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Cerebral Ischemia of

Arterial Origin




TRADITIONAL ANTICOAGULANT DRUGS

- Unfractionated heparin (UH)

« Warfarin and other vitamin-K
antagonists

 Low molecular weight heparins
(LMWH)

* Fondaparinux
 (Bivalirudin)

* (Lepirudin)




Vitamin K antagonists (VKA) vs ASA in patients with

Cerebral Ischemia of Arterial Origin

Year Trial INR Outcome HR AC vs. ASA
1997 SPIRIT 3.0-4.5 VE + MB 2.3 (1.6-3.5)

2001 WARSS 1.4-2.8 IS+D 1.13 (0.92-1.38)
2007 ESPRIT 20-3.0 VE+MB 1.02(0.77-1.35)

VE, vascular event; MB, major bleeding; IS, ischaemic stroke; D, death

Major/fatal bleedings:  SPIRIT = 53 (VKA) vs 6 (ASA);
WARSS = 44 (VKA) vs 30 (ASA);
ESPRIT = 55 (VKA) vs 22 (ASA)

SPIRIT, Ann Neurol 1997,42:857-65
WARSS, N Engl J Med 2001,;345:1444-51
Modified from A. Algra ESPRIT, Lancet Neurol 2007;6:115-24



TRADITIONAL ANTIPLATELET DRUGS

* Aspirin
* Dipyridamole
 Clopidogrel and

ticlopidine

« Glycoprotein llb/llla
inhibiotrs
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Cumulative meta-analysis of aspirin efficacy after
cerebral ischaemia of arterial origin

Cumulative relative risk
(95% Cl)

AITIA 1977

Reuther 1978

Can Coop 1978

Toul TIA 1982

AICLA 1983 OVERALL RRR: 13%

Dan Coop 1983

No difference in relative risk
Britton 1987 reduction for doses of ASA:
low (<100 mg/day),
PRHSovR s medium (300-325 mg/day),
UK-TIA 1988 high (900 mg/day)

SALT 1991

ESPS-2 1996
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ALGRA A, VAN GIJN J J Neurol Neurosurg Psychiatry 1999;66:255-255




Risk of stroke with various NSAIDs

NSAID

HR (95% CI) for
risk of stroke

Ibuprofen
Diclofenac
Rofecoxib
Celecoxib

Naproxen

1.28 (1.14-1.44)
1.86 (1.58-2.19)
1.61 (1.14-2.29)
1.69 (1.11-2.26)

1.35 (1.01-1.79)

Gislason G. European Society of Cardiology 2010 Congress; August 29-

September 1, 2010; Stockholm, Sweden.

Theheart.org
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THIENOPYRIDINES ACTIVE METABOLITES
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PATIENTS : ;

AT RISk Time from randomisation (years)
Placebo 528 £20 335 232 179 110
Ticlopidine 525 363 304 208 136

Occurrence of stroke, myocardial infarction, or vascular death in
the placebo and ticlopidine groups.

Gent, CATS trial, Lancet 1989




Ticlopidine vs Aspirin in stroke

(TASS Study)

» Patients: 3069 patients with recent

transient or mild persistent focal cerebral
or retinal ischemia

» Treatments: Ticlopidine hydrochloride (250
mg b.i.d.) vs aspirin (1300 mg g.d.)

* End points: stroke or death.

* Follow-up: two to six years.

Hass et al, NEJM 1989



Ticlopidine vs Aspirin in stroke

(TASS Study): main results

End point Ticlopidine ASA RRR (95% CI)

Non-fatal stroke

or death 17% 19% 12% (-2/26)
Fatal and non-fatal
stroke 10% 13% 21% (4/38)

Hass et al, NEJM 1989



Relative-risk reduction (%)
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Figure 4: Relative-risk reduction and 95% Cl by disease

subgroup
MI=myocardial infarction; PAD=peripheral arterial disease.

CAPRIE Steering Committee, Lancet 1996



Prevalence of resistance to

antiplatelet agents

« Aspirin (serum TxB,) =~ 0-5%"
 Clopidogrel (P2Y,,-specific assays) = 30%

*mostly associated with non-compliance



Aspirin and clopidogrel compared with clopidogrel alone
after recent ischaemic stroke or transient ischaemic attack in
high-risk patients (MATCH): randomised, double-blind,
placebo-controlled trial

Hans-Christoph Diener, Julien Bogousslavsky, Lawrence M Brass, Claudio Cimminiello, Laszlo Csiba, Markku Kaste, Didier Leys,
Jordi Matias-Guiu, Hans-Jorgen Rupprecht, on behalf of the MATCH investigators*

Summary

Background Clopidogrel was superior to aspirin in patients with previous manifestations of atherothrombotic disease in
the CAPRIE study and its benefit was amplified in some high-risk subgroups of patients. We aimed to assess whether
addition of aspirin to clopidogrel could have a greater benefit than clopidogrel alone in prevention of vascular events

with potentially higher bleeding risk.

Methods We did a randomised, double-blind, placebo-controlled trial to compare aspirin (75 mg/day) with placebo in
7599 high-risk patients with recent ischaemic stroke or transient ischaemic attack and at least one additional vascular
risk factor who were already receiving clopidogrel 75 mg /day. Duration of treatment and fﬁ]uw-up was 18 months. The
primary endpoint was a composite of ischaemic stroke, myocardial infarction, vascular death, or rehospitalisation for
acute ischaemia (including rehospitalisation for transient ischaemic attack, angina pectoris, or worsening of peripheral
arterial disease). Analysis was by intention to treat, using logrank test and a Cox's proportional-hazards model.

Lancet 2004; 364: 331-37



Kaplan-Meier curves for cumulative rates of primary endpoint events
(composite of ischaemic stroke, myocardial infarction, vascular death,
or rehospitalisation for acute ischaemia)

—— Placebo and clopidogre
— Aspirin and dopidogrel

Relative risk
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Kaplan-Meier curves for cumulative rates of
primary intracranial haemorrhage in the MATCH trial
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The CHARISMA Trial

Background. Dual antiplatelet therapy with clopidogrel
plus low-dose aspirin has not been studied in a broad
population of patients at high risk for atherothrombotic
events.

Methods. 15,603 patients with either clinically evident
cardiovascular disease or multiple risk factors were
randomly assigned to receive clopidogrel (75 mg per
day) plus low-dose aspirin (75 to 162 mg per day) or
placebo plus low-dose aspirin

Follow up. a median of 28 months

Primary efficacy end point. A composite of myocardial
infarction, stroke, or death from cardiovascular causes

Secondary efficacy end points included hospitalization

Bhatt, D. L. et al. N Engl J Med 2006;354:1706-1717



Composite and Individual Primary and Secondary End Points.

Table 4. Composite and individual Primary and Secondary End Points.

Clopidogrel Placebo
plus Aspirin plus Aspirin Relative Risk
End Point (N=7802) (N=7801) (95% Cly* P Value

no. (%)
Efficacy end points
Primary efficacy end point 534 (6.8 573 (73
3174 (4.8
229 (2.9

0.93 (0.83-1.05)
0.99 (0.86-1.14)
1.04 (0.87-1.25)

Death from any cause 371 (4.8
Death from cardiovascular causes 238 (3.1
0.94 (0.75-1.18)
0.81 (0.64-1.02)
0.79 (0.64-0.98)
Secondary efficacy end pointf 1301 (16.7) 1395 (17.9) 0.92 (0.86-0.995)

lschemic stroke {nonfatal) 132 (1.7 163 (2.1

)
)
)
)
)
189 (2.4)

)
)
)
Myocardial infarction (nonfatal) 146 (1.9) 155 (2.0
)
)

Stroke (nonfatal) 150 (1.9

Hospitalization for unstable angina, transient 866 (11.1) 957 (12.3) 0.90 (0.82-0.98)
ischemic attack, or revascularization

Safety end points

Severe bleeding 130 (L.7) 104 (1.3) )
) 17 (0.2) 1.53 (0.83-2.82)

Primary intracranial hemorrhage 26 (0.3) 27 (0.3) 0.96 (0.56-1.65)
) ) )

101 (1.3

1.25 (0.97-1.61
Fatal bleeding 26 (0.3

Moderate bleeding 164 (2.1 1.62 (1.27-2.08

* Cl| denotes confidence interval.

T The secondary efficacy end point was the first occurrence of myocardial infarction, stroke, death from cardiovascular
causes, or hospitalization for unstable angina, a transient ischemic attack, or a revascularization procedure (coronary,
cerebral, or peripheral).

Bhatt, D. L. et al. N Engl J Med 2006;354:1706-1717




TRADITIONAL ANTIPLATELET DRUGS

* Aspirin
* Dipyridamole
 Clopidogrel and

ticlopidine

« Glycoprotein llb/llla
inhibiotrs




Mechanisms of action of dipyridamole

DIPYRIDAMOLE

{

Inhibition of
adenoasine tran prr‘lEr

Increase in cGMP

"l-

"\ Inhibit aggregation
e Decrease sCO40L
Increase in cAMP
i Scavenging ROS
Inhibit aggregation iy

Platelet

Decreased: vWF, CRP
MCP-1 '[

Prostacyclin release/vasodilation--Inhibition of Proliferation--Inhibit NFkappaB

Endothelium
Scavenging ROS/decrease ROS generation -- Decrease in Proinflammatory Cytokines,

Chakrabarti & Freedman, Vasc Parpmacol 2008



OR and 95% CI for the effect of active treatment vs placebo
on the principal end-points of the ESPS-2 trial

Odds ratios for Active treatment compared to Placebo

Mo Evertso Enbered Duids Habs CHnds. Ratio

ACTIVE FLACEEBD %G| ACTIVEIPLACEBD

HWENE4T 2501640 0.75[0.65,0.97)

1111654 FO Gag 0 B1{067 D B

D= ASA 157 HESD 2HN1645 0.58({0.46,0.73}

Strokes andior Death

A58 3304 Gag ATRGSS 0.8£00 71 ,0.85)

IMesa  ITBNE4E 0,870 58,0 68

2851850 ITEIGAR 070,58, 0 Ba)

1B2NG4E 2021840 08800 71,1.08)

1EBHESS 201849 0.9200.74,1.13)

1BSMES0 2021649 0.80{0.73,1.12)

Diener et al, ESPS-2 tral, J Neurol Sci, 1996



Aspirin plus dipyridamole versus aspirin alone after cerebral
ischaemia of arterial origin (ESPRIT): randomised controlled
trial

The ESPRIT Study Group*

Summary
Background Results of trials of aspirin and dipyridamole combined versus aspirin alone for the secondary prevention
of vascular events after ischaemic stroke of presumed arterial origin are inconsistent. Our aim was to resolve this
uncertainty.

Methods We did a randomised controlled trial in which we assigned patients to aspirin (30-325 mg daily) with
(n=1363) or without (n=1376) dipyridamole (200 mg twice daily) within 6 months of a transient ischaemic attack or
minor stroke of presumed arterial origin. Our primary outcome event was the composite of death from all vascular
causes, non-fatal stroke, non-fatal myocardial infarction, or major bleeding complication, whichever happened first.

Treatment was open, but auditing of outcome events was blinded. Primary analysis was by intention to treat. This
study is registered as an International Standard Randomised Controlled Trial (number ISRCTN73824458) and with

ClinicalTrials.gov (NCT00161070),
Lancet 2006; 367: 1665-73



Occurrence of first outcome events, according to treatment

Intention totreat

Omn treatment

Aspirin+dipy idameole
(n=1363)

Aspinin alons
{n=1376)

HR (5% C1)

HR (05% 1)

Person-vears of cbservation®

Death from all vascular cawses, non-fatal stroke, non-fatal myocardial infarction,
non-fatal major bleeding complication®

Death from all causes
Death from all vascular cawsas
Death from all vascular causes, non-fatal stroket
Major bleeding complication
Mon-fatal extracranial
Fatal extracranial
MNon-fatal intracranial
Fatal intracramial

All major iEchaemic events: non-haemaorrhagic death from vascular causes,
non-fatal ischaemic stroke, non-fatal myocardial infarctiond

Death from all vascular causes, non-fatal stroke, non-fatal myocardial infarctiont

First ischaemic stroke

First cardiac event

4408
173

93
44
132
35
21

149
o6
43

“Years of follow-up until primary cvtcome event or end of follow-up. FWhichaver event ooourmed first

0-80 (0-66-0-98)

0-88 (0-67-1-17)
075 {0-51-1-10)
078 (0-62-0-97)
067 (0-44-1-03)

0-81 (0-65-1-01)

078 (0-63-0-97)
0-84 (0-64-1-10)
073 (0-45-108)

0-82 (0-66-1-02)

0-98 (0-72-1-15)
0-86 (0-55-1-34)
0-83 (0-65-1-06)

058 (0-35-0-97)

0-B8 (0-68-112)

0-82 (0-65-1-04)
0-91 (0-68-1-22)
0-87 (0-56-1-37)

Table 3: Ocourrence of first ovtcome events, according to treatment

The ESPRIT Study Group, Lancet 2006




Meta-analysis of RCT comparing ASA-Dipyridamole to ASA iIn
Patients with Cerebral Ischemia of Arterial Origin

Aspirinsdipyridamole  Aspirin alone Rlisk ratio Weight (%) Risk ratio (foeed)
(NN} {n/M) (95% CI) g5 Ol

Pre-ESPS 2
Toulouse transient ichaemic artack™ 121137 11147 1.67 1.17 (0-C3-2.56)
AKLAY 30202 317198 493 0-95 (0-60-1-51)
ACCS™ 7o/448 85/442 13-46 0-92 (0-70-1-21)
Kanyes o/88 3/8E 0-45 2.16(0-C6-8-37)
Subtotal E7C £32 2051 0-07 (0-78-1-22)
Total events 137 130
Test for heterogeneity: y'=1-73, df=3 p=0-63 P'=0%

Test for overall effect- 7Z=0-24, p=0-81

ESP5 2 o
—— 246/1650 078 (0-67-0-91)
Subtotal 1650 L 078 (0-67-0-91)
Total events 246
Test for hetarogensity: not applicable
Test for overall effect: Z=3-1C, p=0-002

ESPRIT
ESPRIT 145/1363 102/1376 078 (0-64-0-96)
Subtotal (95% CI) 1363 176 78 (0-64-0-96)
Total events 149 152

Test for heterogeneity: not applicable
Test for overall effect- 7=2-39, p=0-02

Total 888
Total events [

Test for heterogensity: y'=4-11, df=C, p=0-51, P=0%
Test for overall affect: 7=3-61, p=0.0003

|
- 3 (] |_ 1. 5 2

Fawowrs aspinn+  Favours aspinn alone
dipy ridamiole

The ESPRIT Study Group, Lancet 2006




Table 1. Aspirin and Dipyridamole: Total Daily Dose
and Formulation

ASA ASA+DP
Caneschi et al20 300 mg ASA 150 mg+IR-DP 225 mg
Guiraud-Chaumeil et al'7 990 mg ASA 990 mg+IR-DP 150 mg
AICLAE 990 mg ASA 990 mg+IR-DP 225 mg

ACCSG™ 1300 mg ASA 1300 mgl—IFI—DP 300 mg
ESPS-2¢ 50 mg ASA 50 mg-+HER-DP 400 mg
ESPRIT10 75 mgt ASA 75 mgt+DPt 400 mg

ASA indicates aspirin; IR-DP, immediate-release dipyridamole; ER-DP,
extended-release dipyridamole.
tMedian dose. Allowable dose of ASA 30-325 mg.
183% ER-DP, 17% IR DP.

Verro et al, Stroke 2008




Meta-analysis for non-fatal stroke for subsets of trials,
based on the type of dipyridamole used

Instant release Dipyridamole Extended release Dipyridamole

Caneschi ESPS-2 B
Guiraud-Chaumeil ESPRIT B
AICLA

ACCSG

Overall RRE 0.83 Owverall RR0.76
(95% Cl,0.59=1.15) (95% CI,0.65=0.89)

Summary < ‘

Favors aspirin Favors Favors aspirin
+ dipyridamole aspirin + dipyridamole

| T | | | | |
0.03 0.10 0.32 1.00 3.50 0.71 0.85

Risk Ratio (95% CI) Risk Ratio (95% CI)

Verro et al, Stroke 2008




(A)
#5A+F}.P Thieno + ASA
N

Thienao

(B)
ASA+DP Thieno + A58,

Thieno

Placeba

(C)
ASA +DP 112 Thieno +ASA,

Thigno

>~ 7/ =

Flacsba

Network of
antiplatelet regimens
after TIA or stroke

Thijs et al, Eur Hear J 2008




Table 2 Results for direct comparison and network meta-analysis

Thieno ASA + DP Thieno + ASA

086 (0.78-096) 077 [0.58-1.03) 0.65 (057-0.76)
(.85 (0.78 0% [0.85-1.04) 0.7 (0.70-090) 083 (067-1.03)
Thieno 07 {0.70-0489) 0.93 (0.85-1.02) 057 (0.84-1.10)

ASA + DP 067 060-075) 078 {070

Thieno + ASA 0.75 (0.64-088) 088 (077 0% 084-107) 112 (095-133)

Compartson of results of direct comparisons (upper dagonal part) and the results from a network metxanalysis combining both direct and indirect comparisons (lower diagonal
part). Each cell gives an odds ratio (and 95% confidence interval), in the lower dizponal part, this OR compares the row condition with the column condition, and in the upper
dizponal part, the OR companes the column condition with the row condition.

'-" pertains to direct comparisons for which no trials are avallable, italic font refers to indirect comparsons in the network

Thijs et al, Eur Hear J 2008




Kaplan-Meier Estimates of the Cumulative Probability of Primary and
Secondary Outcomes, According to Treatment Group

A Primary Outcome

Cumulative Probability
of Recurrent Stroke

No. at Risk

Aspirin—-ERDP 10,181

Clopidogrel

B Secondary Outcome

Cumulative Probability of Stroke, MI,

or Death from Vascular Causes

0.14

10,151

0.18
0.16
0.14
0.12
0.10
0.08
0.06

0.04

9715

9677

9669
9651

Aspirin-ERDP

Years since Randomization

9431
9371

9146
9137

6970
6934

4426
4435

1060
1037

Aspirin-ERDP

1.0

Years since Randomization

9370
9320

9071
9050

6896
6855

4370
4371

Sacco R et al

. N Engl J Med 2008




Frequency of Types of Recurrent Stroke among the Study Patients,
According to Treatment Group

[ Ischemic B Hemorrhagic [l Other or unknown

916 (9.0%) 898 (8.8%)
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Aspirin—ERDP Clopidogrel

Sacco R et al. N Engl J Med 2008




Other antiplatelet agents tested in

Cerebral Ischemia of Arterial Origin

* Triflusal (COX-1 inhibitor)
 Cilostazol (PDS3 inhibitor)
» Terutroban (TP receptor antagonist)



Guidelines for secondary prevention

Cerebral Ischemia of ArterialOrigin

* It iIs recommended that patients not requiring
anticoagulation should receive antiplatelet
therapy (Class I, Level A).

* Where possible, combined aspirin and
dipyridamole, or clopidogrel alone, should be
given. Alternatively, aspirin alone, or triflusal
alone, may be used (Class |, Level A)

European Stroke Organization (ESO). Cerebrovasc Dis 2008;25:457-507
Updated: January 2009: http://www.eso-stroke.org/recommendations.php?cid=9&sid=1



Guidelines for secondary prevention

Cerebral Ischemia of ArterialOrigin

« The combination of aspirin and clopidogrel is not
recommended in patients with recent ischaemic
stroke, except in patients with specific
indications (e.g. unstable angina or non-Q-wave
MI, or recent stenting); treatment should be

given for up to 9 months after the event (Class |,
Level A)

European Stroke Organization (ESO). Cerebrovasc Dis 2008;25:457-507
Updated: January 2009: http://www.eso-stroke.org/recommendations.php?cid=9&sid=1



