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specifically stated that taxane-resistant tumors did not show cross-resistance to ixabepi-
lone. This statement is useful for the situation where a first clinical study uses taxane, 
and a second clinical study uses ixabepilone. Consistently, Buzdar (92) has stated that 
breast tumors frequently develop resistance to anthracyclines and taxanes by way of 
overexpression of the MDR1 gene and MRP gene while, in contrast, ixabepitone does 
not induce these genes.

3.  Tamoxifen
Drug resistance can be acquired by genetic mutations. Chemotherapy of breast cancer 
with tamoxifen is frequently met with drug resistance by tumors (93). Tamoxifen tar-
gets estrogen receptor. Estrogen receptor is part of a cell-signaling pathway that pro-
motes growth of the breast cancer tumor (94). Patients having breast cancer tumors 
that express estrogen receptor are candidates for treatment with this drug (95). A high 
percentage of ER-positive breast cancers that respond to initial tamoxifen treatment 
subsequently develop resistance. Sustained tamoxifen resistance continues to be a major 
problem in managing advanced breast cancer (96). Miller et al. (97) and Fan et al. (98) 
describe mechanisms by which estrogen receptor acquires resistance to tamoxifen. 
These include mutations in the tumor’s genome that lead to increased activity of the 
tumor’s phosphatidylinositol 3-kinase (PI3K) can lead to resistance against tamoxifen.

4.  Imatinib
c-KIT is a kinase that mediates cell signaling in normal and cancer cells. But in some 
tumor cells, c-KIT acquires a mutation that is responsible for the transformation of a nor-
mal host cell to a tumor cell (99). Imatinib, which inhibits c-KIT, is used to treat patients 
having tumors where c-KIT is responsible for this transformation. But with imatinib, 50% 
of patients develop resistance due to additional mutations in c-KIT. Therefore, second-line 
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