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Pharmacogenetics Defined
http://www.pharmgkb.org/
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“The role of genetics in 
drug responses.”

F. Vogel, 1959
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Genotype <-> Phenotype Associations

Relate genetic information (genotypes)

1. ATCGCCGGATACCTAGAGAC…
2. ATCGCCGGAGACCTAGAGAC…

to observable traits (phenotypes), e.g.

1. Responds well to cholesterol medication
2. Develops hepatotoxicity 
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Purine Analogs

• 6-mercaptopurine, 6-thioguanine, azathioprine
• Used to treat lymphoblastic leukemia, 

autoimmune disease, infammatory bowel 
disease, after transplant

• Interferes with nucleic acid synthesis
• Therapeutic index limited by myelosuppression
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Metabolism of 6-MP
Weinshilboum (Mayo Clinic) 2001
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TPMT Effect on Thioguanines

• TPMT levels drastically
affect thioguanine levels

• More TPMT = less thioguanines = less 
efficacy against disease

• Less TPMT = more thioguanines = increased  
risk of severe marrow toxicity

• Considerable variability in TPMT levels in 
population
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6-MP and TPMT Story Summary

• Observation of clinical variability
– toxicity

• Observation of cellular variability 
– TPMT activity, TGN concentrations

• Observation of genetic variability 
– base-pair variations (SNPs) in TPMT gene
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Pharmacogenetic Process

1. Identify variation in drug response

2. Associate it with genetic variation

3. Evaluate clinical significance

4. Develop screening tests

5. Individualize drug therapy
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Clinical Promise of PGx

• Focus treatment by identifying patients 
with genetic backgrounds likely to respond

• Reduce adverse events by predicting who 
is at risk

• A way to save drugs in the pipeline that 
are very effective only in subpopulations

• Better understanding of drug interactions
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SCIENCE Oct 24, 2003
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Pharmacogenetics is NOT Routinely Used 
 

• Science still early
– Limited data in public domain

• Many genetic variations not clinically 
significant

• Fragmentation of drug markets is worrisome 
to drug companies

• Costs for genotyping and who pays
• Ethical issues in testing individual genotype
• Unclear how to deliver information to the 

practitioner
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Pharmacogenetics vs. 
Pharamcogenomics

• Pharmacogenetics: study of individual 
gene-drug interactions, usually one or two 
genes that have dominant effect on a 
drug response (SIMPLE relationship)

• Pharmacogenomics: study of genomic 
infuence on drug response, often using 
high-throughput data (sequencing, SNP 
chip, expression, proteomics) (COMPLEX 
interactions)
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PGx Flow & Mission

PharmGKB curates information that establishes knowledge about the 
relationships among drugs, diseases and genes, including their variations 
and gene products. Our mission is to catalyze pharmacogenomics 
research.

PharmGKB curates information that establishes knowledge about the 
relationships among drugs, diseases and genes, including their variations 
and gene products. Our mission is to catalyze pharmacogenomics 
research.
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Drug-SNP Associations
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Example:  Codeine & CYP2D6

• Codeine is a commonly used opioid
– must be  metabolized into morphine for 

activity
• CYP2D6 is the metabolizing enzyme
• 7% of caucasians are missing one copy of the 

gene
             -> codeine does not work effectively
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Candidate Genes Involved in Metabolism of 
Codeine and Morphine
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About CYP2D6

• Decreased or no activity in about 10% of Caucasians
• Hyperactive in up to 30% of East Africans
• Catalyzes the primary metabolism of

• propafenone
• Codeine
• β-blockers
• tricyclic antidepressants

• Inhibited by
• fluoxteine
• haloperidol
• paroxetine
• quinidine
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• 125 alleles as of October 2008

• 10 alleles where haplotype has not been 
determined

• 38 alleles have no activity

• 10 alleles have decreased activity

• Can be >1 copy (up to 13) of gene on one 
chromosome, resulting in increased activity

CYP2D6 Alleles Are Complicated

http://www.cypalleles.ki.se/cyp2d6.htm
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Allelic Frequencies of CYP2D6
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Copy number polymorphisms = 
CNPs

• Increasing evidence for variation in the number 
of copies of a gene in humans

• Won’t necessarily be picked up with normal 
genotyping technology

• Associated with cancers, genetic diseases, and 
now with drug response variation

• Methods for quantifying transcript level, to 
detect CNPs are coming down in costs
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Pseudo-PGx Example Bidil

• Combination pill containing two medications for 
heart failure (hydralazine & isosorbide dinitrate)

• Clinical trials did not show overall benefit
• Subgroup of African-descent patients showed 

benefit
• BiDil approved for use in African-descent patients
• NOT genotyping patients for this
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PGx Example Irinotecan

• Powerful anti-neoplastic used in colon/rectal 
cancers

• Use is limited by severe, life-threatening 
neutropenia and diarrhea side effects

• Side effects related to patient genotype of 
UGT1A1 (helps metabolize irinotecan)

• Test now marketed for evaluating UGT1A1 
genotype prior to initiation of treatment
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Gene-Drug FDA Examples

• HLA-B*1501 and 1502 alleles 
– hypersensitivity responses which can lead to a rash and skin reactions 

that may become serious and life-threatening 
– abacavir (Ziagen), carbamezepine (Carbatrol, Tegretol)

• CYP2D6*3, *4, *5, *6, *10, *17 and *29 alleles 
– confer "poor metabolism”
– tamoxifen (Novaldex); CYP forms appear to predict poorer 

prognosis for long term survival
– fuoxetine (Prozac) and atomoxetine (Strattera)

• VKORC1 A/A and A/B haplotypes and CYP2C9*2 and *3 alleles
– interactions at the target site and the removal from the body
– warfarin (Coumadin)

• Patients with combinations of these alleles can experience elevated 
INR measures and increased risk of dangerous bleeding events 
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Gene-Drug FDA Examples

• UGT1A1*28 allele 
– reduced clearance of the active form SN-38 of the anticancer drug 

irinotecan (Camptosar) which can lead to neutropenia and a life-
threatening diarrhea

• TPMT*2, *3A, and *3C alleles 
– in homozygous patients leads to decreased clearance 
– 6-mercaptopurine (Purinethol) or the pro-drug azothiaprine 

(Imuran) used to treat acute lymphoblastic leukemia and autoimmune 
diseases leading to rapid bone marrow suppression that is severe and 
can become fatal

• SLC01B1 (rs4363657) and OATP1B (rs4149056) 
– found in liver can determine the blood levels of a wide range of drugs
– simvastatin (Zocor) and pravastatin (Pravachol) are associated with 

development of myopathies
• ADRB2 Arg16 allele of the beta-2 adrenergic receptor

– linked in homozygous patients to a sub-class of asthma and lack of 
long-term responsiveness to treatment with albuterol (Ventolin) 
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PGx Info in FDA-Approved Drug Labels
 Frueh et al, Pharmacotherapy 2008 28:992-998.

• Reviewed labels of FDA approved drugs 
– to identify those that contained PGx biomarker information
– to collect prevalence information on the use of those drugs for 

which PGx information was included in drug labelling
•  1200 drug labels reviewed for 1945-2005

– 121 drug labels contain PGx info
• 69 labels refer to human genomic biomarkers

– 62%  (43) pertained to cytochrome p450s with CYP2D6 
most common

• 52 labels referred to microbial genomic biomarkers
• 24.3% of prescriptions in 2006 (8.8 million out of 36.1 million) 

processed by a large pharmacy benefits manager received one or 
more drugs with human genomic biomarker information in the drug 
label.
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Pharmacogenomic biomarkers 
identified in drug labels with 
human genomic information (1945–
2005), and percentage of drug 
labels associated with each.

Number of drugs that were approved 
With pharmacogenomic information in 
their drug labels during
each 10-year period from 1945–2005

PGx Info in FDA-Approved Drug Labels
 Frueh et al, Pharmacotherapy 2008 28:992-998.
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“Nearly one fourth of all outpatients received 
one or more drugs that have pharmacogenomic 
information in the label for that drug. 

The incorporation and appropriate use of 
pharmacogenomic information in drug labels 
should be tested for its ability to improve drug 
use and safety in the United States.”

Frueh et al, Pharmacotherapy 2008 28:992-998

Conclusions from Drug Data 1945-2005
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Table of Valid Genomic Biomarkers 
in the Context of Approved Drug Labels

http://www.fda.gov/cder/genomics/genomic_biomarkers_table.htm
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List of FDA Required or Recommended Biomarker 
Tests in Drug Labels
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Most Common Major Drug ADRs

• QT prolongation (heart problems)
• Liver failure
• Severe dermatological rash

• Many other minor ADRs
– Minor rash
– Abdominal discomfort
– Dry mouth
– Drowsiness or activation
– Headache
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Arrhythmia

• QT prolongation 
and arrhythmia 
risk is the single 
commonest cause 
of drug 
withdrawal or 
relabeling in the 
last decade

Wall Street Journal Oct. 28, 1999
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PGx Example Warfarin

• Warfarin used for anticoagulation widely in 
medicine

• Narrow therapeutic index, final dose difficult to 
predict -> trial and error

• Three genes known to affect warfarin dose:  
CYP2C9, VKORC1 and CYP4F2

• Recent results suggest warfarin dose will be 
predicted more accurately using genotypes + 
demographic/clinical variables
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Warfarin Dosing

• Know variation in CYP2C9
– but only accounted for  < 15% of variation

• Vitamin K epoxide reductase (VKORC1)
– Found in rat-poison-resistant rats
– Non-coding SNP explains 35% of variation
– VKORC1:  -1639 G>A allele

• Clinical trials now underway to predict warfarin 
dose required based on genotype
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Observed 
vs. 

Predicted 
Dose with 

PGx
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Sample Patient

 



PharmGKB -- http://www.pharmgkb.org/

Genotype Bigger Infuence Than Race
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Is the algorithm using 
genetics+clinical variables 

better than clinical alone, or 
fixed dose of 5 mg/day?
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PGx algorithm better than clinical or fixed, 
with mean error 8.5 mg/week (R2 ~43%)
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Are these differences 
clinically significant?
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PGx predicts more doses within 20% of 
actual, less over/underestimates
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Predicting dose within 20% of actual for 
entire cohort (N=5,052)
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High Profile Results

• Associated Press 
• Wall Street Journal 
• Bloomberg News
• Reuters 
• Health Day
• US News & World Report.
• MedPage Today
• Florida Alligator 
• CBCnews.ca
• medGadget

• Genome Web 
• News-Medical.net (Australia)
• Scripps Howard News 

Service
• AMA Morning Rounds 
• Red Orbit 
• OrthoSupersite 
• NIGMS release

– PharmaLive 
– Science Daily 
– Pharmacy Choice 
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Thanks to the Altman-Klein lab
and the PharmGKB staff

Thank You


