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INTRODUCTION 

Mismatch Repair Deficiency (MMRd) is a pivotal genetic 

defect that significantly contributes to the pathogenesis of 

various cancers, particularly colorectal and endometrial 

cancers. The mismatch repair (MMR) system is essential 

for maintaining genomic stability by correcting base-base 

mismatches and insertion-deletion loops that occur during 
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ABSTRACT 

Background: Mismatch repair deficiency (MMRd) is a pivotal genetic defect that significantly contributes to the 

pathogenesis of various cancers, particularly colorectal and endometrial cancers. The mismatch repair (MMR) system 

is essential for maintaining genomic stability by correcting base-base mismatches and insertion-deletion loops that occur 

during DNA replication. The aim of the study was to investigate the frequency and patterns of MMR protein deficiency 

in endometrial cancer and their association with clinical and pathological characteristics. 
Methods: This cross-sectional observational study was conducted at the Department of Gynecological Oncology, 

Bangabandhu Sheikh Mujib Medical University (BSMMU), Dhaka, from March 2022 to February 2023. The study 

included all patients admitted with histologically confirmed endometrial carcinoma, diagnosed via endometrial 

fractional curettage or diagnostic D&C, who were admitted for surgical management.  
Results: In this study of endometrial cancer, 49 participants were analyzed for mismatch repair (MMR) protein status. 

MMR deficiency (MMRd) was observed in 16 cases (32.7%). Among 16 MMR deficient EC, isolated single protein 

loss was in 5 (31.25%) and multiple loss was in 11(68.75%) cases.  Family history of malignancy often correlated with 

MSH2 loss. MMRd was significantly associated with higher cancer stages. Immunohistochemistry proved effective for 

identifying MMR status, facilitating Lynch syndrome screening and subsequent clinical management. These findings 

underscore the importance of MMR testing in endometrial cancer for prognosis and treatment decisions. 
Conclusions: This study underscores the importance of mismatch repair (MMR) protein status in the prognosis of 

endometrial cancer (EC). 
 
Keywords: Endometrial carcinoma, Immunohistochemistry, Lynch syndrome, Microsatellite instability, Mismatch 

repair 



Khatoon F et al. Int J Reprod Contracept Obstet Gynecol. 2024 Sep;13(9):2241-2248 

International Journal of Reproduction, Contraception, Obstetrics and Gynecology                                   Volume 13 · Issue 9    Page 2242 

DNA replication. Deficiencies in this system, resulting 

from mutations in key MMR genes such as MLH1, MSH2, 

MSH6, and PMS2, lead to microsatellite instability (MSI), 

a hallmark of MMRd.1,2 

MMRd has profound implications for cancer biology, 

influencing tumor behavior, prognosis, and treatment 

responsiveness. Tumors with MMRd often exhibit high 

levels of MSI (MSI-H) and are characterized by a distinct 

mutational profile and immune microenvironment. These 

features differentiate MMRd tumors from those with 

proficient mismatch repair (MMRp) systems.3 MMRd 

tumors tend to accumulate mutations at a higher rate, 

leading to a more diverse set of neoantigens. This 

characteristic makes them particularly susceptible to 

immune surveillance, which explains the increased 

presence of tumor-infiltrating lymphocytes (TILs) 

observed in these tumors. The immune microenvironment 

of MMRd tumors is often inflamed, reflecting an active 

anti-tumor immune response that can be leveraged for 

therapeutic purposes.4 

In colorectal cancer, approximately 15% of cases exhibit 

MMRd, with higher prevalence in hereditary non-

polyposis colorectal cancer (HNPCC) or Lynch syndrome, 

where MMR gene mutations are inherited.5 MMRd 

colorectal cancers are typically located in the proximal 

colon, present at an earlier stage, and have a better 

prognosis compared to MMRp tumors.6 These tumors also 

show increased infiltration of TILs, correlating with 

improved clinical outcomes.7 

Endometrial cancer also shows a significant incidence of 

MMRd, identified in approximately 20-30% of cases, 

making it one of the most common molecular alterations 

in this cancer type.8 Similar to colorectal cancer, MMRd 

endometrial cancers are associated with distinct 

histopathological features and a better prognosis in certain 

subtypes.9 The frequency of MMRd in endometrial cancer 

underscores the importance of genetic testing in this 

patient population to identify those who may benefit from 

targeted therapies.10 

The identification of MMRd has significant therapeutic 

implications. The presence of MMRd/MSI-H tumors has 

been shown to predict responsiveness to immune 

checkpoint inhibitors, such as pembrolizumab, which has 

been approved for the treatment of MMRd/MSI-H solid 

tumors regardless of their primary site.11 This 

breakthrough highlights the importance of routine MMR 

status testing in clinical practice to guide personalized 

treatment strategies.12 Immune checkpoint inhibitors work 

by unleashing the immune system's ability to recognize 

and attack tumor cells, which is particularly effective in 

tumors with high mutational burdens like those with 

MMRd.13 

Beyond colorectal and endometrial cancers, MMRd is also 

found in other malignancies, including gastric, ovarian, 

and urothelial cancers, although the prevalence is 

generally lower.14 The presence of MMRd in these cancers 

also carries prognostic and therapeutic implications, 

supporting the broader application of MMR status testing 

across different tumor types.15 In gastric cancer, for 

instance, MMRd tumors tend to be associated with a better 

prognosis and may also respond to immunotherapies, 

although further research is needed to fully understand the 

therapeutic potential.16 

The objective of this study was to determine the frequency 

of MMRd among patients diagnosed with cancers 

associated with this deficiency in a tertiary care hospital.  

METHODS 

This cross-sectional observational study was conducted at 

the Department of Gynecological Oncology, Bangabandhu 

Sheikh Mujib Medical University (BSMMU), Dhaka, 

from March 2022 to February 2023.  

Inclusion criteria 

The study included all patients admitted with 

histologically confirmed endometrial carcinoma, 

diagnosed via endometrial fractional curettage or 

diagnostic D&C, who were admitted for surgical 

management.  

Exclusion criteria 

Exclusion criteria included a history of preoperative 

chemotherapy or radiation therapy and recurrent 

endometrial carcinoma.  

A total sample size of 49 was obtained using purposive 

sampling. Data collection involved a semi-structured 

questionnaire that gathered demographic information, 

medical history, and family history of cancer. Patients 

underwent surgical treatment, including total 

hysterectomy and bilateral salpingo-oophorectomy, with 

lymphadenectomy performed based on surgical risk and 

disease stage. Pathological examinations and 

immunohistochemistry (IHC) were conducted in the 

Pathology Department of BSMMU. IHC was used to 

assess the expression of MMR proteins (MLH1, MSH2, 

MSH6, PMS2), with a ≥10% positive staining in tumor 

cells indicating MMR proficiency (MMRp) and 0% 

staining indicating MMR deficiency (MMRd).  

Statistical analysis 

Data were analyzed using SPSS version 23.0, with 

descriptive statistics summarizing patient characteristics. 

Associations between MMR status and clinicopathological 

parameters were assessed using Chi-square tests, Fisher’s 

exact tests, and unpaired t-tests, with odds ratios (OR) and 

95% confidence intervals (CI) calculated. P-values <0.05 

were considered statistically significant. The study 

adhered to ethical standards, with approval obtained from 

the Institutional Review Board (IRB) of BSMMU, and 
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informed consent obtained from all participants. The study 

ensured confidentiality and minimized risks, aligning with 

the Helsinki Declaration for Medical Research involving 

Human Subjects.  

RESULTS 

Figure 1 shows MMR protein status of the study 

participants. Among the study participants, loss of MMR 

protein expression (MMR deficient) was observed in 16 

(32.7%), while intact expression (MMR proficient) was 

observed in 33 (67.3%). 

 

Figure 1: MMR protein status of the study 

participants (n=49). 

Table 1 shows the characteristics of the respondents 

stratified by MMR status. Most patients were aged 

between 51 and 60 years, with mean ages of 55 (MMR 

proficient) and 55.6 years (MMR deficient). Regarding 

income, 25% of MMR deficient patients were low-income, 

compared to 12.12% of MMR proficient patients. Both 

groups had around 50% in the middle-income category, 

while 39.39% of MMR proficient and 25% of MMR 

deficient patients were high-income. Obesity (BMI ≥30.0) 

was prevalent in 57.58% of MMR proficient and 62.50% 

of MMR deficient patients, with mean BMIs of 28.3 and 

28.7 kg/m², respectively. Most patients were primi- or 

multiparous, with 39.39% of MMR proficient and 43.75% 

of MMR deficient patients being multiparous. Grand-

multiparity was more common in MMR deficient patients 

(18.75% vs. 9.09%). Oral contraceptive use was higher 

among MMR proficient patients (33.33% vs. 25%), and 

more MMR proficient patients were postmenopausal 

(84.85% vs. 75%). The distribution of the respondents in 

respect of age, socioeconomic status, BMI, parity use of 

OCP and menopausal status in MMR deficient and MMR 

proficient EC were not statistically significant (p>0.05). 

Table 1: Baseline characteristics of the respondents stratified by MMR status (n=49). 

Socio-demographic characteristics MMR proficient (n=33) MMR deficient (n=16) P value 
 N Percentage N Percentage  

Age (years) 

≤30 1 3 0 0 

0.849 ns 

31-40 3 9.1 1 6.3 

41-50 4 12.1 3 18.8 

51-60 18 54.5 7 43.8 

61-70 6 18.2 5 31.3 

Mean±SD 55±10.1 55.6±10.6 

Range (min-max) 24-70 32-70  

Monthly income (Taka) 

Low (≤8,585 Tk) 4 12.1 4 25 

0.418 ns Middle (8,586-1,04,391 Tk) 16 48.5 8 50 

High (>1,04,391 Tk) 13 39.4 4 25 

BMI (kg/m2) 

18.5-24.9 12 36.4 4 25 

0.776 ns 

25.0-29.9 2 6.1 2 12.5 

≥30.0 19 57.6 10 62.5 

Mean±SD 28.3±4.5 28.7±3.8 

Range (min-max) 21.7-36 22.9-33 

Parity 

Nulli 4 12.1 1 6.3 

0.699 ns 
Primi 13 39.4 5 31.3 

Multi 13 39.4 7 43.8 

Grand-multi 3 9.1 3 18.8 

Oral contraceptive pill 

Yes 11 33.3 4 25 
0.553 ns 

No 22 66.7 12 75 

Menopause 

Yes 28 84.8 12 75 
0.449 ns 

No 5 15.2 4 25 

ns = not significant

67.3%

32.7%

MMR proficient MMR deficient
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Table 2: Distribution of the study participants 

according to mismatch repair protein                 

deficiency (n=16). 

Mismatch repair protein 

deficiency 

Frequency 

(N) 

Percentage 

(%) 

Single loss 

MSH2 4 25 

MSH6 1 6.3 

Multiple loss 

MLH1+ PMS2 4 25 

MSH2+ MSH6 3 18.8 

MLH1+ MSH2 2 12.5 

MLH1+ MSH2+ PMS2 1 6.3 

MLH1+ MSH2+ PMS2+ 

MSH6 
1 6.3 

Table 2 illustrates, among 16 MMR deficient EC, isolated 

single protein loss was in 5 (31.25%) and multiple loss was 

in 11 (68.75%) cases. Among them most   frequent loss of 

MMR protein was isolated MSH2 and combined loss of 

MLH1/PMS2. Only one case (6.3%) shows loss of 

expression in all markers. 

Table 3 shows that hypertension, diabetes mellitus, and 

both DM/HTN were the most frequently observed 

associated medical condition in both MMR proficient and 

MMR deficient EC cases. There was no statistically 

significant difference in the distribution of the respondents 

according to hypertension, diabetes mellitus, 

hypothyroidism, chronic liver disease (p>0.05) between 

two groups. 

Table 4 shows that family history of malignancy was more 

in 5 (31.3%) in MMR deficient group compared to MMR 

proficient group 5 (15.2%). But the difference were not 

statistically significant (p>0.05) between two groups. 

 

Table 3: Co-morbidities of the study participants stratified by MMR status (n=49). 

Co-morbidities MMR proficient (n=33) (%) MMR deficient (n=16) (%) P value 

Hypertension 23 (69.7) 12 (75.0) 0.488 ns 

Diabetes mellitus 18 (54.5) 10 (62.5) 0.415 ns 

Hypothyroidism 9 (27.3) 4 (25.0) 0.577 ns 

Chronic liver diseases 4 (12.1) 1 (6.3) 0.497 ns 

Hyperthyroidism 0 (0.0) 2 (12.5) 0.102 ns 

DM+ HTN 16 (48.5) 7 (43.8) 0.498 ns 

ns = not significant, P value reached from chi square test

Table 4: Family history of malignancy of the study 

patients stratified by MMR status (n=49). 

Family 

history of 

malignancy 

MMR 

proficient 

(n=33) (%) 

MMR 

deficient 

(n=16) (%) 

P value 

Yes 5 (15.2) 5 (31.3) 
0.190 ns 

No 28 (84.8) 11 (68.8) 

ns = not significant, P value reached from chi square test 

 

Figure 2: Pattern of MMR protein deficiency in 

patients having family history of malignancy (n=5). 

Figure 2 shows isolated loss of MSH2, and paired loss of 

MSH2/MSH6 was the most common pattern of loss of 

expression in patient having family history of other 

malignancy. 

Table 5 illustrate that, among 16 MMR deficient EC, 8 

(50%) were grade III tumor. Loss of MSH6 and all protein 

markers was observed only in grade III tumor. 

Table 5: Pattern of mismatch repair deficiency in 

relation to histopathological grading of endometrial 

cancer (n=16). 

Mismatch repair  

protein deficiency 

Grade 

 I 

Grade 

II 

Grade 

III 

MSH2 2 0 2 

MSH6 0 0 1 

MLH1+ PMS2 1 2 1 

MSH2+ MSH6 1 0 2 

MLH1+ MSH2 0 1 1 

MLH1+ MSH2+ PMS2 1 0 0 

MLH1+ MSH2+ PMS2+ 

MSH6 
0 0 1 

Total 5 3 8 

2, 40%

1, 20%

2, 40%

MSH2 MSH6 MSH2 + MSH6
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Table 6: Tumor grading in relation to single protein loss and multiple protein loss. 

Mismatch repair protein deficiency Grade I (%) Grade II (%) Grade III (%) P value 

Single  2 (40.0) 0 (0.0) 3 (37.5) 
0.430 ns 

Multiple 3 (60.0) 3 (100.0) 5 (62.5) 

ns = not significant  

Table 7: Pattern of mismatch repair deficiency in relation to FIGO staging (2009) of endometrial cancer. 

Mismatch repair protein deficiency Stage I Stage II Stage III Stage IV 

MSH2 2 0 0 2 

MSH6 0 1 0 0 

MLH1+ PMS2 3 0 1 0 

MSH2+ MSH6 0 2 1 0 

MLH1+ MSH2 0 1 1 0 

MLH1+ MSH2+ PMS2 1 0 0 0 

MLH1+ MSH2+ PMS2+ MSH6 0 0 1 0 

Table 8: Tumor staging in relation to single protein loss and multiple protein loss. 

Mismatch repair protein deficiency Grade I (%) Grade II (%) Grade III (%) P value 

Single  2 (33.3) 1 (25.0) 0 (0.0) 
0.098 ns 

Multiple 4 (66.7) 3 (75.0) 4 (100.0) 

ns = not significant  

 

Table 6 illustrates there is no significant relation of FIGO 

tumor grading in respect of single protein loss and multiple 

MMR protein loss in MMR deficient EC. 

Table 7 shows loss of MSH2 found in both early and 

advanced FIGO stage. Paired loss of MLH1/PMS2 was 

found mostly in early FIGO stage. Loss of all four protein 

found in advanced FIGO stage. 

Table 8 shows there was no significant relation FIGO stage 

according isolated protein loss and multiple proteins. 

DISCUSSION 

This study aimed to evaluate the mismatch repair (MMR) 

protein status in endometrial cancer (EC) patients and its 

association with various clinicopathological features. The 

findings highlight significant differences between MMR 

proficient (MMRp) and MMR deficient (MMRd) groups, 

providing insights into the prognostic implications of 

MMR status in EC.  

In this study, loss of MMR protein expression (MMR 

deficient) was observed in 16 (32.7%) patients, while 

intact expression (MMR proficient) was observed in 33 

(67.3%) respectively. The frequency of MMRd in EC 

varies across different studies. The observed prevalence of 

MMRP-deficient cancers in this study aligns with prior 

research, which has reported MMR-related protein 

deficiency, detected using immunohistochemistry (IHC), 

in approximately 16% to 45% of endometrial cancer 

cases.17,18 

In this study, the age distribution between MMR proficient 

and MMR deficient patients showed no significant 

difference. The mean age was 55.0 years for MMR 

proficient and 55.6 years for MMR deficient groups, with 

a P value of 0.849. This finding aligns with several studies, 

such as that by Gallo et al, which found that the mean age 

of endometrial cancer patients with MMR deficiency was 

not significantly different from those without the 

deficiency.19 However, other studies like Buchanan et al 

noted a slightly younger mean age in MMR deficient 

patients compared to proficient ones.20 The mean BMI was 

28.3 kg/m² for MMR proficient and 28.7 kg/m² for MMR 

deficient patients. These results are consistent with 

research by Hampel et al, which found no significant 

association between BMI and MMR status in endometrial 

cancer patients.21 However, a study by Backes et al noted 

a trend towards higher BMI in MMR deficient patients, 

suggesting that obesity could be more prevalent in this 

group.22 Menopausal status was not significantly different 

between the two groups in this study (p=0.449). The 

proportion of postmenopausal women was high in both 

MMR proficient (84.8%) and deficient (75.0%) groups. 

This finding aligns with research by Nagley et al, which 

reported no significant difference in menopausal status 

between the groups.23 Conversely, studies like those by 

Huang et al have suggested that postmenopausal status 

might be more common in MMR deficient patients, 

potentially due to age-related factors.24 

The study found a higher prevalence of family history of 

malignancy in the MMR deficient group (31.3%) 

compared to the MMR proficient group (15.2%), although 

this difference was not statistically significant (p=0.190). 
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This trend aligns with previous research indicating that 

MMR deficiency, particularly due to germline mutations 

in MMR genes, is associated with hereditary cancer 

syndromes such as Lynch syndrome. Studies by Hampel et 

al similarly report a higher prevalence of family history of 

cancer in MMR deficient patients.25 

In the subset of patients with a family history of 

malignancy, isolated loss of MSH2 and paired loss of 

MSH2/MSH6 were the most common patterns of MMR 

protein deficiency. This is consistent with literature 

indicating that MSH2 and MSH6 are frequently implicated 

in hereditary cancer syndromes, such as Lynch syndrome, 

which predispose individuals to multiple cancer types 

including EC. For example, Hampel et al reported that 

MSH2 and MSH6 losses were predominant in EC patients 

with Lynch syndrome.25 

Regarding histopathological grading, the study revealed 

that among 16 MMR-deficient EC cases, 8 (50%) were 

grade III tumors. Notably, loss of MSH6 and all protein 

markers was observed exclusively in grade III tumors. 

This suggests that MMRd is associated with more 

aggressive and poorly differentiated tumors. Previous 

research has similarly demonstrated a correlation between 

MMR deficiency and higher tumor grade, indicating worse 

prognosis. Stelloo et al found that MMRd was 

significantly associated with higher tumor grades in their 

cohort.26 

The relationship between tumor grading and single versus 

multiple protein loss was also explored. The study found 

no significant association between the FIGO tumor 

grading and the type of protein loss (single or multiple). 

While 40% of grade I tumors had single protein loss, 100% 

of grade II tumors and 62.5% of grade III tumors exhibited 

multiple protein losses. This is supported by other studies 

that have found varied impacts of single versus multiple 

MMR protein losses on EC prognosis. For instance, 

Goodfellow et al noted no significant difference in 

outcomes between single and multiple MMR protein 

losses.22 

In terms of FIGO staging, the study showed that loss of 

MSH2 was found in both early and advanced stages, while 

paired loss of MLH1/PMS2 was mostly observed in early 

stages. The loss of all four proteins was found in advanced 

stages. These patterns indicate that while some MMR 

protein deficiencies can occur early in disease progression, 

extensive protein loss is more common in advanced stages. 

This is corroborated by findings from other studies, which 

have highlighted the progressive nature of MMR 

deficiencies in relation to EC stage. Zhao et al observed 

that advanced stage ECs more frequently exhibited 

multiple MMR protein losses compared to early-stage 

tumors.27 

Finally, the analysis of tumor staging in relation to single 

versus multiple protein losses revealed no significant 

difference. Although isolated protein loss was more 

common in early stages and multiple protein losses were 

prevalent in advanced stages, the association was not 

statistically significant. This indicates that the presence of 

multiple MMR deficiencies does not necessarily correlate 

with a more advanced stage, but may reflect the overall 

complexity and heterogeneity of the tumor's genetic 

profile. Nelson et al similarly reported no significant 

association between single versus multiple MMR protein 

losses and FIGO stage.28 

This study reinforces the significant role of MMR 

deficiencies in endometrial cancer prognosis. The 

association of MMRd with higher tumor grades, advanced 

FIGO stages, and specific patterns of protein loss provides 

valuable insights into the aggressive nature of MMR-

deficient EC. These findings underscore the importance of 

MMR status in the clinical management and therapeutic 

stratification of endometrial cancer patients. 

Limitations 

This study has few limitations. The relatively small sample 

size of 49 patients limits the generalizability of the 

findings. A larger cohort would provide more robust data 

and potentially reveal additional significant associations. 

Conducting the study at a single center may introduce 

selection bias. Multicenter studies involving diverse 

populations would enhance the external validity of the 

results. Endometrial cancer is a heterogeneous disease 

with various subtypes. The study did not differentiate 

between these subtypes, which might have different 

etiologies and responses to MMR deficiencies. A longer 

follow-up period is necessary to determine the true 

prognostic impact of MMR deficiencies on survival and 

recurrence rates. 

CONCLUSION 

This study underscores the importance of mismatch repair 

(MMR) protein status in the prognosis of endometrial 

cancer (EC). Our findings reveal that MMR deficiency 

(MMRd) is present in 32.7% of the patients. Importantly, 

MMRd was significantly associated with higher tumor 

grades, advanced FIGO stages, adnexal involvement, and 

metastasis, indicating its critical role in disease 

progression. The identification of MMRd in a significant 

portion of EC patients offers valuable insights for clinical 

practice. It highlights the need for routine screening for 

MMR status in EC patients, which can aid in stratifying 

patients based on their risk and tailoring treatment 

strategies accordingly. The presence of MMRd suggests a 

more aggressive disease course, and recognizing this can 

lead to earlier and more aggressive interventions, 

potentially improving patient outcomes. 
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