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Abstract
BACKGROUND: Breast cancer is the most common cancer type among women worldwide. Human epidermal 
growth factor receptor 2 (HER-2) is amplified in 10–34% of breast carcinomas and offers a therapeutic option from 
HER2-targeted therapy. Hence, HER2 is tested routinely in all breast cancer patients using immunohistochemistry 
(IHC) and in situ hybridization. Yet, some pitfalls do exist due to tumoral heterogeneity, inter and intrapersonal 
variations. mRNA expression assays can provide an alternative method for accurately measuring HER-2 avoiding 
these limitations.

AIM: Comparing results of mRNA gene expression analysis for HER2 with IHC results and correlating it with the 
therapy response.

MATERIALS AND METHODS: One hundred breast cancer core biopsies were tested for HER-2 using IHC and the 
same blocks were sectioned and tested for mRNA gene expression for HER2 by the Xpert breast cancer STRAT4 
device.

RESULTS: Concordance rate between mRNA expression and IHC for HER-2 was 93% with Kappa measurement 
showing perfect agreement (κ = 0.81, 95% CI, p < 0.0005).

CONCLUSION: The study reveals high concordance between HER2 measurement using IHC and mRNA analysis. 
Molecular testing can provide an effective standardized method for HER-2 measurement in breast cancer patients.
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Introduction

Breast cancer is the most common malignancy 
in women and is the first cause of cancer deaths in 
women [1]. Management and prognosis of breast cancer 
are dependent on many factors as tumor histology, 
grade and stage, as well as the protein markers, 
estrogen receptor (ER), progesterone receptor (PR), 
human epidermal growth factor receptor 2 (HER2) and 
Ki67 [2].

HER2 is a proto-oncogene encoding 
epidermal growth factor receptor with tyrosine 
kinase activity, located on chromosome 17 at q21. 
Amplified HER2 gene with overexpression of its 
protein is identified in 10–34% of invasive breast 
carcinomas [3].

Amplification of HER2 is considered as a 
poor prognostic factor linked to a higher recurrence 
rate and poor survival. It also predicts the response 
to anthracycline-based chemotherapies [4]. The most 

eminent role for HER2 evaluation is assessing the 
likelihood of the patient to benefit from HER2-targeted 
therapies such as trastuzumab, lapatinib, and 
pertuzumab [5]. As HER2-targeted therapy is 
considerably expensive and only effective in HER2-
overexpressed/amplified breast cancers, accurate 
measurement of HER2 expression is crucial in breast 
cancer management [3].

Immunohistochemistry (IHC) is the classical 
method for the evaluation of HER2 expression [6]. Yet 
with IHC, subjective variability may exist due to issues 
such as differences in antibody used and methods of 
interpretation [7].

Assays for mRNA expression provide an 
alternative accurate approach for measuring HER2 
amplification that can avoid this subjective variability. 
Hence, we aimed to compare mRNA expression assay 
for HER2 using RT-qPCR-based diagnostic platform 
called the GeneXpert®, (Cepheid, Sunnyvale, CA, 
USA) with standard IHC and correlating this with the 
neoadjuvant therapy response.
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Materials and Methods

Retrieval of cases

This prospective study included 100 breast 
cancer patients, whom were candidates for neoadjuvant 
therapy selected in the time period between March 2019 
and March 2020. The specimens were collected from 
the Pathology Department, Kasr El Ainy Hospital, Cairo 
University, Egypt. The authors obtained individualized 
patient informed consents then the approval of the 
ethical committee in the faculty of Medicine, Cairo 
University. The cases were followed till the regimen 
of the therapy was completed and surgical excisions 
were done, and then evaluated histopathologically for 
therapy response.

Histopathological and 
immunohistochemical examination

The paraffin blocks of the tumor tissue 
were serially sectioned at 4 μm thickness, stained 
with routine Hematoxylin and Eosin stains for 
pathological examination according to the WHO 
recommendations [8].

HER2 IHC was done using Ventana 
PenchMark XT by primary antibodies anti-HER-2/neu 
(4B5). UltraView Universal DAB is the Detection Kit 
used. HER-2 interpretation was done according to the 
ASCO/CAP guidelines 2018 [9].

Molecular biomarker testing

Expression of mRNA by automated real-time 
quantitative polymerase chain reaction (RT-qPCR) was 
achieved using the Xpert® Breast Cancer STRAT4 
and its diagnostic platform, the GeneXpert®, (Cepheid, 
Sunnyvale, CA, USA).

The GeneXpert is an automated system 
integrating sample purification, nucleic acid 
amplification, and target sequence detection. The 
system consists of an instrument, barcode scanner, 
computer, and pre-loaded software for running tests 
and viewing the results.

The formalin-fixed paraffin-embedded (FFPE) 
tissue was first macrodissected and scraped from the 
tumor rich area after examining the H and E section then 
placed into a 1.5 mL tube, to be admixed with 1.2 mL of 
FFPE lysis reagent and 20 µL of proteinase K. Then the 
samples were incubated at 80 C for 30 min. After that 
1.2 ml of ethanol was added. Finally, The sample lysate 
(about 520 µL) was shifted to the STRAT4 cartridge and 
placed into a GeneXpert module for RNA extraction, 
purification, and RT-qPCR analysis.

All reagents required for sample preparation 
and RT-PCR analysis are preloaded in the cartridge. 

Nucleic acids in the lysate are captured on a filter, 
washed, and eluted by sonication. The purified nucleic 
acid is mixed with dry RT-PCR reagents, and the 
solution is transferred to the reaction tube for RT-PCR 
and detection. Time to result is approximately 75 min in 
the GeneXpert.

Results

This study included 100  cases of breast 
carcinoma. Their age of them ranged from 25 to 
88 years with a mean of 47 ± 11.31 years. Among the 
studied cases, 81% were invasive mammary carcinoma 
(NST), whereas 14% were invasive lobular carcinoma 
(ILC) and only 5% were other special types. Concerning 
grade, 71% of the cases were grade II and 29% were 
grade III. Regarding cT stage, 11% were T1, 69% were 
classified as T2, 14% were T3, and 6% were T4.

Concordance between IHC and molecular 
testing of mRNA

Expression of HER2 protein by IHC showed 27 
positive cases and 73 negative cases (Table 1). While by 
HER2 mRNA showed 24 positive cases and 76 negative 
cases, with an overall concordance rate between the 
mRNA expression of HER2 results compared with IHC 
results 93%. The Kappa measure of agreement showed 
perfect agreement (κ = 0.81, 95% CI, p < 0.0005). The 
sensitivity (positive percent agreement) was 81.5% 
while the specificity (Negative percent agreement) 
was 97.3%. The positive predictive value was 91.7%, 
whereas the negative predictive value was 93.4%.

Response to therapy

According to AJCC “y” Classification system, 
patients showed the following ypTM after neoadjuvant 
therapy:
•	 For ypT: 28 cases were T0, 30 cases were T1, 

26 cases were T2, 6 cases were T3 and one 
case was T4

•	 For ypN: 42 cases were N0, 19 cases were N1, 
21 cases were N2 and nine cases were N3

•	 For M: 9  cases were metastatic (no surgery 
done).
According to Chevallier Method, Of these 

100 studied cases, 28  cases reached a pathological 
complete response (pCR), 55  cases showed only 
partial response (pPR), 17 cases showed no response 
(pNR) (8 cases showed stable or progressive disease 
and 9 cases were metastatic).

HER2 was significantly correlated with the 
therapy response (p = 0.031) where HER2 positive 
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cases showed response to therapy (either pCR or pPR, 
96.3%), more than HER-2 negative cases (78.2%).

Tumor grade showed a statistically significant 
correlation with the response to neoadjuvant therapy, 
(p = 0.036), where the pCR was higher among grade III 
tumors (46.4%) than grade  II (20.8%). No significant 
correlation was seen with the different histological types 
(p = 0.164), but we noticed that ILC cases showed more 
resistance to treatment where, the pNR rate was higher 
among ILC (35.7%) than in invasive ductal carcinoma 
(IDC) patients (13.6%) (Table 2).

Discussion

The mean age in our study was 47  years 
(ranging between 25 and 88  years). A  comparable 
mean of age (49  years) and nearly the same age 
range (25–79  years) were detected in Constantinou 
et al., 2018 [10]. Furthermore, it was close to the mean 
age (45.4  years) of patients in Olfatbakhsh et  al., 
2018 [11] study on breast cancer patients who received 
neoadjuvant chemotherapy.

As regards the histological types of examined 
cases, 81 (81%) were NST, 14 (14%) cases were ILC and 
5% other special types. Kizy et al., 2018 [12] reported 
a comparable incidence of duct carcinoma NST (74%), 
the lobular (12%). Also Kumarapeli et al., 2019 [13] in 
a study conducted on breast cancer, showed nearly the 
same incidences, 73.6% for duct carcinoma NST and 
13% for lobular carcinoma.

In our study, Grade II cases (71%) were more 
than Grade  III (29%). Lower incidence of high-grade 
cases was seen in Constantinou et  al., 2018 [10] 
(20.5% poorly differentiated/grade  III tumors). While 
in Ho-Yen et  al., 2014 [14] study, high grade tumors 
accounted for 51% of the cases and it was higher also 
in Zagouri et  al., 2014 [15] (incidence of high grade 
tumors reached 59%).

In our study, there was a high overall 
concordance rate between the mRNA results compared 
with IHC results for HER2 93% and the Kappa measure 
of agreement showed perfect agreement (κ = 0.81). 
The sensitivity (positive percent agreement) was 81.5% 
while the specificity (Negative percent agreement) 
was 97.3%.

A close figure to our results was mentioned 
in Wasserman et  al., 2017 [16], with a concordance 
rate 91.25%, specificity of 94%, and slightly higher 
sensitivity (87%). Also Denkert et  al., 2019 [17] in 
their study showed a closer concordance rate to ours 
(94.6%) with a similar Kappa agreement (0.81) and 
slightly higher specificity (94%). A higher concordance 
rate was seen in Fillipits et al., 2021 [18] and Mugabe 
et al., 2021 [19] (98.2% and 97.8%), respectively. While 

in Janeva et al., 2021 [20], A lower concordance rate 
was seen (87%) and lower Kappa agreement (0.66).

Wu et  al., 2018 [21] showed results that is 
well matched with ours, where concordance rate was 
95.7%, kappa 80% and specificity 95.8 and only higher 
sensitivity rate 95.5%. Also in Gupta et al., 2018 [22] 
both the sensitivity and specificity were near to ours 0.85 
and 0.98. Bel et al., 2019 [23] showed nearly the same 
agreement for HER2 between two modalities 92%.

Lower results seen in some studies as in 
Janeva et al., 2021 [20] can be partially explained by the 
usage of archived blocks (about 20 months old). These 
stored blocks can show some mRNA degradation, but 
our study was prospective, whereas the patients are 
chosen then the samples are collected and tested.

Second, the type of biopsy used for testing 
may explain the higher results seen in some studies, 
as in Mugabe et al., 2021 [19], where they used some 
surgical specimens, this can readily affect the results, 
especially when using surgical excision specimens with 
extensive ductal carcinoma in situ. This was avoided in 
our study as we used core needle biopsy specimens 
and further examining all the samples by standard 
H and E pathology sections, determining, locating and 
scraping the exact invasive tumor tissue and excluding 
any normal tissue or non-invasive tumor.

Furthermore, we tried harder to choose 
samples that contain enough invasive tumor tissue 
and excluding the few indeterminate cases from our 
analysis. Furthermore, the usage of different clones for 
IHC and subjective variability in interpretation can also 
offer some explanation.

Table 1: Concoradance between mRNA expression and IHC
HER2 mRNA HER2 IHC Total

Positive Negative
Positive

Count 22 2 24
% within HER2 mRNA 91.7 8.3 100.0
% within HER2 IHC 81.5 2.7 24.0

Negative
Count 5 71 76
% within HER2 mRNA 6.6 93.4 100.0
% within HER2 IHC 18.5 97.3 76.0

Total
Count 27 73 100
% within HER2 mRNA 27.0 73.0 100.0
% within HER2 IHC 100.0 100.0 100.0

HER2: Human epidermal growth factor receptor 2, IHC: Immunohistochemistry.

Table 2: Correlation of therapy response with HER2
Pathological and 
immunological 
characteristics

Response No response 
 (pNR) (%)

p‑value
pCR (%) pPR (%)

HER‑2
Positive 9 (33.3) 17 (63) 1 (3.7) 0.031* (response 

vs. No response)Negative 19 (26) 38 (52.1) 16 (21.9)
Histopatholo‑gical Grade

Grade 2 15 (20.8) 44 (61.1) 13 (18.1) 0.036*
Grade 3 13 (46.4) 11 (39.3) 4 (14.3)

Histopatholo‑gical Type
IDC 24 (29.6) 46 (56.8) 11 (13.6) 0.164
ILC 4 (28.6) 5 (35.7) 5 (35.7)
Special Types 0 (0) 4 (80) 1 (20)

*Statistically Significant, HER2: Human epidermal growth factor receptor 2, ILC: Invasive lobular carcinoma, 
IDC: Invasive ductal carcinoma, pCR: Pathological complete response, pPR: Partial response, pNR: No 
response.

https://oamjms.eu/index.php/mjms/index
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Regarding the post-neoadjuvant systemic 
therapy response, 28% reached pCR, 55% showed 
only partial response, 8% showed stable or progressive 
disease while 9% was metastatic. Comparing this to 
Silver et  al., 2010 [24] showed different results, only 
17.8% showed complete response, 50% showed 
partial response, and 32.2% showed either stable or 
progressive course. This difference can be explained 
by the small sample in Silver et  al., study (only 
28 patients). Furthermore, Zhao et al., 2015 [25] and 
Olfatbakhsh et  al., 2018 [10] showed lower rate of 
complete response among their study groups, (14% 
and 19%), respectively.

Conclusion

This study showed a high concordance 
between results of HER2 assessment using RT-qPCR-
based diagnostic platform and IHC, concluding that 
mRNA gene expression analysis can be a rapid and 
accurate modality for evaluating HER2 overexpression 
in breast cancer patients.
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