
Christopher P. Austin. M.D.
Senior Advisor to the Director for Translational Research

National Human Genome Research Institute
National Institutes of Health

NIH IPPCR Course
December 18, 2007

The Impact of Genomics on 
Medical Practice and Clinical Trials



Outline of Talk
* Definitions
* Genetic variation
* GWAS: genetic variation causing 

common diseases
* Pharmacogenomics: genetic variation 

causing differential response to Rx
* Impact of genetics on in clinical trials 

and drug development



When can we expect the impact 
from the HGP to be realized?

Improved understanding of 
biology, disease, and evolution: 
0-3 years

New diagnostic tests for 
common diseases:
2-5 years

New therapeutics based on 
genomic knowledge:
4-10 years



Genetic vs Genomic Disease
* Genetic disease = Single gene causes

- Sequence variant causes disease
- e.g., Huntington’s disease, cystic fibrosis
- Known in medical practice for >100 yrs
- Rare (<200,000 U.S. prevalence)

* Most people not directly affected
* Thus, genetics has traditionally played 

only a “niche” role in health care and 
clinical research



Genetic vs Genomic Disease
* Genomic Disease: Multiple genes change risk

- variant predisposes to disease (Δ

 

risk 5-50%)
- a.k.a., ‘polygenic’, ‘common’, ‘complex’
- e.g., hypertension, obesity, Alzheimer’s disease

* ApoE (Alzheimer’s disease)
* BRCA1 & 2 (breast & ovarian cancer)
* Factor V (DVT)

* PPARγ

 

(Type 2 diabetes)

* Virtually all diseases have heritable component
- Other component is environmental (e.g., diet, smoking)

* Thus, most people directly affected
* Thus, genetics is playing an increasingly large role in 

health care and clinical research



Stages of Deciphering the Genome

1991-2000: First Draft

2001: Working Draft

April 15, 2003: 
“Finished” reference 

sequence

2002-2007: Defining genome 
variation in populations

2007 - : Defining genome 
variation in individuals





Genome-Wide Association Studies 
(GWAS)

* Method for interrogating all 10 million variable 
points across the human genome

* Variation inherited in groups, or blocks, so not all 
10 million points have to be tested

* Blocks are shorter (so need to test more points) 
the less closely people are related

* Technology now allows studies in unrelated 
persons, assuming ~10,000 base pair lengths in 
common (300,000 – 500,000 markers)



2007: The Year of GWA Studies?
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Larson, G.  The Complete Far Side. 2003.











http://genesandenvironment.nih.gov/



Genes, Environment and Health Initiative 
(GEI)

* NIH-wide initiative of the Secretary, HHS
* Aims to accelerate understanding of genetic and 

environmental contributions to health and disease
* Two components:

– Genetic analyses of case-control studies of 
common disease ($26M per year for four years)

– Development of innovative technologies to 
measure environmental exposures, diet, and 
physical activity ($14M per year for four years)





http://www.genetests.org





Pharmacogenomics
* Use of genetic differences among individual 

patients to
- Identify new disease genes/targets of intervention
- Improve specificity of diagnosis
- Improve likelihood of response to a drug
- Customize drug dose
- Decrease likelihood of adverse reaction to a drug

* SNPs most useful type of genetic difference
- Frequency ~1/300 base pairs (10M total)
- Easily assayed
- With HapMap, all common SNPs among individuals 

can be assessed with much less effort/cost than 
previously



Pharmacogenomics extends established 
concepts of “Personalized Medicine”

* Clinical history
* Physical examination
* Blood examination

- Chemistry
- Hematology

* Body fluids
- Urine
- CSF

* Organism culture and sensitivity to antibiotics
* Protein examination

- Albuminuria in DM
* mRNA examination

- Microarray differentiation of histologically similar lymphomas
- Oncotype DX in breast cancer

* DNA examination
- Somatic: Her2/neu amplification in breast cancer
- Germline: Mutation testing for monogenic disorders (e.g., HD, CF)



Personalizing diagnosis and 
treatment





Customizing medication dosage, 
avoiding dose-related toxicity

CYP2C19 SNP genotype produces 10-fold variation 
in Prilosec blood levels



Customizing medication dosage, 
avoiding dose-related toxicity



SNPs in drug targets can affect 
drug response

Gene polymorphism Drug Response Affected

5-lipoxygenase leukotriene modifiers

LTC4 synthase montelukast, zafirlukast

β2 adrenergic receptor albuterol

Angiotensin Converting 
Enzyme

ACE inhibitors

Cholesterol ester transfer 
protein

pravastatin

Potassium channels drug-induced QT 
prolongation









Genes vs. Drugs

* Numbers
- Human genes ~20,000
- Human proteins (targets) > 250,000
- Current drug targets: <500

- ∴ >95% remain 

* Gene identification only start to determining function 
and any therapeutic potential

* “Validation”
- Definition of sequence function, role in disease
- Demonstration of manipulability of gene product
- Transforms gene product into drug target
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http://www.fda.gov/oc/initiatives/criticalpath
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Genomics is changing how drugs 
are developed in the clinic

* Genetically defined subpopulations for clinical 
trials
- greater power with reduced n

* Smaller patient populations eligible for 
treatment upon drug approval
- Better efficacy data improves chance of formulary 

acceptance
- Financial success of drugs for genetically defined 

populations suggests more “targeted” drugs will be 
entering trials

* Herceptin
* Gleevec
* Avastin
*Cerezyme

*ALL diseases may eventually be “rare”!



My contact information

Christopher P. Austin, M.D.
Senior Advisor to the Director for 

Translational Research
Director, NIH Chemical Genomics Center
NHGRI/NIH
email: austinc@mail.nih.gov
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