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Abstract
Background: Breast cancer (BC) is the most common cancer type among women world-wide and the
major cause of cancer deaths. Many factors affect the prognosis and treatment of BC such as
histological grading, staging, as well as the biological markers: Estrogen receptor (ER), Progesterone
receptor (PR), HER2 and Ki67. Immunohistochemistry (IHC) remains the corner stone in determining ER,
PR, HER2 and Ki67 status for breast cancers, however limitations still exist concerning analytic validity &
interpretation. mRNA expression assays can provide an alternative innovative method for measuring
these biomarkers. The Xpert Breast Cancer STRAT4 Assay is an in vitro diagnostic test for the
determination of overexpression or non-overexpression of ER, PR, HER2 and Ki67 mRNA isolated from
10% neutral buffered FFPE invasive breast tissue.

Objectives: Comparing results (concordance) of IHC of ER, PR, Ki67 and Her2 with mRNA gene expression
analysis results by STRAT4 for each of the biomarkers tested on the same sample blocks & correlating
the results of IHC with the clinico-pathologic parameters of the tumours and clinical outcome of patients.

Materials and methods: One hundred BC tissue sections were collected from needle biopsies specimens
& were evaluated for expression of the four biomarkers (ER, PR, KI67, Her-2) using IHC and the same
blocks were sectioned and tested for mRNA gene expression by the Xpert breast cancer STRAT4 for the
same markers.

Results: Concordance rate between mRNA expression and IHC was 96% for ER, 94.7% for PR, 93% for
HER-2, 97.9% for Ki67, with Kappa measurement showing strong to perfect agreement in the 4
parameters (all > 80%).

Conclusion: The study reveals high concordance between central IHC and mRNA measurements of the
four main breast cancer biomarkers. STRAT4 can provide an effective modality for standardized results
for breast cancer patients.

Introduction
In the era of precision medicine, cancer management becomes dependent on the biological and genetic
alterations discovered in several malignancies. On top of theses malignancies is breast cancer. Breast
cancer is currently the most common women malignancy and is the �rst cause of cancer deaths in
women [1].

At present, the prognosis, classi�cation and treatment of BC are dependent not only on tumor histological
grading and stage, but also on other major protein markers as Estrogen receptor (ER), Progesterone
receptor (PR), HER2 and proliferation marker Ki67 [2].

ER and PR are mainly useful in determining the need for endocrine therapy for some BC patients [3]. The
probability of response to this endocrine therapy is dependent on the level of hormone receptors which is
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associated with much less bene�t of chemotherapy [4].

ERBB2 (HER2) gene ampli�cation paved the way for development of HER2-targeted therapies. The
Proliferation marker Ki-67 (MKi67) is very important in several types of cancer. In early breast cancer, the
worse survival outcomes have been associated with the higher Ki67 level [5].

Evaluation of Estrogen receptor, Progesterone receptor, HER2 expression and Ki76 index with the use of
immunohistochemistry (IHC) is the classical method of assessment for gene based targeted therapies of
breast cancer [6].

These methods although are at reach and classically used in all pathology labs. Yet with IHC, subjective
variability may exist due to issues such as differences in tissue �xation, antibody used & methods of
interpretation which may lead to false negative/positive results, especially for HER2 & Ki67 proteins [7].

Assays for mRNA expression provide an alternative approach for measuring these biomarkers. A RT-
qPCR-based diagnostic platform called the GeneXpert®, (Cepheid, Sunnyvale, CA, USA), which is
incorporated in a device referred to as Xpert® Breast Cancer STRAT4, was developed to detect mRNA
expression of ER, PR, HER-2 & Ki67 from formalin-�xed, para�n-embedded (FFPE) tumor tissue [8].

Stimulated by this, we aimed to explore the value of breast cancer biomarker analyses using RT-qPCR
based assay for mRNA expression in comparison with standard IHC performed at central laboratory for
the same biomarkers and correlate this with the pathological response to neoadjuvant systemic therapy
received.

Material & Methods

Retrieval of Cases
The material of this prospective study was collected from formalin �xed, para�n embedded tumor tissue
sections of core needle biopsy specimens of 100 breast patients with radiological and pathological
evidence of breast cancer. The cases were collected from the Pathology Department, Kasr El Aini
Hospital, Cairo University, Egypt in the time period between March 2019 and March 2020. The authors
obtained the approval of ethical committee in the faculty of Medicine, Cairo University.

The MDT (multi-disciplinary team) of breast cancer referred the patients for neoadjuvant therapy and
they were followed up till the regimen of the therapy was completed and surgical excisions were done.
The histopathological evaluation was done for the postoperative excision biopsies for assessment of the
response to neoadjuvant therapy.

Histopathological & Immunohistochemical Examination
The para�n blocks of the tumor tissue were serially sectioned at 4 µm thickness, stained with routine
Hematoxylin & Eosin stains for pathological examination according to the WHO recommendations [9].
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All cases were referred to Tumor marker unit, Pathology department, Kasr al ainy for evaluation of the ER,
PR, HER2 and Ki67. All the specimens were assessed immunohistochemically for detection of the four
biomarkers using Ventana PenchMark XT. The used antibodies were primary monoclonal antibodies
including anti-(ER) (SP1) Rabbit, anti-(PR) (1E2) Rabbit, anti-HER-2/neu (4B5) Rabbit and anti-Ki-67 (30 − 
9) Rabbit. UltraView Universal DAB is the Detection Kit used.

ER/PR interpretation was done according to the Allred scoring system [10]. HER-2 interpretation was done
according to the ASCO/CAP guidelines 2018 [11]. While for Ki67, we used the cut-off point between ‘high’
and ‘low’ values ≥ 20% being the new cut-off approved in 2013 by St Gallen conference [12].

Molecular Biomarker testing:
All the specimens were subjected to automated Real-time Polymerase Chain Reaction (RT-qPCR) for
assessment of RNA expression for ER, PR, HER2, and Ki67 using the Xpert® Breast Cancer STRAT4 & its
diagnostic platform, the GeneXpert®, [(Cepheid, Sunnyvale, CA, USA)].

The GeneXpert is an automated system integrating sample puri�cation, nucleic acid ampli�cation, and
target sequence detection in simple or complex samples. The system consist of an instrument, barcode
scanner, computer, and pre-loaded software for running tests and viewing the results. The system requires
the use of single-use, disposable GeneXpert cartridges that hold the RT-PCR reagents and host the RT-PCR
process.

The steps of the process were followed according to the package instructions. The FFPE tissue was �rst
macrodissected and scraped from the tumor rich area after examining the H&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, puri�cation, 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 �lter, washed, and eluted by sonication. The puri�ed 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 minutes in the GeneXpert.

Results
This study included 100 cases of breast carcinoma. The age of them ranged from 25 to 88 years with a
mean of 47± 11.31 years. Among the studied cases, 81% of were invasive mammary carcinoma (NST)
while 14% were invasive lobular carcinoma and only 5% were other special types. Concerning grade, 71%
of the cases were grade II & 29% were grade III. Regarding cT stage, 11% were T1, 69% were classi�ed as
T2, 14% were T3, and 6% were T4. 
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Concordance between IHC and Molecular Testing of mRNA
of the Four Breast Biomarkers
ER: Among the 100 studied cases, expression of ER protein by IHC was 55 positive cases & 45 negative
cases. While by ER mRNA was 51 positive cases and 49 negative cases with an overall concordance rate
of the STRAT4 ER results compared with IHC results, 96%. The Kappa measure of agreement showed
perfect agreement (κ = 0.92 , 95% CI, P < 0.0005). The sensitivity (positive percent agreement) was 92.7 %
while the speci�city (Negative percent agreement) was 100 %.  

PR: expression of PR protein by IHC was 61 positive cases & 39 negative cases. While by PR mRNA was
60 positive cases , 35 negative cases and 5 indeterminate cases (excluded from the results). The overall
concordance rate of the STRAT4 PR results compared with IHC results (excluding the indeterminate
cases) was 94.7%. The Kappa measure of agreement showed perfect agreement (κ = 0.88 , 95% CI, P <
0.0005). The sensitivity (positive percent agreement) was 96.6 % while the speci�city (Negative percent
agreement) was 91.7 %

HER2: expression of HER2 protein by IHC was 27 positive cases & 73 negative cases. While by HER2
mRNA was 24 positive cases and 76 negative cases, with an overall concordance rate between the
STRAT4 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 speci�city (Negative percent agreement) was 97.3 %

Ki67: expression of Ki67 protein by IHC was 84 cases with high proliferation (considered positive) & 16
cases with low proliferation (considered negative). While by Ki67 mRNA was 81 positive cases , 14
negative cases and 5 indeterminate (excluded from the results). The overall concordance rate between
the STRAT4   Ki67 results compared with IHC results (excluding the indeterminate cases) was 97.8%. The
Kappa measure of agreement showed perfect agreement (κ = 0.91 , 95% CI, P < 0.0005). The sensitivity
(positive percent agreement) was 98.8 % while the speci�city (Negative percent agreement) was 92.9 %. 

Table (1) 

Comparison between mRNA expression & IHC of the four biomarkers.
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  ER PR HER2 Ki67

IHC+ / mRNA+ 51  57  22 80

IHC+ / mRNA- 4 2 5 1

IHC- / mRNA+ 0 3 2 1

IHC- / mRNA- 45 33 71 13

Total cases 100 95 100 95

Kappa measure of agreement (κ)  0.92 0.88 0.81 0.91

Positive predictive value 100% 95% 91.7% 98.8%

Negative predictive value 91.8% 94.3% 93.4% 92.9%

Sensitivity (PPA) 92.7% 96.6% 81.5% 98.8%

Speci�city (NPA) 100% 91.7% 97.3% 92.9%

Concordance rate 96% 94.7% 93% 97.8%

Response To therapy: 
Therapy received was either chemotherapy (NACT) alone (45 cases), NACT together with endocrine
therapy (NAHT) (34 cases) or NACT as well as trastuzumab (21 cases). 

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]. 

And according to AJCC ‘‘y’’ Classi�cation system, they showed the following ypTNM 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 9 cases were N3

For M: 9 cases were metastatic (no surgery done).

 The cases were classi�ed into the following anatomic stage groups , stage III (34 cases) followed by
Stage II (21 cases), Stage IV (9 cases) and �nally Stage I (8 cases). Those with pCR were excluded from
this staging. 

The response to therapy was signi�cantly correlated with different neoadjuvant regimens used, (p
value=0.041), where patients who received NACT and Herceptin showed the highest response rate (95.2%
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showed response, either pCR or pPR) & those who received NACT & NAHT showed the least (70.6%).
Meanwhile, pCR rate was the same among NACT only group & NACT+ Herceptin group (33.3% each) and
also the lowest in NACT+ NAHT group (17.6%). 

In correlation with molecular subtypes, HER-2 enriched showed the highest percentage of cases who were
down staged (showed response either pCR or pPR) and was about 95%. And the complete response (pCR)
was higher among triple negative (44.4%) and Her2 enriched (47.4%) types than luminal types (21.7% for
type A & 20% for type B) with statistically signi�cant correlation (p value = 0.021).    

Concerning the correlation of the response with the immunohistochemical pro�les of the patients
(according to which they received their therapy), ER showed a signi�cant correlation (p value= 0.040)
where, ER negative cases achieved pCR (40%) more than ER positive cases (18.2%), and the percentage
of cases who showed no response was higher among ER positive patients. No signi�cant correlation was
seen in correlation with PR (p value = 0.371).  Regarding HER-2, the correlation was signi�cant (p value =
0.031) & we noticed that HER2 positive cases showed response (either pCR or pPR) (96.3%), more than
HER-2 negative cases (78.2%). while for Ki67, the correlation was statistically non-signi�cant (p value =
0.308). 

Tumor grade showed a statistically signi�cant correlation with the response to neoadjuvant therapy, (P
value = 0.036), where the pathological complete response was higher among grade III tumors (46.4%)
than grade II (20.8%). No signi�cant correlation was seen with the different histological types (p
value=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 IDC patients (13.6%). 

Table (2) 

Correlation of response to neoadjuvant therapy with various pathological & immunohistochemical
characteristics among the studied cases.
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Pathological & immunological
characteristics

  Down staging
(response)

No
response
(pNR)

P value

pCR pPR

Neoadjuvant Therapy recieved NACT 15
[33.3%]

24
[53.3%]

6 [13.3%] 0.041*

(response vs.
No response)NACT+NAHT 6

[17.6%]
18
[52.9%]

10
[29.4%]

NACT+Herceptin 7
[33.3%]

13
[61.9%]

1 [4.8%]

Molecular subtypes Luminal A 5
[21.7%]

13
[56.5%]

5 [21.7%] 0.021* 

( pCR vs.
other
groups) 

Luminal B 6 [15%] 26
[65%]

8 [20%]

Triple negative 8
[44.4%]

7
[38.9%]

3 [16.7%]

HER2 Enriched 9
[47.4%]

9
[47.4%]

1 [5.3%]

ER Positive 10
[18.2%]

33
[60%]

12
[21.8%]

0.040*

Negative 18
[40%]

22
[48.9%]

5 [11.1%]

PR Positive 14
[23%]

36
[59%]

11 [18%] 0.371

Negative 14
[35.9%]

19
[48.7%]

6 [15.4%]

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%]

Ki67 High 21
[25%]

48
[57.1%]

15
[17.9%]

0.308

Low 7
[43.8%]

7
[43.8%]

2 [12.5%]

Histopathological 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%]

Histopathological Type IDC 24
[29.6%]

46
[56.8%]

11
[13.6%]

0.164
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ILC 4
[28.6%]

5
[35.7%]

5 [35.7%]

Special Types 0 [0%] 4 [80%] 1 [20%]

*Statistically Signi�cant

Discussion
Hormone receptors, HER2 and Ki67 are considered now as a crucial step in the management and
prognosis for breast cancer (BC). mRNA based approach for evaluation of these markers could present a
more valuable and accurate method than the current used modality. The Xpert® Breast Cancer STRAT4,
is the prototype device for this method. We compared mRNA expression analysis of ER, PR, HER2, and
ki67, with central immunohistochemistry (IHC) by recruiting 100 breast cancer patients from Kasr El Ainy
Hospitals, Cairo University, Egypt.

In our study, there was a high overall concordance rate between the STRAT4 results compared with IHC
results concerning the four biomarkers ( 96% for ER, 94.7% for PR, 93% for HER2 & 97.8% for Ki67) & the
Kappa measure of agreement showed perfect agreement (κ = 0.92 for ER, 0.88 for PR, 0.81 for HER2 &
0.91 for Ki67). While the sensitivity (positive percent agreement) was 92.7% for ER, 96.6% for PR, 81.5%
for HER2 & 98.8% for Ki67 and the speci�city (Negative percent agreement) was 100% for ER, 91.7% for
PR, 97.3% for HER2 & 92.9% for Ki67.

Wu et al., 2018 [8] & Fillipits et al., 2021 [13] in their studies to compare the two modalities, show also a
high concordance rate of ER & was close to ours (97.8% & 98.9%) respectively, with also nearly the same
Kappa agreement (91.8%) in Wu et al., 2018 [8] study, but a slightly lower results were reported in Denkert
et al., 2019 [14], lower concordance rate (89.7%), lower Kappa coe�cient (79.38%).

While concerning PR, most of the studies showed slightly lower results related to comparing IHC &
STRAT4 as seen in Fillipits et al., 2021 [13], Janeva et al., 2021 [15] & Wu et al., 2018 [8] with concordance
rates (89.9%, 89% & 90.4%) respectively.

For HER2, A close �gure to our results was mentioned in Wasserman et al., 2017 [16], with a concordance
rate 91.25%, speci�city of 94% & slightly higher sensitivity (87%). A higher concordance rate was seen in
Fillipits et al., 2021 [13] & Mugabe et al., 2021 [17] (98.2% & 97.8%) respectively. As noticed in ER & PR,
Denkert et al., 2019 [14] in their study showed also a lower concordance rate for HER2 than ours (81.7%).

In most of the literature, results concerning the Ki67 were lower than our study as Fillipits et al., 2021 [13] &
Janeva et al., 2021 [15] showed concordance rates (84.4% & 76%) respectively, but the same high
sensitivity was reported in Denkert et al., 2019 [14] (97.8%), yet the speci�city was very low 30.6%.

Several points could offer an explanation for these differences seen between studies and ours. First,
some studies used old blocks archived for long periods as in Fillipits et al., 2021 [13] which used samples
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from 1990 to 1995 which were incorporated in the ABCSG trial 6. Also in Wu et al., 2018 [8] study, some of
the blocks used aged 22 years. This long period can lead to 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 can offer a further explanation, as some studies used CNB,
others used surgical excision specimens and some tested on both types. And this can readily affect the
results especially when using surgical excision specimens with extensive DCIS or tissue sections with
large amount of adjacent normal breast tissue and other precursor lesions which will affect the results
particularly if the tumor is ER/PR negative. This was avoided in our study as we used CNB specimens &
further examining all the samples by standard H&E pathology sections, determining, locating & scraping
the exact invasive tumor tissue and excluding any normal tissue or non-invasive tumor.

Another possible factor that might account for the higher concordance documented in this study is the
amount of tumor tissue in the sample tested, as if the tumor tissue is insu�cient, this will render the
STRAT4 test indeterminate or negative especially for PR & Ki67 so 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 as well as the different cut off values used with Ki67
between different studies, different methods of interpretation & subjective variability in IHC interpretation
can be a key point for �guring out theses variances.

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 [18] showed different results, only 17.8% showed complete response, 50% showed partial
response & 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). Also Zhao et al., 2015 [19] & Olfatbakhsh et al., 2018
[20] showed lower rate of complete response among their study groups, (14% & 19%) respectively.

The rates of pathological complete response differed between the molecular subtypes, with 21.7% for
luminal A, 15% for luminal B, 47.4% for HER2/neu-enriched, and 44.4% for triple-negative subtype. These
were near to that reported by Zhao et al., 2015 [19] in his study.

Conclusion
This study sheds light on the recently postulated role of mRNA gene expression analysis by STRAT4 as a
rapid, effective and accurate modality for assessment & biological subtyping of breast cancer patients,
as it reveal high concordance between results of the four main biomarkers of breast carcinoma using
mRNA gene expression analysis by STRAT4 and the central immunohistochemistry.
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