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ABSTRACT

Aim To determine whether Ki67 can be predicted through its correlation with the estrogen receptor (ER) 
and progesterone receptor (PR), to identify breast cancer subtypes and evaluate cell proliferation level and 
prognosis.
Methods Patient clinical data were collected from medical records and pathology laboratory reports at 
Teaching Hospital, Faculty of Medicine, Universitas Sumatera Utara. Ki67 expression, as a proliferation 
marker, was measured and detected using immunohistochemistry (IHC). Ki67 data were categorized into 
two groups: <20% (low proliferation) and >20% (high proliferation). Statistical analysis was conducted by 
calculating the frequency distribution and percentage of receptor status and using the χ2 test.
Results The study revealed an inverse relationship between ER/PR status and Ki67 (<0.001). Low Ki67 
levels were generally associated with positive ER/PR status, while high Ki67 levels showed increased fre-
quency in ER/PR- negative cases.
Conclusion: Ki67 expression can be determined based on the frequency of ER/PR status, however, these 
markers have distinct roles in the management of breast cancer patients.
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INTRODUCTION

Breast cancer remains the leading cause of cancer-related mor-
bidity and mortality among women worldwide (1). In 2020 
breast cancer was the most common type of cancer with the high-
est mortality rate for women in Indonesia (1). Factors associated 
with this cancer include obesity, age at first childbirth, breast-
feeding history, and age at menarche (2). Breast cancer growth is 
caused by the proliferation of cancer cells that is much faster than 
normal ductal epithelial cells of the breast. This proliferation is 
autonomous and not controlled by bodily signals (3). Although 
all breast cancer cells have a high growth rate, the level of prolif-
eration varies between individuals. In cases of low proliferation, 
cancer growth tends to be slow, whereas high proliferation leads 
to rapid growth and metastasis to other organs (3).
Breast cancer can be molecularly classified based on immu-
nohistochemical indicators such as estrogen receptor (ER), 
progesterone receptor (PR), and the cell proliferation index 
(Ki67) (4). Estrogen and progesterone receptors are capable 
of determining prognostic factors, although their significance 

primarily lies in predicting responses to endocrine therapy (5). 
Several studies have shown an inverse relationship between 
Ki67 and positive ER/PR status, where an increase in Ki67 
corresponds to a decrease in ER/PR levels (5–7). 
Ki67 is a nuclear protein that indicates cell proliferation and 
is often used to assess tumour aggressiveness in breast can-
cer (8). Ki67 protein expression reflects tumour cell activity 
and strongly correlates with tumour progression, metastasis, 
and prognosis (4). In luminal breast cancer subtypes (ER/PR 
positive), Ki67 helps distinguish between Luminal A (low pro-
liferation, better prognosis) and Luminal B (high proliferation, 
worse prognosis) subtypes (6,8). This makes it an important 
biomarker for patient risk stratification and determining appro-
priate therapy (4). Biomarkers are biological molecules found 
in blood, other body fluids, or tissues that serve as indicators of 
normal or abnormal processes, specific conditions, or diseas-
es (9). In breast cancer, biomarkers are crucial for diagnosis, 
prognosis, and determining proper therapy (10).
Immunohistochemistry (IHC) examination is an important 
method for diagnosing and accurately determining breast can-
cer types (6). The IHC helps identify the expression of receptor 
proteins, ER, and PR, which play roles in planning appropriate 
therapy (6,11). In general, hospitals in the Medan area only 
examine ER and PR status in breast cancer evaluations. How-
ever, Ki67, which is an important biomarker in assessing cell 
proliferation, has not yet been assessed. 



This study aimed to determine whether Ki67 can be predicted 
through its correlation with ER and PR, to identify breast can-
cer subtypes and evaluate cell proliferation levels and progno-
sis, and if Ki67 can be predicted solely by assessing ER/PR 
status, without the need for specific staining.

PATIENTS AND METHODS

Patients and study design

In this retrospective study clinical data of breast cancer pa-
tients were collected from medical records and the Pathol-
ogy Laboratory archives at the Teaching Hospital, Faculty 
of Medicine, Universitas Sumatera Utara. The data utilized 
consisted of medical records from breast cancer patients who 
underwent comprehensive immunohistochemistry (IHC) ex-
amination between 2022 and 2024. Inclusion criteria were 
patients with confirmed breast cancer based on histopatho-
logical examination. Only cases diagnosed as invasive breast 
carcinoma were considered eligible for the study. Addition-
ally, patients included had available immunohistochemical 
results for Ki67, estrogen receptor (ER), and progesterone 
receptor (PR) expression, ensuring complete biomarker data 
necessary for a correlation analysis. 
Patients were excluded from the study if they had received 
any prior treatment for breast cancer, including chemotherapy, 
radiotherapy, or hormonal therapy, before tissue sampling, as 
such interventions could potentially alter the expression levels 
of Ki67, ER, or PR. Cases of non-invasive breast carcinoma, 
such as ductal carcinoma in situ (DCIS), were also excluded to 
ensure that the analysis was focused solely on invasive breast 
cancer. Patients diagnosed with metastatic disease at the time 
of initial presentation were not included, as the study aimed to 
examine primary tumours only.
The samples with inadequate or poor-quality tissue that 
precluded accurate immunohistochemical evaluation were 
excluded. Patients with a history of other concurrent ma-
lignancies were omitted to eliminate confounding variables 
that might influence biomarker expression. Male breast can-
cer cases were excluded to maintain a homogeneous female 
study population, unless otherwise specified. Furthermore, 
individuals with incomplete clinical or pathological data, 
particularly missing information regarding ER, PR, or Ki67 
status, were not considered for inclusion. Depending on the 
study design, cases of triple-negative breast cancer (lacking 
ER, PR, and HER2 expression) may have also been excluded 
if the objective was to focus exclusively on hormone recep-
tor-positive subtypes.

Methods

The IHC examination was conducted following the standard 
operating procedures (SOP) of the Anatomical Pathology 
Laboratory at Teaching Hospital. Estrogen receptor (ER) and 
progesterone receptor (PR) status was assessed using immu-
nohistochemistry (IHC) and classified as positive or negative 
based on the H-score system. The H-score is a semi-quantita-
tive method that takes into account both the percentage of pos-
itively stained tumour cells and the intensity of staining. The 
final H-score ranges from 0 to 300. A commonly used cut off 
for positivity is H-score ≥10 or ≥100, depending on the study 
and guidelines followed (12).  

Ki67, a nuclear protein expressed during all active phases of 
the cell cycle (G1, S, G2, and mitosis), is a well-established 
marker of cellular proliferation. It is absent in quiescent (G0) 
cells, making it a reliable indicator of tumour cell growth. In 
breast cancer, Ki67 expression serves as an important prognos-
tic and predictive biomarker, contributing to tumour grading 
and therapeutic decision-making.
In this study, Ki67 expression was evaluated using immuno-
histochemistry (IHC) on formalin-fixed, paraffin-embedded 
(FFPE) breast cancer tissue sections. The Ki67 antigen was 
detected using the MIB-1 monoclonal antibody, which is wide-
ly used for this purpose (13). Following standard IHC proto-
cols (including deparaffinization, antigen retrieval, blocking 
of non-specific binding, and incubation with the primary an-
tibody), the immune reaction was visualized using a chromo-
genic substrate (diaminobenzidine, DAB), resulting in a brown 
nuclear stain in positively labelled cells.
Ki67 expression was quantified by calculating the percentage 
of tumour cell nuclei showing positive staining. Only unequiv-
ocally stained tumour nuclei were included in the assessment. 
Evaluation was performed in areas of highest labelling, com-
monly referred to as “hot spots,” with at least 500–1000 tu-
mour cells counted per case. The Ki67 labelling index was 
expressed as the percentage of positive nuclei out of the total 
number of tumour cells assessed.
Although there is no universally accepted cut off value for 
Ki67 expression, many studies and guidelines suggest a thresh-
old of 20% to distinguish between low and high proliferative 
activity (14). In this study, the classification of Ki67 expres-
sion followed the recommendations of the International Ki67 
in Breast Cancer Working Group, which provides standardized 
guidance for assessment and interpretation in both clinical and 
research settings (15).
The percentage of Ki67-positive cells, also referred to as the 
Ki67 proliferation index, was calculated by immunohisto-
chemically staining tumour tissue sections and evaluating 
the nuclear expression of the Ki67 antigen. The assessment 
focused specifically on tumour cell nuclei, excluding stro-
mal, inflammatory, or non-neoplastic epithelial cells. To 
determine the proliferation index, microscopic examination 
was performed at high magnification (typically ×400) in ar-
eas of the tumour demonstrating the most intense Ki67 stain-
ing, often referred to as “hot spots”. Within these hot spots, 
at least 500 to 1000 tumour cells were counted manually or 
using digital image analysis tools. The number of positively 
stained nuclei was then expressed as a percentage of the to-
tal number of tumour cells counted. In this study, the Ki67 
proliferation index was categorized into two groups based 
on established clinical guidelines (16) to low proliferation 
as Ki67 index < 20%, and high proliferation as Ki67 index ≥ 
20%. This cutoff was consistent with recommendations from 
the St. Gallen International Breast Cancer Conference (17) 
and the International Ki67 in Breast Cancer Working Group 
(18), which suggest 20% as a practical threshold for distin-
guishing biologically less active tumours from those with 
higher proliferative potential.

Statistical analysis

The association between ER/PR expression and Ki67 prolifer-
ation index was analysed by calculating the frequency distribu-
tion and receptor status percentages using the χ2 test.
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RESULTS

The most common subtype was Luminal A, observed in 179 
(36.3%) patients, followed by the HER2-enriched subtype 
with 129 (26.2%). Luminal B HER2-negative was identified 
in 79 (16.0%) patients, while both Luminal B HER2-positive 
and triple-negative breast cancer (TNBC) were each found 
in 53 (10.8%) patients. Out of a total of 493 patients, ER/PR 
negative had Ki67 >20% with 41.1% and 58.6%, respectively. 
Patients with ER/PR positive both had Ki67 <20% with a per-
centage of 36.3% (Table 1).

Although gene expression profiling studies are increasingly 
being developed to assess the prognostic risk of breast cancer, 
tumour classification using the IHC system, including Ki-67 
assessment, remains of significant value (15). IHC system is 
more efficient, affordable, and can be routinely used in clini-
cal practice. Factors such as tumour size, nodal involvement, 
and tumour grade still play a role as prognostic indicators (16), 
but they now need to be complemented with new biological 
parameters. 
Ki-67 has proven to be an independent predictor of survival 
(17). In Luminal B breast cancer with negative nodes, Ki-67 
assessment becomes an important prognostic factor, while PR 
expression does not show a similar role (18). Standardization 
of accurate Ki-67 assessment will improve the estimation of 
breast cancer recurrence risk (19). Every breast cancer patient 
should undergo testing for four biomarkers, namely ER, PR, 
HER2neu, and Ki67 (20). Specifically, high Ki67 expression 
in cases with ER and PR negative is associated with a worse 
prognosis (21). However, breast cancer with high Ki67 expres-
sion tends to respond better to chemotherapy (22).
This study has several limitations that should be acknowl-
edged. First, the data were derived from a single centre in 
Medan, which may limit the generalizability of the findings 
to broader populations or other healthcare settings. The sin-
gle-centre design could introduce institutional bias in patient 
selection, pathological assessment, and treatment protocols. 
Secondly, Ki67 testing has not yet been uniformly imple-
mented across all medical centres in Medan or throughout 
the country. Variations in testing availability, IHC protocols, 
interpretation methods, and cutoff values may affect the re-
producibility and standardization of Ki67 assessment, which 
remains a challenge in many regions. Additionally, this study 
did not include long-term follow-up data, limiting its ability to 
directly correlate Ki67 expression with patient outcomes such 
as overall or disease-free survival. Future multicentre studies 
with standardized Ki67 evaluation protocols and prospective 
follow-up are recommended to validate these findings.
In conclusion, ER/PR status showed an inverse relationship 
with Ki67. High Ki67 can be associated with a higher frequen-
cy of ER/PR negativity and vice versa. Ki67 expression can be 
determined by the frequency of ER/PR status, but both have 
different functions in the treatment of breast cancer patients. 
ER and PR expression play a role in determining treatment 
options, while Ki67 expression functions to assess prognosis. 
The originality of this study lies in its focus on the correlation 
between Ki67 expression and hormone receptor (ER and PR) 
status in breast cancer patients within a single-centre popula-
tion in Medan, Indonesia - a setting where standardized Ki67 
assessment is not yet routinely implemented. While numerous 
international studies have investigated Ki67 as a prognostic 
and predictive marker, regional data from Indonesia remain 
limited. This study contributes to novel insights by providing 
local evidence of Ki67 distribution patterns and their rela-
tionship with ER and PR status, potentially reflecting unique 
biological or demographic characteristics of the local patient 
population. Furthermore, it highlights the pressing need for 
broader implementation and standardization of Ki67 testing in 
routine diagnostic workflows within the country. By contextu-
alizing findings within our healthcare setting, this study adds 
meaningful data to the global understanding of breast cancer 
biomarkers in diverse clinical environments.

Subtype No (%)

Luminal A 179 (36.3)
Luminal B Her (+) 53 (10.8)
Luminal B Her (-) 79 (16)
Her 2 Type 129 (26.2)
TNBC 53 (10.8)
Total 493

Table 1. Breast cancer molecular subtype frequency distribution

TNBC, triple negative breast cancer

Ki67 
proliferation 
index

No (%)

pER PR

Positive Negative Positive Negative

< 20% 179 (36.3) 0 179 (36.3) 0

<0.001
> 20% 110 (22.3) 204 (41.4) 25 (5.1) 289 (58.6)
Total 289 (58.6) 204 (41.4) 204 (41.4) 289 (58.6)

Table 2. Result of estrogen receptor, progesterone receptor, and Ki67

ER, estrogen receptor; PR, progesterone receptor

The Ki67 < 20% (low proliferation index) was associated 
with ER/PR positive overall. Ki67 >20% (high proliferation 
index) showed an increased frequency in ER/PR negative. The 
p<0.001 also indicated a significant relationship between Ki67 
and ER/PR status (Table 2).

DISCUSSION

Our findings establish the frequency distribution of different 
breast cancer subtypes prior to analysing the relationship be-
tween ER/PR status and Ki67. The results of the analysis are 
consistent with a previous study, which showed an inverse 
relationship between ER and PR with Ki67 (5). Ki67 is ex-
pressed during the cell cycle and is bound when the cell di-
vides. Therefore, Ki67 can be used as an indicator of the rate of 
development of both normal and malignant cells. This protein 
affects the speed of cell division, which can then impact the 
prognosis of breast cancer (12). 
ER/PR status has an inverse correlation with clinical stage sta-
tus. Thus, the expression of ER and PR can be used as prog-
nostic factors to select therapy regimens (13). Patients with 
ER/PR positive are recommended for hormonal therapy, while 
those with ER/PR negative are recommended for neoadjuvant 
chemotherapy therapy. However, the expression of ER and PR 
alone is not sufficient to accurately determine a clinical out-
come (14). Additional factors such as Ki67 and cancer cell pro-
liferation index can provide a more comprehensive picture of 
the prognosis and treatment response for optimal care. 
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