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Overview of pharmacogenomics (PGx)
PGx testing is a safety and optimization strategy that uses a Veteran’s pharmacogenomic profile 
to tailor medication selection and dosing. Healthcare providers can use this information to guide 
prescribing decisions that may be safer and more effective.1,2

Most Veterans carry at least one pharmacogenetic variant 
that may influence pharmacotherapy decisions.1,3-5 

Many commonly prescribed medications 
including antidepressants, statins, non-steroidal 
anti-inflammatory drugs (NSAIDs), and proton 
pump inhibitors (PPIs) have therapeutic 
recommendations based on PGx information.

1 in 10 Veterans are prescribed a medication 
impacted by PGx test results.

30%
Genotype-guided treatment can decrease the 
relative risk of adverse drug reactions by 30%. 

The PREPARE study was an open-label, multicenter, 
controlled, cluster-randomized, crossover implementation 
study evaluating genotype-guided treatment in nearly 
7,000 patients using a 12-gene pharmacogenomic panel 
covering 39 commonly prescribed medications.6
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PGx testing: a tool for precision prescribing
Figure 1. PGx testing helps identify when medication selection or dosing may need to be 
modified to reduce toxicity or improve efficacy. 
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Individuals metabolize medications differently due to various genetic and patient-specific factors. 
Without PGx information, treatment often relies on standard dosing and trial-and-error adjustments, 
which can delay optimal outcomes and result in adverse effects.  The use of PGx testing allows for 
targeted medication selection, which may reduce side effects or improve efficacy.
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PGx basics
Pharmacokinetics describes how the body absorbs, distributes, metabolizes, and eliminates a 
medication, while pharmacodynamics explains how that medication acts on the body to produce its 
therapeutic effects. PGx identifies genetic variations that alter the proteins involved in drug metabolism, 
transport, and targets.

Awareness of basic PGx nomenclature will help with interpretation of test results. 

Terminology: 

An allele is one version of a DNA sequence at a given chromosome 
location. When there is variation in an allele, it is referred to as a 
polymorphism. Polymorphisms can influence medication sensitivity, 
toxicity, and dosing.7

A genotype or diplotype refers to the pair of alleles an individual 
inherits for a specific gene—one from each parent. These alleles are 
often represented using star nomenclature.7

Phenotype is the expression of the genotype or diplotype based on 
the predicted function of the enzyme.7

Phenoconversion occurs when an individual’s predicted 
drug-metabolizer phenotype, based on genotype, is altered by 
non-genetic factors such as age, disease states, environmental 
influences, or concurrent medications.

This results in a mismatch between the expected and actual 
metabolizer status. Phenoconversion is commonly observed with 
CYP2D6, CYP2C19, and CYP2B6 and mental health medications such 
as bupropion and fluoxetine. As with drug:drug interactions, clinical 
judgment should be applied when phenoconversion is suspected.8

Pair of Chromosomes

 

 

 

 


Much of today’s pharmacogenomic research centers on gene–drug interactions involving the 
cytochrome P450 (CYP450) enzyme system, which is responsible for metabolizing approximately 
70-80% of all medications. Genetic variations within this system can lead to differences in enzyme 
activity, affecting how efficiently drugs are metabolized.7,9
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PGx testing can optimize medication safety and efficacy

1 PGx Testing as a Medication Safety Tool: Select Use Cases

Figure 2. The human leukocyte antigen (HLA) system genes can influence the risk of 
life-threatening immune-mediated reactions like Stevens-Johnson Syndrome.10,11

Carbamazepine/oxcarbazepine (*15:02)

• Stevens-Johnson Syndrome

• Toxic epidermal necrolysis

• Black Box Warning for HLA testing 
prior to initiation for patients in 
genetically at-risk populations12

Allopurinol (*58:01)

• Maculopapular eruption

• Severe cutaneous adverse reactions

• Warning for HLA testing prior to 
initiation for patients in genetically 
at-risk populations 

Individuals positive for certain HLA variants should avoid starting these medications and be monitored 
closely when alternatives are not clinically possible.

2 PGx Testing as a Tool to Enhance Medication Efficacy: Select 
Use Cases

Figure 3. Variation in CYP2C19 metabolism impacts therapeutic response to the 
antiplatelet agent, clopidogrel, and the commonly prescribed PPI, pantoprazole. 
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Pantoprazole15

• ~80% metabolized by CYP2C19

• Ultrarapid or rapid enzyme function 
lowers plasma concentrations 
and may decrease therapeutic 
response

• Intermediate or poor enzyme 
function may have better 
therapeutic response and increased 
risk of potential toxicity

Order PGx testing to improve medication safety and efficacy.



U.S. DEPARTMENT OF VETERANS AFFAIRS 5

When to consider PGx testing
• For patients who are newly prescribed medications impacted by PGx testing 

• Prior to prescribing when the first dose of an PGx-impacted medication could 
be fatal (e.g., medications impacted by the HLA system)

• For patients with diagnoses requiring high-risk medications (e.g., certain chemotherapies)

• For patients with treatment-limiting side effects (e.g., statins) or insufficient treatment 
response (e.g., clopidogrel)

• For more information to guide de-prescribing in patients with polypharmacy

PGx testing is not clinically applicable for patients with history of allogeneic bone marrow or liver 
transplant.

The VA’s National Pharmacogenomics Program 
(NPP) multi-gene PGx panel often has clinical 
utility for the life of the patient, providing 
information for current and future prescribing.

Table 1. Example of commonly prescribed PGx implicated medications and associated genes

Medication class Example medication(s) Gene

Antidepressant

Citalopram, Escitalopram CYP2C19

Paroxetine, Venlafaxine CYP2D6

Sertraline CYP2B6 and CYP2C19

Antiemetics Ondansetron CYP2D6

Antiplatelets Clopidogrel CYP2C19

Fluoropyrimidine 
chemotherapies 

Capecitabine, Fluorouracil DPYD

Immunosuppressants Tacrolimus CYP3A5

NSAIDs Celecoxib, Ibuprofen, Meloxicam CYP2C9

Opioids Codeine, Tramadol CYP2D6

Proton pump inhibitors Lansoprazole, Omeprazole, Pantoprazole CYP2C19

Statins Atorvastatin, Rosuvastatin, Simvastatin SLCO1B1, ABCG2

Thiopurines Azathioprine, Mercaptopurine, Thioguanine TPMT and NUDT15

For a complete list of genes, alleles, and impacted medications currently tested for on the VA’s NPP 
panel, please refer to the NPP SharePoint linked on page 11. 
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Talking to patients about PGx testing
Verbal informed consent must be obtained and documented before 
PGx testing, in accordance with VA regulations and ethical standards.

Education should include the following:

What is PGx  
testing?

PGx testing looks at your genes to help find medicines and doses that 
may work best for you. Genes are passed down from your blood relatives 
and influence things like height, eye color, and how your body responds 
to medicines. Everyone’s genes are a little different. 

How is PGx  
testing done?

PGx testing is typically done with blood. Results take 10-20 days to 
return and will be stored in your medical record. Your sample will be 
destroyed once results are reported.

Will healthcare  
coverage be  
impacted by  
PGx testing?

Federal law protects patients from genetic discrimination by insurance  
or employers. This law is called the Genetic Information Nondiscrimination 
Act (GINA). GINA does not apply to life, long-term care, or disability 
insurance. 

VHA has rules to prevent discrimination or changes to service-connected 
status based on protected genetic information.

What else should 
I know about 
PGx testing? 

Some PGx panels will include genes that have implications beyond 
medicine management. This may identify if you and potentially your 
family members are at increased risk for certain health conditions but is 
not a test for general genetic disease screening.

You would be notified if such conditions are identified and provided 
appropriate resources for managing any implications. 

PGx testing covers many, but not all, genetic factors that may affect 
medicine response.

Discuss the benefits and limitations of PGx testing with Veterans,  
and document informed verbal consent. 
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Interpreting and applying PGx test results 
Most PGx reports provide the following information 

• Genes and alleles tested

• Genotype

• Phenotype

• Medications impacted by the patient’s PGx test 
results 

• Medications not impacted by the patient’s PGx 
test results

• Clinical recommendations with references

Shared-clinical decision-making is critical to applying 
PGx results and supports considering multiple variables 
that impact prescribing, including PGx, along with other 
patient-specific factors highlighted in Figure 4. 

Figure 4. The role of PGX

 

  

 

 

   

Table 2. Example PGx report

Medication
Gene and 
Phenotype

Interpretation
Therapeutic 
Recommendation

Atorvastatin
SLCO1B1/Normal 
transporter function

The SLCO1B1 genotype is 
associated with typical atorvastatin 
exposure and myopathy risk.

Use the desired starting dose and 
adjust based on disease-specific 
guidelines. 

Carbamazepine

HLA-B*15:02, HLA-B*15:11, 
HLA-A*31-01/Normal risk 
of certain hypersensitivity 
reaction

The absence of HLA-A*31:01, 
HLA-B*15:02, and HLA-B*15:11 
alleles predict a normal or reduced 
risk of carbamazepine-induced 
hypersensitivity reaction.

Use carbamazepine according to 
standard dosing protocols.

Clopidogrel 
CYP2C19/Intermediate 
metabolizer

Reduced formation of clopidogrel’s 
active metabolite and a reduced 
antiplatelet effect are predicted. 
This genotype has been associated 
with an increased risk of cardiac and 
cerebrovascular events.

For acute coronary syndrome (ACS) 
with PCI, avoid clopidogrel if possible, 
and use prasugrel or ticagrelor if 
there is no contraindication. For 
neurovascular indications, consider an 
alternative P2Y12 inhibitor if there is no 
contraindication.

The NPP’s various Clinical Decision Support (CDS) tools help translate PGx test results into actionable 
prescribing recommendations. These recommendations are based on Clinical Pharmacogenetics 
Implementation Consortium (CPIC) peer-reviewed guidelines, FDA guidance, and other published 
literature. 

Incorporate PGx test results with patient-specific factors  
to optimize pharmacotherapy safety and efficacy.                            
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Care coordination 
Communicating across medical specialties and settings of care is a critical component of 
pharmacogenomics. The healthcare team must work together to ensure results are evaluated and 
reviewed with the Veteran. See the NPP directory linked on page 11 for resources available at your site.

Figure 5. Examples of coordination between disciplines and transitions of care to address PGx 
test results and secondary findings

  

Due to transitions of care

Inpatient: PCI procedural 
team orders PGx test for 
clopidogrel and consults 
PGx CPP for follow up

Patient discharged: 
Results return

Outpatient: PGx CPP communicates 
with outpatient cardiologist and 
Veteran about changes

Due to secondary findings
Primary care: PGx test 
ordered for patient with 
statin intolerance

Primary care: Results return 
and show the patient’s SSRI 
may be impacted

Mental health: Primary care provider 
reviews and communicates with SSRI 
prescriber and Veteran about changes

CPP: clinical pharmacist practitioner; SSRI: selective serotonin reuptake inhibitor

Support continuity during transitions of care, address secondary findings 
 with the healthcare team, and communicate changes with the Veteran.                          
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Additional Resources: 
• NPP directory: https://dvagov.sharepoint.com/sites/vhapgx/Lists/PHASER%20Site%20Directory/AllItems.

aspx?origin=createList&sortField=LinkTitle&isAscending=true&viewid=fb4ce782%2D1dd9%2D41b0%2Dacd0%2Ddfdd4dc2656d
A listing of PGx testing availability, PGx CPP points of contact, and more.

• Clinical Decision Support Console (CDSC) PGx tool: https://vaww.pbi.cdw.va.gov/PBIRS/Pages/ReportViewer.aspx?/
GPE/NOP_PGx/Public%20Space/PGx%20Clinical%20Decision%20Support%20Tool

Provides NPP supported therapeutic recommendations based on drug:gene interactions specific to the 
patient’s active medication list and PGx test results.

• National Pharmacogenomics Program SharePoint: https://dvagov.sharepoint.com/sites/VHAPGx

• Clinical Pharmacogenomics Implementation Consortium (CPIC): https://www.clinpgx.org/cpic
Peer reviewed guidelines for managing drug-gene interactions to optimize medication safety and efficacy.

• ClinPGx: https://www.clinpgx.org/  Access trusted PGx information and clinical tools.
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