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Abstract

Background: The expression of Mismatch Repair (MMR) genes is a crucial mechanism in the pathogenesis of
Colorectal Cancer (CRC). Clinicopathological characteristics stratified by MMR status can guide appropriate
therapeutic strategies for patients. This study aimed to systematically review the relationship between
clinicopathological characteristics and MMR status in CRC patients. Methods: A literature review was conducted,
searching the PubMed, ScienceDirect, and Google Scholar databases for retrospective studies published within
the last five years. The search strategy utilized a combination of keywords: (“Microsatellite Instability” OR
“Gene Mutation” OR “Mismatch Repair”) AND (“Colorectal Cancer” AND “Clinicopathology’). Relevant
retrospective articles were selected for analysis. Results: A total of eight retrospective studies were included in
this review. Consistently, tumors in patients with deficient MMR (dAMMR) CRC exhibited larger sizes compared
to those with proficient MMR (pMMR). No significant association was found between the total number of lymph
nodes and MMR status. Inconsistent findings were reported regarding the association between MMR status and
histological type, differentiation grade, tumor location, lymphovascular invasion (LVI), tumor stage, and lymph
node metastasis. Despite these inconsistencies, the overall profile indicates that AIMMR CRC is often associated
with adverse histological features (e.g., poor differentiation and LVI) yet paradoxically presents at an earlier stage
with low metastatic potential. Conclusion: CRC with dMMR status presents a paradoxical clinicopathological
profile. It is often histologically aggressive yet frequently localized, leading to a better prognosis in non-metastatic
stages. A thorough understanding of these characteristics is essential for accurate risk stratification and for tailoring
therapeutic strategies for patients with CRC.

Keywords: Gene expression- clinicopathology- colorectal cancer- mismatch repair

Submission Date: 07/12/2025

Asian Pac J Cancer Biol, 10 (3), 713-717 Acceptance Date: 08/24/2025

Introduction

Colorectal cancer (CRC) is a malignancy originating
from the epithelial lining of the colon and rectum mucosa
[1-3]. According to Globocan 2023 data, CRC remains the
third most common cancer globally and ranks second in
terms of mortality. In 2020 alone, an estimated 1.9 million
new CRC cases were diagnosed, leading to over 930,000
deaths worldwide [1]. Approximately 12%—15% of CRCs
exhibit mismatch repair (MMR) deficiency [4].

MMR deficiency (AIMMR) is a critical mechanism of
carcinogenesis, primarily responsible for microsatellite
instability (MSI). MSI arises from the accumulation of

small insertions or deletions that frequently occur during
the replication of short, repetitive DNA sequences [5].
Tumors with AMMR typically show a loss of expression
of one or more proteins essential for MMR gene function,
leading to impaired DNA replication error repair and
increased genomic instability [6]. While mutations in
MMR genes are strongly associated with MSI and can
influence chemotherapy response, CRCs with high MSI
often exhibit resistance to conventional chemotherapy
[7]. Conversely, AIMMR CRC has demonstrated favorable
responses to immune checkpoint inhibitors [4]. Therefore,
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understanding the MMR status of a tumor is crucial for
determining appropriate therapeutic strategies in CRC
patients.

Understanding the relationship between MMR gene
expression status and the clinical and histopathological
characteristics of tumors can provide profound insights
into the pathogenetic mechanisms of CRC. Such
understanding can serve as a foundational basis for
developing more effective therapeutic and diagnostic
strategies, ultimately improving patient prognosis through
a more personalized approach to CRC management.
This highlights critical questions regarding the
interplay between MMR gene expression and CRC’s
clinicopathological features. Therefore, this article aims
to review the clinicopathological characteristics of CRC
in relation to its MMR gene expression status.

Materials and Methods

This literature review focused on research published
within the past five years, specifically examining
the clinicopathological relationship with MMR gene
expression in CRC patients. A retrospective study design
was chosen for this review due to its high level of evidence
in prognostic studies.

A systematic literature search was conducted across
three electronic databases: PubMed, ScienceDirect,
and Google Scholar. The search strategy employed the
following keywords: “Colorectal Cancer,” “Microsatellite
Instability” OR “Mismatch Repair,” “Gene Expression,”
and “Clinicopathology.”

The inclusion criteria for this review were as follows:
studies published in the last five years, clinical studies,
studies involving a population sample of CRC patients
comparing dMMR and MMR proficient (pMMR) and
studies exploring the association between clinicopathology
and MMR status in CRC. Exclusion criteria included:
studies that did not have full text availability and studies
that did not meet the required variables in the study.

Results

These results were obtained from 8 articles
with a retrospective study design that compared
clinicopathological parameters between dMMR and
pMMR groups (Table 1). The results of the literature
review showed that tumor location was significantly
associated with MMR status in 4 studies [8-11], but
2 studies reported non-significant results [12, 13].
Several lymph nodes were consistently reported to be
not significantly associated with MMR status in CRC in
two studies [8, 14]. Tumor size was consistently reported
to be significantly associated with MMR status in 4
studies [9, 13-15]. Inconsistent results were reported for
histological type, with 4 articles reporting significant
results associated with MMR status [10, 13-15], however
1 article reported no significant result [12]. Tumor stage
was found to be significantly associated with MMR
status in 5 articles [8, 11, 13-15], but no significant
results in 2 articles [9, 12]. Lymph node metastasis was
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significantly associated with MMR status reported in
3 studies [9, 10, 13] and 1 study stated there was no
significant result [8]. Differentiation grade was reported to
be significantly associated with MMR status in 4 studies
[8,9, 13, 14], but 2 studies reported non-significant results
[10,12]. Lymphovascular invasion (LVI) was reported
to be significantly associated with MMR status and vice
versa in 1 study [9, 12].

Discussion

This literature review revealed consistent findings
regarding the relationship between clinicopathological
features and MMR status concerning lymph node count
and tumor size. Specifically, the number of lymph nodes
consistently showed no significant correlation with
MMR status, whereas tumor size was consistently and
significantly associated with it. However, the relationship
between MMR status and other parameters including
histological type, lymph node metastasis, tumor stage,
differentiation grade, tumor location, and LVI yielded
inconsistent results across the reviewed studies. Despite
this variability, the majority of the articles indicated a
significant relationship between these clinicopathological
parameters and MMR status in CRC.

The study of Abadi et al. reported that the average
number of lymph nodes in tumors was significantly higher
in dMMR tumors compared to pMMR tumors. They also
observed that LVI and angiovascular invasions were more
frequent in dMMR tumors [8]. These findings align with
those by Dogan et al., who similarly found that the mean
number of reactive and total lymph nodes harvested was
greater in CRC cases with dAMMR than in those with
PMMR [9]. Dogan et al. further noted that more lymph
nodes were harvested from right-sided tumors compared
to left-sided tumors, attributing this difference to structural
variations in the anatomy of blood vessels and lymphatics
[9]. This observation is supported by Rios-Valencia’s
study, which frequently found dMMR in right-sided
colon tumors [11]. In contrast, Abadi et al. indicated that
dMMR tumors are more prevalent in the proximal colon,
while pMMR tumors are most frequently found in the
distal colon [8].

In the study of Dogan et al. stated that mucinous
histology, Crohn-like inflammatory reaction, and TIL
cells were stated as strong predictors of MSI. Tumor
diameter also tended to be higher in patients with dIMMR
[9]. Similar results were reported by Zannier et al. that
CRC with dMMR was more frequently of the mucinous
histotype, characterized by a higher grade (G3-G4) and
by a heavier intra- and peri-tumor inflammatory infiltrate
[14]. Compared with pMMR group, the proportion of
mucinous adenocarcinoma, larger mean tumor diameter,
mostly poor tumor differentiation was significantly higher
in dMMR as well as reported in other studies [13].

The results of this review indicate that IMMR is
associated with poor prognosis in CRC, especially
related to larger tumor size and poor histopathology,
differentiation, and LVI. This is because dMMR is
associated with the main mechanism of carcinogenesis.
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Table 1. Clinicopathological Features of CRC based on MMR gene mutation status

Clinicopathology variable

Results

TNM stage, Histological type,
lymph node metastasis,
differentiation grade, tumor
location and maximum tumor
diameter.

Number of lymph nodes,
Tumor location, TNM stage,
differentiation grade,
lymphovascular invasion (LVI).

Tumor size, tumor stage,
lymph node metastases, LVI,
tumor location, differentiation
grade

Tumor location,
mucinous differentiation,
histological type,
tumor stage, LVI.

Lymph node metastases,
histological type, tumor location,
and differentiation grade.

Tumor location and tumor stage.

Histological type, tumor stage,
number of lymph node, tumor size,
and differentiation grade.

Tumor size, histological type,

TNM stage, Histological type, lymph node
metastasis, differentiation grade, tumor
location and maximum tumor diameter were
significantly associated with MMR status but
not tumor location.

Differentiation grade, TNM stage, and tumor

location were significantly associated with

MMR status but not with several lymph nodes
and LVIL.

Tumor size, lymph node metastases, tumor
location, and differentiation grade were
significantly associated with MMR status but
not tumor stage and LVI.

Mucinous differentiation and LVI were
significantly associated with MMR status but
not with tumor location, histological type,
or tumor stage.

Tumor location, histological type, and lymph
node metastases were significantly associated
with MMR status but not differentiation grade.

Tumor stage and tumor location were
significantly associated with MMR status.

Histological type, tumor stage,
differentiation grade, and tumor size were
significantly associated with MMR status but
not with the number of lymph nodes.

Tumor size, histological type, and tumor stage

Author (Year)  Location Design Sample
Mao et al. Bangladesh Multicenter CRC patients
(2024) retrospective dMMR: 237
[13] study pMMR: 1792
Abadi et al. Iran Retrospective 153 CRC
(2021) [8] study Adenocarcinoma
dMMR: 25
pMMR: 128
Dogan et al. Turki Retrospective 200 CRC
(2024) study dMMR: 24
[9] PMMR: 176
Shiraj-Um- Bangladesh  Cross-sectional 50 CRC
Mahmuda study dMMR: 16
et al. (2023) pMMR: 34
[12]
Yu et al. China Retrospective CRC patients
(2024) study dMMR: 136
[10] pMMR: 341
Rios-Valencia Mexico Retrospective 144 CRC
et al. (2022) study dMMR: 39
[11] pMMR: 105
Zannier Italy Retrospective 1037 CRC
et al. (2023) study dMMR: 194
[14] pMMR: 843
Zhang USA Retrospective 1018 CRC
et al. (2024) study dMMR: 111
[15] pMMR: 636

tumor stage are significantly related to MMR status.

MMR deficiency is responsible for MSI, which is caused
by the accumulation of deletions or small insertions or
small insertions that often occur during replication of
short sequences [5]. In cancers with MSI-High (MSI-H),
small insertions/deletions result in frameshift mutations
within the repeat tract in the coding region of tumor
suppressor genes or oncogenes, which further contribute
to tumorigenesis. Microstellite High CRC, results in Bax
inactivation and inhibition of apoptosis and leads to cancer
progression [16, 17].

In relation to tumor stage, in the study of Rios-Valencia
et al., it was stated that patients with AIMMR tumors were
more frequently found in CRC patients with stages I-111
[11]. Similar results were reported in the study by Zannier
et al. that AMMR was more frequently found in CRC
patients with lower stages [ 14]. Mao et al.’s study supports
these results by stating that compared with the pMMR
group, the proportion of stage I and II CRC patients in
the dIMMR group was higher [13].

According to the American Joint Committee on
Cancer, right colon cancer prognosis is unfavorable in
stages III and IV, with no improvement in stages I and
II. Additionally, a multicenter study indicated unchanged
prognosis for patients with MSI-H metastatic CRC.
While MSI-H does not affect stage III CRC prognosis,
it enhances progression-free survival in stage IV
CRC. MSI-H is associated with favorable outcomes in
early-stage CRC [13]. The elevated incidence of dAMMR
in early-stage tumors indicates a potential protective
effect of AIMMR [18]. The improved prognosis for AIMMR
patients in stage II is primarily attributed to a beneficial

immune response. This is linked to the correlation between
the density of infiltrating CD3+ and CD8+ lymphocytes
and dMMR [19].

Based on metastasis, the presence of metastatic lymph
nodes was found to be more common in pMMR patients
compared to dMMR [9]. Mao et al.’s study supports
these results by stating that vascular invasion and lymph
node metastasis are less frequent in dAMMR compared
to pMMR [13]. pMMR is more likely to develop early
metastasis, the underlying mechanism of which is still
unclear. Nevertheless, downregulated miR-6511b-5p
emerges as a potential biomarker for diagnosing pMMR
CRC, particularly in metastatic instances, and is associated
with unfavorable prognoses in CRC patients, though this
assertion lacks robust empirical support [20].

Some research results obtained inconsistent results that
may be related to differences in the number of research
samples. In addition, the theory of tumor heterogeneity
explains that there are other factors such as genetics and
the environment also affect the MMR mutation status.

In conclusion, dAMMR CRC presents a distinct
clinicopathological profile from its pMMR counterpart,
stemming from its unique molecular biology. Although
generally associated with a better prognosis, certain
parameters including tumor size, histological type,
differentiation, LVI, stage, and metastasis can indicate a
poor prognosis within the dAIMMR subgroup. Understanding
these characteristics is clinically crucial for guiding
therapeutic decisions. Further research is necessary to
resolve inconsistencies regarding the correlation between
MMR status and the clinicopathological features of CRC.
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