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Endometrial carcinoma (EC) is the most common cancer of the 
female genital tract [1]. The majority of endometrial cancers is 
sporadic (90%), while up to 5% are inherited cases such as Lynch 
syndrome. In the United States, there are approximately 60,000 
new cases and 10,470 deaths per year [1]. The reason for the in-
creasing worldwide trend of EC incidence is ill-defined. However, 
one possibility is an increase in aggressive uterine cancer subtypes. 
In 2013, the Cancer Genome Atlas Research Network (TCGA) 
classified EC into four molecular subgroups that correlated with 
survival [2,3]. The subgroups were ranked from best to worse 
prognosis as (1) ultra-mutated (POLE-mutated), (2) hypermuta-
tor phenotype caused by mismatch repair deficiency (D-MMR) 
that also features microsatellite instability (MSI), and (3) either a 
copy number low, or (4) high phenotype. Tumors with D-MMR 
can have a more favorable prognosis [2], despite the advantages 

offered by a proficient MMR system.
Indeed, MMR plays a critical role during DNA replication by 

recognizing and fixing incorrectly paired nucleotides. This safe-
guarding of DNA integrity prevents mutagenesis and cancer 
development. Most sporadic EC cases are caused by genetic alter-
ations that cause loss of MMR proteins (D-MMR) [4]. Tumors 
with D-MMR also feature the concordant molecular fingerprint 
of MSI. There are now up to seven identified human genes that 
function as a multi-subunit complex to facilitate MMR: hMLH1, 
hMLH3, hMSH2, hMSH3, hMSH6, hPMS1, and hPMS2. In 
sporadic endometrial cancers, deficient MMR typically arises from 
hypermethylation of the hMLH1 gene promoter region, as re-
viewed by Nojadeh et al. [5]. Furthermore, inherited Lynch syn-
drome cases are caused by a germline heterozygous mutation in 
one of the four MMR genes—hMLH1, hMSH2, hMSH6, and 
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hPMS2 [4].
Disruption of MMR pathway genes in EC causes loss of key 

proteins (D-MMR) that is measurable using immunohistochem-
istry (IHC) and/or molecular approaches. However, there is a 
wide disparity in D-MMR frequency reported using IHC and 
molecular studies of EC—ranging from 6.612% to 43.351% 
[6-30]. This meta-analysis aimed to consolidate the conflicting 
estimates to report overall frequency of D-MMR in EC. In prin-
ciple, the final estimate of D-MMR proportion in EC might be 
affected by inclusion of germline mutation cases. This possibility 
was investigated by subgroup analysis of Lynch syndrome cases. 
Furthermore, EC has been historically classified into estrogen-
dependent (type I) cancer with a more favorable prognosis or as 
independent (type II) cancers that are typically less common and 
more aggressive [31]. Both D-MMR frequencies in type I and 
type II endometrial tumors were estimated by meta-analysis. 
Finally, the clinicopathologic characteristics were pooled to deter-
mine the prognostic value of the D-MMR subtype. 

MATERIALS AND METHODS

Systematic review

The systematic review was conducted according to the guide-
lines of the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) [32]. The PRISMA flow chart for 
search strategy leading to meta-analysis is illustrated in Fig. 1. 
The following databases were searched independently by two 
reviewers (ASJ and HSAH): PubMed, Science Direct, Web of 
Science, EMBASE, and the Wiley Online Library from incep-
tion to March 1, 2020. The search terms included the following: 
“Endometrial cancer” OR “endometrial carcinoma” OR “uterine 
cancer” “Mismatch repair gene” OR “hMLH1” OR “hMSH2” 
OR “hMSH3” OR “hMSH6” OR “hPMSH1” OR “hPMSH2” 
OR MMR. The references within the included studies were 
screened to identify suitable publications. The search was not 
limited by date or language. Two reviewers (ASJ and HSAH) 
assessed the title and abstracts of the studies, and full texts were 
retrieved to determine eligible studies. The eligibility criterion 
was applied independently by the other two authors (AAY and 
MMS). Any disagreements in selection of studies were resolved by 
consensus under guidance of the senior author.

Study inclusion criteria

The inclusion criteria used were (1) diagnosed with EC, (2) ex-
pression of MMR-related genes was measured using IHC and/or 
molecular methods such as polymerase chain reaction (PCR) in 

the EC, (3) the proportion of MMR in EC was investigated, and 
(4) publication as a full paper. There were no limits applied for 
language, and any foreign papers were translated. When the 
same team reported several studies from the same patients, the 
most recent was included. Case reports, review articles, and 
studies published in abstract format only were excluded.

The exclusion criteria were as follows: (1) did not sufficiently 
meet all of the abovementioned inclusion criteria, (2) duplicate 
publication or data, and (3) single case reports, commentaries, 
review articles, editorials, and unrelated articles or letters to the 
editor. 

Data collection

Two authors extracted eligible study data of (1) first author 
name and year of publication, (2) study participant data (total 
number of cases, number of D-MMR mutant ECs, histological 
type (endometrioid vs. non-endometrioid), stage and grade of 
disease, and extent of myometrial and lymphovascular invasion 
[LVI]), and (3) MMR characteristic data (gene subtype test method 
and study country of origin). Articles that did not display the rel-
evant data were recorded as ‘not reported.’ Any disagreements 
regarding collection and refinement of data were discussed between 
the two authors under direction of the senior author. 

Study quality assessment 

The Quality Assessment Tool for Diagnostic Accuracy Stud-
ies-2 (QUADAS-2) [33] was used to assess study quality. The 
tool comprises four domains of “patient selection,” “index test,” 
“reference standard,” and “flow and timing.” Each domain was 
considered in terms of risk of bias, and the first three domains 
were used to examine study applicability. Risk of bias and appli-
cability were assessed with signaling questions as “yes,” “no,” or 
“unclear.” The final result categorizing risk of bias was “high,” 
“low,” or “unclear.”

Meta-analysis and statistical methods 

Mismatch repair alterations were analyzed in both EC types. 
Type I included endometrioid and mucinous types, while type 
II included any other variants [34]. The meta-analysis was con-
ducted using MedCalc statistical software [35] according to 
PRISMA [32]. The pooled proportion of D-MMR was calcu-
lated using the random effect model [36] for meta-analysis. The 
heterogeneity test used the inconsistency index (I2) [36,37] and 
Q statistic, for which a p-value less than .1 was considered to 
represent significant heterogeneity. The I2 represents the pro-
portion of total variation contributed by between-study varia-
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tions. The level of heterogeneity was considered low (I2 = 25%), 
medium (I2=50%), or high (I2=75%). The types and histological 
variants were pooled, and results were reported with 95% confi-
dence interval. Publication bias was assessed using a visual method 
by funnel plot tests [38]. A subgroup analysis was performed ac-
cording to detection method of (1) IHC alone or (2) molecular 
technique. A further subgroup analysis was performed according 
to the study country of origin—whether based in Western or Asian 
countries. In addition, subgroup analysis was performed for studies 
that included cases diagnosed with Lynch syndrome. Sensitivity 
analysis was performed by removing each result in turn and re-
estimating the pooled proportion to assess the influence of the 
data removed on final calculations and the robustness of obser-
vations. 

RESULTS

Study characteristics and quality assessment

A total of 2565 EC studies were identified to clarify D-MMR, 
as shown in the PRISMA flow diagram (Fig. 1). Of the 2471 
excluded, 1261 were duplicates, 452 were irrelevant based on 
title or abstract; 321 reviews, 256 case reports or editorials, and 

181 commentaries were unsuitable. The remaining 94 articles 
were evaluated by reading the full-text, and further 69 were ex-
cluded (39 were irrelevant, 28 lacked data, and 2 had duplicate 
study populations). A final 25 eligible studies [6-30] were included 
for quantitative meta-analysis (Fig. 1). The studies comprised a 
total of 7,459 EC patients, of which D-MMR presented in 
1783. The study characteristics, including individual D-MMR 
proportion (%) and clinicopathological features, are presented 
in Table 1. Quality assessment of studies was performed using 
QUADAS-2. Most studies showed low risk of bias and applica-
bility concerns (Supplementary Figs. S1, S2).

Meta-analysis of pooled D-MMR in EC 

The pooled prevalence of D-MMR tumors in EC in 25 stud-
ies comprising the 7467 patients was calculated as 24.477% 
(95% confidence interval [CI], 21.022 to 28.106) (Table 2, Fig. 
2). There was significant heterogeneity between all the studies 
(I2 = 91.890%; 95% CI, 89.250 to 93.880) (Fig. 2). To mini-
mize heterogeneity, a conservative approach to the present me-
ta-analysis was selected using the random effect model. Publica-
tion bias was investigated using the funnel plot [38] as depicted 
in Supplementary Fig. S3.
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Fig. 1. PRISMA flow chart for search strategy, leading to selection of 25 studies for meta-analysis.
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Analysis of EC type I and type II variants 

There were 14 studies investigated for D-MMR alterations 
in type I EC, with a total of 3679 patients (Fig. 3A). The 
pooled proportion of D-MMR using the random effect model 
was 25.810% (95% CI, 22.503 to 29.261) (Table 2). The het-
erogeneity between the studies was significant (I2 = 80.440%; 
95% CI, 68.080 to 88.020). There were 10 studies investigated 
for D-MMR alterations in type II EC, with a total of 648 patients 
(Fig. 3B). The meta-analysis determined a lower pooled D-MMR 
proportion of 13.736% (95% CI, 8.392 to 20.144) in type II EC 

(Table 2). The heterogeneity test was significant (I2 = 77.320%; 
95% CI, 58.360 to 87.650). The pooled odds ratio of type I EC 
endometrioid histology in D-MMR versus MMR-proficient tu-
mors was 1.389 (95% CI, 0.519 to 3.720) (Table 3). In contrast, 
the pooled odds ratio for the more aggressive type II non-endo-
metrioid histology was 0.450 (0.349 to 0.579) (Table 3). These 
findings indicate that D-MMR EC tumors tend to present with 
less aggressive endometrioid histology compared to MMR-pro-
ficient tumors. 

Table 2. The association between D-MMR EC and clinicopathological characteristics

Clinicopathological characteristics in EC Pooled % portion (95% CI) No. of studies I2 (95% CI, %) p-value Model

Overall D-MMR mutation 24.477 (21.022–28.106) 25 91.890 (89.250–93.880) < .001 Random effect
D-MMR mutation in type I 25.810 (22.503–29.261) 14 80.440 (68.080–88.020) < .001 Random effect
D-MMR mutation in type II 13.736 (8.392–20.144) 10 77.320 (58.360–87.650) < .001 Random effect
Stage I–II 79.430 (71.500–86.357)   6 68.640 (25.980–86.710)    .007 Random effect
Stage III–IV 20.168 (13.746–27.469)   6 61.850 (7.020–84.350)    .022 Random effect
Grade I–II 65.718 (52.602–77.714) 10 91.700 (86.860–94.760) < .001 Random effect
Grade III 21.529 (15.930–27.718) 10 94.050 (90.97–96.08) < .001 Random effect
Lymphovascular invasion 32.105 (21.371–43.896) 10 91.380 (86.270–94.590) < .001 Random effect
MI less than 50% 51.807 (38.514–64.971)   8 89.860 (82.410–94.150) < .001 Random effect
MI more than 50% 42.346 (28.576–56.750)   8 91.360 (85.380–94.890) < .001 Random effect

D-MMR, mismatch repair deficiency; EC, endometrial carcinoma; CI, confidence interval; MI, myometrial invasion.

Fig. 2. The D-MMR gene proportions in each study are shown by forest plot [6-30]. D-MMR, mismatch repair deficiency; CI, confidence in-
terval; EC, endometrial carcinoma. 
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Subgroup analysis according to methodology, country, and 
Lynch syndrome

High heterogeneity was noted in the subgroup analysis (I2 

> 75%) (Supplementary Figs. S4, S5). The IHC method alone 
(Supplementary Fig. S4B) had the highest pooled proportion of 
D-MMR at 27.918% (95% CI, 22.608 to 33.558), whereas 
studies involving molecular approaches had less frequent D-
MMR (20.875%; 95% CI, 16.514 to 25.602) (Supplementary 
Fig. S4A). Studies from Asian countries had a slightly higher 
D-MMR proportion of 25.112% (95% CI, 17.675 to 33.370) 
in comparison to Western countries (at 23.666%; 95% CI, 
19.519 to 28.080) (Supplementary Fig. S5A, B). Some studies 
included both sporadic EC and germline mutation (Lynch syn-

drome-associated) cases. Since the presence of germline muta-
tion can affect the final estimate of D-MMR proportion in EC, a 
subgroup analysis was performed. All cases of D-MMR EC in-
volving Lynch syndrome were grouped together and resulted in 
a proportion of 22.907% (95% CI, 14.852 to 32.116). Although 
subgroup heterogeneity was high, with I2 (inconsistency) of 
95.970% (95% CI, 93.680 to 97.440) (Supplementary Fig. S6), 
inclusion of Lynch cases did not significantly affect overall D-
MMR estimates.

D-MMR and clinicopathological characteristics

The EC clinicopathological characteristics are shown in Sup-
plementary Fig. S7–S14, and Tables 2 and 3 for D-MMR tumors. 

A

B

Fig. 3. D-MMR EC: type I EC (A) and type II EC (B) [8,9,11-15,17-22,24,26,29,30]. D-MMR, mismatch repair deficiency; CI, confidence in-
terval; EC, endometrial carcinoma.
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There was substantial heterogeneity in the majority of clinico-
pathologic findings.

EC tumor stage and grade

The pooled proportion of D-MMR presented at higher levels 
in earlier stages of EC (Table 2 and Supplementary Fig. S7A, B). 
Stage I–II EC cases had high D-MMR level of 79.430% (95% 
CI, 71.500 to 86.357) that decreased to 20.168% (95% CI, 
13.746 to 27.469) by stages III–IV. The pooled odds ratio of 
stage I–II D-MMR EC versus wild type was 1.565 (95% CI, 
0.894 to 2.740), while that for stages III–IV was 0.936 (95% 
CI, 0.593 to 1.478) (Table 3 and Supplementary Fig. S8A, B). 
As shown in Table 2 and Supplementary Fig. S9A and B, the 
pooled proportion of D-MMR in grade I–II tumors was high at 
65.718% (95% CI, 52.602 to 77.714) and decreased to 21.529% 
in more aggressive grade III tumors (95% CI, 15.930 to 27.718). 
However, the pooled odds ratio of grade I–II in D-MMR EC 
versus wild type tumors was 0.706 (95% CI, 0.257 to 1.940) 
(Table 3 and Supplementary Fig. S10A, B), with high hetero-
geneity (I2 = 94.400%; 95% CI, 91.360 to 96.370). These find-
ings indicate that D-MMR EC tumors present with higher grades 
at lower tumor stages compared to MMR-proficient tumors. 

Lymphovascular and myometrial invasion in D-MMR tumors

The pooled proportion of LVI in D-MMR EC was 32.105% 
(95% CI, 21.371 to 43.896), as shown in Table 2 and Supple-
mentary Fig. S11. The pooled odds ratio of LVI in D-MMR EC 
versus proficient one MMR was 1.765 (95% CI, 1.293 to 2.409) 
(Table 3 and Supplementary Fig. S12). This implies that MMR-
proficient EC tumors have reduced the likelihood of LVI com-
pared to D-MMR cases. The myometrial invasion (MI) data are 
shown in Table 2 and Supplementary Fig. S13. The pooled pro-
portion of MI detected at less than 50% of the myometrium was 
51.807% (95% CI, 38.514 to 64.971), and while that in > 50% 

of myometrium was 42.346% (95% CI, 28.576 to 56.750). The 
pooled odds ratio of MI < 50% in D-MMR EC versus proficient 
MMR EC was 1.230 (95% CI, 0.849 to 1.782), while that for 
MI > 50% in D-MMR EC versus proficient MMR EC was 1.271 
(95% CI, 0.871 to 1.853) (Table 3 and Supplementary Fig. S14). 

Sensitivity analysis

Selected data removal did not affect the final estimation of D-
MMR level by meta-analysis, indicating robustness of the final 
results. The meta-analysis was repeated after omitting studies with 
small sample size (< 100 and < 200). For sample sizes < 100, 
the pooled D-MMR level was 23.765% (95% CI, 19.604 to 
28.194), and that for sample sizes < 200 was 24.454% (95% 
CI, 19.308 to 29.997) (Supplementary Fig. S15). Further sensi-
tivity analysis was performed after omitting studies dealing 
with Lynch syndrome. The pooled proportion of D-MMR EC 
after exclusion of Lynch cases was 25.272 (22.089 to 28.594) 
(Supplementary Fig. S16). There was no significant difference 
from the estimated pooled proportion of D-MMR EC of any 
studies included in this meta-analysis (24.477%, 95% CI, 21.022 
to 28.106) (Table 2 and Fig. 2).

DISCUSSION

The integrity of the genome is maintained by the MMR system 
that recognizes and repairs base mismatches and insertion/deletion 
errors generated during DNA replication and recombination. A 
defective MMR system results in genome-wide instability and 
progressive accumulation of mutations. This mainly occurs at 
regions of simple repetitive DNA sequences known as microsat-
ellites, causing MSI [39,40]. The risk of carcinogenesis is greatly 
increased when mutations occur in tumor suppressor genes [41], 
as evidenced by the incidence of EC worldwide [42]. The major-
ity of sporadic cases is caused by defective MMR and the resul-

Table 3. Pooled odds ratio of clinicopathologic variables in D-MMR EC vs. wild type

Clinicopathology D-MMR EC vs. wild type Pooled odds ratio (95% CI) No. of studies I2 (95% CI, %) p-value for I2 Model

Stage I–II EC 1.565 (0.894–2.740)   6 70.100 (30.040–87.220)     .005 Random effect
Stage III–V EC 0.936 (0.593–1.478)   6 51.210 (0.000–80.580)    .068 Random effect
Grade I–II EC 0.706 (0.257–1.940)   9 94.400 (91.360–96.370) < .001 Random effect
Grade III EC 1.384 (0.806–2.375)   7 69.430 (32.800–86.100)    .003 Random effect
LVI 1.765 (1.293–2.409) 10 51.590 (0.530–76.440)    .028 Random effect
MI less than 50% 1.230 (0.849–1.782)   8 65.900 (27.620–83.930)    .004 Random effect 
MI more than 50% 1.271 (0.871–1.853)   8 65.750 (27.250–83.870)    .004 Random effect 
Type I endometrioid histology 1.389 (0.519–3.720) 10 92.130 (87.630–95.000 < .001 Random effect 
Type II non-endometrioid histology 0.450 (0.349–0.579) 10 31.500 (0.000–67.300)    .156 Fixed effect

D-MMR, mismatch repair deficiency; EC, endometrial carcinoma; CI, confidence interval; LVI, lymphovascular invasion; MI, myometrial invasion.
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tant MSI that leads to mutagenesis and carcinogenesis [43]. How-
ever, in the era of personalized medicine, knowledge of the 
MMR-related phenotype can provide invaluable prognostic in-
formation to protect patient health. The TCGA has classified 
endometrial cancers into four molecular subtypes that impact on 
prognosis—including an MSI hyper-mutated (D-MMR) ge-
nomic group [2]. Talhouk et al. [29] later showed that MMR 
assessment by IHC can accurately detect the related (TCGA) MSI 
molecular subtype. The IHC approach showed that defective 
MMR is confirmed by absence of MMR proteins (MLH1, MSH2, 
MSH6, and PMS2) after sequential immunostaining of the tumor 
specimen. MMR deficiency is typically evaluated using IHC to 
determine MMR protein expression levels and is confirmed by 
PCR assessment of MLH1 promotor methylation and MSI 
markers. This present meta-analysis pooled many studies [6-30] 
with D-MMR frequency variations (6.610% to 43.351%) to 
determine the overall frequency of D-MMR. Our meta-analysis 
consolidated the proportions of D-MMR in relation to clinico-
pathological markers of prognostic value for EC patients. 

The meta-analysis concludes that 24.477% EC patients harbor 
tumors with D-MMR. The defective MMR pathway was most 
prevalent in EC type I (25.810%) compared to type II (13.736%). 
The D-MMR EC tumors tend to present with less aggressive en-
dometrioid histology compared to MMR-proficient tumors (odds 
ratio, 1.389).

The clinicopathologic characteristics that present in EC tumors 
with D-MMR are variable and have implications for treatment. 
For instance, D-MMR EC tumors presented at lower tumor 
stages compared to MMR-proficient cases (odds ratio, 1.565) and 
grades I–II tumors at higher stages (65.718%). However, the 
pooled odds ratio of low grades (I–II) in D-MMR compared to 
wild type favors the intact MMR system (odds ratio, 0.706). 
The clinical parameter of LVI is a marker of metastatic potential 
in cancer patients and was noted in 32.105% of endometrial 
cancers with D-MMR. The pooled odds ratio of LVI in D-MMR 
EC versus proficient was 1.765, suggesting that metastasis is more 
likely in D-MMR tumors. Furthermore, 42.346% of D-MMR 
EC had deep myometrial involvement that was defined as invasion 
> 50%. The pooled odds ratio of MI > 50% in D-MMR EC 
versus that in proficient MMR EC was 1.271. This suggests 
that the opportunity for extrauterine disease is greater in EC tu-
mors with mismatch repair deficiency. The literature reports that 
MSI tumors can progress quickly to the metastatic stage and re-
spond poorly to chemotherapies [44,45]. Yet, D-MMR cancers can 
have a more favorable prognosis compared with MMR-proficient 
counterparts [46]. MSI EC tumors do have a protective immune 

phenotype and positively correlate with high immune infiltra-
tion. In theory, this protective immune phenotype can counter-
act the poor clinicopathological parameters that co-exist in D-
MMR tumors.

Overall, the value of the MMR-related phenotype in EC pro-
vides an impetus for developing treatment approaches that tar-
get its tumor-specific molecular characteristics. Further investi-
gations to clarify the involvement of MMR in EC etiology are 
vital for improved clinical decision making and selecting optimal 
patient treatment options. In colorectal cancer [47], some chemo-
therapeutic regimens have demonstrated improved treatment 
efficacy and amelioration of drug toxicity in D-MMR tumors. 
These findings highlight the importance of this molecular sub-
set of tumors harboring D-MMR and MSI and the potential 
translation into improved clinical management of EC. 

There are several study limitations to discuss. First, the detec-
tion methods for D-MMR were different between studies—some 
used IHC alone and others used a molecular approach. The defi-
nition of aberrant MMR in studies was inconsistent with that 
in IHC testing. There are studies that consider MMR expres-
sion negative when there is aberrant MMR, while others regard 
MMR expression as absent with negative expression of hMLH1 
or hMLH2. MSI testing (IHC and methylation) for endometrial 
cancer is used mostly for sporadic cases. However, studies in this 
meta-analysis used sequencing methods mainly for Lynch syn-
drome. This could be a source of potential bias or limitation. The 
studies including cases with Lynch syndrome might affect the 
final pooled proportion of D-MMR EC. To address this, a Lynch 
subgroup analysis was carried out, along with a sensitivity analysis 
by omitting cases with Lynch syndrome.

Second, there was significant heterogeneity across the meta-
analysis that was unresolved by subgroup analysis. 

The documented variation in D-MMR can be attributed to 
differences in ethnicity and geographical distribution. Again, our 
analysis showed significant heterogeneity between the selected 
studies for our analysis. This finding is expected and noted in 
other meta-analysis studies of different cancer types [45]. The 
heterogeneity is probably caused by differences in population 
characteristics, number of cases (sample size), and differences in 
the number of markers used to evaluate MMR. Our study also 
tried to evaluate the role of population characteristics cited in 
each scientific paper (e.g., racial and ethnic background) in regard 
to D-MMR. However, this objective was not possible because 
the parameters were not documented clearly for consideration 
in our study. To solve the problem of heterogeneity, a conserva-
tive approach using a random effect model was chosen. The 
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sensitivity analysis omitted studies with small sample size (less 
than 100 and 200, respectively), and the re-estimated pooled 
proportions did not differ from the original calculations. 

Furthermore, one of the pitfalls of any meta-analysis is publi-
cation bias or missed relevant articles during searches. To avoid 
this, we used strict criteria to limit missed papers. Any source of 
publication bias or non-significant findings were clarified using 
funnel plots. The scatter was located at the very top of the funnel, 
indicating absence of significant bias.

Our meta-analysis of D-MMR frequency consolidates wide 
published variations and is reflective of the MSI status in EC. 
The D-MMR pathway is very important for development of MSI 
and the pathogenesis of EC; most significantly for type I tumors. 
Although D-MMR causes a mix of clinicopathological features, 
this molecular subtype is linked to improved survival prospects 
in women with endometrial disease. These findings have clinical 
relevance for guiding treatment of EC patients with D-MMR 
tumors. Lastly, further efforts are required to evaluate and char-
acterize the hormonal and environmental factors in women di-
agnosed with D-MMR EC. Such studies are imperative to pro-
vide researchers insight into possible interactions between genetic 
and environmental factors that contribute to development of 
this devastating disease of the female reproductive system.
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