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Abstract

Introduction: Microsatellite instability (MSI) tumors represent an important molecular subtype of colorectal carcinoma with distinct
clinicopathological features. This study aims to compare the clinical and histopathological characteristics of dMMR/MSI and
microsatellite stable (MSS) colorectal tumors.

Methods: We retrospectively analyzed a total of 580 colorectal carcinoma cases resected between 2001 and 2018 and archived
at the Department of Pathology, Manisa Celal Bayar University Faculty of Medicine. Tumors were classified as dMMR/MSI or MSS
based on immunohistochemical analysis of MLH1, MSH2, MSH6, and PMS2 protein expression. Clinical and histopathological
parameters were compared between the two groups.

Results: AIMMR/MSI tumors accounted for 19.5% of cases. Compared with MSS tumors, AIMMR/MSI tumors were significantly larger,
more frequently right-sided, more commonly mucinous, and more poorly differentiated. Perineural invasion was more frequent
in MSS tumors. No significant differences were found between the groups in terms of other parameters such as lymphovascular
invasion, lymph node metastasis, tumor budding, or immune response.

Conclusion: AIMMR/MSI colorectal tumors demonstrate distinct clinicopathological features compared with MSS tumors, particularly

regarding tumor location, morphology, and differentiation.
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Introduction
Colorectal cancer (CRC) is one of the leading causes of
cancer-related morbidity and mortality worldwide.!
Approximately 15-20% of CRCs develop through the
microsatellite instability (MSI) pathway, which results from
deficient mismatch repair (IMMR) function caused by
alterations in the MLH1, MSH2, MSHS6, or PMS2 genes.**
Compared with microsatellite stable (MSS) tumors,
dMMR/MSI colorectal carcinomas exhibit distinct
clinicopathological and therapeutic characteristics,
including differences in tumor location, morphology,
prognosis, and response to immunotherapy. The present
study aimed to compare the clinical and histopathological
features of AMMR/MSI and MSS colorectal tumors in a
large regional cohort.

Materials and Methods
The study was conducted at the Department of Pathology,
Manisa Celal Bayar University Hospital, a tertiary academic
referral center serving the western Aegean region of
Tiirkiye. The study population predominantly consisted of
patients referred from Manisa and surrounding provinces,
reflecting a regional colorectal cancer cohort.

Initially, 590 colorectal carcinoma cases diagnosed
between 2001 and 2018 in resection specimens or

consultation blocks archived at the Department of
Pathology were included. Hematoxylin and eosin (H&E)-
stained slides and corresponding paraffin blocks were
retrieved from the archives. All slides were re-examined,
and histopathological diagnoses, tumor grade, stage, and
additional prognostic parameters were reassessed.

Among the initial 590 cases, six cases with complete
pathological response following neoadjuvant therapy,
three cases with familial adenomatous polyposis (FAP),
and one case diagnosed as mixed adenoneuroendocrine
carcinoma were excluded. The final study cohort consisted
of 580 cases.

Representative tumor areas were selected for
immunohistochemical evaluation. Histopathological
parameters including tumor grade, lymphovascular
invasion (LVI), venous invasion, perineural invasion (PNI),
tumor budding (TB), poorly differentiated clusters (PDC),
immune response patterns, focal mucinous differentiation,
depth of invasion, tumor deposits, lymph node metastasis,
TNM stage, and surgical margin status were reassessed in
all cases.

Histopathological classification and grading were based
on the 2019 WHO criteria. Tumor staging was performed
according to the AJCC 8th edition (2017), and reporting
was carried out in accordance with the CAP protocol
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(2021).
Cases were additionally categorized as mucinous and
non-mucinous adenocarcinomas for statistical analysis.

Histopathological Evaluation

Depth of invasion was evaluated according to the AJCC
8th edition TNM classification and categorized as early
invasion (Tis-T2) or advanced invasion (T3-T4) for
statistical analysis.

Tumor location was categorized as right-sided or left-
sided. Tumors located in the cecum, ascending colon,
hepatic flexure, and transverse colon were classified as
right-sided, whereas tumors located from the splenic
flexure to the sigmoid colon were classified as left-sided.
Rectal tumors were analyzed within the left-sided group
according to the study design.

Tumor size was recorded in millimeters based on the
largest macroscopic tumor diameter reported in the
pathology records.

Tumor differentiation and focal mucinous differentiation
were evaluated only in non-mucinous adenocarcinomas.
Tumor differentiation was categorized as well/moderately
differentiated or poorly differentiated.

Tumor budding was evaluated at the invasive front
according to the ITBCC 2016 criteria and categorized as
low, intermediate, or high budding. Poorly differentiated
clusters (PDC) were defined as clusters of =5 tumor cells
lacking glandular formation and categorized as low,
intermediate, or high.

Intratumoral and peritumoral lymphocytic responses
were semi-quantitatively assessed as absent, low, or high.
Crohn-like inflammatory response was recorded as present
or absent based on the presence of nodular lymphoid
aggregates at the invasive tumor front.

Lymphovascular invasion was defined as the presence of
tumor cells within endothelial-lined vascular or lymphatic
spaces. Venous invasion was defined as tumor invasion
into veins with identifiable smooth muscle wall. Perineural
invasion was defined as tumor cell infiltration in, around,
or through nerve structures.

Tumor deposits were defined according to AJCC criteria
as discrete tumor nodules in the pericolorectal tissue
without residual lymph node structure.

Surgical margins were considered positive when tumor
cells were present at any resection margin.

Immunohistochemical Evaluation
Immunohistochemical evaluation was performed using
normal colonic mucosa as an internal control. A 10%
cutoff value was used to assess the retention or loss of DNA
mismatch repair (MMR) protein expression in tumor cells.
Cases with nuclear expression of MLH1, MSH2, MSHS6,
and PMS2 in more than 10% of tumor cells were classified
as microsatellite stable (MSS). Cases showing complete
loss of nuclear expression of at least one MMR protein
were classified as deficient MMR (dMMR)/microsatellite
instability (MSI).

All statistical analyses were performed using the

Statistical Package for the Social Sciences (SPSS), version
26. Pearson’s chi-square test and Fisher’s exact test were
used to evaluate associations between categorical variables.
A P-value <0.05 was considered statistically significant.

Results

The study cohort consisted of 580 colorectal carcinoma
cases, including 342 males (59%) and 238 females (41%).
The mean age of the patients was 62.86+ 12.10 years (range:
25-88 years), and the mean tumor size was 46.92+20.27 mm
(range: 0-140 mm). Most tumors were adenocarcinoma,
NOS (88.3%), while mucinous adenocarcinoma accounted
for 5.7% of cases.

Of the 580 cases, 113 (19.5%) were classified as AIMMR/
MSI, while 467 (80.5%) were MSS.

Mean age did not differ significantly between the
groups (61.25+13.73 vs 63.25+11.66 years, P=0.120).
The mean tumor size was significantly larger in dMMR/
MSI tumors compared to MSS tumors (57.30 +25.04 mm
vs 44.49+18.17 mm, P<0.001). In addition, AMMR/MSI
tumors were significantly more frequently located in the
right colon compared with MSS tumors (P<0.001).

Mucinous adenocarcinoma morphology was more
frequent in dAMMR/MSI tumors than MSS tumors (11.5%
vs 4.3%, P=0.003). Poor differentiation was observed in
27.4% of AMMR/MSI tumors and 7.9% of MSS tumors
(P<0.001).

Perineural invasion was identified in 28.3% of dAMMR/
MSI tumors and 39.0% of MSS tumors (P=0.035).
Advanced invasion depth (T3-T4) was more common in
dMMR/MSI tumors (96.5% vs 88.4%, P=0.011).

No significant differences were observed regarding
lymphovascular invasion (LVI), lymph node metastasis,
immune response, poorly differentiated clusters (PDC),
tumor budding (TB), tumor deposits, venous invasion,
or surgical margin positivity. The clinicopathological
characteristics of the two tumor groups are presented in
Table 1.

Discussion

In the present study, dMMR/MSI colorectal tumors
demonstrated distinct clinicopathological characteristics
compared with MSS tumors, particularly regarding tumor
location, size, differentiation, and mucinous morphology.

Previous studies have shown that MSI tumors are more
frequently right-sided, larger, and poorly differentiated.>”
Consistent with these findings, dAMMR/MSI tumors in our
cohort were significantly more frequently located in the
right colon and demonstrated a significantly larger tumor
size compared with MSS tumors. Kang et al. reported a
68% right-sided localization rate in MSI tumors,® while
52.8% of dAMMR/MSI tumors in our cohort were right-
sided compared with 23.9% of MSS tumors.

The reported frequency of MSI tumors in colorectal
carcinoma ranges between 9% and 28% depending on
study population and methodology.” The 19.5% MSI
rate observed in our cohort is consistent with previously
published data.
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Table 1. Clinicopathological Characteristics of dAMMR/MSI and MSS Colorectal Carcinomas.

Feature Category

dMMR/MSI tumors

MSS tumors (n=467) P value

(n=113)

Age, years (mean+SD) — 61.25+13.73 63.25+11.66 0.120

Tumor size, mm (mean +SD) — 57.30+£25.04 44.49+18.17 <0.001
Male 65 (57.5) 277 (59.3)

Sex 0.728
Female 48 (42.5) 190 (40.7)
Right-sided 60 (53.1) 112 (24.0)

Tumor location <0.001
Left-sided 53 (46.9) 355 (76.0)
Mucinous 13 (11.5) 20 (4.3)

Mucinous morphology 0.003
Non-mucinous 100 (88.5) 447 (95.7)
Well/moderately differentiated 82 (72.6) 430 (92.1)

Differentiation <0.001
Poorly differentiated 31(27.4) 37(7.9)
Present 32 (28.3) 182 (39.0)

Perineural invasion (PNI) 0.035
Absent 81 (71.7) 285 (61.0)
Early invasion (Tis-T2) 4(3.5) 54 (11.6)

Level of invasion 0.011
Advanced invasion (T3-T4) 109 (96.5) 413 (88.4)
Present 78 (69.0) 325 (69.6)

Lymphovascular invasion (LVI) 0.907
Absent 35 (31.0) 142 (30.4)
Present 38 (33.6) 194 (41.5)

Lymph node metastasis 0.125
Absent 75 (66.4) 273 (58.5)
Present 7 (6.2) 55(11.8)

Venous invasion 0.085
Absent 106 (93.8) 412 (88.2)

Data are presented as n (%) unless otherwise indicated.
Tumor differentiation was evaluated only in non-mucinous adenocarcinomas.

Xiao et al. reported that MSI tumors were more
frequently poorly differentiated than MSS tumors.’
Similarly, poor differentiation was significantly more
common in dMMR/MSI tumors in our study. In addition,
mucinous morphology was significantly more frequent
in dMMR/MSI tumors, consistent with previous studies
demonstrating an association between MSI status and
mucinous histology.'

Parc et al. reported no significant differences between
MSI and MSS tumors regarding lymphovascular invasion,
perineural invasion, or venous invasion.!' In contrast,
Wright et al. observed higher rates of perineural invasion
in MSS tumors.'? In our cohort, lymphovascular invasion
did not differ significantly between the groups, whereas
perineural invasion was significantly more frequent in MSS
tumors.

Previous studies have reported increased lymphocytic
response in MSI tumors."*** Although Crohn-like
inflammatory response tended to be more frequent in
dMMR/MSI tumors in our cohort, no statistically significant
differences were observed regarding intratumoral or
peritumoral inflammatory response.

Tumor budding (TB) has been associated with advanced
stage, lymphovascular invasion, and poor prognosis
in colorectal carcinoma.'®'” However, no significant
differences in TB were observed between dMMR/MSI
and MSS tumors in our study. Similarly, no significant
differences were found regarding poorly differentiated
clusters (PDC), despite previous studies suggesting
an association between increased PDC and adverse

clinicopathological features.'®

Although lymph node metastasis was less frequent in
dMMR/MSI tumors, the difference was not statistically
significant. Previous studies have suggested that enhanced
immune response in MSI tumors may contribute to lower
lymph node involvement.”

This study has several limitations. First, its retrospective
single-center design may limit the generalizability of the
findings. In addition, detailed survival and treatment
response data were not available for all patients.
Despite these limitations, the relatively large cohort and
comprehensive histopathological evaluation strengthen
the findings of the study.

Opverall, our findings support the presence of distinct
clinicopathological differences between dMMR/MSI and
MSS colorectal carcinomas, particularly regarding tumor
location, morphology, and differentiation.
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