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Medications for intermittent claudication

Symptoms (ischemia) Prognosis (death/MI/Stroke)

ClIOStaZOI (IA)* ASpIrIn (IA)* 75-325mg/day
or Clopidogrel (1B)

Statl n ( I B) <100 mg per dL, < 70mg per dL (very high risk).

Pentoxyphylline (11bA)*  Fibric acid derivative (11aC) gow
L-arginine, L-carnitine HDL-C, normal LDL-C, and high TG)

Ginkgo biloba, Folicacid, B,, PM control (11aC) Hbaic <7%

vitamin (11bB) H TN <140/90 mmHg, <130/80 mmHg (DM or CRF)
Oral PG (Beraprost) (I111A) Bblocker (1A)
YR 2 L ACEI (11aB)Y not asymptomatic

* 100mg bid per day should be considered in all patients with lifestyle-limiting
claudication (in the absence of heart failure)

+ 400mg tid per day (clinical effectiveness is marginal and not well established)
* Indicated symptomatic or asymptomatic PAD patients

\ ACE inhibitors may be considered for patients with asymptomatic lower
extremity PAD to reduce the risk of adverse cardiovascular events (11bB)
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Mechanism overview of Cilostazol

Degradation products

uptake

Cilostazol moderately
Inhibits adenosine
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Mechanism overview of Cilostazol
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Effects on platelets

Elevation of cAMP via inhibition of
PDE3 dependent degradation

Elevation of cAMP via adenosine
(A2) induced stimulation of cAMP
formation

Inhibition of expression of platelet activation markers (P-selectin,
platelet derived microparticles)

Inhibition of activation of GP lIb/llla receptors

Result:
Inhibition of platelet aggregation, adhesion and secretion




Anti-Platelet Aggregation Effect

- ADP, Epinephrine, Collagen, Arachidonic Acid

Subject: 6 Patients with cerebrovascular disease
Dosage: Cilostazol 100 mg bid
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Anti-Platelet Aggregation Effect
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Improvement of Blood Flow

- in peripheral arterial occlusive disease patients

Subject: 6 Peripheral arterial occlusive disease patients (5 TAO, 1 ASO)
Dosage: Cilostazol 200 mg/day for 6 weeks
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Pro-apoptotic effect of Cilostazol on VSMC

Rat vascular muscle cell, Cultured for 24 hours
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» Cilostazol increases IL-13 induced NO production in the vascular smooth muscle cell.
» Cilostazol increases IL-1[3 induced apoptosis in the vascular smooth muscle cell.

INOS: Inducible Nitric Oxide Synthase
Ito C et al. Cellular Signaling. 2002;14:625-632



Effect on E2F Protein Expression
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« Cilostazol effectively reduces high-glucose-stimulated E2F activity, as well
as proliferation of VSMC

» Cilostazol helps to prevent the development of restenosis after percutaneous
transluminal coronary angioplasty, especially in patients with diabetes.

Lee IK et al. Hypertension. 2005 Apr;45(4):552-6



Effects on Neointimal Formation

.

- Rat Carotid Artery
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Improvement of lipid profiles

Cilostazol
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cAMP 4%

b

LPL activity, LPL release 4
N

Peripheral tissue

TG |
HDL-C 1
o . Apo Al Apo B 1
N7 L

CETP

' '\ - LPL activity 1

LPL release?
RCT(Reverse

~~ VLDL and LDL cholesterol transport )|

Cilostazol increases cAMP/PKA activity
Cilostazol stimulates macrophage ABCA1 and ABCG1expression and
cholesterol efflux mediated by apoA-I and HDL



Cilostazol enhances macrophage RCT in vitro and in vivo

Cilostazol enhances cholesterol efflux from macrophages by increasing ABCA1 and ABCG1
expression = HDL 1
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Effect on Adipocytes Mechanism of Lipid Metabolism
Improvement : TG |
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The increase in cAMP/PKA activity results in phosphorylation and increased
activity of LPL leading to increased hydrolysis of stored triglyceride.

PKA: Protein Kinase A

LPL: Lipoprotein Lipase
bop b Takeshi Tani et al. Atherosclerosis. 2000;152:299-305

Motoyashiki T, Morita T, Ueki H. Biol Pharm Bull. 1996;19:1412-1416



Clinical Evidence : Effect of Cilostazol on Plasma Lipoproteins
In Patients With Intermittent Claudication.

Subjects: 189 patients with intermittent claudication
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Cilostazol 100 mg BID (n = 95)
Placebo (n = 94)

In addition to improving the symptoms of IC, Cilostazol also favorably modifies
plasma lipoproteins in patients with peripheral arterial disease.

Elam MB et. al. Arterioscler Throb Vasc Biol. 1998;18:1942-1947



Clinical Evidence : Meta-Analysis of 8 Phase
11 Clinical Trial

Serum lipid profile through 24 weeks

- Effects on Serum Lipids

Data Point Cilostazol Cilostazol Pentoxifylline
(mean) 50 mg bid 100 mg bid 400 mg tid
Baseline (mg/dL) 237 217 229 216
: : 736 769 221
Triglycerides
-21
-0.9
41
HDL 726 769 221
cholesterol 1 5
13* 4 8
Baseline (mg/dL 136 138 140 143
LDL n 215 673 696 206
cholesterol A (mg/dL 5 03 0.8 gl
A (%) -0.1 2 22 4

*p = 0.001, compared with pentoxifylline or placebo (Analysis of covariance, Willcoxson rank-sum test)
HDL = High-Density Lipoprotein; LDL = Low-Density Lipoprotein;

Thompson PD et al. Am J Cardiol. 2002; 90:1314-1319



Clinical Evidence : Effect of Cilostazol on Lipidprofile in
type 2 DM with PAD patients (DAPC result)

Change of Total-cholesterola
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Katakami N. et al. : Circulation. 2010;121:2584-259



Effect of Pletaal® (Cilostazol) on Endothelial Cell
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Effect on NO Production in Endothelium
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TNF-a (pg/mL)

Effect of Cilostazol on TNF-a
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Cilostazol inhibits TNF-a production in the endothelial cell induced by LPS.

Kim KY et al. J Pharmacol Exp Ther. 2002 Feb;300(2):709-15



Inhibits Oxidative Stress via upregulation of
Sirtl in Human Endothelial Cells

\/ Cilostazol inhibits oxidative stress—induced premature senescence in human
endothelial cells
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Human umbilical vein endothelial cells (HUVECs) were induced by treatment with hydrogen
peroxide (H202) as judged by senescence-associated -galactosidase assay (SA-gal), cell
morphological appearance, and plasminogen activator inhibitor-1 (PAI-1) expression.

Hidetaka Ota et al. Arteriosler Throm Vasc Biol. 2008,28:1634-1639



VCAM-1 protein (ODa4s0)

Effect on Expression of Adhesion Molecule
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VCAM-1: Vascular Cell Adhesion Molecule-1
HUVEC: Human Umbilical Vein Endothelial Cell

Cilostazol inhibits onset and proliferation of VCAM on the vascular
endothelial cell induced by TNF-a.

Otsuki M et al. Atherosclerosis 2001 Sep;158(1):121-8
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Clinical Treatment Goals of PAD
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Dose Response Treadmill Results

#

Percent Grade

12,5

Cilostazol 100 mg bid (n=140) Speed=2.0 mph
== Cilostazol 50 mg bid (n=139)
"= Placebo (n=140)
142.6 m
741 m
36.4m
i 6.0 METs
r"—'
0 >
Time

JOBST VASCULAR CENTER

Cardiovascular and Renal Drugs Advisory Committee
85th Meeting US DHHS, FDA. Bethesda, MD July, 9 1998



Randomized Trial
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Estimated Treatment Effect for QOL Dats
from 6 Pooled U.S. Trials

Bodily Pain

Physical Function

Role-Physical

Physical Summary

== Cilostazol 100 mg

bid vs Placebo

components

P <0.0001 for all

Placebo Better

321012345678 91 1 12 13
Cilostazol Better

Cardiovascular and Renal Drugs Advisory Committee
85th Meeting US DHHS, FDA. Bethesda, MD July, 9 1998




Overview of Cilostazol Efficacy
ACD at End of Treatment for * Controlled Trials

96-202 = == Cilostazol 100 ,mg
92-202 e b|.d vs Placebo
SR == Cilostazol 50 mg
94-201 - bid vs Placebo
= 94-301 = Sl
93-201 R —
95-201 — —
90-201
0.8 1.0 1.2 14 1.6 1.8
Placebo Better Cilostazol Better

Cardiovascular and Renal Drugs Advisory Committee
85th Meeting US DHHS, FDA. Bethesda, MD July, 9 1998



ACC/AHA guideline :
Pharmacotherapy of Claudication

‘ Level ‘ Recommendation \

Cilostazol(100mg orally 2 times per day) is indicated as an effective
therapy to improve symptomas and increase walking distance in patients
with lower extremity PAD and intermittent claudication(in the absence of
heart failure)

A therapeutic trial of cilostazol should be considered in all patients with
lifestyle-limiting claudicatioin(in the absecce of heart failure).

Class | A

The effectiveness of ginkgo biloba to improve waking distance for
Class |l B patients with intermittent claudication is marginal and not well
established.

Oral vsodilator prostaglandins such as beraprost and iloporst are not
Class Ill A  effective medications to improve walking distance in patients with
intermittent claudication




for the Management of PATDD

Cilostazol

® Recommendation 16: Pharmacotherapy for symptoms o
f intermittent claudication
A 3- to 6-month course of
for the relief of claudication
symptoms, as evidence shows both an improvement in
treadmill exercise performance and in quality of life.



PAD & Pletaal in Diabetes

Reviews/Commentaries/Position Statements
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Clinical Treatment Goals of PAD
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DAPC study(Study of Diabetic Atherosclerosis
Prevention by Cilostazol)

* Patients With type 2 diabetes and arteriosclerosis
obliterans from the Eastern Asian countries were registered online and
randomly assigned either to the aspirin group (81-100 mg/day) or the
cilostazol group (100-200 mg/day) in this international, 2-year, prospective
follow-up interventional study.

Aspirin group(81-100 mg/day; )
1
.

/

Randomization
—0)

\ Ultrasonographic scan

Cilostazol group (100-200 mg/day)

Katakami N. et al. : Circulation. 2010;121:2584-2591



Change In max IMT
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Katakami N. et al. : Circulation. 2010;121:2584-2591



Change in mean IMT

A LCCA-mean IMT /A LCCA-mean IMT

— Aspirin (n=152) 005  =—eifff— Aspirin (n=152)
Cilostazol (n=144) 104 — L Cilostazol (n=144)

0.071Tmm J B 0.072mm
p=0.004 " .- ) ' I p<0.001

-0.024

Katakami N. et al. : Circulation. 2010;121:2584-2591



Conclusions

* Cilostazol has cAMP-mediated unigue pharmacological
effects. It mainly improved clinical outcomes of patients
with lower extremity intermittent claudication.

» Cilostazol showed a possibility that it could be used for
stroke prevention (antiplatelet effect) and adjunctive
therapy (antiproliferative effect) for peripheral intervention

 Because cilostazol improved the pro-atherogenic lipid
profile in patients with peripheral arterial disease or type 2
diabetes, which might exert clinically relevant effects on
atherogenic dyslipidemia in high-risk patients



