
Yen-Ting. Lin1, Rong. Yu2, Kung-Ying. Chiu2, Yu-Ming. Yeh1 
 1General Biologicals Corporation, Hsinchu 30076, Taiwan, R.O.C.,  

2Genetics Development Corporation, 21N Skokie Hwy Ste 104 Lake Bluff, Illinois, 60044, USA  

Table1. Three methods for testing the HER2 status  
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(qRT-PCR) 

• Measures HER2 protein level 

• Cheap and routinely available 

• Subjective judgment and  

low reproducibility 

• Measures HER2 gene copy number 

• Semi-quantitative and well  

established 

• Time-consuming and expensive 

• Measures HER2 gene expression level 

• Highly sensitive, consistent, reliable and  

cost-effective. 

•  Further clinical validation is warranted 

Evaluation of HER2 Status by Quantitative RT-PCR with Internal Specimen Quality Controls in Breast Cancer 

Introduction: 
Determination of HER2 status before administrating therapeutic regimens plays an essential role in breast cancer. 
Immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH) are currently working assays for HER2 testing. 
With the advantages of cost-effectiveness and high accuracy for IHC and FISH respectively, these two assays have been 
recommended as the routinely-used diagnostic tool. However, several studies have been reported that false signals and 
lab-to-lab variations are major unsolved issues for HER2 testing. Moreover, both IHC and FISH assays do not have the 
internal specimen quality control mechanism, which might be the root-causes of the issues that we’re facing. 

Methods: 
In this study, we developed and evaluated a quantitative HER2 testing assay with built-in internal specimen quality 
control mechanisms by the principle of multiplex real-time PCR. HER2 messenger RNA copy number could be quantified 
in real-time using external standard curve. The expression level of reference genes were utilized for monitoring the 
quality of specimens. Eighty FFPE tissues of breast invasive ductal carcinoma were collected and analyzed for the assay 
validation.  

Results: 
The dynamic range of the assay for detecting HER2 mRNA is 5.2E+06 ~ 5.2E+01 copies/mL and showed excellent 
linearity (R2=0.98). Also, the precision of the assay was demonstrated with inter-operator coefficient of variance (CV) 
<10%. Most importantly, the validation result showed that the agreement between the developed assay and FDA 
certified FISH assay is over 90%, suggesting the developed Real-Time PCR is suitable and reliable for HER2 testing. 
Furthermore, the quality of FFPE specimens can be distinguished simultaneously with an established cut-off value, 
which can prevent false signals or lab-to-lab variations that resulted from poor qualified samples. 

Conclusion: 
Taken together, the clinical utility of the developed HER2 molecular diagnostic assay shows great FFPE specimen quality 
control ability and high analytical consistency with current assays for HER2 testing. The ease of use and broad dynamic 
range makes the developed assay a viable tool for implementation into clinical labs, which may complement IHC tests. 

 A standardized HER2 qRT-PCR assay can provide objective and quantitative results of 

HER2 status in breast cancer tissues. 

 Internal quality control is a check-point which can prevent false signals or lab-to-lab 

variations that resulted from poor qualified samples. 

 Recent data demonstrated the clinical efficacy of the developed HER2 molecular 

diagnostic assay shows great quality control ability and high analytical consistency. 

 More clinical samples will be collected to obtain the optimized specification for both 

HER2 status and FFPE sample quality determination. 
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Figure1. Over-expression of HER2 which encoded  receptor  tyrosine-protein kinase erbB-2 has been 

shown to play an important role in the development and progression of certain aggressive types of breast 

cancer. 
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Figure2. Concept of Internal Control in preventing false negative signal in HER2 PCR.  

Figure3. A. The summary table of samples (N= 21); B. Sample #3, #7, #8, #12, #19, and #21 were detected as 

outliers by Iglewicz and Hoaglin’s outlier test, suggesting that these 6 samples were unqualified; C. The 

distribution of HER2 Ct in these samples. 
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Figure4. A. Distribution of Delta Ct among FFPE samples (excluding unqualified samples, N=15) analyzed by 

HER2 RealEx PCR; B. 2x2 table analysis between HER2 RealEx PCR and traditional IHC/FISH assay. 

Sample # HER2 Ct 
Internal 

Control Ct 
delta Ct IHC/FISH 

1 25.1 28.23 -3.13 Negative 

2 25.93 28.48 -2.55 Positive 

3 30.43 35.21 -4.78 Negative 

4 21.11 26.72 -5.61 Positive 

5 25.58 28.75 -3.17 Negative 

6 20.63 27.46 -6.83 Positive 

7 28.24 31.65 -3.41 Negative 

8 28.26 31.96 -3.7 Negative 

9 22.99 28.47 -5.48 Positive 

10 20.26 26.51 -6.25 Positive 

11 26.73 29.23 -2.5 Negative 

12 28.62 32.89 -4.27 Negative 

13 26.39 28.85 -2.46 Positive 

14 23.49 28.47 -4.98 Positive 

15 24.95 29.65 -4.7 Positive 

16 21.89 27.25 -5.36 Positive 

17 26.11 28.41 -2.3 Negative 

18 26.41 29.49 -3.08 Negative 

19 28.97 32.69 -3.72 Negative 

20 24.45 28.28 -3.83 Positive 

21 27.46 31.53 -4.07 Positive 

Delta Ct = -3.5 

Internal Control Ct = 30 
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