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Methods 

Patients and samples from The Methodist Hospital, Baylor College of Medicine (TMH-BCM)  

From Jan 2002 to Dec 2006, 116 patients with locally advanced breast cancer presenting to the Breast 

Center at TMH-BCM, Houston, Texas, were recruited into a taxane/anthracycline-based neoadjuvant 

chemotherapy clinical trial. The inclusion criteria were histologically diagnosed invasive breast cancer, 

female, age greater than 18 years, negative serum pregnancy test, adequate bone marrow function 

(hematocrit greater than 30%, total neutrophil count >1.5×109/L, and platelets >100×109/L), adequate 

liver and kidney function test (all within 1.5 times the institution’s upper limit of normal), 

electrocardiogram showing no acute ischemic changes, no previous or other current malignancies 

within the last 5 years (except for treated in situ carcinoma of the cervix uteri or basal squamous cell 

carcinoma of the skin), no brain or leptomeningeal disease, and a performance status <2 according to 

the WHO scale. Patients were excluded if they had severe underlying chronic illness or diseases, or if 

they were taking other chemotherapeutic drugs while on study. The study protocol was approved by 

the institutional review board, and signed informed consent was obtained from all patients. The 116 

patients were randomized by computer to received 4-cycle neoadjuvant docetaxel (100 mg/m2; every 

21 days) or 4-cycle neoadjuvant doxorubicin (A; 60 mg/m2; every 21 days) plus cyclophosphamide (C; 

600 mg/m2; every 21 days). Following completion of neoadjuvant chemotherapy, the patients who 

were operable underwent surgery approximately 4-6 weeks after the last cycle. Postoperatively the 

patients received 4-cycle adjuvant AC if have received preoperative docetaxel; received 4-cycle 

adjuvant docetaxel if have received preoperative AC. Adjuvant chemotherapy is followed by 

loco-regional radiation therapy for 6 weeks. Patients who had clinical tumor progression after two 

cycles of chemotherapy were taken off study and either given alternative chemotherapy, or referred for 

immediate salvage mastectomy. 

 

Assessment of pathological response and statuses of ER, PgR, and HER2 

In MDACC samples, response to chemotherapy was also evaluated by residual breast cancer 

burden (RCB);1 patients with non-pCR and RCB-II/III were classified as chemoresistant. In 

TMH-BCM samples, the modified Chevallier classification was used for response assessment.2 



ERBB2 (immunohistochemistry [IHC] and/or fluorescence in situ hybridization) and ER/PgR statuses 

before neoadjuvant treatment were re-assessed according to American Society of Clinical 

Oncology/College of American Pathologists guidelines.3,4 

 

Identification and validation of prognosis signature for chemoresistant TNBC 

For discovery, two different feature selection methods were utilized to generate significant gene 

lists from 49 samples from MDACC. The first feature selection was by fold-change, with the data 

analyzed by the software dChip.5 A list of 246 differentially expressed genes were identified with the 

cutoff of P<0.01 and log2(fold-change)>1.1. Among the 246 genes, 16 genes were manually selected 

based on domain knowledge. The second feature selection was by enriched pathways, with the same 

data set analyzed by Partek Genomics Suite (Partek Incorporated, MO) using the Robust Multi-array 

Average (RMA) normalization method,6 and enriched pathways were identified by using the GSEA 

software.7,8 This led to two gene lists: the first with 100 genes ranked top 50 in each of the two 

phenotypes (relapse and censored), while the second with 140 genes ranked top 500 in the enriched 

pathways in both phenotypes. Combining these two gene lists and removing duplicates produced a list 

of 220 genes. There were 23 genes common between the 246 genes identified by fold-change and the 

220 GSEA-selected genes. This set of 23 genes was then combined with a list of expert selected 16 

genes to generate a 29-gene list, after excluding duplicates. Further refinement was done by manually 

selecting the most differentially expressed genes between the two phenotypes. A set of gene 

combinations (12-gene, 13-gene, 14-gene, and 15-gene signatures) was proposed and further evaluated 

by the misclassification error, which resulted in two top candidate gene combinations as possible 

signatures. A 14-gene signature was initially chosen and tested in the validation cohort, but the 

prediction result was not as good as expected. Therefore, further selection within the 14 genes by fold 

change and domain knowledge was performed, and a 7-gene signature was finalized and evaluated 

next in the validation cohort. 

The data of the discovery cohort was on the Affymetrix U133A platform, while the platform for the 

validation cohort was Affymetrix U133 Plus 2.0. A median rank score based cross-study normalization 

method9 was utilized to combine these two sets of data. The normalization process was performed 

using the ArrayMining tool.10 The combined data were then processed by collapsing probe IDs to gene 

symbols using the Collapse Dataset Tool of the GSEA software. The 7-gene signature was then 



generated from the collapsed dataset. The supervised nonlinear classification was performed using the 

support vector machine (SVM)11 in R (e1071 package). With 10-fold cross validation, a model built 

with kernel=”radial”, cost=400 and gamma=0.019 yielded the best result using the 7-gene signature.   

 

Molecular classification of chemoresistant TNBC  

In order to investigate the relationship between our genomic signature and the recently described 

TNBC subtype molecular classification,12 we also used 587 TNBC cases in that study. Gene 

expression profiles of individual case were read and subtyped by Pietenpol and colleagues (briefly 

described in the Methods in Appendix).12 Briefly, for each candidate TNBC sample, quantile 

normalization was performed followed by gene standardization by subtracting the mean of all test 

samples and dividing by individual sample standard deviation. Each sample was then correlated 

(Spearman) to each of the six TNBC subtype centroids. Candidate samples were assigned to the TNBC 

subtype with the highest correlation, and those samples with low correlation (< 0.1) or are similar 

between subtypes (difference of the two largest correlation coefficients <0.05) were considered as 

unclassified.  

 

Extended validation from published TNBC microarray data  

This chemoresistant, prognosis-relevant TNBC signature was then further validated in publically 

available datasets. In order to facilitate pooling of data sets from different laboratories we only used 

data from a similar platforms (Affymetrix U133A and U133 Plus 2.0 chips) and included only samples 

that were defined as triple negative based on the mRNA expression of ER, PgR, and HER2, as 

previously described.13 Several datasets were pooled, and the possible confounding effect of 

systematic technical differences between individual datasets was minimized, as previously 

described.14 A total of 579 TNBC from 3,488 primary breast cancer gene expression profiles 

representing 28 individual datasets were identified.14 We predicted the sensitivity to chemotherapy 

using a previously published signature.15 We had previously established a genomic predictor for 

excellent pathologic response (RCB-I) in ER-negative and HER2-negative subset.15 Using this 

signature set, we classified the 579 TNBC patients into two groups, chemosensitive (RCB-I) and 

chemoresistant (not RCB-I, i.e., RCB-II/III), by scoring each case by multiplying the log2-normalized 

and reference-scaled expression value of each probe set by the corresponding weight and then 



summing up all the weighted expression values for the probe sets. Assuming that 30% of TNBC cases 

achieve RCB-I,15,16 we used that percentile as the cutoff for chemoresistance and chemosensitivity. 

Two hundred and sixty-nine out of 409 cases predicted to be chemoresistant, and 110 out of 170 cases 

were predicted to be chemosensitive, with at least 3 years follow-up and available survival outcome 

data. We grouped the 269 eligible patients into 4 main sets according to patient sample size and 

patients’ characteristics (Table 2).   

We validated our prognostic signature in 269 samples that were classified as chemoresistant. The 

normalization and rescaling of 269 samples to our discovery and validation cohorts were based on a 

median rank score based method9 using ArrayMining online tools.10 Predictions were generated by 

applying the exact SVM model that has been learned and validated from discovery and validation 

cohorts respectively. 
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Figure A1 

Subgroup analysis of the extended validation cohort 

a and b, according to lymph nodes status; c and d, tumor size stage; e and f, age; g and h, grade, i and 

j, using adjuvant chemotherapy or not. 



Table A1 

Predictor gene list 

Symbol Description Chromosome Gene ID 
Expression in patients in relapse 

compared with patients do not relapse 

AR androgen receptor Xq12 367 down 

ESR2 estrogen receptor 2 (ER beta) 14q23 2100 up 

GATA3 GATA binding protein 3 10p15 2625 down 

GBX2 gastrulation brain homeobox 2 2q37 2637 up 

KRT16 keratin 16 17q21 3868 up 

MMP28 matrix metallopeptidase 28 17q21 79148 up 

WNT11 wingless-type MMTV integration site family, member 11 11q13 7481 up 

 

 

 

 

 


