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Abstract. - OBJECTIVE: This study aims
to investigate the correlation between the pres-
ence of microsatellite instability (MSI) and tumor
budding, as well as their relationship with histo-
pathological parameters in patients diagnosed
with colorectal adenocarcinoma.

PATIENTS AND METHODS: The study en-
compassed patients who underwent curative
surgery to treat colorectal cancer. These pa-
tients were classified into groups based on their
MSI status. The International Tumor Budding
Consensus Conference (ITBCC) 2016 guidelines
were utilized to identify tumor budding. Demo-
graphics, clinical data, tumor budding, and his-
topathological attributes were assessed across
study groups.

RESULTS: The study analyzed 268 patients,
out of which 32 (11.9%) were identified as having
MSI. Microsatellite Stable (MSS) patients were
placed in Group 1, and those with MSI were clas-
sified into Group 2. The average age was lower
in Group 2 compared to Group 1 (55.9 years vs.
61.4 years, p=0.034). Tumor localizations in the
caecum (5.9% vs. 18%) and the ascending colon
(11.9% vs. 25%) were more prevalent in Group
2 (p=0.019). The occurrence of tumor budding
(75% vs. 62.5%, p=0.133) and the budding de-
gree in those with tumor budding were compa-
rable between the groups. Poorly differentiat-
ed tumors were more prevalent in Group 2 (5.5%
vs. 25%, p=0.001). Additionally, the tumor diam-
eter was larger in Group 2 (3.58 cm vs. 4.35 cm,
p=0.007).

CONCLUSIONS: MSI is a significant biomark-
er, possessing diagnostic, prognostic, and pre-
dictive value in colorectal cancer (CRC). Under-
standing the connection between MSI and tumor
budding in CRC may provide clinicians with in-
sights to enhance patient management.
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Introduction

According to GLOBOCAN 2020 data (avail-
able at: https://gco.iarc.fr/today/home) published
by the International Agency for Research on
Cancer (IARC), colorectal carcinoma (CRC)
is the third most frequently diagnosed cancer
worldwide, ranking second among women and
third among men—and stands second in terms of
cancer-related deaths. The incidence and mor-
tality rates are significantly higher in males than
females. It is estimated that 1,931,590 individuals
(10% of total cases) were diagnosed with col-
orectal cancer in 2020, leading to 935,173 deaths
(9.4% of total cancer deaths).

With advancements in technology and the
advent of novel techniques, the discovery of
new biomarkers that can guide diagnosis, treat-
ment, and disease subtyping has become eas-
ier. Recent years have seen a surge in cancer
research in literature focusing on unearthing
new biomarkers, especially for CRCs. The in-
cidence of CRC is on the rise, and despite ad-
vancements in early diagnosis and treatment,
there is still room for improvement in treatment
success.

Microsatellite instability (MSI) is associated
with microsatellite repeats, of which there are
approximately half a million in the human ge-
nome?. Found in 10-15% of all carcinomas?, MSI
results from the instability of short DNA se-
quences known as microsatellite repeats during
DNA replication due to defects in DNA mismatch
repair (MMR) genes. The resulting widespread
alteration in repeated sequences is termed “MSI”
and signifies a defective DNA mismatch repair
system. This route to CRC development is termed
the MSI pathway. Carcinomas arising from this
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pathway exhibit distinct histomorphological fea-
tures compared to those arising from other path-
ways.

Tumor budding refers to the presence of single
tumor cells or small cell clusters of four cells
or fewer along the tumor’s invasive margin*.
It morphologically reflects the epithelial-mesen-
chymal transition (EMT) process, triggered by
various genetic and epigenetic factors and influ-
enced by the tumor microenvironment. Mole-
cules released from the tumor microenvironment
stimulate EMT*®.

There have been limited studies to date in
literature investigating the molecular underpin-
nings of tumor budding. However, it has been
suggested’ to be linked to pathways involved in
colorectal carcinogenesis, such as mutations in
the adenomatous polyposis coli (APC) gene and
MSI. High tumor budding is directly proportional
to APC gene mutation and inversely proportional
to MSI. Additionally, tumors with high-level MSI
reportedly® exhibit low rates of tumor budding
due to the presence of intense peritumoral lym-
phocytic infiltration and tumor-infiltrating lym-
phocytes.

This study aims to investigate the relationship
between microsatellite instability (MSI), tumor
budding, and histopathological parameters in pa-
tients with colorectal carcinoma.

Patients and Methods

This study involved patients who underwent
surgery for colorectal cancer between May 2020
and January 2022. Patient data, including age,
sex, and clinical stage, were obtained from pa-
tient charts and digital records, while macroscop-
ic data, such as tumor localization and size, were
retrieved from digital pathology reports. Patients
diagnosed with Lynch syndrome were excluded
from the study.

Patients were classified according to their
MSI status and assessed across various param-
eters such as demographic data, tumor marker
levels, neoadjuvant therapy status, surgical pro-
cedures, tumor localization, histopathological
diagnosis, tumor diameter, tumor grade, depth
of tumor invasion, presence of lymphovascu-
lar and perineural invasion, peritumoral lym-
phocytic response, tumor budding, Crohn’s-like
lymphocytic reaction, total lymphocytic score,
pathological stage, and lymph node metastasis
status.
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MSI Assessment

MSI was inferred from a loss of reaction (neg-
ative) to one of the four markers (MLHI1, MSH2,
MSH6, PMS2) in immunohistochemical studies,
while the absence of loss of expression in these
markers (presence of nuclear staining in tumor
cells) indicated Microsatellite Stable (MSS).

Immunohistochemical Staining

To evaluate DNA MMR gene expression in the
colorectal carcinoma groups, immunohistochem-
ical studies were conducted using MLH1, MSH2,
MSH6, and PMS2 antibodies. Sections (four mi-
crometers thick) cut from the array blocks were
transferred onto poly-L-lysine-coated slides. Fol-
lowing deparaffinization in a Ventana automated
staining device (Ventana Medical Systems-Roche
ABD, Basel, Switzerland), the sections were
stained using the streptavidin-biotin-peroxidase
method, with the Ventana DAB Kit serving as
the antibody primer. Colon samples were used as
control tissues for all antibodies (MLH1, MSH2,
MSH6, PMS2). Tumor cells with positive nuclear
staining were included in one group, and those
with negative staining were in the second group
for the evaluation of the immunohistochemical
expressions of all antibodies.

In line with the College of American Pathol-
ogists (CAP) 2018 Colorectal Carcinoma Re-
porting Protocol, the definition from the 2016
International Tumor Budding Consensus Confer-
ence (ITBCC) was employed to identify tumor
budding — the presence of single tumor cells or
small clusters of up to four cells or fewer at the
tumor’s invasive margin’. The peritumoral lym-
phocytic reaction was defined’ as a lymphocytic
reaction encircling the tumor’s invasive margin’s
stroma. The pathological disease stage for each
case was determined based on the 8" edition of
the TNM Classification',

The study was carried out as part of a doctoral
dissertation in the Department of Molecular On-
cology at the Health Sciences University.

Statistical Analysis

Statistical analysis of the study data was con-
ducted using SPSS Statistics (Version 25.0, IBM
Corp., Armonk, NY, USA). Categorical data were
presented as numbers and percentages, and con-
tinuous measurements as mean and standard de-
viation (median and minimum-maximum values
where required). The Chi-square test was used for
comparing categorical variables. A Shapiro-Wilk
test was employed to ascertain whether the study
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parameters were normally distributed. Parame-
ters with a normal distribution were evaluated
using an Independent Samples #-test, and those
without a normal distribution were evaluated
using a Mann-Whitney U test. In all analyses,
the level of statistical significance was set to an
alpha of 0.05.

Results

The study included 268 patients, of which 32
(11.9%) were identified as having MSI. Patients
with Microsatellite Stable (MSS) tumors were
classified as Group 1, while those with Microsat-
ellite Instability (MSI) tumors were classified as
Group 2. Immunohistochemical staining studies
revealed a 6% loss of expression for MLHI1, 5.2%
for MSH2, 6% for MSH6, and 6.7% for PMS2.

The mean age was lower in Group 2 than in
Group 1 (55.9 years vs. 61.4 years, p=0.034). Tu-
mors localized in the cecum (18% vs. 5.9%) and

Table I. Demographic and clinical data.

the ascending colon (25% vs. 11.9%) were more
prevalent in Group 2 (p=0.019). Among the pre-
operative laboratory parameters, platelet counts
were higher in Group 2 (360 x10°/microL vs.
299x10°/microL, p=0.005), while the mean CA
19-9 was higher in Group 1 (144 U/mL vs. 11.5
U/mL, p=0.014). These findings are summarized
in Table I.

Aligned with tumor localization, the rate of
right hemicolectomy was higher in Group 2 than
in Group 1 (50% vs. 22.5%, p=0.004), as shown
in Table I1.

The incidence of tumor budding (62.5% vs.
75%, p=0.133) and the degree of tumor budding
were similar across both groups. In terms of
tumor grade, poorly differentiated tumors were
more common in Group 2 than in Group 1 (25%
vs. 5.5%, p=0.001). The distribution of T, N, and
M stages was similar in both groups. The inci-
dence of lymphovascular invasion was compa-
rable between the two groups (62.5% vs. 70.8%,
p=0.340). The rate of perineural invasion was

Group 1 MSI absent Group 2 MSI present
(n =236) (n =32) P

Gender, n (%) 0.9442

Male 149 (63.1) 20 (62.5)

Female 87 (36.9) 12 (37.5)
Age (mean + SD) 61.4+13.7 559+34 0.034%>
Neoadjuvant therapy status, n (%) 39 (16.5) 2(6.3) 0.130°
Type of admission, n (%)

Emergency 40 (16.9) 2(6.3) 0.118

Elective 196 (83.1) 30(93.8)
Localization, n (%) 0.019%

Appendix 1(0.4) -

Cecum 14 (5.9) 6 (18.8)

Ascending colon 28 (11.9) 8 (25.0)

Hepatic flexure 8(3.4) 2(6.3)

Descending colon 7 (3.0) -

Rectosigmoid 39 (16.5) -

Rectum 68 (28.8) 6 (18.8)

Sigmoid colon 42 (17.8) 6 (18.8)

Splenic flexure 19 (8.1) 4 (12.5)

Transverse colon 10 (4.2) -
CRP 250+27 309+6.2 0.079
Hemoglobin, gr/dL 11.6 + 1.9 11.3+0.6 0.392
Albumin, gr/dL 39.8+5.5 40.6 £0.8 0.718
Neutrophil, mm*/L 52+29 46+1.6 0.903
Lymphocyte, mm?*/L 1.71+£0.8 1.85+0.9 0.135
Platelet, mm®/L 299.5+128.4 360.1 £139.8 0.005**
CEA 394 +10.5 4.84+52 0.181
CA 199 144.0 £77.9 11.5+19 0.014*

*p < 0.05; **p < 0.001; * Chi-square; °: Independent Samples t-test; CRP: C-reactive protein, CEA: Carcinoembryogenic

antigen, CA: Carbohydrate antigen.
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Table Il. Operative data.

Group 1 MSI absent Group 2 MSI present

(n = 236) (n = 32) P
Operation, n (%)
Anterior resection 30 (12.7) - 0.004%*%*a
APR 18 (7.6) 2 (6.3)
Low anterior resection 96 (40.7) 8 (25.0)
Right hemicolectomy 53 (22.5) 16 (50.0)
Left hemicolectomy 21 (8.9) 6 (18.8)
Subtotal colectomy 12 (5.1) -
Total colectomy 6(2.5) -
Operation type, n (%)
Open 152 (64.4) 24 (75.0) 0.477°
Laparoscopic 47 (19.9) 4 (12.5)
Robotic-assisted 37 (15.7) 4(12.5)
Mortality 834 2 (6.3) 0.4232
Postoperative length of hospital stay (mean+SD) 8.63+£0.4 740 £0.9 0.100°

*p <0.05; **p < 0.001; * Chi-square; >: Mann-Whitney U test; APR: abdominoperineal resection.

higher in Group 1 than in Group 2 (50.4% vs.
25%, p=0.007). The tumor diameter was larger
in Group 2 than in Group 1 (4.35 cm vs. 3.58 cm,
p=0.007). These results are detailed in Table I11.

Discussion

The molecular phenotype of colorectal carci-
noma is determined by a combination of demo-
graphic, clinical, and histopathological character-
istics, alongside biological behavior, prognosis,
and response to treatment. The current study
was designed to assess the relationship between
microsatellite instability (MSI) and tumor his-
tology, pathological stage, and clinical outcomes
in patients with colorectal carcinoma. In our
sample, MSI incidence was found to be 11.9%.
Additionally, we noted an association of MSI
with several factors, including right-sided tumor
localization, younger patient age, elevated platelet
count, low levels of tumor markers, low tumor
grade, reduced perineural invasion, heightened
Crohn’s-like lymphoid reaction, and increased
tumor diameter.

Several pathways have been identified in the
pathogenesis of colorectal carcinomas, among
which the MSI pathway stands out''. This path-
way is characterized by a mutation in one or
multiple mismatch repair (MMR) genes. MSI was
detected in 11.9% of patients in our study, a figure
slightly below the general average. The likelihood
of MSI varies depending on the stage of the dis-
ease, presenting a higher incidence in early stages

9796

(approximately 20% in stages I and I, and 12% in
stage 11I), and a lower incidence in the metastatic
setting'?. Furthermore, a lower incidence of MSI
is also observed in tumors located in the rectum
and left colon. This might be due to some patients
being overlooked during MSI determination via
immunohistochemical methods. Given these fac-
tors, the lower MSI incidence in our study can
be attributed to the advanced stage of the disease
in our patient population, as well as the presence
of tumors located in the left colon and rectum.
Taking into account that MSI prevalence varies
broadly between 9% and 28% due to numerous
variables and limitations, the proportion of cases
with MSI identified in our study appears to be
consistent with existing literature'*'*.

When considering the mechanisms of colon
cancer development, different processes are at
play between the right and left colon. The sig-
nificant variation observed in tumor localization
suggests that the mechanisms of right and left
colon cancer could differ at the genetic level.
Right-sided cancer mainly stems from mutations
in tumor-related genes caused by replication er-
rors, while left-sided cancer is primarily related
to mutations in oncogenes and loss of heterozy-
gosity (LOH) in tumor suppressor genes. This
indicates that dMMR/MSI-H predominantly
plays a role in the development of right colon
cancer'>!%, In our study, we detected differences
in groups in terms of tumor location. Consistent
with the literature, we found in the MSI group
that tumors were more frequently located in the
right colon.
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Table Ill. Pathological data.

Group 1 MSI absent Group 2 MSI present
(n = 236) n (%) (n =32) n (%) P

Presence of tumor budding 177 (75.0) 20 (62.5) 0.1332
In patients with tumor budding, (n = 197) 0.118

Low 100 (56.5) 8 (40)

Intermediate 49 (27.7) 10 (50)

High 28 (15.8) 2 (10)
Mucinous histology 39 (16.5) 8 (25.0) 0.237
Mixed type pathology 18 (7.6) 2(6.3) 0.781*
Grade 0.001%**

Poor 13 (5.5) 8(25.0)

Intermediate 195 (82.6) 22 (68.8)

Good 28 (11.9) 2(6.3)
T stage 0.5292

0 1(0.4) -

1 8(3.4) -

2 19 8.1) 2 (6.3)

3 123 (52.1) 22 (68.8)

4A 72 (30.5) 6 (18.8)

4B 13 (5.5) 2(6.3)
N stage 0.780°

0 101 (42.8) 18 (56.3)

1 1(0.4) -

la 40 (16.9) 4 (12.5)

1b 36 (15.3) 6 (18.8)

Ic 7 (3.0) -

2a 23 (9.7) 2(6.3)

2b 27 (11.4) 2(6.3)

3 1(0.4) -
M1 stage 31 (13.1) 2(6.3) 0.266*
Lymphovascular invasion 167 (70.8) 20 (62.5) 0.3402
Perineural invasion 119 (50.4) 8 (25.0) 0.007%%*
Crohn’s-like lymphoid reaction 18 (7.6) 6 (18.8) 0.039%2
Tumor perforation 30 (12.7) 6 (18.8) 0.347°
Tumor diameter (mean+SD) 3.58+1.6 435+ 1.5 0.007%*>
Number of removed lymph nodes (mean+SD) 324+23.6 31.3+ 159 0.579*
Number of malignant lymph nodes (mean+SD) 2.67+0.4 1.50+ 0.4 0.277°

*p <0.05, **p <0.001; * Chi-square; *: Mann-Whitney U test.

Tumor size is defined as the maximum tumor di-
ameter obtained from pathology reports of resected
patients, and its prognostic significance has been
demonstrated in many solid tumors in literature.
Liang et al”, in their study on 180 colorectal cancer
cases in stages 1-3, found the median and interquar-
tile range of the maximum tumor diameter in the
MSI group to be 6.0 (4.0; 7.0) cm and in the MSS
group to be 4.5 (3.5; 5.5) cm, a significant difference
(p<0.001). In our study, the tumor diameter was
similarly higher in the MSI group, a fact which is
challenging to associate solely with the MSI status.
We think the inhomogeneous distribution of tumor
location could have influenced this result.

Tumor development is a multi-stage process
where the immune response plays a significant

role. Local anti-tumor immune defense mecha-
nisms determine the formation and organization
of the tumor microenvironment, with the com-
position and proportion of inflammatory cells
in this area affecting the quality of the inflam-
matory response. Many studies on colorectal
carcinomas in the literature have found that not
only the tumor-infiltrating lymphocytes but also
the Crohn’s-like lymphocytic response is associ-
ated with MSI"®. The Crohn’s-like lymphocytic
response can enhance local immunity, potential-
ly aiding the immune response against cancer
by presenting more neoantigens. In our series,
consistent with the literature, as expected, the
Crohn’s-like lymphocytic response was higher in
the MSI group.
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Studies'*?® evaluating the association between
microsatellite instability and tumor budding in
CRC have reported high tumor budding rates
and poor prognosis in those with microsatellite
stability. The relatively low-grade tumor budding
in patients with microsatellite instability can be
attributed to the intense peritumoral lymphocytic
infiltration and the predominance of tumor-in-
filtrating CD8+ lymphocytes in such tumors. It
has also been suggested” that a relatively low
tumor budding could explain the generally good
prognosis in this group of patients. In a study of
458 patients with CRC, Wright et al*' reported
high tumor budding in the MSS group (44.4% vs.
15.7%, p<0.0001), and the difference remained
significant even in stage Il and III tumors. In
both groups, tumor budding became more fre-
quent with increasing tumor stage, although the
rate was significant only in the MSS group. In a
large cohort of 833 cases presenting MSI status
in detail, Anderson et al** reported a lower risk
of tumor budding with MSI tumors (12.1% vs.
87.9%, p<0.0001). Similarly, Van Wyk et al* as-
sociated MSS with a high rate of tumor budding
in their series. In a study conducted by Denci¢ et
al** involving patients with stage 2-3 colorectal
cancer, high-grade tumor budding was identified
as the most important determinant of IMMR in a
univariate logistic regression analysis (p<0.001).

In a series of 258 patients with stage-2 col-
orectal cancer, Kevans et al*® used a staining
method for mismatch repair proteins MLH1 and
MSH?2 and identified MLH1 deficiency in 11%
and MSH2 deficiency in approximately 1% of the
cases. Overall, 12% of the cases in the study were
identified with MSI, and high tumor budding
was more common in those with MSI than in
those with MSS (48% vs. 26%, p=0.087). In their
series, high tumor budding was more common
in MLH1-positive cases than in MLH1-negative
cases, where low or absent tumor budding was
more common. Conversely, MSH2-positive cases
often exhibited high tumor budding.

In a multicenter study involving 59 centers,
Karlberg et al?® divided patients into four groups
based on MSI status and the development of me-
tastasis. The mean number of tumor buds was
7+6, with a median of 5 and a range of 0-35, while
the mean number of tumor buds was 8+7.3 with a
median of 5.5 and a range of 0.26-31.3 in the dM-
MR subgroup, and 6.4+5.17 with a median of 5
and a range of 0.69-34.9 in the pMMR subgroup.
There was a high level of agreement between the
investigators (p<0.001, r: 1.0; ICC: 0.99). When
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the cut-off value for tumor budding and MMR
status was set to 5, the rate of high-grade tumor
budding was significantly higher in the dM-
MR/met+ group (72%) than in the dAMMR/met-
group (39%) (p=0.009). Furthermore, the rate
of high-grade tumor budding was higher in the
dMMR/met+ group (72%) than in the pMMR/
met+ group (40%) (p=0.01). The comparison of
the other groups yielded no significant difference
when using this cut-off point. When the cut-off
point was set to 10, the rate of high-grade tumor
budding was significantly higher in the dMMR/
met+ group (45%) than in the AIMMR/met- group
(21%) (p=0.047). When this high cut-off point
was used, the rate of high-grade tumor budding
was 19% in the pMMR/met- group (p=0.012) and
17% in the pMMR/met+ group (p=0.02). Regard-
less of the cut-off point used in their study, no
significant survival advantage was identified in
terms of tumor budding.

The tendency for high-grade tumor budding in
PMMR tumors is considered to be caused by mu-
tations in the APC gene and the activation of the
Wnt pathway. In a study by Shinto et al?’, lower
B-catenin expression was identified in the tumor
buds of dAMMR tumors than in those of pMMR
tumors, suggesting that the Wnt signaling path-
way is not the only mechanism involved in tumor
budding. In a study conducted by Lugli et al”,
immunostaining for cytokeratin 22 in patients
with CRC revealed intratumoral budding to be
strongly associated with peritumoral budding,
which was linked to poor prognosis in those with
high intratumoral budding, regardless of MMR
status. High-grade peritumoral budding is often
related to urokinase plasminogen activator recep-
tors, the overexpression of matrilysin and matrix
metalloproteinases 2 and 9, and the loss of syn-
decan-1, CD44, CD44v6, EpCAM, and CDI66.
Tumor buds exhibit strong nuclear staining alone
for B-catenin, accompanied by a loss of mem-
branous E-cadherin expression and the overex-
pression of laminin5y2. A phenotype exhibiting
tumor budding is often associated with APC
mutation and the activation of the Wnt pathway.

Many factors related to the epithelium and
mesenchyme are involved in the tumor budding
phenomenon. Although tumor budding was low
in the MSI group, the findings of the present
study reveal no statistical significance. While the
relatively small number of patients may contrib-
ute to this, there are many factors at a molecular
level that are yet to be explained that could have
been involved.
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Limitations

The present study has some limitations, the
first of which is its single-center retrospective
study design and the resulting potential for selec-
tion bias. To avoid selection bias, all consecutive
patients were enrolled in the study population
after undergoing routine MSI tests for patients
undergoing surgery due to CRC. Secondly, the
effects of chemotherapy were disregarded in the
present study. Furthermore, we were unable to
gather sufficient evidence of the prognostic sig-
nificance of MSI due to the lack of long-term
oncological outcomes.

MSI is an important biomarker with diag-
nostic, prognostic, and predictive significance
in CRC, and thus, testing for MSI status is of
critical importance in patients with CRC. It is
recommended for all patients with newly di-
agnosed CRC. MSI was the first cancer-type
agnostic biomarker to be approved by the FDA
for the selection of patients with any advanced
solid cancer for pembrolizumab therapy, inde-
pendent of histology. Reports on the outcomes
underline the important role of MSI in the selec-
tion of drug therapies for patients who no longer
respond to chemotherapy. Considering the avail-
able data and the results of the present study,
the authors conclude that detecting the presence
of MSI is pivotal in predicting tumor behavior,
clinical disease course, and prognosis, especial-
ly in detecting differences in tumors at a similar
stage but indicating a different prognosis. Only
in this way can an individualized treatment plan
be created for the treatment of cancer.

Conclusions

Assessments grounded in molecular and ge-
netic characteristics are vital to pinpoint these
distinctions, and it is critical to clarify any yet un-
explored molecular biological mechanisms con-
cerning the impact of microsatellite instability
on prognosis. Future investigations should aim to
characterize these tumors more comprehensively
and potentially leverage the current findings to
direct the development of novel treatment strat-
egies. This includes identifying the mechanisms
behind immunotherapy resistance and enhancing
therapies for tumors with microsatellite stability.

Conflict of Interest
The authors declare that they have no conflict of interests.

Ethics Approval

The study was conducted following the Helsinki Declara-
tion and was approved by the Ethics Committee of Basak-
sehir Cam and Sakura City Hospital, Istanbul, Turkey (ap-
proval number: KAEK/2021.08.157).

Informed Consent
All subjects involved in the study provided informed con-
sent.

Data Availability
The data associated with the paper are available from the
corresponding author upon reasonable request.

Authors’ Contribution

Ugur Topal contributed significantly to study conception
and design, data interpretation, and manuscript writing;
Pinar Gulcan contributed significantly to data acquisition,
resources finding, and manuscript writing; Sercan Yuk-
sel contributed significantly to study conception, study de-
sign and manuscript writing; Zafer Teke and Hasan Bek-
tas contributed significantly to study supervision and study
design; Mustafa Duman contributed significantly to man-
uscript writing, critical revision of the manuscript for im-
portant intellectual content and project administration; and
in the final version of the manuscript was read and approved
by all authors.

ORCID ID

Ugur Topal: 0000-0003-1305-2056
Pinar Giilcan: 0009-0009-8168-3432
Sercan Yiiksel: 0000-0002-9069-7774
Zafer Teke: 0000-0001-8869-6476
Hasan Bektas: 0000-0002-3415-1857
Mustafa Duman: 0000-0002-0276-0543

References

1) Sung H, Ferlay J, Siegel RL, Laversanne M, So-
erjomataram |, Jemal A, Bray F. Global Cancer
Statistics 2020: GLOBOCAN Estimates of Inci-
dence and Mortality Worldwide for 36 Cancers in
185 Countries. CA Cancer J Clin 2021; 71: 209-
249.

2) De’ Angelis GL, Bottarelli L, Azzoni C, De’ Ange-
lis N, Leandro G, Di Mario F, Gaiani F, Negri F.
Microsatellite instability in colorectal cancer. Acta
Biomed 2018; 89: 97-101.

3) 3-Lugli A, Kirsch R, Ajioka Y, Bosman F, Cathom-
as G, Dawson H, El Zimaity H, Fléjou JF, Hansen
TP, Hartmann A, Kakar S, Langner C, Nagtegaal
I, Puppa G, Riddell R, Ristimaki A, Sheahan K,
Smyrk T, Sugihara K, Terris B, Ueno H, Vieth M,
Zlobec |, Quirke P. Recommendations for report-

9799



U. Topal, P. Gulcan, S. Yuksel, Z. Teke, H. Bektas, M. Duman

5)

6)

10)

11)

12)

13)

14)

15)

16)

ing tumor budding in colorectal cancer based
on the International Tumor Budding Consensus
Conference (ITBCC) 2016. Mod Pathol 2017; 30:
1299-1311.

Cho SJ, Kakar S. Tumor Budding in Colorectal
Carcinoma: Translating a Morphologic Score In-
to Clinically Meaningful Results. Arch Pathol Lab
Med 2018; 142: 952-957.

Li H, Xu F, Li S, Zhong A, Meng X, Lai M. The tu-
mor microenvironment: An irreplaceable element
of tumor budding and epithelial-mesenchymal
transition-mediated cancer metastasis. Cell Adh-
Migr 2016; 10: 434-446.

De Smedt L, Palmans S, Sagaert X. Tumour bud-
ding in colorectal cancer: what do we know and
what can we do? Virchows Arch 2016; 468: 397-
408.

Cao H, Xu E, Liu H, Wan L, Lai M. Epithelial-mes-
enchymal transition in colorectal cancer metasta-
sis: A system review. Pathol Res Pract 2015; 211:
557-569.

Koelzer VH, Zlobec |, Lugli A. Tumor budding in
colorectal cancer-ready for diagnostic practice?
Hum Pathol 2016; 47: 4-19.

Mogoanta S$, Lungu C, llie C, Albu DF, Totolici
B, Neamtu C, Mitrut P, Dogaru CA, Turculeanu A.
Peritumoral inflammatory reaction in colon can-
cer. Histological and immunohistochemical study.
Rom J Morphol Embryol 2014; 55: 1429-1435.

Weiser MR. AJCC 8th Edition: Colorectal Cancer.
Ann Surg Oncol 2018; 25: 1454-1455.

Nguyen LH, Goel A, Chung DC. Pathways of Col-
orectal Carcinogenesis. Gastroenterology 2020;
158: 291-302.

Battaglin F, Naseem M, Lenz HJ, Salem ME. Mi-
crosatellite instability in colorectal cancer: over-
view of its clinical significance and novel perspec-
tives. Clin Adv Hematol Oncol 2018; 16: 735-745.

Alexander J, Watanabe T, Wu TT, Rashid A, Li S,
Hamilton SR. Histopathological identification of
colon cancer with microsatellite instability. Am J
Pathol 2001; 158: 527-535.

Xiao H, Yoon YS, Hong SM, Roh SA, Cho DH, Yu
CS, Kim JC. Poorly differentiated colorectal can-
cers: correlation of microsatellite instability with
clinicopathologic features and survival. Am J Clin
Pathol 2013; 140: 341-347.

Bai H, Wang R, Cheng W, Shen Y, Li H, Xia W,
Zhang Y. Evaluation of concordance between de-
ficient mismatch repair and microsatellite instabil-
ity testing and their association with clinicopatho-
logical features in colorectal cancer. Cancer Man-
agement and Research 2020; 12: 2863-2873.

Lin, A, Zhang, J, Luo P. Crosstalk between the
MSI status and tumor microenvironment in col-
orectal cancer. Frontiers in Immunology 2020; 11:
2039-2051.

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

Liang Y, Cai X, Zheng X, Yin H. Analysis of the
Clinicopathological Characteristics of Stage I-1lI
Colorectal Cancer Patients Deficient in Mismatch
Repair Proteins. Onco Targets Ther 2021; 14:
2203-2212.

Jakubowska K, Kisielewski W, Kariczuga Koda L,
Koda M, Famulski W. Stromal and intraepithelial
tumor infiltrating lymphocytes in colorectal carci-
noma. Oncol Lett 2017; 14: 6421-6432.

Lugli A, Viajnic T, Giger O, Karamitopoulou E,
Patsouris ES, Peros G, Terracciano LM, Zlobec I.
Intratumoral budding as a potential parameter of
tumor progression in mismatch repair-proficient
and mismatch repair-deficient colorectal cancer
patients. Hum Pathol 2011; 42: 1833-1840.

Dawson H, Lugli A. Molecular and pathogenet-
ic aspects of tumor budding in colorectal cancer.
Front Med (Lausanne) 2015; 2: 11-22.

Wright CL, Stewart ID. Histopathology and mis-
match repair status of 458 consecutive colorec-
tal carcinomas. Am J Surg Pathol 2003; 27: 1393-
1406.

Andersen HS, Bertelsen CA, Henriksen R, Cam-
pos AH, Kristensen B, Ingeholm P, Gégenur 1.
The pathological phenotype of colon cancer with
microsatellite instability. Dan Med J 2016; 63: 1-6.

van Wyk HC, Roseweir A, Alexander P, Park JH,
Horgan PG, McMillan DC, Edwards J. The Rela-
tionship Between Tumor Budding, Tumor Micro-
environment, and Survival in Patients with Prima-
ry Operable Colorectal Cancer. Ann Surg Oncol
2019; 26: 4397-4404.

Denci¢ T, Krstic M, Petrovic A, Jovici¢c-Milen-
tijevic M, Radenkovi¢ G, Jovi¢ M, Zivkovi¢ N,
Salinger-Martinovi¢ S, Brankovi¢ B, Stojanovi¢
S. Prognostic Value and Immunohistochemical
Analysis of Mismatch Repair Deficiency in Pa-
tients with Stage Il and Il Colorectal Carcino-
ma-A Single-Center Study. Medicina (Kaunas)
2020; 56: 676-686.

Kevans D, Wang LM, Sheahan K, Hyland J,
O’Donoghue D, Mulcahy H, O’Sullivan J. Epitheli-
al-mesenchymal transition (EMT) protein expres-
sion in a cohort of stage Il colorectal cancer pa-
tients with characterized tumor budding and mis-
match repair protein status. Int J Surg Pathol
2011; 19: 751-760.

Karlberg M, Stenstedt K, Hallstrom M, Ragnham-
mar P, Lenander C, Edler D. Tumor Budding Ver-
sus Mismatch Repair Status in Colorectal Cancer
- An Exploratory Analysis. Anticancer Res 2018;
38: 4713-4721.

Shinto E, Baker K, Tsuda H, Mochizuki H, Ueno
H, Matsubara O, Foulkes WD, Jass JR. Tumor
buds show reduced expression of laminin-5 gam-
ma 2 chain in DNA mismatch repair-deficient col-
orectal cancer. Dis Colon Rectum 2006; 49: 1193-
1202.



