CVD and Imaging - From Treatment
 The Understanding And Protection of Health

The “Academician’s Vision” (3-3)
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- The “Epidemiologist’s Vision” (3-5)
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) CONVENTIONAL RISK FACTORS WILL ACCOUNT FOR MORE TH;/
90% OF HARD CV EVENTS IN THE NEXT DECADE
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FUTURE REVASCULARIZATION EVALUATION
N PATIENTS WITH DIABETES MELLITUS: OPTIMAL

MANAGEMENT OF MULTIVESSEL DISEASE

) EPC Markers
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Clinical Events
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RISK FACTORS, GENETIC MARKERS,
SERUM MARKERS , BIOIMAGING
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PERSONALIZED CARDIOVASCULAR MEDICINE
CLINICO-GENOMIC BIOSIGNATURES TO PREDICT HEALTH,
DISEASE AND ENVIRONMENTAL/DRUG RESPONSES

Clinical Data
IRGCEUNERS
Family history
Demographics
Environmental

Gene Expression Profiles

\ Pat&rns ’

Genomic Data
SNPs
Genome-scale sequence

Individualized Prognosis & Diagnosis
Therapeutic Response (Device and Drug)
Environment (e.g., Diet) Response

|ntegrat||on Metabolomic Data
/ Models Proteomic Data
Imaging 1 \
?
Predictions:
Risk

> Ginsburg et al., JACC 2005; 46:1615
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THE GENOMIC MEDICINE TOOLBOX

Dataset
(“Omic” Approach) Technology  Platform or Approac
uman genome sequence Single nucleotide polymorphisms
Genomics (estimated ~ 10,000,000)
ene expression profiles Microarrays of ~ 20,000 gene
ANSCripts

Transcriptomics

‘oteome Protein arrays of specif ic protein
Proteomics products (~100,000)

etabolome Metabolic profiles (1,000to 10,0
Metabolomics metabolites

 Ginsburg et al., JACC 2005; 46:1615
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Fundamentals of the techniques used for the
discovery of the genetic basis of CVD
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Fine map linkage analysis

\HA (Arnett, DK et. al.) Circulation 2007;115:2878.




Fundamentals of the techniques used
for the discovery of the genetic basis of CVD
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_ANDIDATE GENE VARIANTS FOR CORONARY HEART DISEASE
MPLICATED IN RECENT* META -ANALYSES OR OVERVIEWS OF
ASSOCIATION STUDIES

e Risk Allele Reported Risk Rat
IFR Ce77T 1.14-1.21
lesterol ester transfer protein (CETP) TaqglB 0.78
oxonase (PON1) Q192R 1.14-1.21
othelial nitric oxide  synthase (eNOS) T-786C 1.31
Nrombin G2C210A 1.21
B Ins/Del (DD) 1.30
oprotein llla PI1(A2) 1.10
E 14N 4 1.42
_Insertion/deletion DD 1.16-1.21
B Spins/Del (DD), Ecorl (AA) 1.19-1.73

L 4G/5G 1.20
nogen b-chain G-455A 0.68
othelial nitric oxide Glu298Asp, Intron-4 1.31-1.34

1A (DK Arnett et al.,) Circ 2007, 115:2878
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“"HARACTERISTICS OF 1461 WHITE PARTICIPANTS GENOTYPE
FOR 85 GENETIC VARIANTS

Men Women
(n=944) (n=517)
ACS Cases Controls  ACS Cases Control
Characteristics (=1510) (n=394) (n=261) (N=25¢
, mean (SD), y 6.7 (12.5) 6.0 (12.1) 63.1 (13.2) 61.8 (12
ly mass index, mean (SD) 29.1 (5.5) 27.9 (5.0) 29.9 (6.9) 27.7 (6.
nily history of CAD/MI 279 (50.7) 109 (27.7) 135 51.7) 90 (35.!
r myocardial infarction 142 (25.8) 0 74 (28.4) 0
I revascularization 205 (37.3) 0 83 (31.8) 0
1gestive heart failure 23 (4.2) 0 18 (31.8) 0
ertension 305 (55.5) 207 (52.5) 182 (69.7) 126 (49.
e 2 diabetes mellitus 116 (21.1) 42 (10.7) 77 (29.5) 35 (13.°
ercholesterolemia 314 (57.1) 208 (52.8) 162 (62.1) 117 (45.
tmenopausal 189 (69.8) 219 (85.
lege graduate 186 (30.2) 238 (60.4) 40 (15.3) 72 (28..
oking < 30 d ag0 183 (33.3) 55 (14.0) 85 (32.8) 31 (12.:
bhol frequency > 1/mo 221 (40.2) 210 (53.3) 38 (14.8) 54 (32.¢

Vlorgan, M Krumholz, RP Lifton, JAMA 2007; 297:1551
TGS



Genetics & Genomics for Prevention
and Treatment of Cardiovascular Disease

everal mendelian disorders contribute to CVD,

10st common forms of CVD are believed to be
ultifactorial and to result from many genes, eac
Iith a relatively small effect. = The statement
oncludes with specific recommendations to

ster and guide future research, and prepare bot
searchers and practitioners, as molecular
enetics moves from the laboratory to clinic.

AHA (DK Arnett et al.,) Circ 2007; 115:2878
e



GENETIC TESTING IN CAD

ecommendations:

At present, there are no commercially available genetic
tests for variants associated with CAD or Ml that are
recommended for routine care.

. Testing Is available for FH, specifically targettin g the
LDLR gene by DNA-sequencing and Apo-B by mutation
analysis. Genotypic- positive individuals should still be
managed based on routine cholesterol assays and
cholesterol guidelines.

| Robin et al., JACC 2007: 50:727
GG
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I ——————————————————————————
BIOMARKERS (BM): A BASIC GLOSSARY

sk marker: It is Assoc . but not causaly linked
‘ype 0. BM of Ntl Hx of dis. correl. Clinical Indice

ype 1. BM captures the effects of RX Interventio
surrogate, Type 2: BM substitutes for Clinical EF

sk factor: Causal, it may lead to the disease

ymarkers Definitions Working Group - Clin Pharm Ther 2001; 69:
 Vasan. Circ 2006; 113:2335



Serum Biomarkers of Cardiovascular Disease
Molecular Basis and Practical Considerations
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asan, RS Circulation 2006;113:2335 (Framingham, MA).
aghavi M et. al. Circulation 2003:108:1664.




HIGH SENSITIVITY CRP FOR THE PREDICTION OF
CARDIOVASCULAR DISEASE AND DIABETES

In asymptomatic pts. elevated hsCRP levels only
modestly predicts an increased risk of CVD.

Adds prognostic information  to current coronary risk
scores for some Iintermediate-risk patients.

Predicts outcomes in high-risk pts treated with statins

Elevated hsCRP levels also predict diabetes and CVD
outcomes In patients with the metabolic syndrome.

Musunuro , RS Blumenthal, V Fuster etal. 2007 (Subm.)
eeeTTETETETELL—L————————



L
C-Reactive Protein
Structure Affects Function

Verma, S et. al.Circulation 2004109:1914.
O
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BIOLOGIC EFFECTS MEDIATED THROUGH

CRP ACTIVATION OF NF- 4B

P-1

-1

A\M-1, VCAM-1

sue factor

Chemokine that promotes neutrophil and monocyte
EC adhesion

Chemokine that promotes monocyte chemotaxis
and recruitment

Key regulator of fibrinolysis by  inhibiting tissue
plasminogen activator

Soluble cell adhesion molecules that activate
monocyte adhesion to endothelium

Primary initiator of the serine protease cascade of
the coagulation system promoting  thrombosis

_luzzo et al., JACC 2007; 49:186 (Rome, Milan)
alal et al., JACC 2007; 49:195 (Sacramento)



PROSPECTIVE (FU 3.7 Y) SURVIVAL FREE CV EVENTS
MI,STROKE, HF OR DEATH - BY NT-proBNP (N=987 - California)
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\DJUSTED PROGNOSTIC VALUE OF UACR, HS -CRP & Nt-proBNI
(n=2656, FU 9.5 yrs) *

HR = 3.4. P<0.01

HR =2.9. P<0.01

HR =2.2. P=0.02

HR =2.9. P=0.03

High Nt-proBNP
Low Nt-proBNP

Low UACR Low UACR High UACR High UACR
Low hsCRP High hsCRP Low hsCRP High hsCRP

vV Death, MI, Stroke
1 Olsen et al.,, EHJ 2007; 28:1374 (Denmark)
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3-3) NON-INVASIVE IMAGING TESTS IN CAD AND

LIKELY / PREDICTED EXPANSION

Current

Year 2010

Personnel required
Estimated no. (x mill)

p

Personnel required
Predicted no (x mill)

Medical Non-medical no. Tests edical Non- medical no.T
erfus . 40000 §]0 180 3600 108 5
ssecho 165 8 8 2000 100 1
4000 10 10 400 20
50 ) 5 400 20
Year 2020
7200 216 Z
4000 200
2000 100
2000 100

SWG, Heart 2007 (In Press) — M Garcia, Heart 2007; 93:413



)| Training in Advanced Cardiovascular Imaging
Computed Tomography
MJ Budoff et al., JACC 2006 47:915

Training In Advanced Cardiovascular Imaging
Cardiovascular Magnetic Resonance [CMR]
GM Pohost et al., JACC 2006; 47:910

A Proposal for an Advanced Cardiovascular
Imaging Training Track
GA Beller. JACC 2006;48:1299

suidelines for Training in Cardiovascular CMR
Soclety SCMR
RJ Kim et al., J Cardiovasc Mag Res2007, 9:3



Role of Non-Invasive Imaging in

the Management of Coronary Artery Disease
British Cardiovascular Society Working Group

AH Gershlick et al., Heart 2007 (In Press)

ACCF / AHA Clinical Competence Statement
on Cardiac Imaging with CT and MR

Budoff MJ et al. JACC 200749 (In Press)

ACCF / AHA Clinical Competence Statement
on Vascular Imagingf with CT and MR
C Kramer et al 2008(In preparation)



3-3) PROTECTING HEALTH: APPROACH IN 2007-2015

Acute Coronary Syndromes

Chronic CAD
Chronic CAD Equivalent

HRAP- Subclinical
A MRI [ CT/PET

" IRAP — Risk |
CACS / CIM

RAP: High Risk Asymptomatic Patient- >2% y - >20% 10y
AP: Intermediate Risk Asymptomatic Patient— 0.5-2% vy - 5-20% 10y
W RISK: FRS -<0.5%y -<5% 10y

dified from V Fuster, Circulation 1999:; 99:1132
O



3-3) CORONARY ARTERY DISEASE IN MEN
S UBCLINICAL ATHEROSCLEROSIS AND FRAMINGHAM RISK

P<0.0001

100

80 T

60

40 -

20

Proportion of Male Participants (%)

0 0-9% 10-19% 3 20%

Framingham 10-year Coronary Heart Disease Risk

-IMT, CAC, TAC, BAD

AMINGHAM (S Kathiresan et al.) AJC 2007, 99:310
O




‘3-3) HRP (High Risk Plague) Initiative ‘

n. To provide a cost-effective roadmap for a
)spective registration of individuals at

armediate or high risk  based on risk factors and
marker profiles; then appropriate  therapeutic
2rventions  will be implemented to the benefit of
 Individuals, providers and  payors.

story . 2/15/06, Einthoven, 9/16, 11/4 and 12/17/06
w York, 3/10/07 Barcelona, 6/10/07 New York

- Top-pharmaceutical corporations
- Top Interventional cardiology companies

- "Humana”
s
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HRP Scientific Program Board

Uentin Fuster, MD, PhD (Chair) Carol McCall, FSA, MAAA

ling Falk, MD, PhD (Chair) Pedro R. Moreno, MD

an Jos € Badimon, PhD Barge G. Nordestgaard , MD, Ph
at Daemen, MD, PhD James H.F. Rudd, MD, PhD

hi A. Fayad, PhD Prediman K. Shah, MD

ario Garcia, MD Hennk Sillesen, MD

offrey S. Ginsburg, MD Anton van der Steen, PhD

anley L. Hazen, MD, PhD Professor Sir Magdi M. Yacoub
encer B. King, Ill, MD Chun Yuan, PhD

Humana and Joint Steering Committee

AstraZeneca
BG Medicine
Merck & Co., Inc.
Philips Medical Systems



Imaging Data Handling: Overview

US Upload to secure eRoom

3T MR

CT

PET/CT
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3-1) CAD, CT-Ca 3-3-1)Carotid IM Thick

ster V, Kim RJ, Circ 2005112:135
-SA (Fernandes VRS, Lima JAC et. al. JACC 200647:24
s



3-1) INITIAL CALCIUM SCORE CATEGORIES (ADJUSTED AGE,S
PROSPECTIVE SURVIVAL FREE FROM NEW CAD (n=1795)

CAD Events Ca CVD Events (@F:]
Score

0-100
98
- 101-400
401-1000 =
94 - =
92 S
>1000 S
90- 2
@)
38 =
36 S
(@)
34 o
82_/ ' L
= =
0+ | | | | 0 | | | |
0] 1 2 3 Ys FU 0] 1 2 3

liegenthart , Circ 2005;112:572 — AJ Taylor, JACC 2005; 46:807
rad, JACC 2005;46:158 — MJ LaMonte, Am J Epid 2005;162:421



3-3-1) Effect of Simvastatin (80 mg) on Coronary and
Abdominal Aortic Arterial Calcium

ytal CAC and AAC were measured with  multidetector
wrdiac computed tomography. Inclusion criteria wer ea
AC score of 2 50 Agatston units, high- density lipoprotein

IDL) cholesterol level £ 50 mg/dl. Low- density lipoprotel
DL) cholesterol level between 100 and 160 mg/dl, and=
her risk factors. Diabetes and history of vascul ar disea:

ere exclusion criteria. Participants were randomi zed to
celve 80 mg simvastatin (n=40) or matching placebo
=40) for 12 months. Simvastatin treatment does not
duce progression of CAC or AAC compared with plac el

CATZ (JG Terry etal.,) AJC 2007; 99:1714 (Winston-Salem, NC)



3-3-2) INDEPENDENT PROGNOSTIC VALUE OF CAROTID IMT
A MEASURE OF BURDEN OF ATHEROTHROMBOTIC DISEASE (BA

NoO. FU Events Progn. Increm
urce Type Patients Y  Recorded Value Progn. Val
1C 1997 Prosp. 13841  4-7 M, Death, Yes ?

Revasc.
1S 1999 Prosp. 4476 6.2 MI, Stroke Yes ?
tt. 1997 Prosp. 7983 2.7  MI, Death Yes No

raggi. Arch Int Med 2006; 166:1069
O



.
-3) CUMULATIVE ABDOMINAL AORTIC ANEURYSM (AAA)- RELA

MORTALITY (AGE 65-74)

Cumulative AAA-Related Mortality

0.006-

0.004 -

0.002-

2

(n = 33887)
— Control
Invited / Managed
(n = 33883)
///
2 3 4 5 6 7 8

Years since Randomization

SS (LG Kim et al.) Ann Int Med 2007; 146:703 (UK)
GG



3-3-4) ANKLE-BRACHIAL INDEX - POPULATION-BASED STUDIE
(META-ANALYSIS)

Sensitivity of
Low ABI
ome (95% Cl)

Specificity of
Low ABI
(95% CI)

Positive
Likelihood
Ratio (95% CI)

> 16.5 (12.8-20.2)

Ke 16.0 (12.9-19.1)
ause mortality 37.2 (27.8-34.6)
liovascular mortality 41.0 (33.8-48.2)

92.7 (92.1-93.3)

92.2 (91.9-92.5)

88.9 (88.2-59.6)

87.9 (87.2-88.6)

2.53 (1.45-4.4C

2.45 (1.76-3.41

3.97 (3.17-4.9€

5.61 (3.45-9.17

50-0.90 -8 50% Stenosis - 90% Sensitivity, 96% Specificity

Dooby, SS Anand. ATVB 2005; 25:1463 (Mc Master Univ)
enhagen Study (N Eldrup et al) EHJ 2006; 27:316



3-4) CARDIOVASCULAR EVENTS (INCLUDED NONFATAL MI ANI
STROKE, DEATH )AMONG LEVELS OF ABI AND RISK FRS

30+

)
2

Positive predictive value (95% CI)
2
e

[EEN
o

0.8 0.9 Yes No Yes No High NI Yes No Yes No

Ankle  smoking  Hypert Chol Diabetes CVD
brachial

iIndex

nburgh Study (AJ Lee etal.,) Circ 2004; 110:3075
GG
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3-3-5) CT- Angio 3-3-6) MRA

Fuster V, Kim RJ, Circ 2005112:135

Robin Roberts — Good Morning America — Jan 312006
s
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-5)

Reliable High-Speed Dual Source CCT

IN Symptomatic Patients

Highly sensitive, Variable Heart Rate.
AC Weustink et al., JACC 2007; 50:786 (Rotterdam)

Use of Automatic Exposure Control

INn MSCT CTA
Significant Dose-Reduction Potential (42.8%)
A Deetjen et al., Heart2007, 93:1040 (Stuttgar




-3-6) Detection of Coronary Artery Stenosis Wit
Whole-Heart Coronary MRA

'hole -heart 3D- Coronary MR angiography allows
I noninvasive detection of significant narrowing
 coronary arterial segments with a diameter of >
m with moderate sensitivity (82%) and high
vecificity (86%).

| Sakuma et al., J Am Coll Cardiol 2006; 48:1946
eeeTTETETETELL—L————————



-
3-3-7) To Quantify Coronary Plague Burden (CPB)

ong Kim, W et. al. Circulation 2007;115:228 (Aarhus).
O



3-3-8) FREEDOM, Asian, 64 yrs, DM2, ex-smoker
BAD, CT - FDG Uptake Aortic Arch

HF Rudd, ME Farkouh, V Fuster, ZA Fayad, JACC 2007 50:8¢
O
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3-3-8)Aslan, 64 yrs, DM2, ex-smoker
BAD, CT- FDG uptake ascending aorta

1 26 Pts. Inflammation: Inverse Colocalization with CCS
Colocalized with Lipid Rich Areas
More Predominent in Diabetics

- Rudd, ME Farkouh, V Fuster, ZA Fayad, JACC 2007/50:892
Tahara et al JACC 2006;48:1825 (Kurome) -Simvastatin
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3-3) CLINICAL EVENTS COMMITTEE (CEC)

. Major Cardiovascular Event
Fatal and nonfatal myocardial infarction
Unstable Angina
Stroke

. Minor Cardiovascular Event
Angina
Intermittent claudication
Transient ischemic attack

. Non-Cardiovascular Event

To predict by non-invasive imaging the3-year CV event
with superior specificity and sensitivity than Framingha
risk score, with higher therapeutic impact and economi
s




%)

DES

Large
lipid core

Posit. Remodelling

Focal, proximal lesion

Cost 7?7?77
Benefit 2?7

One non-flow limiting lesion

Invasive assessment _
Systemic thera

Posit. non-invasive imaging

|dentify high-risk patients (Framingham)

ster V — Modified from M Valgimigli et al., JCVH  2007; 8:221
TGS



s
3) Interdisciplinary Background: Future Focus

Biological Era. Promoting Health
Minimally Invasive Era. Catheter-based

Mechanical Era. Cardiac Surgery

Yesterday Today Tomorrow
ary Cardiac Care Specialist Bioimaging
ute Cardiac Care Interventionalist Genetic Screening
~ardiac Surgery EPS

Outcomes / Econom

irce: MS Analxsis 240]0)
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I ——————————————————————————
BIOMARKERS: A BASIC GLOSSARY

ological marker (BM): Indicator biolog . processe

pe 0: BM of Ntl Hx of dis. correl. Clinical Indices
pe 1. BM captures the effects of RX Intervention
Irrogate, Type 2: BM substitutes for Clinical EP

sk marker: BM assoc. but not be causaly linked

sk factor: Causal pathway leading to the diseas

ymarkers Definitions Working Group - Clin Pharm Ther 2001; 69:
 Vasan. Circ 2006; 113:2335



