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Abstract
Background: Gastric Carcinoma is the second most prevalent cause 
of death worldwide, characterized by diverse histopathological grading 
that reflects the tumor's differentiation and aggressiveness. This study 
aimed to investigate the correlations between the Ki-67 labeling index, 
AgNOR values, and histopathological grading in gastric carcinoma 
patients.

Methods: A total of sixty patients aged 35 years and older with gastric 
carcinoma who had received histopathological diagnoses of gastric 
carcinoma based on biopsies obtained through gastric endoscopy as 
well as resected tissue samples were included. Histopathologic grading 
distributions were categorized into well-differentiated, moderately 
differentiated, and poorly differentiated groups. Ki-67 labeling index 
and AgNOR values were measured, and ANOVA analysis revealed 
significant variations across grading. Bonferroni tests identified specific 
differences in means between grades. Scatter diagrams visually depict 
the correlation between markers and grading.

Results: Histopathological grading distributions comprised 13.33% 
well-differentiated, 50% moderately differentiated, and 36.67% poorly 
differentiated cases. Positive correlations were observed between  
the Ki-67 labeling index and histopathological grading (r = 0.436,  
p = 0.001) and between AgNOR values and grading (r = 0.451,  
p = 0.001).

Conclusion: This study highlights the significant correlations between 
histopathological grading, Ki-67 labeling index, and AgNOR values 
in gastric carcinoma. These correlations offer insights into tumor 
aggressiveness and cellular proliferation. These findings contribute 
to our understanding of gastric carcinoma's biological behavior and 
potential clinical implications.

Keywords: Gastric Carcinoma; Histopathological Grading; AgNOR, 
Ki-67; Tumor Differentiation

Introduction 
Gastric carcinoma, also known as stomach cancer, is the second most 

common cause of death worldwide [1] and the fourth most commonly 
diagnosed malignancy worldwide, including in Japan and several regions 
of China and South America [2]. After observing the global distribution 
of the incidence of gastric cancer, many geographical factors have been 
associated with the incidence, mortality, and survival [3]. The Regional 
variations in stomach cancer partly reflect differences in dietary patterns. 
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Because patients with advanced stomach cancer have an 
average overall survival of less than 12 months, gastric 
carcinoma is a highly malignant condition [4]. Among 
the different types of gastric carcinoma, the incidence of 
primary gastric and oesophageal/gastroesophageal junction 
(GEJ) adenocarcinomas is increasing [5]. It is theorized to 
be the result of a combination of environmental factors and 
the accumulation of specific gene alterations and primarily 
affects older patients [6]. According to studies, foods 
that are salted, smoked, pickled, or preserved increase 
the risk of GC; however, a high intake of fresh fruits and 
vegetables, as well as antioxidants, is linked to a lower 
risk of GC [7]. Practically all gastric carcinomas begin in 
the generative cells of the foveolae or gastric pits, usually 
in the context of chronic atrophic gastritis with intestinal 
metaplasia, and can progress via dysplasia, carcinoma in the 
situation, or superficial carcinoma [8].  Many patients with 
gastroesophageal cancer present with advanced-stage or 
metastatic disease, and the prognosis of patients with these 
tumors is often very poor, with a median overall survival of 
less than 1 year and a 5-year survival rate ranging between 
5% to 25% [5]. Medical advancements in the treatment of 
gastric carcinoma, including combination chemotherapy, 
have resulted in improved overall survival, compared to 
single-agent chemotherapy alone. Additional therapy aimed 
at specific targets in cancer has shown a survival benefit in 
certain tumors. Stomach cancer is often asymptomatic or 
causes only nonspecific symptoms. By the time symptoms 
manifest, the disease has often grown to an advanced stage 
and may have spread, which is one of the reasons for its poor 
prognosis.  A biopsy with subsequent histology analysis is 
the only sure way to confirm the presence of cancer cells [9]. 
Constant efforts are being made to determine non-intrusive 
testing methods to diagnose stomach cancer. The AgNOR 
and Ki-67 are being tested as possible markers for stomach 
cancer. The Nucleolar organizer region (NOR) technique 
has recently been applied to several cancers. The nucleolar 
organizer region or NOR is a region in the chromosome 
around which the nucleolus forms. It contains genes for 
ribosomal RNA. The silver staining technique of NOR 
(AgNOR) is based on the argyrophilic of NOR-associated 
proteins and can be performed at room temperature on 
paraffin-embedded tissues [10]. Many studies have shown 
that increased AgNOR counts are frequently associated with 
malignancy and may have prognostic usefulness [10]. In 
individuals with histopathologically identified gastric cancer, 
the value of AgNOR rises with the gastric carcinoma grade 
[11]. Ki-67 is another possible predictor of Gastric Cancer 
(GC which has recently been identified as a predictor of cell 
proliferation, malignant potential,  and cancer recurrence [12]  
However, there is controversy in Ki-67 expression in GC, as 
several retrospective articles have reported that a high level 
of Ki-67 is linked with poor prognosis in patients with GC, 

while some studies suggested that Ki-67 over-expression 
is prognostically irrelevant in GC patients [12]. Some 
previous studies have reported that In GC patients, high Ki-
67 expression was linked to a low overall survival rate [13]. 
High Ki-67 expression was found to provide a prognostic 
value for the prognosis of GC patients in this pioneering 
research [14]. In our study, both Ki-67 and AgNOR count 
were used for the determination of therapeutic applications 
and further investigation on a sizable cohort of individuals 
with histopathologically confirmed gastric cancer. This study 
aimed to examine the relationship between the presence of 
AgNOR and Ki-67 expressions in individuals who had been 
diagnosed with gastric cancer through histopathological 
analysis.

Methods
A cross-sectional analytical study between July 2017 and 

June 2019 was conducted at the Department of Pathology 
in Sir Salimullah Medical College and Mitford Hospital, 
situated in Dhaka, Bangladesh. The study utilized a purposive 
sampling technique to gather data from participants aged 
35 years and older, who had received histopathological 
diagnoses of gastric carcinoma via both gastric endoscopic 
biopsies and resected samples. Each participant provided 
both types of samples, which were duly collected and 
preserved and AgNOR dots were quantified within nuclei 
using oil immersion at a magnification of 1000x for them. The 
cumulative average AgNORs (referred to as mAgNOR) per 
nucleus was determined by tallying the AgNOR dots across 
100 nuclei. To assess Ki-67 expression, a specific monoclonal 
antibody was employed for immunohistochemical staining. 
Based on an estimated gastric carcinoma proportion of 
7.94% derived from a previous study in Bangladesh [15], 
and employing a significance level of 5% with 80% statistical 
power, a minimum sample size of around 57 was required. 
Followed by data collection, a dataset was cleaned and 
removed irrelevant data as well as computed basic descriptive 
statistics for each variable, including means, standard 
deviations, and distributions. Pearson correlation coefficient 
was conducted between histopathological grading and Ki-67 
expressions within each age group and a one-way ANOVA 
test was also performed to examine when it was found 
statistically significant mean differences in AgNOR counts 
and Ki-67 expressions across the Histologic grading, We 
further performed Bonferroni post hoc tests to identify which 
specific pairs of gradings have significantly different means. 
Written informed consent was obtained from each participant 
before collecting any data, and ethical clearance was 
obtained from the Institutional Ethics Committee of SSMC, 
Dhaka, before commencing the research. Patients who had 
undergone radiotherapy or chemotherapy exhibited signs of 
mental instability, or presented with metastatic cancer were 
meticulously excluded from the study. 
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Results
A total of sixty patients aged 35 years and older with 

Gastric carcinoma during the study period were considered in 
the analysis. Out of which over 56% (n=34) of patients were 
from the age group 60 years and above followed by more than 
43% (n=26) of the patients belonging to the age group of 60 
years or less. The mean age (±SD) of the patients was found to 
be 61.05 (±11.99) years, and the age range of the participants 
consisted from 40 to 82 years. Female patients were found 
predominant at 55% (n=33) and compared to males at 45% 
(n=27). Gastric carcinoma was identified in 63% (n=38) of 
patients in the pylorus region, 33% (n=20) elsewhere in the 
body, and 3.3% (n=2) in the cardiac endocardium [Table 1]. 
Based on the three tier of grading scheme, half of the study 
patients (n=30) were found to have moderately differentiated 
(G2- Intermediate grade) gastric carcinoma followed by 
close to 37% (n=22) poorly differentiated (G3- High grade) 
and 13% (n=8) Well-differentiated (G1- Low grade) gastric 
carcinoma [Table 1] [Figure 1]. 

Association between sites and Tumor with 
histopathological Grading of the study patients: 

The association between tumor sites and histopathologic 
grading among the study patients (n=60) was examined. In 
terms of tumor sites, 38 cases in the pylorus region, there 
were 75% (6 cases of 8) with well-differentiated grading,

followed by over 63% (14 cases of 22) with poorly 
differentiated and 60% (18 cases of 30) with moderately 
differentiated grading. Similarly, for the body site, 25% (2 
cases of 8) were well-differentiated, over 33% (10 cases 
of 30) were moderately differentiated, and more than 36% 
(8 cases of 22) were poorly differentiated. Notably, in the 
cardiac end, only around 7% (2 cases of 30) (6.7%) were 
moderately differentiated, and Neither poorly differentiated 
nor well-differentiated cases were identified. The p-value for 
the comparison of tumor sites with histopathological grading 
was 0.652, indicating the insignificant association between 
these variables [Table 2].

Regarding the type of tumor, all 100% of cases (n=8) of 
the intestinal type of tumor were well-differentiated, 100% 
of cases (n=30) were moderately differentiated, and over 
45% of cases (n=10) were poorly differentiated. Conversely, 
types of gastric carcinoma (Intestinal and diffuse) were 
evaluated with the grading, The study observed that all of 
the well-differentiated and moderately differentiated varieties 
belonged to the intestinal type of GC (n=38). Among the 
poorly differentiated cases (n=22), above 45% (n=10) were 
intestinal while the remaining close to 55% (n=12) were the 
diffuse type of tumor which was found statistically significant 
(p=0.001) association of tumor types with histopathological 
grading [Table 2].

A Bonferroni test followed by an ANOVA test was 
performed to compare the means of Ki-67 labelling index and 
AgNOR with the three respective Histopathological Gradings 
(G1, G2 and G3) of Gastric Carcinoma. The results of the 
ANOVA test, presented in Table 3 (A), revealed significant 
variations in the Ki-67 labelling index and AgNOR values 
across different histopathological gradings among the study 
participants (n = 60). For the well-differentiated group (G1), 
the mean±SD of the Ki-67 labelling index was found to be 
36.75 ± 12.96, and the mean AgNOR value was found 2.34 
± 0.11. In contrast, the moderately differentiated group (G2) 
had a mean±SD Ki-67 index of 46.07 ± 10.21 and an AgNOR 
value of 2.63 ± 0.25. Finally, the poorly differentiated group 
(G3) exhibited the highest values with a mean±SD Ki-67 
index of 53.05 ± 11.54 and an AgNOR value of 2.76 ± 0.27. 
The p-values associated with the Ki-67 index and AgNOR 
value indicated statistically significant differences across the 
three histopathological gradings (Ki-67: p = 0.002, AgNOR: 
p = 0.005) [Table 3 (A)].

Since the ANOVA indicates a significant difference 
for both the Ki-67 labelling index and AgNOR, we further 
performed Bonferroni post hoc tests to identify which specific 
pairs of gradings have significantly different means, as shown 
in Table 3 (B). Bonferroni test unveiled specific variations 
between histopathological gradings and their impact on 
Ki-67 and AgNOR values. Comparing well-differentiated 
(A) and moderately differentiated (B) groups, a statistically 

Characteristics Gastric carcinoma

  Frequency Percentage

Age (in years)    

Less than and equal to 60 26 43.33

Above 60 34 56.67

Sex    

Male 27 45

Female 33 55

Sites of GC    

Pylorus 38 63.33

Body site 20 33.33

Cardiac end 2 3.33

Histopatological Grading    

Well-differentiated (G1- Low grade) 8 13.33

Moderately differentiated  
(G2- Intermediate grade) 30 50

Poorly differentiated  
(G3- High grade) 22 36.67

Table 1: Distribution patterns of Gastric carcinoma among the study 
patients (n=60).
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Discussion
The study aimed to investigate the correlation between 

AgNOR and Ki-67 expressions with histopathological grading 
in patients diagnosed with gastric carcinoma. The results shed 
light on the intricate relationships between these biomarkers 
and tumor differentiation, providing valuable insights into the 
potential clinical significance of these associations.

The demographic characteristics of the study population 
revealed that the majority of patients were aged 60 years and 
above, comprising over 56% of the sample. This trend aligns 
with the known increased incidence of gastric carcinoma in 
the elderly population [16]. The mean age of 61.05 years, 
alongside the age range of 40 to 82 years, underscores the 
diverse age distribution within the study cohort. Additionally, 
a higher proportion of female patients (55%) was observed 
compared to males (45%), indicating potential gender-related 
differences in the occurrence of gastric carcinoma. This is 
consistent with the findings of another study [17].

The distribution of gastric carcinoma across tumor sites 
indicated a predominant presence in the pylorus region, 
accounting for 63% of cases. This distribution pattern is 
consistent with existing literature highlighting the pylorus 
as a common site for gastric carcinoma. Conversely, the 
cardiac endocardium exhibited the lowest incidence of 
gastric carcinoma (3.3%), which could be attributed to the 
limited tissue accessibility of this region [18]. Another recent 
study conducted in 2015 showed that the most common 
anatomic site of gastric cancer was the antrum in 47.5% 
of the participants, 38.8% had cancer in the body and only 
13.7% had carcinoma in the cardiac end [19]. However, a 
few studies showed different results where the most common 
site of GC was the body of the stomach and the cardiac end 
[20,21]. This difference might be due to global and cultural 
differences, along with dietary differences.

Malignancies Histopathological Grading   p-value

  Well-differentiated Moderately differentiated Poorly differentiated  

  n=8 % n=30 % n=22 %  

Sites of GC              

Pylorus site (38) 6 75 18 60 14 63.6

0.652Body site (20) 2 25 10 33.3 8 36.4

Cardiac end (2) 0 0 2 6.7 0 0

Type of Tumor            

Intestinal 8 100 30 100 10 45.5
0.001

Diffuse 0 0 0   12 54.5

Table 2: Association between tumor sites and types with the histopathological gradings of the study patients.

significant difference was observed in both Ki-67 (p = 0.037) 
and AgNOR values (p = 0.003). Similarly, well-differentiated 
(G1) and poorly differentiated (G3) groups exhibited 
significant differences in both Ki-67 (p = 0.002) and AgNOR 
values (p = 0.001). However, the comparison between 
moderately differentiated (G2) and poorly differentiated (G3) 
groups indicated a significant difference in Ki-67 (p = 0.025), 
while the AgNOR values did not reach statistical significance 
(p = 0.079).

Graphical presentation:
The following scatter diagrams showed the correlation of 

the Ki-67 labeling Index and AgNOR with Histopathological 
Grading of Gastric Carcinoma. In the following scatter 
diagrams [Figure 2 (A) and Figure 2 (B)], the Ki-67 labeling 
Index and AgNOR, respectively, demonstrated a significant 
positive correlation (r = 0.436; p = 0.001 and r = 0.451;  
p = 0.001, respectively) with Histopathological Gradings of 
Gastric cancer.
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Histopathological grading, a crucial prognostic indicator, 
demonstrated a varying distribution among the study 
participants. The majority of patients were diagnosed with 
moderately differentiated (G2) gastric carcinoma (50%), 
followed by poorly differentiated (G3) (37%) and well-
differentiated (G1) (13%) types. These findings suggest 
that the majority of cases in this study population tend 
to be of intermediate to high-grade malignancy. The 
distribution of histopathological gradings underscores 
the heterogeneity of gastric carcinoma, ranging from less 
aggressive to more aggressive forms. These findings provide 
a foundation for further investigations into correlations 

between histopathological grading and other variables, such 
as molecular markers and clinical outcomes, ultimately 
contributing to improved diagnostic and therapeutic strategies 
for patients with gastric carcinoma.

The association analysis between tumor sites and 
histopathological grading unveiled interesting trends. 
While a higher proportion of well-differentiated cases were 
observed in the pylorus region (75%), poorly differentiated 
cases were more prevalent in both the pylorus (63.6%) and 
body sites (36.4%). Although there were no cases of well-
differentiated carcinoma in the cardiac end, the small sample 
size limits definitive conclusions for this region. The lack of 

Histopathological Grading   Ki-67 labelling Index AgNOR

  n Mean±SD p-value Mean±SD p-value

Well-differentiated (G1) 8 36.75±12.96 0.002 2.34±0.11 0.005

Moderately differentiated (G2) 30 46.07±10.21   2.63±0.25  

Poorly differentiated (G3) 22 53.05±11.54   2.76±0.27  

Table 3 (A): ANOVA test for Correlation of Ki-67 proliferation index and AgNOR with histopathological grading

Comparison between Histopathological Gradings p-value

  Ki-67 labelling Index AgNOR

G1 vs G2 0.037 0.003

G1 vs G3 0.002 0.001

G2 vs G3 0.025 0.079

Table 3 (B): Bonferroni test followed by ANOVA test: to compare the means of Ki-67 labelling index and AgNOR with the three respective 
Histopathological Gradings (G1, G2 and G3) of Gastric Carcinoma
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significant association (p = 0.652) between tumor sites and 
histopathological grading implies that tumor location might 
not be a primary determinant of differentiation in gastric 
carcinoma.

The correlation between tumor types and histopathological 
grading, on the other hand, exhibited a significant association 
(p < 0.001). Specifically, well-differentiated and moderately 
differentiated cases were predominantly of the intestinal 
type, while poorly differentiated cases demonstrated a 
notable presence of both intestinal and diffuse types. These 
findings emphasize the potential impact of tumor type on 
differentiation patterns, further highlighting the intricate 
nature of gastric carcinoma subtypes.

In examining the specific grading, the well-differentiated 
group (G1) exhibited a mean Ki-67 labelling index of 36.75 
± 12.96 and an AgNOR value of 2.34 ± 0.11. The moderately 
differentiated group (G2), on the other hand, demonstrated 
a higher mean Ki-67 index of 46.07 ± 10.21 and a slightly 
elevated AgNOR value of 2.63 ± 0.25. Interestingly, the 
poorly differentiated group (G3) displayed the highest 
values, both in terms of Ki-67 labelling index (53.05 ± 11.54) 
and AgNOR value (2.76 ± 0.27). These findings suggest a 
progressive increase in both proliferation index (Ki-67) and 
nucleolar organizer region (AgNOR) counts with a decline 
in tumor differentiation. The statistical significance of the 
results was reaffirmed by the associated p-values for Ki-67  
(p = 0.002) and AgNOR values (p = 0.005), indicating 
significant differences in these markers across the three 
histopathological gradings [Table 3 (A)]. This underscores 
the potential of both Ki-67 and AgNOR as indicative 
markers of the tumor's aggressiveness and differentiation 
level. Subsequent Bonferroni post hoc test investigated the 
specific differences between grading and their impact on Ki-
67 and AgNOR values. The comparisons provided a more 
clear understanding of the relationships. For instance, the 
significant differences observed in both Ki-67 and AgNOR 
values between well-differentiated (G1) and moderately 
differentiated (G2) groups (Ki-67: p = 0.037, AgNOR:  
p = 0.003) highlight a shift in the proliferation index and 
nucleolar organizer regions as the tumor progresses from 
well to moderately differentiated. Similarly, the differences 
in both Ki-67 and AgNOR values between well-differentiated 
(G1) and poorly differentiated (G3) groups (Ki-67: p = 0.002, 
AgNOR: p = 0.001) emphasize the substantial changes 
that occur in these markers during tumor differentiation. 
Conversely, the comparison between moderately 
differentiated (G2) and poorly differentiated (G3) groups 
indicated significant differences in Ki-67 values (p = 0.025), 
while AgNOR values did not reach statistical significance (p 
= 0.079). This suggests that while the proliferation index (Ki-
67) still exhibits variations, the nucleolar organizer regions 
(AgNOR) might not contribute significantly to this specific 
differentiation shift. A previous study reported different Ki-67 

scores associated with gastric carcinomas. Gastric carcinomas 
were divided into two categories for accurate grouping of the 
results; those with a high Ki-67 (on or above 45%) and those 
with a low Ki-67 (less than and equal to 45%) [22].

Finally, upon scrutiny of both scatter diagrams, it becomes 
evident that both the Ki-67 labelling Index and AgNOR 
values exhibit a significant positive correlation with the 
Histopathological Grading of Gastric Carcinoma. The strength 
of this correlation is indicated by the Pearson correlation 
coefficient (r), which is 0.436 for Ki-67 (p = 0.001) and 0.451 
for AgNOR (p = 0.001). These results suggest that as the 
histopathological grading advances from well-differentiated 
to poorly differentiated tumors, there is an upward trend 
in both the Ki-67 labelling Index and AgNOR values. The 
implications of these findings are profound, offering potential 
insights into tumor behavior and aiding in risk stratification 
and treatment decisions. Our study underlines the complex 
interplay between Ki-67 labelling index, AgNOR values, 
and histopathological gradings, highlighting their clinical 
significance and potential roles as prognostic indicators 
in gastric carcinoma. Further research with larger cohorts 
could refine and extend these observations, contributing to 
improved patient management strategies.

Limitations
Despite the valuable insights garnered, this study had 

several limitations. The relatively small sample size and 
single-centre design could potentially limit the generalizability 
of the findings to broader populations. Additionally, the 
study's cross-sectional nature restricts the establishment of 
causal relationships. Further longitudinal studies with larger 
and more diverse cohorts are essential to validate these 
correlations and elucidate their clinical relevance in a more 
comprehensive context.

Conclusion
In this study, the examination of histopathological 

grading distributions among patients diagnosed with 
gastric carcinoma revealed a diverse spectrum of tumor 
differentiation, ranging from well-differentiated to poorly 
differentiated forms. The analysis of the Ki-67 labeling 
index and AgNOR values across these gradings highlighted 
significant variations, underscoring their potential as 
indicators of tumor aggressiveness and cellular proliferation. 
The positive correlations observed between these markers 
and histopathological gradings were further supported by 
strong statistical significance. These findings enhance our 
understanding of the intricate relationships between these 
markers and the biological behavior of gastric carcinoma, 
paving the way for potential clinical implications in 
prognosis and management. Further research is warranted to 
elucidate the underlying molecular mechanisms driving these 
correlations and their broader clinical utility.
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