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Abstract 
 
Introduction: Our goal was to examine the association between biological pathways and 

response to chemotherapy in estrogen receptor (ER)-positive and ER-negative breast 

cancers separately. Methods:  Gene set enrichment analysis including 852 predefined 

gene sets, was applied to gene expression data from 51 ER-negative and 82 ER-positive 

breast cancers that were all treated with a preoperative paclitaxel, 5-fluoruracil, 

doxorubicin and cyclophosphamide chemotherapy. Results: Twenty-seven (53%) ER-

negative and 7 (9%) ER-positive patients had pathologic complete response (pCR) to 

therapy. Among the ER-negative cancers, a proliferation gene signature (FDR q=0.1), the 

Genomic Grade Index (FDR q =0.044) and the E2F3 pathway (FDR q =0.22, p=0.07) 

signature were enriched in the pCR group. Among the ER-positive cancers, the 

proliferation signature (FDR q =0.001) and the Genomic Grade Index (FDR q =0.015) 

were also significantly enriched in cases with pCR. Ki67 expression, as single gene 

marker of proliferation, did not provide the same information as the entire proliferation 

signature. An ER-associated gene set (FDR q = 0.03) and a mutant p53-gene signature 

(FDR q = 0.0019) were enriched in ER-positive cancers with residual cancer. 

Conclusion:  Proliferation- and genomic grade-related gene signatures are associated 

with chemotherapy sensitivity in both ER-negative and -positive breast cancers. Genes 

involved in the E2F3 pathway are associated with chemotherapy sensitivity among ER-

negative cancers. The mutant p53-signature and expression of ER-related genes were 

associated with lower sensitivity to chemotherapy in ER-positive breast cancers only. 
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unbalanced sample size (i.e. few informative cases, 7 pCR only) and suggests and 

underpowered analysis that violates t-test assumptions. 

These observations indicate that in these 2 data sets, t-test cannot reliably identify 

differentially expressed genes. However, these results do not necessarily indicate that 

there are no real transcriptional differences between cases with pCR compared to RD 

when ER-positive and ER-negative cancers are analyzed separately. It is possible, that no 

individual gene meets the threshold for statistical significance after correcting for 

multiple hypotheses testing because the transcriptional differences are modest relative to 

the technical noise and biological variability that is present in the data. Analysis at the 

single gene level may also miss small but coordinated expression differences in a larger 

number of genes that could belong to important biological pathways.  In some situations, 

small coordinated change in the expression of many genes that belong to a particular 

metabolic pathway can have robust functional consequences [20). Such subtle gene 

expression differences would not be identified easily by pair-wise comparisons using t-

statistics. Different analytical tools, including gene set enrichment analysis (GSEA) were 

developed to test for potentially relevant but small scale transcriptional differences in pre-

defined sets of genes. 

 

Gene set enrichment analysis to identify pathways associated with complete response to 

preoperative chemotherapy  

We applied GSEA to the 51 ER-negative tumors. Only 3 gene sets out of the 853 

were enriched with an FDR q£ 0.25. These gene sets included; (i) the proliferation set 

(FDR q=0.1, p=0.05) (Figure 2A and Supplementary Figure 1A); (ii) the genomic grade 
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