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ABSTRACT
Objective: To validate the concordance of automated detection of Ki67 in digital images of breast cancer with the manual eyeball /
hotspot method.
Study Design: Descriptive study.
Place and Duration of the Study: Jinnah Sindh Medical University, Karachi, from 1st January to 15th February 2022.
Methodology: Glass slides of cases diagnosed as invasive ductal carcinoma (IDC) were obtained from the Agha Khan Medical Univer-
sity Hospital, selected retrospectively and randomly from 60 patients. They were stained with the Ki67 antibody. An expert pathologist
evaluated  the  Ki67  index  in  the  hotspot  fields  using  eyeball  method.  Digital  images  were  taken  from  the  hotspots  using  a  camera
attached to the microscope. The images were uploaded in the Mindpeak software to detect the exact percentage of Ki67-positive cells.
The results obtained through automated detection were compared with the results reported by expert pathologists to see the differen-
tial outcome.
Results: The manual and automated scoring methods showed strong positive concordance (p <0.001).
Conclusion: Automated scoring of Ki-67 staining has tremendous potential as the issues of lack of consistency, reproducibility, and
accuracy can be eliminated. In the era of personalised medicine, pathologists can efficiently give a precise clinical diagnosis with the
support of AI.
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INTRODUCTION
Invasive ductal carcinoma (IDC) of breast is the most common
malignant tumour in women worldwide. According to GLOBOCAN
2020, female breast cancer has become the most commonly diag-
nosed cancer replacing lung cancer. Annual new cases of breast
cancer are estimated to be 2.3 million (11.7%) followed by lung
cancer (11.4%). The mortality rate for breast cancer is estimated
to be 6.9%.1,2

The main biological indicators for molecular typing, treatment and
evaluation  of  the  prognosis  of  breast  carcinoma  are  Ki67,
Estrogen  Receptor  (ER),  Progesterone  receptor  (PR),  and
Her2neu. Ki67 is a marker that is used as an indicator of cell prolifer-
ation in cancer. It is expressed at G1, S, G2, and M phases of
tumour cells. Ki67 scoring is important in the grading and determi-
nation of prognosis and treatment of invasive ductal carcinoma of
breast.3-5
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Ki67 assessment remains a challenge due to intra and inter-ob-
server  variability  and  bias  in  the  manual  hotspot  scoring
method.5 This has raised concerns regarding the validity of this
marker as a prognostic indicator and the impact it can have on
decision-making regarding therapy for breast cancer.5,6 Using
automated method for Ki67 scoring, problems related to lack of
consistency,  reproducibility,  and  selection  bias  can  be
addressed.7,8 Human errors can be minimised thus helping the
pathologists to deliver accurate reports using tissue samples.
However,  robust  detection  and  segmentation  of  cancer  cell
nuclei are important for the assessment of Ki67 by automated
methods.9,10

Ki67 staining and scoring assessment is closely related to the
clinical, pathological, and molecular features of breast cancer
and can be used to guide the prognosis and treatment of breast
cancer patients.10-12 Ki-67 scoring can also be used to distinguish
luminal breast cancer subtypes and determine personalised
treatment for each particular case.10-14

Whole slide digital scanning and histopathological image anal-
ysis combined with artificial intelligence (AI) technology can
provide high definition and high-speed analysis thus aiding the
pathologists in providing accurate results.15,16 Extensive litera-
ture search was performed to find a local study performed to
compare  Ki  67  quantification  by  manual  versus  automation
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methods, failing which, this study was designed with the objec-
tive  to  compare  the  automated  detection  of  Ki67  with  the
manual eyeball / hotspot method.

METHODOLOGY

Slides  of  cases  previously  diagnosed  as  IDC  of  breast  were
obtained from the Section of Histopathology, Department of
Pathology and Laboratory Medicine, The Aga Khan University
Hospital,  after  taking  ethical  approval  from  the  hospital’s
Ethical Review Committee. The slides were selected retrospec-
tively and randomly from 60 patients previously diagnosed as
cases  of  breast  cancer  during  the  period  of  one  and  a  half
months from 1st January to 15th February 2022.

The slides were stained with the Ki 67 antibody. An expert pathol-
ogist independently evaluated the Ki67 index in the hotspot
fields using the manual eyeball method. Digital images were
taken  from  the  hotspot  areas  of  tumour  using  a  camera
attached to the microscope. All slides were digitalised at 40x
(Figure 1). The images were uploaded in the Mindpeak software
to detect Ki67-positive tumour cells as red dots. Ki67-negative
tumour cells were detected as yellow dots. Also, software was
able to give the exact percentage of Ki 67 positive cells in a
selected region (Figures 2 and 3). The results obtained through
automated detection were compared with the results given by
expert  pathologists  to  see  the  differential  outcome.  Slides
having  poor  fixation  or  poorly  identified  areas  of  IDC  were
excluded. Poorly stained slides were also excluded.

Figure 1: The digital image made at 40x by microscope connected camera.
Manual  scoring  was  performed  before  uploading  it  to  the  software.
Manual quantification was performed independently by a consultant
histopathologist.

The  results  obtained  through  automated  detection  were
compared with the results reported by expert pathologists to
see  the  concordance.  Data  were  analysed  using  Statistical
Package for Social Sciences (SPSS) 20.0. A paired t-test was
applied to see the concordance between the two methods. A p-
value of <0.001 was considered significant.

RESULTS

Mean values calculated for Ki67 quantification by both manual
and  automated  AI-based  methods  were  36.40±25.7  and
38.35±24.7, respectively. The manual and automated scoring
methods showed strong concordance as the paired sample t-

test was significant (0.00). The p-value was <0.001 indicating a
statistical significance. The software was not only able to quan-
tify tumour-positive cells but also tumour-negative cells and
also  give  the  exact  percentage  of  tumour-positive  cells  in
selected fields (Figures 1-3).

Figure 2: After uploading the figure 1 image in the software, it showed red
dots for positive tumour cells for Ki-67 and yellow dots for negative
tumour cells. On the right, the software gave the quantification and
percentage  of  both  tumour-positive  and  tumour-negative  cells  in  a
selected region.

Figure 3: In another image taken by camera-connected microscope, soft-
ware was able to identify all tumour positive and negative cells along with
percentages in the selected region.

DISCUSSION

Breast cancer is a complex disease with various subtypes, and
treatment decisions often rely on the accurate pathological eval-
uation of the tumour. One of the key factors used in breast
cancer treatment and the prognosis is the Ki67 proliferation
index, which reflects the percentage of tumour cells that are
actively dividing.2,14 While manual assessment of Ki67 has been
the  gold  standard  for  several  years,  automated  scoring
methods using digital pathology and AI are gaining traction due
to their potential for higher reproducibility, and efficiency and
for strengthening the role of pathologists in computer-aided
diagnosis.17-19

According to the International Ki-67 in Breast Cancer Working
Group guidelines for the analysis, reporting and use of Ki-67, the
Ki-67 score is defined as the percentage of invasive cancer cells
stained  positively  in  the  examined  region.  The  intensity  of
staining is not relevant in Ki 67 staining. Both core biopsies and
whole section tissues are suitable. Current guidelines recom-
mend that at least three high power fields (HPFs) should be
selected which should be representative of the staining in the
entire section.3,20-22 One important reason for the poor reproduci-
bility of Ki67 scoring is the inconsistency in selecting the repre-
sentative area on the slide. The cancer cells are not evenly
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distributed on the slide. There are hotspot areas where most
ki67-positive tumour cells are concentrated and there are other
areas  with  few  Ki67  positive  tumours  cells.2,13  A  number  of
studies have shown that the Ki-67 score assessed in only the
hotspot area or  margin area is  significantly higher than the
average area. Also, the Ki-67 score in the hotspot area has a
greater correlation with the prognosis of breast cancer.9,10,11 The
number of cells counted on the same section also affects the
reproducibility of Ki-67 scoring in breast cancer. The Interna-
tional  Ki-67  Working  Group  has  recommended that  at  least
1000 cells should be scored.2,9,23

Several studies have compared manual and automated Ki67
scoring in breast cancer, with varying results. A study in 2021
found that automated scoring had an excellent correlation with
manual scoring and was faster and more objective, suggesting
that automated scoring could improve diagnostic reproduci-
bility, potentially reduce interobserver variability, and facilitate
clinical decision-making.19

However, on the contrary, other studies have reported lower
accuracy with automated Ki67 scoring. A study found that while
automated scoring had high agreement with manual scoring in
certain cases, it was less accurate in cases with high hetero-
geneity or when the Ki67 staining was not uniform.23

However, it is agreed upon by various studies that straightfor-
ward guidelines need to be developed for Ki67 biomarker quan-
tification in breast tumour tissues by taking into consideration
the pre-analytical as well as analytical phases of the laboratory
procedures. Furthermore, it is an established fact now that AI-
based digital methods can help mitigate the pathologists’ work-
load in dealing with repetitive complex tasks and their precious
time can be utilised for complex cases and important decision--
making. Experimental AI-based studies require validation for
their optimal utilisation in clinical practice.5,6,19

The use of artificial intelligence in histopathology is becoming
well-established with every passing day. AI techniques will not
replace pathologists at all but will infact give pathologists an
even more important and commanding position.24,25 By using
these techniques the role of a pathologist will not just be suppor-
tive, he or she will be in a position to make disease models, deter-
mine disease trends, and predict disease outcomes according
to demographic region, hence, heralding a new era of person-
alised medicine.25 With an alarming increase in cancer globally
which  is  putting  a  tremendous  load  on  pathologists  whose
number is declining, these innovative modalities can make a
significant  difference  and  result  in  marked  improvement  in
patient outcomes.

This study was limited by the absence of whole slide scanner or
digital microscope, as only digital images were created rather
than whole slide images. The algorithm can only be used in
breast  cancer  cases  and  not  in  other  tumours  of  the  body.
Another limitation was that the current software worked best
with 40X magnification.

In the era of personalised medicine, pathologists can efficiently

give a precise clinical diagnosis with the support of AI. Large vali-
dation studies on different organ-specific cohorts are required
before  clinical  implementation.  Multi-organ  spectrum  algo-
rithms need to be developed.

CONCLUSION

The current study shows a high concordance with a significant
p-value between the manual and automated scoring methods.
Automated AI-based scoring of Ki-67 staining is substantial and
has tremendous potential in the future increasing its clinical
value as problems of consistency, reproducibility, and accuracy
can be eliminated with the use of this novel modality.
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