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Abstract

Introduction: Evaluation of HER2 status in breast cancer using immunohistochemistry (IHC) and 
in-situ-hybridisation (ISH) study is important to establish prognosis and to select patient for targeted 
therapy. Objective: The study aims to determine the concordance between HER2 protein IHC score 
and its gene status by dual-colour dual-hapten in-situ-hybridization (DDISH) study. Materials and 
Methods: Retrospective study was performed on 767 referred breast cancer cases over a period of 
five years. The HER2 IHC score (the initial and repeat test score) and the results of HER2 gene 
status by DDISH were retrieved from the histopathological reports. The agreement between initial 
IHC score with repeat test score was measured using Cohen Kappa. Chi square test analyzed the 
association between HER2 IHC score with its gene status by DDISH. Results: The concordance of 
HER2 IHC score between the initial and repeat test were 52.7% and 89.4% for IHC score 2+ and 
3+ respectively. There was moderate agreement of HER2 IHC score between the initial and repeat 
test score (κ = 0.526, p<0.001). A significant association noted between HER2 IHC score with its 
gene status by DDISH (p<0.001). Only 56 out of 207 cases (27.1%) with 2+ IHC score showed 
HER2 gene amplification while the majority of cases with 3+ IHC score were gene-amplified (446 
out of 451, 98.9%). Conclusion: ISH study should be done in all IHC-equivocal cases (2+) to select 
patient for targeted therapy. Gene amplification must also be confirmed in IHC-positive cases (3+) 
to prevent from giving non-effective treatment with possible adverse effects to patient with non-
amplified HER2 gene.

Keywords: breast cancer, HER2 gene, HER2 immunohistochemistry, DDISH

Address for correspondence: Suria Hayati Md Pauzi, Department of Pathology, Faculty of Medicine, Universiti Kebangsaan   Malaysia Medical Centre, 
Jalan Yaacob Latif, Bandar Tun Razak, 56000 Cheras, Kuala Lumpur, Malaysia. Tel: +603-91455364. Fax: +603-91459485. Email: su_hayati@ppukm.
ukm.edu.my

ORIGINAL ARTICLE

INTRODUCTION

Breast cancer is one of a major public health 
problem throughout the world and it is the most 
common cancer among woman.1 It is the second 
leading cause of cancer fatality in women after 
lung cancer.2 It has also been noted that young 
age at diagnosis correlates with a worse clinical 
outcome compared to their older counterparts.3

	 HER2 (Human epidermal growth factor 
receptor-2) gene is a proto-oncogene and is 
situated on chromosome 17q214. This gene 
encodes for HER family proteins of type 1 
transmembrane growth factor receptors. It 
promotes intracellular signaling pathways in 

reaction to extracellular signals that comprise 
of extracellular ligand-binding domain, a 
transmembrane domain and an intracellular 
tyrosine kinase domain.5 Signaling through 
this receptor will significantly increase cellular 
proliferation and prevent apoptosis. Point 
mutation within the transmembrane domain 
will cause translation of mutated protein that 
finally will  stimulates receptor dimerization 
and enhanced tyrosine kinase activity that 
is recognized as  overexpression of HER2 
gene.5 	 HER2 gene amplification is consistently 
discovered in breast, ovarian and gastric cancers 
with a percentage 10-30% of these tumors show 
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HER2 gene amplification6. Among invasive 
breast cancer, HER2 protein overexpression 
has been reported in approximately 25-30% of 
the cases. A shorter disease-free survival and 
therapeutic resistant are also observed among 
patients with HER2 amplification.4

	 Assessment of HER2 status is important 
to establish prognosis as well as to establish 
patient’s eligibility for HER2-targeted therapy. 
Currently, immunohistochemistry (IHC) and 
fluorescence in situ hybridization (FISH) are 
widely used methods for determination of HER2 
status in breast carcinoma. Other alternative 
methods to detect HER2 gene status in a 
tumour include quantitative PCR and the newly 
developed chromogenic dual in situ hybridization 
(DISH).7

	 HER2 immunohistochemistry (IHC) test is 
performed regularly in all breast cancer cases. As 
in any laboratory test, the IHC test is subjected 
to several pre-analytical, analytical and post 
analytical variables which may affect the final 
interpretation of the result. The confirmation of 
HER2 gene status performed in our centre is by 
dual-colour dual-hapten in-situ hybridization 
study (DDSIH) which is interpreted using the 
light microscope.  The DDISH test is not widely 
available unlike the immunohistochemistry 
(IHC) test which is routinely performed by all 
major hospital in Malaysia. There are only few 
referral hospital laboratories which performed 
the DDISH test, one of which is our centre 
which also received breast cancer cases from 
other hospitals for confirmation of HER2 gene 
amplification status. At the current moment, the 
DDISH study is routinely performed in all breast 
cancer cases with positive HER2 IHC (3+) and 
equivocal score (2+) to confirm the HER2 gene 
amplification status.
	 The purpose of this study is to evaluate 
variability and concordance of HER2 IHC 
scoring between different hospital laboratories 
and to also determine the concordance between 
the HER2 protein expression by IHC with its 
HER2 gene amplification status by DDISH study. 

MATERIALS AND METHODS

This is a retrospective and descriptive study of 
767 referred breast cancer cases that were sent 
to our institution for confirmation of HER2 gene 
status from January 2013 to December 2017. Our 
institution received referral for all breast cancer 
cases from the East Coast of Malaysia which 
was scored as IHC 2+ and 3+ for confirmation 
of gene status. Formalin-fixed tissue blocks were 

received from these hospitals, following which a 
repeat HER2 IHC test was regularly performed 
as well as the DDISH study for confirmation 
of the gene status.  We do not routinely receive 
HER2 IHC-stained slides from these hospitals 
nor have the information regarding the IHC 
protocol for each hospital. For this study, the 
data was retrieved from the histopathological 
report and no repeat assessment of the stained 
slides were performed.
	 The data was analysed using Statistical 
Packaged for the Social Science, (SPSS) software 
version 23. Cohen Kappa coefficient test was 
used to measure the agreement between the 
initial HER2 protein score with the repeat test 
done on the same tissue sections from the tumour 
specimen. Chi Square test was performed to look 
at the association between HER2 IHC score with 
the gene amplification status by DDISH.

RESULTS

A total of 767 referred breast cancer cases were 
included in this study. All of these patients are 
female, the majority of which are diagnosed at 
the age between 41-50 years old (250 cases) 
followed by those 51-60 years of age (226 cases). 
Most of them are Malays while other races 
comprise between 1-8% of the overall referred 
breast cancer cases (Table 1). 

Concordance between the initial and the 
repeat HER2 IHC score 
The cases are composed of 321 breast cancer 
cases scored as equivocal (IHC score 2+) and 
443 IHC-positive (score 3+) cases. Although 
we routinely received only HER2 IHC score 2+ 
(equivocal) and 3 + (positive) for HER2 gene 
confirmation, we found that three cases scored as 
1+ (negative) were also sent for DDISH study. 
No specific reason was stated on why the study 
was requested. (Table 2).
	 During the evaluation of inter-laboratory 
concordance, it was noted that the highest number 
of discordant results are observed in cases with 
equivocal IHC score (2+). Among the 321 cases 
with the initial IHC score of 2+, a repeat IHC 
study show a concordance of 52.7% with only 
169 cases achieved a similar score. 29 other 
cases show a negative result (score 1+) and 55 
cases scored as positive (3+) (Table 2).
	 The cases that were scored as 3+ in the initial 
test achieved a better concordance rate of 89.4% 
whereby the majority of the cases (396 out of 
443 cases) showed similar positive score on the 
repeat IHC study. Interestingly, 9 cases with the 
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of the 207 IHC-equivocal (2+) cases (72.9%) 
showed a non-amplified HER2 gene while in 
56 cases (27.1%) the gene was confirmed to be 
amplified. A further statistical analysis using 
chi-square test showed a significant association 
between the IHC score and the gene amplification 
status by DDISH (p<0.001) (Table 3).

DISCUSSION

In the present study, we demonstrate an overall 
inter-laboratory concordance rate in HER2 
IHC scoring of 74.1%. A study done on 394 
breast cancer cases in 2002 has compared IHC 
score between two laboratories performing 
HER2 IHC on the same tumour tissue sections 
using similar primary antibodies however 
with different immunostaining protocol and 
different scoring system. This study has 
reported a concordance rate of 84.5% and had 
concluded that standardization of IHC method 
is important for the IHC result to be duplicable.8 
Unfortunately, in our study we do not have the 
information on the IHC protocol employed by 
each hospital.

initial score of 3+ showed a negative IHC result 
(1+) on the repeat IHC study while 38 other cases 
were re-scored as equivocal (2+) (Table 2). 
	 A 100% concordance rate was also observed 
among the three negative (1+) cases with non-
amplified HER2 gene was later confirmed by 
DDISH study. Kappa coefficient test showed an 
overall moderate agreement with kappa value of 
0.526 (p value <0.001). (Table 2).

Concordance between IHC and DDISH study
As part of this study, we had also evaluated 
our own institution’s concordance between IHC 
score (from the repeat IHC test done at our 
laboratory) and the gene amplification status 
by DDISH. In general, 66% of all cases exhibit 
gene amplification by DDISH. Most of the 109 
IHC-negative cases (score 0 or 1+) (96.3%) 
showed a non-amplified HER2 gene while gene 
amplification was seen in the remaining 4 cases 
(3.7%) (Table 3).
	 As expected, HER2 gene amplification was 
proved in 98.9% (446 out of 451 cases) of IHC-
positive (3+) cases with only 5 cases showed a 
non-amplified gene on DDISH. The majority 

TABLE 2: Concordance between initial IHC score and score of the repeat test

HER2 IHC score 
from the referred 
hospital

Number of cases according to score fr om repeat 
HER2 IHC study Concordance 

(%)
0 1+ 2+ 3+ Total

1+ - 3 - - 3 100 %
2+ 29 68 169 55 321 52.7 %
3+ - 9 38 396 443 89.4 %

Kappa Coefficient 0.526, p<0.001.

TABLE 1: Age and race distribution of the study population

Demographic     n (%)
Age
     21-30
     31-40
     41-50
     51-60
     61-70
     71-80
     80-90

  24 (3.1 %)
102 (13.3 %)
250 (32.6 %)
226 (29.5 %)
118 (15.4 %)
  39 (5.1 %)
    8 (1.0 %)

Race
    Malay
    Chinese
    Indian
    Others

680 (89%)
  64 (8%)
  15 (2%)
    8 (1%)
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	 A ring study done in Japan between one 
coordinating institution and 10 participating 
laboratories, in which 20 breast cancer tissue 
samples were immunostained by the respective 
laboratories had found a good agreement (κ = 
0.718)  in their HER2 IHC scoring.9 In our study, 
we reached a moderate agreement (κ = 0.526) 
between the score from the referring hospitals 
and the repeat score at our centre. 
	 Both immunohistochemistry (IHC) and 
in-situ hybridization (ISH) techniques have 
their own advantages and disadvantages. IHC 
is cheaper and is more convenient with lesser 
time needed to perform the study. However, 
IHC stain may be affected by several factors 
and inevitably, this might lead to interlaboratory 
discrepancies for HER2 protein IHC score 
analysis. Some of the factors include tissue 
fixation and type of antibodies used.10 In one 
study, a higher percentage of positive HER2 IHC 
was seen with antibody A0485 (Dako) (52.2%) 
as compared with HercepTest (33.3%).11 The 
authors suggested that the higher sensitivity 
observed with antibody A0485 was attributed 
to the polyclonal nature of the antibody.11 The 
different monoclonal and polyclonal antibodies 
used to detect HER2 protein identify different 
intra or extracellular epitope domain on the 
HER2 receptor protein. False negative staining 
may be obtained with the shedding of the 
extracellular domain if the antibody used is 
specifically directed to that domain.11,12  Partial 
degradation of HER2 protein as a consequence 
of tumour necrosis or chemotherapy may also 
affect the result of IHC stain. In this situation, 
HER2 protein may only be detected by the more 
sensitive polyclonal antibody.11

	 Usage of different IHC scoring system by 
different institutions may affect the final IHC 
reporting13 however in our study, all hospitals are 
using the standard ASCO/CAP 2013 (American 
Society of Clinical Oncology/ College of 
American Pathologist) guideline. Inter-observer 
variability can also be one of the factors affecting 

IHC result interpretation nevertheless this factor 
cannot be evaluated in our study as the data 
obtained from the histopathological report was 
based on the score of repeat IHC staining on 
the tissue section from same tumour tissue and 
not by reevaluating the previously-stained tissue 
section from the referred hospitals. Nonetheless, 
the inter-observer agreement may significantly 
affect the IHC scoring which may vary with 
stain intensity. Thomas et al had observed the 
agreement in IHC scoring was high for stain 
intensities interpreted as 0 (no stain) or 3+ 
(intense, complete staining). However, for stain 
intensities interpreted as 1+ and 2+, the inter-
observer agreement was generally poor and this 
further support the important role of ISH study 
in evaluating cases with score 1+ and 2+.14

	 On the other hand, ISH (in-situ-hybridization) 
study is more expensive though it is less 
subjective. The result is also more duplicable 
as DNA is more stable and less influenced 
by the fixation13. Due to its specificity and 
sensitivity, FISH (in situ hybridization) has 
been considered as gold standard currently with 
several comparative studies had observed a 
high concordance rate of IHC score 3+ or 1+/0 
in this technique in breast carcinomas.10,15,16 
Nonetheless, FISH study is more time consuming 
as each cell will need to be assessed in FISH.13 
The inability to archive FISH slides has also 
limit its usage in most pathology laboratories.17 
Despite several alternative tests had been 
developed to replace FISH, the most potential 
test that could pass 95% correlation would be 
chromogenic dual in situ hybridisation (DISH).7 
Two studies had demonstrated more than 95% 
correlation between FISH and DISH results in 
accordance to the recommendation by ASCO/
CAP guideline.18,19 The concordance rate between 
IHC and ISH varies in different studies. This 
disagreement is expected as IHC and ISH 
evaluate distinct target – concentration of protein 
in IHC versus gene copies in ISH.13 
	 An overall 66% of IHC-equivocal (2+) and 

TABLE 3: Concordance between IHC and DDISH 

IHC score (repeat test) n
Gene amplification status by DDISH

Amplified (%) Non-amplified (%)
0 or 1+ (Negative) 109 4 (3.7%) 105 (96.3%)
2+ (Equivocal) 207 56 (27.1%) 151 (72.9%)
3+ (Positive) 451 446 (98.9%) 5 (1.1%)

Significant association between IHC score and the gene amplification status by DDISH (p<0.001)
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positive (3+) cases in the present study exhibit 
gene amplification by DDISH. On the other hand, 
almost all (105 out of 109) of IHC-negative cases 
was confirmed to have a non-amplified HE2 
gene with a concordance of 96.3%. Other studies 
show similar findings with a concordance rate 
of between 95 – 100% were observed in  HER2 
negative (1+) cases and its non-amplified gene 
status by FISH.20-22 Nevertheless, 4 out of 109 
HER2-negative cases in our series showed gene 
amplification by DDISH. This discrepant findings 
of negative IHC-staining in gene-amplified case 
may be attributed to possible differences in the 
duration of fixation as delayed or insufficient 
tissue fixation may result in degradation of 
epitope11. Different method of antigen retrieval 
may also affect the final staining.11 However, in 
this current study we do not have the information 
on the technique of antigen retrieval, cold 
ischaemic time nor the duration of fixation from 
each hospital. 
	 Studies from India and Iran had reported 
the detection of gene amplification by FISH 
between 25% to 32.4 in equivocal cases (2+ IHC 
score) with non-amplification was seen in 67.6 
to73%. 20,23,24 This is comparable to our findings 
of gene amplification obtained in only 27.1% 
of 2+ cases. However, in 2018 Lateef et al has 
reported higher percentage of amplified gene 
status (69.2%) in equivocal IHC score albeit a 
much smaller number of cases (26 cases).20

	 Several studies from had reported concordance 
of 84-100% between HER2 IHC score of 3+ and 
amplified gene status by ISH20,22,25 which is 
almost similar to our series of 98.9% concordance 
rate. HER2 protein overexpression without gene 
amplification may result from antigen over-
retrieval, protein over-expression secondary to 
elevated transcriptional activity or polysomy 17 
11. Another possible reason is a misinterpretation 
of weak to moderate staining as intense staining 
or if the interpretation of staining in performed 
in non-suitable crushed tumour areas.20 
	 IHC and ISH have different sensitivity 
and specificity. The disagreement between 
HER2 protein status by IHC and HER2 gene 
amplification status by ISH was expected 
especially in equivocal cases (2+). Nonetheless, 
ISH is more duplicable and consistent compared 
to IHC due to the stability of DNA structure 
which is less affected by fixation of tissue 
as opposed to protein. Furthermore, ISH 
interpretation which is based on counting distinct 
signals representing the chromosomal area of the 
amplified gene is more objective13 compared to 
the degree of staining intensity in IHC.

CONCLUSION

In summary, although HER2 status can be 
indirectly assessed by the less expensive IHC 
studies, disagreement between IHC and ISH 
is expected especially in IHC equivocal (2+) 
cases. Therefore, we recommend ISH study to 
be done in all equivocal cases to avoid missing 
patients that could have benefited from the 
targeted therapy. On the other hand, even though 
high concordance is noted among positive IHC 
cases (3+), administering therapy just based on 
the IHC results may not be suggested as HER2 
gene can be non-amplified though IHC positive. 
Furthermore, ISH is less costly as compared to 
the targeted therapy not to mention the possible 
adverse drug effects despite non-effective therapy 
in non-amplified cases. Laboratories should also 
continuously optimize the IHC protocol to ensure 
reliable HER2 IHC results and to participate 
in HER2 EQA programme to evaluate their 
performance.
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