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Introduction
The success or failure of cancer treatment is based upon

various factors including age, gender, stress, and disease type.
The phenotypic changes results from variation in genetic
makeup of the individuals and environmental factors, and use
of drugs [1]. Further, these multiple variables are responsible
for therapeutic and prognosis differences in patients and
development of unwanted adverse side effects. This situation
can be avoided by developing personalized medicine which
can enhance benefits of treatment in individuals with fewer or
no side effects [2]. Biological status, pathology, and genetic
factors can be taken into consideration for the development of
personalized treatment regimens [3,4]. Several natural
compounds have already tested successfully for their potential
anticancer activity and are in advanced studies. They have the
advantage of lower treatment associated toxicities and better
patient compliance [5,6].

Breast cancer remains the second most lethal cancer in
women, responsible significant deaths per year worldwide,
and the disease affects so many women in their prime. The
lethality of breast cancer can be because of its prominent
heterogeneity [7,8]. Particularly in the Asian countries the
cancer risk is more because of lack of awareness on treatment
and diagnosis. By the time it is detected, the women are with
more advanced disease state which is difficult to treat [9].
While optimizing and enhancing the strategies for existing
therapies in the form drug targeting, sustained release dosage
forms and enhanced drug delivery techniques [10-12], it is
important to develop new and tolerable therapies in the 21st

century [13,14]. One of the latest and promising areas to
address the cancer therapy is pharmacogenomics. Currently
we can see significant advances and ongoing effort around the
world in this context. Pharmacogenomics is the study of
genetic variations in the individuals that can be employed to
predict the drug therapeutic response, prognosis or toxicity
[15].

Breast cancer is a disease in which malignant cells are
formed in the tissues of the breast. During the growth of
tumor, multiple mutations occur in cancer cells due to the
adverse conditions they face and their micro environment
interactions and make the disease complicated and hard to
treat [16-18]. Drug-metabolizing enzymes, drug transporters

and drug targets are the pivotal factors mediating the drug
efficacy and bioavailability in the patient. But the gene
variation in these enzymes are altering the pharmacokinetics
and pharmacodynamics of the anti-cancer drugs and so the
therapeutic outcome [19]. To address this issue, we need to
analyze events at cellular, molecular, genetic and pathological
levels. If we can apply the principles of pharmacogenomics in
breast cancer treatment, it will enable us to give the treatment
to match the pharmacological and genetic profile of the tumor
in patients.

Gene polymorphisms: Altered efficacy or
toxicity

After the administration of drugs into the patients, they
undergo modifications and changed into their metabolites or
active forms. These drug modifications are mostly carried out
in the liver by hepatic metabolizing enzymes known as
cytochrome P 450 enzymes (CYPs). One of the enzymes is
CYP2D6 which is responsible for modification of tamoxifen into
its prominent and antiestrogenic endoxifen. CYP2D6
metabolizing enzyme is highly polymorphic and is present in
46 variant forms. Some of the variants are nonfunctional. The
nonfunctional form of the enzyme causes the accumulation of
Tamoxifen in the patients and the therapy is not efficient.
Moreover these inherited variations in the activity of CYP2D6
alters its tamoxifen metabolizing activity and changes the
metabolite serum concentration and bioavailability [20].

Metabolizing enzymes’ polymorphisms not only affects the
therapeutic outcome but also alters the drug associated
toxicity. Irinotecan is a topoisomerase I inhibitor used in
metastatic colorectal cancer, non–small-cell lung cancer, and
breast cancers. Irinotecan is a pro drug and should be
converted to its active metabolite, SN-38, in the liver. Further
SN-38 is metabolized by UGT1A1 enzyme for further excretion.
Polymorphisms in the UGT1A1 gene play important role in
toxicity [21,22]. According to the FDA, patients with
UGT1A1*28 genotype have risk factor for severe neutropenia
or severe hematological toxicities.

Certain pattern of genomic variations is observed based
upon the race and ethnicity. It was shown that toxicities
associated with Cyclophosphamide (CPA) are linked with race
differences. African Americans are more prone to toxic side
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effects with the CPA treatment. CPA is a nitrogen mustard
alkylating agent from the oxazophorines group and is used in
the breast cancer treatment [23]. Cyclophosphamide attaches
the alkyl group to the guanine base of DNA, at the number 7
nitrogen atom of the imidazole ring and inhibits cancer cell
growth. CPA is metabolized by CYP3A4 to toxic metabolite in
some patients and causes severe nausea and vomiting [24].
CYP3A4 has demonstrated 20-fold inter patient variability.

The phosphatidylinositol 3 kinase pathways (PI3Kinase
pathway) are responsible for increased cancer cell
proliferation and survival. Being a tumor suppressor gene,
PTEN inactivation results in the accumulation of PI3P, and
activation of a serine/threonine kinase [25]. Activation of Akt
by PI3P modulates the activity of a variety of downstream
proteins including BAD, Mdm2, p27, and FOXO transcription
factors that are associated with increased cancer cell
proliferation and survival. In a recent study, researchers have
tested 72 primary breast cancer tissues and showed that 5 of
them showed mutations in PTEN gene at exon 5. And also
Patients with PTEN-deficient breast cancers developed
resistance to treatment and displayed poor prognosis with
trastuzumab-based therapy [26].

ABC family of proteins belongs to the category of drug
transporters expressed on cell surface. They are observed at
epithelial barriers such as intestinal epithelial cells,
hepatocytes, renal tubular cells, the blood-brain barrier, and
cancer cells. They transport the drug out of the cells and
prevent drug accumulation inside the cell. This can result in
decreased drug efficiency. Abnormalities in the genes
encoding the ABC transporters also lead to diseases. ABC11
wild type gene expression is very high in breast cancer cells
and this condition decreases intracellular drug concentrations
[27]. Till now more than 10 non-synonymous single nucleotide
polymorphisms (SNPs) have been reported in the human
ABCC11 gene [28]. ABCC11 gene is also responsible for the
development of resistance in 5-FU (5-Fluoro Uracil) treatment.
Because it causes the efflux of active metabolite, 5-fluoro- 2’-
deoxyuridine 5’-monophosphate [29]. ABC11 gene is also
responsible for Methotrexate (MTA) resistance in breast
cancer. Low expression levels of wild type ABC11 causes the
increase of MTA associated toxicity because of less MTA efflux
out of the cell and increased accumulation [30].

Conclusion
Pharmacogenomics studies are very important for exploring

the inherited genetic nature of the patient in disease
conditions. The resultant differences in pharmacokinetic and
pharmacodynamics parameters need to be optimized by
appropriate drug discovery and providing a stronger scientific
basis for optimizing drug therapy based upon each patient’s
genetic constitution. We need a rapid, accurate and cost-
effective technology to detect genetic variations in cancer
patients. This will boost the clinical research in the context of
pharmacogenomics and supports genotyping-based
personalized medicine.
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