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Abstract

Background

Ki-67 is a well-established marker of cellular proliferation and has emerged as an important prognostic
biomarker in breast carcinoma. Its relationship with hormone receptor status and HER2/neu expression
remains variable across populations.

Objective

To evaluate Ki-67 expression in breast carcinoma and determine its association with estrogen receptor
(ER), progesterone receptor (PR), HER2/neu status, and clinicopathological parameters.

Materials and Methods

This hospital-based cross-sectional study included 52 histopathologically confirmed breast carcinoma
cases. Immunohistochemistry was performed for Ki-67, ER, PR, and HER2/neu. Associations between
Ki-67 expression and clinicopathological variables were analyzed using Chi-square and logistic
regression analyses.

Results

Ki-67 positivity was observed in 29 of 52 cases (55.8%). Among Ki-67-positive tumors, high
proliferative activity (>20%) was identified in 48.3% of cases. Ki-67 expression demonstrated a
significant positive association with higher tumor grade (p=0.023) and significant inverse associations
with ER expression (p=0.024) and PR expression (p=0.038). No significant correlations were observed
with age, tumor size, lymphovascular invasion, lymph node status, combined ER/PR status, or
HER2/neu expression. Univariate logistic regression revealed that Grade III tumors (OR=4.09, 95% CI:
1.25-13.36) and ER-negative tumors (OR=4.08, 95% CI: 1.27-13.13) were significantly associated with
Ki-67 positivity.

Conclusion

Ki-67 expression is significantly associated with higher histological grade and hormone receptor
negativity in breast carcinoma. Routine assessment of Ki-67 alongside ER, PR, and HER2/neu may
enhance prognostic stratification and facilitate individualized therapeutic decision-making.

MeSH Keywords: Breast Neoplasms, Ki-67 Antigen, Immunohistochemistry, Estrogen Receptors,
Progesterone Receptors, Prognosis
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1. Introduction

Breast cancer remains the most frequently diagnosed malignancy among women worldwide and
continues to be a major contributor to cancer-related morbidity and mortality. According to recent global
cancer statistics, breast cancer accounts for more than 2.3 million newly diagnosed cases annually and
has surpassed lung cancer as the most commonly diagnosed cancer worldwide.[1] It represents
approximately one-quarter of all female cancer diagnoses and is responsible for an estimated 670,000—
764,000 deaths each year globally. Despite significant advances in early detection, screening programs,
diagnostic technologies, and targeted therapeutic strategies, breast cancer remains a substantial public
health challenge. The disease exhibits considerable molecular and clinical heterogeneity, resulting in
diverse treatment responses and variable patient outcomes. Furthermore, the global burden of breast
cancer is expected to increase markedly, with annual incidence projected to exceed 3.5 million cases by
2050, underscoring the urgent need for improved prevention, diagnostic, and therapeutic approaches.[1-
2]

Breast carcinoma is a biologically diverse disease characterized by distinct molecular subtypes,
histopathological features, therapeutic responses, and prognostic profiles. The routine assessment of
estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor receptor-2
(HER2/neu) has revolutionized breast cancer classification and treatment selection. Hormone receptor-
positive tumors generally demonstrate favorable outcomes and responsiveness to endocrine therapy,
whereas HER2-positive tumors exhibit aggressive biological behavior but benefit from anti-HER2
targeted therapies.[3-4]

In addition to receptor profiling, proliferation markers have emerged as important determinants of tumor
aggressiveness. Among these, Ki-67, a nuclear non-histone protein expressed during active phases of the
cell cycle, is widely used to evaluate proliferative activity. Elevated Ki-67 expression has been
associated with increased tumor growth, higher histological grade, lymph node metastasis, reduced
survival, and resistance to certain therapeutic interventions. Consequently, Ki-67 has gained
considerable attention as both a prognostic and predictive biomarker.[5]

International consensus guidelines increasingly recognize the clinical utility of Ki-67, particularly in
differentiating luminal A from luminal B breast cancers and in guiding adjuvant treatment decisions.
Nevertheless, variability in scoring systems, lack of universally accepted cut-off values, and inter-
observer differences continue to challenge its routine implementation in clinical practice.[6]

Several studies have reported inverse associations between Ki-67 expression and hormone receptor
positivity, while positive correlations have been observed with HER2 overexpression and high-grade
tumors.[5,7] However, the strength and consistency of these relationships vary across populations and
healthcare settings. Data from North Indian populations remain limited, particularly regarding the
interaction between Ki-67 and established prognostic markers.

The present study was undertaken to evaluate Ki-67 expression in breast carcinoma and investigate its
relationship with ER, PR, HER2/neu status, histological grade, tumor size, lymphovascular invasion,
and nodal metastasis. Improved understanding of these associations may enhance prognostic
stratification and support individualized treatment planning in breast cancer patients.

2. Materials And Methods

Study Design and Setting

This hospital-based cross-sectional observational study was conducted in the Department of Pathology,
Sri Guru Ram Das Institute of Medical Sciences and Research, Amritsar, Punjab, India, from July 2024
to December 2025.

Ethical Considerations

Institutional Ethics Committee approval was obtained prior to study initiation (SGRD/IEC/2024-388).
Patient confidentiality was maintained throughout the study, and all analyses were performed using
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anonymized data.
Study Population
Consecutive histopathologically confirmed cases of breast carcinoma received as mastectomy specimens
during the study period were included.

Eligibility Criteria
Inclusion criteria: Histopathologically proven breast carcinoma, Availability of ER, PR, and HER2/neu
immunohistochemical status, Adequate formalin-fixed paraffin-embedded tissue blocks.

Exclusion criteria: Patients who had received neoadjuvant chemotherapy, Lumpectomy specimens,
Specimens showing significant autolytic changes.

Sample Size
A total of 52 eligible breast carcinoma cases were included in the final analysis.

Histopathological Evaluation

Representative tumor sections were stained with hematoxylin and eosin. Histological grading was
performed according to the Nottingham modification of the Bloom—Richardson grading system based on
tubule formation, nuclear pleomorphism, and mitotic activity.

Immunohistochemistry

Immunohistochemical staining for Ki-67 was performed on formalin-fixed paraffin-embedded sections
using a rabbit monoclonal antibody. ER and PR expression were evaluated using the Allred scoring
system. HER2/neu status was interpreted according to ASCO/CAP recommendations.

Ki-67 Assessment

Nuclear staining was considered positive. Tumors were categorized according to the percentage of
positively stained tumor nuclei:

Low proliferation: 1-10%

Intermediate proliferation: 11-20%

High proliferation: >20%

Outcome Measures

Primary outcome:

Correlation of Ki-67 expression with ER, PR, and HER2/neu status.

Secondary outcomes:

Correlation of Ki-67 with histological grade, tumor size, lymphovascular invasion, and lymph node
status.

Statistical Analysis

Statistical analyses were performed using Python version 3.10. Data management and descriptive
statistics were conducted using Pandas (v1.5.3) and NumPy libraries. Continuous variables were
summarized as mean + standard deviation or median (IQR), while categorical variables were expressed
as frequencies and percentages. Associations between categorical variables were assessed using Chi-
square or Fisher’s exact test. A p-value <0.05 was considered statistically significant.

3. Results
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FIGURE 1: FLOW DIAGRAM OF PATIENT SELECTION (STROBE FLOWCHART)

Results

Of the 58 breast carcinoma specimens initially assessed, 6 were excluded due to prior chemotherapy (n
= 3), autolysis (n = 2), or inadequate tissue samples (n = 1). Consequently, 52 eligible specimens were
included in the final analysis (Figure 1). The study included 52 female patients with breast carcinoma,
with a mean age of 54.4 + 13.8 years and a median age of 54.5 years (IQR: 42—67), indicating that most
patients were middle-aged to elderly. The age of participants ranged from 29 to 80 years.
Histopathological grading revealed that Grade III tumors were more common, accounting for 61.5% of
cases, while Grade II tumors comprised 38.5%. Regarding nodal involvement, 57.7% of patients had
lymph node metastasis (N1-N3), whereas 42.3% were node-negative (NO). Among node-positive cases,
N2 disease was the most frequent (26.9%), followed by N1 (21.2%) and N3 (9.6%), suggesting a
substantial burden of advanced regional disease (Table 1).

Table 1. Baseline Clinicopathological Characteristics of the Study Population (N = 52)

Variable Value
Age, mean £+ SD (years) 54.44+13.8
Median age (IQR) 54.5 (42-67)
Age range (years) 29-80
Total Females 52 (100%)
Right Breast involved 31(59.6%)
Left breast involved 21(40.4%)
Grade II tumors 20 (38.5%)
Grade III tumors 32 (61.5%)
Node-negative (NO) 22 (42.3%)
Node-positive (N1-N3) 30 (57.7%)
N1 disease 11(21.2%)
N2 disease 14 (26.9%)
N3 disease 5(9.6%)
Data presented as n (%) unless otherwise specified.
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Figure 2: Distribution of Tumor Location (n=52)

The upper outer quadrant (UOQ) was the most common site of breast tumor involvement, accounting for
44.2% (23/52) of cases, followed by the upper inner quadrant (UIQ) at 21.2% (11/52). Lower outer
quadrant (LOQ) and lower inner quadrant (LIQ) involvement were observed in 19.2% (10/52) and
15.4% (8/52) of cases, respectively (Figure 2).

Immunohistochemical analysis demonstrated variable expression of hormonal and growth factor
receptors among the study population. Estrogen receptor (ER) positivity was observed in 42.3% of cases
(Figure 4a), while progesterone receptor (PR) positivity was identified in 32.7%, indicating that a
substantial proportion of tumors lacked hormone receptor expression (Figure 4b). HER2/neu
overexpression was present in 26.9% of patients, whereas 73.1% were HER2-negative (Figure 4c). The
combined receptor profile showed that 32.7% of tumors exhibited the ER+/PR+ phenotype, reflecting
potential responsiveness to endocrine therapy. In contrast, 57.7% of cases were ER—/PR—, suggesting a
predominance of hormone receptor—negative tumors, which are generally associated with more
aggressive biological behavior and limited endocrine treatment options (Table 2).

Table 2. Immunohistochemical Marker Expression Profile

Marker Positive, n (%) Negative, n (%)
Estrogen Receptor (ER) 22 (42.3%) 30 (57.7%)
Progesterone Receptor (PR) 17 (32.7%) 35 (67.3%)
HER2/neu 14 (26.9%) 38 (73.1%)
ER+/PR+ phenotype 17 (32.7%) —
ER+/PR— phenotype 5(9.6%) —
ER—/PR— phenotype 30 (57.7%) —

The Ki-67 proliferation index showed considerable variation among the studied tumors. The mean Ki-67
value was 16.5% =+ 23.8%, while the median value was 5%, indicating that most tumors had relatively
low proliferative activity, with a smaller number showing markedly elevated levels (Figure 5). The
interquartile range (0-27.5%) suggests substantial variability in cellular proliferation across cases. Ki-67
values ranged from 0% to 75%, reflecting the presence of both low- and high-proliferative tumors within
the study population. These findings highlight the heterogeneity of tumor growth potential among breast
cancer patients (Table 3).

Table 3. Proliferative Activity Assessed by Ki-67 Index

Parameter Value
Mean Ki-67 (%) 16.5+23.8
Median Ki-67 (%) 5.0
Interquartile range 0-27.5
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Range 0-75
Ki-67 Status n (%)
Positive 29 (55.8)
Negative 23 (44.2)
Ki-67 Category n (%)
Low (1-10%) 13 (44.8)
Intermediate

(11-20%) 2(6.9)
High (>20%) 14 (48.3)

Ki-67 expression was observed in 29 of 52 cases (55.8%), whereas 23 cases (44.2%) were negative for
Ki-67 immunostaining. Among the Ki-67-positive tumors, high proliferative activity (>20% positive
nuclei) was identified in 14 cases (48.3%), low proliferative activity (1-10%) in 13 cases (44.8%), and
intermediate proliferative activity (11-20%) in 2 cases (6.9%). The percentage of positive tumor cells
ranged from 3% to 70%, demonstrating substantial heterogeneity in proliferative behavior across breast
carcinomas.

The association between tumor grade and receptor status revealed significant differences for hormonal
markers. Estrogen receptor (ER) positivity was significantly more frequent in Grade II tumors compared
with Grade III tumors (65.0% vs. 28.1%, p = 0.020). Similarly, progesterone receptor (PR) expression
was higher in Grade II tumors than in Grade III tumors (55.0% vs. 18.8%, p = 0.016). These findings
indicate that lower-grade tumors are more likely to retain hormone receptor expression. Although
HER2/neu positivity was more common in Grade III tumors (34.4%) than Grade II tumors (15.0%), the
difference was not statistically significant (p = 0.226). This suggests a relationship between higher tumor
grade and loss of hormonal receptor expression (Table 4).

Table 4. Association Between Tumor Grade and Hormone Receptor Status

Marker Grade II Positive Grade III Positive p-value
n (%) n (%)

ER 13/20 (65.0%) 9/32 (28.1%) 0.020

PR 11/20 (55.0%) 6/32 (18.8%) 0.016

HER2/neu 3/20 (15.0%) 11/32 (34.4%) 0.226

Statistical test: Chi-square test.

The summary of key findings in table 5 indicates that Grade III was the predominant histological grade,
accounting for 61.5% of all cases, suggesting a high proportion of poorly differentiated tumors in the
study population. Hormone receptor positivity was observed in 42.3% of cases for ER and 32.7% for
PR, while HER2 positivity was detected in 26.9% of patients. More than half of the patients (57.7%) had
lymph node involvement, reflecting a considerable burden of advanced disease. The ER—/PR—
phenotype was also present in 57.7% of cases. Furthermore, significant associations were identified
between tumor grade and both ER status (p = 0.020) and PR status (p=0.016), indicating that hormone
receptor expression decreases with increasing tumor grade.

Multivariate logistic regression analysis was performed to identify independent predictors of Ki-67
positivity. After adjustment for hormone receptor status and tumor grade, Grade III tumors showed
approximately three-fold higher odds of Ki-67 positivity compared with Grade II tumors (AOR = 2.96,
95% CI: 0.83—-10.58, p = 0.095). ER-negative tumors demonstrated 3.13-fold increased odds of Ki-67
positivity (95% CI: 0.42-23.44, p = 0.267), whereas PR status was not independently associated with
Ki-67 expression (AOR = 0.94, 95% CI: 0.11-7.94, p = 0.952). Although none of the variables remained
independently significant after adjustment, the overall regression model was statistically significant
(Likelihood Ratio Test p = 0.033), suggesting that tumor grade and hormone receptor status collectively
contribute to Ki-67 expression. Univariate logistic regression analysis identified higher histological
grade and ER negativity as significant predictors of Ki-67 positivity. Grade III tumors showed
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approximately four-fold increased odds of Ki-67 expression compared with Grade II tumors (OR = 4.09,
p = 0.020), while ER-negative tumors demonstrated a similar four-fold increase in the likelihood of Ki-
67 positivity (OR = 4.08, p = 0.018). These findings suggest that increased proliferative activity is
strongly associated with poorly differentiated and hormone receptor-negative breast carcinomas (Table
5).

Table 5. Multivariate and Univariate Logistic Regression Analysis for Predictors of Ki-67
Positivity (n=52)

. Adjusted Odds o
Variable Ratio (AOR) 95% CI p-value
Multivariate Logistic Regression Analysis
Grade 111 vs Grade 11 2.96 0.83 - 10.58 0.095
ER = Negative vs ER 3.13 0.42 — 23.44 0.267
Positive
PR ~ Negative vs PR 0.94 0.11-7.94 0.952
Positive

Model statistics: Pseudo R? = 0.123; Likelihood Ratio Test p = 0.033.

Univariate Logistic Regression Analysis

Grade III vs Grade 11 4.09 1.25-13.36 0.020

ER = Negafive vs ER 4.08 127-13.13 0.018
Positive

Table 6. Summary of Ki-67 Correlations with Clinicopathological Parameters

Variable p-value Interpretation
Age 0.368 NS

Tumor Size 0.905 NS

Tumor Grade 0.023 Significant
Lymphovascular Invasion 0.327 NS

Lymph Node Status 0.344 NS

ER Expression 0.024 Significant

PR Expression 0.038 Significant
Combined ER/PR 0.056 NS

HER2/neu 0.348 NS

.f:\,;‘:_,_f,, '-I-' ¢
Figure 3. Repres
showing histological grades II and III (Hematoxylin & Eosin stain, X400).

(A) Grade II invasive ductal carcinoma demonstrating moderate tubule formation, moderate nuclear
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pleomorphism, and intermediate mitotic activity.
(B) Grade III invasive ductal carcinoma showing marked nuclear pleomorphism, minimal tubule
formation, and increased mltotlc figures, consistent Wlth a poorly dlfferentlated tumor
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breast carcinoma (x400).

(A) Strong nuclear positivity for estrogen receptor (ER).

(B) Strong nuclear positivity for progesterone receptor (PR).

(C) Strong complete circumferential membranous stammg (3+) for HER2/neu

g =2
=

O R L (TR IR E
| L4 - et G ? LAy > E-,',*‘ " y~ f &
ET TS | s Y g
B ’a _'( & 2 w| § k. q \’3.1 o0 1‘
T RPN RO Dy Py i b Y ¥

) S ¥ £ e

A, 4 " o - o 4 - -}E_“y . L
!-'a A, e S T N
X | i td oS NN
- L ! 5 :‘"‘ “'mf' 'h:::.. = *% §

S R i SR A R S U T
5. L e PO MY AN, :
F:‘ T & 4-. & b \I " Sl SA A -’ b
B e e cppwe LY ARGy "y W o8
B o, o v Yt Dg A s ol B
- o i Yat < I'J\a‘m 1o gy | ‘r‘
= T\ LRI LS U B0 SR e 5 g

e g yer® 2T Al e S e

e - ) % \"‘) yv.@'): X 6% aaind
LR NG N R A s L ST

Figure 5. Immunohistochemical photomicrograph showing high Ki-67 proliferative index in
invasive ductal carcinoma (x400).

Tumor cells exhibit strong nuclear immunoreactivity for Ki-67, indicating high proliferative activity and
aggressive biological behavior.

4. Discussion

The present study evaluated the expression of Ki-67 and its association with established
clinicopathological and immunohistochemical parameters in invasive breast carcinoma. Breast cancer
remains the most common malignancy among women, and the identification of reliable prognostic
biomarkers is essential for risk stratification and therapeutic decision-making.

The mean age of patients in the present study was 54.44 years, with the majority of cases occurring
between 40 and 70 years. Similar age distributions have been reported by Sharma et al.[8] and Parshad
et al.[9] who observed a predominance of breast carcinoma among postmenopausal women. The right
breast was more frequently involved than the left, consistent with findings of Kakkar et al.[10] and
Memon et al.[11] The upper outer quadrant represented the most common tumor location, which may be
attributed to the greater volume of breast tissue present in this region and has been documented in
several previous studies.

Most tumors measured between 2 and 5 cm, in agreement with reports by Mahdi et al.[12] and Kapoor
et al.[13] Histologically, Grade III tumors predominated in our series, indicating a relatively aggressive
disease profile. Similar observations have been reported by Mahdi et al.,[12]; Zhang et al.[14] and
Hashmi et al.[15] who documented a high prevalence of poorly differentiated tumors. Lymphovascular

@ Gland Surgery. All rights reserved. 176 Gland Surg
VOL-11 NO 1 (2026)

ISSN:2227-684X | E-ISSN:2227-8575



invasion and lymph node metastasis were observed in more than half of the cases, reflecting the
advanced pathological stage at presentation commonly encountered in developing countries.

Hormone receptor analysis revealed ER positivity in 42.3% and PR positivity in 32.7% of cases,
findings comparable to those reported by Kanwar et al. [16] The predominance of ER—/PR— tumors in
the present study is also consistent with observations from Indian populations, suggesting a relatively
high burden of biologically aggressive, hormone-independent tumors. Furthermore, ER and PR
expression showed a significant inverse association with histological grade, indicating progressive loss
of hormone receptor expression with increasing tumor dedifferentiation. Similar findings have been
documented by Roshed et al.[17] and Shrestha et al. [ 18] supporting the established relationship between
receptor negativity and aggressive tumor behavior.

HER2/neu overexpression was identified in 26.9% of cases, a frequency comparable to that reported by
Shokouh et al.[7] Although most HER2-positive tumors belonged to Grade III, the association between
HER?2 expression and tumor grade did not reach statistical significance. Similar observations have been
reported by Dodiya et al. [19] and Shrestha et al.[18] although other investigators have demonstrated a
positive relationship between HER2 overexpression and higher tumor grade.

Nearly half of the Ki-67-positive tumors (48.3%) demonstrated high proliferative activity (>20%),
suggesting a substantial proportion of biologically aggressive tumors. Furthermore, Ki-67 expression
showed a statistically significant positive association with higher histological grade and significant
inverse associations with ER and PR expression. These findings support the concept that highly
proliferative breast carcinomas tend to exhibit loss of hormone receptor expression and aggressive tumor
biology. Ki-67 expression was observed in 55.8% of cases, which falls within the range reported in
previous studies by Yan et al.[20] and Mahdi et al. [12]Variations in Ki-67 positivity across studies may
be explained by differences in patient characteristics, tumor biology, and immunohistochemical cut-off
values. No significant association was found between Ki-67 expression and patient age, tumor size,
lymph node status, or lymphovascular invasion, findings that are in agreement with studies by Baban et
al.[21]; Gogoi et al.[22]; Patil [23] and Sandilya & Mamatha.[24]

A significant positive correlation was observed between Ki-67 expression and histological grade, with
Grade III tumors demonstrating the highest proliferative activity. Similar results have been reported by
Abubakr et al.[25] and Jogie et al. [26] confirming the value of Ki-67 as a marker of tumor
aggressiveness. Additionally, Ki-67 showed a significant inverse correlation with ER and PR
expression, indicating that hormone receptor-negative tumors possess greater proliferative potential.
These findings are supported by Baban et al.[21] Al-Nuaimi et al.[27] and Nigam et al. [28] Although
Ki-67 positivity was more frequent in ER—/PR— tumors and HER2-negative cases, no significant
association was observed with combined hormone receptor status or HER2 expression.

Overall, the findings of the present study emphasize the clinical utility of Ki-67 as a proliferation marker
in breast carcinoma. Its significant association with higher tumor grade and hormone receptor negativity
suggests that Ki-67 can serve as a practical adjunct to routine histopathological evaluation, particularly
in resource-constrained settings where advanced molecular profiling may not be readily available.
Limitations

The study was conducted at a single tertiary care center, which may limit the generalizability of the
findings. The sample size was relatively small (n=52), potentially reducing statistical power for
detecting weaker associations. Molecular subtyping and genomic profiling were not performed.
Survival outcomes and treatment response data were unavailable, precluding assessment of prognostic
impact. Variability in Ki-67 scoring remains a recognized limitation despite standardized assessment
criteria.

5. Conclusion
Ki-67 expression was detected in more than half of breast carcinoma cases and demonstrated significant
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associations with higher histological grade and hormone receptor negativity. The inverse relationship
between Ki-67 and ER/PR expression highlights the aggressive biological behavior of highly
proliferative tumors. Although no significant associations were observed with age, tumor size,
lymphovascular invasion, lymph node status, or HER2/neu expression, Ki-67 proved to be a valuable
adjunct prognostic marker. Routine assessment of Ki-67 alongside ER, PR, and HER2/neu may improve
risk stratification and aid therapeutic decision-making in breast carcinoma patients.

Future Directions

Larger multicenter prospective studies are needed to validate these findings. Integration of Ki-67 with
molecular subtypes may improve prognostic stratification. Longitudinal studies evaluating disease-free
and overall survival are warranted. Standardization of Ki-67 scoring and cut-off values should be
emphasized to improve reproducibility. Future studies should explore the predictive value of Ki-67 in
guiding targeted and personalized therapies.

Conflict of Interest

The authors declare no conflict of interest.

Funding

No funding was received for this study.

6. References

1. Freihat O, Sipos D, Kovacs A. Global burden and projections of breast cancer incidence and
mortality to 2050: a comprehensive analysis of GLOBOCAN data. Frontiers in Public Health.
2025;13:1622954.

2. Bhangdia K, May ML, Kocarnik JM, Pritchett N, Crist A, Penberthy L, Acheson A, Deitesfeld
L, Aalruz H, Ababneh HS, Abaraogu UO. Global, regional, and national burden of breast cancer
among females, 1990-2023, with forecasts to 2050: a systematic analysis for the Global Burden
of Disease Study 2023. The Lancet Oncology. 2026;27(3):302-26.

3. Jagadeesan GM. The Association between Molecular Subtypes of Breast Cancer and its Clinical
and Histopathological Prognostic Factors in Southern India population. International Journal of
Medical and Pharmaceutical Research. 2025;6:10-7.

4. Orrantia-Borunda E, Anchondo-Nufiez P, Acuia-Aguilar LE, Gémez-Valles FO, Ramirez-
Valdespino CA. Subtypes of breast cancer. Breast Cancer. 2022: Bookshelf ID: NBK583808,
PMID: 36122153

5. do Nascimento Santos TA, da Silva AKF, Cunha KSG, da Costa CBP, da Silva AR, Castro HC,
Oliveira NSC. Current advances in cancer immunohistochemistry: a new perspective for the Ki-
67 biomarker. Ecancermedicalscience. 2025;19:1863.

6. Maranta AF, Broder S, Fritzsche C, Knauer M, Thiirlimann B, Jochum W, Ruhstaller T. Do
YOU know the Ki-67 index of your breast cancer patients? Knowledge of your institution’s Ki-
67 index distribution and its robustness is essential for decision-making in early breast cancer.
The Breast. 2020 Jun 1;51:120-126.

7. Shokouh TZ, Ezatollah A, Barand P. Interrelationships Between Ki67, HER2/neu, p53, ER, and
PR Status and Their Associations With Tumor Grade and Lymph Node Involvement in Breast
Carcinoma Subtypes: Retrospective-Observational Analytical Study. Medicine (Baltimore).
2015;94(32):e1359.

8. Sharma M, Manjari M, Madhukar M, Madan M, Sra GK. Comparison of Clinicopathological
Characteristics of BRCA1 Associated Breast Cancer Cases with BRCA1 Negative Breast Cancer
Cases: A Prospective Study of 100 Women in a Tertiary Care Cancer Hospital. Glob J Med Res.
2014;14(8):21-24.

9. Parshad R, Kazi M, Seenu V, Mathur S, Dattagupta S, Haresh KP. Triple-negative breast

@ Gland Surgery. All rights reserved. 178 Gland Surg
VOL-11 NO 1 (2026)

ISSN:2227-684X | E-ISSN:2227-8575



GLAND SURGERY

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

1)}

cancers: are they always different from nontriple-negative breast cancers? An experience from a
tertiary center in India. Indian Journal of Cancer. 2017;54(4):658-663.

Kakkar V, Sharma R, Singh K, Randhawa A. Trends of breast tumour laterality and age-wise
incidence rates in North Indian population. Int Surg J. 2020;7(8):2523-2526.

. Memon SK, Hameed F, Dal NA, Qureshi MW, Laghari QA. Clinicopathological Spectrum of

Breast Cancer Patients Presenting at a Tertiary Care Hospital in Sindh, Pakistan. Cureus.
2025;17(6).

Mahdi AS, Ibrahim HH, Mohammed AA. Ki-67 expression as an indicator of invasiveness in
patients with breast cancer. Medical Journal of Babylon. 2018;15(4):271-275.

Kapoor T, Singh G, Loyal A, Singh DP. Breast cancer tumor biology characteristics and its
correlation in a tertiary care center. Journal of Mahatma Gandhi University of Medical Sciences
and Technology. 2021;6(2).

Zhang MH, Man HT, Zhao XD, Dong N, Ma SL. Estrogen receptor-positive breast cancer
molecular signatures and therapeutic potentials. Biomedical reports. 2014;2(1):41-52.

Hashmi AA, Edhi MM, Naqvi H, Faridi N, Khurshid A, Khan M. Clinicopathologic features of
triple negative breast cancers: an experience from Pakistan. Diagnostic pathology. 2014;9(1):43.
Kanwar A, Malhotra P, Singh V, Chandel UK, Sharma D, Chauhan A. Clinicopathological
characterization and correlation of breast tumour with receptor status. International Surgery
Journal. 2020;7(9):2883.

Roshed MM, Kamal SM, Hossain SM, Akhtar S. Evaluation of breast cancer subtypes based on
ER/PR and Her2 expression: a clinicopathologic study of hormone receptor status
(ER/PR/HER2-neu) in breast cancer. Faridpur Medical College Journal. 2019;14(1):8-12.
Shrestha G, Satyal B, Sherpa P. Correlation of histological grade with Estrogen, Progesterone
and HER2/neu reactivity in breast cancer. Journal of Pathology of Nepal. 2019;9(2):1518-22.
Dodiya H, Patel A, Patel D, Kaushal A, Vijay DG. Study of hormone receptors and epidermal
growth factor expression in invasive breast cancers in a cohort of Western India. Indian Journal
of Clinical Biochemistry. 2013;28(4):403-9.

Yan J, Liu XL, Han LZ, Xiao G, Li NL, Deng YN, Yin LC, Ling LJ, Yu XY, Tan CL, Huang
XP. Relation between Ki-67, ER, PR, Her2/neu, p21, EGFR, and TOP II-a expression in
invasive ductal breast cancer patients and correlations with prognosis. Asian Pacific Journal of
Cancer Prevention. 2015;16(2):823-9.

Baban AA, Dewana AM, Ahmed BS, Muhammed SH, Shalli K. Ki-67 expression in breast
cancer and its correlation with other prognostic factors. Open J Clin Med Case Rep.
2024;10(19):2273.

Gogoi S, Das B, Borgohain M, Gogoi G, Das J. Ki67 and P53 expression in breast cancer and
their correlation with clinicopathological parameters. Indian J Pathol Oncol. 2021;8(4):478-84.
Patil R. Role of Ki67 in breast carcinoma and its association with clinicopathological parameters
and luminal subtypes in a tertiary health care center. IP Arch Cytol Histopathol Res.
2019;4(3):199-204.

Sandilya U, Mamatha K, MAMATHA K. Expression of Ki-67 in Invasive Breast Carcinoma and
Its Correlation With Different Clinicopathological Features. Cureus. 2024;16(9). €69820.
Abubakr A, Humayun S, Ali T, Khursheed S, Khan A, Khan S, Akbar A, Khan M. Correlation
between Ki-67 expression and tumor grade in breast cancer: a cross-sectional study. Cureus.
2024;16(12).

Jogie JA, Maharaj A, Mahase T, Bhagwandeen S, Ramcharan L, Mohammed R, Ramdass J,
Deyalsingh V, Bhagwandeen SN. A Preliminary Analysis of Ki-67 Expression in Breast Cancer
in the Caribbean. Cureus. 2023 Apr 30;15(4):e38351.

Al-Nuaimi H, Hamdi E, Mohammed B. Ki-67 Expression in Breast Cancer, Its Correlation with

@ Gland Surgery. All rights reserved. 179 Gland Surg

VOL-11 NO 1 (2026)
ISSN:2227-684X | E-ISSN:2227-8575



L)
GLAND SURGERY

ER, PR and Other Prognostic Factors in Nineveh Province. Annals of the College of Medicine
Mosul. 2020 Jun 1;42(1):1-0.

28. Nigam JS, Kumar T, Bharti S, Sinha R, Bhadani PP, Bhadani P. Association of Ki-67 with
clinicopathological factors in breast cancer. Cureus. 2021 Jun 13;13(6):e15621.

@ Gland Surgery. All rights reserved. 180 Gland Surg
VOL-11 NO 1 (2026)
ISSN:2227-684X | E-ISSN:2227-8575



