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A simple digital image analysis system for automated Ki67 assessment in primary breast
cancer
Aims: Ki67 is a well-established immunohistochemical marker associated with cell proliferation that has
prognostic and predictive value in breast cancer.
Quantitative evaluation of Ki67 is traditionally performed by assessing stained tissue slides with light
microscopy. Automated image analysis systems have
become available and, if validated, could provide
greater standardisation and improved precision of
Ki67 scoring. Here, we aimed to evaluate the use of
the Cognition Master Professional Suite (CogM) image
analysis software, which is a simple system for scoring Ki67 in primary breast cancer samples.
Methods and results: Sections from 94 core-cut biopsies, 20 excision specimens and 29 pairs of core-cut
biopsies and excision specimens were stained for Ki67
with MIB1 antibody and the Dako EnVision FLEX
Detection System. Stained slides were scanned to

convert them to digital data. Computer-based Ki67
scoring was performed with CogM. Manual Ki67
scoring assessment was conducted on previously
stained sections from the same biopsies with a clinically validated system that had been calibrated
against the risk of recurrence. A high correlation
between manual and digital scores was observed
[rCores = 0.92, 95% confidence interval (CI) 0.87–
0.94, P < 0.0001; rExcisions = 0.95, 95% CI 0.86–
0.98, P < 0.0001] and there was no significant bias
between them (P = 0.45). There was also a high correlation of Ki67 scores between paired core-cut biopsies and excision specimens when CogM was used
(r = 0.78, 95% CI 0.59–0.89, P < 0.0001).
Conclusions: CogM image analysis allows for standardised automated Ki67 scoring that accurately
replicates previously clinically validated and calibrated manual scores.
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Introduction
Uncontrolled sustained proliferation is one of the
fundamental traits of human cancer cells. 1 The
proliferation biomarker Ki67 is expressed in
dividing cells but is absent in resting cells, and
it has been used extensively for comparing

proliferation rates between tumour samples in
breast cancer. 2 Ki67 can potentially be used for
predicting long-term outcome,3–6 possibly for predicting responsiveness to certain therapies,
including chemotherapy and endocrine therapy, 2,7–10 for estimating residual risk, 11 and for
evaluating treatment efficacy on the basis of its
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dynamic changes during neoadjuvant endocrine
therapy. 2,12
Ki67 immunohistochemistry is the most widely
used assay for the measurement of cell proliferation
in breast cancer.13,14 Evaluation of this marker is traditionally performed by visually assessing stained tissue
slides
with
light
microscopy.
Proper
quantification of protein expression relies on the analyst’s interpretation of the results, methodology, and
quality of the tissue.15 Moreover, visual scoring is
often subject to considerable intraobserver and interobserver variability, particularly in multicentre studies, contributing to a lack of consensus for Ki67
values and cut-offs.16,17 Unlike other immunohistochemical markers, such as oestrogen receptor, Ki67
has not yet been subject to widespread standardisation, and requires more accurate and well-defined
scoring. This has limited its application in both diagnostic and research settings.2,18
During the last decade, progress in technology
allowed the development of software systems for
automated scoring of immunohistochemical biomarker expression, which could potentially enhance precision and reliability while enabling greater
workloads to be handled more quickly. In this context, digital image analysis may enable the standardisation of Ki67 quantification, for which a number of
approaches have been reported.19–22 The Cognition
Master Professional Suite (CogM) is a collection of
straightforward image analysis software tools for the
presentation, evaluation and analysis of digital histological slides. One of the CogM modules, Ki67 Quantifier, has been previously validated in a neoadjuvant
breast cancer clinical trial as a computer-based
approach for Ki67 scoring based on a cell detection
method.22–24
The image analysis must be applicable to different
tissue sample types, such as core-cut biopsies and
excision specimens, and this may be particularly relevant when different sample types are taken for longitudinal comparative purposes.25,26 The possibility
that image analysis is sensitive to artefacts that may
be caused by differences in quality of fixation between
different sample types needs to be recognised and
accommodated.
Here, a study was undertaken to evaluate the use
of CogM and a modified staining protocol for Ki67
scoring in core-cut biopsies and excision specimens,
and compare the results with those obtained with the
same samples that were previously analysed by visual
scoring. Importantly, the manual scoring and staining had been conducted with methodology on which
the International Ki67 in Breast Cancer Working
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Group Party (KiBCWG) had based its recommendations, and the scores derived had been calibrated
against outcome in the PeriOperative Endocrine Therapy for Individualised Care (POETIC) adjuvant endocrine trial of nearly 4500 patients.27 Given the
demonstration in that trial that Ki67 analyses performed after 2 weeks of treatment with an aromatase
inhibitor (AI) provided substantial additional prognostic information, scoring of such samples was included.
Additionally, Ki67 scoring with CogM was compared
between core-cut biopsies and excision specimens
taken at the time of surgery from the same patients.

Materials and methods
TISSUE SAMPLES

The specimens used in the present study were derived
from patients who took part in the POETIC trial (Trial
Number CRUK/07/015)28 and the POETIC Pilot
study.29 Ethical approval was provided by the London–South East Research Ethics Committee (REC reference 08/H1102/37), and all patients provided
signed consent for the use of their tumour tissue for
research purposes.
Archival formalin-fixed paraffin-embedded tissue
blocks from four cohorts of postmenopausal patients
with primary hormone-receptor positive invasive
breast cancer were utilised in this study. All tissue
blocks had previously been stained for Ki67 with
the monoclonal antibody clone MIB1 (Agilent Dako,
Stockport, UK; M7240 at a dilution of 1:50) and
the EnVision REAL Detection System (now no longer
available) in an automated staining system (Dako
Autostainer; Dako, Glostrup, Denmark). Cohort 1
comprised 94 core-cut biopsies taken after 2 weeks
of treatment with an AI. Cohort 2 comprised 20
excision specimens from patients who had either
received or not received an AI for 2 weeks. Cohort
3 comprised 11 pairs of core-cut biopsies and excision specimens of patients who had either received
or not received an AI for 2 weeks. Cohort 4 comprised 18 pairs of core-cut biopsies and excision
specimens of patients to whom no presurgical therapy had been administered. In this fourth cohort,
core-cut biopsies were taken immediately after resection (sample A) and following X-ray of the excised
tumour for margin clearance (sample B), and, similarly to the main surgical specimen, they were
placed in formalin (sample C).29 Clinical and pathological information on the above patients was
obtained from the hospital records and POETIC trial
records (Table 1).
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Table 1. Clinical and pathological features of breast cancer
patients in the study
Number

%

132

92.3

Lobular

8

5.6

Papillary

2

1.4

Mixed ductal–lobular

1

0.7

on which the KiBCWG had based its recommendations,
in which 100 cells from four representative fields of
invasive tumour cells were scored.31 The number of
Ki67-positive nuclei were counted irrespective of the
intensity of staining. Ki67 positivity was calculated as
the percentage of the total number of Ki67-positive
invasive tumour cells in all assessed fields relative to
the total number of invasive tumour cells. A random
selection of ~10% of the sections scored by the main
observer were visually reappraised by a second observer, and an agreement between them was reached.

1

12

8.4

IMAGE ACQUISITION AND COMPUTER-ASSISTED

2

73

51.0

3

56

39.2

2

1.4

≤20

55

38.5

20–50

79

55.2

9

6.3

Negative

108

75.5

Positive

34

23.8

1

0.7

Clinicopathological characteristics
Histological subtype
Ductal

Tumour grade
DIGITAL SCORING

Not known
Tumour size (mm)

>50
HER2 status

Unknown
All patients were oestrogen receptor-positive.

SAMPLE PREPARATION

Blocks from the four cohorts that had previously been
analysed for Ki67 as described above were first sectioned and stained with haematoxylin and eosin to
assess the quality of each sample, such as tumour
content, tumour cellularity, and crush artefacts.30
Sections were cut and stained as above, but with
MIB1 antibody at a dilution of 1:50 and the EnVision
FLEX Detection System (Agilent Dako).
VISUAL SCORING

To account for the biological heterogeneity of Ki67
expression that frequently occurs across a breast
tumour section, five representative fields of invasive
breast cancer were identified by the use of low-power
magnification. Counting was performed by use of a
high-powered objective (940) of a bright-field microscope, and invasive tumour cells of the entire fields
were scored in each sample. This was the methodology

Each stained section was digitised with a NanoZoomer-XR (Hamamatsu Photonics, Hamamatsu, Japan)
at 920 magnification. The quality of the images generated was reviewed manually prior to performance
of the automated image analysis. Slides were scanned
again if images were out of focus. Digital image viewing was achieved by using NDP.VIEW2 software (Hamamatsu Photonics).
Ki67 scoring was conducted with an automated
image analysis approach implemented with the CogM
software and the Ki67 Quantifier module (VMscope,
Berlin, Germany)23,24 (Figure 1). To reflect the proliferation status of each tumour, four representative
fields of the whole section were manually selected
and captured in images displayed with NDP.VIEW2 software. The entire section image was examined at different magnification levels by zooming in and out in
order to determine how the Ki67 staining was distributed in the invasive tumour component. If biological heterogeneity of Ki67 staining was present, the
proportion of invasive tumour areas with different
levels/frequencies of Ki67 positivity (high, medium,
low, or negligible) was estimated. On the basis of
these estimates, the four fields were selected to capture the full range of Ki67 staining frequencies and
reflect the proportion of different Ki67 staining frequencies in the examined tumour. NDP.VIEW2 software
was used to export selected representative fields as
JPEG image files, which were subsequently analysed
with CogM. Areas of non-tumour cells, infiltrating
lymphocytes and intraductal components of breast
carcinoma were avoided. For a few samples in which
CogM clearly recognised these cell types as tumour
cells, the observer manually excluded these areas. Cell
membrane expression of Ki67 was detected in a small
proportion of samples, but was considered to be an
artefact.32 When membrane staining was observed in
several areas of the tissue, the whole sample was
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Figure 1. Example of the visualisation of Ki67 scoring results. A, Original image showing breast cancer tissue stained for Ki67 with MIB1
antibody (brown stain) and counterstained with Mayer’s haematoxylin (blue stain). B, Analysis results obtained with the Cognition Master
Professional Suite (CogM) Ki67 Quantifier software (green, Ki67-negative tumour cells; red, Ki67-positive tumour cells; black, non-tumour
cells). The two areas circled in black are shown at higher magnification. Scale bar: 100 µm.

excluded from analysis. In cases in which only a few
cells showed membrane staining, samples were still
included in the analysis with exclusion of the relevant areas only. The time taken for image assessment
in this study was approximately 5–10 min/section,
depending on the size and type of tissue (core-cut
biopsy or excision specimen). This included the time
taken for the scanning of slides (1–3 min/slide), the
selection and capture of fields (2–4 min/slide), and
automated scoring (2–3 min/slide). Scoring was performed by a single observer, with confirmation of
areas for scoring by a second observer when assignment of an area for analysis was uncertain. The percentage of Ki67 positivity was calculated in the same
way as with the visual scoring system.
STATISTICAL ANALYSIS

Comparisons of Ki67 scores between manual and
CogM assessment, as well as between core-cut biopsies and excision specimens, were conducted with
Wilcoxon’s signed-rank test with the raw Ki67 values. The statistical difference between groups was
considered to be significant when the P-value was
<0.05. All statistical tests were two-sided by default.
Calculations were performed with GRAPHPAD PRISM 7.
Ki67 values were then log-transformed for normality,
and correlations between manual and CogM assessment and different tumour tissue types were assessed
by the use of Pearson’s correlation coefficient. Bland–

Altman plots were produced from the log-transformed
Ki67 values to investigate agreement of measurements between the two scoring methods and between
the two tissue types. To assess the agreement
between scoring systems after dichotomisation of
Ki67 values, Cohen’s kappa statistic was used.

Results
PROTOCOL DEVELOPMENT

As an initial pilot study showed lower Ki67 scores
with CogM than with manual scoring (Figure S1),
the pilot study was extended to assess a range of
MIB1 antibody dilutions with the EnVision FLEX
detection kit (Tables S1 and S2; Figures S2 and S3).
A primary antibody dilution of 1:50, when used with
the EnVision FLEX Detection System, was found to
give higher visual scores that compensated for the
lower image analysis scores obtained with CogM,
such that scores obtained with the latter approximated to those obtained with previous manual scoring. The 1:50 dilution of the MIB1 antibody was
therefore used in all comparisons below.
CORRELATION BETWEEN KI67 SCORING WITH THE
MANUAL AND COGM METHODS

Ki67 scores obtained with the CogM method were
compared with those determined previously with the
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manual method (Figure 2). The mean number of
tumour cells scored between the two methods indicated averages of 7691 cells/sample and 875 cells/
sample scored with the CogM method and the manual method, respectively (Table S3). There was no
significant difference between the manual and CogM
scores for either the core-cut biopsies of Cohort 1
(Wilcoxon’s signed rank test, P = 0.4474) (Figure 2A) or the excision specimens of Cohort 2 (Wilcoxon’s signed rank test, P = 0.9058) (Figure 2D).
The mean Ki67 values ( standard error of the
mean) obtained with the manual and CogM methods
for core-cut biopsies were 15.61  1.49 and
15.15  1.42,
respectively
[mean
difference,
0.45  0.54; 95% confidence interval (CI) –0.60 to
+1.50]. Similarly, the mean Ki67 values for excision
specimens obtained with the manual and CogM
methods were 17.76  3.35 and 19.28  3.93,

B
80

p=0.4474

C
Difference (Manual and CogM) (Log)

A

respectively (mean difference, –1.52  1.99; 95% CI
–5.42 to +2.38).
Ki67 scores obtained with the manual method
were highly correlated with scores obtained with the
CogM method for both core-cut biopsies (Pearson’s
r = 0.9145; 95% CI 0.8739–0.9425; P < 0.0001)
and excision specimens (Pearson’s r = 0.9450; 95%
CI 0.8635–0.9784; P < 0.0001) (Figure 2B,E). Figure 2C and Figure 2F show that there was no significant bias on Bland–Altman analysis [core-cut biopsies
—mean difference for log(Ki67) –0.0084, 95% CI –
0.0484 to 0.0316; excision specimens—mean difference for log(Ki67) 0.0466, 95% CI –0.0687 to
0.162).
A cut-off level for Ki67 of 10% after use of an AI
has been used in several studies,3,28,33,34 whereas a
lower cut-off of 8% was found to provide even greater
information in the POETIC trial.27 We therefore

2.0
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1.0
0.5
-0.008391
-1.0

-0.5

0.5

1.0

1.5

2.0

-0.5
-1.0
Average of Manual and CogM (Log)

1.0
0.5

-1.0

-0.5

0.5

1.0

1.5

0.04663
2.0

-0.5
-1.0
Average of Manual and CogM (Log)

Figure 2. A,D, Comparisons of Ki67 scoring performed with the manual and Cognition Master Professional Suite (CogM) methods for individual core-cut biopsies (A) and excision specimens (D). P-values for the analysis were calculated with a two-sided Wilcoxon’s matched-pairs
signed-rank non-parametric test. B,E, Scatterplots showing the correlation between manual and CogM scoring for log-transformed Ki67 for
core-cut biopsies (B) and excision specimens (E). Horizontal and vertical dotted lines indicate the 8% and 10% cut-off points. The correlation
coefficient and slope were calculated with Pearson’s correlation and linear regression parametric analyses, respectively. The pink line is the
line of identity (y = x), and the black line represents the line of best fit. C,F, Bland–Altman plots of log-transformed data showing the difference in Ki67 scores between manual and CogM assessment against the average of the two for core-cut biopsies (C) and excision specimens
(F). The vertical dotted lines indicate the 8% and 10% cut-off points, and the blue and red horizontal lines are drawn at the mean difference
and the 95% confidence interval for the mean, respectively. r, correlation coefficient.
© 2021 The Authors. Histopathology published by John Wiley & Sons Ltd., Histopathology, 79, 200–209.
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Table 2. Comparison of Ki67 scoring between the manual
and Cognition Master Professional Suite (CogM) methods
in 94 core-cut biopsies
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Table 3. Contingency table with data derived from 20
excision specimens examining the relationship between the
manual and Cognition Master Professional Suite (CogM)
methods for Ki67 scoring

Core-cut biopsies
Excision biopsies

CogM
<8

≥8

<8

32

7

39

≥8

6

49

55

38

56

94

A
Manual

Total

CogM

Total
Manual

Concordance
ratio: 86.2%

Manual

≥8

<8

6

1

7

≥8

0

13

13

Total

6

14

20

Total

Concordance ratio: 95%

CogM

CogM
<10

≥10

<10

38

≥10
Total

B

<8

A

Total

B

6

44

Manual

6

44

44

50

<10

≥10

Total

<10

7

0

7

50

≥10

1

12

13

94

Total

8

12

20

Concordance ratio:
87.2%
Concordance against discordance between manual and CogM
scoring are shown following dichotomisation of data at (A) 8%
and (B) 10% cut-off points.

assessed the concordance between manual and CogM
scores after data had been dichotomised at the 8%
and 10% cut-off points. The concordance rates
between scores for core-cut biopsies were 86.2% and
87.2%, respectively. The kappa values of 0.714 [standard error (SE) 0.073; 95% CI 0.570–0.858] and
0.744 (SE 0.069; 95% CI 0.608–0.879) indicated
good agreement between the scores (Table 2). Similarly, the concordance rates between scores for excision specimens were 95% for both cut-off points, with
kappa values of 0.886 (SE 0.110; 95% CI 0.671–
1.000) and 0.894 (SE 0.103; 95% CI 0.692–1.000),
respectively, indicating almost perfect agreement
(Table 3). Those cases that were discordant could be
seen to fall close to the cut-off points (Figure 2).
COMPARISON OF KI67 EXPRESSION BETWEEN
SURGICAL CORE-CUT BIOPSIES AND EXCISION
SPECIMENS DETERMINED WITH AUTOMATED

Concordance ratio: 95%
Concordance rates between scores calculated with the manual and
CogM methods are shown following dichotomisation of data at
(A) 8% and (B) 10% cut-off points.

between samples A and B (Wilcoxon’s signed rank
test, P = 0.6387) (Figure S4A), and scores were
highly correlated (Pearson’s r = 0.7429; 95% CI
0.3723–0.9092; P = 0.0017) (Figure S4B). Hence,
comparisons with sample C, the matched excision
sample, were performed with the mean Ki67 scores of
samples A and B.
Ki67 scores were higher in core-cut biopsies than
in excision specimens of Cohorts 3 and 4 (Wilcoxon’s
signed rank test, P = 0.0408) (Figure 3A), but there
was good correlation (Pearson’s r = 0.7841; 95% CI
0.5860–0.8938; P < 0.0001) (Figure 3B), and the
Bland–Altman analysis showed a bias of 0.1586
(95% CI 0.0667–0.2894) between them for log-transformed Ki67 scores (Figure 3C). Dichotomisation of
data at the 8% and 10% cut-off points resulted in
concordance rates of 79.3% and 72.4%, respectively
(Table 4). The kappa values were 0.603 (SE 0.133;
95% CI 0.343–0.863) and 0.482 (SE 0.133; 95% CI
0.221–0.743), suggesting moderate agreement.

IMAGE ANALYSIS SOFTWARE

Ki67 staining and CogM assessment of core-cut samples A and B from 15 patients of Cohort 4 were conducted, and comparison between them was assessed.
There was no significant difference in Ki67 scores

Discussion
Analytical variability within and particularly between
centres has limited the widespread use of Ki67 in the
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A. Alataki et al.

A

B

p=0.0408
60

C

2.0

Ki67 (Log): Excision

1.5

% Ki67

40

20

1.0

0.5

-0.5
0

y = 0.8014× + 0.0378
r = 0.7841
0.5

1.0

1.5

-0.5
Core

Ki67 (Log): Core

Excision

2.0

Difference (core and excision) (Log)

206

1.5
1.0
0.5

-0.5

0.5

1.0

1.5

0.2894
0.1586
0.0667
2.0

-0.5
-1.0
-1.5
Average of core and excision (Log)

Figure 3. A, Comparison of Ki67 expression for individual core-cut biopsies and excision specimens measured following Cognition Master Professional Suite (CogM) analysis. The P-value for the analysis was calculated with a two-sided Wilcoxon’s matched-pairs signed-rank non-parametric
test. B, Scatterplots indicating the correlation of log-transformed Ki67 scoring between core-cut biopsies and excision specimens when CogM was
used. The horizontal and vertical dotted lines indicate the 8% and 10% cut-off points. The correlation coefficient and slope were calculated with
Pearson’s correlation and linear regression parametric analyses, respectively. The straight lines represent the lines of best fit for each set of samples, and the pink line is the line of identity (y = x). C, Bland–Altman plots of log-transformed data showing the difference in Ki67 scores for corecut biopsies and excision specimens when CogM was used. The vertical dotted lines indicate the 8% and 10% cut-off points, and the blue and red
horizontal lines are drawn at the mean difference and the 95% confidence interval for the mean, respectively. Samples of Cohort 3 are labelled in
dark blue, and those of Cohort 4 are labelled in green. r, correlation coefficient. [Colour figure can be viewed at wileyonlinelibrary.com]

Table 4. Contingency table with Ki67 values derived from
29 core-cut biopsies and excision specimens taken at the
time of surgery
Core-cut biopsies
<8

≥8

Total

<8

11

6

17

≥8

0

12

12

Total

11

18

29

A
Excision specimens

Concordance
ratio: 79.3%
Core-cut biopsies
<10

≥10

Total

<10

12

8

20

≥10

0

9

9

Total

12

17

29

B
Excision specimens

Concordance
ratio: 72.4%
Concordance of Ki67 values between core-cut biopsies and excision specimens was assessed with CogM and dichotomisation of
data at (A) 8% and (B) 10% cut-off points.

assessment of breast cancer specimens, despite its
clearly strong prognostic significance and multiple
other potential applications. The efforts of the

KiBCWG have led to improvements, particularly with
a recommended manual scoring procedure, which
was used as a reference method here. Nonetheless, it
is clear that it is impossible to fully remove differences
between analysts scoring visually, and, even with the
same analyst, drift in scoring can happen over time.
The availability of an automated, simple and stable
system has multiple advantages.
Many image analysis systems exist, with most providing the opportunity to change settings for the
large number of parameters that allow the score to
be derived. In this regard, the ‘nailed-down’, non-adjustable software of CogM is an advantage for routine
application between centres, because no opportunity
exists for modification. Although the digital image
scoring is quite quick, there are manual aspects, such
as the selection of fields and exclusion of non-tumour
cells in a few samples, that can slow the assessment
down by a few minutes. The time taken for scoring of
each section with CogM in this study was 5–10 min,
and is likely to be acceptable in the working practice
of most histopathologists.
Our data indicate that CogM, when used with a modified staining procedure, provides highly comparable
data to those obtained from a set of samples from the
POETIC trial, which provides a calibration of the Ki67
scores against clinical outcome. This observation is consistent with some previously published breast cancer
studies, which showed that Ki67 scores obtained with
automated scoring methods, including CogM, can be
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highly concordant with visual assessment.19,20,22,35
Although there was some variability between the earlier
manual scores and CogM scores, this may be because
sections were not adjacent, as new sections were
required to be cut deeper in the block for the modified
staining and CogM analysis. It should also be noted that
a large proportion of the samples assessed here were
taken after AI treatment, which markedly reduces proliferation and Ki67 staining (by ~80% after 2 weeks). The
precision of scoring is reduced with a lower numerator
(numbers of positive cells), and the inclusion of samples
taken after presurgical treatment is likely to have led to
higher estimates of variability than would have been
the case for samples from untreated patients. Nearly 10
times as many cells were scored by CogM, which provides greater precision in the data, and this is particularly advantageous when the proportion of positive cells
is small.
The close relationship between the CogM data and
the results from the POETIC trial indicate that the
CogM method is highly suited to assess relationships
with the risk of recurrence, and will show the same
relationship with clinical outcome as recently
reported for that trial.27 It is of particular note that
the trial demonstrated the prognostic information
available from Ki67 analyses undertaken after
2 weeks of treatment with an AI, and that the information was additional to that available from samples
taken before treatment. This approach to treating
patients with an AI before surgery to derive this
information on biological response to an AI and the
consequent information about prognosis is becoming
increasingly utilised, e.g. in managing oestrogen
receptor-positive breast cancer patients in the COVID19 pandemic,36 and our data demonstrate the validity of the CogM method for that purpose.
Immunohistochemical Ki67 assessment with CogM
was similar between matched surgical core-cut biopsies and excision specimens, and good correlation for
Ki67 scores was obtained. The sample size was, however, relatively small, and there was a trend towards
lower values in excision specimens. We have previously noted such a statistically significant difference
in the much larger POETIC study,27 which is probably explained by the longer time needed for formaldehyde to penetrate the larger volumes of excision
tissue during fixation, with reduced proliferation in
the non-fixed tissue and/or antigen loss.15,37,38 The
impact of tissue sample type on measurements of
biomarkers has been assessed previously,29,39 with
expression of phosphorylated proteins, such as p-Akt
and p-Erk1/2, being markedly reduced in excision
specimens relative to core-cut biopsies.29,40
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To conclude, we have shown that CogM alongside
a modified staining process is valid for evaluating the
immunohistochemical expression of Ki67 in primary
invasive breast cancer, with data that are similar to
those obtained from previously assessed visual scoring, and that CogM can be applied with confidence to
both core-cut biopsies and excision specimens, which
is an important advantage for assessments in the
presurgical setting.
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Figure S1. Box plots and scatterplot comparing
Ki67 scoring results between the use of the manual
method and use of the Cognition Master Professional
Suite following staining with a 1:50 dilution of the
MIB1 antibody along with the EnVision REAL Detection System.
Figure S2. Scatterplots and Bland–Altman plots
comparing Ki67 scoring results derived from tissue
microarray cores between the use of the manual
method following staining with a 1:1200 dilution of
the MIB1 antibody and use of the Cognition Master
Professional Suite after staining with a range of MIB1
antibody dilutions. The EnVision FLEX Detection System was used in all cases.
Figure S3. Scatterplots and Bland–Altman plots
comparing Ki67 scoring results derived from core-cut
biopsies between the use of the manual method following staining with a 1:1200 dilution of the MIB1
antibody and use of the Cognition Master Professional
Suite after staining with a range of MIB1 antibody
dilutions. The EnVision FLEX Detection System was
used in all cases.
Figure S4. Spaghetti plots and scatterplot comparing Ki67 scoring results between core-cut biopsies A
and B following use of the Cognition Master Professional Suite and the EnVision FLEX Detection System.
Table S1. Ki67 scoring results following staining of
tissue microarray controls with the MIB1 antibody
and the EnVision FLEX Detection System.
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core-cut biopsies with the MIB1 antibody.
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