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Introduction 
 
The following is a selection of the non-clinical studies performed with the Veridex GeneSearch™ BLN 
Assay.  This summary includes the Precision, Linearity and Limit of Detection, Interfering Substances, 
Microbial Limits and Microbial Challenge Testing, Preservative Effectiveness, and Guardband Studies 
conducted.  Additionally, marker selection and a discussion of relevant literature associated with the 
selected markers are detailed. 

The GeneSearch™ BLN Assay is a real time Reverse Transcriptase-Polymerase Chain Reaction (RT-
PCR) assay that detects the presence of breast tumor cell metastasis in lymph nodes through the 
detection of gene expression markers present in breast tissue, but not in nodal tissue (cell type specific 
messenger RNA).  The GeneSearch™ BLN Assay is composed of: 

 GeneSearch™ BLN Test Kit: contains all the reagents required for performing RT-PCR 
(reverse transcription and amplification) and fluorescent detection of amplicon. 

 GeneSearch™ RNA Sample Preparation Kit: contains reagents and spin columns for rapid 
lymph node tissue homogenization and RNA purification. 

 GeneSearch™ BLN Assay Protocol Software compact disk (CD): includes parameters for 
performing and analyzing the GeneSearch™ BLN Assay 

 
A picture of the reagents follows. 
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Veridex GeneSearch™ BLN Assay 

Precision 
Precision is a measurement of the closeness of agreement (degree of scatter) between a series of 
measurements obtained from multiple samples of a homogeneous sample. The degree of scatter in 
multiple measurements of a homogeneous sample is due to several factors such as the operator 
performing the measurement, the lot number of the material with which the sample is measured, the day 
on which the measurement is taken and the variability inherent in the measurement system itself. The 
precision of the GeneSearch™ BLN Test Kit was determined using a protocol similar to that 
recommended in the Clinical Laboratory Standards Institute Evaluation of Precision Performance of 
Quantitative Measurement Methods; Approved Guideline-Second Edition (EP05-A2).  Two samples 
and two assay controls were tested on the GeneSearch™ BLN Test Kit using three operators testing 
both samples and controls on three lots of GeneSearch™ BLN Test Kits each day for eight days with 
two runs per day with two replicates of each sample and control tested on each run.  

The Ct values obtained for each applicable marker in each sample were analyzed to determine the 
standard deviation (average variation from the mean) of the measurements. The standard deviation is 
divided by the mean Ct value for each marker in each sample and multiplied by 100 to determine the 
percent Coefficient of Variance (%CV), or degree of scatter in the data. All results for precision are 
presented as %CV. 

%CV = (Standard Deviation/Mean) X 100 
The Total Precision expresses the degree of scatter in the measurements on a given sample across all 
operators, all days, all lots and all runs. 

Total assay precision was estimated using the model provided in EP05-A2. The formula used to 
estimate total precision was  
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where ST = total standard deviation, dd = between day, rr = between run and wr = within run. The 
results are provided in Table 1. 

Table 1. Total Precision Excluding Lot and Operator 

Total Precision (%CV) Excluding Lot and Operator (ST/Mean Ct) 

 Positive Sample Negative Sample Negative 
Control (NC) 

Positive Control 
(PC) 

PBGD 2.9% 4.3% 1.9% 
(3.1%) c 

NA b 

MG 3.1% NA a NA b 1.6 % 
(6.0%)c 

CK19 1.5% NA a NA b 1.6% 
(5.6%) c 

a. MG and CK19 were not analyzed as these markers are not expressed at appreciable levels in a negative 
sample. Negative results were obtained as expected in samples not containing these markers. 

b.  MG and CK19 are not present the Negative Control. PBGD is not present in the Positive Control. Negative 
results were obtained as expected in samples not containing these markers. 

c. Values of results from samples where control was not added (user error) to the reaction are included in the 
analysis. 

 
Lot-to-lot and operator-to-operator variability were also considered in the precision study design. The 
formula used to estimate total precision in this case was 

 22222
lotopwrrrddT SSSSSS ++++=   

The assay results are reproducible; the values for each sample tested are provided in Table 2. 

Table 2. Total Precision Including Lot and Operator 
Total Precision (%CV) Including Lot and Operator (ST/Mean Ct) 

 Positive Sample Negative Sample Negative Control 
(NC) 

Positive Control 
(PC) 

PBGD 5.6% 5.2% 2.5% 
(3.4%) c 

NA b 

MG 5.5% NA a NA b 1.8% 
(6.1%) c 

CK19 2.5% NA a NA b 1.9% 
(5.6%) c 

a. MG and CK19 were not analyzed as these markers are not expressed at appreciable levels in a negative 
sample. Negative results were obtained as expected in samples not containing these markers. 

b. MG and CK19 are not present the Negative Control. PBGD is not present in the Positive Control. Negative 
results were obtained as expected in samples not containing these markers. 

c.  Values if results from samples where control was not added (user error) to the reaction are included in the 
analysis. 
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Linearity and Limit of Detection 
The linearity of an analytical or biological test method is its ability (with a given range) to obtain results 
that are directly proportional to the concentration of analyte in the sample. The linearity of the 
GeneSearch™ BLN Test Kit was assessed by preparing samples containing known amounts of in vitro 
transcript (IVT) RNA for each marker, testing these samples on the GeneSearch™ BLN Test Kit and 
directly comparing the Ct values obtained for each marker in each sample to the concentration of each 
marker in each sample by regression analysis.  

Linearity is expressed by the equation of the line (Y=mx+b) which results from plotting the Ct value of 
each marker (Y) versus the concentration of target (‘x’ expressed as the log10(copies/μL)) in each 
sample (regression analysis). The regression line expresses the best prediction of the Ct value based on 
the concentration. The closeness of the observed measurements to the resultant line is demonstrated by 
the R2 value. An R2 value of 100% indicates values that lie perfectly on the line.  

A theoretical limit of detection was calculated using the equation generated by regression analysis 
during linearity testing.  The limit of detection is defined as the number of copies of the target sequence 
detected at 35.9 Ct, the highest value that can be obtained with the GeneSearchTM BLN Assay thermal 
cycling protocol.  

The initial study was completed using serial dilutions of a specific number of copies of in vitro 
transcript (IVT) RNA (not control plasmids) in water.                                                                              
the study was repeated using a specific number of copies of IVT RNA in a background of porcine 
lymph node RNA, as suggested.  (FDA suggested serially diluting the control plasmids for MG and 
CK19 into a consistent concentration of RNA from a negative lymph node instead of buffer, as it would 
more closely mimic a natural sample.  These studies would best be performed with each target 
individually, as well as measuring all three targets together in each sample.  By measuring each target 
separately and then together in a multiplex reaction, results should show the effect of the amplification 
of the other targets on each other.  Because the PBGD would be found in a normal lymph node, 
performing the studies using RNA for the dilution from some other source such as non-human RNA is 
acceptable).  Each marker was tested alone and in combination (sample comprised of a mix of IVT 
RNA for all three markers) with the results detailed in Table 3 below                                                        
                                                                                                                                                                     
                         

                                                                                                                                                                       
                                                                                                                                                                     
                                                                                                                                                                          
                                                                                                                                                                    The 
results are summarized in Table 3. 
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Table 3: Analysis of Data from 36 Cycles of PCR 

Regression Analysis for Linearity Determination of Individual IVTs in Porcine Lymph Node RNA 

 Equation of the Line 
Y = b-m * (log10(copies/μL) 

p-value 
(<0.05)ª 

R2 value 
(>95%)ª 

Correlation 
Coefficient 

Analytical 
Detection Limit 

PBG
D 

PBGD Ct=44.50-3.571* 
log10(copies/μL) 

0.000 99.7% 0.998 102.4 

MG  MG Ct= 41.62 – 3.265* 
log10(copies/μL) 

0.000 99.3% 0.997 101.8 

CK1
9  

CK19 Ct = 43.62 – 3.559* 
log10(copies/μL) 

0.000 99.9% 0.999 102.2 

Regression Analysis for Linearity Determination of IVTs (Mix of all 3 Markers) in Porcine Lymph 
Node RNA 

 Equation of the Line 
Y = b-m * (log10(copies/μL) 

p-value 
(<0.05)ª 

R2 value 
(>95%)ª 

Correlation 
Coefficient 

Analytical 
Detection Limit 

PBG
D 

PBGD Ct=43.58-3.419* 
log10(copies/μL) 

0.000 99.5% 0.997 102.3 

MG  MG Ct= 41.7 – 3.269* 
log10(copies/μL) 

0.000 99.4% 0.997 101.8 

CK1
9  

CK19 Ct = 43.38 – 3.521* 
log10(copies/μL) 

0.000 99.9% 0.999 102.1 

ªAcceptance Criteria: p-value<0.05 and R2 value >95% 
 
Individual Marker Sample Results: 
PBGD Ct Values in PBGD-only sample:  The diluent-only samples were all negative for all markers 
as expected.  All samples below 103 copies/μL had cycle threshold values of 36 (maximum number of 
cycles run for this study) so linearity was assessed between 108 to 103 copies/μL.   

MG Ct Values in MG-only sample:  The diluent-only samples were all negative for all markers as 
expected.  All samples below 102 copies/μL had cycle threshold values of greater than 36, so linearity 
was assessed between 108 to 102 copies/μL.   

CK19 Ct Values in CK19-only sample:  All samples below 103 copies/μL had cycle threshold values 
of greater than 36, so linearity was assessed between 108 to 103 copies/μL. 

The p-values of 0.000 indicate that there is correlation between RNA concentration and Ct value, as 
expected.  The R2 value was greater than 99% indicating that there is a relationship between RNA 
concentration and marker Ct value at concentrations ranging from 108-103 copies/μL for each marker 
(see Table 3). 

 
Mix Sample Results: 
The following results were obtained from a sample composed of IVT RNA for each marker combined 
to a final concentration of 108 copies/μL for each marker diluted in porcine lymph node RNA. 
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PBGD Ct Values in Mix sample: The diluent-only samples were all negative as expected.  All 
samples below 103 copies/μL had cycle threshold values of greater than 36 so linearity was assessed 
between 108 to103 copies/μL.   

MG Ct Values in Mix sample: The diluent-only samples were all negative as expected.  All samples 
below 102 copies/μL had cycle threshold values of greater than 36 so linearity was assessed between 
108 to102 copies/μL.   

CK19 Ct Values in Mix sample:  All samples below 103 copies/μL had cycle threshold values of 
greater than 36, so linearity was assessed between 108 to 103 copies/μL. 

The p-values of 0.000 for all markers indicate that there is correlation between RNA concentration and 
Ct value, as expected.  The R2 values of greater than 99% for all markers indicate that there is a 
relationship between RNA concentration and marker Ct value at the concentrations discussed above. 

 
Conclusions:  The Ct values obtained from the BLN assay are linear following 36 cycles of PCR for 
RNA concentrations between 108-103 copies/μL for PBGD and CK19 both individually and when 
combined together.  For MG the range of linear response is 108-102 copies/μL.  The results obtained 
with IVT individually and in combination are very similar. 

 

Interfering Substances Studies 
Interfering substances were evaluated in order to identify potential limitations to GeneSearchTM BLN 
Assay performance.  The Product Risk Analysis was the primary source used to identify potential 
interfering substances to be evaluated.  The GeneSearchTM BLN Test Kit Instructions for Use and the 
Design Input Requirements were also reviewed as a gap analysis of the parameters chosen for the 
evaluations. 

The following potentially interfering substances were evaluated: fat, lymphoma, fixed tissue (formalin 
fixed and frozen tissue), bleach, breast cells, tissue marking dyes, blood, tracing dyes and the pooling of 
nodes. 

Results of the studies follow: 

 A mixture of fat and positive lymph node tissue were processed at different ratios (Fat:Positive 
Lymph Node 100:0, 75:25, 50:50, 25:75 and 0:100).  Fat was found to have an effect on the 
Assay Result when present in a higher amount than the positive lymph node sample in the 
mixture (25:75).  Fat, if present, should be trimmed from tissue sections being used in the assay 
to avoid erroneous results.  This suggestion is clinically practical and was done during the 
pivotal clinical trial. 

 Negative lymph nodes were obtained from patients diagnosed with lymphoma and tested using 
the GeneSearch™ BLN Assay. A false positive result was observed with most of these lymph 
nodes. Patients diagnosed with any other type of cancer such as lymphoma may not be good 
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candidates for the GeneSearch™ BLN Assay, as lymph nodes from these patients may generate 
a false positive result for the assay. 

 Fixation of lymph nodes with formalin was found to interfere with assay results.  No result was 
obtained from any tissue fixed with formalin.  Non-fixed tissue must be used with the assay. 

 Contamination of the reagents with bleach will affect assay results and should be avoided. 

 GeneSearch™ BLN Assay performance was analyzed in the presence of blood, tissue marking 
dyes, tracing dyes and technitium99 (Tc99). Assay performance was not affected by the 
presence of any of these materials. 

 Primary tumor tissue was found to interfere with assay results. Contamination with primary 
tumor may cause false positive or invalid test results. 

 Contamination with breast tissue may cause a false positive result. 

 Pooling nodes can decrease assay sensitivity and should be avoided. 

                                                                                                                     ™                   

                                                                                                                                      ™                         
                                                                                                                                                                       
                                                                                                                                                                 
                                                                                                                                                                        
                                                                                                                                                                     
                                                                                                                                                                  
                                                                                                                                                                       
                                                                                                                                                                             
                                                                                                                                                                        
                                                                                                                                                   
                                                                                                                                                              
                                                                                                                                                            
                                            >                                                                                                                       
                                                                                                                     

                                                                                                ™                        

                                                                                                                                                                          
                                                ™                                                                                                                  
                                                                                                              ™                                   
                                                                                                                                                                   
                                                                                                                                                                           
                                                                                                                                                                   
                                                                                                                                                                        
                                                                                                                                                                         



- 8 - 

                                                                                                                                                                           
                                                                                  

                                                                                                                                                             
                                                                  ™                                                                                                      
                                                                                                                                                                      
                                                                                                                                                     
                                                                                                                                                                    
                                                                                                                                                                     
                                                                                                                                                                              
                                                                                                                                                              
                                                                                                                                                                        
                                                                                                                                                                             
                                                                                                                                                                        
                                                                                                                                                                             

                                                                                                                                                                            
                                                                                                                                                                        
                                                                                                                                                                               
                                                                                                                                                                  
                                                                                                                                                                        
                                                            

                                                                                                                                                                     
                                                                                                                                                                       
                                                                                                                                                                         
                                                                                                                                                                        
                          

 

                                                                

                                                                                                                                                                 
                                                                                                                                                                  

                                                                                                                                                                                
                                                                                                                                                                       
                                                                                                               

                                                                                                                                                                   
                               



- 9 - 

                                                                                                            

Process Step Objective Parameter Tested Sample Type 
Utilized Result Mitigation 

                                   
                   
                                 

                                                        
                                                                
                                                                 

                                            
             
                                                   
                                                 
                                                  

                      
          

                       
                        
                    
                  

                       
                  
                

                          
                                  
                                    
        

                                      
                                
                                 

                                                        
                                                                    
                                         

                                                
                                                   

                      
          

                       
                        

                            

                                       
                    
                              

                                                    
                                                                     
                                                       
                          

                                                  
                

            
            
            

               

                       
                            
                             
                       
              
                   
                  
                    
                          
                     
        
                        
                        
                      
                 
                          
                             
                          

                            



- 10 - 

                                                                                                            

Process Step Objective Parameter Tested Sample Type 
Utilized Result Mitigation 

                                    
                                 

                                                       
                                                                   

                                                              
            
                   
                   
                      
                      
               

                       
                        

                            

                                    
                                 

                                          
                                    

                                             
               

                   
            
                   
                   
                      
                      
               

                       
                        

                            

                                
         
                                 

                                                    
                                                                 °   

                                          
                                    °     
                                      
               

                   
            
                   
                   
                      
                      
               

                       
                        

               
                         

                  
                        
                          
                     

               

                          
                                  
                                    
        

                                      
                       
                                 

                                                            
                                                             
                     

                                           
                                    °     
                                              
                                   

                      
           

                       
                        

                                      
                                  
                           
                                  
                        °    



- 11 - 

                                                                                                            

Process Step Objective Parameter Tested Sample Type 
Utilized Result Mitigation 

                                        
                                       
                                 

                                                             
                                                       
                                              
                                                                  
                      

                                         
                                        
                                              
           
                                                  
            μ              μ   
                     

                                   
                        

                             
                      
                      

                         
                            

                       

                            

                                      
        
                                 

                                                            
                                                      
                                           

                                               
                 
                                            

                      
           

                 
                          
                         
                        

                         

                            

                                   
                                  
                              

                                                            
                                                             
                                          

                      ≤                        
                     
                                             
                                           
        

                      
           

                       
                        

                            

                                       
          
                              

                                                     
                                                                  
                               

                                             
                                            
                                                 
                

                      
           

                     
                     

                           
                          
                         

                
             

                          
                                  
                                    
        

                                
                              

                                                        
                                                                    
                                  

                                            
           

                      
           

                       
                        

                            



- 12 - 

                                                                                                            

Process Step Objective Parameter Tested Sample Type 
Utilized Result Mitigation 

                                    
                              

                                                               
                                                           
                                                              
                    

                                          μ                         
           

                       
                        

                            

                             
                                 
                              

                                                             
                                                                   
              

                                     
                                             
                                                
   

                      
           

                       
                        

                           
               

                     
               

                          
                                  
                                    
        

                                    
            
                              

                                                               
                                                                
                                                                   
                                      

                                              
                                  
                                          
                                      

                      
           

                       
                        

                            

                                 
                              

                                                                    
                                                            
                                                           
                                                     

                                                   
                        μ                        
μ                    
                                                
                                       
              
                                               
              

                      
           

                       
                        

                            

                                  
                              

                                                                  
                                       

                                         
                                 
                     

                      
           

                       
                        

                                    
                                    
                            
                          
                                  
                                    
        

 



- 13 - 

 
                                                                                            

Process Step Objective Parameter Tested Sample Type 
Tested Result Mitigation 

                                   
                        
                              

                                                                 
                                                                 
                                                                   
                                                            
                               °     

                                               
                  °             °     
                                          °    
                            

                                        
                      
              
                 
                         
                      
                

                          
                                  
                                    
        

                                     
                      
                       
                              

                                                                
                                                                   
                                                               
                                                                
                  

                                                 
                             
                                    
                                               

                                     
                       
                             
                      
                     
                
                
               
                
             

                          
                                  
                                    
                        
                     
                           
                        
                                
                                  
                                    
        

                                        
                            

                                                       
                                                          

                                                
                                                  
                                        
                     °         °            
    °                                       
                                               
                                     
                                            
    °            °               °     

                      
                    
                     
                        
                
                
            
             
                      

                 
                
                          
  °            °    
                  °    
                      
                             
               °    
                    
                       
            

                          
                                  
                                    
        



- 14 - 

                                                                                            

Process Step Objective Parameter Tested Sample Type 
Tested Result Mitigation 

                                      
             
                            

                                                                
                                                            
                                                                      
                                                            
                                                                    
                                   

                                    
                                     
                                                  
                                  

                                    
                

                            

                            
             
                              

                                                        
                                                    ® 
                                                         

                                             
                  μ                        
    μ                                     
                           ±          
                      μ       μ            μ   
                    μ         μ            μ   

                                       
                            
                
                      
                    
              
                      
           
                         
                   
             

                         
                                   
                     
                          
                                  
                                    
        

                                   
                                   
                              

                                                             
                                                              
              ®                                                
            

                                                
                                                 
                             

                                    
                

                            

              ®          
                          
                              

                                                               
                            ®                             ® 
                                                            
                                       

                                        
                                                 
                           

                   
                         
              
               

                 
                

                            



- 15 - 

                                                                                            

Process Step Objective Parameter Tested Sample Type 
Tested Result Mitigation 

                                       
                                         
                              

                                                                
                                                         
                                               
                    ®                         

                                                   
                                         
                                
                  

                                 
                    
           
                    
                  
                          
                       
                     
                     
                           
                          
                         
              
               

                          
                                  
                                    
        



- 16 - 

                              
 
                                                                                                                                                             
                                                                                                                                                           
                                                                                                                                             
                                                                                                                                                                    

                                                                                                                                                  
                                                                                                                                                      
                                                                                                                                                                  
                                                                                                                                                        
                                                                                          

                                                                                                                                                                 
                                                                                                                                                              
                                                                                                                                                       
                                                                                                                                                                  
                                                                                                                                                   
                                                               

                                                                                                                                                      
                                                                                                                                                              
                                                                                                                                                        
            

                                                                                                                                                              
                                                                                                                                                              
                                                                                                                                                                   
                                                                                                                                                        
                                                                                                                                               
                                                                                                                                                             
                                                                                                                                                              
                                                 
1 Gillanders, WE, Mikhitarian, K, Hebert, R, Mauldin, PD, Palesch, Y, Walters, C, Urist, MM, Mann, GB, 
Doherty, G, Herrmann, VM, Hill, AD, Eremin, O, El-Sheemy, M, Orr, RK, Valle, AA, Henderson, MA, 
Dewitty, RL, Sugg, SL, Frykberg, E, Yeh, K, Bell, RM, Metcalf, JS, Elliott, BM, Brothers, T, Robison, J, 
Mitas, M, Cole, DJ: Molecular detection of micrometastatic breast cancer in histopathology-negative 
axillary lymph nodes correlates with traditional predictors of prognosis: an interim analysis of a prospective 
multi-institutional cohort study. Ann Surg (239)6:828-840, 2004. 
2 Mitas, M, Mikhitarian, K, Walters, C, Baron, PL, Elliott, BM, Brothers, TE, Robison, JG, Metcalf, JS, 
Palesch, YY, Zhang, Z, Gillanders, WE, Cole, DJ: Quantitative real-time RT-PCR detection of breast 
cancer micrometastasis using a multigene marker panel. Int J Cancer 93:162-71, 2001. 
3 Backus, J, Laughlin, T, Wang, Y, Belly, R, White, R, Baden, J, Min, CJ, Mannie, A, Tafra, L, Atkins, A, 
Verbanac, KM. Identification and Characterization of Optimal Gene Expression Markers for Detection of 
Breast Cancer Metastasis. J Mol Diag 7(3):327-336, 2005. 
4 Fink L, Seeger W, Ermert L, et al. Real-time quantitative RT-PCR after laser-assisted cell picking. Nat 
Med 4:1329-1333, 1998. 
5 Jiang, Y, Harlocker, S, Molesh, D. Discovery of differentially expressed genes in human breast cancer 
using subtracted cDNA libraries and cDNA microarrays. Oncogene 21:2270-2282, 2002. 



- 17 - 

                                                                                                                                              
                                                                                                                                                             
                                                                                                                                                                  
                                                                                                                                                          
                                                                                                         

                          

                                                                                                                                                                  
                                                                                                                                                          
                                                                                                                                                                     
                                                                                                                                                           
                                                                                                                                                                  
                                                                                                                                                                   
                                                                                                                                                              
                                                                                                                                                        

                                                                                                                                                         
                                                                                                                                                         
                                                                                                                                                               
                                                                                                                                                          
                                                                                                                                                                  
                                                                                                                                                                
                                                                                          

                                                 
6 Backus, J, Laughlin T, Min, CJ. et al. Validation of markers for the intraoperative detection of metastasis 
in breast sentinel lymph nodes. ASCO Annual Meeting. Abstract No 9547, 2004. 
7 Watson, MA, and Fleming, TP. Isolation of differentially expressed sequence tags from human breast 
cancer. Cancer Res 54:4598-4602, 1994 
8 Watson, MA and Fleming, TP. Mammaglobin, a mammary-specific member of the uteroglobin gene 
family, is overexpressed in human breast cancer. Cancer Res 56:860-865, 1996. 
9 Watson, MA, Dintzis, S, Darrow, CM, et al. Mammaglobin expression in primary, metastatic, and occult 
breast cancer. Cancer Res 59:3028-3031, 1999. 
10 Min, CJ, Tafra, L, and Verbanac, K. Identification of superior markers for polymerase chain reaction 
detection of breast cancer metastases in sentinel lymph nodes. Cancer Res 58:4581-4584, 1998 
11 Leygue, E, Snell, L, Dotzlaw, H, et al. Mammaglobin, a potential marker of breast cancer nodal 
metastasis. J Pathol 189:28-33, 1999 
12 Backus, J, Laughlin, T, Wang, Y, Belly, R, White, R, Baden, J, Min, CJ, Mannie, A, Tafra, L, Atkins, A, 
Verbanac, KM. Identification and Characterization of Optimal Gene Expression Markers for Detection of 
Breast Cancer Metastasis. J Mol Diag 7(3):327-336, 2005 
13 Backus, J, Green, GA, Xu, M, Varde, SA, Painter, JM, Trust, CA, Jones, JA, Belly, R, Vargo, JM, 
Simmons, RM, Hoda, SA, Tafra, L, Verbanac, KM and Atkins, DG. Intraoperative Molecular Analysis of 
Sentinel Lymph Nodes for the Management of Breast Cancer Surgery. Clin Cancer Res 2005 
14 Zehentner, BK, Dillon, DC, Jiang, Y, et al. Application of a multigene reverse transcription-PCR assay 
for detection of mammaglobin and complementary transcribed genes in breast cancer lymph nodes. Clin 
Chem 48:1225-1231, 2002. 
15 Gillanders WE, Mikhitarian K, Hebert R, et al Molecular detection of micrometastatic breast cancer in 
histopathology-negative axillary lymph nodes correlates with traditional predictors of prognosis: an interim 
analysis of a prospective multi-institutional cohort study.  Ann Surg. 239(6):828-840, 2004. 



- 18 - 

                                                                                                                                                                
                                                                                                                                                          
                                                                                                                                                      
                                                                                                                                                     
                                                                                                                                                     
                                                                                                                                                        
                                                                                                                                                            
                                                                                                                                                                 
                                                                                                                                                                    
                                                                                                                                                                   
                                                                                                                                            
                                                                                                                                                            
                                                                                                                                                              
                                                                                                                                                                  
                                                                                                                                                    
                                                                                                                                                           
                                                                                                                                                       
                                                                                                                                   

                                                                                                                                                              
                                                                                                                                                                
                                                                                                                                                           
                                                                                                                                                              
                                                                                                                                                    
                                                                                                                                                       
                                                                                                                                                              
                                                                                                                                                                   
                                                                                                                                                            
                                                                                                                                                            
                                                                                                                                                      
                                                                                                                                                               

                                                 
16 Grunewald, K, Haun, M, Urbanek, M, et al. Mammaglobin gene expression: a superior marker of breast 
cancer cells in peripheral blood in comparison to epidermal growth-factor receptor and cytokeratin-19. Lab 
Invest 80:1071-1077, 2000. 
17 Watson, MA, Darrow, C, Zimonjic, DB, et al. Structure and transcriptional regulation of the human 
mammaglobin gene, a breast cancer associated member of the uteroglobin family localized to chromosome 
11q13. Oncogene 16:817-824, 1998. 
18 Nunez-Villar, MJ, Martinez-Arribas, F, Pollan, M, et al. Elevated mammaglobin (h-MAM) expression in 
breast cancer is associated with clinical and biological features defining a less aggressive tumour 
phenotype. Breast Cancer Res 5:R65-R70, 2003. 
19 Span, PN, Waanders, E, Manders, P, et al. Mammaglobin is associated with low-grade, steroid receptor-
positive breast tumors from postmenopausal patients, and has independent prognostic value for relapse-free 
survival time. J Clin Oncol 22:691-698, 2004 
20 Ooka, M, Sakita, I, Fujiwara, Y, et al.  Selection of mRNA markers for detection of lymph node 
micrometastases in breast cancer patients.  Oncol Rep 7:561-66, 2000. 



- 19 - 

                                                                                                                                                     
                                                                                                                                                               
                                                                                                                                                              
                                                                                                                                                        
                                                                                                                                                           
                                                                                                                                                                 
                                                                                                                                                           
                                                                                                                                                  
                                                                                                                                                                         
                                                                                                                                                            
                          

                                                                                                                                                                 
                                                                                                                                                                   
                                                                                                                                                                
                                                                                                                                                                
                                                                                                                                                               
                                                                                                                                                      
                                                                                                                                                    
                                                                                                                                                  
                                                                                                                                    

                                                                                                                                                          
                                                                                                                                                                
                                                                                                                                                  
                                                                                                                                                             
                                                                                                                                                           
                                                                                                                                                           

                                                 
21 Zehentner, BK, and Carter, D. Mammaglobin: a candidate diagnostic marker for breast cancer. Clin 
Biochem 37:249-257, 2004. 
22 Manzotti, M, Dell’Orto, P, Maisonneuve, P, et al. Reverse transcription-polymerase chain reaction assay 
for multiple mRNA markers in the detection of breast cancer metastases in sentinel lymph nodes. Int. J. 
Cancer 95:307-312, 2001 
23 Marchetti, A, Buttittta, F. Bertacca, G, et al. mRNA markers of breast cancer nodal metastases: 
comparison between mammaglobin and carcinoembryonic antigen in 248 patients. J Pathol 195:186-190, 
2001 
24 Ooka, M, Tamaki, Y, Sakita, I, et al. Bone marrow micrometastases detected by RT-PCR for 
mammaglobin can be an alternative prognostic factor of breast cancer. Breast Cancer Res Treat 67:169-
175, 2001 
25 Pantel, K, Cote, RJ, and Fodstad O. Detection and clinical importance of micrometastatic disease. J Natl 
Cancer Inst 91:1113-1124, 1999 
26 Zach, O, Kasparu, Wagner, H., et al. Mammaglobin as a marker for the detection of tumor cells in the 
peripheral blood of breast cancer patients. Ann N Y Acad Sci 923:343-5, 2000 



- 20 - 

                                                                                                                                                                     
                                                                                                                                                          
                                                                                                                                                      
                                                                                                                                                             
                                                                                                                                                              
                                                                                                                                                 
                                                                                             

                                                                                                                                                               
                                                                                                                                                              
                                                                                                                                          
                     ™                                                                                                                                 
                                                                                                                                                          
                    

                        

                                                                                                                                                             
                                                                                                                                                             
                                                                                                                                                              
                                                                                                                                                             
                                                                                                                                                           
                                                                                                                                                             
                                                                                                                                                    
                                                                                                                                                                  

                                                                                                                                                             
                                                                                                                                                                
                                                                                                                                                          
                                                 
27 Zach, O, Wagner, H, Kasparu, H, et al. Statistical validation of the mammaglobin-nested RT-PCR assay 
for tumor cell detection in blood of breast cancer patients. Biotechniques 31:1358-1362, 2001 
28 Suchy, B., Austrup, F, Driesel, G, et al. Detection of mammaglobin expressing cells in blood of breast 
cancer patients. Cancer Lett 158:171-178, 2000 
29 Moll, R. Cytokeratins in the histological diagnosis of malignant tumors. Int J Biol Markers 9:63-9, 1994 
30 Bartek, J, Taylor-Papadimitriou, J, Miller, N, et al. Patterns of expression of keratin 19 as detected with 
monoclonal antibodies in human breast tissues and tumors. Int J Cancer 36:299-306, 1985 
31 Datta, YH, Adams, PT, Drobyski, WR, et al.  Sensitive detection of occult breast cancer by the reverse-
transcriptase polymerase chain reaction. J Clin Oncol 12:475-482, 1994 
32 Dingemans, AM, Brakenhoff, RH, Postmus, PE, et al. Detection of cytokeratin-19 transcripts by reverse 
transcriptase-polymerase chain reaction in lung cancer cell lines and blood of lung cancer patients. Lab 
Invest 77:213-220, 1997 
33 Gazzaniga, P, Gendini, O, Giuliani, L, et al.  Detection of epidermal growth factor receptor mRNA in 
peripheral blood: a new marker of circulating neoplastic cells in bladder cancer patients.  Clin Cancer Res 
7:577-83, 2001 
34 Gunn, J. McCall, JL, Yun, K, et al. Detection of micrometastases in colorectal cancer patients by K19 
and K20 reverse-transcription polymerase chain reaction. Lab Invest 75:611-616, 1996 
35 Yang, Y., Hao, J, Lie, X, et al. Differential expression of cytokeratin mRNA and protein in normal 
prostate, prostatic intraepithelial neoplasia, and invasive carcinoma. Am J Pathol. 150:693-704, 1997 



- 21 - 

                                                                                                                                                                            
                                                                                                                                                                   
                                                                                                                                                               
                                                                                                                                                    
                                                                                                                                                                 
                                                                                                                                                         
                                                                                                                                                       
                            

                                                                                                                                                     
                                                                                                                                                                  
                                                                                                                                                                   
                                                                                                                                                                
                                                                                                                                                                     
                                                                                                                                                        
                                                                                                                                                                   
                                                                                                                                                         
              

                                                                                                                                                    
                                                                                                                                                               
                                                                                                                                                                  
                                                                                                                                                            

                                                 
36 Bostick, PJ, Chatterjee, S, Chi, DD, et al.  Limitations of specific reverse-transcriptase polymerase chain 
reaction markers in the detection of metastases in the lymph nodes and blood of breast cancer patients.  J 
Clin Oncol 16:2632-40, 1998 
37 Lockett, MA, Baron, PL., O’Brien, PH, et al. Detection of occult breast cancer micrometastases in 
axillary lymph nodes using a multimarker reverse transcriptase-polymerase chain reaction panel. J Am Coll 
Surg 187:9-16, 1998 
38 Noguchi, S, Aihara, T, Motomura, K, et al.  Histologic characteristics of breast cancers with occult 
lymph node metastases detected by Keratin 19 mRNA reverse transcriptase-polymerase chain reaction. 
Cancer 78:1235-40, 1996 
39 Sakaguchi, M, Virmani, A, Dudak, MW, et al. Clinical relevance of reverse transcriptase-polymerase 
chain reaction for the detection of axillary lymph node metastases in breast cancer. Ann Surg Oncol 
10:117-125, 2002 
40 Schroder, CP, Ruiters, MHJ, de Jong, S, et al.  Detection of micrometastatic breast cancer by means of 
real time quantitative RT-PCR and immunostaining in perioperative blood samples and sentinel nodes. Int J 
Cancer 106:611-18, 2003 
41 Slade, MJ, Smith, BM, Sinnett, HD, et al.  Quantitative polymerase chain reaction for the detection of 
micrometastases in patients with breast cancer. J Clin Oncol 17:870-79, 1999. 
42 Krismann, M, Todt, B, Schroder, J, et al.  Low specificity of cytokeratin 19 reverse transcriptase-
polymerase chain reaction analyses for detection of hematogenous lung cancer dissemination.  J Clin Oncol 
13:2769-75, 1995 
43 Ruud, P, Fodstad, O, Hovig, E.  Identification of a novel cytokeratin 19 pseudogene that may interfere 
with reverse transcriptase-polymerase chain reaction assays used to detect micrometastatic tumor cells. Int 
J Cancer 80:119-25, 1999 
44 Savtchenko, ES, Schiff, TA, Jiang CK, et al. Embryonic expression of the human 40-kD keratin: 
evidence from a processed pseudogene sequence. Am J Hum Genet 43:630-637, 1988 



- 22 - 

                                                                                                                                                                
                                                                                                                                                         
                                                                                                                                                             
                                                                                                                                                           
                                                                                                                                                            

                                                                                                                                                    
                                                                                                                                                               
                                                                                                                                                               
                                                                                                                                                               
                                                                                                                                                                   
                                                                                                  

                                                                                                                                                                       
                                                                                                                                                               
                                                                                                                                                               
                                                                                                                                                               
                                                                                                                                                               
                                                                                                                                                          
                                                                                                  

                                                                                                                                                                 
                                                                                                                                                              
                                                                                                                                                               
                                                                                                                                                              
                                                                                                                                                            
                                                                                                                                                      
                                                                                              

                                                                                                                                                                 
                                                                                                                                                                
                                                                                                                                                      
                                                                                                                                                      
                                                                                                                                                                                            

                                                 
45 Inokuchi, M, Ninomiya, I, Tsugawa, K, el al.  Quantitative evaluation of metastases in axillary lymph 
nodes of breast cancer.  Br J Cancer 89:1750-56, 2003 
46 Weigelt, B, Verduijn, P, Bosma, AJ, et al.  Detection of metastases in sentinel lymph nodes of breast 
cancer patients by multiple mRNA markers. Br J Cancer 90:1531-37, 2004 
47 Schoenfeld, A, Kruger, KH, Gomm, J, et al.  The detection of micrometastases in the peripheral blood 
and bone marrow of patients with breast cancer using immunohistochemistry and reverse transcriptase 
polymerase chain reaction for Keratin 19. Eur J Cancer 33:854-61, 1997 
48 Posther, KE, Wilke, LG, Giuliano, AE.  Sentinel lymph node dissection and the current status of 
American trials on breast lymphatic mapping. Sem Oncol 31:426-36, 2004 
49 Carter, CL, Allen C, Henson DE. Relation of tumor size, lymph node status, and survival in 24,740 
breast cancer cases. Cancer 63:181-187, 1989 



- 23 - 

                                                                                                                                    
                                                                                                                                                                              
                                                                                                                                                                 
                                                                                                                                                        
                                                                                                                                                                 

                                                                                                                                                 
50 Kissin, MW, Querci della Rovere, G, Easton, D, et al. Risk of lymphoedema following the treatment of 
breast cancer. Br J Surg 73:580-584, 1986 
51 Pezner, RD, Patterson, MP, Hill, LR. Arm lymphedema in patients treated conservatively for breast 
cancer: Relationship to patient age and axillary node dissection technique. Int J Radiat Oncol Biol Phys 
12:2079-2083, 1986 
52 Chu, KU, Giuliano, AE.  Potential and pitfalls of sentinel node detection in breast cancer.  Recent Results 
Cancer Res 157:237-49, 2000 
53 Tobin, MB, Kacey, HJ, Meyer, L, et al. The psychological morbidity of breast cancer –related arm 
swelling: Psychological morbidity of lymphoedema. Cancer 72:3248-3252, 1993 
54 Jakub, JW, Cox, CE, Pippas, AW, et al. Controversial topics in breast lymphatic mapping. Sem Oncol 
31:324-332, 2004 
55 Dauway, EL, Giuliano, R, Pendas, S, et al.  Lymphatic mapping: a technique providing accurate staging 
for breast cancer.  Breast Cancer 6:145-54, 1999 
56 McCarter, MD, Yeung, H, Fey, J, et al. The breast cancer patient with multiple sentinel nodes: when to 
stop? J Am Coll Surg 192:692-97, 2001 
57 Farshid, G, Pradhan, M, Kollias, J, et al. Computer simulations of lymph node metastasis for optimizing 
the pathological examination of sentinel lymph nodes in patients with breast carcinoma. Cancer 89:2527-
2537, 2000 
58 Yared, MA, Middleton, LP, Smith TL, et al. Recommendations for sentinel lymph node processing in 
breast cancer. Am J Surg Pathol 26:377-382, 2002 
59 Cserni, G. Metastases in axillary sentinel lymph nodes in breast cancer as detected by intensive 
histopathological workup. J Clin Pathol 52:922-924, 1999 
60 Barranger, E, Antoine, M, Grahek, D, et al. Intraoperative imprint cytology of sentinel nodes in breast 
cancer. J Surg Oncol 86:128-133, 2004 
61 Rubio, IT, Korourian, S, Cowan, C, et al.  Use of touch preps for intraoperative diagnosis of sentinel 
lymph node metastases in breast cancer.  Ann Surg Oncol 5(8):689-94, 1998 
62 Veronesi, U, Paganelli, G, Viale, G, et al.  Sentinel lymph node biopsy and axillary dissection in breast 
cancer: results in a large series.  J Natl Cancer Inst 91:368-73, 1999 
63 Cserni, G.  Mapping metastases in sentinel lymph nodes of breast cancer.  Am J Clin Pathol 113:351-54, 
2000 
64 Creager, AJ, Geisinger, KR, Shiver, SA, et al.  Intraoperative evaluation of sentinel lymph nodes for 
metastatic breast carcinoma by imprint cytology.  Mod Pathol 15(11):1140-47, 2002 
65 Motomura, K, Inaji, H, Komoike, Y, et al.  Intraoperative sentinel lymph node examination by imprint 
cytology and frozen sectioning during breast surgery.  Br J Surg  87:597-601, 2000 
66 Nahrig, JM, Richter, T, Kuhn W, et al. Intraoperative examination of sentinel lymph nodes by ultrarapid 
immunohistochemistry. Breast J 9:277-281, 2003 
67 Larson, D, Weinstein, M, Goldberg, I, et al. Edema of the arm as a function of the extent of axillary 
surgery in patients with stage I-II carcinoma of the breast treated with primary radiotherapy. Int J Radiat 
Oncol Biol Phys 12:1575-1582, 1986 
68 Cabanas, RM. An approach for the treatment of penile carcinoma. Cancer 39:456-66, 1977 
69 Morton DL. Intraoperative lymphatic mapping and sentinel lymphadenectomy: community standard care 
or clinical investigation? Cancer J Sci Am 3:328-30, 1997 
70 Treseler, PA and P.S. Tauchi. Pathologic Analysis of the Sentinel Lymph Node. Surg Clin North Am. 
80(6):1695-719, 2000 
71 Heid, CA, Stevens, J, Livak, KJ, et al. Real time quantitative PCR. Genome Res 6:986-94, 1996 
72 Bieche, I, Olivi, M, Champeme, MH, et al. Novel approach to quantitative polymerase chain reaction 
using real-time detection: application to the detection of gene amplification in breast cancer. Int J Cancer 
78:661-666, 1998 



- 24 - 

                                                                                                                                                      
                                                                                                                          

                                                                                                                                                                
                                                                                                                                                                   
                                                                                                                                                             
                                                                                                                                                        
                                                                                                                                                         
                                                                                                                             



          

 

                                                                                                                                                 
                                                                                                                           

                           

                         
          
             
             

                              
                                                                           
                               
                  

                   
             

                     
            
               
                                

                                

                   
             

         
                              

                                                                    
                                                         

           
             

                                                                                     

             
         
              
         
              
         
             

                                                                                               
                                 
                                                                        

           
             

                                                                                        
                                                                           

          
             

                                     
                                 

       
               
                   

             
                            

                                                                       
                                                                    

       
                  
           

                                                          
                                                                     

                   
             

                
                                     

                                                                          
                                                                            

           
             

            
                        

                                                                          
                                                                             

                  
             

                       
             
                                    
             
         

                            
                         

                                 

                   
             

     
                
           

                    
            
               
                                

                                                          
                                    

              
             

                                                               
                                                     

                             
               



          

                                                                                                                                                 
                                                                                                                           

                           
               
             

                                                                           
                            

                                              
                
             

                    
           
                

                                                                     

              
             

     
            

                   
                       

                                                           

                   
             

                           
                    
         
     
                           
            

                                  
                            
                    
                             
                             
                                          
                                       
                                  

                           
                                 
                                        
            

             
             

     
            

             
                

                                              
             

                                                                                                                                                 

 

                                                                                                                                     
                                                                                                               

                           

                        

              
            

                                                                                          

              
            

                                                                    

              
            

                                                                             

                
            

                                                                    

                  
            

           
                                  
            π   

                                       
                   
                                
                

                 
            

                                                                                      



          

                                                                                                                                     
                                                                                                               

                           

            
           
            

                                          
                               

               
            

     
                  

                                     
            

                                                                                          
                                       
            

  

              
            

     
                   

                                              

              
            

   
                   

                                                                          

                
            

        
                

                                                         
                            
              

          
            

       
       
              

             
                                                

                                                     
                                              

                                         
          

         
                   
               

                        
                                             
                                      

                 
            

    
              

                                                                                             
                                              

           
            

     
                    
                  

                
                          
                                            

                     
                                      

                  
            

     
                    
                  

                 
                              
            π   

                               
              

                  
            

                 
                                           
         

                                   
             
                                                   

           
           

  

               
            

                                                                                            
                           

                
            

       
    
              

                 
             
                



          

                                                                                                                                     
                                                                                                               

                           

                
            

                     
                          

                 
            

                                          
                           
                                    

                                                                                                                    
 

                                                                                                  
                                                                                

                                                                                                                                               
                                                                 

     
                                                                                                                                               

                                                                                
     
                                                                                                                                         

                                                                                  
     
                                                                                                                               

                                           
     
                                                                                                                                
     
                                                                                                                                            

                                                                    
     
                                                                                                                                          

                                                                       
     
                                                                                                                                                      

                                                                 
                                                             
                                                                       

     
                                                                                                                              

                                                                 
     
                                                  

                
                                                  
                                                          
                                                               
                      

                                                                                                                                      
 


