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INTRODUCTION

Breast cancer remains the most prevalent malignancy among women globally, with an estimated 
2.1 million new diagnoses and over 600,000 deaths.[1] Effective management hinges on accurate 
prognostic and predictive factors, including lymph node status, tumor size, histological grade, 
and molecular biomarkers such as hormone receptors (estrogen receptor [ER] and progesterone 
receptor [PR]), human epidermal growth factor receptor 2 (HER2), and Ki-67 proliferation 
index. Ki-67, a nuclear protein expressed in proliferating cells, serves as a key marker for tumor 
proliferation. Its labeling index (LI) informs prognosis, particularly in conjunction with nodal 
status, tumor size, and receptor profiles.[2] Despite two decades of use, Ki-67 integration into 

ABSTRACT
Objectives: Ki-67 labeling index (LI) is a crucial prognostic and predictive biomarker in breast carcinoma, but its 
clinical utility is limited by a lack of standardization in scoring methods. This study evaluates the hotspot, average, 
and tumor edge methods for Ki-67 LI assessment in core needle biopsies and resection specimens.

Material and Methods: A  combined retrospective and prospective observational study was conducted on 
200  cases of primary invasive breast carcinoma. Ki-67 LI was determined using immunohistochemistry and 
counted through the three methods. Correlations with histological grade, estrogen receptor (ER), progesterone 
receptor (PR), and human epidermal growth factor receptor 2 (HER2) status were analyzed.

Results: Mean Ki-67 LI was highest with the hotspot method (51.9% in biopsies, 50.5% in resections), followed 
by tumor edge (46.8%, 46.9%) and average (44.5%, 40.3%) methods (P < 0.001 for inter-method differences). All 
methods correlated significantly with higher histological grades and negative ER/PR/HER2 status (P < 0.001). 
Intraclass correlation coefficient values exceeded 0.9, indicating strong concordance, with hotspot and tumor 
edge methods showing the highest agreement. Categorization into low (<20%) and high (≥20%) Ki-67 groups 
revealed minimal differences in biopsies but a higher prevalence of low-Ki-67 tumors with the average method in 
resections (P < 0.05).

Conclusion: The hotspot method yields consistently higher Ki-67 LI and better concordance across specimen 
types.
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clinical practice is hampered by scoring variability due 
to tumor heterogeneity and methodological differences. 
Proposed counting methods include hotspot (focusing on 
areas of highest proliferation), average (random fields), and 
tumor edge (invasive fronts).[3] Tissue type – core needle 
biopsy versus resection specimen – further influences 
method choice, as biopsies often provide limited material.[4] 
This study aimed to compare these three methods in core 
biopsies and resection specimens, correlate Ki-67 LI with 
histological grade and receptor status, assess inter-method 
concordance, and recommend appropriate approaches for 
each specimen type.

MATERIAL AND METHODS

Study design and population

This was a combined retrospective and prospective 
observational study approved by the Institutional Review 
Board of Jehangir Hospital, Pune. Inclusion criteria 
encompassed all primary invasive breast carcinoma cases 
diagnosed through core biopsies or surgical resections 
in the year 2023–2024. Exclusion criteria included in situ 
carcinomas and post-neoadjuvant chemotherapy specimens. 
A sample size of 200 cases was involved.

Data collection and processing

Clinical, gross, and microscopic features were recorded 
per a standardized pro forma. Surgical specimens were 
fixed in 10% neutral-buffered formalin and paraffin 
embedded. ER, PR, and HER2 status were evaluated by 
immunohistochemistry (IHC) at diagnosis, following 2010 
and 2013 American Society of Clinical Oncology/College 
of American Pathologists guidelines with 2018 updates.[5] 
ER/PR positivity was defined as ≥1% nuclear staining, and 
HER2 scoring followed established criteria. For Ki-67 
IHC, blocks were selected for maximum tumor area (core 
biopsies) or tumor with adjacent normal tissue (resections). 
Four-micrometer sections underwent heat-induced antigen 
retrieval and staining with rabbit monoclonal antibody 
SP-6  (1:100; Thermo Scientific). Tonsil sections served as 
external controls, with lymphocytes and benign ducts as 
internal controls.

Ki-67 interpretation

Fields were selected by a single observer to minimize 
variability.[6] Counting occurred at ×400 magnification (field 
diameter 0.4 mm) using a Leica DMLB microscope. Nuclear 
staining was considered positive, regardless of intensity; 
cytoplasmic/membranous staining was excluded. At least 500 
tumor cells were counted per case, adjusted for low-density 
samples.

Ki-67 LI was calculated as follows:
•	 Average method: Three random fields (varied density 

preferred); positive cells averaged as a percentage
•	 Hotspot method: Hottest area under ×100; positive cells 

counted at ×400
•	 Tumor edge method: Invasive edge or stromal-tumor 

interface; positive cells counted at ×400.[7]

Categorical data were presented as frequencies/percentages, 
and continuous data were presented as mean ± standard 
deviation. P < 0.05 indicated statistical significance. Analyses 
were performed using the Statistical Package for the Social 
Sciences version 21.0 (IBM Corporation, USA).

RESULTS

Demographic and clinicopathological characteristics

The cohort comprised 200 cases (mean age 54.9 ± 12.7 years, 
range 28–90). The 41–50 age group was the most common 
(25.0%). Right-sided tumors predominated (51.5%). 
Specimens included 98 core biopsies (49.0%) and 102 
resections (51.0%). Histological grades were grade 1 (8.5%), 
grade  2  (51.5%), and grade  3  (40.0%). In core biopsies 
[Table  1], mean Ki-67 LI increased with grade across 
methods (P < 0.001 inter-grade).

Hotspot yielded the highest values (overall 51.9% ± 21.1%), 
followed by tumor edge (46.8% ± 21.1%) and average 
(44.5% ± 18.2%) (P < 0.001 inter-method). Differences 
were non-significant in grade 1 but significant in grades 2–3 
(P < 0.01). In resections [Table  2], similar trends emerged: 
Hotspot (50.5% ± 23.4%), tumor edge (46.9% ± 22.6%), and 
average (40.3% ± 20.6%) (P < 0.001).

Table 1: Mean Ki‑67 LI by method and grade in core biopsies.

Grade Hotspot 
(mean±SD)

Tumor edge 
(mean±SD)

Average 
(mean±SD)

1 32.5±24.3 29.1±23.4 25.5±13.6
2 52.2±20.0 48.1±20.6 44.3±17.9
3 58.9±17.1 55.0±14.6 51.8±15.2
Overall 51.9±21.1 46.8±21.1 44.5±18.2
SD: Standard deviation, LI: Labeling index

Table 2: Mean Ki‑67 LI by method and grade in resections.

Grade Hotspot 
(mean±SD)

Tumor edge 
(mean±SD)

Average 
(mean±SD)

1 36.2±26.9 35.7±27.5 24.7±18.4
2 41.7±22.4 38.6±21.3 33.1±19.1
3 62.3±19.1 58.1±18.9 50.1±18.4
Overall 50.5±23.4 46.9±22.6 40.3±20.6
SD: Standard deviation, LI: Labeling index
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Inter-grade differences were significant (P < 0.001), with 
method variances notable in grades 2–3. P < 0.001 for inter-
method and inter-grade comparisons (except grade 1 inter-
method, P > 0.05). In biopsies [Table 3], Ki-67 LI was higher 
in ER/PR/HER2-negative cases (P < 0.001). Hotspot showed 
the greatest differences (e.g., 39.1% change ER-positive vs. 
negative).

In resections [Table  4], similar patterns held, with larger 
percentage changes (e.g., 45.1% for ER).

Using a 20% cutoff, high Ki-67 (≥20%) predominated (90–
94%) based on previous published literature.[8] Differences 
were non-significant in biopsies but significant in resections 
for average versus others (P < 0.05). ICC values were >0.9, 
with the hotspot-tumor edge highest (0.948–0.964).

DISCUSSION

The evaluation of Ki-67 LI in breast carcinoma remains 
a cornerstone for assessing tumor proliferation, yet its 
integration into routine clinical decision-making is 
fraught with challenges stemming from methodological 
inconsistencies and interpretive variability.[6,7,9] In this 
study, we systematically compared three manual counting 
methods – hotspot, average, and tumor edge – across core 

needle biopsies and resection specimens in 200  cases of 
invasive breast carcinoma. Our findings reveal that the 
hotspot method consistently yields the highest mean Ki-67 
LI (51.9% in biopsies and 50.5% in resections), followed by 
the tumor edge (46.8% and 46.9%) and average methods 
(44.5% and 40.3%), with statistically significant inter-method 
differences. These results align with prior investigations 
demonstrating that hotspot scoring captures areas of 
highest proliferation, often resulting in elevated indices 
compared to averaging approaches that dilute heterogeneous 
expression. [10] Critically, the observed differences underscore 
the inherent subjectivity in manual Ki-67 assessment. The 
hotspot method, while intuitive for identifying aggressive 
clones, relies on observer judgment to select the “hottest” 
area, introducing bias, particularly in heterogeneous tumors 
like breast carcinoma.[11] In contrast, the average method, 
by sampling random fields, aims for representativeness 
but may underestimate proliferation in tumors with focal 
high-activity regions, as evidenced by its significantly lower 
values in higher-grade lesions. The tumor edge method, 
focusing on invasive fronts, offers a biologically plausible 
alternative, potentially capturing cells with enhanced 
migratory and proliferative potential, which could correlate 
better with metastatic risk.[12] Yet, its applicability is limited 
in core biopsies lacking clear edges, where the stromal-
tumor interface was selected for assessment, potentially 
confounding results. Our data show that inter-method 
variances are more pronounced in resection specimens, 
where larger tissue volumes amplify heterogeneity, 
suggesting that method choice must be specimen-specific 
to avoid discordant prognostic estimates. Correlations with 
histological grade and receptor status further illuminate the 
clinical relevance of these methods. Across all approaches, 
Ki-67 LI increased significantly with grade, reinforcing its 
role as a surrogate for tumor aggressiveness.[4] Notably, higher 
LI in grade  3 tumors highlights proliferation as a driver of 
poor differentiation. Similarly, inverse associations with 
ER/PR positivity and direct links with HER2 positivity align 
with molecular subtyping, where luminal A tumors exhibit 
low proliferation versus triple-negative or HER2-enriched 
subtypes. However, the percentage changes were method-
dependent, with hotspot amplifying differences, which 
could skew subtype classification and therapeutic decisions. 
For instance, in ER-positive cases, where Ki-67 informs 
chemotherapy avoidance, an inflated hotspot score might 
unnecessarily escalate treatment, contradicting evidence 
from trials like monarchE, where precise cutoffs are pivotal.[13] 
This discrepancy emphasizes the need for method-calibrated 
thresholds, as universal application risks misclassification. 
Intraclass correlation coefficients (ICC > 0.9) indicate strong 
concordance among methods, with hotspot and tumor edge 
showing the highest agreement (0.948–0.964). This suggests 
reliability within a controlled, single observer setting, but 

Table 3: Mean Ki‑67 LI by method and receptor in biopsies.

Receptor Status Hotspot 
(mean±SD)

Tumor edge 
(mean±SD)

Average 
(mean±SD)

ER Positive 44.5±22.3 38.1±22.1 37.1±18.1
Negative 61.9±14.6 59.0±11.9 54.4±13.2

PR Positive 39.7±21.7 32.7±22.1 32.9±16.5
Negative 61.2±15.4 56.9±13.5 53.2±14.4

HER2 Positive 58.3±16.3 54.6±18.1 50.1±15.8
Negative 49.5±22.3 44.6±21.6 42.4±18.8

SD: Standard deviation, LI: Labeling index, ER: Estrogen receptor, 
PR: Progesterone receptor, HER2: Human epidermal growth 
factor receptor 2

Table 4: Mean Ki‑67 LI by method and receptor in resections.

Receptor Status Hotspot 
(mean±SD)

Tumor edge 
(mean±SD)

Average 
(mean±SD)

ER Positive 42.8±23.8 39.0±22.3 32.7±19.3
Negative 62.1±17.5 58.6±17.4 51.7±17.1

PR Positive 39.7±22.1 35.3±19.9 29.5±17.0
Negative 59.4±20.7 56.3±20.2 49.2±19.1

HER2 Positive 47.4±21.3 44.4±20.4 39.1±19.8
Negative 51.6±24.1 47.7±23.3 40.7±20.9

SD: Standard deviation, LI: Labeling index, ER: Estrogen receptor, 
PR: Progesterone receptor, HER2: Human epidermal growth 
factor receptor 2
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such figures are artificially inflated compared to multi-center 
studies reporting ICCs as low as 0.59 due to inter-observer 
variability.[7] In resections, tumor edge may better reflect 
invasive behavior, though the average could suffice for 
global assessment per some guidelines. However, without 
harmonization, Ki-67’s clinical utility remains suboptimal, as 
evidenced by its exclusion from some prognostic tools like 
Oncotype  DX due to variability.[14] Digital image analysis 
(DIA) emerges as a superior alternative, as it identifies more 
high-Ki-67  cases and reduces variability by automating 
hotspot detection and cell segmentation. Yet, DIA’s adoption 
is hindered by cost and validation needs, and our manual 
approach, while cost-effective, perpetuates the “Ki-67 
dilemma“ of prognostic promise versus practical pitfalls.[15] 
Specimen type introduces additional critique. Core biopsies 
yielded higher overall LI than resections (e.g., average 
44.5% vs. 40.3%), attributing this to sampling bias toward 
proliferative centers in limited tissue. This discordance 
(median difference ~5%) could lead to prognostic 
mismatches, especially in neoadjuvant settings where biopsy 
Ki-67 guides therapy but resection reflects post-treatment 
changes (excluded here). Manual counting’s limitations – time 
consumption (often >30  min/case), fatigue-induced errors, 
and inconsistent field selection – undermine reproducibility, 
particularly in routine pathology where workload pressures 
exacerbate inconsistencies.[16] Moreover, our use of a fixed 
500-cell count, while adhering to guidelines, falls short 
in low-density samples, where undercounting biases low-
proliferative tumors. Our exclusion of post-neoadjuvant 
cases is a strength, avoiding confounding, but it limits 
generalizability to treated populations. Categorization using 
a 20% cutoff – a pragmatic but arbitrary threshold – showed 
minimal inter-method differences in biopsies but higher low-
Ki-67 prevalence with average in resections, questioning its 
utility without outcome data. The international Ki67 in breast 
cancer working group advocates ≤5% low and ≥30% high for 
early-stage prognosis, yet our 20% aligns with older practices 
and may misclassify borderline cases.[15] Critically, without 
survival follow-up, our correlations remain associative, not 
predictive; prospective validation is essential to ascertain 
which method best forecasts recurrence or response.

The single-center, observational design (n = 200) provides 
robust internal validity but risks selection bias, with 
overrepresentation of grade  2 tumors (51.5%) potentially 
skewing toward intermediate proliferation. Single-observer 
scoring mitigates variability but overestimates real-world 
reproducibility, where inter-pathologist discordance reaches 
20–30.[6] Future directions must prioritize DIA integration, 
with machine learning models outperforming manual 
methods in reproducibility and speed.[17] Multicenter trials 
correlating method-specific LI with outcomes, incorporating 
AI, are imperative to resolve discrepancies. Until then, 
pathologists should report the method used, with caveats 

on interpretive limitations, to inform multidisciplinary 
decisions.

CONCLUSION

This study underscores the value of Ki-67 LI as a prognostic 
biomarker in breast carcinoma, demonstrating strong 
correlations with histological grade and receptor status across 
all three counting methods. However, given the inherent 
variability and limitations of manual assessment, the hotspot 
method emerges as the most reliable and promising approach 
among the three, offering higher labeling indices, better 
concordance across specimen types, and enhanced sensitivity 
to tumor heterogeneity – making it particularly suitable for 
core biopsies and a viable interim standard for resections until 
DIA and comprehensive standardization protocols are widely 
implemented to ensure reproducibility and clinical utility.
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