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Abstract 
	 Background Human epidermal growth factor receptor 2 (HER2) is an important prognostic and predictive 
marker in breast cancer patients. HER2 amplification status is a prognostic factor for the response to 
HER2-targeted therapy. HER2 status can be screened via immunohistochemistry (IHC). HER2 gene amplification 
can be detected by fluorescence in situ hybridization (FISH) according to ASCO/CAP 2018 guidelines. In 2023, 
the ASCO/CAP guidelines for HER2 testing by FISH were updated. We analyzed the correlation between HER2 
IHC status and FISH-HER2 expression according to updated guidelines. Methods Female patients with 
histologically confirmed invasive breast cancer were enrolled at Chulabhorn Hospital. HER2-IHC staining 
was performed and interpreted according to the 2023 ASCO/CAP guidelines. Equivocal (2+) or positive (3+) 
IHC results were confirmed with FISH testing. Results A total of 263 patients was classified into 192 patients 
in the HER2-IHC 2+ group and 71 patients in the HER2-IHC 3+ group. Among patients in the HER2-IHC 2+ 
group, 138 had negative FISH results, and 54 had positive FISH. Results All 71 patients with IHC 3+ had 
positive HER2 FISH results. Our study revealed a statistically significant relationship between positive (3+) 
IHC and FISH for HER2, with a correlation rate of 100% in the IHC 3+ group (rs=0.639, p<0.001) and 28% in 
the equivocal (2+) IHC group. Conclusion In accordance with the 2023 ASCO/CAP recommendations, our 
findings support that FISH testing is not required for patients with HER2 IHC 3+ breast cancer, which may 
help expedite therapeutic decision-making and treatment initiation.
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	 According to GLOBOCAN 2023, breast cancer 
remains the primary cause of cancer-related fatalities 
and the most prevalent malignancy among women 
globally, with a rising trajectory expected in the 
coming years.1 Low and middle-income nations, 

such as Thailand, account for roughly 60% of these 
deaths. Domestic data from 2023 indicates that breast  
cancer is the most frequent diagnosis in Thai women 
(23.2%) and ranks third among all cancers nationally 
(11.8%).2 Over two decades, Thailand’s incidence rates 
have climbed, reaching a peak age-standardized 
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rate (ASR) of 28.5 per 100,000 person-years.3 Crucial 
to treatment planning are biomarkers like Estrogen 
receptor (ER), Progesterone Receptor (PR), and  
Human Epidermal Receptor 2 (HER2), which serve as 
essential prognostic indicators.4 Notably, research 
has shown high levels of biomarker consistency  
between primary tumors and metastatic lymph 
nodes, specifically for HER2 (84.1%), estrogen receptor 
(ER) (77.6%), and progesterone receptor (PR) (82.2%).5  

	 The HER2 gene, situated on chromosome 17 
(17q12 - 21.32), plays a fundamental role in various 
malignancies, most notably breast cancer.6 It is 
responsible for regulating vital cellular functions, 
including proliferation, differentiation, motility, and 
programmed cell death.7 Approximately 15 - 20% of 
invasive breast cancers exhibit HER2 gene amplifica-
tion8, a status that serves as both a prognostic and 
predictive indicator. Specifically, overexpression is 
linked to a higher likelihood of systemic metastasis 
and reduced survival rates.9 However, HER2 status 
also informs therapeutic strategies, as it determines 
sensitivity to anthracycline-based chemotherapy 
and identifies candidates for specialized targeted 
therapies.6   
	 Immunohistochemistry (IHC) and fluorescence 
in situ hybridization (FISH) are the standard estab-
lished HER2 testing methods used to determine the 
HER2 status of patients with breast cancer receiving  
anti-HER2 therapy. Recently, FISH was approved by 
the U.S. Food and Drug Administration (FDA) to assess 
HER2 amplification in HER2 testing in breast cancer.10 

The FISH technique can be used to evaluate HER2 
gene amplification in terms of the HER2/CEP17 ratio 
and HER2/nucleus ratio, according to the American 
Society of Clinical Oncology (ASCO) and the College 
of American Pathologists (CAP) guidelines for breast 
cancer.11 Many laboratories have adopted IHC as 
primary testing, followed by FISH as confirmation 

for tissue with an equivocal IHC result, such as IHC 2+12, 
given the higher failure rate, longer procedure time, 
and higher reagent cost of FISH compared with IHC. 
The ASCO/CAP 2018 version of breast cancer guide-
lines improved the analytic validity of HER2 testing 
by standardizing and ensuring accurate detection of 
HER2 gene amplification or protein overexpression 
in breast cancers and enhanced the clinical utility 
of HER2 as a predictive biomarker for potential 
responsiveness to therapies targeting the HER2 
protein.12 In HER2 2+ IHC or equivocal cases, the 
ASCO/CAP 2018 guidelines recommend reflex FISH 
testing on the same sample or ordering a new test if 
both IHC and FISH are available. The criteria of the 
2023 “Human Epidermal Growth Factor Receptor 2 
(HER2) Breast Testing Guideline Update” reaffirmed 
the 2018 “HER2 Breast Testing Guideline Focused 
Update” and remained unchanged.
	 The ASCO/CAP 2023 guidelines categorize HER2 
testing by dual-probe FISH into 5 distinct groups 
based on the HER2/CEP17 ratio and the average HER2 
copy number per cell. Group 1: HER2/CEP17 ratio ≥ 2 
and HER2/nucleus >4, group 2: HER2/CEP17 ratio ≥ 2 
and HER2/nucleus <4, group3: HER2/CEP17 ratio < 2  
and HER2/nucleus ≥ 6, group 4: HER2/CEP17 ratio < 2 
and HER2/nucleus ≥ 4 or < 6 and group 5: HER2/
CEP17 ratio < 2 and HER2/nucleus < 4. as shown in 
Table 1. Group 1 cases are HER2-positive, and Group 
5 cases are HER2-negative; neither type requires 
IHC correlation. Groups 2 - 4 include equivocal or 
borderline cases, and the guidelines specify that IHC 
should be performed on the same tissue section 
or, when available, that a new specimen be tested 
with both IHC and FISH to generate an IHC score 
and determine HER2 status.13,14 
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Table 1 presents the 2023 “Human Epidermal Growth Factor Receptor 2 (HER2) Breast Testing Guideline 
Update” regarding HER2/neu assessment by fluorescence in situ hybridization (FISH) in breast cancer.

Group HER2 testing IHC FISH

1 HER2/CEP17 Average HER2 copy number ≥ 4.0 - Positive

ratio ≥ 2.0 signals/cell

2 HER2/CEP17 Average HER2 copy number < 4.0 3+ Positive

ratio ≥ 2.0 signals/cel 2+ Negative*

3 HER2/CEP17 Average HER2 copy number ≥ 6.0 2+,3+ Positive

ratio <2.0 signals/cell

4 HER2/CEP17 Average HER2 copy number ≥ 4.0 and < 3+ Positive

ratio <2.0 6.0 signals/cell 2+ Negative*

5 HER2/CEP17 Average HER2 copy number < 4.0 - Negative

ratio <2.0 signals/cell
* If the IHC result is not 3+ positive, it is recommended that the specimen be considered HER2 negative because of the 

low HER2 copy number by FISH and lack of protein overexpression.

	 This study aimed to determine the concordance 
rate between IHC and FISH for HER2 testing in breast 
cancer patients at Chulabhorn Hospital, based on 
the 2023 ASCO/CAP recommendations.  Specifically, 
the study evaluated whether HER2 IHC 3+ results 
could be considered definitively positive without 

requiring confirmatory HER2-FISH testing, thereby 
supporting the indication for anti-HER2 therapy. This 
approach may reduce testing turnaround time by 
at least 14 days, lower costs, and facilitate earlier 
treatment initiation.

Method
Study population.
	 This single-center retrospective study enrolled 
female patients who were diagnosed with breast 
cancer between 1 January 2022 and 31 December 
2023. This study protocol was reviewed and approved 
by the Human Research Ethics Committee of Chula-
bhorn Royal Academy (EC074/2567). Patients with 
histologically confirmed invasive breast carcinoma 
and IHC staining were interpreted per the 2023 CAP/
ASCO update recommendations. After that, the IHC 
staining results of equivocal (2+) or positive (3+) 

samples were confirmed with FISH for HER2 testing. 
Patients with negative results for HER2-IHC result 
(scores 0 and 1+) were not required for FISH for HER2 
testing and were excluded. Patient demographic 
data and pathologic details, including hormonal 
status, HER2 status, the marker of proliferation, 
proliferative index Kiel 67 (Ki-67), and tumor staging, 
were collected at the time of diagnosis on the basis 
of the 8th AJCC classification. The workflow of the 
research procedure for the patients included in the 
study is shown in Figure 1.

Figure 1. Flow diagram of the patients included in the study



J Chulabhorn Royal Acad. 2023; 5(2): 54-66 363J Chulabhorn Royal Acad. 2026; 8(4): 360-369

Immunohistochemistry
	 IHC staining was performed on 3-µm-thick, 
formalin-fixed, paraffin-embedded (FFPE) sections 
from the same sample blocks used for HER2 FISH 
testing. IHC was performed using an anti-HER2/neu 
(4B5) rabbit monoclonal antibody (Ventana Medical 
Systems, Inc.). The reliability and validity of HER2 
IHC results rely on the principles of the VENTANA 
anti-HER2/neu (4B5) assay. Pre-analytical variables 
heavily impact clinical validity; specifically, strict 
adherence to tissue fixation in 10% neutral buffered 
formalin (NBF) for 4 to 8 hours is critical to prevent 
antigen degradation and ensure accurate membrane 
staining. To minimize human error and maximize 
reproducibility, all assays were performed using 
automated slide stainers with pre-diluted reagents 
and were continuously validated against standard-
ized cell line controls (PATHWAY HER2 4-in-1). Two 
breast pathologists reviewed the IHC slides. The first 
pathologist has 5 years of specialized experience 
and evaluates 120 cases annually in the Department 
of Surgical Pathology, Chulabhorn Hospital. The 
second pathologist had 6 years of experience and 
had assessed more than 1,000 cases annually at 
the Institute of Pathology, Ministry of Public Health. 
The results were interpreted according to the 2018 
ASCO/CAP guidelines.

HER2 FISH testing.
	 FISH was performed on 2 µm sections of formalin- 
fixed, paraffin-embedded samples via dual-color 
HER2/CEP17 DNA probes (PathVysion Her2/neu DNA 
probe Kit; Abbott). The DNA probe contains HER2 
at a specific locus (red signal) and a control probe 
specific for the centromere of chromosome 17 (green 
signal). HER2 amplification signals were detected 
using a fluorescence microscope (Olympus BX63). 
Images were captured at 60X magnification, analyzed 

by ASI (Applied Spectral Imaging), and processed 
via the GENASIS program. The interpretation of the 
results was based on the 2023 ASCO/CAP guidelines.

Statistical analysis
	 To determine the concordance rate between 
HER2 IHC and FISH for HER2 testing in breast 
cancer patients, in accordance with the ASCO/CAP 
2023 guidelines at Chulabhorn Hospital, we used 
descriptive statistics to identify baseline clinical 
characteristics of HER2 alterations in breast cancer 
patients. The results are shown as correlations with 
percentages and were subsequently analyzed via 
Spearman’s rank-order correlation.

Results
	 Between January 2022 and December 2023, we 
enrolled 916 patients who were diagnosed with breast 
cancer at Chulabhorn Hospital. Among these, 263 
patients exhibited equivocal or HER2 IHC3+ staining 
and required confirmed FISH studies, which were 
included in this study.

Demographic data
	 Among the 263 patients with HER2 IHC2+ or HER2 
IHC3+ breast cancer, the mean age was 56.93 ± 11.81 
(SD) years. All invasive breast carcinoma samples 
were tested for estrogen receptor (ER), progesterone  
receptor (PR), HER2, and Ki-67 expression via immuno-
histochemistry (IHC). ER was negative in 21.76% (57 
of 263) of patients and positive in 74.52% (196 of 
263) of patients. PR was negative in 36.5% (96 of 
263) of patients and positive in 59.7% (157 of 263). 
Ki-67 expression was less than 20% in 21.29% (56 
of 263) of the tumors and 20% or more in 66.16% 
(174 of 263) of the tumors. The clinicopathologic 
characteristics of HER2 alterations among female 
patients with breast cancer are shown in Table 2.
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Table 2 Clinicopathological characteristics of HER2-positive breast cancer patients in each ICH group at 
Chulabhorn Hospital, Thailand.

Characteristics Total
(n=263)

HER2 IHC
Equivocal (2+)

(n = 192)

HER2 IHC
Positive (3+)

(n = 71)

Median age, years 56.93 ± 11.81 55.97 ± 10.30 57.28 ± 12.33

Stage

0 1

1 42

2 94

3 69

4 57

Hormonal status

Estrogen Receptor 
(ER)

negative 57 (21.76%) 26 (13.54%) 31 (43.66%)

positive 196 (74.52%) 164 (85.42%) 32 (45.07%)

no data 10 (3.80%) 2 (1.04%) 8 (11.27%)

Progesterone 
Receptor
(PR)

negative 96 (36.50%) 56 (29.17%) 40 (56.34%)

positive 157 (59.70%) 134 (69.79%) 23 (32.39%)

no data 10 (3.80%) 2 (1.04%) 8 (11.27%)

Marker of 
Proliferation Kiel 67
(Ki-67)

<20% 56 (21.29%) 51 (26.56%) 5 (7.04%)

≥20% 174 (66.16%) 120 (62.50%) 54 (76.06%)

no data 33 (12.55%) 21 (10.94%) 12 (16.90%)

The concordance rate between HER2 IHC and 
FISH
	 The patients were categorized into two groups 
according to their HER2 IHC staining status. A total 
of 192 patients were classified into the equivocal or 
2+HER2 IHC staining group, and 71 were classified 
into the positive or 3+HER2 IHC staining group. All 
patients were confirmed by FISH.
	 As shown in Table 3, of the 192 patients, 118 

had negative FISH results (group 5), and 53 were 
confirmed to be FISH-positive (group 1). Further-
more, 21 patients were assigned to groups 2, 3, and 
4 based on dual-probe FISH per the ASCO/CAP 
2023 guidelines, necessitating additional workup. 
In those groups, blind observers performed FISH, 
and at least 20 cells were counted. Furthermore, 71 
patients had positive scores, 3+ HER2 IHC staining, 
and FISH confirmation, all of which were positive.
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	 Table 3 Genomic HER2 alteration clone characteristics by dual-probe FISH and IHC for HER2 based on 
the 2023 ASCO/CAP guidelines among patients with breast cancer at Chulabhorn Hospital, Thailand.

Group Conditions N (%)

IHC

2+

1 HER2/CEP17 
ratio ≥ 2.0

Average HER2 copy number ≥ 4.0 
signals/cell

53 (20.2)

2 Average HER2 copy number < 4.0 
signals/cel

12 (4.6)

3

HER2/CEP17 
ratio <2.0

Average HER2 copy number ≥ 6.0 
signals/cell

1 (0.4)

4 Average HER2 copy number ≥ 4.0 
and < 6.0 signals/cell

8 (3.0)

5 Average HER2 copy number < 4.0 
signals/cell

118 (44.9)

3+

1 HER2/CEP17 
ratio ≥ 2.0

Average HER2 copy number ≥ 4.0 
signals/cell

70 (26.6)

2 Average HER2 copy number < 4.0 
signals/cel

0

3

HER2/CEP17 
ratio <2.0

Average HER2 copy number ≥ 6.0 
signals/cell

1 (0.4)

4 Average HER2 copy number ≥ 4.0 
and < 6.0 signals/cell

0

5 Average HER2 copy number < 4.0 
signals/cell

0

Total 263 (100)

	 Regarding the genomic characteristics of HER2 
alterations, this study revealed that of 71 IHC-positive 
(3+) patients, 70 were in group 1 (classical HER2 
amplification) based on dual-probe FISH, per the 
ASCO/CAP 2018 guidelines. However, one patient was 
in group 3 (Co-amplification, previously characterized 
as polysomy 17). The 2+ IHC group or equivocal share 
of varieties of HER2 clones may interfere with the 
IHC results.
	 The correlation rate between the HER2 IHC 
2+ group and HER2 FISH amplification was 28.12%, 

which was not statistically significant. However, the 
correlation rate between the HER2 IHC 3+ group 
and HER2 FISH amplification was 100%, with a 
Spearman’s rank-order correlation of 0.639 and 
statistically significant (Table 4). This study also 
evaluated the diagnostic performance of the IHC 
method for determining HER2 status, with FISH as 
a confirmatory test. The positive predictive value 
for positive IHC 3+ cases was 100.0% (95% CI: 94.9 
- 100.0).
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Table 4 Correlation between IHC and FISH results for HER2 expression according to the 2023 ASCO/CAP 
guidelines.

Testing modalities FISH Total Correlation (%)

Negative Positive

IHC 2+ 138 54 192 28.12

3+ 0 71 71 100*

Total 138 125 263
*rs=0.639, p<0.001

Discussion
	 Focused updates to the ASCO/CAP guidelines 
for HER2 testing in breast cancer were published in 
202314 to address several concerns raised following 
publication of the 2013 ASCO/CAP guidelines15 and 
to refine the definitions of HER2 status in specific 
situations. The 2018 and 2023 updated ASCO/CAP 
guidelines for HER2 testing by fluorescence in situ 
hybridization (FISH) currently classify HER2  
amplification into five groups12, and FISH results must  
be interpreted in conjunction with immunohisto-
chemistry (IHC) results.16 Determination of HER2 
amplification status using the FISH technique can 
significantly reduce the number of equivocal results 
and increase the number of truly negative HER2 
IHC results.14 
	 In Thailand, many laboratories use immuno-
histochemistry (IHC) as the primary method for 
assessing HER2 status, reserving fluorescence in 
situ hybridization (FISH) to confirm equivocal cases 
(IHC 2+) and HER2 IHC3+. As the US FDA-approved 
method for determining HER2 amplification, FISH is 
the gold standard and reference standard against 
which emerging technologies are benchmarked. It 
is also poised to remain the definitive method for 
HER2 testing in low- and middle-income countries, 
which carry a disproportionate burden of global 
breast cancer cases.17 Furthermore, the Comptroller  
General's Department of Thailand updated the 
diagnostic criteria in November 2022. This amendment 
omitted the requirement for FISH confirmation in 
IHC 3+ cases, thereby accelerating patient access 
to targeted anti-HER2 regimens.
	 The findings of this study reinforce the diagnostic 
reliability of Immunohistochemistry (IHC) in  
identifying HER2-positive breast cancer. Per the 

consensus guidelines provided by ASCO/CAP and 
the College of American Pathologists (CAP), and the 
Royal College of Pathologists in the United Kingdom, 
we defined a HER2 IHC 3+ result as intense, complete 
membrane staining in more than 10% of tumor 
cells. Given that the National Institute for Health 
and Care Excellence (NICE) guidelines recommend 
a 2-week turnaround time for HER2 assessment, 
streamlining the diagnostic workflow is essential to 
prompt initiation of anti-HER2 therapies18. The high 
concordance between strong immunohistochemical 
expression and gene amplification is well-documented.  
Gordian-Arroyo et al demonstrated that 100% of 
HER2 IHC 3+ cases were FISH-positive, with 97.8% 
(134/137) exhibiting classic Group 1 amplification 
(HER2/CEP17 ratio ≥2.0 and an average HER2 copy 
number ≥4.0 signals/cell). Mirroring these findings, 
98.6% (70/71) of the IHC 3+ patients in our cohort 
who underwent reflex FISH testing were categorized 
as Group 1, while a negligible 1.4% (1/71) were categorized 
as Group 3. This strong association was further 
validated by a statistically significant Spearman’s  
rank-order correlation of 0.639 (p < 0.05). The  
representative IHC and FISH images shown in Figure. 
2 provide a visual perspective of the relationship 
between the IHC score and the FISH results. Our 
findings are consistent with international evidence. 
Prior concordance studies comparing dual-probe 
ISH (FISH and DISH) and IHC 3+ results, based on 
the 2018 and 2023 ASCO/CAP guidelines, are shown 
in Table 5.
	 Collectively, these data suggest that an IHC 3+ 
designation serves as a sufficiently robust indicator 
to justify immediate targeted therapy without the 
need for routine gene amplification verification. 
This aligns with findings by Thambamroong19, which 
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suggested that routine reflex FISH testing for all 
HER2 IHC-positive patients is unnecessary. Omitting 
compulsory FISH confirmation for IHC 3+ cases 
successfully reduces patient waiting times and 

alleviates financial burdens, while ensuring that 
patients receive therapeutic benefits from anti-HER2 
regimens.

Figure 2. Representative immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH) images 
(60×magnification). (A). Case with a 2+HER2 IHC score (incomplete and heterogeneous membrane staining) 
(B). HER2 non-amplification by FISH. (C) Case with a 3+HER2 IHC score (complete membrane staining that 
is intense and detected in >10% of tumor cells. (D) HER2 amplification by FISH.

Table 5 Prior concordance studies comparing dual-probe ISH (FISH, SISH, and DISH) and IHC 3+ results, 
based on the 2018 and 2023 ASCO/CAP guidelines.

No Author Sample 
sizes

Concordance 
rates

Population Methodology ASCO/CAP 
guidelines.

1 Gordian-Arroyo et al. [8] 1350 100% American FISH 2018

2 Farshid et al. [20] 1815 93.4% Australia Silver ISH 2018

3 Li et al. [21] 2514 10.6% China FISH 2018

4 Thambamroong [19] 141 91.76%, Thai FISH 2018

5 Current author 263 100% Thai FISH 2023

6 Lampenkhae et al. [22] 1,307 92% Thai DISH 2023
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Conclusion
	 Our study adds valuable evidence by providing 
real-world confirmation and providing implemen-
tation evidence supporting the selective use of 
reflex FISH testing primarily in HER2 equivocal (2+) 
cases, together with previously published data 
showing a high concordance rate between HER2 
IHC 3+ results and HER2 amplification determined 
by FISH according to the 2023 ASCO/CAP guidelines. 
These findings have important implications for 
clinical management and support previous evidence 
suggesting that reflex FISH testing in patients with 
HER2 IHC 3+ results may not be required and could 
be omitted to streamline treatment. 
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