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Abstract

Background: Ki-67 is a proliferation marker that is used not only to categorize patients in luminal A and B subtypes of breast
cancers, but also to determine the aggressiveness of the disease in triple negative and human epidermal growth factor 2 (HER2)
over expressed molecular subtypes. The present study was designed to evaluate the role of Ki-67 with cut off value of 14% in
molecular subgroups and its association with patient prognosis.

Methods: Immunostaining was performed on histopathologically confirmed sections (n = 278) to assess expression of Ki-67,
estrogen receptor (ER), progesterone receptor (PR) and HER2. Immunoreactivity of molecules was recorded as percentage scoring.
Results: Adopting a cut off value of 14%, Ki-67 was high in 88%of the cases included in the study. High Ki-67 was significantly
associated with pathological parameters including histological grade, advanced stage and nodal/distant metastasis.
Immunoexpression of ER, PR and HER2 also showed strong correlation with high expression of Ki-67. Based on the St. Gallen
classification, the cases were categorized into luminal A (10%) and luminal B (51%), triple negative (20%) and HER2 enriched
(18%). Ki-67 index was also significantly high in 98% of HER2 enriched and 95% of TNBC patients. Interestingly, Ki-67 score with
cut off value of 14% proved to be significant in deciphering prognosis in luminal patients. Moreover, high expression of Ki-67 also
proved to be a marker of poor prognosis, especially in triple negative patients.

Conclusion: We suggest that utilization of IHC4 status i.e. ER, PR, HER2 and Ki-67 along with pathological findings and molecular
subtyping can considerably affect clinical as well as therapeutic decisions.
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Introduction
Breast cancer is the most frequent cause of cancer-related
death in females in underdeveloped countries because
of lack of screening strategies and limited treatment
facilities." The main prognostic markers for breast cancer
are size of tumor, lymph node status, distant metastasis
and histological grade. Over the past decade, there have
been great advances in classification of breast cancer
ranging from histopathological to molecular subtypes.
Immunohistochemistry (IHC) is vastly used to aid in
therapeutic decision making for precision medicine and
improving patient prognosis. The IHC4 panel consisting
of estrogen receptor (ER), progesterone receptor (PR),
human epidermal growth factor 2 receptor (HER2) and
Ki-67 (proliferation index marker) is used for patient
stratification in different molecular subtypes.> According

to the St. Gallen consensus conference (2011), the expert
panel simplified the therapy indications among breast
cancer subtypes based on these 4 biomarkers. The intrinsic
classification includes luminal type A and B, Her-2
enriched and triple negative subtype. The majority of breast
tumors are of luminal type expressing hormone receptors,
whereas luminal B is categorized with high Ki-67 index.
Therefore, luminal B demonstrates aggressiveness and has
worse recurrence free survival while luminal A carries
better prognosis.* The HER-2 enriched subtype comprises
15-25% of tumors and predicts response to trastuzumab.
Basal like/triple negative tumors make up 10-20% of all
breast cancers with poor prognosis due to lack of targeted
therapy. The incidence, response to treatment, prognosis
and survival are different for each molecular subtype.®
Ki-67 is a nuclear protein that reflects cell proliferation
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and is identified in various steps of cell cycle except for
the resting stage.® The most well-known method of Ki-67
analysis is immunostaining. Staining of Ki-67 is variable
and pathologists count hundreds of cells to calculate the
percentage by taking into account nuclear staining.” It is
an important marker for defining the molecular subtype of
breast cancer. Molecular subtyping is essentially important
in exploring novel therapies for metastatic, resistant and
recurrent cases.® Several studies showed that high levels
of Ki-67 predicted better response to chemotherapy as
adjuvant therapy’ The guidelines for Ki-67 scoring are
still under development. It is of importance as it helps to
differentiate between Luminal A and Luminal B subtypes
by adopting the cut off value of 14%."° The panel agreed on
indication of endocrine therapy in clinic-pathologically
classified Luminal A as it was found to be less responsive
to chemotherapy. Chemo-endocrine therapy in Luminal B
subtype has been suggested in HER2 positive cases while
chemotherapy is recommended for patients with triple
negative disease."! The rationale of this study is to see the
frequency of Ki-67 in breast cancer in our population with
14% cut-off threshold due to variability in Ki-67 index
in previously published data. Moreover, it is important
to differentiate between Luminal A and Luminal B
with recommended Ki-67 index as they carry different
prognoses and may better aid the clinician in deciding
about the treatment option.

Materials and Methods

Collection of Samples

This study was conducted in the Department of Pathology,
Shaheed Zulfigar Ali Bhutto Medical University and its
affiliated hospital, Pakistan Institute of Medical Sciences
(PIMS), Islamabad. Sample size was calculated using
the World Health Organization (WHO) Sample Size
Calculator based on the representative breast cancer
affected population and patients visiting department
of Pathology, PIMS hospital annually. Tumor tissues (n
= 278) were collected in 2016 with a follow-up period
of 38 months. Ethical approvals were obtained from
the university as well as the hospital and consent letters
were acquired from patients before sample collection.
Information regarding demographic data was obtained by
interviewing patients. All non-epithelial tumors, atypical
ductal hyperplasia, DCIS and LCIS, lesion reported as
suspicious for malignancy on Histopathology (B-3/B-4)
as well as male patients were excluded from the study.

Tissue Processing

Immediately after surgery, tissues were immersed in 10%
buffered formalin and processed in automated tissue
processor (LEICA TP-1020, IL, USA). Tissue processing
was followed by preparation of paraffin embedded
blocks, slides and hematoxylin and eosin (H&E) staining.
Breast cancer tissues were graded according to the
Nottingham scoring system that includes extent of tubular
differentiation in carcinoma, mitotic figures and nuclear

pleomorphism. CX22 LED, Olympus microscopes (Tokyo,
Japan) were used in the interpretation. Mitosis cut off was
calculated for the field diameter of the microscope. The
reporting pathologist staged the tumor by TNM staging
incorporating tumor size, lymph node involvement and
distant metastasis.'?

Immunohistochemistry
IHC was performed using the 1 step horse reddish
peroxidase (HRP) technique. A single slide from each
case was selected for staining and histological evaluation.
Tissue sections were mounted on coated slides. The slides
were deparaffinized and hydrated in water. The slides
underwent antigen retrieval at pH 9 using the pressure
cooker technique. Primary antibody for ER (PA0151), PR
(PA0321), HER2 (PA0571) and Ki-67 (PA0230) (Leica
Bond, IL, USA) were applied followed by application of
DAB (3,3’-Diaminobenzidine, Sigma-Aldrich, Darmstadt,
Germany). The slides were than stained with hematoxylin
and eosin. Sections from lymph node germinal center
were used as a positive control for Ki-67. Normal breast
tissue was considered as control. Nuclear staining was
taken as positive for ER, PR and Ki-67. Hot spot areas
were selected at low power where staining was maximum.
Markers were expressed as percentage of positively
stained cells among total number of tumor cells at high
power magnification (40X). At least 100 malignant cells
were counted in representative sections.” The staining of
Ki-67 was considered low if the percentage was less than
14% and high, if the percentage was more than 14%.
Immunohistochemical interpretation was done by two
specialized histopathologists using the Allred scoring
system. It is an internationally recognized scoring system
for estrogen and PR interpretation and utilizes two tiers,
proportion score (PS) and intensity score (IS). The total
score is calculated by adding the two scores. Scores of 3 or
more were considered as positive. Similarly, interpretation
of HER 2 was done taking 10% of membranous staining
as cut-off."?

Data Analysis

Data was analyzed using SPSS version 21 and GraphPad
version 5. Qualitative variables such as histologic type,
grade, ER, PR and Her-2 were expressed in terms of
frequency and percentage. Mean and standard deviation
were calculated for quantitative variables like Ki-67 index
and age of patients. Post-stratification, chi-square test or
Fisher’s exact test were applied wherever feasible and a P
value of <0.05 was considered significant. Kaplan-Meier
analysis and log rank test (n = 278) were performed
(follow-up started from February, 2016) and hazard ratios
(95% confidence interval) were calculated for survival
analysis. The mean follow-up period for survival analysis
was 24 months with a median value of 27 months and an
interquartile range of 4-36 months.

Results
Demographic and Clinicopathological Data
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The age range was 20 to 87 years and the median age of
patients in this study was 47+ 12 years. Almost 51% of
the patients were below the median age with 26% in their
2" and 3" decade, showing greater prevalence of early
disease onset. The majority of patients (62%) included in
the study exhibited pre-menopausal status. Invasive ductal
carcinoma was the most common histological type (98%).
Three cases of invasive lobular carcinoma (1%) were
included, all of whom were grade I, 3 cases of invasive
metaplastic carcinoma were also included with high grade.

Biomarker Status and Molecular Subtyping

Biomarkers included in the study were ER, PR, HER2
and Ki-67 with percent positivity of 61, 46, 50 and 88%
respectively while the mean Ki-67 index was found to
be 44%. The range of Ki-67 index was 1 to 95% with a
standard deviation of 25.2. The majority of ER/PR positive
patients presented with initial grades, lower invasive
potential having the reverse trend for HER2 and Ki-67.
Moreover, high Ki-67 index (>14) was observed in ER
(83%), PR (82%) and HER2 (96%) positive cases (Figure 1).
In comparison to ER/PR positive cases, HER-2 positive
samples exhibited significantly greater odds of having
higher Ki-67 index in breast cancer affected patients.
Following the St. Gallen international conference, the
cohort was divided in four intrinsic molecular subtypes
based on the expression profile of ER, PR, HER2 and Ki-
67. Cases having ER and/or PR+ve, HER2-ve and Ki-67
low (<14%) were considered as luminal A while patients
having ER and/or PR+ve, HER2 any and Ki-67 high were
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categorized as luminal B. Patients were classified as HER2
enriched based on a molecular profile having ER and PR-
ve, HER2+ve and Ki-67 any while triple negative patients
lacked the expression of ER, PR and HER2. High Ki-67
index was observed in 98% of HER2 enriched and 96% of
patients having the TNBC subtype (Figure 2).

Correlation of Ki-67 with tumor Grade and Stage

The majority of patients presented with higher grades
(85%) and advanced stages (39%). Almost 31% of patients
exhibited nodal involvement while distant metastasis
was observed in 7% of cases. Out of 47 cases in grade
III, only one showed a low Ki-67 index while only 12%
patients in grade II exhibited a similar trend. The odds of
having a high Ki-67 index were significantly high in IDC
as compared to the non-IDC cases. Besides IDC, all three
cases of ILC were negative for Ki-67 having luminal A
subtype while all three metaplastic cases exhibited a high
Ki-67 index. Almost all patients presenting with stage 3
(95%) and stage 4 (100%) showed a higher Ki-67 index.
Interestingly, 84% of the patients in initial stages (I & II)
were also found to have Ki-67>14%, showing a greater
frequency of proliferation marker in the cohort (Table 1).
A higher mitotic index was observed in patients having
the triple negative (40%) and HER2 (34%) subtype.
Association of Ki-67 with Age and Menopausal Status
Almost 89 and 88% of patients were found to have a
high Ki-67 index in<47 and>47 years of age groups,
respectively. Therefore, a significant difference was not
observed between the two groups. A significant number
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Figure 1. Frequency of high and low Ki-67 expression in (a) ER positive and negative (b) PR positive and negative (c) HER2 positive and negative and (d) patients
categorized in different molecular subtypes (** represents P<0.01, *** represents P<0.0001).

Arch Iran Med, Volume 24, Issue 11, November 2021 839



Luminal A
breast IDC

Luminal B [
breast IDC

HER2
Enriched
breast IDC

TNBC
breast IDC

PR HER Ki-67

Figure 2. Photomicrographs of H&E Staining, ER, PR, HER2 and Ki-67 Immunostaining in Patients Belonging to Luminal A, Luminal B, HER2 Enriched and

TNBC Subtypes, Respectively.

of patients (70%) in the triple negative group exhibited
early onset. On the contrary, almost 60% of patients in
the luminal A and HER2 enriched subtype presented
with late disease onset. In the premenopausal group, 90%
of patients were found to have Ki-67 >14% while 85% of
postmenopausal patients also showed similar results. The
majority of premenopausal patients were found to have
the luminal B (61%) and triple negative (82%) subtype
intrinsically (Tables 1 and 2).

Relationship of Ki-67 with Survival

The follow-up period for the study was about 3 years
with an overall survival rate of 64%. Interestingly, 97%
of the patients having a high Ki-67 index did not survive
during the follow-up period (Table 1). A high Ki-67 index
proved to be a significant marker of poor prognosis in
breast cancer affected patients (P = 0.006). In the high
Ki-67 group, 97 patients died while 148 patients were
censored as they were alive when the follow-up period
of the study terminated. The majority of patients having
luminal B (40%), HER2 (50%) and triple negative (41%)
demonstrated poor mortality rate due to aggressive
features (Figure 3, Table 2).

Discussion
Breast cancer is a heterogeneous disease presenting with

diverse clinical and histological features. Based on ER, PR,
HER-2 and Ki-67 immunostains, the tumors are classified
into four molecular subtypes with distinctive tumor
characteristics, prognosis and treatment response. Several
studies have shown Ki-67 as an independent predictor for
pathological response in patients amongst all molecular
subtypes." Ki-67 is considered as an important factor in
relation to neoadjuvant chemotherapy in all molecular
subtypes." The luminal A type benefits from hormonal
therapy and is less responsive to chemotherapy.'* However,
chemotherapy can be added for luminal A patients
based on large tumor size and other risk factors. The
higher the Ki-67 is, the more responsive the cancer is to
chemotherapy. Ki-67 is also one of the genes included in
the Oncotype DX prognostic score which includes a total
of 21 genes. The Oncotype Dx score helps in predicting
the benefit of chemotherapy and risk of recurrence. As
observed in our study, Ki-67 can have potential use in
determining relative prognosis, resistance to endocrine
therapy or chemotherapy and estimation of residual risk.'

The majority of patients (68%) in our study were
between 40 and 60 years of age. Mean age was47.9 years
which is concordant with a local study done in Pakistan.
In this study, the population was relatively younger than
Western countries. In contrast to developing countries,
in the United States and other developed countries, the
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Table 1. Association of Ki-67 with Demographic and Clinical Features

Ki-67 Cut-off Threshold in Mole_

Parameters Observed ("1:;'8) Percentage (%) Ki-67 High Ki-67 Low 95% Cgt:i‘jisernactloln terval) P Value

ER ER Positive 169 61 141 28 0.2(0.1-0.6) 0.002*
ER Negative 109 39 104 5

PR PR Positive 129 46 106 23 0.3(0.2-0.7) 0.005*
PR Negative 149 54 139 10

HER2 HER-2 Positive 138 50 133 5 6.6(2.5-17.8) <0.0001*
HER-2 Negative 140 50 112 28

Molecular subtype Luminal A 29 11 0 29 - <0.0001
Luminal B 142 51 142 0
HER2 51 18 50 1
TNBC 56 20 53 3

Age <47 141 51 125 16 1.1(0.5-2.3) 0.85*
>47 137 49 120 17

Menopausal status Pre-Menopausal 172 62 155 17 1.6(0.8-3.4) 0.25*
Post-Menopausal 106 38 90 16

Histopathological type  IDC 272 98 242 30 - <0.0001
ILC 3 1 0 3
Metaplastic 3 1 3 0

IDC vs non-IDC IDC 272 98 242 30 8(1.6-41.8) 0.02*
Non-IDC 6 2 3 3

Grade Grade 1 42 15 34 8 - 0.003
Grade 2 188 68 164 24
Grade 3 48 17 47 1

Stage Stage 1 41 15 36 5 - 0.01
Stage 2 127 46 104 23
Stage 3 90 32 85 5
Stage 4 20 7 20 0

Nodal/distant Metastasis No Metastasis 171 62 143 28 - 0.01
Nodal Invasion 87 31 82 5
Distant Metastasis 20 7 20 0

Survival Status Alive 178 64 148 30 0.2(0.04-0.5) 0.0004*
Death 100 36 97 3

*Fisher Exact test.

average age at presentation is 60 years.'®

The majority of patients in this study belonged to grade
IT which is in line with local and international studies."”
The current study has shown that increasing grade is
associated with higher proliferation depicted by a high
Ki-67 value, as shown by 98% cases of Grade III having
high Ki-67 (>14%) followed by 87% and 81% of grade
IT and grade I of breast cancers. Previously, it has been
observed that 70%, 64% and 42% of grade I, grade II and
grade III tumors respectively, have high Ki-67 (>14%)."
This is supported by the results of a German cohort with a
significant correlation between high Ki-67 and high-grade
tumors.?

Furthermore, a high Ki-67 index was established as
an independent prognostic as well as predictive marker
in the breast cancer cohort, exerting effect on overall
survival (OS). Similarly, a Ki-67 index>15 was found to

be a marker of poor prognosis in the German cohort.’
Besides the luminal B subtype, a high Ki-67 index was also
associated with poor survival in triple negative patients in
the present cohort. On the contrary, no correlation was
observed between the effect of a high Ki-67 index with
patients belonging to the HER-2 enriched subtype and
overall survival. Coherently, a high Ki-67 index was found
to be associated with ER-ve, PR-ve and HER-ve patients
and not HER-2 positive patients in an Egyptian study.*!
Estrogen positive subtypes (luminal type A and luminal
type B) collectively constitute the majority of the breast
cancer burden observed in our study (ER positive 61%
cases). Estrogen is not only involved in embryogenesis of
the mammary gland, but also significantly modulates the
effect of anti-estrogen therapy through intricate molecular
pathways. The luminal group is markedly heterogenous
with complex cellular signalling pathways involving ER
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Table 2. Distribution of Study Samples According to Molecular Subtypes for Frequency of Ki-67 immunoexpression

Luminal A Luminal B HER2 TNBC P Value

Ki-67 Ki-67 Positive 0 142 50 53 <0.0001
Ki-67 Negative 29 0 1 3

ER ER Positive 28 141 0 0 <0.0001
ER Negative 1 1 51 56

PR PR Positive 23 106 0 0 <0.0001
PR Negative 6 36 51 56

HER2 HER-2 Positive 4 83 51 0 <0.0001
HER-2 Negative 25 59 0 56

Age <47 12 70 20 39 0.008
>47 17 72 31 17

Menopausal status Pre-Menopausal 13 87 26 46 0.001
Post-Menopausal 16 55 25 10

Histopathological type IDC 26 141 50 55 <0.0001
ILC 3 0 0 0
Metaplastic 0 1 1 1

IDC vs Non-IDC IDC 26 141 50 55 0.01
Non-IDC 3 1 1 1

Grade Grade 1 8 25 1 8 0.001
Grade 2 20 99 37 32
Grade 3 1 18 13 16

Stage Stage 1 5 19 10 7 0.28
Stage 2 19 62 23 23
Stage 3 5 50 13 22
Stage 4 0 11 5 4

Nodal/distant Metastasis No Metastasis 24 83 34 30 0.12
Nodal Invasion 5 48 12 22
Distant Metastasis 0 11 5 4

Survival Status Alive 26 85 34 33 0.01
death 3 57 17 23

mediating subunit 1 (MED 1) and HER-2 co-amplification
influencing treatment effects.”? In the present study,
luminal B comprised 51% of cases which is comparable to
a study done in the Republic of Moldova with 40% luminal
B cases.>* Our study showed 10% of cases falling into the
luminal A subtype which is in accordance with Petric et al
with 12.5% cases having the luminal A subtype.” Gogoi
et al showed 19% cases of luminal A which is close to this
study.** Most of the luminal A subtype patients are of low
grade and this trend has been reported in a study done on
cases obtained from Chicago care.® Both luminal subtypes
are responsive to hormonal therapy. Studies have shown
that discriminating luminal A from luminal B is important
from the prognostic point of view. Luminal A commonly
recurs in bone and rarely metastasizes to visceral organs,
whereas luminal B has higher chances of visceral with or
without bone metastases. The more likely reason for the
low incidence of luminal A in our study is lack of proper
screening and public awareness. Similarly, the results
of Gogoi et al showed HER2 enriched cases accounting

for 17.88%, which is in line with this study where HER2
enriched comprised 18% of cases.”* The present study
showed most of HER2 enriched (31%) breast cancers to
be more prevalent in the age group above 47 years. This is
contrary to a study done by Anderson et al where most of
the HER2 enriched subtype pertained to those under 40
years of age.® A possible explanation for these findings is
higher alertness around menopause and more density on
mammogram in the young age which could be areas on
for late presentation and progressive stage.

Due to the multifactorial nature of the disease, there are
certain limitations regarding confounders including co-
morbidities, lifestyle, occupational hazards and obesity for
which the information was unavailable. Therefore, these
factors could not be included in the multivariable analysis.
Moreover, the possibility of sparse-data bias can also be
considered as a limitation of the study.”

IHC is an easy and cost-effective technique compared
to more sophisticated techniques like DNA sequencing
which is expensive and not applicable in routine clinical
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pathology. A cut-off threshold of 14% for the Ki-67
index proved to be a valuable predictive and prognostic
marker for influencing therapeutic and clinical decisions.
Hence, there is an urgent need for establishing an effective
screening program using IHC4 (ER, PR, HER-2 and Ki-
67) at the national level for early detection of cases which
will help in treatment and subsequently, improve patient
prognosis.
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