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Abstract: Immunohistochemistry (IHC) is a testing methodology
that is widely used for large number of diagnostic, prognostic, and
predictive biomarkers. Although THC is a qualitative method-
ology, in addition to threshold-based stratification (positive vs.
negative), the increasing levels of expression of some of these bi-
omarkers often lead to more intense staining, which published
evidence linked to specific diagnosis, prognosis, and responses to
therapy. It is essential that the descriptive thresholds between
positive and negative staining, as well as between frequently used
graded categories of staining intensity (eg, 1+, 2+, 3+) are
standardized and reproducible. Histo-score (H-score) is a fre-
quently used scoring system that utilizes these categories. Our
study introduces categorization of the cutoff points between pos-
itive and negative results and graded categories of staining in-
tensity for nuclear THC biomarker assays based on color
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interaction between hematoxylin and diaminobenzidine (DAB);
the Blue-brown Color H-score (BBC-HS).

Six cases of diffuse large B-cell lymphoma were stained for a
nuclear marker MUMI. The staining was assessed by H-score by
12 readers. Short tutorial and illustrated instructions were provided
to readers. The novel scoring system in this study uses the inter-
action between DAB (DAB, brown stain) and hematoxylin (blue
counterstain) to set thresholds between “0” (negative
nuclei), “1+” (weakly positive nuclei), “2+” (moderately positive
nuclei), and “3+” (strongly positive nuclei). The readers recorded
scores for 300 cells. Krippendorff alpha (K-alpha) and intraclass
correlation coefficient (ICC) were calculated. We have also as-
sessed if reliability improved when counting the first 100 cells, first
200 cells, and for the total 300 cells using K-alpha and ICC. To
assess the performance of each individual reader, the mean H-score
and percent positive score (PPS) for each case was calculated, and
the bias was calculated between each reader’s score and the mean.

K-alpha was 0.86 for H-score and 0.76 for PPS. ICC was 0.96
for H-score and 0.92 for PPS. The biases for H-score ranged from
—58 to 41, whereas for PPS it ranged from —27% to 33%. Overall,
most readers showed very low bias. Two readers were consistently
underscoring and 2 were consistently overscoring compared with
the mean. For nuclear THC biomarker assays, our newly proposed
cutoffs provide highly reliable/reproducible results between read-
ers for positive and negative results and graded categories of
staining intensity using existing morphologic parameters. BBC-HS
is easy to teach and is applicable to both human eye and image
analysis. BBC-HS application should facilitate the development of
new reliable/reproducible scoring schemes for [HC biomarkers.

Key Words: immunohistochemistry, Histo-score, interobserver
variability, Blue-brown Color H-score (BBC-HS)

(Appl Immunohistochem Mol Morphol 2023;31:500-506)

mmunohistochemistry (IHC) is a testing methodology

that allows for the detection of proteins in situ and is
mostly applied to formalin-fixed/paraffin-embedded tissue
sections. There is large and quickly growing number of di-
agnostic, prognostic, and predictive IHC biomarker assays
that are in daily use by pathologists. Several guidelines have
been developed to establish standards for testing for pre-
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dictive biomarkers in tumors of breast, lung, gastro-
esophagus, and colorectum.!~ Previous research has shown
that in addition to threshold-based stratification (positive vs.
negative), the increasing levels of expression of some of these
biomarkers can further predict prognosis.®” When evalu-
ating an THC-stained slide, pathologists assess the presence
versus absence of staining in different cellular or ex-
tracellular compartments, and often must also assess the
intensity of staining. This assessment by pathologists in IHC
is a part of the analytical phase of the IHC assay, similar to
the function performed by automatic readers used by other
testing methodologies (eg, automated color change de-
tection in colorimetric assays such as ELISA).!? Although
intrinsically subjective, this assessment (readout) needs to be
highly reproducible between different pathologists.

The presence of staining with a chromogen is as-
sessed by pathologists with or without the help of image
analysis (IA).!!!> Predictive biomarker assays often have
specific scoring systems that need to be applied so that the
results of the IHC biomarker assays are clinically mean-
ingful. The rules for the readout are described when the
use of the IHC biomarker is introduced for any given
purpose. They may be incorporated in the IHC kits pro-
vided by industry, for example, in the interpretation
manuals for programmed death ligand 1 (PD-L1) com-
panion diagnostics.'> For others, there may be guidelines
published by professional organizations, for example, the
ASCO/CAP guidelines for estrogen receptor (ER) and
progesterone receptor testing in breast carcinoma.!

Depending on the IHC assay and its specific purpose,
pathologists may assess the presence of staining in different
cellular compartments, the intensity of staining in those
compartments, the percentage of positive cells, or estimate
the area containing positive cells, among other parameters.
These observations could be combined in various scoring
systems. One of the frequently used scoring schemes is the
“Histo-score” (H-score), where the intensity of staining is
multiplied by the percentage (P) of cells staining negative
(0), weak (1+), moderate (2+), and strong (3+) in the fol-
lowing equation, giving an analytical range for 0 to 300.14

Although THC is a qualitative laboratory assay and
the extent of linearity of the assay is unknown, some lin-
earity is assumed; lower staining intensity is expected to
represent weaker expression of the antigen of interest, and
vice versa, at least in most clinically used IHC biomarker
assays. The H-score has been frequently used for pathol-
ogy research and was shown also to be potentially useful
for some predictive biomarkers.!> Although the complete
H-score is rarely applied to clinical practice, its compo-
nents that include counting percent positive cells, as well
as detecting thresholds between negative, weak positive,
moderate positive, and strong positive staining of different
cellular compartments are being used for large number of
diagnostic, prognostic, and predictive THC assays.!->!0
Automated methods have also been used for H-score and
other readouts using IA of IHC-stained slides.!” Although
they are generally more precise than human readers and
are becoming more popular, automated methods are still
limited by cost, need for comprehensive validation, and

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

many times may have no demonstrable improvements in
readout accuracy.'®!? Tt is important to emphasize that
validation of IA for any given biomarker, especially for
predictive and prognostic biomarkers, must include read-
out precision and readout accuracy, and implementation
of these tools is a very complex process.2’

Any readout of IHC staining is subject to multiple
confounders, as it is a subjective task performed by human
readers. Readouts that are complex, such as H-score, are
even more challenging because errors at 1 level (eg, per-
cent positive cells) are combined with errors at another
level (eg, staining intensity). The potential for interob-
server variability arises because there is yet no standard-
ized rules for the interpretation of the intensity of staining,
where different shades of brown (a continuous variable) is
arbitrarily partitioned into discrete categories (0 vs. 1+ vs.
2+ vs. 3+). Furthermore, intensity of staining is only in-
formative with the assumption that the IHC biomarker
protocol has substantial linearity (even if the extent of
linearity is unknown) where more intense staining means
more expressed protein of interest.>!?? Similarly, the lack
of standardized protocols for IHC staining leads to wide
differences in staining intensity of the IHC chromogen
DAB and the counter stain.?3?* This variability in staining
intensity could be unrelated to protein expression and can
produce clinically relevant errors.> The impact of hema-
toxylin is especially important for nuclear biomarkers such
as ER because of the colocalization of the primary and
counter stains.

This study was designed to assess the performance of
criteria for determining cutoffs between positive and neg-
ative result as well between different intensity categories
applied to nuclear H-score.

MATERIALS AND METHODS

Ethical Approval

The study used only quality assurance materials and
reference samples where Research Ethics Board approval
is not applicable.

Materials

Readers were provided with digital images for 6 cases
of diffuse large B-cell lymphoma (DLBCL) stained for
MUMI, a courtesy of Canadian Biomarker Quality As-
surance Readout Proficiency Testing program (CBQAr-
eadout.ca), a branch of Canadian Biomarker Quality
Assurance—Programme Canadien d’assurance de la qual-
ityé des biomarqueurs (CBQA-PCAB), an academic quality
assurance program for predictive biomarker assays. The
model of DLBCL stained for MUMI1 was used because
many of these lymphomas show little tissue heterogeneity
in the expression of MUMI1 and often cells of DLBCL
will show variable intensity of nuclear staining for
MUMI (Fig. 1).

IHC Scoring
A short tutorial and written illustrated instructions
were provided to readers. A novel scoring system was de-
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FIGURE 1. Cases distributed to the readers for H-score and percent positive score. The slides show lymph node tissue stained with
immunohistochemistry against MUM1. Cases 3 and 6 have a low percentage of positive cells, cases 2 and 4 have moderate
percentage, and cases 1 and 5 have high percentage.

signed using the interaction between DAB (brown chrom-  clei), “2+” (moderately positive nuclei), and “3+” (strongly
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between “0” (negative nuclei), “1+” (weakly positive nu-  nuclei have heterogeneous staining; readers were instructed

Intensity Score

Exampl Comment
and Pattern 1 amples
B o, | : r B
0: Blue in > 50% of nuclear W 5 }‘ . & bt @'ﬁ Hematoxylin staining and no
\ detectable DAB stain

surface, chromatin pattern : & (% ' v b %
visible . - . p
el -

’v " ‘ - per 3
1+: Gray2®in > 50% of o h g There is DAB stain in the nuclei, but it
nuclear surface, chromatin ¥ f: “‘ . is balanced; neither hematoxylin nor
pattern visible | " ¥ ' DAB predominate

W .
2+: Brown and chromatin _k: ’ ‘ L ' Although DAB stain predominates over
pattern visible in > 50% of ¥ " P P hematoxylin, nuclear texture consistent
nuclear surface (:8‘ - i e g with chromatin pattern is still visible

Rt A - L
@

3+: Dark brown, chromatin ’ ! > DAB stain saturates the nucleus so
pattern not visible in > 50% of % . . almost no light can pass through,
nuclear surface " “ ‘ i obscuring the chromatin pattern

‘ . x a kl e a

FIGURE 2. Novel scoring system designed in this study. Training tutorials were performed using the following rules, and they were
distributed to the readers for continued use while scoring the cases. DAB indicates diaminobenzidine. Cell in the center of the
image is representative.
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FIGURE 3. Sample image distributed to the readers as a visual
aid for scoring immunohistochemistry staining intensity.
0=negative or borderline staining, 1+=weak staining, 2
+=moderate staining, and 3+ =strong staining. See Figure 2
for definitions.

to score based on the predominant pattern (covering > 50%
of the nucleus).

H-score and Percent Positive Score

The readers recorded their scores for 300 cells by
entering the sequence of numbers (from 0 to 3) into a word
processor (supplemental material, Supplemental Digital
Content 1, http:/links.lww.com/AIMM/A373). The
strings of digits were input into a simple code (Python)
that counted the number of occurrences of each digit, the
percentage of each digit, and the H-score (supplemental
material, Supplemental Digital Content 1, http://links.
lww.com/AIMM/A373). The H-score is calculated using
the following formula using the percentage (P) of cells
(0% to 100%), where P, is the proportion of negative (0)
cells, P;, is the percentage of 1+ cells, P,, is the per-
centage of 2+ cells, and P;, is the percentage of 3+ cells,
which are summed; H-score=0 X Py + 1 X P4 + 2 X P,
+ 3 X P34. This gives an analytical range for H-score from
0 to 300. The Percent Positive Score (PPS) is simply the
percentage of “positive” cells. This allowed for using the
same string of digits used for H-score to calculate the PPS.
The analytical range for PPS is 0% to 100%, where 0% is
no cells staining, and 100% is all cells staining.

Statistical Reliability

To illustrate the performance of each reader, their
scores were compared with the average of all readers for
each case. The average was calculated by taking the mean
of all readers’ scores for each case. The analytical bias?®
was calculated as the difference between one reader’s score
for a given case and the average that case. Two statistical
tests of reliability were chosen, Krippendorff alpha
(K-alpha) and intraclass correlation coefficient (ICC).
K-alpha is a reliability coefficient for continuous data,
which measures between-reader agreement. If o > 0.80, we
can say there is strong interobserver reliability, and

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

a=0.67 is the lowest limit deemed as an acceptable con-
clusion. Conclusions drawn base on 0.67> a <0.80 are
described as “tentative.”?’?® ICC is another test of con-
tinuous data but uses the variance of a group of data
points. An ICC coefficient <0.40 is poor, 0.40 to 0.59 is
fair, 0.60 to 0.74 is good, and 0.75 to 1.00 is excellent.?
The reliability coefficient given by each test cannot be
directly compared, but instead has to follow the above
rules of interpretation.2”-30-31

Reliability for Number of Cells Counted

Counting and scoring the staining intensity of cells is
a manual task that can be laborious. It is not feasible to
ask human readers to count and score every cell on a slide,
so a compromise is made to decide on a representative
sample of the whole. We hypothesized that a higher
number of counted cells will be more reliable than smaller
numbers. Therefore, we assessed whether there was a
difference in reliability between the first 100 cells, first 200
cells, and for the total 300 cells using K-alpha and ICC.
Statistical analysis was performed to assess the reliability
of H-score and PPS.

RESULTS

Interobserver Reliability and Readers’ Bias
for Blue-brown Color H-score

Reliability testing for H-score gives a K-alpha of
0.86 (CI=0.84 to 0.88) and ICC of 0.96 (CI=0.92 to
0.97), which is strong and excellent, respectively. For PPS,
the ICC coefficient is excellent (0.92, CI=0.83 to 0.95);
however, the K-alpha is “tentative” (0.76, CI=0.73 to
0.79) (Table 1).

Bias data are plotted in Figure 4 for each reader
(A to L), where zero indicates no difference from the
average, and the horizontal lines represent the range of
scores relative to the average. This shows which readers
routinely scored above or below the average, and the
overall variability of a particular reader. A reader can be
said to be more reliable if they have a narrower range, and
more accurate if they are closer to the average. Overall,
about half of the readers had ranges of <20%. There was a
trend showing that readers who underscored or overscored
also had wider ranges.

Reliability and Number of Cells Counted
Reliability analysis was repeated using Krippendorff

alpha and ICC to see whether the statistical reliability

improved by scoring more cells. Table 2 shows that

TABLE 1. Krippendorff Alpha and Intraclass Correlation
Coefficient Results

95% CI 95% CI
Scoring System K-alpha Lower Upper ICC Lower Upper
H-score 0.86 0.84 0.88 0.96 0.92 0.97
PPS 0.76 0.73 0.79 0.92 0.83 0.95

ICC indicates intraclass correlation coefficient; PPS percent positive score.
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FIGURE 4. Bias was calculated for H-score (A) and PPS (B) for all readers (A-L). The bars show the variability of readers relative to
the average. A bias of zero indicates that the readers score was equal to the average. PPS indicates percent positive score.

whether scoring 100 cells, 200 cells, or 300 cells, the
reliability coefficients were almost identical.

DISCUSSION

We have developed new criteria to help readers to
distinguish the thresholds between negative (0), weak (1+),
moderate (2+), and strong (3+) nuclear staining. The new
criteria utilize inherent interactions between the DAB
brown chromogen and the counterstaining with blue
hematoxylin. Although this interaction between DAB and
hematoxylin is impacting the results of IHC staining, it is
generally ignored in routine clinical practice. This ap-
proach does not require alteration of staining protocols,
nor does it add extra work or cost in preparing the IHC
slide for readout. This new approach for assessment of the
nuclear staining could be used to generate the complete
H-score and, even more importantly, it could be applied to
define a single relevant threshold between positive and
negative cells or between different categories for staining
intensity. Previous methods rely on the intensity of DAB
staining alone represented by shades of brown; a purely
continuous variable. This is both arbitrary and poorly
reproducible because there is no way to standardize one
reader’s thresholds and another’s. Previous studies have
shown highly variable reliability coefficients for many
different staining-intensity-scoring systems.!>19-32-3¢ For
instance, McClelland et al'® had readers from multiple
centers perform H-scores and PPS for ER and progester-
one receptor and showed wide variations for some cases;

TABLE 2. Reliability Analysis for the First 100, 200, and 300
Cells Counted Measured by K-alpha and ICC

95% CI 95% CI
Scoring system K-alpha Lower Upper ICC Lower Upper
100 cells 0.861 0.838 0.883 0961 0936 0974
200 cells 0.859 0.837 0.881 0.957 0925 0.973
300 cells 0.835 0.803 0.863 0.963 0925 0.978

ICC indicates intraclass correlation coefficient.
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the worst example showed PPS ranging from 15% to 90%
and H-score from 50 to 200 for the same case. In their
study, however, there was no training for the readers.
Introducing a new scoring system without training might
not reflect the true potential of the scoring system.37-38

Although 2 different variables are combined to
produce H-score (percent positive cells and staining in-
tensity), our results showed that interobserver reliability
was as good for H-score if not slightly superior to PPS, as
shown by the statistical analysis. One explanation might
be that differences between readers for low positive cases
have a lesser impact on the total H-score than differences
in strongly positive cases because the former percent is
multiplied by 1 and the latter by 3. The drawback, how-
ever, is that H-score is not relevant for many THC bio-
markers and is also more laborious, especially if
pathologists use a click counter and the calculation is
performed manually. Our study provided a simple tool
that is available free to all pathologists where no click
counter or manual calculations are required. This tool
could easily be adapted into an application or an online
calculator that could streamline the process. This ap-
proach could make H-score more accessible for clinical
and research applications where potentially relevant.
Furthermore, H-score is already being adapted for use
with artificial intelligence image recognition software.!”
This, in combination with the increased availability of
whole-slide imaging and microscopic photography, could
further improve the speed and convenience of H-score.
However, the greater value of the new proposed scoring
system is the defined cutoffs between 0, 1+, 2+, and 3+
because they are not arbitrarily set and already exist when
the IHC slides are stained.

In the study of reliability, there is no agreement on
which statistical test to use. Krippendorff alpha and ICC
are tests that can accept continuous and ordinal data,
which cannot be handled by ordinal tests of reliability
such as Fleiss’ kappa. K-alpha measures agreement be-
tween readers and has the advantage of high flexibility
regarding the measurement scale (ie, number of categories
in a scoring system) and the number of readers, and can

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.
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handle missing values. Thus, K-alpha emerged in content
analysis but is widely applicable wherever 2 or more
methods of generating data (readers) are applied to the
same set of objects and the question is how much the
resultin§ data can be trusted to represent something
real.2’-2% ICC measures the “the proportion of variance of
an observation due to between-subject variability in the
true scores.”?® The advantage of this test is that it is in-
tuitive and measures the reliability of groups rather then
paired data.”® The main advantage of K-alpha and ICC is
that they do not require the arbitrary splitting of con-
tinuous data to generate categorical data. This is an im-
portant point for the study or interobserver reliability with
a new scoring system, where we need to assess interob-
server reliability for continuous data directly. Lastly,
many studies have used linear regression such as Pearson
or Spearman rho to determine reliability.3¢#0-41 This
seems to be effective at measuring agreement for con-
tinuous or ordinal data. However, Pearson or Spearman
correlation is intrinsically misleading when assessing the
interobserver variability because assessment of a single
variable by 2 different readers is expected to produce
significant correlation because the same variable is being
assessed. In this way, Pearson correlation or Spearman
correlation are inappropriately used in many pathology
studies.

Although the number of readers is low for definitive
conclusions, our study also showed a trend that readers
who consistently underscored or overscored also had
much wider range of bias. This was not dependent on the
level of training because half of them were pathology
residents and half were senior pathologists (data not
shown). Also shown was that the number of cells counted
did not impact reliability. Reliability coefficients remained
high and varied little when comparing counts of 100, 200,
or 300 cells. This would suggest that a 100-cell count
would be sufficient at least in our study model that used a
model with low tissue heterogeneity of expression for the
chosen nuclear biomarker (MUM1).

The results of our study also highlight the importance
of standardized counterstaining with hematoxylin for the
readout of IHC assays. Whether the interaction between
hematoxylin and DAB is used on purpose to distinguish be-
tween different intensities of staining in the IHC assays or
not, this interaction happens on every slide where these 2
stains are present and colocalize; this has been mostly ignored
and unexplored. Hematoxylin staining is partly standardized
in IHC protocols that include automated (so-called “on
board”) staining. Most instruments used for automated IHC
staining offer this possibility with a very small number of
options for different hematoxylin types and different in-
cubation times. Although it is uncertain to what degree even
these limited differences may impact the intensity of nuclear
staining, the larger issue is where laboratories perform man-
ual hematoxylin staining or where pathologists personally
prefer and demand stronger/darker hematoxylin staining
than recommended by the manufacturer. It may be time for
proficiency testing programs for IHC to put greater emphasis

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

on the quality of hematoxylin staining to provide necessary
stimulus for its further standardization.

In summary, our study provides evidence that the
introduction of new rules for assessing the intensity of
staining for either H-score or determining specific thresh-
olds between positive and negative cells for PPS provides
for a scoring system with excellent interobserver reli-
ability. The main limitation of this study is that we in-
cluded only cases with low tissue heterogeneity. However,
this was done to control for factors that would introduce
noise when trying to assess interobserver reliability for the
new scoring system. Therefore, the interobserver reliability
for tumors and biomarkers, which are known to have
significant tissue heterogeneity, needs to be done in future
studies. Lastly, it is important to note that reliability does
not imply validity. It is possible to train readers and
standardize THC staining protocols to a point where
readers have excellent reliability, but it still must be de-
termined how these new rules for assessing the intensity of
staining affect prognosis and predict response to therapy.
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