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Abstract: CanAssist Breast (CAB) is a prognostic test for early-stage hormone receptor-positive invasive breast can-
cer. The test involves performing immunohistochemical (IHC) analysis for five biomarkers, namely CD44, ABCC4,
ABCC11, N-cadherin, and pan-cadherin. In addition to IHC grading information, three clinical features, i.e., tumor
size, grade, and lymph node status, serve as input into the machine learning-based algorithm to generate the CAB
risk score. CAB was developed and initially validated using manual IHC. This study’s objectives included: i) automate
CAB IHC on an autostainer and establish its performance equivalence with manual IHC ii) validate CAB test using
samples in Tissue MicroArray (TMA) format. IHC for CAB biomarkers was standardized on Ventana BenchMark XT
autostainer. Two IHC methods were compared for IHC gradings and corresponding CAB risk scores/risk categories.
A concordance analysis was done using MedCalc™ software. The manual and automated IHC staining methods
exhibited a high level of concordance on IHC gradings for 40 cases with an Intra-class Correlation Coefficient (ICC)
of >0.85 for 4 of 5 biomarkers. 100% concordance was achieved in risk categorization (low- or high-risk), with very
good agreement between the risk scores demonstrated by a kappa statistic of 0.83. TMA versus whole tissue sec-
tion concordance was analyzed using 45 samples on an autostainer, and the data showed 92% concordance in
terms of risk category. The results confirm the equivalence between manual and automated staining methods and
demonstrate the utility of TMA as an acceptable format for CanAssist Breast testing.
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Introduction

Immunohistochemistry (IHC) is considered a
gold standard technique used to localize a spe-
cific antigen or protein of interest, based on the
principle of antigen-antibody interactions [1, 2].
Since the inception of the technique, numerous
modifications and advancements have been
incorporated to make the test more reliable
and robust as a diagnostic tool [3]. IHC per-
formed by the manual method is a complex and
multistep technique requiring considerable
hands-on time, typically entrusted to skilled
staff. Reliance on manpower makes this tech-
nique susceptible to variations brought on by
operators, observers, runs and reagents.
Automation of this technique helps mitigate
these gaps. Considering the impact of pre-ana-
lytical, analytical and post-analytical factors

(fixation, choice of primary antibody and detec-
tion system, and accurate interpretation of
staining), any change or improvement to an IHC
assay must be validated before patient testing
[4-7]. Also, IHC analysis on a large number of
tumor tissue samples has become mandatory
to understand the clinical utility of any diagnos-
tic, prognostic, and predictive marker. Tissue
MicroArray (TMA), a recent innovation in histo-
pathology, has been an invaluable addition in
discovering and validating new biomarkers [8].
A tissue microarray contains many small repre-
sentative tissue samples from numerous tumor
tissue blocks assembled on a single paraffin
block. Therefore, studies conducted on TMA
allow the high throughput analysis of tumor
biology with the highest experimental uniformi-
ty possible. Furthermore, it helps improve the
utilization of valuable tissue resources, which
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acts as a limiting factor in multiple clinical stud-
ies[9, 10].

The advent of automation in IHC and the use
of tissue microarray technology have had a
beneficial impact on biomarker validation
by helping in the acquisition of large datasets
[11]. CanAssist Breast (CAB) is an IHC-based
test that uses a machine learning-based risk
classifier that aids in the risk stratification of
patients with early-stage hormone receptor-
positive breast cancer [12]. CAB stratifies
patients into two distinct risk groups, low- or
high-risk, for distant recurrence based on the
‘CAB risk score’ derived using IHC data from a
panel of biomarkers (CD44, ABCC4, ABCC11,
N-cadherin, and pan-cadherin), in association
with clinical prognostic factors (tumor size,
grade, and lymph node status). The CAB risk
score is a numerical value on a scale of O to
100 with a pre-defined cut-off of 15.5. The
patient is classified either as low-risk (£15.5) or
high-risk (>15.6) for distant recurrence based
on the individual CAB risk score [12]. CAB was
clinically validated in a retrospective cohort of
857 patients [13]. The analytical performance
of CAB is established across several repeatabil-
ity and reproducibility variables, making it a
robust prognostic test [14].

In this manuscript, we describe the standard-
ization and validation of the IHC staining of CAB
biomarkers on the Ventana BenchMark XT IHC
autostainer. Equivalent performance of CAB by
manual and automated IHC staining methods is
established by comparing CAB risk scores and
risk categories. Additionally, we also showcase
comparable performance of CAB performed on
whole tissue sections versus in tissue microar-
ray format using an autostainer.

Materials and methods
Sample selection

Forty FFPE blocks with more than 30% tumor
content from primary surgically resected speci-
mens of early-stage (AJCC staging-I/1l), hor-
mone receptor-positive, HER2 negative inva-
sive breast cancer patients were included in
this study; inclusion and exclusion criteria were
followed as detailed earlier [12]. Out of the 40
FFPE sample-set, 21 samples belonged to the
low-risk for recurrence category, and the
remaining 19 samples belonged to the high-
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risk for recurrence category as per manual IHC
analysis [12]. About 22.5% (9/40) of them were
from the CAB risk scores 11.7 to 18.3, repre-
senting the C5-C95 range around the clinical
decision cut-off point of 15.5 [15].

For TMA construction, numerous breast carci-
noma samples were screened, and 45 FFPE
tumor blocks were selected for TMA construc-
tion. The factors like tissue thickness, structur-
al integrity of the block and tumor availability at
discrete places in a block enabled extraction of
multiple cores. Cores representative of the
tumor heterogeneity were evaluated during the
screening.

Materials

IHC staining, grading, and risk score genera-
tion, were performed as detailed earlier in the
manual IHC method [12]. UltraView universal
DAB IHC kit and OptiView DAB IHC kit detec-
tion systems; Cell Conditioningl (CC1), Cell
Conditioning2 (CC2), Protease2 retrieval solu-
tions; Hematoxylin and Bluing counterstain
reagents; and ancillary reagents like EZPrep,
Reaction buffer, and LCS required to carry out
IHC on Ventana BenchMark XT were procured
from Roche, Ventana.

IHC standardization on the autostainer

‘One factor at a time’ approach was followed to
standardize the IHC protocol on the automated
IHC platform. Optimal staining was defined as
specific staining of each marker at the expect-
ed location in positive control blocks (with no or
minimum background staining) similar to the
staining pattern obtained using manual IHC.
Retrieval conditions, primary antibody concen-
tration, detection system, and reaction times
were tweaked individually or in combination, to
obtain the intended staining results.

Automated IHC & CanAssist Breast workflow

Five, three-micron tissue sections on charged
slides were taken from the 40 FFPE tumor
blocks analyzed previously by the manual IHC
method. Before loading slides onto the auto-
stainer, slides were baked in a hot air oven at
60°C for an hour. Then, appropriately labeled
slides were loaded onto slide placeholders in
the instrument, along with all required reagents
like detection system, wash buffer, and other
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Figure 1. Representative images of (A) Donor block with cores, (B) Recipient block sampled with tumor tissue &
asymmetric tissues, and (C) H&E staining of a TMA block.

ancillary reagents. Primary antibodies were dis-
pensed manually during the antibody titration
step. Next, the slides were counterstained with
hematoxylin and bluing reagents. Post-run, the
stained slides were sequentially dehydrated
with graded alcohols 70%, 95% and 100%,
then rinsed in xylene, dried, and mounted with
DPX.

The expression levels of CAB biomarkers on the
IHC slides at specific locations (i.e., membrane
or cytoplasm) were graded by trained onco-
pathologists independently. The IHC gradings
and clinical data serve as input into the machine
learning-based algorithm to generate the CAB
risk score.

TMA construction and concordance analysis
between whole sections and TMA

Quick-Ray Manual Tissue Microarrayer and the
one mm core size premade recipient block with
120 core (12x10) capacity was used to prepare
the TMA blocks. The TMA blocks were prepared
as per the user manual of the UNITMA-Quick
Ray® Manual Tissue Microarrayer by St.
Johns Health Innovation Foundation, Bangalo-
re [http://unitma.com/product/manual-tissue-
microarrayer/]. The cores located at the edges
were fortified with placental tissue cores (asym-
metric core) to avoid possible edge effects and
core loss during the staining process. 20 of the
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45 samples were embedded in TMA block-1,
and the remaining 25 samples were embedded
in TMA block-2. Images of the prepared TMA
blocks are presented in Figure 1. Each sample
was represented in triplicate placed adjacent to
each other and interspersed with a few normal
tissue asymmetric cores to aid in orientation.
The CanAssist Breast test was performed on
the whole sections of the FFPE blocks and the
TMA blocks, followed by computation and com-
parison of CAB risk scores.

Statistical analysis

Concordance was established between the
automated IHC and Manual IHC-based CAB
testing at the level of IHC gradings as well as for
the predicted CAB risk scores and risk catego-
ries using appropriate statistical methods
detailed below.

Dot plots-IHC gradings of each marker from the
two methods are plotted as individual dots. The
Intra-class Correlation Coefficient (ICC) and
systematic mean differences were calculated
using MedCalc™ software, version 18.10.2 [16,
17]. Bland-Altman plots were the differences
between the two methods plotted against the
manual IHC method as the reference method
using MedCalc. Inter-rater agreement (kappa)
was calculated using MedCalc, and strength of
agreement interpreted as per standard [18].

Int J Clin Exp Pathol 2021;14(10):1013-1021
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Figure 2. CanAssist Breast biomarkers IHC Staining patterns across the
Manual IHC staining and Automated IHC staining, photomicrographs at
40x magnification. A1-A5: Manually stained IHC images of CD44, ABCC4,
ABCC11, N-cadherin, and pan-cadherin. Similarly, B1-B5: Automated IHC im-
ages of CD44, ABCC4, ABCC11, N-cadherin, and pan-cadherin.

Each sample’s CanAssist Breast risk category
derived from the automated IHC method was
compared with the corresponding risk group
obtained by the manual IHC method.

Results
IHC standardization on the autostainer

Staining obtained by the automated IHC meth-
od was similar to that obtained by manual IHC
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staining, as shown in Figure 2.
IHC standardization on Ben-
chMark XT autostainer was
done wusing UltraView DAB
detection system and the
retrieval buffer, CC1 for both
membrane and cytosolic bio-
marker staining. These condi-
tions resulted in the desired
intense membrane staining of
CD44 (Figure 2A1, 2B1). For
ABCC4 and ABCC11 antibod-
ies, OptiView DAB was utilized
to achieve membrane staining
(Figure 2B2, 2B3 respective-
ly) similar to manual staining
(Figure 2A2, 2A3 respec-
tively). For cytosolic markers,
N-cadherin and pan-cadherin
antibodies use of CC2 retriev-
al buffer, OptiView DAB for
N-cadherin (Figure 2B4) and
UltraView DAB kit for pan-cad-
herin antibodies (Figure 2B5)
produced cytoplasmic stain-
ing comparable to manual
staining (Figure 2A4, 2A5
respectively). The details of
the final optimized protocols
are provided in Table 1.

Comparison of IHC grading
across the manual and auto-
mated methods

After standardization of stain-
ing protocols, the IHC grad-
ings of all the 5 biomarkers by
two methods were compared
using Intra-class Correlation
Coefficient (ICC) and dot pl-
ots. Figure 3A-E shows the
dot plots depicting expression
ranges of all biomarkers simi-
lar in both methods. The ICC
for each of the CAB biomarkers are shown in
Table 2 indicates high ICC ranging from 0.87-
0.97 for four biomarkers CD44, ABCC4, AB-
CC11, and pan-cadherin. In contrast, N-ca-
dherin showed a low ICC (0.05) despite a lack
of variation in expression levels across the two
methods, as noted in the dot blot in Figure 3E.
Further, the systematic mean differences were
calculated to substantiate the equivalence
between the two staining methods, as shown in
Table 2. For N-cadherin, the mean difference
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CanAssist Breast validation on automated IHC platform

Table 1. CanAssist Breast biomarkers and their optimized proto-
cols on the Ventana BenchMark XT autostainer

Protocol
S. No. Biomarker Detection System Retrieval Primary Antipody
buffer Incubation time
1 CDh44 UltraView DAB kit CcC1 32 mins
2 ABCC4 OptiView DAB kit Protease2 32 mins
3 ABCC11 OptiView DAB kit Protease2 32 mins
4 N-Cadherin  OptiView DAB kit CC2 48 mins
5 pan-Cadherin UltraView DAB kit CC2 60 mins

CC, Cell Conditioning.
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Figure 3. Dot plots for IHC scores of CanAssist Breast marker suite (manual
vs. automated IHC). A. CD44 marker expression profile, % of membrane
staining across 40 cases. B. Expression profile of ABCC4 marker, % of mem-
brane staining across 40 cases. C. Percentage of ABCC11 staining across
40 cases. D. Pan-cadherin marker expression profile of percentage of His-
toscore (% of staining X Intensity) cytoplasm staining across 40 cases. E.
N-cadherin marker expression profile, % of cytoplasm staining across 40
cases.

range of protein expression of
N-cadherin, unlike the other
biomarkers.

Comparison of CAB risk
scores and risk categories be-
tween manual and automated
methods

The risk score and risk catego-
ry across 40 samples for both
manual and automated meth-
ods were assessed. These
samples were representative
of the spectrum of risk scores
observed in CAB testing of
patient clinical samples. Minor
differences were observed in
risk scores for the same sam-
ple across the two staining
methods. However, as shown
in Figure 4A, 100% concor-
dance between the risk cate-
gories predicted using IHC
gradings from both methods.
In addition, the linear regres-
sion analysis, shown in Figure
4B, further confirms good
concordance with the high
Pearson correlation coeffi-
cient (r) 0.9755 with a signifi-
cant Pvalue of <0.0001. Next,
differences in the CAB risk
scores generated using the
two protocols were assessed
by the Bland-Altman plot by
using the CAB risk scores gen-
erated by the manual IHC
method as the reference [17,
18]. The analysis was specifi-
cally carried out on cases with
risk scores in the C5-C95
range (CAB risk scores of 11.7
to 18.3) around the clinical
decision cut-off point of 15.5.
The mean difference of CAB
risk scores across the two
methods closer to the cut-off
point was also within the tight-

between the two methods was -0.25 (95% Cl: er 95% of the Cls, as depicted in Figure 4C.
-0.58 to 0.08). Thus, the low systematic mean Finally, the Kappa statistic was used to deter-
difference and narrow 95% CI strongly indicate mine the degree of agreement between the
that the low ICC obtained is due to the limited methods (measuring the extent to which both
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Table 2. Agreement between manual and automated IHC (Ventana BenchMark XT) staining methods,
the Intra-class Correlation Coefficient (ICC), and systematic mean differences for IHC grading of Ca-
nAssist Breast biomarkers

Agreement between Manual IHC and Systematic Difference between

Biomarker Automated IHC Manual IHC and Automated IHC

S. No. of the CAB Factors evaluated Intra-class Correlation
Panel Coefficient (ICC) 95%Cl Mean 95% Cl
1 CD44 % of Membrane staining (0-100%) 0.97 0.9383 to 0.9831 -2.9 -6.1576 to 0.4136
2 ABCC4 % of Membrane staining (0-100%) 0.87 0.7395 to 0.9355 1.84 0.4404 to0 3.2331
3 ABCC11 % of Membrane staining (0-100%) 0.94 0.8865 to 0.9681 -0.41 -1.4436 to 0.6156
4 N-Cadherin % of Cytoplasm staining (0-100%) 0.05 -0.7482 t0 0.4898 -0.25 -0.5800 to 0.0825
5 pan-Cadherin Histo score (0-300) (% of Cytoplasm 0.88 0.7693 to 0.9357 0.06 -3.0454 t0 3.1798
staining x Intensity of Cytoplasm)

A B methods arrive at the same

404

20

Number of cases

i 1=0.9755

CAB risk score (automated IHC)

P<0.0001

0 I I I 1
High-risk 0 10 20 30 40

CAB risk score (manual IHC)

Low-risk

Manual IHC Method

-
R3]

Automated IHC Method
C 50

+1.96 SD
168

8
0.0 T o oo Mean
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-0.24

-1.96 SD
25 -2.17

Differences in CAB risk scores
(Manual-Automated IHC)

5.0h . 1 1 L 1 1 1 L 1 L 1

CAB risk scores (Manual IHC)

Figure 4. A. Risk category concordance between the two methods. The risk
categories proportion of low-risk and high-risk cases remained the same by
prediction through both IHC methods, and there were no cases observed
shifting from one risk category to another risk category. B. Scatter plot of
40 cases, CAB risk score by automated IHC method plotted against respec-
tive risk scores by manual IHC method. Pearson Correlation coefficient
(r) between the two methods found to be 0.9755 with a significance level
P<0.0001; the dotted lines represent 95% CI. C. Bland-Altman plot for the
differences in CanAssist Breast risk scores between Manual to Automated
IHC methods, around the clinical decision cut-off point, C5-C95 range (CAB
risk scores from 11.7 to 18.3).
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risk score). Kappa statistic
was 0.83, indicating a very
good agreement in the CAB
risk score prediction using
both methods.

Analysis of CAB on whole
sections versus on tissue mi-
croarray

Individual cores that were
available for all the 5 CAB
markers were selected. Thus,
84% of samples (38/45) had
gradings of all five CAB mark-
ers by three pathologists. The
pool of analyzable cases (38)
is presented in Table 3, of
which 26% of the cases had
all three cores intact, 42% of
the cases had 2 of the 3 cores
intact, and 32% of cases had
only one of 3 cores available
to grade.

There was 92% concordance
between the CAB risk catego-
ries derived from the TMA
cores and whole tissue sec-
tion IHC analysis, presented
in Figure 5. The concordant
group has 100% concordance
for CAB risk categories bet-
ween the individual cores and
the whole tissue section. The
number of cores available to
grade did not influence the
concordance in an individual
case. Concordance between

Int J Clin Exp Pathol 2021;14(10):1013-1021
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Table 3. Summary of the cases and cores presented in TMA analysis

Number of cores folded/floated/could

Number of cases Number of cores available to grade Analyzable
not be graded
10 3 0 Yes
16 2 1 Yes
12 1 2 Yes
7 0 3 No
Total number of cases 45
Total number of cases analyzable 38
Total number of cores available to grade & analyze 74
Total number of cores floated/folded/unable to grade & analyze 61

TMA 20 TEEZ 0 &

2 ™TSSSXZ 12 &7
0 10 20 30 40

Number of Cases

Whole Sections

CAB Low-risk CAB High-risk

Figure 5. CanAssist Breast risk category concor-
dance compared between the TMA and the whole
sections with automated IHC. The risk categories of
35 out of 38 cases of TMAs matches that of CAB risk
categories of whole section CAB analysis.

the methods was seen even when only one
core was available to grade and analyze. In
addition, four cases from the TMA block-1
were repeated in TMA block-2 preparation to
assess the reproducibility of CAB risk catego-
ries using TMA, and the data showed 100%
reproducibility.

Discussion

Automation of IHC removes most variables
(operator and run) associated with the manual
technigue and produces consistent and re-
producible results [19]. It aids in the optimal
utilization of reagents and resources, ensuring
consistent quality. Standardization of IHC for
CAB biomarkers on Ventana BenchMark XT
autostainer was optimal as the IHC gradings
obtained were comparable to manual IHC
(Figure 3). The Ventana BenchMark XT auto-
stainer could replicate the retrieval conditions
of pressure-induced heat-mediated retrieval
methods like in MERS-Multiple Epitope Re-
trieval System, PathnSitu, in retrieving epitopes
and in turn detection of target antigens.
OptiView DAB detection system with two-step
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linker and multimer system led to improved
sensitivity with enhanced signal amplification.
The most crucial advantage of IHC on the
Ventana BenchMark XT over the manual
method was the reduced background staining
while maintaining tissue architecture intact.

As shown in Figure 4A and 4B, there was 100%
concordance in terms of risk category and a
very good agreement in risk scores generated
by both the methods, demonstrating that the
change in methodology did not influence the
performance of CAB. There was good agree-
ment in IHC gradings by ICC for four biomarkers
out of five except N-cadherin which showed a
lower ICC value. Unlike the other 4 markers, the
N-cadherin expression shows limited spread on
the grading scale of 0-100. ICC is used to mea-
sure the degree of relatedness of values from
different methods structured as groups. Since
N-cadherin expression has a very narrow range
(78-82%), ICC was unable to classify the data
into different groups, resulting in lower ICC.
Nevertheless, the systematic differences value,
denoting the variability between the methods,
is not significant and proves the equivalence
between both staining methods. A similar nar-
row expression range of N-cadherin was also
reported in analytical validation of CAB which
indicates the inherent nature of the expression
of this biomarker [14]. The magnitude of differ-
ence between the CAB risk scores by manual
and automated methods was found to be with-
in £1.96 SD in C5 to C95 range as shown in a
Bland Altman plot (Figure 4C). This demon-
strates good concordance even near the cut-off
point.

IHC automation can help in meeting the require-
ments of high reproducibility and repeatability
concomitant with increased demand [4, 20].

Int J Clin Exp Pathol 2021;14(10):1013-1021
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Consistent with this, a recent study on the
transition from manual to automated IHC
staining reported staining protocols for 78
primary antibodies on the Ventana BenchMark
XT platform [20]. Automation of CanAssist
Breast IHC also opens up the possibility of
decentralizing the testing allowing CAB to be
performed in laboratories equipped with
Ventana BenchMark XT autostainer.

In the process of evaluating the applicability
and acceptability of TMAs for CAB testing, a
92% concordance was noted between risk
categories using the conventional whole tissue
sections and the TMA samples. The study
results unravel the possibility of exploring the
clinical utility of the CAB test across different
populations by testing the specific study
cohorts, especially where the tissue samples
are preserved in the form of a TMA. Various
studies confirm that 2-3 sampled cores are
adequate to represent the whole section tumor
heterogeneity. In this subset of CAB test TMA
validation, the data prove that the CAB risk
category did not get influenced by the number
of cores sampled compared to the whole
section, possibly due to appropriate targeted
tumor sampling [21, 22]. IHC marker validation
using TMA is more efficient. It avoids using
whole sections in terms of reagent consump-
tion, tissue resource utilization and has better
utilization of skilled technician’s time involved
in the process of IHC staining; therefore use of
TMA for the clinical and analytical validation of
IHC biomarkers is rapidly growing [10, 23].

Conclusion

The study results showcase the equivalent per-
formance of CAB by manual IHC & automated
IHC (Ventana BenchMark XT) methods with
respect to risk scores and risk categories.
Further, the CAB test showed acceptable per-
formance using TMA, which opens the door to
using archived TMA samples from important
completed trials to enhance the validation of
CAB.
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