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Pharmacogenomics: The Future of Personalized Medicine


Introduction
Genomics is an advanced area of medicine that deals with the influence of genetic variation on drug response in patients by correlating their gene expression with a drug’s efficacy and toxicity.  Although the genomes of individuals are 99.9% identical, the small 0.1% accounts for a possibility of 3 million polymorphisms.  Genetic variations are caused by insertion or deletion polymorphisms, gene duplications, and gene deletions which can have many different consequences.  Some results in different amino acid sequences or a stop codon, change in protein function, quantity, or expression, or changes in the stability of mRNA, whereas, other alterations may be benign and have no genetic consequence.  These polymorphisms can account for variations in protein expression and function, resulting in genotypes affected by disease or drug response.  

Pharmacogenetics/pharmacogenomics is the study of how genetic differences in a single/multiple genes influence variability in drug response.  The mechanism of action for drug therapy depends on the molecular interaction of the drug with the specific protein target: receptors, transporters, or cell-signaling pathways.  Polymorphisms in each individual’s genome accounts for the variation in drug response due to differences in the coding of their individual protein expression; making the study of pharmacogenomics so important.
What this means for patients and healthcare providers
Ideally, genomics would optimize drug therapy for patients based on prescribing medication that would deliver the best results based on the patient’s genotype, while minimizing the adverse effects.  The theory involves better pharmaceutical outcomes for patients allowing us to possibly find the right mix of medications for that patient, thereby reducing the need for polypharmacy in some cases.  

As healthcare providers, we are given the task of using the science of genomics to tailor medication therapy to our patients. This personalization can help accomplish maximum efficacy while minimizing adverse effects.  Pharmacogenomics gives us insight into a patient’s genome to determine the drug classes that work best for them and those that have maximal effect on achieving their therapeutic goals. This personalization of genome characteristics allows for cohesive healthcare that benefits the patient and assists providers in reaching optimal therapy.
Hot topics


The cytochrome-P isoenzymes are a major factor in drug metabolism and efficacy.  Polymorphisms in some of the CYP subclasses contribute to decreased efficacy and variable metabolism of certain pharmacotherapeutics.  

Genetic polymorphisms have been found that decrease the activity of CYP2C9 metabolizing enzyme, which is responsible for the metabolism of warfarin among others medications.  Patients with the polymorphism require a smaller dose than those without the polymorphism. This is due to the fact that, warfarin is not metabolized at the same rate for enzyme deficient patients.  These patients were at higher risk for serious or life-threatening bleeds (Hazard ratio of 3.94 during the first 3 months of follow up).  


CYP2D6 is responsible for the metabolism of many drug classes including: antidepressants, antipsychotics, analgesics, and acettylcholinesterase inhibitors. Polymorphisms of this particular isoenzyme are classified as ultrarapid (UM), extensive (EM), intermediate (IM), and poor metabolizers (PM).  The majority of people are extensive metabolizers (>80%).  Poor and ultrarapid metabolizers tend to show higher transaminase activity than extensive and intermediate metabolizers.

There was an increased rate of adverse effects in the patient population of poor metabolizers treated with antidepressants.  Death in a child taking Prozac was attributed to CYP2D6 poor metabolizer genotype.  Also, CYP2D6 poor metabolizers with severe mental illness were observed to have more adverse drug reactions, increased cost of care, and longer hospital stays.

CYP2D6 also plays an important role in the metabolism of acetylcholinesterase inhibitors in the treatment of Alzheimer’s disease.  Poor and ultrarapid metabolizers responded poorly to donepezil for dementia therapy.  Extensive and intermediate metabolizers improved their cognitive function by 10% and 5% of their MMSE score, respectively.  Alternatively, poor and ultrarapid metabolizers declined cognitively by 13% and 6% according to their MMSE. (Cacabelos, 2008)


Polymorphisms in CYP2C19 are of note in metabolism of proton pump inhibitors.  Patients treated with PPI’s for gastric ulcers with related lesions had variable cure rates based on their genotype.  Interestingly, the cure rate for RMs was 28.6%, EMs was 60%, and PMs were 100%.  Patients with rapid or extensive metabolism were more likely to have treatment failure and decreased quality of life.  Poor metabolism was associated with better therapeutic outcomes.
Drug targeted therapies

APOE (apolipoprotein E) gene is associated with increased risk for Alzheimer’s disease.  The APOE-4 allele is associated with a poorer prognosis and therapeutic response.  Recent studies (Cacabelos, 2008) have demonstrated that 60% of APOE-4 carriers have a lower response to Tacrine than 80% of APOE-4 non-carriers.  Non-carriers have also been shown to exhibit cognitive and functional improvement with rosiglitazone, whereas APOE-4 carriers showed no improvement and even some decline.  However, a better response to denepezil has been observed in APOE-4 carriers.
Conclusions

Therapeutic response in many disease processes is genotype-specific and multifactorial.  Tailoring medication regimens based on patient genomes maximizes efficacy and compliance while avoiding adverse effects and drug-drug interactions.  Personalized therapeutics is the future of medicine.  Current research is gaining a better understanding of genotype-specific therapy to increase the benefits 
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