immunohistochemistry 

assessment. Ten patients (27.8%) had 

abnormal results on tumor 

immunohistochemistry assessment (Table 2). 

Abnormal immunohistochemistry results 

included loss of MLH1/PMS2 (6 of 10, 60%), 

loss of MSH2/MSH6 (2 of 10, 20%), 

inconclusive staining of MLH1/PMS2 (1 of 

10, 10%), and inconclusive staining (1 of 10, 

10%). Tumor histology of those patients with 

abnormal tumor immunohistochemistry 

included endometrioid (7 of 10, 70%), 

endometrioid with focal serous (1 of 10, 

10%), endometrioid with focal clear cell (1 of 

10, 10%), and undifferentiated (1 of 10, 

10%). The stage distribution for patients with 

abnormal immunohistochemistry was Stage 

IA (6 of 10, 60%), IB (2 of 10, 20%), IIIC (1 

of 10, 10%), and unstaged (1 of 10, 10%). 
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The patient who was unstaged underwent a 

total laparoscopic hysterectomy and left 

salpingoophorectomy for a preoperative 

diagnosis of endometrial hyperplasia and left 

ovarian cyst. She was found to have 

endometrial carcinoma on final pathology 

and decision was made to not pursue surgical 

staging given FIGO grade 1 disease without 

evidence of lymphovascular invasion.  

Three patients (30%) had FIGO grade 

1 disease, three patients (30%) had FIGO 

grade 2, three patients (30%) had FIGO grade 

3, and one patient (10%) had undifferentiated 

endometrial cancer. Seven patients received 

adjuvant therapy; six received vaginal 

brachytherapy (60%), and one received 

chemotherapy (10%). Two of 10 patients 

with abnormal mismatch repair (20%) had 

recurrence of disease. One patient with 

recurrence was treated with radiation therapy 

(1 of 10, 10%) and one was treated with 

surgical resection and chemotherapy (1 of 10, 

10%). The median time from diagnosis to 

recurrence was 16 months between the two 

patients who had recurrence of disease (range 

12-20). None of the patients with abnormal 

immunohistochemistry testing received 

immunotherapy based on their testing results.  

All ten patients with abnormal 

immunohistochemistry were referred to 

genetic counseling. Nine (90%) patients 

accepted the referral and proceeded with 

genetic counseling and testing. Germline 

testing revealed one patient with a pathogenic 

mutation in CHEK2 (11%), and five patients 

(56%) were found to have a variant of 

uncertain significance. For three patients, the 

variant of unknown significance was located 

in genes coding for mismatch repair proteins 

(33%). For two patients, the variant of 

unknown significance was located in the 

gene with absent protein expression on 

mismatch repair assessment. One patient was 

found to have a variant of unknown 

significance in BRCA1 (11%), and one 

patient was found to have a variant of 

unknown significance in STK11 (Table 2).
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Table 2- Clinical and genetic data for patients with abnormal endometrial tumor testing 

 Patient Histology Stage FIGO 

Grade 

Tumor 

immunohistochemistry 

result 

Germline 

genetic 

testing 

Recurrence Adjuvant 

treatment 

1 Endometrioid  IB I MLH1/ PMS2 

inconclusive 

Declined No 

 

Yes 

 

2 Endometrioid Unstaged I Inconclusive VUS - 

BRCA1 

c.4009G>C 

No 

 

No 

 

3 Endometrioid IA 

 

III MLH1 / PMS2 loss  Negative Yes 

 

Yes 

 

4 

 

Endometrioid IB II MSH2 / MSH6 loss Negative No 

 

Yes 

 

5 Endometrioid IA II MLH1/PMS2 loss VUS - 

MHS2 

c.304G>A 

Yes 

 

 

Yes 

6 Endometrioid IA III MLH1/PMS2 loss Mut - 

CHEK2 

c.470T>C 

VUS - 

STK11 

c.992G>A 

No 

 

Yes 

 

7 Endometrioid  IA I MLH1 / PMS2 loss Negative 

  

No 

 

No 

 

8 Endometrioid 

with focal 

serous 

IA III MLH1/ PMS2 loss Negative No Yes 

9 Endometrioid 

with focal clear 

cell 

IA II MSH2 / MSH6 loss VUS - 

MSH6 

c.3245C>T 

No 

 

No 

10 Undifferentiated IIIC n/a MLH1 / PMS2 loss 

MSI-H 

VUS - 

PMS2 

c.2356C>A 

  

No 

 

Yes 

 Mut = known pathogenic mutation  

 VUS = variant of uncertain significance 

 

A comparison of the 

clinicopathologic features among patients 

with and without mismatch repair deficient 

tumors based on immunohistochemistry 

testing demonstrated no significant 

differences. Additionally, there was no 

statistical difference between median time to 

recurrence between the two groups (Table 3).  
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Table 3- Comparison of mismatch repair deficient tumors with mismatch repair proficient tumors 

 Mismatch repair 

deficient 

Mismatch repair 

proficient 

 

 N % N % p-value 

Age      

 Median age at diagnosis (years) 56 - 56 - - 

 Range of age at diagnosis 39-60 - 33-77 - - 

Tumor histology      

 Endometrioid 7 70% 19 73.1% 0.86 

 Serous 0 - 3 11.5% 0.27 

 Carcinosarcoma  0 - 1 3.85% 0.54 

 Clear cell 0 - 0 - -  

 Other, including mixed, undifferentiated 3 30% 3 11.5% 0.18 

Stage      

 1A 6 60% 17 65.4% 0.61 

 1B 2 20% 6 26.9% 0.85 

 II 0 - 1 3.85% 0.54 

 IIIA 0 - 0 - - 

 IIIB 0 - 0 - - 

 IIIC 1 10% 0 - 0.11 

 IVA 0 - 0 -  

 IVB 0 - 1 3.85% 0.54 

 Incomplete 

1 10% 1 

3.85%  

0.48 

FIGO      

 I 3 30% 12 46.2% 0.39 

 II 3 30% 7 26.9% 0.68 

 III 3 30% 5 19.2% 0.50 

 Other 1 

 10% 2 

7.70% 0.83 

Lymphovascular invasion 2 20% 6 23.1% 0.84 

Recurrence 2 20% 7 26.9% 0.68 

 Median time to recurrence from diagnosis (months) 
16 - 37 

-  0.29 

 Range in time to recurrence from diagnosis (months) 
12-20  11-84 

  

 

 

DISCUSSION 

All 36 patients underwent 

retrospective tumor mismatch repair 

assessment and 10 (28%) were found to have 

mismatch repair deficiency. Our patient 

population resembles national statistics with 

respect to tumor histology, stage, grade, and 

age at diagnosis (1,16). One hundred percent 

of patients with tumor MMR deficiency were 

referred for germline testing and 90% of 
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patients accepted the referral and completed 

genetic counseling and testing. One patient 

was found to have a pathogenic mutation in 

CHEK2, a cell cycle regulator and putative 

tumor suppressor. One patient was found to 

have inconclusive tumor IHC staining and 

germline testing identified a VUS in the 

BRCA1 gene. In total, five VUS were 

identified. No statistical differences were 

noted between the groups of patients with and 

without MMR-deficient tumors.   

Over a quarter of our study patients 

(28%) had tumor mismatch repair deficiency 

which is similar to rates reported in the 

literature (6). While none were found to have 

a pathogenic mutation in MMR proteins 

associated with Lynch syndrome, several 

VUS were discovered in MMR proteins. 

While identification of these VUS are not as 

informative as pathogenic mutations, variants 

must be followed as many will be reclassified 

as benign or pathogenic over time, informing 

care for the patient and at-risk relatives. 

Information about mismatch repair 

deficiency even in the absence of a germline 

mutation has clinical implications including 

eligibility for targeted therapy for recurrent 

mismatch repair-deficient tumors. While 

mismatch repair status was initially found to 

predict clinical benefit of a PD-1 blockade in 

patients with colorectal cancer, subsequent 

studies then demonstrated response in other 

solid tumors as well, including endometrial 

cancer, where mismatch repair deficiency is 

found in up to 30% of tumors (6,17,18). Since 

the Food and Drug Administration (FDA) 

approval in 2017, PD-1 blockade with 

pembrolizumab has been used in the 

treatment of mismatch repair-deficient 

recurrent endometrial cancer. While none of 

the patients in our study received 

immunotherapy for recurrence, this now 

remains an option for treatment in the future 

for these patients with mismatch repair 

deficiency. Adjuvant radiotherapy recently 

has been shown to be associated with 

improved disease-specific survival in a 

cohort of patients with mismatch repair-

deficient endometrioid endometrial cancers, 

suggesting that mismatch repair status could 

be used as a predictive biomarker to select 

patients who may benefit most from adjuvant 

radiotherapy (7).  

A tumor’s molecular profile, 

including MMR deficiency, has specific 

disease implications. Some studies suggest 

that mismatch repair-deficient endometrial 

cancers have worse overall survival, higher 

disease recurrence rate, and decreased 

recurrence-free survival compared to other 

molecular profiles (8,9). In particular, MLH1 

promoter hypermethylation is associated 

with larger tumor burden and more frequent 

lymphovascular invasion (13). This study did 

not find that mismatch repair-deficient 

endometrial cancers had overall worse 

survival or higher disease recurrence rate, 

although among the women with mismatch 

repair deficient tumors, the median time to 

recurrence was shorter (16 vs 37 months, not 

significant). These findings are likely 

attributable to the small sample size.  

The strengths of this study include the 

novel addition of retroactive tumor testing for 

patients with a history of endometrial cancer. 

While we did not identify any patients with 

germline Lynch syndrome mutations, this is 

not surprising given our sample size and 

meta-analysis data suggesting that 28% of 

endometrial tumors will exhibit mismatch 
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repair tumor deficiency by 

immunohistochemistry, and within this 

group, only 15% of patients with abnormal 

immunohistochemistry tumors will harbor a 

Lynch syndrome mutation (6). However, 

given that there were approximately 772,245 

women living with endometrial cancer in the 

United States in 2016, we can predict that 

216,228 women will have abnormal 

immunohistochemistry tumor testing, and 

among those, approximately 32,434 women 

will have a Lynch syndrome mutation (1,6). 

Therefore, Lynch syndrome screening may 

be indicated for hundreds of thousands of 

unaware women.  

This study suggests that while 

retroactive tumor testing for women 

previously diagnosed with endometrial 

cancer is feasible, there are limitations. The 

small sample size of 36 patients precludes the 

study from making strong conclusions 

regarding the large-scale feasibility of 

universal tumor testing and its implications. 

This study lacks follow-up data beyond three 

years evaluating how mismatch repair 

information impacts treatment, survival, and 

tumor surveillance or its effect on family 

members of those with abnormal 

immunohistochemistry testing. Additionally, 

because this study is examining retroactive 

tumor testing, we are unable to perform 

prospective testing. Finally, while universal 

tumor testing irrespective of age at diagnosis 

has the greatest sensitivity for detecting 

Lynch syndrome, it comes at a cost of 

requiring tumor testing on three to four times 

as many patients compared to selective tumor 

testing, a cost which many patients and 

medical centers may not be able to justify 

(21).  In this study, retroactive tumor 

immunohistochemistry was covered by 

patient insurance, but it remains unclear if 

this will be the case for all patients moving 

forward, and cost implications will be 

imperative to consider as well. 

  Universal screening for tumor 

mismatch repair deficiency with 

immunohistochemistry or microsatellite 

instability has also been recommended for 

patients newly diagnosed with colorectal 

cancer and has proven to be feasible and with 

cost-effectiveness similar to other 

preventative health strategies (22–24). 

Screening strategies within endometrial 

cancer have not been as well established, 

however tumor testing by 

immunohistochemistry has been increasingly 

shown to be sensitive, as well as cost-

effective compared to other methods (25,26).  

 

CONCLUSIONS 

This study has implications for 

women with endometrial cancer who were 

diagnosed prior to the recommendation of 

universal tumor mismatch repair assessment. 

Despite the new Society of Gynecologic 

Oncology and American College of 

Obstetricians and Gynecologists 

recommendations for universal screening of 

endometrial cancer, not all centers have 

incorporated tumor assessment into routine 

practice. Unlike in ovarian cancer, genetic 

testing is not recommended for all women 

with a new diagnosis of endometrial cancer 

(27). Many centers continue to rely on the 

Amsterdam or Bethesda criteria or age of 

diagnosis as a means of triaging those who 

should be screened for Lynch syndrome 

(15,28). While not diagnostic of Lynch 

syndrome, molecular screening of tumors for 
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presence of mismatch repair proteins using 

immunohistochemistry or microsatellite 

instability has demonstrated greater 

sensitivity than family-history driven 

strategies, ranging between 80 and 100% 

(29). 

As clinicians and patients become 

more accustomed to tumor 

immunohistochemistry and microsatellite 

instability as part of standard of care for 

endometrial cancer pathologic analysis, there 

may be more women who seek out 

retroactive tumor testing. Furthermore, if 

there is growing evidence that tumor 

molecular profiling has actionable clinical 

implications, tumor assessment—even for 

patients previously diagnosed—may prove 

valuable. While we demonstrate that 

retroactive tumor mismatch repair deficiency 

can be offered, it remains unclear if this 

process is reasonable from a financial and 

clinical standpoint. Future studies are 

necessary to determine the clinical 

significance of this finding and the cost-

effectiveness of strategies of tumor 

assessment and triage for germline genetic 

testing.  
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