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Abstract:

Background: Molecular analysis has shown that breast carcinomas can be classified into several
intrinsic subtypes, with implications for management and prognosis. In the majority of pathology
laboratories molecular analysis of each case is not possible and immunohistochemistry is used for
subtyping. This includes analysis of hormone receptors as well as HER-2-neu and Ki67. The
methodology for the interpretation of the proliferation index using Ki67 remains an area of
uncertainty. We investigated the degree of agreement between different methods of Ki67
interpretation.

Materials and methods: We analysed 204 breast core biopsies diagnostic of breast carcinoma using
visual estimation/eyeballing, Inmunoratio®, and counting by two pathologists. The correlation
between the different methods and the inter-observer agreement between the two pathologists
was assessed. Specific analysis was also done with respect to classification of cases into low Ki67
groups (using Ki67 values less than 14% and less than 20%) since this is critical in classifying tumours
into Luminal A and Luminal B subtypes.

Results: Correlation between the different methods was best achieved comparing Immunoratio®
and counting, and worst comparing counting and eyeballing. Correlation was better when
considering inter-observer variability (counting by two pathologists). Comparing the number of
cases classified as low Ki67 (less than 14% and less than 20%) the Cohen'’s Kappa statistic varied from
k =0.267 to k = 0.814 with different methods. When limiting the analysis to cases with a Ki67 of 10-
25% according to any method, there was greater disagreement.

Conclusion: At the higher and lower Ki67 levels, the correlation between the methods of assessment
was acceptable, however, at levels close to the cut-off values for Luminal A versus Luminal B, several
patients would be differently classified by the different methods and therefore potentially receive
suboptimal management.

Key words: Ki67, immunohistochemistry, eyeballing, digital image analysis, Immunoratio®, counting,
breast carcinoma.

Abbreviations: IR: Immunoratio®. CP1: Counting by pathologist 1. CP2: Counting by pathologist 2. P1:
Pathologist 1. P2: Pathologist 2. EB: Eyeballing. DIA: digital image analysis.
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Introduction

Microarray-based molecular analysis of breast carcinomas has shown distinct sub-groups with a
spectrum of molecular and biological characteristics. (1) Perou and Sorlie in 2000 used a hierarchical
method of clustering of gene expression to divide breast cancers into subtypes that correlate with
their morphologic and clinical features. (2) They defined five groups: luminal A, luminal B, normal
breast-like, HER2-enriched and basal-like. The “normal breast-like” group may represent an artefact
due to insufficient representation of tumour in some of the specimens. The luminal A subtype
represents approximately 60% of breast carcinomas, luminal B 10%, HER2-enriched 15% and basal-
like 15% (3). Subsequently, other groups have been described. Similar results have been found with
genomic analysis (4) and with multiparameter tests including PAMSO0 (1) and MammaPrint®.(5) This
has led to a more personalised approach to therapy.(6)

Employing molecular methods routinely is often not viable in view of the financial cost and time
constraints, and the St. Gallen conference of 2013 advised the use of immunohistochemical stains
for classification of breast cancers into intrinsic subtypes. (7) This was based on the demonstration
by researchers that a panel of immunohistochemical stains could serve as a surrogate for gene
expression profiling. One such study was that of Cheang et al. who obtained a 72% sensitivity and
77% specificity using immunohistochemistry compared to gene expression profiling in classification
of luminal A and B lesions. (8) Analysis of these stains has been used to serve as a surrogate
assessment as follows: (9)

1.Luminal breast cancer

a. Luminal A: ER positive (+) and PR + (PR > 20%), HER2 negative (-) and low Ki67 (<14%).

b. Luminal B: ER+, PR+ (PR>20%), HER2-, Ki67 > 14%

or ER+, HER2-, Ki67 14-19%, and PR < 20%.

2. HER2 Positive

a. Luminal HER2 Subtype: ER+ (but often not as strongly positive as HER2 negative tumours)

b. HER2+-Enriched subtype: ER-, PR-, HER2+



3.Triple negative.
Basal-like subtype: ER-, PR-, HER2-, Cytokeratin5+ and/or EGFR+
Non- classified triple negative subtype: Negative for ER, PR, HER2, Cytokeratin5 and EGFR.

These subtypes are predictive of different responses to chemotherapeutic agents. (10)

During the investigation of specific antigens for diagnosis of lymphoma, the Ki67 antigen was
identified as a proliferation marker by Johannes Gerdes. (11} He demonstrated that Ki67 reflects the
growth fraction in neoplasms.{12) Prior to this, indirect methods such as *H thymidine determination
and flow cytometry had been used (13), but these could not be applied on a routine basis. After
developing the process of antibody cloning MIB1 (Molecular Borstol Index) was produced, which was
subsequently used to determine the Ki67 index in formalin fixed paraffin embedded tissue (FFPE).
(11) Later the role of the Ki67 protein was further described: to keep the condensed chromosomes
dispersed in the cell’s cytoplasm during mitosis. (14) The Ki67 antigen is a nuclear non-histone
protein expressed in significant quantities throughout the cell cycle, other than in the quiescent
phase and early cell cycle and thus guantifies proliferation within a cell population. Anti-Ki67
labelling has been validated as a useful proliferation marker in various neoplasms including
haematolymphoid neoplasms, astrocytoma, oligodendroglioma, colon carcinoma and breast

carcinoma. (15,16,17)

Many, but not all researchers have demonstrated Ki67’s predictive and prognostic value. (16,18)
Cheang et al. (8) used a biomarker panel to separate tumour subtypes, with a Ki67 cut off of 14% to
classify Luminal A and Luminal B subtypes. On follow-up the latter had a worse prognosis for disease
recurrence and for survival. De Azambujo et al. analysed the results of 29 studies. This meta-analysis
demonstrated a poorer prognosis for disease-free survival and overall survival in carcinomas with
high Ki67 levels, however, a limitation was that univariate analysis only was done. (18). Acs and

colleagues demonstrated that the Ki67 index had significance as an independent prognostic factor



for overall survival. (19) A meta-analysis performed by Stuart-Harris et al (20) demonstrated strong
correlation between Ki-67 values and overall survival. These researchers did not, however, advise
routine use of Ki-67, stating that it was uncertain whether it would add to prognostic indicators

already in use.

The Ki-67 index has been shown to be predictive of response to chemotherapy. A study by
Cristicitiello et al. demonstrated the heterogeneity of response to adjuvant chemotherapy in
oestrogen receptor positive breast carcinomas. They showed that addition of chemotherapy to
hormonal therapy was associated with decreased recurrence risk in patients with highly proliferative
tumours. (21) Sueta et al. examined luminal-type tumours in the light of their known poorer
response to chemotherapy than other subtypes. They confirmed the value of a high proliferation
index as a predictor of complete pathological response in Luminal-type tumours with a high Ki-67
index. (22) Patients with luminal A breast cancers have been found to benefit most from hormone
therapy without chemotherapy, whereas those with luminal B tumours respond better to
chemotherapy. (6) Ellis and colleagues used a multiparameter analysis method including Ki-67, and
this proved to be useful in predicting response to neo-adjuvant endocrine therapy. “On-treatment”

Ki-67 values demonstrated accuracy in predicting relapse risk. (23)

There is widespread controversy regarding interpretation of Ki67. It has been found to have
unacceptable inter-observer and inter-laboratory variability (24) and some suggest that routine
reporting of Ki67 should not be done in breast carcinoma in view of its lack of reliability. (25) Many
variables impact the interpretation of Ki67 immunostaining. Various methods are used for
assessment of percentage of Ki67 positivity, including “eyeballing” (EB) ie. visual scanning and
estimating the percentage staining, formally counting the cells, and digital image analysis (DIA)
methods. (24) It is uncertain whether the highest staining areas (“hot spots”), average or low

staining areas should be assessed, or multiple areas and the mean calculated. Proponents of the



“hot spot” method argue that the “hot spots” are the areas representing the tumour component
most likely to metastasize and therefore the most important component prognostically. (26)
Assessment of the tumour invasive edge has been recommended. (27) If manual counting of positive
cells is done, there is a variable approach to the number of cells counted. The International Ki67 in
Breast Cancer Working Group recommended a minimal of 500 cells, and ideally 1000 cells to be
counted. (27) One study showed no significant difference between counting 300, 510 or 1020 cells
using the standard method (counting three high power fields including “hot” and “cold” spots and
determining the average), but obtained a lower median Ki67 index counting 1200 cells than 510 cells
if using the “hot spot” or advancing edge approach. (28) The “cut-off” value in assigning tumours to
the luminal A or luminal B groups is not universally agreed upon. The ideal value has been shown to
vary from one institution to another, ranging from 3,5% to 34%. (18) The St. Gallen International
Expert Consensus in 2011 recommended a cut-off of 14%. (7) At the St. Gallen conference of 2015,
most experts favoured a value of 20-29%. (29) There are also different thresholds obtained if studies
are conducted using different clinical end-points and sub-sets of patients. (30} It is recommended

that the Ki67 cut-off value should be determined separately for each laboratory. (25)

Most of the studies assessing different methods of analysis of the Ki67 index have compared DIA to
the counting method, and only a few have included the EB technique. One study addressing the
methodology in Ki67 determination showed very poor interobserver and intraobserver
reproducibility for the “quick-scan” subjective method of analysis. In the same study, using ocular-
grid-guided subjective counts, 13% of cases were classified differently between two pathologists
using a Ki67 cut off of 15%, and there were disagreement percentages of 6-22% using other values
for Ki67 cut off. They also found that assessment using DIA and computerized point-grid-guided
interactive morphometry was reproducible and strongly prognostic. (31) In contrast, a study by
Varga et al, in which EB and counting were evaluated, showed more reliable results for EB than for

counting (32).



Stalhammer and colleagues evaluated manual counting and DIA scores in the categorisation of
breast carcinomas into luminal A and luminal B subtypes. They correlated their results with PAMS0
assays, high versus low transcriptomic grade, axillary lymph node status and prognostic value. DIA
was found to be the most accurate method, especially in hot spots. (33). Klauschen et al. showed
good correlation between manual counting and automated Ki67 scores in a study cohort of over
1000 patients, with a Pearson correlation coefficient of 0.89. The Ki67 manual counting in this study

was centralised and strict standardisation of the counting method was applied. (34)

Image analysis software is usually not freely available and requires virtual microscopy scanning.
ImmunoRatio©(IR) is a DIA system which is accessed via a web browser. It is free and no additional
equipment or software are required. (35) The website includes a Camera adjustment wizard to set
the contrast and brightness of the images. The analysis has been found to be optimal using three

images taken with a 20x objective and averaging the results. (35)

Aim
The aim of this study was:
1. To compare three different methods of quantifying the proliferation index on Ki67
immunohistochemical stains performed on breast core biopsies.
2. To determine the percentages of intrinsic subtypes using the Ki67 values obtained by the
different methods.

3. To assess inter-observer variability in counting by two pathologists.

Methods

This was a retrospective non-interventional cross-sectional study.

Two hundred and four cases of breast carcinoma diagnosed on core biopsy were obtained from the

cases enrolled in the Chris Hani Baragwanath South African Breast Cancer (SABC) case-control study



(P1,  Romieu and funded by the World Cancer Research Fund), which included a total of 500 cases.
These biopsies were obtained between 23/05/2014 and 13/12/2017. Consecutive cases diagnosed
with breast carcinoma and reported at the National Health Service, Chris Hani Baragwanath Hospital
histopathology laboratory were included. The sample size was determined using the formula

recommended by Watson et al. (36).

Cases with insufficient representation of invasive tumour for counting or IR, where a Ki67 stain was
not done or reported, where the patient had been treated with chemotherapy or radiotherapy prior
to biopsy and biopsies with extensive necrosis or inflammation were excluded. Biopsies from male

patients were also excluded.

The original reports as captured on the National Health Laboratory information system (Trakcare)

were examined to determine the Ki67s reported on each case, assumed to have been determined

using the EB method. Oestrogen receptor positivity in the initial reporting of these cases is defined
as more than 1% positivity according to current recommendations {37). The assessment in the

original histopathological report was used and was not repeated.

The slides stained with the Ki67 immunostain (antibody 30-9, Roche diagnostic, Ventana, USA; using

the Ventana Benchmark XT machine) were retrieved from the archives.

To assess Ki67 by the counting method, photomicrographs were taken of the Ki67 stained biopsies
by the first pathologist (P1). Consecutive fields to include obvious “hot spots” were photographed.
The images were saved in Microsoft Powerpoint and a grid overlay was applied to facilitate counting.
A total of 500 consecutive tumour cells were counted along the grid lines from left to right; this
formed the denominator. The point after the 500t cell was marked. The positively stained tumour

cells amongst these 500 cells were then counted in the same way, this formed the numerator. The



percentage Ki67 value was determined by dividing the number of positive cells by 500. This process
was repeated by the second pathologist (P2} independently, using the same photomicrographs. P2

was blinded to the P1 findings.

The slides were then interpreted using the IR software. Photomicrographs of three areas for each
case were analysed and a mean value obtained, using a 20x microscopic objective. An Olympus BH-2
microscope with an attached Zeiss AxiocamERc 5s camera was used. The same images were used
for counting and IR, however, in some cases additional images were required for counting in order to

obtain 500 cells.

Statistical analysis

All data was captured on an Excel spreadsheet and analysed using Stata software in conjunction with
a statistician.

A Bland and Altman diagram for each pair was constructed. The Bland —Altman plot is a graphical
method to compare two measurement techniques. The differences obtained between the two
measurements are plotted against the average difference between the two techniques. Limits of
agreement are calculated which should not exceed the maximum allowed difference in order to
assess the two methods as being in agreement.

For each comparison a Lin’s concordance coefficient was determined to assess how well the points
lay when plotted with a 45° line drawn though the origin. The Lin’s correlation coefficient quantifies
the agreement between two measures of the same variable. The value ranges between -1 to 1, with
perfect agreement at 1.

Comparisons were done of the number of low Ki67 results obtained using cut-off values of 14% and

20% (St. Gallen conference recommended values for 2011 and 2015 respectively). A Cohen’s Kappa



statistic was calculated for each of these. The Cohen’s Kappa statistic evaluates the agreement

between categorical assessments, taking into account the amount of agreement that would be

obtained by chance. The maximum is 1 (perfect agreement) and the minimum 0 (no agreement).
Since the most important problem is division of the cases into low Ki67 and high Ki67 groups, values

within the range of 10 — 25% were also analysed separately.

Results.
Core biopsies were retrieved from female patients newly diagnosed with invasive mammary
carcinoma. The patient ages ranged from 27 years to 86 years with a median of 52 years and an

interquartile range of 42 — 60 years. All the patients were black Africans.

Two hundred and four Ki67 immunostains were photographed. Three of these were excluded from
counting as the cells were extremely crushed in 2 cases and in the other case images with sufficient

clarity were not obtained (excluded by P2). See Fig. 1.

The majority (89.5%) of the tumours were morphologically invasive carcinoma of no special type.
Mucinous, lobular, micropapillary, carcinoma with medullary features, apocrine, metaplastic and
mixed (no special type and micropapillary) subtypes comprised the remainder. See Table 1.

The histological grades were assessed as grade 1 in 8%, grade 2 in 44% and grade 3 in 47%. It was

not reported in 2 cases (1%).

According to the initial biopsy reports (using a Ki67 cut-off of 14%), the intrinsic subtypes were 13
(6.5%) luminal A, 143 (70%) luminal B, 17 (8.5%) HER2 enriched and 31 (15.0%) triple negative.

There were no cases falling into the luminal HER2 subtype.



Using a cut-off of 14% the number of cases classified as luminal A by IR, counting by P1 (CP1) and
counting by P2 (CP2) would be 9, 14 and 14 respectively. Using a Chi-square test, the p-value=0.687.

(Table 2)

Using a cut-off of 20% the number of cases classified as luminal A by EB, IR, CP1 and CP2 would be

34, 22, 29 and 31 respectively. Using a Chi-square test, the p-value=0.347.

Comparison of EB and CP1 (Fig. 1A) showed a Lin’s concordance correlation coefficient of 0.698 with
a 95% confidence interval of 0.629 -0.767. On a Bland Altman plot, the mean difference obtained
was 5.13% with 6.44% of the values outside the limits of agreement. Using a Ki67 cut-off value of
14% (Table. 3), 17 cases were classified as low (below the cut-off value for luminal A vs. luminal B
tumours) by CP1 and 14 cases by EB, and there was disagreement in the classification as low or high
Ki67 in 21 cases (10.4%), giving a Cohen’s Kappa statistic of k=0.267 (p<0.001, fair agreement). Using
a cut-off of 20%, 32 cases were classified as low by CP1 and 20 cases by EB, and there was
disagreement in 28 cases (13,9%), giving a Cohen’s Kappa statistic of k=0.387 (p<0.001, fair

agreement).

Comparison of IR and CP1 (Fig. 1B) showed a Lin’s concordance correlation coefficient of 0.790 with
a 95% confidence interval of 0.744 -0.854. On a Bland Altman plot, the mean difference obtained
was 8.80% with 4.95% of the values outside the limits of agreement. Using a Ki67 cut-off value of
14% (Table 3), 17 cases were classified as low by CP1 and 9 cases by IR, and there was disagreement
in the classification as low or high Ki67 in 14 cases (6.9%), giving a Cohen’s Kappa statistic of k=0.428
(p<0.001, moderate agreement). Using a cut-off of 20%, 32 cases were classified as low by CP1 and
23 cases by IR, and there was disagreement in 21 cases (10,4%), giving a Cohen’s Kappa statistic of

k=0.560 (p<0.001, moderate agreement).

Comparison of EB and IR (Fig. 2) showed a Lin’s concordance correlation coefficient of 0.716 with a

95% confidence interval of 0.650-0.783 (p<0.001). On a Bland Altman plot, the mean difference



obtained was -3.73 with 5.91% of the values outside the limits of agreement. Using a Ki67 cut-off
value of 14% (Table 3), 14 cases were classified as low by EB and 9 cases by IR, and there was
disagreement in classification of high or low Ki67 in 13 cases (6,4%), giving a Cohen’s Kappa statistic
of k=0.403 (p<0.001, fair agreement). Using a cut-off of 20%, 20 cases were classified as low by EB,
and 23 cases by IR and there was disagreement in 23 cases (11,3%), giving a Cahen’s Kappa statistic

of k=0.402 (p<0.001, fair agreement).

Comparison of counting done by two pathologists (Fig. 2) showed a Lin’s correlation coefficient of
0.965 with a 95% confidence interval of 0.955 - 0.974. On a Bland Altman plot, the mean difference
obtained was -0.76% with 4.98% of the values outside the limits of agreement. Using a Ki67 cut-off
value of 14% (Table 3), 16 cases were classified as low by CP1 and 16 cases by CP2, and there was
disagreement in classification as low or high Ki67 in 8 cases (4,0%), giving a Cohen’s Kappa statistic of
k=0.728 (p<0.001, substantial agreement). Using a cut-off of 20%, 31 cases were classified as low by
CP1 and 33 cases by CP2, and there was disagreement in 10 cases (5%), giving a Cohen’s Kappa

statistic of k=0.814 (p<0.001, almost perfect agreement).

When limiting comparisons to samples within the range of Ki67 readings of 10-25% with either
method (Table 3), using a cut-off of 14%, eyeballing vs CP1 showed 32.1% disagreement in
classification as low or high Ki67, IR vs CP1 31.1% disagreement, EB vs. IR 22.4% disagreement and
CP1 vs. CP2 17.4% disagreement. Using a cut-off of 20% EB vs CP1 showed 44.6% disagreement, IR

vs CP146.7%, EB vs. IR 42.9% disagreement and CP1 vs CP2 21.7% disagreement.

Discussion:

Immunohistochemistry can serve as a surrogate for molecular assessment of intrinsic subtypes in
breast carcinoma, therefore many laboratories now routinely perform immunchistochemistry for

oestrogen receptors, progesterone receptors, HER-2-neu and Ki67 on tissue from biopsy or excision
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specimens. In respect of the latter the gold standard in methodology has not yet been widely agreed
upon. We assessed the comparability of different methods of analysis and the inter-observer

agreement for the counting method performed by two pathologists.

The histological grade was assessed as grade 1 in 8%, grade 2 in 44% and grade 3 in 47% and 1% not
reported. This is in keeping with racial differences that have been described. (38) in an Australian
study (24) 33.2% of the cases were grade 1, 34.2 were grade 2 and 32.6% were grade 3. Carey et al
reported gradel: 25%, grade2: 29% and grade 3: 46% in African American patients (38). Breast
carcinomas have previously been shown to have more aggressive features in general, including
higher grade, in African American women than in white American patients. (39) This was also found

in a large Ethiopian cohort (40).

The subtyping of the cases in this study based on immunohistochemistry, when compared to
international and African/African American figures showed a lower percentage of cases classified as
luminal A, and a higher percentage classified as luminal B. (9,42) Averaging the results of the
different methodologies in our study classifies 6% as luminal A and 71% as luminal B at a Ki67 cut-off
of 14%; and 14% luminal A and 63% luminal B at 20%. international figures have been reported as
luminal A 60%, luminal B 10%, Her2-enriched 15% and Basal-like 15% (3). Huo et al analysed the

subtypes for African Americans as follows: luminal A 52%, luminal B 27%, HER2 12%, basal 56%. (28)

Thus there is up to a 10-fold decrease in luminal A cases and up to a 7-fold increase in luminal B
cases in our study compared to these. A previous study at Chris-Hani Baragwanath Hospital showed
similar figures to our study: luminal A 10.9%, luminal B 70.6%, HER2 enriched 6.6% and triple
negative 11.9%(41). Whilst this difference may partially reflect geographical differences, it may also
be due to the cut-off level for a low Ki67 index. This highlights the need for determination of the

most appropriate cut-off level by each laboratory, (25) by correlation with molecular analysis.
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The number of luminal A cases identified by each method using Ki67 cut-offs of 14% and 20% does
not show a statistical difference by the Chi-square test, however, these values do not give an entirely
accurate reflection of the level of agreement as they do not reflect how many of the cases identified

are the same. The Cohen’s Kappa statistic is more accurate in this regard.

Overall, good correlation was obtained between the counts done by the two pathologists (Lin’s

concordance correlation coefficient 0.965).

The best correlation between methods was obtained by IR vs. counting (Lin’s concordance
correlation coefficient 0.790), followed by EB vs. IR {Lin’s concordance correlation co-efficient 0.716)

and then EB vs. CP1 (Lin’s concordance correlation coefficient 0.698).

Determining a low Ki67 with a cut-off of 14%, fair agreement was obtained between EB and CP1, and
between EB and IR, with moderate agreement between IR and CP1, and substantial agreement for

manual counting by two observers.

Determining a low Ki67 using a cut-off of 20% yielded similar results, except that agreement for

manual counting between the two observers was almost perfect.

The level of agreement was poorer when analysing those cases with Ki67 between 10% and 25%. Up
to 46,7% of cases would be differently classified by IR vs. CP1. Up to 44,6% of cases would be

differently classified according to EB compared to CP1.

Even with a 4% disagreement (CP1 vs. CP2 with 14% cut-off) 8 of the 201 cases would potentially
receive suboptimal management. The high disagreement between CP1 and CP2, even when
counting the same images, may be due to the fact that even small differences in counting around

the cut-off point result in different categorisation of cases.

A similar finding was obtained by Varga et al (32). Five pathologists evaluated the Ki-67 labelling
index in carcinomas of varying degrees of differentiation. Good to very good agreement in the

values was obtained, however, on analysing the results for grade 2 carcinomas only, there was poor

12



inter-observer and intra-observer agreement. Attempts were made to eliminate some suggested
factors that could result in this discrepancy, but these did not improve the result. This group of
researchers concluded that the differences lay in “the realm of cognitive psychology”. Aeffner et al
have reviewed visual and cognitive traps in manual scoring of biomarkers, such as confirmation bias

in which observers tend to lean towards information that favours a certain hypothesis. (43)

In practice Ki67 determination by immunohistochemistry is often preferable to molecular methods.
(24) This is especially true in resource challenged settings, where the cost of Ki67 is less prohibitive
and can form part of the routine histopathological panel. An added advantage is the ability to

exclude non-tumour cells such as inflammatory cells by the reporting pathologist.

Whilst the recommended method of determining the Ki67 index is manual counting, there is no

definite “gold standard”.

Eyeballing is the most subjective method of analysing Ki67, and digit preference is a factor as values
are usually rounded to the nearest 5 or 10, which reduces the accuracy. This is particularly likely to
introduce a bias when a cut off value such as 14% is used. However, this is the most convenient
method to use and some authors claim that it is more accurate than other methods because it is
based on an overall impression of all the tissue stained. (32) Here, the experience of the observer is

an important factor. {(43)

The major problem encountered in our study with the use of IR was the intensity of the
counterstain. The intensity of the counterstain was not adequate in some cases and could not be
corrected by altering the degree of contrast especially in the older cases examined. Many of the
negative cells were not detectable by the software. If this method were to be used routinely, the
staining characteristics would have to be optimised for this purpose. Tumour cells are not always
readily distinguishable from non-neoplastic cells such as endothelial, stromal and inflammatory cells

using IR, although the size of the tumour cells is used as a guideline.
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Zabaglo et al. identified the elimination of subjectivity in the interpretation of the Ki-67 index as an
advantage of DIA. (44) Aeffner et al (43) discussed the fact that DIA methods require a gold standard
or reference method to establish analytical validity — usually this standard is conventional subjective
scores determined by an experienced pathologist. This then is a paradox as DIA has been touted for
its reproducibility and objectivity by virtue of its elimination of human bias. A disadvantage of DIA
identified by these authors is that it lacks the cognitive complexity needed to appreciate nuances in
histopathological features unless specifically trained to do so. The recommendation of the
International Ki67 in Breast Cancer Working Group is that the use of DIA has not been proven for

routine clinical practice. (27)

Counting is tedious and time consuming, and distractions are problematic. Intra-tumoural
heterogeneity can also affect the results obtained, although it is less of a problem in core biopsies
than in tumour blocks as the volume of tumour is less. This factor was eliminated in this study by the
use of identical photomicrographs which resulted in the same fields being counted by both
observers. Care must be taken to count only invasive cells, avoiding areas of in situ neoplasia. The
cells to accept as positively staining may also differ between observers, such as very pale staining
cells, speckled staining and cells that are partially overlapping. It has been recommended that any
staining should be accepted as positive, since differences from one cell to another reflect variable
staining patterns in different parts of the cell cycle. (45) Varga et al. found that despite attempting to
better define which nuclei should be accepted as positive, there was no improvement in

interobserver agreement. (32)
Limitations

The values for the EB method were obtained from the report, reflecting the assessment of different
pathologists. Thus, whilst the counting method was done using a standardised approach for all the

cases, this may not be true of the EB results.
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Since the cases were assessed retrospectively, the immunohistochemical staining was not optimised

for the use of IR, and darker counterstaining would probably have improved the accuracy of IR.

Conclusion

The different methods of assessing Ki67 yielded acceptable correlation between results at high levels
and low levels. The intermediate levels (10-25%) are problematic and using different methods
results in discrepancies which are particularly concerning in the subtyping of luminal cancers into
luminal A and luminal B subtypes. Lack of standardisation in the interpretation of the Ki67 index
needs to be addressed. Additional efforts to improve accuracy in the Ki67 range of 10-25% are
warranted. In light of the research referenced above regarding digital image analysis, this deserves
further attention and may be useful under the supervision of pathologists in these “borderline”
cases. Ideally, these cases should be further analysed by molecular methods to assist with precise
classification, to determine the Ki67 cut off value per laboratory and to assess which Ki67
determination method is most superior. Further development in molecular methods may result in

these becoming more practical in the future.
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APPENDIX A
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Fig. 1. Scatter plots of Ki67 percentages with a 45° line. A. Eyeballing vs. CP1. B. IR vs CP1. C.

Eyeballing vs. IR. D. CP1 vs CP2.



Fig. 2 Technical problems in Ki67 analysis. Ki67 immunostain at 400x magnification. A. Crush

artefact precluding accurate counting. B. Pale counterstain hindering IR analysis.
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APPENDIX B - TABLES

Tablel. Patient Characteristics

Characteristic Description Number (n=201)
| Race Black 201 (100%)
Age Range 27-86 years
Median 52 years

Interquartile range

42-60years

Histological type No special type 179 (89%)

Mucinous 7 (3.5%)
Lobular 6 (3%)
Micropapillary 3 (1.5%)
Medullary features 2 (1%)

| Apocrine | 2 (1%)
Metaplastic 1(0.5%)
Mixed 1 (0.5%)

Histological grade | Grade | 16 (8%)

Grade 2 88 (44%)
Grade 3 95 (47%)

Not reported

2 (1%)

Intrinsic subtype

Luminal A

13 (6.5%)

Luminal B

143 (70%)

HER2 enriched

17 (8.5%)

Triple negative

31 (15%)
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Table 2. Assessment of numbers of Luminal A and Luminal B cases determined by the different

methods.
. iR CP1 CP2 Chi-square test
Eyeballing
{n=203) (n=203}) {n=202) (n=201)
14% .
KiG7 Luminal A 13 (6.4%) 9 {4.4%) 14 (6.9%) 14 (7.0%)
P=0.687
Cut-off tuminal
143 147 142 142
B (70.4%) (72.4%) (70.3%) (70.2%)
20% .
Kis7 Luminai A 34 (16.8%) | 22{10.8%) | 29(14.4%) | 31(15.4%)
i
P=0.347
Cut-off 122 134 127 125
Luminal B (60.1%) (66.0%) {62.9%]) (61.7%)

Table 3. Percentage disagreement between methods when considering all cases or only cases in the

range of 10 - 25% (determined by either of the methods).

All cases Ki67 10-25% with either method
Total cases | <14% cut- <20% cut- Total <14% cut- <20% cut-
off off cases off off
Eyeballingvs | 202 21(10.4%) | 28(13.9%) |56 18(32.1%) | 25 ({44.6%)
counting
IR vs 202 14 (6.9%)} 21 (10.4%) | 45 14 (31.1%) | 21 (46.7%)
Counting
Eyeball vs 203 13 (6.4%) 23 (11.3%) | 49 11(22.4%) | 21(42.9%)
R
CP1 vs. 201 8 (4.0%) 10 (5.0%) 46 8(17.4%) 10 (21.7%)
CP2
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APPENDIX C
APPROVED RESEARCH PROTOCOL



Ki67 immunohistochemistry quantification in breast carcinoma: A comparison of

visual estimation, counting and Immunoratio®.
1. Introduction

Histopathological analysis of biopsies for breast carcinoma includes
immunohistochemical staining for oestrogen receptors (ER), progesterone receptors
(PR), human epidermal growth factor receptor (HER-2) and Ki-67. Together with the
tumour stage and morphologic assessment of the tumours, these supply information
which is routinely used in management decisions and prognostication of breast

carcinoma.

Microarray-based molecular analysis of breast carcinomas has shown that breast
carcinomas include distinct sub-groups with a spectrum of molecular and biological
characteristics (Sorlie, 2001). This was demonstrated by Perou and Sorlie in 2000,
who used a hierarchical method of clustering of gene expression to divide breast
cancers into subtypes that correlate with their morphologic and clinical features
(Perou, 2000). They defined five groups: luminal A, luminal B, normal breast-like,
HER2-enriched and basal-like. Subsequently, multiple other groups have been

described.

Molecular profiling has led to a more personalised approach to therapy (Emad,
2010). Similar results have been found with genomic analysis (Cancer Genome
Atlas Network, 2012) as well as with multiparameter tests including PAMS50 (Sorlie et
al, 2001) and MammaPrint/BluePrint. Employing these methods for each biopsy
evaluated routinely is not viable in many laboratories in view of the financial cost and
time constraints, and the St. Gallen conference of 2013 advised the use of

immunohistochemical stains for molecular classification (Goldhirsch, 2013).

Analysis of the immunohistochemical stains listed above has been used to serve as a
surrogate assessment (Ping Tang, 2016) as follows:

1.Luminal breast cancer

a. Luminal A: ER and PR positive (PR > 20%), HER2 negative and low Ki67.

b. Luminal B: ER+, HER2-, Ki67 > 14%

or ER+, HER2-, Ki67 14-19%, and PR < 20%.
1



2. HER2 Positive

a.Luminal HER2 Subtype: ER+ (but often not as strongly positive as HER2 negative
tumours)

b.HER2+-Enriched subtype: ER-, PR-, HER2+

3.Triple negative.

Basal-like subtype: ER-, PR-, HER2-, Cytokeratin5+ and/or EGFR+

Nonclassified triple negative subtype: Negative for ER, PR, HER2, Cytokeratin5 and
EGFR.

Whilst many triple negative breast cancers fall into the basal-like subtype, seven
subgroups have been identified (Masuda et al, 2013). These subtypes are predictive

of different responses to chemotherapeutic agents (Loibl, 2015).

The use of immunohistochemistry in classifying tumours as luminal A or luminal B
subtype is an area of controversy. Molecular methods employed in this regard use
genes which assess proliferation (Wirapati et al, 2008).

Ki67 is a proliferation marker which was described in 1984 by Gezer et al. Prior to
this,indirect methods such as *H thymidine determination and flow cytometry had
been used for this purpose (Bouzubar, 1989), but were not procedures which could
practically be used on a day to day basis. Ki67 reacts with cells in the cell cycle, but

not in the quiescent phase.

A high proliferation index as defined by Ki67 staining has been shown to correlate
with a poorer prognosis (de Azambuijo et al, 2007). It also is an indication of the
likely response to chemotherapy — the tumour response is better with a high Ki67
(Criscitiello et al, 2014). Patients with luminal A breast cancers have been found to
profit most from hormone therapy without chemotherapy, whereas those with luminal

B tumours respond better to chemotherapy (Emad, 2010).

There is widespread controversy regarding the assessment and interpretation of
Ki67. Determination of the proliferation index by this method has been found to have
unacceptable interobserver and interlaboratory variability (Pathmanathan, 2015).
Some authors are of the opinion that routine reporting of Ki67 should not be done at
all in view of its lack of reliability (Mei-Yin, 2013).

There are many variables that impact on the use of Ki67 immunostaining. Various

methods are used for assessment of the percentage of Ki67 positive cells. These
2



include “eyeballing” (visually scanning the section and estimating the percentage of
positive cells), formally counting the number of cells, and image analysis methods
(Pathmanathan, 2015). Contrary to the instinctive idea that counting cells is the most
accurate method, one study has found “eyeballing” to be a more reproducible

method, although overall interobserver reproducibility is poor (Varga et al, 2012).

Also, it is uncertain whether the highest staining areas (“hot spots”) should be
assessed, whether average areas should be assessed, whether low staining areas
should be assessed or whether multiple areas should be assessed and a mean
value calculated. Proponents of the first method argue that the “hot spots” are the
areas representing the tumour component most likely to metastasize and therefore
the most important component prognostically (Aleskandrarany et al., 2016).
Assessment of the invasive edge of the tumour has been recommended (Dowsett et
al, 2011).

If counting of positive cells is done, there is a variable approach to the number of
cells counted. The International Ki67 in Breast Cancer Working Group
recommended a minimal of 500 cells, and ideally 1000 cells to be counted (Dowsett
et al, 2011). One study showed no significant difference between counting 300, 510
or 1020 cells using the standard method, but lower figures counting 1200 cells than
510 cells if using the “hot spot” or advancing edge approach (Focke et al, 2016).

The “cut-off’ value to be used in assigning tumours to the luminal A or luminal B
groups is also not agreed upon. The ideal value has been shown to vary from one
institution to another, and these have ranged from 3,5% to 34% (De Azarmbuja,
2007) The St. Gallen International Expert Consensus in 2011 recommended a cut-
off of 14% (Goldhirsch et al, 2013). At the St. Gallen conference of 2015, most of the
experts favoured a value of 20-29% (Coates et al, 2015). There are also different
thresholds obtained if studies are conducted using different clinical end-points and
sub-sets of patients (Denckert et al, 2013).

It is recommended that the Ki67 cut-off value should be determined separately for
each laboratory (Mei-Yin et al, 2013).



Image analysis software in general is not freely available and necessitates the use of

complex software for analysis, as well as virtual microscopy scanning. ImmunoRatio

is a digital image analysis system which is accessed via a web browser. It is free and
no additional equipment or software is required. (Tuominen et al, 2010). The website
includes a Camera adjustment wizard to set the contrast and brightness of the

images.

Comparison of Immunoratio results to visual counting showed a good correlation.
The analysis has been found to be optimal using images taken with a 20x objective,

and averaging the results for three images. (Tuominen et al, 2010).
2. Aims and objectives

Aim
Comparison of three different methods of quantifying the proliferation index on

Ki67 immunohistochemical stains performed on breast core biopsies.

Objectives

2.1 A review of the results obtained by ‘eyeballing’ of breast core biopsies.
2.2 Determination of Ki67 using Immunoratio© software on the same cases.
2.3 Ki67 determined by counting positive cells.

2.4 Comparison of the values obtained between the two methods.

2.5 Determination of the classification of oestrogen-receptor positive cases

using the St. Gallen recommended cut-off points of 14% and 20%.

Null hypothesis: There is no significant difference in Ki67 obtained by the different

processes.

3. Materials and Methods
This is a retrospective, non-interventional study.

3.1 The study will be conducted in the laboratory setting.

3.2 The original report captured on the NHLS information system
(Trakcare) will be examined to determine the Ki67 reported on each
case. This is assumed to have been determined by the “eyeballing”
method.
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3.3The slides stained with Ki67 immunostain will be retrieved. The slides
have been stained according to the laboratory Standard Operating
Procedure (See Appendix A).

3.4 The Ki67 value will be obtained using the counting method. 500 cells
will be counted for each case in consecutive fields. Any degree of
staining will be included. The counting will be corroborated by the first
supervisor.

3.5The slides will be interpreted using the Immunoratio© software.
Photomicrographs of three areas for each case will be analysed and a
mean result obtained. These areas will include a “hot spot”, a “cold
spot” and an intermediate area. A 20x microscope objective will be
used.

3.6 An Olympus BH-2 microscope with an attached Zeiss AxiocamERc 5s
camera will be used to photograph the cases. The camera will be
calibrated according to the Immunoratio© Camera adjustment Wizard.

3.7 The data will be entered on an Excel spreadsheet.

3.8For objective 2.5 the cases will be subtyped using the St. Gallen Ki67
cutoff values of 14% and 20% in order to determine the number of
cases which would be classified as luminal A in each case.

Iinclusion and exclusion criteria.

4 1 Inclusion Criteria.

4.1.1Cases diagnostic of invasive breast carcinoma, luminal subtype on

breast core biopsy.

4.2 Exclusion Criteria.
4.2.1 Biopsies with only duct carcinoma in situ or microinvasion.
4.2.2 Biopsies with representation of insufficient tumour for three
photomicrographs of different areas.
4.2.3 Cases in which a Ki67 stain has not been done.
4.2.4 Tumours which have been previously treated with chemotherapy
or radiotherapy.

4.2.5 Tumours which are extensively necrotic or severely inflamed.
5



4.2.6 Biopsies with artefactual changes hampering evaluation.

5 Sample size and selection.

201 breast carcinoma cases satisfying the selection criteria will be included. These
will be obtained from the cases enrolled in the Chris Hani Baragwanath SABC study.
Sample size calculation: The formula recommended by Watson et al (2010) has been
used as follows:

14 8(1.96)*(1 — p)*(1 + py)?
2wy

Where p1 is the anticipated value of the interclass coefficient (ICC), and W, the
acceptable width of the 95% confidence interval. Using a p,;=0.8 and #},=0.1 a
sample size of 201 is needed.

6 Statistical analysis.

Comparisons will be done to evaluate both the repeatability of the cell counting
resuits (researcher vs supervisor) and the reliability of the ‘eyeballing’ results
(‘eyeballing’ vs Immunoratio®© software and ‘eyeballing’ vs positive cell

count). Initially, systematic differences between the two groups will be determined
using a Wilcoxon signed ranks test as data are expected to be non-

parametric. Thereafter, a Bland and Altman diagram will be drawn to examine the
agreement between the paired readings. A Bland and Altman diagram will also
demonstrate if there is a funnel effect present where the magnitude of the effect has
an influence on the degree of the agreement. Finally, when assessing the reliability
of the different techniques, Lin’s concordance correlation coefficient will be calculated
which is a modified version of the Pearson correlation coefficient that assesses how
well points lie on a 45° line drawn through the origin.

7. Budget and funding.

No funding is required.

8 Ethics



The study is a retrospective study conducted on archived slides in the NHLS

laboratory. The identifying details will be known only to the student and supervisor and

all information will be de-identified.

The Department of Anatomical Pathology has been granted blanket approval by the

Committee for Research on Human Subjects (Medical) of the University of the

Witwatersrand to conduct such retrospective studies (M10744). Nevertheless, a

separate application will be submitted to the committee as soon as the protocol is

approved for project specific clearance.

9 Time line

Month

10

11

12

Literature review

Protocol
presentation

Protocol

assessment

Ethics application

Data collection

Data analysis

Writing up

Submission

APPENDIX A

Appendix A: procedure for immunochistochemistry tests using the Ventana Benchmark

XT machine.

1. Equipment and reagents

a. Equipment: Benchmark XT

b. Reagents:
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C.

iii. Reaction buffer CC1: Cell Conditioning 1 in bottle 5: undiluted
CC2: Cell conditioning 2.

iv. Antibodies

v. Ulira-View DAB kit

vi. Opti-view kit

Reagent preparation:

i. EZ prep in bottle number 1: 18] dH20 + 2| EZ prep solution

ii. LCS in bottle 2: undiluted

iii. SSC in bottle 3: 181 dH20 + 2| SSC solution

iv. Reaction buffer in bottie 4. 18] dH20 + 2| Reaction buffer

v. CC1 in bottle 5: undiluted

vi. CC2

2. Procedural steps

a.
b.

Cut the blocks according to the immunohistochemistry request form.
Print the bar-coded slide labels which include the test to run, laboratory

number and date.

c. Label the slides with the appropriate printed labels.

d. Open the machine to load the slides with the barcodes facing towards

o

> Q@

the centre and close it.

Remove the antibodies from the fridge and load them onto the machine.
Check if the bulk solutions need to be filled up before starting the run.
Check the waste container and empty it if necessary.

Click the run button to start the run and enter the number of slides you
loaded and the end time for the run.

3. Ki67 antibody used: 30-9, Roche diagnostic, Ventana, USA.
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“Proponents of the first method” changed to “proponents of the ‘hot spot’ method”. Page 4,
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