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We wouldn’t think of buying 
shoes in a single size

So why should we be 
satisfied with one-size-

fits-all medicine?



Personalized Medicine
Genomics today is where the computer industry was in the 

1970s -- at the beginning of a technology revolution...

Biotechnology Bioinformatics+ Genomics+
+ Proteomics + Imaging + Public Health + …..
= Revolution in Healthcare
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www.hapmap.org



The First HapMap Success Story:
Age-Related Macular Degeneration

Two other risk variants have
now been identified.

Together these account for 74%
of risk, and point to powerful
new approaches to prevention
and treatment.



The Genetic Association
Information Network (GAIN)

• A public-private partnership between
– NIH
– The Foundation for NIH
– The private sector: Pfizer, Perlegen, Affymetrix, Abbott, …

• Goal is to encourage whole genome association studies 
of common disease

• Will provide genotyping for approximately seven 
studies, each with 1000 cases and 1000 controls

• Final decisions expected later this month



The Genes and Environment 
Initiative (GEI)

• Proposed in the President’s budget for FY07 
• Aims to accelerate understanding of genetic 

and environmental contributions to health 
and disease

• Two components:
– Genotyping of case-control studies of common 

disease: with emphasis on health disparities
– Development of innovative technologies to 

measure environmental exposures, diet, and 
physical activity



Public input is earnestly solicited 
on  a new NIH policy proposal for 
genome wide association studies



Google: “GWAS policy”



The major genetic risk factors for 
common diseases like diabetes, 
cancer, heart disease, autism, 
hypertension, bipolar illness, 
asthma, Alzheimer’s disease, 
osteoporosis, and many other 

diseases will be identified in the 
next 2 – 3 years



Case-control studies are powerful in discovering risk factors
But lousy at quantifying them
And even worse at discovering G x E contributions
To derive those crucial data, we need prospective studies

The U.S. does not currently have an adequate plan for this
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PKU ScreeningPKU Screening
• All published studies show that PKU 

screening and treatment represent a net 
direct cost savings to society

Phenylketonuria: Screening and Management 
NIH Consensus Statement Online 2000



Hereditary NonPolyposis Colon Cancer 
(HNPCC)

Hereditary NonPolyposis Colon Cancer 
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Identifying Those At RiskIdentifying Those At Risk
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Pharmacogenomics



Using Genetic Information to Predict Drug 
Metabolism: The AmpliChip CYP450 

Frequency of CYP2D6 
Phenotypes in Whites

Depending on your own spelling of the CYP450 genes, you may need much 
higher or much lower doses of a many different drugs to get the benefit.

Source: Caraco, Y., N Engl J Med, 2004



Predicted economic benefit of CYP2C9 
testing for warfarin dosing

• Predict 1 major bleed prevented for every 
44 patients screened ($135/assay)

• $6,000 testing costs ~ cost of 1 major bleed
• Neutral economic result, but significant 

improvement in patient outcome 
• Prospective trial needed

Higashi and Veenstra, Am J Manag Care 2003; 9: 493-500





Diagnostics

Therapeutic
Developments
• Gene Therapy 
• Drug Therapy

Preventive 
Medicine
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Pharmacogenomics



Gleevec™ – Specifically Targets
An Abnormal Protein, Blocking 
Its Ability To Cause Chronic Myeloid Leukemia

Chromosome 9;22 
translocation

CML

Bcr-Abl fusion protein

Gleevec™

Bcr-Abl fusion protein

Normal



The Cancer Genome Atlas 
(TCGA):

A Bold New Project To Achieve 
Comprehensive Understanding of 

the Genetic and Epigenetic
Causes of Cancer



Personalized Medicine:
A future dream 



Betty’s story in 2015
• Betty completes the Surgeon General’s family history 

tool at age 25, learns of uncles with early heart disease.
• She consults her health care provider, who has made an 

effort to stay informed about genomic medicine.  The 
provider suggests complete genome sequencing for 
$1000.

• Betty inquires about the risk of genetic discrimination, 
but effective legislation has outlawed this.

• She is found to have three gene variants that have been 
shown conclusively in well validated studies to increase 
her risk of early heart attack 4-fold.

• She and her provider design a program of prevention 
based on diet, exercise, and medication precisely 
targeted to her genetic situation.



Betty’s story continues
• Betty does well until age 75.
• She develops left arm pain that she assumes is 

due to gardening, but her provider knows her 
higher risk and diagnoses an acute MI.

• Referring to her genome sequence, the provider 
chooses the drugs that will work best to treat 
her.

• She survives and is alive and well in the 22nd

century.



Personalized Medicine:
Could the dream 

become a nightmare?



Betty’s story gone wrong
• Betty never learns about her family history, 

educational efforts for the public and health care 
providers were defunded, and Betty’s provider 
thought genetics was irrelevant to practice.

• Betty hears about genome sequencing, but after 
seeing her brother lose his health insurance from 
this information, she decides not to.

• Betty eats an unhealthy diet, gains weight, and 
develops high blood pressure.

• While tests to predict which drug would be most 
effective for Betty have been proposed, they have 
never been validated, and are not reimbursed.



Betty’s story gone wrong, continued
• Betty’s hypertension is treated with a drug that 

causes a hypersensitivity reaction, so she stops 
treatment.

• After 10 years of uncontrolled hypertension, Betty 
develops left arm pain at age 50.

• Unaware of her high risk, her provider assumes this 
is musculoskeletal and prescribes rest.

• Betty returns to the ER a few hours later in 
cardiogenic shock.

• The absence of her genome sequence information 
prevents immediate optimum choice of therapy.

• Betty dies in the ER.



Charge to all of us:

SAVE BETTY!!!
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