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Learning Objectives (Pharmacists)

1. Identify clinically relevant drug-gene interactions across various 
medical specialties that could benefit from pharmacogenomic testing.

2. Explain how genetic variations in genes encoding drug-related proteins, 
such as drug-metabolizing enzymes, impact drug disposition and 
therapeutic response.

3. Recognize evidence-based guidelines and FDA recommendations to 
inform the implementation of pharmacogenetics in clinical practice.

4. Utilize pharmacogenetic test results to determine the most appropriate 
medication and dosage for individual patients.

5. Discuss the ethical, legal, and social implications associated with 
pharmacogenetic testing.



Learning Objectives (Pharmacy Technicians)

1. Identify clinically actionable drug-gene pairs that may benefit 
from pharmacogenomic testing.

2. Describe how genetic variation in genes that encode drug-related 
proteins such as drug metabolizing enzymes, influence the 
disposition of the drug and its response. 

3. Identify evidence-based guidelines and FDA recommendations to 
guide the use of pharmacogenetics in practice. 

4. Discuss the ethical, legal, and social implications of 
pharmacogenetic testing.
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Role of Pharmacists in Clinical PGx
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History of Observed Interpatient Variability 
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Relling MV, Evans WE. Pharmacogenomics in Clinic. Nature. Oct 15, 2015. 526: 343-350
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Single Nucleotide Polymorphisms
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Conjugation
 - acetylation
 - glucuronidation
 - sulfation
 - methylation

Evans WE and Relling MV. Science. 1999

PGx PK Genes of Interest
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Mother was prescribed Tylenol 3 
(Codeine 30 mg/acetaminophen 500 

mg) for post C-section pain
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Mother was found to have heterozygous 
CYP2D6*2A allele and CYP2D6*2x2 gene 

duplication (ultra-rapid metabolizer)
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PGx Case Report
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PGx FACT: 

Actionable pharmacogenetic variants  
are !"##"$%&'()*+(,,(-  in the 

general population.



Prevalence of Actionable PGx Variants
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St. Jude ChildrenÕs 
Hospital PG4KDS 

Program

98.5% Caucasians

99.1% African 
Americans

Mayo RIGHT 10K 
Study

99%

eMERGE-PGx
Project

96%

Vanderbilt PGx 
Program

91%
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Actionable pharmacogenetic-
implicated medications are 
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The FDA maintains a table of biomarkers with gene-drug pairs, 
including many that are actionable.
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CYP2C19 
Phenotype

Clinical Implications on 
Clopidogrel

Therapeutic Recommendations

Level of 
Recommendations

G6&X
,6N

C*.#"%6A%

Ultra-rapid / 
Rapid Metabolizers

Increased active metabolite 
formation, lower on-treatment 

platelet reactivity, not associated with 
higher bleeding risk

Use clopidogrel at label recommended 
doses

Strong No 
recommendation

Normal 
Metabolizer 

Normal active metabolite formation, 
normal on-treatment platelet 

reactivity

Use clopidogrel at label recommended 
doses

Strong Strong

Intermediate or 
likely intermediate 

Metabolizer

Reduced active metabolite formation; 
increased on-treatment platelet 

reactivity; increased risk of adverse 
cardiac and cerebrovascular events

Avoid standard dose (75mg) clopidogrel if 
possible. Use prasugrel or ticagrelor at 
standard dose if no contraindication.

Strong No 
recommendation

Poor or likely poor 
Metabolizer

Significantly reduced active 
metabolite formation; increased on-

treatment platelet reactivity; 
increased risk of adverse cardiac and 

cerebrovascular events

Use alternative antiplatelet therapy (i.e. 
prasugrel or ticagrelor if not 

contraindicated)
Strong Moderate

!"#$%&'(' )*+,-&'(' ).+/&01%23(4150671%&3'2301"3('5&3'0762$8&9$%39#$%17&1%"$%317&235$15$&1'2&5"1:7$&
0(%('1%;&1%"$%;&235$15$&<(77(=3'>&1&%$0$'"&?;(01%2317&3'<1%0"3('&(6"532$&"#$&5$""3'>&(<&.+/@
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Lee CR  et al. (2022). Clinical Pharmacogenetics Implementation Consortium Guidelines for CYP2C19 Genotype and Clopidogrel Therapy: 2022 Update. CPT.



Phenotype
Clinical Implications on 

Clopidogrel
Therapeutic 

Recommendations
Classification of 
Recommendation

Ultra-rapid / Rapid 
Metabolizers

Increased active metabolite formation, 
lower on-treatment platelet reactivity

Use clopidogrel at label 
recommended doses

No recommendation

Normal Metabolizer 
Normal active metabolite formation, 

normal on-treatment platelet reactivity
Use clopidogrel at label 

recommended doses
Strong

Intermediate or 
likely intermediate 

Metabolizer

Reduced active metabolite formation; 
increased on-treatment platelet reactivity; 

increased risk of adverse cardiac and 
cerebrovascular events

Consider an alternative P2Y12 
inhibitor at standard dose if 
clinically indicated and no 

contraindication.

Moderate

Poor or likely poor 
Metabolizer

Significantly reduced active metabolite 
formation; increased on-treatment platelet 
reactivity; increased risk of adverse cardiac 

and cerebrovascular events

Avoid clopidogrel if possible. 
Consider an alternative P2Y12 

inhibitor at standard dose if 
clinically indicated and no 

contraindication.

Moderate

.H

Other Considerations: *7"$%'1"34$&.ABCA&3'#3:3"(%5&'("&3?910"$2&:;&+B.A+CD&3'0762$&"301>%$7(%&
1'2&"307(9323'$@&.%156>%$7&35&0('"%13'2301"$2&3'&91"3$'"5&=3"#&1&#35"(%;&(<&5"%(E$&(%&F/*@
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Lee CR  et al. (2022). Clinical Pharmacogenetics Implementation Consortium Guidelines for CYP2C19 Genotype and Clopidogrel Therapy: 2022 Update. CPT.
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ÒPharmacogenomic tests are indicated 
when medications are being considered for 
use (or already being administered) that are 
medically necessary, appropriate, and 
approved for use in the patientÕs condition 
and are known to have a gene(s)-drug 
interaction that has been demonstrated to 
be clinically actionable as defined by the 
FDA (pharmacogenomic information 
required for safe drug administration) or 
CPIC guidelinesÓ.

August 2020

Palmetto GBA. Local Coverage Determination (LCD): MolDX: Pharmacogenomics Testing (L38294). June 5, 2020.
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Role of Pharmacists in Clinical PGx
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! Educate healthcare professionals and the public on PGx.

! Provide resources and education that empower patients to make 
informed healthcare decisions about PGx testing and understanding 
their test results. 

! Serve as subject matter expert for clinical PGx.

! Incorporate PGx information into training of residents and students. 

Pharmacists as PGx EDUCATORS



46

! Design and conduct PGx research.

! Discovery Research
B /@5&1.#04*#*;$.*1<*#D&%*#7,+#.+?>(>*1*#5&$+%#&1.#<-$1$<&-#?0$-$0)#,7#OL@#

0*%0$1>=

! Translational Research
B 6*;*-,5#&1.#%?<<*%%7?--)#$25-*2*10#D*%0#5+&<0$<*#5+,<*%%*%#7,+#<-$1$<&-#

54&+2&<,>*1,2$<%=

! Actively contribute to the body of knowledge in PGx by publishing 
articles.

Pharmacists as PGx RESEARCHERS
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