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ABSTRACT

Background: Colorectal cancer is a biologically heterogeneous malignancy
with variable clinical outcomes, even among tumors of similar histopathological
grade and stage. Conventional prognostic parameters alone are often insufficient
to predict tumor behavior. Ki-67, a nuclear proliferation marker, has been
widely studied in several malignancies; however, its prognostic relevance in
colorectal neoplasms remains controversial. Objective: To evaluate Ki-67
expression in colorectal neoplasms and to determine its correlation with
histopathological grade and pTNM stage of colorectal adenocarcinoma.
Materials and Methods: This prospective observational study was conducted
in the Department of Pathology at a tertiary care center over an 18-month period.
A total of 52 histologically diagnosed cases of colorectal neoplasms were
included. Clinical details, gross and microscopic findings, and pathological risk
factors were documented. Immunohistochemical staining for Ki-67 was
performed, and the Ki-67 labeling index was assessed based on the percentage
of positively stained tumor nuclei. Statistical analysis was carried out to evaluate
the association of Ki-67 expression with histopathological grade and tumor
stage. Results: The mean age of patients was 57.03 + 11.33 years, with a male
predominance (male-to-female ratio 2.5:1). Adenocarcinoma constituted 90.4%
of cases, with moderately differentiated adenocarcinoma being the most
common subtype (71.2%). High Ki-67 expression was predominantly observed
in malignant tumors and showed a progressive increase with higher
histopathological grade and advanced pTNM stage. Tumors with adverse
pathological features such as lymphovascular invasion, perineural invasion, and
nodal metastasis demonstrated higher Ki-67 labeling indices. Conclusion: Ki-
67 expression correlates positively with histopathological grade and tumor stage
in colorectal adenocarcinoma, reflecting increased tumor proliferative activity
and biological aggressiveness. Ki-67 may serve as a valuable adjunct marker to
conventional histopathological parameters for improved risk stratification in
colorectal cancer.

INTRODUCTION

prognostic  parameters and underscores the
importance of identifying additional biomarkers that

Colorectal cancer (CRC) represents a significant
global health challenge and is one of the most
frequently diagnosed malignancies worldwide. It
ranks as the third most common cancer and the
second leading cause of cancer-related mortality,
accounting for a substantial proportion of cancer
deaths annually.l'! Although improvements in
screening programs, surgical techniques, and
adjuvant therapies have reduced mortality in several
regions, patient outcomes remain heterogeneous,
even among individuals with similar
histopathological grade and TNM stage.”?) This
variability highlights the limitations of conventional

better reflect tumor biology.

Tumor cell proliferation is a key determinant of
cancer progression and aggressiveness. Ki-67 is a
nuclear protein expressed in all active phases of the
cell cycle except GO and is widely used as an
immunohistochemical marker of  cellular
proliferation.®! The Ki-67 labeling index has
demonstrated prognostic and predictive value in
multiple malignancies, including breast carcinoma
and neuroendocrine tumors.) However, the clinical
significance of Ki-67 expression in colorectal
neoplasms remains controversial. While some studies
have reported associations between high Ki-67
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expression and advanced tumor grade or stage, others
have shown favorable outcomes in tumors with high
proliferative indices, particularly in patients
receiving adjuvant chemotherapy.> Therefore, this
study aims to evaluate Ki-67 expression in colorectal
neoplasms and correlate it with histopathological
grade and TNM stage of colorectal adenocarcinoma.
Objective: To evaluate the expression of Ki-67 in
colorectal neoplasms and to determine its correlation
with histopathological grade and TNM stage of
colorectal adenocarcinoma.

MATERIALS AND METHODS

This institution-based prospective observational
study was conducted in the Department of Pathology
at ICARE Institute of Medical Sciences and
Research, Haldia, West Bengal, over an 18-month
period from July 2023 to December 2024, after
obtaining approval from the Institutional Ethics
Committee. Written informed consent was obtained
from all participants prior to inclusion in the study.
Histologically ~diagnosed cases of colorectal
neoplasms received as colonoscopic biopsies,
endoscopic biopsies, or surgical resection specimens
were included. Specimens that were inadequate, non-
representative, or composed predominantly of
necrotic tissue, as well as cases without consent, were
excluded. Based on institutional case availability
during the study period, a total of 52 cases were
enrolled.

All specimens were fixed in 10% neutral buffered
formalin within 30 minutes of receipt and processed
according to standard histopathological protocols.
Paraffin-embedded tissue sections of 4 pm thickness
were prepared and stained with hematoxylin and
eosin for routine microscopic examination.
Histopathological evaluation was performed to
determine tumor type, histological grade, depth of
invasion, lymph node status, and TNM stage in
accordance with established classification systems.
Immunohistochemical staining for Ki-67 was
performed on representative tumor sections using
standard immunohistochemistry techniques. Sections
of 1 um thickness were cut, mounted on charged
slides, and subjected to antigen retrieval followed by
incubation with primary Ki-67 antibody. Nuclear
staining of tumor cells was considered positive. The
Ki-67 labeling index was calculated as the percentage
of positively stained tumor cell nuclei among at least
1,000 tumor cells counted in areas of highest staining
intensity under high-power magnification.
Clinicopathological data and immunohistochemical
findings were recorded systematically. Statistical
analysis was performed using appropriate statistical
software. Categorical variables were analyzed using
chi-square or Fisher’s exact test, and correlations
between Ki-67 expression and histopathological
grade and TNM stage were assessed using correlation
analysis. A p-value of less than 0.05 was considered
statistically significant.

RESULTS
Table 1: Baseline Demographic and Anthropometric Characteristics of the Study Population (n = 52)
Variable Category / Parameter Frequency / Mean Percentage (%) / SD
3140 3 5.8
41-50 11 21.2
Age (years) 51-60 19 36.5
61-70 13 25.0
>70 6 11.5
Mean age (years) 57.03 +11.33
Sex Male 37 71.2
Female 15 28.8
Male : Female ratio 25:1 —
Religion Hindy 36 69.2
Muslim 16 30.8
Hindu : Muslim ratio 225:1 —
Height (cm) 160.01 +4.98
Anthropometry Weight (kg) 57.01 +5.51
BMI (kg/m?) 22.33 £2.39

The study population comprised 52 participants with
a mean age of 57.03 + 11.33 years, with the largest
proportion (36.5%) belonging to the 51-60-year age
group. Males predominated, accounting for 71.2% of
cases, with a male-to-female ratio of 2.5:1. The

majority of participants were Hindu (69.2%), while
Muslims constituted 30.8% of the study population.
The mean height, weight, and body mass index were
160.01 £ 4.98 cm, 57.01 = 5.51 kg, and 22.33 £ 2.39
kg/m?, respectively.
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Table 2: Distribution of Clinical Features (n=52)

Clinical Features Type Frequency Percentage
. Yes 37 71.2
Altered Bowel Habits No 15 288
Rectal Bleeding 'IY\IeOS ;g 22;
Anaemia Yes = 383
No 32 61.5
. . Yes 37 71.2
Abdominal Pain No 15 288
. . . Yes 28 53.8
Unintentional Weight Loss No 24 46.2
Family History cancer positivity ;eos 466 51; 51;2
. Yes 8 154
Obesity No 44 84.6
. Vegetarian 5 9.6
Diet Non-vegetarian 47 90.4
Cigarette Smoking ';{\Ieos ;i 2246;
Alcohol consumption ;{\IZS 475 21322

In the study population of 52 individuals, altered
bowel habits and abdominal pain were reported by
71.2% of participants each. Rectal bleeding was
observed in 46.2%, while unintentional weight loss
was noted in 53.8%. Anaemia was present in 38.5%
of the cases. A family history of cancer was positive

in 11.5%, and obesity was reported by 15.4%.
Regarding lifestyle factors, 90.4% of the participants
consumed a non-vegetarian diet, while only 9.6%
were vegetarian. Cigarette smoking was prevalent
among 34.6%, and alcohol consumption was reported
by 13.5% of the study group.

Table 3: Type of specimen (n=52)

Type of specimen Frequency Percentage

Colonoscopic biopsy 15 28.8

Anterior resection 15 28.8
Right hemicolectomy 5 9.6
Right hemicolectomy with mid transverse colectomy 4 7.7
Right hemicolectomy with right transverse colectomy 3 5.8
Punch biopsy 3 5.8
Sigmoidoscopy biopsy 3 5.8
Sigmoidectomy 3 5.8
Incisional biopsy 1 1.9

Total 52.0 100.0

The types of specimens collected varied, with
colonoscopic biopsies and anterior resections each
comprising 28.8% of the samples. Right
hemicolectomies accounted for 9.6%, while right
hemicolectomies combined with mid transverse
colectomies made up 7.7%. Both right

hemicolectomies with right transverse colectomies
and punch biopsies were reported in 5.8% of cases,
as were sigmoidoscopy biopsies and
sigmoidectomies. Incisional biopsies were the least
common, constituting only 1.9% of the specimens.

Table 4: Location of Neoplasm (n=52)

Location of Neoplasm Frequency Percentage
Rectum 14 26.9
Recto-sigmoid junction 10 19.2
Ascending colon 7 13.5
Recto-sigmoid junction, sigmoid colon 6 11.5
Ascending colon, 5 96
Caecum
Sigmoid colon 4 5.8
Transverse colon 3 7.7
Descending colon 2 3.8
Sigmoid colon, Rectum 1 1.9
Total 52.0 100.0

The most common location for neoplasms was the
rectum, found in 26.9% of cases. Neoplasms at the
recto-sigmoid junction were identified in 19.2%, and
those in the ascending colon in 13.5%. Lesions

spanning the recto-sigmoid junction and sigmoid
colon were observed in 11.5% of cases. Neoplasms
involving both the ascending colon and caecum
accounted for 9.6%, while those solely in the sigmoid
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colon were found in 5.8%. The transverse colon was
the site in 7.7% of cases, and the descending colon in

3.8%. The combination of the sigmoid colon and
rectum hosted a neoplasm in 1.9% of the instances.

Table 5: Type of Growth (n=52)

Type of Growth Frequency Percentage
Ulceroproliferative 17 32.7
Circumferential constricting 10 19.2
Ulcero-invasive 9 17.3
Polyp 6 11.5
Constrictive Ulceroproliferative 3 5.8
Annular Fungating 3 5.8
Annular Ulceroproliferative 1 1.9
Constrictive 1 1.9
Proliferative 1 1.9
Proliferative Polypoidal 1 1.9
Total 52.0 100.0

The most frequent type of growth observed was
ulceroproliferative, occurring in 32.7% of cases.
Circumferential constricting growths were present in
19.2%, followed by ulcero-invasive types in 17.3%.
Polyps were identified in 11.5% of the cases. Both

constrictive ulceroproliferative and annular fungating
types were observed in 5.8% of cases each. The
remaining  types—annular  ulceroproliferative,
constrictive,  proliferative, and  proliferative
polypoidal—each constituted 1.9% of the growths.

Table 6: Pathological Risk Factors in the Study Population (n = 52)

Pathological Parameter Status Frequency Percentage (%)
Present 10 19.2
Macroscopic Tumor Perforation Not identified 20 38.5
Not applicable 22 423
Present 18 34.6
Lymphovascular Invasion (LVI) Not identified 12 23.1
Not applicable 22 42.3
Present 27 51.9
Perineural Invasion (PNI) Not identified 3 5.8
Not applicable 22 42.3
Resection Margin Status Free 20 38.5
Serosal margin involved 5 9.6
Circumferential resection margin (CRM)
. 3 5.8
involved
Other margins involved 2 3.8
Not applicable 22 42.3

Macroscopic tumor perforation was identified in
19.2% of cases, while lymphovascular invasion was
present in 34.6% of the study population. Perineural
invasion was observed in more than half of the cases
(51.9%), indicating aggressive tumor behavior.
Resection margins were free of tumor in 38.5% of

cases; however, margin involvement, including
serosal and circumferential resection margins, was
noted in a subset of patients. In 42.3% of cases, these
pathological parameters were not applicable,
corresponding to non-resection specimens.

Table 7: Frequency of Regional Lymph Node Metastasis in the Study Population

Regional Lymph Node Metastasis Frequency Percentage
Ooutofl 4 7.7
0 outof2 3 5.8
0 out of 3 5 9.6
0 out of 4 4 7.7
1 out of 4 6 11.5
2 out of 10 1 1.9
3 outof 10 1 1.9
3 out of 8 5 9.6
4 out of 10 1 1.9
Not applicable 22 42.3
Total 52 100.0

In the study population of 52 individuals, the
frequency of regional lymph node metastasis varied.
No metastases were found in 4 participants with 1
node examined (7.7%), in 3 participants with 2 nodes
examined (5.8%), in 5 participants with 3 nodes

examined (9.6%), and in 4 participants with 4 nodes
examined (7.7%). Metastasis in 1 out of 4 nodes was
observed in 6 participants (11.5%). Additionally,
metastases in 2 out of 10 nodes were found in 1
participant (1.9%), in 3 out of 10 nodes in another
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participant (1.9%), and in 3 out of 8 nodes in 5 applicable (NA) for 22 participants, making up
participants (9.6%). Metastasis in 4 out of 10 nodes 42.3% of the total.
was noted in 1 participant (1.9%). Data were not

Table 8: Histopathological Diagnoses (n=52)

Histopathological Diagnoses Frequency Percentage
Moderately differentiated Adenocarcinoma 37 71.2
Intramucosal carcinoma 4 7.6

Well differentiated adenocarcinoma 5 9.6
Poorly cohesive carcinoma ( signet ring cell type) 1 1.9
Tubular adenoma 3 5.8

1

1

Tubular adenoma with high grade dysplasia 1.9
Tubulovillous adenoma with high grade dysplasia 1.9
Total 52 100.0

In the study group of 52 individuals, the majority of
cases, 71.2%, were diagnosed with moderately
differentiated adenocarcinoma, making it the most
common histopathological diagnosis. Intramucosal
carcinoma was observed in 4 cases, accounting for
7.6%. Well-differentiated adenocarcinoma was
identified in 5 cases, representing 9.6% of the total.
A single case (1.9%) of poorly cohesive carcinoma,
specifically of the signet ring cell type, was recorded.
Tubular adenomas were found in 3 cases, making up
5.8% of the diagnoses, while tubular adenoma with
high-grade dysplasia and tubulovillous adenoma with
high-grade dysplasia each appeared in 1 case, both
accounting for 1.9% each.

Figure 2: Moderately Differentiated Adenocarcinoma
(H&E x400)

7 N
Figure 1: Moderately Differentiated Adenocarcinoma
(resected specimen)

v

Figure 3: Moderate expression.Ki67
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Table 9: Classification of Tumors as Benign or Malignant (n=52)

Classification of Tumors Frequency Percentage
Benign 5 9.6
Malignant 47 90.4
Total 52 100.0

The classification of tumors showed that 47 cases (90.4%) were malignant, while 5 cases (9.6%) were benign.

Table 10: Distribution of pTNM Stages

pTNM Stages Frequency Percentage

p T3 NO Mx 11 21.2

p T3 Nla Mx 6 11.5

p T3 N1b Mx 3 5.8

p T4a NO Mx 5 9.6

p T4a N1 Mx 5 9.6
NA 22 423
Total 52 100.0

In the study population, the distribution of pTNM
stages was as follows: The stage p T3 NO Mx was the
most prevalent, recorded in 11 cases (21.2%). Stages
p T4a NO Mx and p T4a N1 Mx each accounted for 5

cases (9.6%). The p T3 Nla Mx stage was noted in 6
cases (11.5%), and p T3 N1b Mx was seen in 3 cases
(5.8%). Data were not applicable (NA) for 22 cases,
making up 42.3% of the total.

Table 11: IHC grading & staging (Ki67 expression)

IHC Grading ITHC Staging Frequency Percentage
Mild expression 1+ 19 36.6
Moderate expression 2+ 15 28.8
Strong expression 3+ 4 7.7
Very Strong 4+ 2 3.8
N/A 0 12 23.1
Total 52 100.0

In the study population of 52 individuals, the
distribution of Ki67 expression based on
immunohistochemistry (IHC) grading and staging
showed mild expression (1+) in 19 cases (36.6%),
moderate expression (2+) in 15 cases (28.8%), and

strong expression (3+) in 4 cases (7.7%). Very strong
expression (4+) was observed in 2 cases (3.8%). Data
were not applicable(N/A) for 12 cases, which
constitutes 23.1% of the total.
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Table 12: Histopathological Grading and Staging

Histopathology HP Grade HP staging
Benign NA (n=5) NA-(5)
Intramucosal carcinoma Grade — 0 (n=4) NA- (4)
. . _ NA=(2)
Well differentiated Grade — 1 (n=5) 11 A=(3)
NA =(10)
. . _ 11 A=(8)
Moderately differentiated Grade — 2 (n=37) 11B=(5)
11 B =(14)
Poorly differentiated Grade —3 (1) Negative =(1)
Total 52

Histopathology  findings revealed 52 cases
categorized by HP grade and staging as follows:
Benign: 5 cases, HP Grade NA, Staging NA.
Intramucosal carcinoma: 4 cases, Grade 0, Staging
NA. Well-differentiated carcinoma: 5 cases, Grade 1,

staged as NA (2) and IHA (3). Moderately
differentiated carcinoma: 37 cases, Grade 2, with
staging distributed as NA (10), ITA (8), IIB (5), and
IIIB (14). Poorly differentiated carcinoma: 1 case,
Grade 3, Staging Negative (1).

Table 13: IHC (Ki67 expression)

Percentage Frequency Grade ITHC Expression Stage
0-20 12 1+ No expression Negative
21-40 19 2+ Mild expression Mild positive
41 -60 15 3+ Moderate expression Moderate positive
61-80 04 3+ Strong expression Strong positive
81-100 02 4+ Very strong positive Very strong positive

The immunohistochemical (IHC) expression and
staging across different percentage ranges as follows:
0-20%: 12 cases, Grade 1+, No expression, Stage
Negative.

21-40%: 19 cases, Grade 2+, Mild expression, Stage
Mild positive.

41-60%: 15 cases, Grade 3+, Moderate expression,
Stage Moderate positive.

61-80%: 4 cases, Grade 3+, Strong expression, Stage
Strong positive.

81-100%: 2 cases, Grade 4+, Very strong expression,
Stage Very strong positive.

DISCUSSION

The present study evaluated the clinicopathological
characteristics of colorectal neoplasms with special
emphasis on Ki-67 immunohistochemical expression
and its correlation with histopathological grade and
tumor stage. The mean age of patients in the present
series was 57.03 &+ 11.33 years, with a peak incidence
in the fifth and sixth decades. Similar age
distributions have been reported by Sung et al,!'! and
Arnold et al,l”l who observed that colorectal cancer
incidence increases significantly after 50 years of
age, particularly in developing countries. The male
predominance observed in our study (male-to-female
ratio 2.5:1) is comparable to findings by Gupta et
al,® and Norat et al,! who attributed this trend to
lifestyle and dietary risk factors.

Clinically, altered bowel habits and abdominal pain
were the most frequent presenting complaints,
followed by rectal bleeding and weight loss. These
findings are in agreement with studies by Lee et al,[!%!
and Benson et al,l''l who reported that nonspecific
gastrointestinal symptoms often lead to delayed
diagnosis and advanced disease at presentation. The

high prevalence of non-vegetarian diet, smoking, and
alcohol consumption in our cohort further supports
established epidemiological associations with
colorectal carcinogenesis.

Histopathologically, adenocarcinoma constituted the
majority of cases, with moderately differentiated
adenocarcinoma being the most common subtype.
This observation is consistent with reports by
Washington et al,['?! and Risio,'¥! who documented
similar distributions of histological grades. The
rectum and rectosigmoid junction were the most
frequently involved sites, which aligns with Indian
and Asian studies reporting a predominance of distal
colorectal cancers./®!!]

Adverse  pathological  features such  as
lymphovascular invasion, perineural invasion, and
tumor perforation were frequently observed in the
present study, indicating aggressive tumor behavior.
Liebig et al,l'* and Huh et al,[*! have demonstrated
that perineural invasion and lymphovascular invasion
are independent predictors of poor prognosis and
advanced tumor stage in colorectal cancer.
Immunohistochemical analysis revealed increasing
Ki-67 expression with higher histological grade and
advanced pTNM stage. These findings are
concordant with studies by Yan et al,['® and Vogt et
al,l'”l who reported a significant association between
high Ki-67 labeling index and aggressive tumor
characteristics, including nodal metastasis and
advanced stage. Conversely, Melling et al,l'® and
Fluge et al,l'! reported that high Ki-67 expression
was associated with favorable survival, particularly
in patients receiving adjuvant chemotherapy. The
discrepancy may be explained by differences in
patient populations, treatment status, and Ki-67 cut-
off values. Since survival analysis was not included
in the present study, Ki-67 expression primarily
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reflected tumor proliferative activity rather than
treatment response.

Overall, the present findings support the role of Ki-
67 as a useful adjunct marker of tumor proliferation
and Dbiological aggressiveness in colorectal
adenocarcinoma  when interpreted alongside
conventional histopathological parameters.

CONCLUSION

The present study highlights the clinicopathological
spectrum of colorectal neoplasms and demonstrates
the relevance of Ki-67 as an immunohistochemical
marker of tumor proliferative activity. Colorectal
adenocarcinoma was the predominant
histopathological diagnosis, with a higher frequency
observed in the fifth and sixth decades of life and a
marked male predominance. Adverse pathological
features such as lymphovascular invasion, perineural
invasion, and advanced tumor stage were frequently
encountered, indicating aggressive tumor behavior.
A progressive increase in Ki-67 expression was
observed with higher histopathological grade and
advanced pTNM stage, suggesting a strong
association between tumor proliferative activity and
biological aggressiveness. These findings support the
role of Ki-67 as a useful adjunct to conventional
histopathological parameters in assessing tumor
behavior and risk stratification in colorectal
adenocarcinoma.

Although Ki-67 should not be used as an isolated
prognostic marker, its interpretation alongside
established clinicopathological factors may aid in
identifying patients with biologically aggressive
disease who may benefit from closer surveillance and
individualized therapeutic strategies. Further large-
scale, multicentric studies incorporating survival
outcomes are warranted to validate the prognostic
and predictive utility of Ki-67 in colorectal cancer.
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