Genetic Variants in CAD:
A Short-term Deception, but a Long-term Ho

John Spertus MD MPH FACC
Director of Outcomes Research
Mid America Heart Institute
Professor, University of Missouri - Kansas City

December 9, 2007



Disclosures

Speaker’s Bureaudlone

Grant SupportNHLBI, Amgen, Roche, Lilly,
BMS/Sanofi*

ConsultantAmgen, United Healthcare
Copyrights/PatentSAQ, KCCQ, PAQ, PRISM

Company Affiliations:CV Outcomes —a 501 (c) 3
non-profit corporation, Outcomes Instruments, Hea
Outcomes Sciences

*Pending



Applications of Genetics to CAD

Defining risk in the development of CAD
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Pharmacogenomics and the use of genetics to sele
treatment

Application of genetics into routine clinical care



Jim Fixx Winston Churchill

5107, 150 lbs 5'8", 270 lbs
Marathon runner Slothful

Healthy lifestyle promoter Legendary gluttony
Died MI, age 52 (while running) Smoker

Father died MI age 43 Died age 90

"The only exercise | got was being a pall-bearer at the funerals of friends who were

exercise freaks." - Winston Churchill  (© Richard Lifton MD PhD)
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Evidence for Genetic Influences in CAD

Twin Studies:

— Identical twin whose co-twin died of early CHD
» 8-fold risk in males
» 15-fold risk in females

— Fraternal twins whose co-twin died of early CHD
» 3.8-fold risk for men
» 2.6-fold risk for women

ASHD risk 2.5-7x higher insldegree relatives of
ASHD patients

1/3-1/2 of familial risk Is independent of knowski

factors (e.qg., hypertensiory

arenberg et alN Engl J Medl994,;330:1041-6
Nasir K et al.Circulation2004;110:21506
Snowden et alAm J Epidemiol982;115:21722




Strategies for Defining Genetic Risk Factor

Candidate Gene Approaches

— Leverage the known pathophysiology of CAD

— Identify genetic/functional variants in pathways

— Test association of variants in cases and controls
Whole Genome Association Studies

— Scan the entire genome in cases and controls

— ldentify markers that differ significantly in cagesntrols



Polygenic Polymorphisms Responsible for |

Atherosclerotic heart disease Is pathophysiolobyical
complex

— Multiple contributing factors cause an Ml
— Countless candidate genes
— Polygenic phenotypes and interactions likely

Individual genes likely to confer minimal relative
risks in general population with Ml
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Numerous Potential Candidate Genes

As of 2005:

— Innumerable publications of putative genes assediat
with CAD and MI

— Most are in small studies
— Remarkably few have been replicated
— No basis for making a multi-gene profile of CADKrIs

Search for valid, independent genetic risk factors

Comprehensive Systematic Literature search

— 300+ candidate genes for Ml

— ~70 of them contain SNPs associated with Ml or ASHD
In 1+ case-control studies







80% power, one-tailed p < 0.05




Other Challenges in Genetic Studies

Defining Controls

— Do they really have not have the disease, or has yet
manifested itself?
» Younger patients may have an ACS in the future...

— How carefully must controls be phenotyped?
» IS an angiogram needed? IVUS? What about smalupgoupturing?

— What patient characteristics should be ‘adjustedafod which
are on the causal pathway of the genetic mechanfighsease

Racial admixture
— Different ancestral histories may introduce impottaiases



Strategies for Defining Genetic Risk Factor
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Whole Genome Analyses

Use markers scattered throughout the genome to
define regions of interest

—~300,000 — 1,000,000 SNPs needed
— Chips currently available and dropping in price

Precludes priori knowledge of disease mechanisms

Challenging to analyze

— Balance of excluding false positives while not area
unacceptably large Type Il errors

— Current emphasis on replication, rather than $izdis
methods
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Early Promises of the WGA Approach

A previously unknown region (9
identified as a risk factor for CA

— Replicated in numerous samples

021.3) has been
D (OR~1.3)
oy 3 different teams

The identification of this new region allows inquir

Into its mechanism of action
Ongoing efforts at data sharing

will improve the

replication and validation of WGAs.

McPhe

rson et aBcience007; 316: 1488

Helgadottir et alScience2007; 316: 1491
Samani et alN Engl J Med2007;357:443
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Prognostic Significance of Genetic Variatiot

JAMA2005; 294:1526-1533



Nonsynonymous SNPs in the Adrenergic Recep




Association of Compound Genotypes & Surv
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Emerging Examples of Pharmacogenomic

Treatment of Long QT syndrome
— LQT-1 (K*-channel defect) Rxed with-blockers
— LQT-3 (Na-channel defect) Rxed with flecanide

Dosing of warfarin

— CYP2C9 and VKORCL1 variants lead to increased
susceptibility to warfarin

— FDA approved August 16, 2007
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Conceptual Framework for TRIUMPH Data

1 )

, EF, TIMI)
)

M

T

(

. SF-12)

PCI




Conceptual Framework for TRIUMPH Data

1 )

, EF, TIMI)
)

B}

(

 SF-12)

PCI




Translational Research for Outcomes Rese:

Basic Outcomes Creation of

Research Predictive Models Improved Health

Creating novel IT
solutions to translate
risk-stratification models
to the bedside

ldentifying the
Determinants of
Qutcomes



Demonstration




Conclusion

The hunt is intense for genetic markers of CAD
Multiple replications are needed for validation

Ot

ner applications of cardiovascular genomics inelu
Prognosis

Pharmacogenomics

New strategies for integrating these new datalvall

ne

eded to facilitate their translation into clinica

practice






Risk Modeling in Medicine

Defining Relationships Between Clinical Determinarg and Outcomes
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ePRISM™: Clinical Risk Modeling at the Point-of-Care
Translating Outcomes Science to Healthcare Delivery
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The Future?

A 52 yo WM
— |IDDM

— HTN

— NSTEMI

_ GG vs CC E270
genotype
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Beta Blocker Benefits by Genotype

GG Genotype

CC Genotype



