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Treatment of 
Atherosclerosis in 2007

Szilard Voros, M.D.Szilard Voros, M.D.
Medical DirectorMedical Director

Cardiovascular MR and CTCardiovascular MR and CT
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Fuqua Heart Center of Atlanta, Piedmont Hospital

Our Paradigm…

Genotype Environment

Phenotype

Atherosclerotic Disease ProgressionAtherosclerotic Disease Progression

Invasive Imaging and
Therapeutic Lab

Atherosclerosis
Clinic

Non-Invasive
Imaging Lab
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Introduction
My Perspective
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Superko, Voros. In PK Shah 2006.

Introduction
My Perspective

A. C. E. G.

B. D. F. H.
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Fuqua Heart Center of Atlanta, Piedmont Hospital

New Paradigm
Dual Inhibition of Cholesterol Metabolism

Dual inhibition of cholesterol Dual inhibition of cholesterol 
metabolism is becoming firstmetabolism is becoming first--line line 

therapy in the treatment of therapy in the treatment of 
dyslipidemiasdyslipidemias
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Fuqua Heart Center of Atlanta, Piedmont Hospital

New Paradigm
Dual Inhibition of Cholesterol Metabolism

Dual inhibition of cholesterol metabolism is becoming firstDual inhibition of cholesterol metabolism is becoming first--line line 
therapy in the treatment of therapy in the treatment of dyslipidemiasdyslipidemias

1.1. LDL ArgumentLDL Argument
1.1. To reach LDL<70, dual inhibition is needed for LDL >140To reach LDL<70, dual inhibition is needed for LDL >140

2.2. Biological ArgumentBiological Argument
1.1. Cholesterol in plaque comes from two sourcesCholesterol in plaque comes from two sources
2.2. Treatment of one pathway Treatment of one pathway upregulatesupregulates the otherthe other
3.3. DualDual--inhibition is synergistic for inflammationinhibition is synergistic for inflammation
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Fuqua Heart Center of Atlanta, Piedmont Hospital

LDL

Biological Arguments 
The Disease: Atherosclerosis
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Fuqua Heart Center of Atlanta, Piedmont Hospital

Biological Arguments 
The Disease: Atherosclerosis

→ ↓
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Biological Arguments 
The Disease: Atherosclerosis
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Fuqua Heart Center of Atlanta, Piedmont Hospital

Biological Arguments 
The Disease: Atherosclerosis



Atherosclerosis and Lipoproteins

Fu
q

u
a 

H
ea

rt
 C

en
te

r 
of

 A
tl

an
ta

 
Fu

q
u

a 
H

ea
rt

 C
en

te
r 

of
 A

tl
an

ta
 

Fuqua Heart Center of Atlanta, Piedmont Hospital
Neaton et al. Arch Intern Med 

1992;152:56.
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Biological Arguments
Role of Cholesterol in CAD
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Fuqua Heart Center of Atlanta, Piedmont Hospital
JAMA 1984;251:351-364.

Biological Arguments
Role of Cholesterol in CAD
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Fuqua Heart Center of Atlanta, Piedmont Hospital
http://www.designeduniverse.com/a
rticles/Nobel_Prize/cholesterol_ldl.j

pg

Biological Arguments
Role of Cholesterol in CAD
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Fuqua Heart Center of Atlanta, Piedmont Hospital

Biological Arguments
Role of Cholesterol in CAD

ApoB
ApoB Particles

Particles

ApoAApoA
ParticlesParticles
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Fuqua Heart Center of Atlanta, Piedmont Hospital

Biological Arguments
Atherosclerosis Progression and Regression

Progression Regression

Apo-B lipoproteins
VLDL, LDL, Lp(a), 

IDL

LDLNon-HDL

Apo-A lipoproteins
HDL

HDL

Stabilization

CRP, IL6, CD-40
MPO, MMP



Atherosclerosis and Lipoproteins

Fu
q

u
a 

H
ea

rt
 C

en
te

r 
of

 A
tl

an
ta

 
Fu

q
u

a 
H

ea
rt

 C
en

te
r 

of
 A

tl
an

ta
 

Fuqua Heart Center of Atlanta, Piedmont Hospital
von Ballmoos et al. ATVB 

2006;26:359-64.

Biological Arguments
Atherosclerosis Progression: ApoB
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Fuqua Heart Center of Atlanta, Piedmont Hospital

New Paradigm
Dual Inhibition of Cholesterol Metabolism

Dual inhibition of cholesterol metabolism is becoming firstDual inhibition of cholesterol metabolism is becoming first--line line 
therapy in the treatment of therapy in the treatment of dyslipidemiasdyslipidemias

1.1. LDL ArgumentLDL Argument
1.1. To reach LDL<70, dual inhibition is needed for LDL >140To reach LDL<70, dual inhibition is needed for LDL >140

2.2. Biological ArgumentBiological Argument
1.1. Cholesterol in plaque comes from two sourcesCholesterol in plaque comes from two sources
2.2. Treatment of one pathway Treatment of one pathway upregulatesupregulates the otherthe other
3.3. DualDual--inhibition is synergistic for inflammationinhibition is synergistic for inflammation
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Fuqua Heart Center of Atlanta, Piedmont Hospital

Biological Arguments
1. Cholesterol in Plaque from Two Sources

Diet
300mg

Intestine
1100mg

Tissues
(90%)

Liver (10%)
800mg

Chol Chol CholChylomicron
LDL, VLDL

StatinsAbsorption
Inhibitors

HDL
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Fuqua Heart Center of Atlanta, Piedmont Hospital

Biological Arguments
1. Cholesterol in Plaque from Two Sources

Atherogenic Particles

Intestinal 
Absorption

300 mg

Hepatic 
Synthesis

800 mg

Chylomicrons
ApoB48

VLDL, LDL
ApoB100
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Proctor et al. ATVB 2003;23:1595.

Biological Arguments
1. Cholesterol in Plaque from Two Sources
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Voros et al. 2006.

Biological Arguments
1. Cholesterol in Plaque from Two Sources



Atherosclerosis and Lipoproteins

Fu
q

u
a 

H
ea

rt
 C

en
te

r 
of

 A
tl

an
ta

 
Fu

q
u

a 
H

ea
rt

 C
en

te
r 

of
 A

tl
an

ta
 

Fuqua Heart Center of Atlanta, Piedmont Hospital
Voros et al. 2006.

Biological Arguments
1. Cholesterol in Plaque from Two Sources
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Le Couteur et al. Lancet 2002; 359: 

1612-15.

Biological Arguments
1. Cholesterol in Plaque from Two Sources
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Fuqua Heart Center of Atlanta, Piedmont Hospital

Biological Arguments
Reverse Cholesterol Transport
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Fuqua Heart Center of Atlanta, Piedmont Hospital
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Miettinen et al. JACC 2005;45:1794-

801.

Biological Arguments
1. Cholesterol in Plaque from Two Sources
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Simons LA et al. Atherosclerosis 

1987;65:181-189.

Biological Arguments
1. Cholesterol in Plaque from Two Sources
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Turley et al. Clin Card 2004;27(Suppl. 

III):16-21.

Biological Arguments
1. Cholesterol in Plaque from Two Sources
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Simvastatin

4S populationQuartiles of cholesterol absorption
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Fuqua Heart Center of Atlanta, Piedmont Hospital

VLDL, LDL
ApoB100

Biological Arguments
1. Cholesterol in Plaque from Two Sources

Atherogenic Particles

Intestinal 
Absorption

300 mg

Hepatic 
Synthesis

800 mg

Chylomicrons
ApoB48

BAS
Fibers
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Fuqua Heart Center of Atlanta, Piedmont Hospital

VLDL, LDL
ApoB100

Biological Arguments
1. Cholesterol in Plaque from Two Sources

Atherogenic Particles

Intestinal 
Absorption

300 mg

Hepatic 
Synthesis

800 mg

Chylomicrons
ApoB48

Ezetimibe (Zetia)
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Fuqua Heart Center of Atlanta, Piedmont Hospital

Biological Arguments
1. Cholesterol in Plaque from Two Sources

Atherogenic Particles

Intestinal 
Absorption

300 mg

Hepatic 
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800 mg
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Fuqua Heart Center of Atlanta, Piedmont Hospital

Biological Arguments
1. Cholesterol in Plaque from Two Sources

Atherogenic Particles

Intestinal 
Absorption

300 mg

Hepatic 
Synthesis

800 mg

Chylomicrons
ApoB48

VLDL, LDL
ApoB100

DUAL INHIBITION
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Dujovne et al. Am J Cardiol 

2002;90:1092-7.

Biological Arguments
Ezetimibe (Monotherapy)
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Gagne et al. Am J Cardiol 

2002;90:1084-91.

Biological Arguments
Ezetimibe (Add-On Therapy)
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Fuqua Heart Center of Atlanta, Piedmont Hospital

New Paradigm
Dual Inhibition of Cholesterol Metabolism

Dual inhibition of cholesterol metabolism is becoming firstDual inhibition of cholesterol metabolism is becoming first--line line 
therapy in the treatment of therapy in the treatment of dyslipidemiasdyslipidemias

1.1. LDL ArgumentLDL Argument
1.1. To reach LDL<70, dual inhibition is needed for LDL >140To reach LDL<70, dual inhibition is needed for LDL >140

2.2. Biological ArgumentBiological Argument
1.1. Cholesterol in plaque comes from two sourcesCholesterol in plaque comes from two sources
2.2. Treatment of one pathway Treatment of one pathway upregulatesupregulates the otherthe other
3.3. DualDual--inhibition is synergistic for inflammationinhibition is synergistic for inflammation
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Circulation 2002;106:1943-48.

Biological Argument
2. Inhibiting One Pathway Upregulates Other
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Miettinen et al. Eur J Clin Invest 

2003;33:976-982.

Biological Argument
2. Inhibiting One Pathway Upregulates Other
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Assmann G et al. ACC, New Orleans, 
Louisiana, USA, March 7–10, 2004. 

Biological Argument
2. Inhibiting One Pathway Upregulates Other
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Miettinen et al. JACC 2005;45:1794-

801.

Biological Argument
2. Inhibiting One Pathway Upregulates Other
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Fuqua Heart Center of Atlanta, Piedmont Hospital

New Paradigm
Dual Inhibition of Cholesterol Metabolism

Dual inhibition of cholesterol metabolism is becoming firstDual inhibition of cholesterol metabolism is becoming first--line line 
therapy in the treatment of therapy in the treatment of dyslipidemiasdyslipidemias

1.1. LDL ArgumentLDL Argument
1.1. To reach LDL<70, dual inhibition is needed for LDL >140To reach LDL<70, dual inhibition is needed for LDL >140

2.2. Biological ArgumentBiological Argument
1.1. Cholesterol in plaque comes from two sourcesCholesterol in plaque comes from two sources
2.2. Treatment of one pathway Treatment of one pathway upregulatesupregulates the otherthe other
3.3. DualDual--inhibition is synergistic for inflammationinhibition is synergistic for inflammation
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Sager et al. AJC 2003;92:1414-1418.

Biological Argument
3. Dual-Inhibition: Synergy for Inflammation
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Fuqua Heart Center of Atlanta, Piedmont Hospital

New Paradigm
Dual Inhibition of Cholesterol Metabolism

Dual inhibition of cholesterol Dual inhibition of cholesterol 
metabolism is becoming firstmetabolism is becoming first--line line 

therapy in the treatment of therapy in the treatment of 
dyslipidemiasdyslipidemias
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Bayes et al. ACC 2004.

Dual Inhibition
Simvastatin+Ezetimibe (VYTORIN): LDL

-52.0% -55.0%
-60.0%

-75%

-55%

-35%

-15%

5%

10_20 10_40 10_80

LDL Reduction
1528 patients

Double blind, RCT
12 weeks

Starting dose Optional starting



Atherosclerosis and Lipoproteins

Fu
q

u
a 

H
ea

rt
 C

en
te

r 
of

 A
tl

an
ta

 
Fu

q
u

a 
H

ea
rt

 C
en

te
r 

of
 A

tl
an

ta
 

Fuqua Heart Center of Atlanta, Piedmont Hospital
Ballantyne CM et al. Am Heart J 

2005:149:464-473.

Dual Inhibition
VYTORIN Versus Atorvastatin (VYVA)

-47.1% -50.6%
-57.4% -58.6%

-36%
-44%

-48%
-52.90%

-75%

-55%

-35%

-15%

5%

10/10 vs 10 10/20 vs 20 10/40 vs 40 10/80 vs 80

LD
L

Vytorin Atorvastatin

~2000 patients
Double blind, RCT

6 weeks
~ half were high risk
(10-year risk>20%)
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Ballantyne CM et al. Am Heart J 

2005:149:464-473.

Dual Inhibition
VYTORIN Versus Atorvastatin (VYVA)

7.7% 7.2%
9.0%

7.6% 7.9%
6.9%

5.1%
3.8%

1.4%

4.30%

-5%

0%

5%

10%

15%

10/10 vs 10 10/20 vs 20 10/40 vs 40 10/80 vs 80 Pooled

H
D
L

Vytorin Atorvastatin

Linear (Atorvastatin) Linear (Vytorin)
~2000 patients

Double blind, RCT
6 weeks

~ half were high risk
(10-year risk>20%)
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Ballantyne CM et al. Am Heart J 

2005:149:464-473.

Dual Inhibition
VYTORIN Versus Atorvastatin (VYVA)

-21.1% -21.4%

-29.5%
-26.9%

-24.8%

-17%

-22%

-29%
-31.40%

-25.10%

-40%

-30%

-20%

-10%

0%
10/10 vs 10 10/20 vs 20 10/40 vs 40 10/80 vs 80 Pooled

CR
P

Vytorin Atorvastatin
~2000 patients

Double blind, RCT
6 weeks

~ half were high risk
(10-year risk>20%)
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Goldberg et al. ADA; June 2006.

Dual Inhibition
VYTORIN Versus Atorvastatin in T2DM

-38%
-45%

-50.90%-54%
-58%

-75%

-55%

-35%

-15%

5%

Vytorin 10/20 Vytorin 10/40

LD
L

Atorvastatin 10 Atorvastatint 20 Atorvastatin 40 Vytorin

1229 patients
Double blind, RCT

6 weeks
All with T2DM

p<0.05
p<0.05

p<0.05

NEW
!



Atherosclerosis and Lipoproteins

Fu
q

u
a 

H
ea

rt
 C

en
te

r 
of

 A
tl

an
ta

 
Fu

q
u

a 
H

ea
rt

 C
en

te
r 

of
 A

tl
an

ta
 

Fuqua Heart Center of Atlanta, Piedmont Hospital
Goldberg et al. ADA; June 2006.

Dual Inhibition
VYTORIN Versus Atorvastatin in T2DM

NEW
!

22%

35%

55.20%60%
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Goldberg et al. ADA; June 2006.

Dual Inhibition
VYTORIN Versus Atorvastatin in T2DM

NEW
!

4.3% 4.5%
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Vytorin 10/20 Vytorin 10/40

H
D
L 

Ra
is
e

Atorvastatin 10 Atorvastatint 20 Atorvastatin 40 Vytorin

p<0.05

p<0.05 p<0.05



Atherosclerosis and Lipoproteins

Fu
q

u
a 

H
ea

rt
 C

en
te

r 
of

 A
tl

an
ta

 
Fu

q
u

a 
H

ea
rt

 C
en

te
r 

of
 A

tl
an

ta
 

Fuqua Heart Center of Atlanta, Piedmont Hospital
Goldberg et al. ADA; June 2006.

Dual Inhibition
VYTORIN Versus Atorvastatin in T2DM

-13.7%-13.8%

-28.6%

-23%

-33%-35%

-25%

-15%

-5% Vytorin 10/20 Vytorin 10/40

CR
P 

Ch
an

ge

Atorvastatin 10 Atorvastatint 20 Atorvastatin 40 Vytorin

1229 patients
Double blind, RCT

6 weeks
All with T2DM

p<0.05

p<0.05
p<0.05

NEW
!
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Fuqua Heart Center of Atlanta, Piedmont Hospital
ISA Meeting; Rome, June 2006.

Dual Inhibition
VYTORIN Versus Rosuvastatin

~2855 patients
Double blind, RCT

6 weeks

-52.0% -55.0%
-61.0%

-46%
-52%

-57%

-75%

-55%

-35%

-15%

5%

10/20 vs 10 10/40 vs 20 10/80 vs 40

LD
L

Vytorin Rosuva
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Fuqua Heart Center of Atlanta, Piedmont Hospital

New Paradigm
Dual Inhibition of Cholesterol Metabolism

Dual inhibition of cholesterol metabolism is becoming firstDual inhibition of cholesterol metabolism is becoming first--
line therapy in the treatment of line therapy in the treatment of dyslipidemiasdyslipidemias

1.1. LDL ArgumentLDL Argument
1.1. To reach LDL<70, dual inhibition is needed for LDL >140To reach LDL<70, dual inhibition is needed for LDL >140

2.2. Biological ArgumentBiological Argument
1.1. Cholesterol in plaque comes from two sourcesCholesterol in plaque comes from two sources
2.2. Treatment of one pathway Treatment of one pathway upregulatesupregulates the otherthe other
3.3. DualDual--inhibition is synergistic for inflammationinhibition is synergistic for inflammation

3.3. ?Outcomes Argument??Outcomes Argument?



Atherosclerosis and Lipoproteins

Fu
q

u
a 

H
ea

rt
 C

en
te

r 
of

 A
tl

an
ta

 
Fu

q
u

a 
H

ea
rt

 C
en

te
r 

of
 A

tl
an

ta
 

Fuqua Heart Center of Atlanta, Piedmont Hospital

Dual Inhibition
Outcomes Studies

1.1. SEAS: Aortic stenosis (n=1400)SEAS: Aortic stenosis (n=1400)
2.2. SHARP: Renal SHARP: Renal dzdz (n=9000)(n=9000)
3.3. ENHANCE: FH (n=725)ENHANCE: FH (n=725)

4.4. ImIm--PROVE IT (n~10,000)PROVE IT (n~10,000)
1.1. Simvastatin 40Simvastatin 40
2.2. VytorinVytorin 10/4010/40



Atherosclerosis and Lipoproteins

Fu
q

u
a 

H
ea

rt
 C

en
te

r 
of

 A
tl

an
ta

 
Fu

q
u

a 
H

ea
rt

 C
en

te
r 

of
 A

tl
an

ta
 

Fuqua Heart Center of Atlanta, Piedmont Hospital

Conclusions
Present and Future

Progression Regression

Apo-B lipoproteins
VLDL, LDL, Lp(a), 

IDL

LDLNon-HDL

“REVERSAL”
“HALTING”

Apo-A lipoproteins
HDL

HDL

“ApoAI Milano”
“MELTING”

Stabilization

CRP, IL6, CD-40
MPO, MMP

“QUENCHING”
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Fuqua Heart Center of Atlanta, Piedmont Hospital
Proctor et al. ATVB 2003;23:1595.

Conclusions
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Fuqua Heart Center of Atlanta, Piedmont Hospital
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ApoB48
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ApoB48
Chol
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Chol Chol Chol

ApoB100
Chol Chol

Chol Chol

Chol Chol

Chol Chol

ApoB100
Chol

Chol

Chol CholChol

LDL-R LDL-R

ApoB100
Chol
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Chol CholChol

VLDL LDL
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Fuqua Heart Center of Atlanta, Piedmont Hospital

NPC1L1

ApoB48

Chol Chol
Chol

Chol Chol

ApoB48Chol Chol

ApoB100
Chol Chol

Chol Chol

Chol Chol

ApoB100
Chol

Chol

Chol CholChol

LDL-R LDL-R

ApoB100
Chol

Chol

Chol CholChol

VLDL LDL

Ezetimibe

Chol Chol

Chol Chol

Chol Chol

LDL-R

LDL-R LDL-R

LDL
ApoB
18%Increased FCR
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Fuqua Heart Center of Atlanta, Piedmont Hospital

NPC1L1

ApoB48

Chol Chol
Chol

Chol Chol

ApoB48
Chol

Chol

Chol Chol Chol

ApoB100

Chol Chol

Chol Chol Chol Chol

ApoB100
Chol

Chol

Chol CholChol

LDL-R LDL-R

ApoB100
Chol

Chol

Chol CholChol

VLDL LDL

Chol

Chol

Chol

Chol

Statin

Chol

Chol

Chol

Chol

Chol

Chol

Chol

Chol

Chol Chol

LDL
40%
ApoB
25%


