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Agenda

• Introduction to Pharmacogenomics
– Definition
– Metabolizer status
– Consequences of metabolizer status
– Case Study – codeine
– Inhibitors

• Personalized medicine
• Resources
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Definition

• Pharmacogenetics: the effect of genetic 
variation on drug response, including 
disposition, safety and tolerability, and 
efficacy.

• Pharmacogenomics: the application of 
genome science (DNA, RNA, protein) to 
the study of human variability in drug 
response.
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• Detects inter-individual genomic variations 
related to:
– Drug absorption and disposition (pharmacokinetics) 
– Drug action (pharmacodynamics)

• Includes polymorphic variation in the genes that 
encode the functions of:
– Drug transporters (MDR1, ABCB1,...)
– Drug metabolizing enzymes (Cytochrome P450 
genes)
– Drug receptors
– Other proteins

PGx Testing
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Drug Metabolism
Cytochrome P450 Enzymes
• 57 different active genes
• 17 different families
• CYP1, CYP2 and CYP3 are primarily involved in drug metabolism
• CYP2A6, CYP2B6, CYP2C9, CYP2C19, CYP2D6, CYP2E1 and 

CYP3A4 are responsible for metabolizing most clinically important 
drugs

Reactions
• Aliphatic oxidation
• Aromatic hydroxylation
• Sulphoxide formation
• N-oxidation and N-hydroxylation
• N-/O-/S-dealkylation
• Oxidative or reductive dehalogenation
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Example

• Normal enzyme function

Drug Path- 
way

Enzyme Metabolite 1 Enzyme Metabolite 2

Dextromethorphan Major CYP2D6 dextrorphan CYP3A 3- 
hydroxymorphinan

Dextromethorphan Minor CYP3A 3- 
methoxymorphinan

CYP2D6 3- 
hydroxymorphinan
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Example

• No CYP2D6 enzyme function

Drug Path- 
way

Enzyme Metabolite 1

Dextromethorphan Major CYP3A 3-methoxymorphinan
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CYP2D6 Phenotypes
Extensive Metabolizers (EM)
• two normal alleles
• often majority of population
• “normal metabolizers”

Poor Metabolizers (PM)
• lack functional enzyme

Intermediate Metabolizers (IM)
• have one functional and one deficient allele
• have two partially defective alleles that cause reduced metabolism

Ultra-Rapid Metabolizers (UM)
• duplicated functional CYP2D6 genes with extremely high metabolic 

capacity
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Examples

• Scenario 1:  
– Active drug inactivated by metabolism (e.g., 

diazepam)
– Poor Metabolizer

• Good efficacy
• Accumulation of active drug can produce adverse 

reactions
• May need lower dose to achieve same effect

– Ultrarapid Metabolizer
• Poor efficacy
• May need greater dose or slow release formulation
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Examples

• Scenario 2:  
– Pro-drug – needs metabolism to work 

• (e.g., codeine metabolized by CYP2D6 to 
morphine)

– Poor Metabolizer
• Poor efficacy
• Possible accumulation of pro-drug

– Ultrarapid Metabolizer
• Good efficacy
• Rapid effect
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Case study

Drug Enzyme Metabolite
Codeine CYP2D6 Morphine

Notes Pro-drug Active

• Codeine, oxycodone, and hydrocodone are pro- 
drugs activated by CYP2D6

• Codeine is transformed to morphine by CYP2D6 
and morphine is the analgesic

• CYP2D6 PMs lack analgesic response to 
codeine
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Case study
• Case report:  Infant death resulted when 

breastfeeding mother was on codeine.  Mother 
was determined to be a 2D6 UM
– Ultra-rapid metabolizers convert codeine to morphine 

more rapidly and completely than other people
– In nursing mothers, this metabolism can result in 

higher than expected serum and breast milk morphine 
levels

– Raises concern that nursing babies may be at 
increased risk of morphine overdose if their mothers 
are taking codeine and are ultra-rapid metabolizers of 
the drug
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Inhibitors

• Drug interactions can also cause a patient to be a 
PM

• Example:  
– Paroxetine (Paxil)
– Potent 2D6 inhibitor
– Co-administration will make 2D6 EMs into PMs

Drug Enzyme Metabolite Inhibitor

Codeine CYP2D6 Morphine Paroxetine

Notes Pro-drug Active CYP2D6 inhibitor
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PGx and Drug Abuse

• How does PGx impact addiction 
and drug testing?
– Metabolizer status can affect drug 

clearance rates (e.g., PM = drug in body 
longer)

– “Effective” dose 
– Major metabolites present may differ by 

genotype
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Personalized Medicine

Choose the 
Right Drug

in the 
Right Dose

for the 
Right Person
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Personalized Medicine - Why

• Determination of drug efficacy
• Determine proper drug dosing
• Identify Responders vs. Non-Responders
• Identify patients at risk for adverse events
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Personalized Medicine Example
• Warfarin

– Widely prescribed
– High rate of adverse events
– Dose too low = risk of clotting, subtherapeutic
– Dose too high = risk of bleeding events
– Narrow therapeutic range that varies by many factors 

including age, weight, race, diet, and genotype
• Metabolized primarily by CYP2C9

– 2C9 PMs may require lower starting doses (in some 
cases much lower) and end up on lower maintenance 
doses

– Studies being done to generate and evaluate dosing 
algorithms that take the various factors into account



18

Resources: FDA Guidance 
Documents

• Pharmacogenetic Tests and Genetic 
Tests for Heritable Markers
– http://www.fda.gov/cdrh/oivd/guidance/1549.p 

df
• Drug Metabolizing Enzyme Genotyping 

Systems
– (http://www.fda.gov/cdrh/oivd/guidance/1551.p 

df)

http://www.fda.gov/cdrh/oivd/guidance/1549.pdf
http://www.fda.gov/cdrh/oivd/guidance/1549.pdf
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Questions?

Ask Us!

courtney.harper@fda.hhs.gov
240-276-0694
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