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Aim I : Introduction to pharmacogenomics

Aim II: Pharmacogenomics epidemiology

HISTORICAL ASPECTS

PHARMACOLOGY + GENETICS

� Garrod 1931: “(…) the occurrence of genetic 
influences upon one or other drug response”1 

� Hemolysis – Primaquine – G6PD
� 1st article in JAMA 1957,2 1st textbook 19623

1 Garrod AE. Inborn factors in disease: an essay. New York: Oxford University, Press, 1931
2 Motulsky AG. Drug reactions, enzymes, and biochemical genetics. JAMA 1957; 165:835-837
3 Kalow W. Pharmacogenenetics. Heredity and the Response to Drugs. Philadelphia: W.S.
Saunders, 1962

Screening : the smaller the « betterDEFINITIONS

Pharmacogen etics

� It is a branch of science devoted to efforts to 
explaining variability of one or other drug 
response, and to search for the genetic basis 
(single gene) of such variations or 
differences.1

1 Kalow W et al., Pharmacogenomics second edition Taylor&Francis
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Screening : the smaller the « betterDEFINITIONS

Pharmacogen omics

� The study of the entire spectrum of genes
that determine drug response, including the 
assessment of the diversity of the human 
genome sequence and its clinical 
consequences.1

1 Licinio J et al., Pharmacogenomics The search for individualized therapies Wiley-Vch

(…) explaining variability of 
one or other drug response, 
and to search for the genetic 
basis (single gene) of such 
variations or differences

The study of the entire spectrum of 
genesthat determine drug response, 
including the assessment of the 
diversity of the human genome 
sequence and its clinical 
consequences

The study of single 
genesand their effects2

The study of not just a single 
genes but of the functions and 
interactions of all genes in the 
genome2

2 Guttmacher AE et al., Genomic medicine: a primer. NEJM 2002;13:472-480

From (PGx)genetics to (PGx)genomics

(…) explaining variability of 
one or other drug response, 
and to search for the genetic 
basis (single gene) of such 
variations or differences

The study of the entire spectrum of 
genesthat determine drug response, 
including the assessment of the 
diversity of the human genome 
sequence and its clinical 
consequences

Genetics Genomics

From (PGx)genetics to (PGx)genomics

Pharmacogenetics Pharmacogenomics

Genetics Genomics

From (PGx)genetics to (PGx)genomics
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Pharmacogenetics Pharmacogenomics

? Pharmacogenes*

Genetics Genomics

25,000 genes

From (PGx)genetics to (PGx)genomics

* Any gene involved in the response to a drug Standford-South Africa Biomedical Informatics Program

PGx, what for?

� Reduce
1. Adverse drug reactions

But not only !

� Improve
1. Clinical outcome
2. Drug efficacy
3. Pharmacokinetics and pharmacodynamics
comprehension
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Lazarou J, et al., Incidence of adverse drug reactions in hospitalized patients: 
a meta-analysis of prospective studies. JAMA 1998;279:1200-1205

ADRs Cause of Death USA 1998

To reduce Adverse drug reactions

Enzyme
Freq. 
Polymorphism

Drug Drug effect

CYP2C9 14–28% 
(heterozygotes)

Warfarin Haemorrhage

0·2–1% 
(homozygotes)

Phenytoin
Phenytoin toxicity

Glipizide Hypoglycaemia

CYP2D6 5–10% (poor
metabolisers)

Antiarrhythmics Proarrhythmic and 
other toxic effects

1–10% (ultra-rapid
metabolisers)

Antipsychotics Tardive dyskinesia

Opioids Narcotic side-effects, 
dependence

Meyer UA Lancet 2000;356:1667-71

To reduce Adverse drug reactions

SLCO1B1 variants and statin-induced myopathy--a genomewide study.
SEARCH Collaborative Group, N Engl J Med. 2008 Aug 21;359(8):789-99.
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12,064 persons with prior MI

randomized simvastatin dose

80 mg: 6,031                         20 mg: ~6,000 

controls: 96                 cases: 96

definite myopathy: 48 (sx, lab)

incipient myopathy: 48 (+/-sx, lab)

SEARCH (Study of the Effectiveness of Additional Reductions in Cholesterol and 

Homocysteine) selection of myopathy cases and controls for GWAS

matched to cases on sex, age, estimated glomerular filtration rate, 
and use or nonuse of amiodarone* at baseline 

*reduces statin clearance

no myopathy

The SEARCH Collaborative Group. N Engl J Med 2008;3 59:789-799

Relative Risk of Myopathy Associated with Selected B aseline Characteristics among 6031 
Participants Assigned to 80 mg of Simvastatin Daily i n SEARCH

The SEARCH Collaborative Group. N Engl J Med 2008;3 59:789-799

Results of Tests for a Trend in the Association between Myopathy and 
Each SNP Measured in the Genomewide Association Study

The SEARCH Collaborative Group. N Engl J Med 2008;3 59:789-799

Odds Ratios for Myopathy Associated with the SLCO1B1 rs4149056 Genotype 
Among Subgroups of Patients Taking 80 mg of Simvastatin Daily



6

The SEARCH Collaborative Group. N Engl J Med 2008;3 59:789-799

Estimated Cumulative Risk of Myopathy Associated wi th Taking 80 mg of Simvastatin Daily, 
According to SLCO1B1 rs4149056 Genotype

Should doctors test for SLCO1B1 genotype 
before prescribing statins?

“While doctors’ offices aren’t equipped to test for the gene, Collins says, 
the actual lab test for the variant is inexpensive. ‘The technology is 
straightforward. It would cost less than a dollar in a standard genetics 
lab,’ he says. 

The number of people in the United States taking statins nearly doubled 
from 2000 to 2005, rising from 15.8 million to 29.7 million, according to 
the Medical Expenditure Panel Survey conducted by the federal 
government.”

-- Science News, August 18, 2008, quoting Dr. Rory Collins, co-author 
N Engl J Med 2008;359:789-799

What is the balance of costs and benefits? 

Potential Public Health implication(s)

� Statin over the counter
e.g., since May 2004, simvastatin 10 mg is 
sold OTC in Great Britain. 

� FDA refused statin OTC because of risk of 
side effects and drug interactions

� Genetic testing --- statin OTC?

Guessous I, Rodondi N, Paccaud F. Over-the-counter statins: benefit or harmful? Rev Med 
Suisse. 2005 Oct 26;1(38):2447-8, 2451-2. 

PGx, what for?

� Reduce
1. Adverse drug reactions

But not only !

� Improve
1. Clinical outcome
2. Drug efficacy
3. Pharmacokinetics and pharmacodynamics
comprehension 
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To improve Clinical outcome

Ornithine Decarboxylase polymorphism

modification of response to 

Aspirin Treatment for Colorectal Adenoma
Prevention

Adenoma-carcinoma sequence

http://www.pitt.edu

Polyamines, aspirin & cancer

Gerner EW et al. Nat Rev Cancer 2004;4:781-92

To improve Clinical outcome

Baron JA et al.  NEJM 2003;348:891-9
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To improve Clinical outcome Barry El et al. J Natl Cancer Inst 2006

� HA: ODC genotype modifies the reduction in 
adenoma risk associated with aspirin treatment

� Study design : Secondary analysis of a RCT 
Aspirin/Folate Polyp Prevention Study: double blinded 
placebo-controlled of aspirin and folate as chemopreventive agents against 
the occurrence of new colorectal adenomas

Treatment GA or AA

All adenomas Events/total RR 95%CI

Placebo 83/157 (52.9%) 1.0 
(referent)

Aspirin* 120/294 (40.8%) 0.77 0.63 0.95

Advanced 
lesions

Placebo 22/157 (14.0%) 1.0 
(referent)

Aspirin* 21/294 (7.1%) 0.51 0.29 0.90

Barry El et al. J Natl Cancer Inst 2006

*combined dose

PGx: Challenges & Opportunities

PGx
Gx

PGx

Challenges Opportunities
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Simple scenario

Standford-South Africa Biomedical Informatics Program

Simple scenario

**

*

Dose requirement for nortriptyline in patients with different CYP2D6 phenotypes

More complex

Standford-South Africa Biomedical Informatics Program
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Challenges
Swen JJ, et al., Translating 
pharmacogenomics: 
Challenges on the road to the clinic PLoS
Medicine 2007

Multiple “players”

Public Health ?

Swang L et al., 
Pharmacogenomics: 
Bench to bedside 
Nature Reviews 2004

�����������	
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Multiple “players”
Pharmaceutical  industry
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Disorder
&

Setting

The ACCE Model System

Multiple “players”
Epidemiologist Pharmacogenomics Epidemiology

Guessous I, Gwinn M, Yu W, Yeh J, Clyne M, Khoury MJ . Trends in pharmacogenomic epidemiology: 
2001-2007. Public Health Genomics. 2009;12(3):142-8.
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Pharmacogenomics Epidemiology Pharmacogenomics Epidemiology

Ten most frequently cited Diseases for ABCB1 [1], 
CYP2D9 [2], CYP2D19 [3] and CYP2D6 [4]

0 10 20 30 40 50 60 70

Leukemia [1,2,4]

Breast cancer [1,2,4]

Depressive disorders [1,2,3,4]

HIV [1,3]

Schizophrenia [1,3,4]

Helicobacter pylori [1,3]

Epilepsy [1,2,3]

Kidney transplantation  [1,3]

Adverse Effect/Toxicity [1,2,3,4]

Blood coagulation [2,3]

No. of publication

Pharmacogenomics Epidemiology
Most frequently cited Therapeutic categories and 

Drugs for ABCB1 [1], CYP2D9 [2], CYP2D19 [3] and 
CYP2D6 [4]

0 20 40 60 80 100 120

Fluvastatine [1,2,3,4]

Antihyperlipidic agent  [1,2,3,4]

Sulfonylurea [2,3]

Antidiabetic agent [1,2,3,4]

Metoprolol [4]

Beta-blockers [1,2,3,4]

Risperidone [1,2,4]

Antipsychotic [1,2,4]

Phenytoin [1,2,3]

Anticonvulsant [1,2,3,4]

Antiretroviral agent [1,3]

Anti-infective [1,2,3]

Fluvoxamine [1,3,4]

Antidepressant [1,2,3,4]

Omeprazole [3]

Antiulcer, Proton Pump Inhibitor [3]

Warfarin [1,2,3]

Anticoagulant [1,2,3]

Tacrolimus [1]

Antineoplastic agent [1,2,3,4]

No. of publication

PGx in Switzerland
Publ ic Health
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Number of HuGE Publications, 2001-09*
Ranked by Country

*query data Oct 16, 2009

Number of HuGE Publications, 2001-09*
Ranked by Country

# publications per 105

inhabitants:

Switzerland: 2.86

USA: 2.48

Swiss HuGE: Categories

Number of PGx HuGE Publications, 2001-09*
Ranked by Country

# publications per 106

inhabitants:

Switzerland: 4.28

USA: 1.88

Guyton. Ann Biom Engin 1972

PGx: Challenges & Opportunities
Complexity
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PGx: Exposure and Pathways

patient fills the prescription 
AND 

follows the dosing recommendations

http://www.pharmgkb.org/ Guyton. Ann Biom Engin 1972

PGx: Challenges
Intention to analyze in PGx studies

Gwinn M, Guessous I, Khoury M. Intention to analyze in pharmacogenomics studies. 
Cancer Epidemiol Biomarkers Prev. 2008;17(3):740

When clinical trial results are analyzed for multiple interactions, 
they are just as vulnerable as other epidemiologic studies to 

type 1 error, 
which must then be considered as an alternative explanation of 

positive findings. 
Selective publication of positive results, or “significance-

chasing bias,”
may propagate and amplify this type of error

Intention to analyze in PGx studies

(Original) The Patch study
1992

Without mentioning whether other 
relevant polymorphisms have been examined



15

Ethical Issues
PGx: Challenges 

Ethical Issues

www.medscape.com

PGx: Opportunities

N Engl J Med. 2008 Feb 7;358(6):568-79

PGx: Opportunities

Abacavir hypersensitivity: a model system for pharmacogenetic test adoption.
Lai-Goldman M, Faruki H. Genet Med. 2008 Dec;10(12):874-8

PGx: Opportunities

Abacavir hypersensitivity: a model system for pharmacogenetic test adoption.
Lai-Goldman M, Faruki H. Genet Med. 2008 Dec;10(12):874-8
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PGx: Opportunities

Guessous I, Gwinn M, Khoury MJ. Genome-wide association studies in pharmacogenomics: 
untapped potential for translation. Genome Med. 2009:28;1(4):46.

� Vast reservoir of observational studies and randomized
clinical trials (RCTs) - completed, ongoing or planned –

� RCTs: precise measurement of drug exposure and consistent 
ascertainment of phenotype

� Randomization produces unbiased treatment 
assignments and helps balance unmeasured confounding 
factors

� In the context of drug RCTs and observational studies for 
side effects, the marginal cost of genotyping is small

PGx: Opportunities

Guessous I, Gwinn M, Khoury MJ. Genome-wide association studies in pharmacogenomics: 
untapped potential for translation. Genome Med. 2009:28;1(4):46.
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� In the context of drug RCTs and observational studies for 
side effects, the marginal cost of genotyping is small
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clinical trials (RCTs) - completed, ongoing or planned –

� RCTs: precise measurement of drug exposure and 
consistent ascertainment of phenotype

� Randomization produces unbiased treatment 
assignments and helps balance unmeasured confounding
factors
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� RCTs: precise measurement of drug exposure and 
consistent ascertainment of phenotype

� Randomization produces unbiased treatment 
assignments and helps balance unmeasured confounding
factors

� In the context of drug RCTs and observational studies for 
side effects, the marginal cost of genotyping is small
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PGx: Opportunities

GWAS (GEWIS*)

*Gene-Environment-Wide Interaction Studies
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Odds Ratios of Associations from GWAS

PGx: Opportunities

Crowley JJ, Sullivan PF, McLeod HL.Pharmacogenomic genome-wide association studies: 
lessons learned thus far. Pharmacogenomics. 2009 Feb;10(2):161-3. 

PGx: Opportunities

Guessous I, Gwinn M, Khoury MJ. Genome-wide association studies in pharmacogenomics: 
untapped potential for translation. Genome Med. 2009:28;1(4):46.
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•• RB case history and photoRB case history and photo

��������	�
�����	��������
����� ���
�����������	����������
����������������������
�������	�������������������� �������� ���!�������"�

���
#$$%%%����������
$&�$'������$()*$�+$���,���$--. /*)*�0���
�

My thanks to
Muin Khoury MD, PhD
(Director OPHG, CDC) 

And to

CDC Office of Public Health Genomics STAFF

Marta Gwinn MD, MPH 
(Associate Director for  Epidemiology,OPHG, CDC)

Colloques
Molecular and Genetic Epidemiology

Pharmacogenomics

THANK YOU

Idris.Guessous@chuv.ch
Idris.Guessous@hucge.ch


