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CAD Risk By Associated Risk Factors
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HOT* Study: Risk of Major CV
Event Reduced by 30% and 22%

chieved DBP Achieved SBP
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*HOT: Hypertension Optimal Treatment Lancet 1998;351:1755-62




Clinical Benefit of Pravastatin:
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Atherosclerosis: A progressive process
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Regulatory Properties of Endothelium

VVascular tone: Nitric oxide
Inflammation

Hemostasis

Extracellular matrix

Local cell growth

Solute transport

Koh KK. Cardiovasc Res 2000,47:648 (Review)
Koh KK. Cardiovasc Res 2002;55:714 (Review)




Heart Outcomes Prevention Evaluation
Study: Ml/stroke/CV death
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BP Reduction and CV Risk in HOPE

22% relative risk reduction despite only
a modest reduction in BP (-3.3 mmHg systolic)

The benefits seen in HOPE were around

three times greater than predicted from
a meta-analysis of all trials

The benefits were not due to reduced BP alone

Sleight et al, Lancet 2001;358:2130




MICRO-HOPE Study

MICRO-HOPE study investigated whether the
addition of ramipril to the current medical regimen
in high risk patients (3577) with diabetes mellitus
can lower the risk of CV events.

High risk patients:
- previous CVD (CAD, stroke, or PVD)

- HT, TC>200 (5.2 mmol/l), HDL-C<35 (0.9 mmol/l),
current smoking, known microalbuminuria

Mean follow-up: 4.5 years




MICRO-HOPE : CV outcomes (l)
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MICRO-HOPE : Microvascular Outcomes

Composite
Overt Microvascular
RRR(%) nephropathy outcome
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Effect in Normotensives
and Hypertensives

Normotensives Hypertensives
42% 58%

Ramipril 10mg
V & Renal Protective effects

HOPE Study Investigators, The Lancet, 2000; 355(22): 253-259




HOPE-TOO: Study design
HOPE trial extension 2.6 years

174 study centers
(n= 6786)

Ramipril 10 mg/d Placebo patients
from HOPE (3393) from HOPE (3393)

l HOPE-TOO l

Open-label participants Open-label
ACEI therapy (n =4523) ACEIl therapy

(n =2317) Follow-up ACEI therapy: (n = 2211)
> 90% ramipril

HOPE-TOO = Heart Outcomes Prevention Evaluation — HOPE/HOPE-TOO Study Investigators.
The Ongoing Outcomes Circulation. 2005;112:1339-46.




HOPE-TOO: Primary outcome
(CV death, M1, stroke)

30

<+<— HOPE-TOO begins

25— Main HOPE —
study ends :

20 —
Primary outcome

(% HOPE-TOO 15— Placebo

patients)

. RRR =17%
Ramipril { P=0.0002

| | | : | | |
2 3 4 5 6 7 Years

Placebo 4652 4204 3981 3647 2719 1923 1550
Ramipril 4645 4256 4079 3789 2819 2075 1731

RRR = relative risk reduction HOPE/HOPE-TOO Study Investigators. Circulation. 2005;112:1339-46.




HOPE-TOO: Additional reduction in MI

257

: «— HOPE-TOO begins

20— Main HOPE —
study ends :

(% HOPE-TOO

patients) 10—

RRR =19%

Ramlprll P=0.0007

| | | : | | |
2 3 4 5 §) 7 Years

Placebo 4652 4282 4088 3770 2814 1999 1612
Ramipril 4645 4309 4159 3875 2900 2137 1791

HOPE/HOPE-TOO Study Investigators. Circulation. 2005;112:1339-46.




HOPE-TOO:

Sustained reduction in stroke
10—

i«— HOPE-TOO begins

8— Main HOPE — ¢
study ends :

Stroke

(% HOPE-TOO
patients) Placebo

RRR = 21%
P =0.023

Ramipril

| | | : | | |
2 3 4 5 §) 7 Years

Placebo 4652 4367 4188 3887 2953 2115 1734
Ramipril 4645 4391 4263 4000 3011 2225 1876

HOPE/HOPE-TOO Study Investigators. Circulation. 2005;112:1339-46.




HOPE-TOO: Sustained reduction
in CV death

15—

+— HOPE-TOO begins

Main HOPE — i
study ends :

CV death
(% HOPE-TOO

tients)
patients Placebo RRR = 14%

P = 0.045

Ramipril

0 | | — | |
n 0] 2 3 4 5 §) 7 Years

Placebo 4652 4453 4309 4027 3061 2203 1808
Ramipril 4645 4448 4346 4097 3100 2295 1946

HOPE/HOPE-TOO Study Investigators. Circulation. 2005;112:1339-46.




HOPE/HOPE-TOO: Benefits at all levels
of risk and with other life-saving drugs

Primary outcome = CV death/Ml/stroke

HOPE HOPE-TOO

Group No. of Placebo Interaction Group No. of Placebo Interaction
patients rate P-value patients rate P-value

Overall 9207 17.7 Overall - 6786 2.2

Low - 3083 9.8 . Low - 2299 15.2
Medium-— 3100 Medium= 2247 226
High = 3114 ; High - 2240 34.5

ASA + 6813 ASA + 4974 235
ASA-- 2484 ASA-- 1812 26.0

BB +- 3673 : BB +- 2712 26.2
BB - - 5624 " BB - - 4074 22.8

Lipid meds + = 2658 . Llpld +- 1960 18.7

Lipid meds — = 6639 ) Lipid meds - = 4826 26.4

RR (95% Cl) RR (95% Cl)

HOPE/HOPE-TOO Study Investigators. Circulation. 2005;112:1339-46.




HOPE/HOPE-TOO: Blood Pressure Differences

Study end

Blood pressure (mm Hg) HOPE HOPE-TOO

Ramipril allocated group 136/76 136/74

Placebo allocated group 139/77 136/74

Difference 3/1 None




HOPE-TOO: Study conclusions

Results support earlier vs later initiation
of ACEI therapy.

Benefit demonstrated across a 3-fold

range Iin baseline risk.
(event rate: 1.9% — 6% per year)

Benefits are additive to other proven
therapies (ASA, B-blockers, lipid-
lowering agents).




ACEIls Benefit a Broad Spectrum of

CAD Patients

CV death,* nonfatal Ml or stroke ACEI

ACEI

Patients Annual rates in (0] worse bette r
Trial (n) placebo groups (95% CI) P I

PEACE 8290 213 7 (-8 to 19) 0.328 -I

HOPE total 9297 3.95 251610320 0.0001
HOPE lower risk 3083 217 18 (-4 to 35)
HOPE med risk 3100 3.58 20 (3 to 33)
HOPE high risk 3114 5.98 24 (12 to 34)

EUROPA 12218 2.60 19 (80 28)

EUROPA lower risk 3976 1.40 19 (-5 to 38)
EUROPA med risk 3975 2.41 28 (11 to 41)
EUROPA high risk 3975 4.00 10 (-4 to 22)

AIRE 1986 22.6 24 (7 to 38)

TRACE 1749 17.0 25 (9 to 33)
SOLVD-P 4228 7.4 15 (2 to 27)
SOLVD-T 2569 13.1 23 (10 to 33)
SAVE 2231 9.8 20 (4 to 33)

5 0 5 10 15 20 25 30 35 40
*Or total mortality for AIRE, Odds reduction (%)
TRACE, SOLVD, SAVE trials Dagenais GR, et al. Lancet. 2006:368:581




ADA (2002) and JNC 7 (2003)

In patients over aged 55 years, with/without HTN, but with

another CV risk factor, an ACE inhibitor (ramipril) should be
considered to reduce the risk of CVD events...

The HOPE trial showed reductions in a variety of CVD events

with ACEI (ramipril) compared with placebo in individuals
with prior CVD, or DM.

ACEIl therapy (ramipril 10 mg) should be
used in most patients with vascular disease
or diabetes and additional risk factors.
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Activation of Nuclear
Transcription Factor, NF-xB

Cytokines )mlprll Proinflammatory | MCP-1__ M-CSF

ng " VCAM-1 Tissue factor

FFEA
LPS AT,R ICAM-1 PAI-1
CMV \0 IKKB -

xygen Freeg

NADH / NADPH omdase Radicals
Cyclooxygenase

Lipoxygenase

Xanthine oxidase

Mitochondria

Koh KK. Cardiovasc Res.

2002;55:714. (Review),

JACC 2005;46:1978 (Review)

Hypertension 2005;46:1086 (Review) Circulation 2006,113:1888 (Review)




Angiotensin Converting Enzyme and Endothelial Function

BRADYKININ ‘

Anglotensm Il . \ Adenosine
inactive
Angiotensin | Nitroprusside

L- ARGININE

KININOGEN
KALLIKREIN BRADYKININ L citrulline

ENDOTHELIUM

Guanylate = N

cyclase (inactive) Guanylate
cyclase (active)

/ CGMP
CONSTRI N
RELAXATIO

SMOOTH MUSCLE




Outstanding Lipophilicity of Ramipril

6.3 4.3
E 3 |

Ramipril Enalapril Enalapril Ramipril

2
o
<
&
=
=
£
)
=
&
2
S
3
e

(%) Gotjidyjods) aayviay

Bender et al. Clin Physiol Biochem 8, 1990



Tissue Specificity

Inhibition
of ACE (%)
100

== Ramipril == Perindopril == Enalapril

Lung Heart Kidney Adrenal Aorta

Bender et al. Clin Physiol Biochem 1990; 8(suppl 1): 44-52




MITRA PLUS : Maximal Individual Therapy of
Acute Myocardial Infarction PLUS registry

— Ramipril == Other ACE inhibitor mm No ACE inhibitor
15

14,608 patients with STAMI

HOSpItaI fallilue%rtat Nonfatal Stroke Emer ency:lelnfarctlon Resuscitation
Mortality™* discharger major PT

Cor/CV CABG*
events”

* P < 0.05, ramipril vs no ACE inhibitor Wienbergen H, et al. Am J Cardiol. 2002;90:1045
Cor/CV = Coronary/cerebrovascular




MITRA PLUS : Impact on post-Mi
Survival Benefits of ramipril

14 608 patients with ST-elevation acute MI

1
Survival

0.9

%_L%ﬁ

LOther ACE inhibitors

No ACE inhibitors |

14 21
Days after admission

Wienbergen H, et al. Am J Cardiol. 2002;90:1045
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Simvastatin Combined with
Ramipril Treatment in 50
Hypercholesterolemic Patients

Koh KK, Han SH, Chung W-J,
...Shin EK

Hypertension. 2004,44:180.




Simvastatin Combined with Ramipril
on PAI-1 Antigen Levels (ng/ml) (HC)

| P=0.003 |

200

P<0.001

Baseline 1 Simvastatin Baseline 2 Simvastatin
+Placebo +Ramipril




Effects of Ramipril and
Simvastatin on Hemostasis in
50 Patients with Type 2 Diabetes

Koh KK, Han SH, ...Shin EK

Atherosclerosis 2006 (in press)




Effects of Simvastatin, Combined Therapy,
and Ramipril on Antithrombin lll Levels
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Change in sCD40L Levels at Baseline and

after Therapy in Type 2 Diabetes
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Simvastatin Combined Ramipril
Therapy
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Beneficial Vascular and Metabolic Effects of Combined
Therapy with Ramipril and Simvastatin in 50 Patients with
Type 2 Diabetes

Kwang Kon Koh, Michael J. Quon*
Seung Hwan Han,..... Eak Kyun Shin

Cardiology, Gachon Medical School, Korea
Diabetes Unit, NIH, USA*

Hypertension 2005,;45:1088
Reuters Health 2005-06-16




Ramipril Combined with Simvastatin
on Blood Pressure (mmHg)

* %

Systolic BP

Z// ANOVA
_| p=0.003
| —| Diastolic BP

o ANOVA
AIAIAIAIAIAI/ P=0.040

50

B1 S B2 C

*=p<0.05; **=p<0.01; ***=p<0.001 vs. Baseline.

B= Baseline, S=simvastatin+placebo, C=simvastatin+ramipril, R=ramipril+placebo.




Effects of Simvastatin, Combined Therapy,
and Ramipril on Insulin Sensitivity

Adiponectin
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% Change in QUICKI (%)

QUICKI

P<0.05

P=0.015
by ANOVA

[

P<0.05

I

I

I

Simvastatin Combined Ramipril

Therapy

*QUICKI=Quantitative Insulin-Sensitivity Check Index, a surrogate index
of insulin sensitivity, QUICKI = 1/[log(insulin)+log(glucose)]

Koh KK, et al.
Hypertension
2005;45:1088




HOPE, EUROPA, PEACE:
Reduction in new-onset diabetes with ACEI

N = 23,340 free from diabetes at baseline [14% RRR

RR 0.86

14 - (0.78-0.95)
., | ™Placebo B ACEI _ P =0.0023

New-onset1o - : 8 1
Diabetes s - S 72 7.1
((yo) i 54

HOPE EUROPA PEACE Pooled data
Ramipril  Perindopril Trandolapril (all trials)
10 mg 8 mg 4 mg

Dagenais GR, et al. Lancet. 2006,;368:581




45
Patients 40 -
(%) &

30

25 7
20 7
15 7
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5 -

0

DREAM:
Ramipril Effect on Glycemic Categories

Diabetes

P =0.006

43.3
40.3

IGT or IFG Normoglycemia

® Placebo B Ramipril

DREAM Trial Investigators. N Engl J Med. 2006,;355.




Joint Effect of Fasting Plasma Glucose Levels,
TG Levels, and BMI in Predicting Type 2 Diabetes

Among 13,163 Young Men

Fasting Plasma Glucose Level (mg/dl) Fasting Plasine Ghicoss Lavel [mgfdl
.= A C<86 D87-9 M 9L-99
9 &L 3.29
g_ .
<86 (3.6-19.0) 778 (3.8-17.3)

8- 7 (3.2-18.7)
_+ 87-90 )
(W] =

) 5,26 v]
£ 6 |
in 91-99 25-113 R 477
5 A (23-97)
2 2
& 4 g 342
HE 1261 = E . Sl
§ ) 176 (13-4.4) § 3 1 g9 (12-6.3)

1 (0.2-2.7)
1 J
l_ 1_
D 150 150 ; ' | |
& . <25 25-29.9 =30
Serum Triglyceride Level (mg/dl) Body-Mass Index

[irosh A, et al. N Engl J Med 2005,353. 71454



Activation of Nuclear

Transcription Factor, NFxB

Cytokines MCP-1 M-CSF
oxLDL E-Selectin ICAM-1

— -
Ang Il Statins VCAM-1  Tissue factor
LPs :T\& X : CRP PAI-1

/ \—» Oxygen Free @

Lipoxygenase —

Xanthine oxidase
Mitochondria

Radicals @
NADH / NADPH oxidas /
Cyclooxygenase P

Statins ! LDL, T NO-

. Antioxidant
Fenofibrate A HDL

Koh KK. CV Res. 2002;55:714.
pertension 2005;46:1086. JACC 2005,46:1978. Circulation 2006,113:1888




Cross-talk between inflammatory and insulin signaling pathways
causes both endo. dysfunction and metabolic insulin resistance
that synergize to cardiovascular disorders in Met Syndrome

Healthy

INFLAMMATION Metabolic ar_ld Cardiovascular
Diseases

Endothelium

IR
|

IR?-1

Pl 3-Piinase
PDI(-1
Akt
v
eNOS

\[o
v

f Vasodilation —/—

Adipose Tissue
Adipose Tissue — Skeletal Muscle

Skeletal Muscle Endothelium Cytokines

IR IR
| I

IRf-1 |Rs-1¢
PI 3-Piinase I PI 3-£(inase ¥ PI 31Kinase

PDK-1 | PDK-1 \ P
AktlIiKCC, !} Akt \ Alit/PKcz;

v

v
GLUT4 teNOS
Translocation
} Nf)

t Glucose Uptake Endothelial  __, Insulin

TransIIcation

_ »
asistance
KinTJ, ; _ Arterioscler Thromb Vasc Biol 2005;



Insulin Resistance and Atherosclerosis

Genetics N Metabolic Insulin Resistance ( E[‘_VIIODTent
+ ipotoxicity
Compensatory Hyperinsulinemiz Glucotoxicity

AGE
l I Oxidative Stress

INO, TET-1, TVSMC INO, TAngll, TIKKB, TNF«B INO, TPAI-1
TTNFo., TIL-6, TVCAM-1, TICAM-1

Vasoconstriction INFLAMMATION Thrombosis

N L

ACCELERATED ATHEROSCLEROSIS

! ] !

| CAD, Stroke, Hypertension, CHF, Vascular Insufficiency |

Kim J, Montagnani M, Koh KK, Quon MJ. Circulation 2006;113:1888




Conclusions

ACEIl therapy (ramipril 10 mg) should be
used in most patients with vascular disease
or diabetes and additional risk factors.

The earlier initiation, the better outcomes.

Benefits are additive to other therapies.

Differences exist among ACE inhibitors.

Ramipril - lower mortality than other ACEls.
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Benefit of ACEIl Regardless of

Ancillary Treatment”®

CV death, nonfatal MI, or stroke ACEI ACEI worse
Patients 4-year rates in bette r P\ nteraction

Subgroup (n) placebo groups

Antiplatelets (ASA) + 18331 13.2 0.003
Antiplatelets — 3184 17.9

Lipid-lowering agents (LL) + 9489 10.6 0.651
Lipid-lowering agents — 12026 16.4

B blockers (BB) + 11323 13.4 0.139
B blockers — 10192 14.3

All of the above 5103 10.4 0.357
One of the above 15314 12.6
Two of the above 13093 12.0
None of the above 1701 17.4

Revascularization + 10394 11.5 0.078
Revascularization — 11123 16.0

0.470

Revasc + ASA + LL + BB 2945 9.8
Revasc but no ASA, LL, or BB 7447 12.3

0.5 0.6 0.7 0.8 0.9 1.0 1.1

*ASA, Lipid-lowering agents, BB Odds ratio

Dagenais GR, et al. Lancet. 2006,368:581




