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OBJECTIVES

• Explain the ways that genetics plays a role in 
drug metabolism/response 

• Understand clinical differences between 
metabolic phenotypes

• Utilize prescribing recommendations for 
specific drugs with clinical correlations to 
genomic variations



WHAT HAPPENED IN HAWAII

• Clopidogrel (Plavix) lawsuit filed in 2014

• Pacific Islanders 

• Genetic variant in 40 – 77% of the population 
that affects metabolism of Plavix

• 23 – 45% in East Asians

• 10 – 20% frequency in Caucasian populations 

Estimated 25% of Hawaiians have reduced 
efficacy of Plavix

 4.8% mortality post AMI vs 2.5% 
Caucasians

http://www.futuremedicine.com/doi/full/10.2217/pme.15.4



GENETICS VS GENOMICS

Pharmacogenomics: 

Pharmacogenetics: words on a page



ADVERSE DRUG REACTIONS 
(ADRS)

http://www.ama-assn.org/amednews/2011/06/13/prl20613.htm

https://psnet.ahrq.gov/primers/primer/23/medication-errors



DRUG RESPONSE 
RATES



PERSONALIZED MEDICINE

http://atavas.com/personalized-medicine-myth-pipe-dream-or-realizable-promise/



PHARMACOGENETICS

Variation in drug responses used to be
phenotype             genotype



FDA
TABLE OF PHARMACOGENETIC 

ASSOCIATIONS

• About 50 drugs

• Pharmacogenetic associations that support 
therapeutic recommendations

• Evidence-based information on safety or response

• Evidence of only pharmacokinetic impact



FDA
TABLE OF PHARMACOGENETIC 

ASSOCIATIONS

• Knowing a patient’s pharmacogenetic genotype may 
help with:

• Choosing an appropriate drug regimen

• Adjusting dosage

• Determining potential benefit 

• Determining potential for toxicity



PHARMACOGENETICS

Polymorphisms

Genetic variation among individuals within a specific 
species or population

Promotes genetic diversity

Ex: blood types

http://wikidoc.org/index.php/ABO_blood_group_system



SNPS

Single Nucleotide Polymorphisms
Single nucleotide exchanged for 
another at a point on the 
individual’s genome

Normal genetic variation

Some cause change in amino acid 
or protein code

Some have NO effect

SNP = genotype

http://www.broadinstitute.org/education/glossary/snp



PHARMACOGENETICS

Drug response determined by

Genetic factors

Environmental factors

Twin studies

75 – 85% of variation in t1/2 due to genetics

Question
Which genetic variants are clinically relevant?



PHARMACOGENETIC 
PHENOTYPES

Kinetic
Variability in genes that encode kinetic 
determinants

Metabolizing enzymes

Determine therapeutic response and ADRs

Some are monogenic

Ex: fast vs slow acetylation

Some are multigenic

Ex: CYP 450 Extensive vs poor metabolizers



CYP450

Flockhart DA. Drug Interactions: Cytochrome P450 Drug Interaction Table. Indiana University School of Medicine (2007). "/clinpharm/ddis/clinical-table/" Accessed 
March 23, 2017.



WARFARIN (COUMADIN)

2 genomic enzyme polymorphisms

Metabolic

• CYP2C9

• Frequency in Caucasians approx 10%

Mechanistic

• VKORC1

• Variable efficacy of warfarin vitamin K 
activation inhibition



METABOLIC 
PHENOTYPES

• Ultrarapid metabolizer

• More efficient metabolism

• Extensive (normal) 
metabolizer

• Metabolism proceeds as 
expected

• Intermediate metabolizer

• Diminished or normal 
metabolism

• Poor metabolizer

• Metabolism significantly 
decreased



ACTIVITY SCORES

• 0

• Enzyme with no function

• 0.5

• Enzyme with reduced function

• 1

• Enzyme with ‘normal’ activity

• Add both genes together for phenotype activity score



MOST DRUGS

• Ultrarapid metabolizer

• Drug may be rendered 
ineffective

• Activity score > 2

• Extensive (normal) metabolizer

• Metabolism proceeds as 
expected

• Activity score 1 - 2

• Intermediate metabolizer

• Diminished or normal 
metabolism

• Activity score 0.5

• Poor metabolizer

• Drug may become toxic

• Prodrug may be ineffective

• Activity score 0



CLOPIDOGREL (PLAVIX)

• Prodrug
• efficacy dependent on activation to an active metabolite by 

CYP2C19 

• Poor metabolizers forms less active metabolite
• lesser effect on platelet function 

• ACS or PCI at recommended doses exhibit higher CVE rates than 
patients with ‘normal’ CYP2C19 function

• Tests are available to identify a patient's CYP2C19 genotype

• Consider alternative treatment or treatment strategies in patients 
identified as CYP2C19 poor metabolizers.



CLOPIDOGREL (PLAVIX)

• PI Black Box Warning
• Plavix efficacy depends on conversion to active metabolite by CYP2C19

• Poor metabolizers exhibit higher CVE rates than patients with ‘normal’ CYP2C19 
function

• Tests are available to identify a patient's CYP2C19 genotype

• Consider alternative treatment or treatment strategies in patients identified as 
CYP2C19 poor metabolizers.



CPIC GUIDELINES

• Clinical implementation of 
pharmacogenetics

• From perspective of gene and/or drug

• Recommendations for PGx testing

• Recommendations for actionable 
medication prescribing based on PGx
testing



PHARMGKB



PGX LAB TESTING OPTIONS

• LabCorp
• Blood or buccal swab

• $456

Quest
• Blood

• Point of care
• Spartan Rx

• Buccal swab

• Luminex



CASE #1

• GA is a 34 yo female (gender identity and gender assigned 
at birth) who presents today with 6 month history of 
fatigue, weight gain, and depressed mood. She has history of 
allergic rhinitis and migraine disorder and has been treated 
in the past for depression with paroxetine (Paxil) but had 
some problems with it. 

• Genetic testing for CYP2D6 and 2C19 enzymes are 
ordered. The patient’s genotypes are 2D6*5*6 and 
2C19*1*1.



METABOLISM AT CYP2D6

• 20 – 25% of all drugs are metabolized at 
least partially by 2D6

• CYP2D6 is highly polymorphic
• Over 100 allele variants currently identified

• Can have as much as a 200-fold effect on 
drug metabolism

http://www.nature.com/tpj/journal/v5/n1/full/6500285a.html



SSRI AND CYP450

• SSRI metabolism occurs via CYP2D6 and CYP2C19

• Variants in 2D6 and 2C19 have some association with depression or suicide

• Normal function: CYP2D6*1 or CYP2D6*2

• Decreased function CYP2D6*9,*10,*41

• No function: CYP2D6*3-*6

• CPIC guidelines for citalopram, escitalopram, fluvoxamine, paroxetine, 
sertraline

• ADRs higher with longer treatment duration in poor metabolizers

• Cost of treatment in poor or ultrarapid metabolizers $4K - $6K higher 
annually 

https://www.pharmgkb.org/chemical/PA450801#tabview=tab0&subtab=31





PAROXETINE (PAXIL)

https://www.pharmgkb.org/chemical/PA450801#tabview=tab0&subtab=31



SERTRALINE (ZOLOFT)

https://www.pharmgkb.org/guideline/PA166127639



CASE #1

• GA is a 34 yo female (gender identity and gender assigned 
at birth) who presents today with 6 month history of 
fatigue, weight gain, and depressed mood. She has history of 
allergic rhinitis and migraine disorder and has been treated 
in the past for depression with paroxetine (Paxil) but had 
some problems with it. 

• Genetic testing for CYP2D6 and 2C19 enzymes are 
ordered. The patient’s genotypes are 2D6*5*6 and 
2C19*1*1.



ANALGESICS



CLINICAL CORRELATION

FDA NEWS RELEASE

For Immediate Release: Aug. 15, 2012
Media Inquiries: Morgan Liscinsky, 301-796-0397, morgan.liscinsky@fda.hhs.gov
Consumer Inquiries: 888-INFO-FDA

FDA warns of risk of death from codeine use in some children following surgeries

• The U.S. Food and Drug Administration today issued a Drug Safety Communication concerning three children who died and one child who experienced a non-fatal but 
life-threatening case of respiratory depression after taking the pain reliever codeine following surgery to remove tonsils (tonsillectomy) and/or adenoids (adenoidectomy).

• The surgeries were performed to treat obstructive sleep apnea syndrome, a condition that results in repeated episodes of complete or partial blockage of the upper 
airway during sleep. The children received doses of codeine that were within the typical dose range.

• Health care professionals and parents should be aware of the risks of using codeine in children who have had their tonsils and/or adenoids removed to treat obstructive 
sleep apnea syndrome. When prescribing codeine-containing drugs, health care providers should use the lowest effective dose for the shortest time on an as-needed 
basis. If parents or caregivers notice signs of overdose in a child, such as unusual sleepiness, difficulty being aroused or awakened, confusion, or noisy and difficult 
breathing, they should stop giving the child codeine and seek medical attention immediately.

• “The FDA is currently conducting a review of adverse event reports and other information to determine if there are additional cases of inadvertent overdose or death in 
children taking codeine, and if these adverse events occur during treatment of other kinds of pain, such as post-operative pain following other types of surgery or 
procedures,” said Bob Rappaport, M.D., director of the Division of Anesthesia, Analgesia and Addiction Products in FDA’s Center for Drug Evaluation and Research. “The 
FDA will update the public when more information is available.”

• Codeine is an ingredient found in prescription medicines used to relieve pain or cough. Once in the body, codeine is converted to morphine in the liver by an enzyme 
called cytochrome P450 isoenyme 2D6 (CYP2D6).

• Some people metabolize codeine much faster and more completely than others. These people, known as ultra-rapid metabolizers, are likely to have higher-than-normal 
levels of morphine in their blood after taking codeine. These high levels can lead to overdose and death. The three children who died after taking codeine exhibited 
evidence of being ultra-rapid metabolizers.

• The estimated frequency of ultra-rapid metabolizers is generally 1 to 7 out of every 100 people. However, in certain ethnic groups, the frequency may be as high as 28 out 
of every 100 people. The only way to know if someone is an ultra-rapid metabolizer is to do a genetic test. There are FDA-cleared tests to check for ultra-rapid 
metabolism.



CODEINE

https://www.pharmgkb.org/guideline/PA166104996



CASE #1 (CONT)

• GA asks what she can take for her migraines. She doesn’t have them frequently 
but would like to know what is best for when she does have one. She has tried 
OTC Tylenol with no relief and states that Advil upsets her stomach. 

• Genetic testing for CYP2D6, 2C9,  and 2C19 enzymes are ordered. 

• The patient’s genotypes are:

• 2D6*5*6

• 2C9*3*3

• 2C19*1*1



2020 CPIC GUIDELINE:
NSAIDS

• CYP2C9

• *3/*3 

• Two non functional alleles

• Activity score = 0

• Poor metabolizer

• Recommendation:

• Starting dose 25% - 50% lower than normal

• Alternative: naproxen



CASE #2

• RH is a 58 yo male (gender identity and gender assigned at 
birth) who presents to family practice clinic for followup of 
newly diagnosed hyperlipidemia and chronic gout currently 
controlled on allopurinol. He states he is feeling well but 
noticing some myalgia since starting simvastatin 3 months 
ago. 

• Genetic testing results:

• SLCO1B1*5*17

• HLA-B*58.01 negative



SIMVASTATIN (ZOCOR)

https://www.pharmgkb.org/guideline/PA166105005



ALLOPURINOL



CASE #3

• CM is a 46 year old female who reports symptoms of 
GERD. She has tried OTC omeprazole and lansoprazole 
with no relief. Her PMH is non-contributory.  H. pylori test 
is positive. 

• Genetic testing reveals CYP2C19 *1*17.



PROTON PUMP INHIBITORS





PGX IMPLICATIONS

Modified drug labels

Identification of new therapeutic targets

Identification of patients likely to benefit or not from treatments

• Clopidogrel

• Antidepressants

• ? opioids

Identification of patients likely to be harmed by treatment

• Codeine

• Simvastatin



PGX TESTING 

• OneOme RightMed Testing

• $449 27 genes

• PGxOne Plus 60 genes

• Cash $1200

• Hardship $300

• Genelex 25 genes 
$379

• Genomind

• Cash $2000

• Insurance $399

• Medicare $0

CPT codes

• 2C19 81225

• 2D6 81226

• 2C9 81227

• 3A4/5 81401

• VKORC1 81355





CHOOSING A LAB

• Which genes is the lab testing?

• Which gene variants?

• How are the results reported?

• How is the phenotype interpreted?

• Always check yourself
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