
Precision Medicine and Pharmacogenomics 
 
Disease prevention and medical treatments have historically been designed based upon the 
average patient’s expected response. This one-size-fits-all approach can work well for some 
patients with certain medical conditions, but it may not work well for all patients.   
 
Precision medicine, also known as "personalized medicine," is an innovative approach to tailoring 
disease prevention and treatment by considering more than just a patient’s sex, age, and body 
size.  Precision medicine also considers a patient’s genetic makeup, environment, and lifestyle to 
target the right treatment for that specific patient at the right time.  
 
Most medications available today are also based upon the one-size-fits-all approach.  However, 
medications can affect different groups of people with specific genes in unique ways. 
Pharmacogenomics (PGx), a part of precision medicine, studies how genes can affect a patient’s 
response to medications. This field combines pharmacology and the study of genes and their 
functions to determine the safest and most effective medications to prescribe based upon a 
person’s genetic makeup.  
 
PGx plays an important role in identifying responders and non-responders to medications, 
avoiding adverse drug reactions and optimizing drug dose.  Currently, there are nearly 200 drugs 
with pharmacogenomic information included in their FDA-approved label, including clopidogrel 
(Plavix®), codeine, tramadol (Ultram®), and warfarin (Coumadin®).  
 
Pharmacogenomic testing is a key and rapidly expanding component of precision medicine. It 
consists of a simple test usually done from a blood or saliva sample to look for small variations 
within genes. The testing for a specific gene is only performed once since a patients’ genetic 
makeup does not change over time.  
 
Genes are the basic units of genetic material. They provide the code for the production of specific 
proteins, including those that serve as a medication target as well as those that help break down, 
absorb or transport a medication.  When researchers have compared the genetic material of 
patients taking the same medication, they have determined that patients who share a certain 
genetic variation also share a common treatment response, such as the need for a higher dose or 
a greater risk for side effects.   
 
Some genetic variants can also make certain patients more likely to benefit from treatment while 
other variants result in no therapeutic benefit.  Today, this kind of treatment information can be 
used to improve the selection and dosage of drugs to treat a wide range of conditions, including 
cardiovascular disease, lung disease, HIV infection, cancer, arthritis, high cholesterol and 
depression.   
 
Currently, it is estimated that more than 90% of people in the United States carry at least one 
gene variant that may affect their response to medications. Utilizing pharmacogenomic tests 
would likely give these patients a better chance of achieving the desired therapeutic effect from 
their prescribed medication while reducing the likelihood of adverse effects.   
 
A classic pharmacogenomic application involves clopidogrel (Plavix®), a medication prescribed to 
prevent blood clots from forming in patients who are at risk of having a heart attack or stroke. 



Clopidogrel is given in an inactive form and must be changed by the body to an active form before 
it can be effective. Some patients who have a genetic variation in the gene CYP2C19 do not 
metabolize or break down clopidogrel to its active form as well as people who do not have the 
genetic variation. Therefore, individuals with CYP2C19 genetic variations who are taking 
clopidogrel may not receive adequate benefit from the drug and may be at risk of having a heart 
attack or stroke. A pharmacogenomic test can identify patients who have one or more CYP2C19 
variants and may be less responsive to this medication.  
 
Based upon this information, the FDA added a boxed drug label warning indicating the potential 
for reduced efficacy and increased adverse cardiovascular outcomes for patients with CYP2C19 
variants. The drug label suggests that an alternative treatment or treatment strategies may be 
considered in patients identified as CYP2C19 poor metabolizers.  This warning demonstrates the 
importance and role of utilizing a pharmacogenomic test in patients who are taking clopidogrel. 
 
Increasing evidence shows that inherited genetic variants play a key role in pharmacologic 
treatment outcome for chemotherapy as well as for supportive therapy.  The application of 
pharmacogenomics in oncology treatment is significant because of the narrow therapeutic index 
of many chemotherapeutic drugs and the risk for life-threatening adverse effects.  
 
Camptosar® (irinotecan) is a type of chemotherapy for colorectal cancer. In some people, genetic 
variations cause a shortage of the UGT1A1 gene. This gene provides instructions for making the 
enzyme that is responsible for metabolizing irinotecan to help the body process the drug. With a 
UGT1A1 shortage, higher levels of irinotecan remain in the body. This may lead to severe and 
potentially life-threatening side effects. The risk is greater with higher doses of the drug. The 
UGT1A1 pharmacogenomic test shows which patients have this genetic variation, allowing 
physicians to determine which patients may need a lower dose of irinotecan to produce the same 
therapeutic effect.  
 
In addition, pharmacogenomics can help pharmacists guide supportive care choices for adverse 
effects such as nausea and vomiting, pain, and depression often seen in patients receiving 
chemotherapy. For example, the CYP2D6 gene drives a key metabolic pathway for inactivation of 
a class of drugs that are used to prevent chemotherapy-induced nausea and vomiting.  Variants in 
the CYP2D6 gene may reduce the effectiveness of these medications. Likewise, patients who are 
poor metabolizers of CYP2D6 should avoid certain opioid and opioid-like pain medications, such 
as codeine, tramadol, hydrocodone, and oxycodone, as they may be at risk for treatment failure.  
 
Some antidepressants also depend upon the CYP2D6 and CYP2C19 genes for metabolism.  
Therefore, patients who breakdown certain antidepressants too quickly may need a higher dose 
to achieve a therapeutic effect or a different medication.  Conversely, If the patient is a poor 
metabolizer or breaks down the drug too slowly, they may need to take a smaller dose or take a 
different medication to avoid a significant adverse reaction.  
 
CYP2D6 and CYP2C19 genetic testing are currently available y and can help guide prescribers to 
choose the most effective treatment choices based upon the patient’s genetic variant.  
Otherwise, patients may suffer unnecessarily if the prescribed medication does not work for 
them.  
 



Pharmacogenomic information can also drive new drug development, allowing treatment of the 
underlying disease rather than treating only symptoms.  Some diseases are caused by specific 
gene variants.  For example, cystic fibrosis (CF) is caused by a variant in the CFTR gene which 
affect the CFTR protein. The CFTR protein regulates the proper flow of water and chloride through 
a channel in cells lining the lungs. In people with CF who have certain gene variants, the chloride 
channel at the cell surface is closed. This leads to the buildup of thick, sticky mucus, which can 
cause infections in the lungs and damage to the pancreas.  
 
Kalydeco™(ivacaftor) binds to the defective protein at the cell surface and opens the chloride 
channel so that chloride can flow through, regulating the amount of fluids at the surface of the 
cell.  Ivacaftor acts specifically on the defective gene to force the channel open. Ivacaftor would 
not be expected to work for cystic fibrosis patients whose mutations cause the channel not to be 
made at all. In cystic fibrosis, the same CFTR gene has many different types of variants which 
cause different effects. Some variants may result in a protein that does not work correctly, while 
others may mean that the protein is not made at all. Drugs can be created based on how the 
variant affects the protein, and these drugs will only work for a specific type of mutation. 
 
Although pharmacogenomics has great promise and has made important strides in recent years, it 
is still in its early stages. Possible reasons may include: 
 
Lack of knowledge among clinicians about pharmacogenomic data or uncertainty about how to 
best utilize this information in daily practice. Pharmacogenomic test results may seem complex 
and are not well understood at the point of care compared to standard lab tests.   
 
Secondly, a pharmacogenomic test can be costly ranging from $100 to $400. Reimbursement is 
not universal in most cases.  
 
Finally, some payers and providers want more evidence.  Many are holding off on incorporating 
pharmacogenomics until more randomized controlled trials demonstrate improved health 
outcomes. 
 
Clinical trials are needed not only to identify links between genes and treatment outcomes but 
also to confirm initial findings, clarify the meaning of these associations and translate them into 
prescribing guidelines. A growing number of randomized controlled trials are proving the benefit 
of gene specific therapy hopefully convincing key stakeholders of the value of pharmacogenomic 
test results in the near future. 
 
Clinicians often treat patients based upon data gathered from large clinical trials. As a result, 
similar treatment is recommended for all patients with the same disease or medical condition, 
without consideration of genetic data. However, analyzing a patient’s unique genetic makeup can 
reveal more differences among patients than similarities.  
 
Personalized medicine and pharmacogenomics can assist providers in prescribing the appropriate 
medication at the right dose to improve the quality of care and decrease drug related 
complications. While slow, progress in precision medicine indicates a time will come when 
pharmacogenomics will be part of routine medical care. 
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