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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



April, 1953 April, 2003

Mo 4356 J'\.pl‘l.l 2'-1-! 1953 NAT [I ‘R F

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

ri'oum.s §

HELIX °

h:.h" -

J, T Warsox
T, H. L UnricK
Medieal Wescarclh Coune | [lul for the
Study of the Molecula roetiney of
Biological Swvstens

Cavendish Laborato iy, anbri L.
April 2,




I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
\

m

e

Disease with Genetic Component

|

ldentify Genetic Defect(s)






International

HapMap

"'.‘E-E;' -p#‘ -4
-y

(-

! e _..

L“"'—l 1
R

i et
-'\.. : ...!:r.__._. 'n.."
= PR
. e _._..1::;: e R
S R ¥

Www.hapmap.org



The First HapMap Success Story:.
Age-Related Macular Degeneration

Complement Factor H Polymorphism in Age-Related Macular Degeneration
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Together these account for 74%

of risk, and point to powerful

new approaches to prevention
and treatment.



The Genetic Assoclation
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 FYO07

e 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
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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

insight commentary

The case for a US prospective cohort
study of genes and environment

Francis S. Collins

National Human Genome Research Institute, National Institutes of Health, Building 31, Room 4B09, MSC 2152, 31 Center Drive, Bethesda,

Maryland 20892-2152, USA (e-mail: fc23a@nih.gov)

NATURE | VOL 429 | 27 MAY 2004
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PKU 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: NenkPelypesis Colen Cancer
(HINPEE)
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109th
Mi‘()k(}liliss
1ST SESSION

To prohibit diserimination on the basis of genetic mformation
with respect to health msurance and emplovment.

1 Je it enacted by the Senate and House of Representa-

2 tives of the United States of America in Congress assembled,

3 SECTION 1. SHORT TITLE; TABLE OF CONTENTS.

4 (a) SHORT TiTLE.—This Act may be cited as the
5

“Genetic Information Nondiserimimation Aect of 20037
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Using Genetic Information to Predict Drug
Metabolism: The AmpliChip CYP450
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Frequency of CYP2D6 metabolism
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)

e $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



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Eftect of VKORC1 Haplotypes on Transcriptional
Regulation and Warfarin Dose

Mark J. Rieder, Ph.D., Alexander P. Reiner, M.D., M.P.H.,
Brian F. Gage, M.D., M.Sc., Deborah A. Nickerson, Ph.D., Charles S. Eby, M.D.,
Howard L. McLeod, Pharm.D., David K. Blough, Ph.D.,
Kenneth E. Thummel, Ph.D., David L. Veenstra, Pharm.D., Ph.D.,
and Allan E. Rettie, Ph.D.

N ENGL ) MED 352;22 WWW.NEJM.ORG JUNE 2, 2005
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Gleevec™ — Specifically Targets
An Abnormal Protein, Blocking
Its Ability To Cause Chronic Myeloid Leukemia

Chromosome 9:22
translocation

Bcr-Abl fusion protein

Bcr-Abl fusion protein

l Gleevec™

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 M.

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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