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ABSTRACT
Objective: To assess the interobserver variability in HER2 immunohistochemical stain interpretation by 
pathologists of different strata of experience.
Study Design: Cross-sectional observational study. 
Place and Duration of Study: Chughtai Institute of Pathology at Lahore, during a three-month interval from 
01/6/2024 to 31/8/2024.
Materials and Methods:  Fifty cases (n=50) of invasive breast cancer were included by random probability 
sampling and blocks were retrieved through respective biopsy reports by the laboratory information system. All 
the cases of ductal carcinoma in situ (DCIS) and salivary gland-like tumors of the breast were excluded.  HER2 
antibody was applied to these cases and interpreted by four histopathologists with varying years of reporting 
experience. Interobserver variability was observed by using the Cohen's and Fleiss kappa tests. A p-value of 
≤0.05 was considered statistically significant.
Results: All patients were female, with a mean age of 46.3 years ± 12.87. The highest concordance was 
observed at a score of 3, while the greatest discordance occurred at a score of 2, with kappa values of 0.81 and 
0.35, respectively, and a p-value of <0.01.
Conclusion:  The highest interobserver variability was observed in the assessment of HER2 score 2, highlighting 
the challenges in interpreting equivocal cases. 

Key Words: ASCO Guidelines, Equivocal Cases, Human Epidermal Growth Factor Receptor 2, Interobserver 
Variability, Invasive Breast Cancer.

7
detect the expression of these biomarkers.
Approximately 20-25% of breast cancers are positive 

8for HER2 immunohistochemical stain.  HER2 is a 
transmembrane receptor with tyrosine kinase 
activity and plays a pivotal role in cell signaling, 
differentiation, and angiogenesis and therefore plays 

9, 10 an important role in malignant transformation.
Breast cancers can exhibit a 40 to 100-fold increase in 

11HER2 protein.  According to 2018 the American 
Society of Clinical Oncology (ASCO) guidelines, HER2 
expression has been categorized as a score of 0, 1, 2, 
or 3 based on the intensity of membranous 
expression. Recent 2023 ASCO Guidelines have 
suggested recategorization of HER2 scores to ultra-
low expression at score 0, low HER2 expression at 
scores 1+ and 2+ In Situ Hybridization (ISH) negative, 
and high expression at score 3+ due to a recently 
conducted trial on the trastuzumab response in 
patients with HER2 Score 1 or 2. It was observed that 
those patients responded well to anti-HER2 therapy, 

12-13 and the overall survival rate was also increased.
However, the College of American Pathologists (CAP) 
and ASCO guidelines 2023 have not yet applied the 

Introduction
Breast cancer is one of the most prevalent cancers in 

 1the world. Its incidence is 12% all over the world.  
Various risk factors are associated with the 
occurrence of breast cancer, and they include age, 
with higher prevalence in women more than 50 
years, family history, obesity, and excessive alcohol 
consumption along with hormone replacement 

2-4therapies.  Multifaceted treatment options are 
available for breast cancer. One of the commonly 
employed treatment options is targeted therapy 
given against estrogen receptors (ER), progesterone 
receptors (PR), and human epidermal growth factor 

5,6
receptor 2 (HER2).  Various immunohistochemical 
tests are done on tissue biopsies of breast tumors to 
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results of this study to the treatment regimen as this 
study excluded the treatment response of HER 2 
score 0 as it is thought that in the future these tumors 
might show expression of HER2 by sensitive 
techniques. Due to the higher predictive power of 
HER2 immunostaining, the present practice of 
oncologists is to treat patients with trastuzumab who 
present with metastatic disease or early-stage breast 
cancer with HER2 score of 3 on immunohisto-
chemistry and HER2 equivocal score, which is further 
amplified on fluorescence in situ hybridization (FISH) 

14,15studies.  Scores 0 and 1 are contemplated as not 
eligible for treatment. However, these results are 
subject to variability owing to different aspects, such 
as preanalytical variables, the types of antibodies 
used, staining methods, and interpretation by 
different histopathologists Due to the difference in . 
ethnicity of our region, we expect different results 
and therefore, it is important to score this biomarker 

16
meticulously for optimal management. It is evident  
that HER2 biomarker expression is of pivotal 
importance in the diagnosis and devising treatment 
regimen, however, the major caveat is the variation 
in the interrater variability in its scoring. In recent 
years,  the issue has been studied wel l  
internationally, however, there is a dearth of 
research focused on the interrater variability in our 
region, where differences in laboratory practices, 
pathologist training, and, adherence to international 
guidelines can significantly influence diagnostic 
accuracy and consistency. Therefore, the study is 
novel and to the best of our knowledge, is the first of 
its kind in Pakistan. This study was designed to assess 
the inter-rater variation in the immunohistochemical 
staining interpretation of HER2 antibody among 
pathologists and to highlight the significance of 
accurately scoring this parameter according to 
internationally recommended guidelines to ensure 
optimal treatment of breast cancer patients. 

Materials and Methods
This   cross-sectional observational study was
conducted at the Chughtai Institute of Pathology 
(CIP), Lahore lasting three months from 01/06/2024 
to 31/8/2024 after getting IRB approval 
(IRB#1277/IRB/ CIP). Fifty diagnosed and reported 
cases of invasive breast cancer booked in the 
mentioned period were selected by random 
probability sampling techniques after retrieving 

respective laboratory reports by the laboratory 
information system. Cases of ductal carcinoma in situ 
(DCIS) and salivary gland-like tumors of the breast 
were excluded. HER2 immunohistochemical stains 
were employed on slides prepared from paraffin-
embedded tumor blocks. The type of antibody 
applied was polyclonal rabbit anti-human c-erbB-2 
oncoprotein using Dako Link 48 automatic stainer. 
External control was applied to each batch of cases 
for quality assurance. Four pathologists interpreted 
the results, of which three were general 
histopathologists and the fourth was breast 
subspecialist histopathologist. The three general 
histopathologists hold different years of reporting 
experience upto 5 years, are of Pakistani nationality, 
and have an age range from 35 to 40 years.  These 
three general histopathologists independently 
scored all fifty slides of HER2 hormone receptor 
antibody according to 2018 ASCO guidelines which 
define a score 0 if there is no staining or less than 10% 
expression on tumor cell membranes, a score of 1 if 
the weak expression on membranes of more than 
10% tumor cells, score 2 if there is moderate but 
patchy expression on membranes in more than 10% 
neoplastic cells, or absolute expression on 
membranes in more than 10% neoplastic cells, score 
3 if there is peak, complete staining on membranes in 
more than 10% tumor cells and individually  

9 submitted their results. All were blinded to each 
other's assessment and designated observers 1, 2, 
and 3. Then a consensus opinion on the HER2 score 
of each case was made by all three general 
histopathologists along with the most experienced 
fourth breast subspecialist histopathologist allotted 
as observer 4 having experience of up to 10 years in 
reporting breast hormone receptors, Pakistani 
nationality, and 45 years of age. This consensus score 
was considered a gold standard score, and results 
were submitted as reported by observer 4. The 
statistical analysis was done by entering the scores of 
all 50 cases submitted by all four observers into SPSS 
version 29. A p-value of ≤0.05 was considered 
statistically significant. The concordance between 
observers 1,2 and 3 scores was calculated with the 
consensus score conferred by observer 4 one by one 
by applying Cohen's kappa test. Further, interrater 
agreement among all the observers was measured 
by using the Fleiss multi-rater kappa test which is an 
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extended form of Cohen's kappa. Kappa value was 
interpreted as no agreement at a score range of 0-
0.20, minimal agreement with a score range of 0.21-
0.39, weak agreement with a score range of 0.40-
0.59, moderate agreement with a score range of 
0.60-0.79, strong agreement with a score range of 
0.80-0.90 and almost perfect agreement with a score 
above 0.90. 

Results
The mean age of patients in 50 selected cases was 
46.3 years, with a standard deviation of 12.87. All 
patients belonged to the female gender (100%). The 
most frequent breast cancer in this study was 
invasive breast carcinoma (IBC) of No Special Type 
(NST) 47 (94%), and the commonest grade was II 29 
(58%) (Table I). According to the categorical scale 
mentioned in materials and methods, the 
interpretation of Cohen's kappa value following 
analyzing interobserver concordances of HER 2 
scores (0-3) among observers 1, 2, and 3 was 
compared to the interpretation of results by 
observer 4. The results showed weak agreement 
between observers 1 and 3, with observer 4 having 
Cohen's kappa values of 0.54 and 0.57, respectively, 
and moderate agreement between observers 2 and 
4 with a Cohen's kappa value of 0.71 (Table II). The 
Kappa value for the multi-rater Fleiss Kappa analysis 
was 0.65, which indicated moderate agreement 
among all observers (Table III). Interrater agreement 
on HER2 scores 0,1,2 and 3 was also acquired. The 
results illustrated nearly perfect agreement on score 

3, moderate agreement on scores 0 and 1, and weak 
agreement on an equivocal score of 2 (p value<0.01). 
(Table IV). 

Table I: Histopathological Features of Breast Cancer 
Cases Included in This Study

IBC NST: Invasive Breast Carcinoma, No Special Type
Table II: Interobserver/Interrater Cohen's Kappa Value 
for The Degree of Concordance Between Observers 1-3 
With Observer 4 

*Statistically significant p-value <0.05

Table III: Multi-Rater Fleis Kappa Statistics Value for The 

Overall Degree Of Concordance 

*Statistically significant p-value <0.05

Table IV. Individual HER2 Score Agreement Status by 

Fleiss Kappa Statistics Value

*Statistically significant p-value <0.05

Discussion
The scoring of HER2 was done following the 
categorization by ASCO guidelines 2018 as negative 
at scores 0 (Figure 1A) and 1 (Figure 1B), equivocal at 
score 2 (Figure 2A), and positive at score 3 (Figure 

17,182B).  Overall agreement by the Fleiss kappa test 
revealed moderate agreement among all the 
observers with a kappa value of 0.65 (p value < 0.01). 
The results showed the greatest conflict at HER2 
score 2 (kappa value of 0.35; p value < 0.01) and the 
highest agreement at HER2 score 3 (kappa value of 
0.81; p value < 0.01). Therefore, reporting score 2 
cases can be the most challenging and this area 
needs to be improved as if scored erroneously this 
could affect the individual management of breast 
cancer patients.  
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19
Casterá and Bernet  found low to moderate 
interobserver concordance, with a kappa value of 0.2 
to 0.4 among five observers, and also compared 
HER2 immunostain expression with ISH results. 
Concordance of HER2 immunostain was higher in 
ISH-positive cases as opposed to ISH-negative cases. 
The probable reason for the difference in opinion 
was the personalized interpretation of this 

20 
biomarker.  The analysis done by Sun et al., showed 
excellent agreement among observers and with 
digital image analysis as all the pathologists had 
expertise in breast cancer reporting in contrast to our 
study showing moderate concordance among 
general histopathologists as well as breast expert 
histopathologist with an overall kappa value of 0.65.  

21 
A study by Baez-Navarro et al., revealed low 
agreement at scores of 1 due to difficulty in the 
distinction between score 0 and 1 nonspecific 
staining and evaluating staining in 10% of tumor 
cells. This was in contrast to our study which had a 
moderate level of agreement at a score of 1. 

22
Umemura et al., conducted a research study and 
established a good level of agreement in 
immunostain interpretation among 10 laboratories 
and disagreement in results was due to different 
staining procedures in institutions. In contrast, our 
research study ca lcu lated interobserver  
concordance in one institution. Cross-institutional 

23 assessment by Robbins et al. found substantial 
discordance at scores 1 and 2 using the 4-category 
scoring system (0,1,2, and 3) and higher agreement 
using the 3-category scoring system (0, low, and 3). 
The higher concordance in the latter 3-tier scoring 
system was due to the assembling of scores 1 and 2 
as low scores, which made the interpretation 
untroubled.

21 Recently conducted studies by Baez Navarro et al.,  
23

and Robbins et al.,  exhibited low concordance at 
scores 1 and 2 similar to our study which manifests 
discordance at scores 1 and 2, maximum at the latter. 
Among the 50 cases, 22 (44%) had discrepancies for 
multiple reasons encountered by the pathologists 
i n c l u d i n g  f a i n t  m e m b r a n o u s  s t a i n i n g ,  
conglomeration of the tumor, missing maximum 
interest area of HER2 antibody expression, and lack 
of experience. Among all the cases with ambiguity in 
our study, equivocal score 2 was the most 
controversial, because score 2 lies in the borderline 

1B. (400X magnification) manifests weak incomplete 

membranous staining of HER2 antibody in >10% 

neoplastic cells, scored 1 

Figure 2A. (400X magnification) reveal moderate 
incomplete membranous staining in >10% neoplastic 
cells for HER2 antibody, scored 2 and Figure 2B. (400X 
magni f i cat ion)  depicts  st rong  membranous  
immunostaining in >10% neoplastic cells for HER2 
antibody, scored 3
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category, neither positive nor negative making it a 
difficult zone for overall general pathologists, 
suggesting that such cases should be reported after 
receiving a second opinion from another pathologist 
having expertise in reporting breast pathology to 
counteract incorrect scoring practices and acquiring 
efficient training for HER2 reporting skills.

Recommendations and Limitations: 
We did not correlate HER2 equivocal/score 2 with 
the fluorescence in situ hybridization (FISH) 
technique. So, we recommend that future studies 
should be conducted with a correlation of score 2 
with the FISH studies. 

Conclusion:
Based on our study objective, we found moderate 
interobserver concordance among pathologists with 
varying years of reporting experience in interpreting 
HER2 immunostain from scores 0 to 3. HER2 
equivocal score 2 results, however, indicated 
significant interobserver variability. Thus, in order to 
minimize diagnostic discrepancies and to ensure 
optimal diagnosis, pathologists should be properly 
trained and consult interdepartmentally before 
interpreting HER2 immunostains.
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