. The official journal of the Japan Atherosclerosis Society and
J: the Asian Pacific Society of Atherosclerosis and Vascular Diseases @@@@
e S BY NC SA

o
O r | g | n al A rt | C | (=) J Atheroscler Thromb, 2021; 28: 169-180. http://doi.org/10.5551/jat.56093

Efficacy and Safety of Prasugrel by Stroke Subtype: A Sub-Analysis
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Aims: The efficacy of antiplatelet therapy may vary among different disease subtypes. Prasugrel is generally a
more potent, consistent, and fast-acting platelet inhibitor than clopidogrel. This sub-analysis of the phase III
comparison of PRAsugrel and clopidogrel in Japanese patients with ischemic STROke (PRASTRO-I) trial aimed
to assess the differences in efficacy of these treatments for each stroke subtype.

Methods: In the PRASTRO-I trial, a total of 3,753 patients with ischemic stroke were recruited from 224 cen-
ters throughout Japan and randomized (1:1) to prasugrel (3.75 mg/day) or clopidogrel (75 mg/day) for 96 weeks.
For the sub-analysis, strokes were classified as large-artery atherosclerosis, small-artery occlusion (lacunar), stroke
of other etiology, and stroke of undetermined etiology. The cumulative incidence of primary events (ischemic
stroke, myocardial infarction, and death from other vascular cause) and hazard ratios (HRs) were calculated for
each subgroup.

Results: For patients with large-artery atherosclerosis, the primary event incidence was 3.8% in the prasugrel
group and 4.8% in the clopidogrel group (HR 0.79; 95% confidence interval [CI] 0.45-1.41). For patients with
small-artery occlusion, the incidence was 3.3% in the prasugrel group and 3.9% in the clopidogrel group (HR
0.82; 95% CI 0.45-1.50). For patients with stroke of undetermined etiology, the incidence was 4.6% in the pra-
sugrel group and 3.0% in the clopidogrel group (HR 1.56; 95% CI 0.90-2.72). The incidence of bleeding was
similar across subtypes.

Conclusions: Although statistical significance was not reached, the efficacy of prasugrel was potentially differ-
ent between stroke subtypes, warranting further studies.
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Abbreviations: PRASTRO-I: PRAsugrel and clopidogrel in Japanese patients with ischemic STROke trial,
HR: hazard ratio, CI: confidence interval, iCAS: intracranial arterial stenosis, SOCRATES: Acute Stroke Or
Transient IsChemic Attack TReated With Aspirin or Ticagrelor and Patient OutcomES trial, CHANCE:
Clopidogrel in High-risk Patients With Acute Non-disabling Cerebrovascular Events trial, TOAST: Trial of
Org 10172 in Acute Stroke Treatment, ProFESS: Prevention Regimen for Effectively Avoiding Second Strokes
trial, TRITON-TIMI 38: TRial to Assess Improvement in Therapeutic Outcomes by Optimizing Platelet
InhibitioN with Prasugrel-Thrombolysis In Myocardial Infarction, ACS: acute coronary syndrome, J-STARS:
The Japan Statin Treatment Against Recurrent Stroke trial, SPS3: Secondary Prevention of Small Subcortical

Strokes trial

Introduction

Antiplatelet agents are used uniformly for sec-
ondary prevention for all patients with non-cardioem-
bolic stroke; however, their protective effects against
vascular events depend on the subtype of ischemic
stroke. In the SOCRATES trial, ticagrelor was more
effective than aspirin in patients with >50% stenosis
of intracranial or extracranial arteries but not in
patients without such stenosis”. In the CHANCE
trial and sub-analysis, a combination of clopidogrel
plus aspirin prevented more ischemic events than aspi-
rin alone in patients with intracranial arterial stenosis
(ICAS), although the difference was not significant?.
In patients without ICAS, no difference in the inci-
dence of ischemic events between the two treatment
groups was found. These results indicate that the effi-
cacy of antiplatelet agents in preventing ischemic
events in stroke patients may differ depending on the
subtype of stroke.

At present, clopidogrel is the most frequently
used treatment for the secondary prevention of non-
cardioembolic stroke®”). Prasugrel is a member of the
thienopyridine class of adenosine diphosphate recep-
tor inhibitors that provides more prompt, potent, and
consistent platelet inhibition than clopidogrel®. The
comparison of PRAsugrel and clopidogrel in Japanese
patients with ischemic STROke (PRASTRO-I) trial
was one of the largest phase III trials of patients with
non-cardioembolic stroke” ®. The primary analysis of
PRASTRO-I found that prasugrel (3.75 mg) was as
effective as clopidogrel (75 mg) for the prevention of
primary events (ischemic stroke, myocardial infarc-
tion, and death from other vascular causes) in patients
with non-cardioembolic stroke. Non-inferiority was
not statistically proven. However, as there are various
subtypes of non-cardioembolic stroke in this popula-

tion, determining the efficacy and safety of antiplate-
let agents according to stroke subtype is important.
Although both the SOCRATES and CHANCE
trials demonstrated that patients with atherothrom-
botic stroke and stenosis of intracranial or extracranial
arteries benefit from drugs with a potent antiplatelet
effect” ?, these studies either compared antiplatelet
agents with different mechanisms or used treatment
combinations. No comparison between thienopyri-
dine monotherapies has been reported. In addition,
although the SOCRATES and CHANCE trials
included patients with acute stage disease, the
PRASTRO-I trial only included patients with chronic

stage disease.

Aims
We conducted a sub-analysis of the PRASTRO-I

trial to compare prasugrel and clopidogrel within
patient subgroups defined by stroke subtype, and we
also analyzed comparative safety (especially incidence

of bleeding) in these subgroups.

Methods

Data Sharing

Anonymized data and materials have been made
publicly available at Vivli Center for Global Clinical
Research Data and can be accessed at https://vivli.
org/.

Study Design and Patients

PRASTRO-I was a randomized, double-blind,
active-controlled, parallel-group, multicenter (224
institutions), and phase III trial conducted in Japan
from July 2011 to March 2016. The trial was regis-
tered with the Japan Pharmaceutical Information
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Center (JapicCTI-111582). The study design and the
primary results have been published elsewhere”®. In
brief, patients were included if they were aged > 20
and <75 years, weighed >50kg, and experienced a
non-cardioembolic ischemic stroke between 1 and 26
weeks prior to informed consent. Patients were
excluded if they met any of the following criteria:
presence of a cardioembolic stroke, paradoxical cere-
bral embolism, or asymptomatic ischemic stroke; or
the presence of atrial fibrillation or other cardiovascu-
lar diseases that cause cardioembolic stroke. The full
list of inclusion/exclusion criteria and prohibited
drugs is provided in the Supplemental Methods.

Ethical approval was obtained from the institu-
tional review boards, and all patients provided written
informed consent. The study was conducted accord-
ing to the Declaration of Helsinki and Good Clinical
Practice guidelines.

Randomization and Masking

Eligible patients were randomized 1:1 to either
prasugrel (3.75 mg/day) or clopidogrel (75 mg/day)
orally once daily after breakfast using a web-based reg-
istration system, stratified by stroke subtype (using the
TOAST classification)” (Supplemental Methods).
Patients, investigators, and the sponsor were blinded
to treatment allocation.

Evaluation of Efficacy and Safety Endpoints

The primary efficacy endpoint was the incidence
of composite events comprising ischemic stroke, myo-
cardial infarction, and death from other vascular
causes observed from the start of the study drug
administration to 1 day following study drug comple-
tion or discontinuation. The primary safety event was
the incidence of bleeding events, i.e., life-threatening
bleeding, major bleeding, and clinically relevant bleed-

ing.

Statistical Analysis

Sample size calculations for the main analysis
have been previously described” ®. For baseline char-
acteristics, frequencies were calculated for categorical
data, and summary statistics were used for continuous
data. The cumulative incidence of primary endpoint
events was calculated for the two treatment groups
stratified by stroke subtype: large-artery atherosclero-
sis, small-artery occlusion (lacunar), other etiology,
and undetermined etiology. Hazard ratios (HRs) and
95% confidence intervals (Cls) based on a Cox pro-
portional hazard model were estimated to compare
incidence rates in the two treatment groups by stroke
subtype. Other efficacy events and bleeding were ana-
lyzed in a manner similar to that used for primary

events. The cumulative incidence of primary events
was evaluated using a Kaplan—Meier curve. All analy-
ses were performed using SAS version 9.2 (SAS Insti-
tute, Cary, NC, USA).

Results

Patients

A total of 3,753 patients were randomized to
treatment. Of these, 3,747 were included in the full
analysis set (797 females, 21.3%). The six patients
excluded were withdrawn from the trial before admin-
istration of the trial drug. The baseline characteristics
for patients with different stroke subtypes are summa-
rized in the Supplemental Table 1. Of the 3,747
patients in the full analysis set, 1,099 presented with
large-artery atherosclerosis, 1,176 presented with
small-artery occlusion (lacunar), 84 presented with
stroke of other determined etiology, and 1,388 pre-
sented with stroke of undetermined etiology. No nota-
ble differences in the baseline characteristics between
the two treatment groups were found.

Incidence of Efficacy Events

The incidence of efficacy events was determined
for each stroke type subgroup (Table 1). Kaplan—
Meier survival analysis was used to compare the
cumulative incidence of primary events for each stroke
subtype in the prasugrel and clopidogrel groups
(Fig. 1); this was not performed in the subgroup with
acute stroke of other known etiology because no pri-
mary endpoint events in either treatment group were
found. Primary events were experienced by patients
with large-artery atherosclerosis (21/553 [3.8%] and
26/546 [4.8%]; HR 0.79, 95% CI 0.45-1.41), small-
artery occlusion (19/583 [3.3%] and 23/593 [3.9%];
HR 0.82, 95% CI 0.45-1.50), and stroke of undeter-
mined etiology (33/714 [4.6%] and 20/674 [3.0%];
HR 1.56, 95% CI 0.90-2.72) in the prasugrel and
clopidogrel groups, respectively.

In all stroke types, the primary event was mainly
ischemic stroke for patients with large-artery athero-
sclerosis (19/553 [3.4%)] and 25/546 [4.6%]; HR
0.75, 95% CI 0.41-1.36), small-artery occlusion
(18/583 [3.1%] and 22/593 [3.7%]; HR 0.81, 95%
CI 0.43-1.51), and stroke of undetermined etiology
(32/714 [4.5%] and 17/674 [2.5%]; HR 1.79, 95%
CI 0.99-3.21) in the prasugrel and clopidogrel

groups, respectively.

Bleeding Events in Each Stroke Subtype
The incidence of bleeding events (Table 2) and
life-threatening bleeding was comparable in the prasu-

grel and clopidogrel groups for each stroke subtype.
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Table 1. Cumulative incidence of efficacy events in each stroke subtype group

Large-artery atherosclerosis, %

Small-artery occlusion (lacunar), %

Acute stroke of other determined  Stroke of undetermined etiology, %

etiology, %

Prasugrel Clopidogrel ~ HR Prasugrel Clopidogrel ~ HR Prasugrel Clopidogrel ~ HR Prasugrel Clopidogrel ~ HR
N=553 N=546  [95% CI] N=583 N=593 [95% ClI] N=35 N=49 [95%CI] N=714 N=674 [95% CI]
Primary events 3.8 4.8 0.79 3.3 3.9 0.82 0.0 0.0 -4 4.6 3.0 1.56
[0.45, 1.41] [0.45, 1.50] [0.90, 2.72]
Ischemic stroke 3.4 4.6 0.75 3.1 3.7 0.81 0.0 0.0 -4 45 2.5 1.79
[0.41, 1.36] [0.43, 1.51] [0.99, 3.21]
Myocardial 0.4 0.2 1.92 0.2 0.2 1.02 0.0 0.0 -[--] 0.1 0.6 0.24
infarction [0.17,21.16] [0.06, 16.29] [0.03, 2.10]
Death from other 0.0 0.0 - 54 0.0 0.0 -[--] 0.0 0.0 - 0.0 0.0 -5 -]
vascular cause
Any stroke 3.8 5.1 0.74 3.4 3.9 0.86 0.0 2.0 -4 45 3.1 1.45
[0.42, 1.30] [0.47, 1.56] [0.83, 2.51]
Hemorrhagic 0.4 0.5 0.65 0.3 0.2 1.92 0.0 2.0 -4 0.0 0.6 -]
stroke [0.11, 3.90] [0.17, 21.23]

CI=confidence interval, HR =hazard ratio

Primary events were experienced by patients with
large-artery atherosclerosis (5/553 [0.9%] and 8/546
[1.5%]), small-artery occlusion (9/583 [1.5%] and
71593 [1.2%]), and stroke of undetermined etiology
(4/714 [0.6%] and 7/674 [1.0%]) in the prasugrel
and clopidogrel groups, respectively. For patients with
acute stroke of other determined etiology, no patients
in the prasugrel group and 1/49 (2.0%) in the clopi-
dogrel group experienced life-threatening bleeding.

Discussion

The sub-analysis of the PRASTRO-I trial sug-
gests that the efficacy of prasugrel, compared with that
of clopidogrel, may vary according to stroke subtype.
We found that prasugrel was at least as effective as
clopidogrel in patients with large-artery atherosclerosis
or small-artery occlusion. Since this study evaluated
ischemic events in the chronic stage (from 7 days after
stroke onset), the number of events was not sufficient
to determine any statistical difference between prasug-
rel and clopidogrel.

In general, patients with ischemic stroke due to
large-artery atherosclerosis often experience the same
stroke etiology at recurrence. The numerically lower
rates of ischemic stroke events caused by large-artery
atherosclerosis observed in PRASTRO-I with prasug-
rel suggest that inhibition of the purinergic receptor
P2Y12 also exhibits the potential to reduce atheroscle-
rotic vascular events in large-artery atherosclerosis.
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Further study is required to examine the efficacy of
prasugrel in the acute stage and in patients at a high
risk of a transient ischemic attack.

Large-Artery Atherosclerosis

Although antiplatelet therapy is effective in the
prevention of non-cardioembolic ischemic stroke,
most previous studies have not included an analysis
based on ischemic stroke subtype. In the ProFESS
trial, clopidogrel monotherapy appeared to show a
nonsignificant trend toward stroke prevention com-
pared with the combination of aspirin and dipyridam-
ole in patients with large-artery atherosclerosis (9.4%
vs 10.6%)'. In a subgroup analysis of the SOCRATES
trial in patients with ipsilateral atherosclerotic stenosis,
ticagrelor was superior to aspirin for the prevention of
ischemic events in patients with acute ischemic stroke
or transient ischemic attack". These studies suggest
the importance of inhibition of the P2Y12 receptor for
the prevention of ischemic stroke in patients with
large-artery atherosclerosis. In the TRITON-TIMI 38
trial, prasugrel significantly reduced thrombotic
events, such as cardiovascular death, myocardial
infarction, and stroke, compared with clopidogrel in
patients with acute coronary syndrome (ACS) sched-
uled to undergo percutaneous coronary interven-
tion'". Although the mechanisms of vascular occlu-
sion in ischemic stroke are more heterogeneous than
that in ACS, large-artery ischemic stroke shares a com-
mon feature with ACS. The incidence of ischemic
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3.75mg  (0.0) (1.1) (1.8) (2.2) (2.2) (2.8) (3.1) (3.1) (3.1) (3.6) (4.2) (4.2) (4.8)
Clopidogrel 546 530 514 505 479 454 409 383 351 330 325 322 62
75 mg 0.2) (1.1) (19) (2.1) (2.8) (2.8) (3.3) (4.0) (4.8 (53) (56) (5.6) (5.6)
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Plasugrel 583 563 553 548 534 516 486 453 401 371 365 360 63
3.75mg  (0.0) (1.4) (1.9) (2.1) (2.3) (250 (25) (2.7) (2.9) (3.2) (3.7) (3.7) (3.7)
Clopidogrel 593 578 569 554 527 505 471 432 376 335 329 324 64
75 mg (0.0) (1.0) (1.2) (1.7) (19) (2.8) (3.2) (3.7) (3.9) (4.4) (4.4) (4.4) (4.4)
(C) Plasugrel 3.75 mg/day —— Clopidogrel 75 mg/day
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Plasugrel 714 690 673 662 628 584 527 485 432 394
375mg  (0.0) (0.8) (2.0) (2.6) (3.2) (3.7) (43) (43) (43) (43)
Clopidogrel 674 652 640 628 583 556 502 452 419 387
75 mg (0.0) (0.8) (1.2) (1.5) (23) (25 (27) (27) (2.7) (2.9)

Fig.1. Kaplan—Meier analysis of the cumulative incidence of stroke in patients with (A) large-artery

388 382 102
(5.1) (5.3) (5.3)

380 376 75
(32) (3.2) (3.5

atherosclerosis, (B) small-artery occlusion, or (C) stroke of undetermined etiology
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Table 2. Incidence of bleeding events in each stroke subtype group

Large-artery atherosclerosis, %

Small-artery occlusion (lacunar), %

Acute stroke of other determined ~ Stroke of undetermined etiology, %

etiology, %

Prasugrel Clopidogrel ~ HR Prasugrel Clopidogrel
N=553 N=546  Esimate ~ N=583 N=593

Prasugrel Clopidogrel ~ HR Prasugrel Clopidogrel ~ HR

Estimate N=35  N=49  Estimate N=714 N=674  Estimate

[95% CI] [95% CI] [95% CI] [95% CI]
Life—threatening 0.9 1.5 0.61 1.5 1.2 0.0 2.0 -[54 0.6 1.0 0.54
bleeding (0.20, 1.87] [0.46, 3.35] [0.16, 1.84]
Major bleeding 0.0 0.2 54 0.2 0.0 2.9 0.0 = (B 0.0 0.4 =By
Clinically relevant 4.5 3.3 1.38 6.0 5.4 8.6 41 2.19 49 4,6 1.07
bleeding [0.75, 2.52] [0.66, 1.73] [0.37,13.12] [0.66, 1.74]
Life-threatening 5.4 49 1.10 74 6.6 8.6 6.1 1.44 55 0.1 0.90
bleeding, major (0.65, 1.85] [0.70, 1.66] [0.29, 7.16] [0.58, 1.39]

bleeding, and
clinically relevant

bleeding

ClI=confidence interval, HR =hazard ratio

stroke due to large-artery atherosclerosis in the large-
artery atherosclerosis subgroup was 1.8% (10/553) in
the prasugrel group and 2.9% (16/546) in the clopi-
dogrel group (data not shown in Results). However,
since the PRASTRO-I study evaluated ischemic events
in the chronic stage (from 7 days after stroke onset),
the number of events was not sufficient to determine
any statistical difference in a subgroup of patients with
large-artery atherosclerosis. The SOCRATES and
CHANCE trials demonstrated that patients with ath-
erothrombotic stroke and stenosis of intra- or extra-
cranial arteries benefit from potent antiplatelet ther-
apy in the acute stage" ?. Thus, further study is
required to determine the efficacy of prasugrel in the
acute stage.

The ]J-STARS trial investigated the effects of
statin treatment in patients with non-cardioembolic
ischemic stroke and showed that statins prevent stroke
recurrence significantly more than control treatment
in patients with ischemic stroke due to large-artery
atherosclerosis'?. Therefore, the expectation exists that
concomitant therapy with statins and potent anti-
platelet agents may be more useful in preventing ath-
erosclerosis-related ischemic events; however, a further
large-scale study including acute stage patients is nec-
essary to determine any statistical difference.

Small-Artery Occlusion (Lacunar)

The findings of the present study suggest that
prasugrel was at least as effective as clopidogrel in
patients with small-artery occlusion. There are three
main etiologies: atheroma of parent arteries (usually
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middle cerebral artery) or perforating arterioles, embo-
lism from the heart or carotid arteries, and intrinsic
small vessel disease (lipohyalinosis or fibrinoid necro-
sis)'?. These etiologies suggest that there would be no
benefit from potent antiplatelet regimens as was
shown in the SOCRATES trial”. The only random-
ized clinical trial testing the efficacy of antiplatelet
therapies for lacunar infarction was SPS3, which
showed that long-term aspirin and clopidogrel treat-
ment doubled the risk of bleeding versus aspirin
monotherapy without reducing the risk of stroke
recurrence in patients with recent lacunar stroke'?.
Other studies showed that lacunar strokes carry a
lower risk of recurrence but a higher risk of hemor-
rhagic stroke than other stroke subtypes'*'®. In this
study, the incidence of hemorrhagic stroke was com-
parable in the prasugrel (0.3%) and clopidogrel
(0.2%) groups, although the lack of increase in hem-
orrhagic stroke in any subtype of stroke in this study
may have been a result of reducing the dose of prasug-
rel to 3.75 mg for Japanese patients.

Stroke of Undetermined Etiology

In the stroke of undetermined etiology subgroup,
the incidence of thrombotic events was numerically
higher in the prasugrel group than that in the clopido-
grel group. From these results, patients with stroke of
undetermined etiology did not seem to be good can-
didates for more potent antiplatelet therapy. Cerebral
infarction with an unknown cause may include
patients with embolic factors, such as latent paroxys-
mal atrial fibrillation, patent foramen ovale, and latent
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malignant tumor, which are difficult to detect in
screening. Given that these conditions would be
refractory to antiplatelet therapy, their presence could
mask differences in efficacy between antiplatelet thera-
pies. Of the subgroups within stroke of undetermined
etiology, two patients in the prasugrel group (versus
none in the clopidogrel group) for whom the cerebral
infarction event was a cardiogenic cerebral embolism
were found. We excluded cardioembolic stroke, para-
doxical cerebral embolism, asymptomatic ischemic
stroke by magnetic resonance imaging, and atrial
fibrillation. However, for paroxysmal atrial fibrillation,
which can be detected by long-term repeated Holter
electrocardiogram in up to 22% of patients'”, and for
patent foramen ovale, which accounts for up to 40%
of all ischemic strokes'®, anticoagulant therapy is
indicated, and antiplatelet agents would be ineffective.
Thus, the incidence of ischemic events will vary
according to the source of thrombus/embolus in this
category, and the increased ischemic event rate with
prasugrel may be explained by the complicated etiol-
ogy of thrombus/embolus formation.

Bleeding Events

The incidence of bleeding events in the prasugrel
and clopidogrel groups was comparable in all stroke
subtypes. In the TRITON-TIMI 38 trial, significant
increases in bleeding events were observed with prasu-
grel 10 mg versus clopidogrel with concomitant use of
aspirin from the third day of treatment'”. However,
in the PRASTRO-I trial, no such trend was observed
for any subtype. Monotherapy with prasugrel 3.75
mg, which is approximately one-third of the dose used
outside of Japan, is considered to demonstrate a safety
profile similar to that of clopidogrel in all patients

regardless of stroke subtype.

Limitations

First, the PRASTRO-I trial was not designed to
be powered for this prespecified subgroup analysis,
and therefore, the sample size for each subtype was
small. As there was an inadequate follow-up period in
the second year, and statistical significance was not
achieved, our observations should be confirmed in a
larger study. Second, the results of this study cannot
be generalized to women or older patients because the
study enrolled relatively few women (21.3%) and only
patients aged <75 years.

Conclusion

Our findings suggest that prasugrel was at least as
effective as clopidogrel in patients with large-artery
atherosclerosis or small-artery occlusion in the chronic

stage. Patients with stroke of undetermined etiology
did not seem to be good candidates for more potent
antiplatelet therapy. These results may contribute to
how antiplatelet drugs are appropriately considered for
stroke patients. Further study is therefore needed to
determine the efficacy of prasugrel in the acute stage
and in patients at a high risk of a transient ischemic
attack.
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Supplemental Methods

1. Full list of inclusion/exclusion criteria

Inclusion Criteria:

Eligible patients had to satisfy criteria (1) through (5)
to be enrolled in this study:

(1) Age of 20 years to less than 75 years at the
time of informed consent

(2) Body weight exceeding 50 kg

(3) At the time of informed consent, 1 to 26
weeks had to have passed since the last onset of cere-
bral infarction (irrespective of whether the onset was
the first or a recurrent event, or whether neurologic
signs and symptoms lasted for 24 hours or more)

(4) Head diagnostic imaging (magnetic reso-
nance imaging [MRI] taken between the last stroke
and the end of the pretreatment period) identified the
infarct lesion that probably caused the last stroke epi-
sode

(5) Type of treatment: in- and out-patient care
(subjects were allowed to change the type of care dur-
ing the study)

Exclusion Ciriteria:

Patients were excluded from participating in the study
when one or more of the following conditions were
applicable by the time study treatment started:

(1) Modified Rankin Scale score of 5 and greater

(2) Contraindication for head MRI scans

(3) Cardiogenic cerebral embolism, paradoxical
cerebral embolism, or asymptomatic cerebral infarc-
tion

(4) Cardiovascular disease that may cause atrial
fibrillation or cardiogenic cerebral embolism (pros-
thetic valve, left ventricular thrombus, dilated cardio-
myopathy, or another high-risk source of embolism as
defined by the TOAST classification)

(5) Dual therapy with aspirin and an adenosine
diphosphate receptor antagonist because of a history
of coronary stent placement for the treatment of acute
coronary syndrome (unstable angina, myocardial
infarction) or for another reason

(6) Patients who underwent cerebral revascular-
ization (e.g., carotid endarterectomy, carotid artery
stenting, bypass grafting) for treatment of cerebral
infarction or transient ischemic attack, and required
management with multiple antiplatelet drugs

(7) Intracerebral hemorrhage or a history thereof.
Patients with asymptomatic microhemorrhages that
were only detectable by MRI were not included in this
category.

(8) Subarachnoid hemorrhage or a high risk
thereof (e.g., patients with an untreated, unruptured
cerebral aneurysm not smaller than 5 mm in diame-
ter)
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(9) Bleeding or a high risk of bleeding (e.g.,
hemorrhagic infarction, vitreous hemorrhage, retinal
hemorrhage, hemoptysis, hematemesis, hematuria,
hematochezia, melena, hemorrhoidal hemorrhage,
congenital and acquired hemorrhagic disease, coagula-
tion disorder, platelet disorder). The term “hemor-
rhagic infarction” as used herein relates to the presence
of a non-regressing massive hemorrhagic infarction.

(10) Hypertensive patients with poorly con-
trolled blood pressure who met either of the following
conditions:

«For patients within 4 weeks after the last epi-

sode of ischemic attack: resting seated systolic
or diastolic blood pressure of at least 180
mmHg or 110 mmHg, respectively

«For patients over 4 weeks after the last episode

of ischemic attack: resting seated systolic or dia-
stolic blood pressure of at least 160 mmHg or
100 mmHg, respectively

«For inpatients, resting recumbent blood pres-

sure values were also taken into consideration.

Antihypertensive therapies were performed
according to the criteria for the prevention of recur-
rent cerebral infarction in chronic patients recom-
mended in the Japanese Guidelines for the Manage-
ment of Stroke 2009. The blood pressure treatment
target was < 140/90 mmHg.

(11) Patients with a severe blood disorder that
fell under one or more of the following criteria:

*Red blood cell count <3,000,000/uL

*Hemoglobin <9.5 g/dL

« White blood cell count <3,000/pL

«Neutrophil count <1,500/pL

«Platelet count <75,000/pL

(12) Severe hepatic disorder, i.e., patients with
fulminant hepatitis, hepatic cirrhosis, hepatic tumor,
or one corresponding to one or more of the following
criteria:

«Total bilirubin > 3.0 mg/dL

«Aspartate aminotransferase > 2.5 times the

institutional upper limit of normal range or >
100 U/L
«Alanine aminotransferase > 2.5 times the insti-
tutional upper limit of normal range or > 100
U/L

«Alkaline phosphatase > 2.5 times the institu-

tional upper limit of normal range

(13) Severe renal disorder (i.e., serum creatinine
value not below 2 mg/dL, or qualitative proteinuria
grade of 2+ or higher)

(14) Severe heart failure (New York Heart Asso-
ciation functional classes III and IV)

(15) Severe arrhythmia (e.g., atrioventricular
conduction disturbance grades II and III)
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(16) Patients with malignant tumors

(17) Patients with a history of thrombotic throm-
bocytopenic purpura or agranulocytosis

(18) Patients scheduled to receive one or more of
the prohibited concomitant drugs during the period
in which they were not allowed

(19) Patients with a history of severe adverse
drug reactions to ticlopidine hydrochloride or clopi-
dogrel sulphate

(20) Patients who participated in a clinical study
of CS-747 or CS-747S and were assigned to take the
study drug in the past

(21) Patients who received any study drug within
12 weeks before providing informed consent to partic-
ipate in this clinical study

(22) Patients planning to undergo surgery during
the study period

(23) Patients who were pregnant, lactating, pos-
sibly pregnant, and wishing to become pregnant dur-
ing the study period

(24) Other patients judged unsuitable for enrol-
ment in this clinical study by the investigators

2. Prohibited and Permitted Concomitant drugs

Patients did not use other antiplatelet agents,
anticoagulants, thrombolytic agents, or acidic non-
steroidal anti-inflammatory drugs during the study.
Concomitant use of other drugs, including proton
pump inhibitors, was allowed.

3. Classification of Stroke Subtype

Patients were stratified by stroke subtype based
on the TOAST classification.1 Strokes were classified
as large-artery atherosclerosis, small-artery occlusion
(lacunar), acute stroke of other determined etiology,
or stroke of undetermined etiology.

Supplemental Reference

1) Adams HP, Jr., Bendixen BH, Kappelle L], Biller ], Love
BB, Gordon DL, Marsh EE 3rd: Classification of subtype
of acute ischemic stroke. Definitions for use in a multi-
center clinical trial. TOAST. Trial of Org 10172 in Acute
Stroke Treatment. Stroke, 1993; 24: 35-41
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Supplemental Table 1. Patient Characteristics

Large-artery atherosclerosis  Small-artery occlusion Acute stroke of other Stroke of undetermined
(lacunar) determined etiology etiology
Prasugrel  Clopidogrel ~ Prasugrel ~ Clopidogrel ~ Prasugrel ~ Clopidogrel ~ Prasugrel ~ Clopidogrel
n=553 n=>546 n=583 n=593 n=35 n=49 n=714 n=674
Age (years), mean+SD 62788  63.1£82  (1.8+8.0 624*78  56.9%131 57.5%11.5 61588 (23%8.6
Sex (female), 7 (%) 115(20.8) 117 (21.4) 105 (18.0) 106 (17.9) 4(11.4) 8 (16.3) 162 (22.7) 180 (26.7)
Body weight (kg), mean=SD 65.6£104 65.3%8.9 66.0£10.0 65.6%9.8 682+94 67.1£10.0 65.7x11.1 65.1%10.1
Body mass index, mean+SD 24532 24428  24.6%32 244%3.0  242%26 24729  245%33 24.5%32
Blood pressure (mmHg), mean +SD
Systolic 133.0£15.6 133.8+14.7 135.1+13.9 1353+144 131.9%15.0 131.2£16.3 134.8%14.3 134.7%15.0
Diastolic 783%11.0 784110 81.0%10.7 804106 81.5%10.2 773%109 80.1£10.5 79.8%10.9
Modified Rankin Scale, 7 (%)
Grade 0 145 (26.2) 124 (22.7) 137 (23.5) 157 (26.5) 10 (28.6)  16(32.7 152 (21.3) 153(22.7)
Grade 1 267 (48.3) 283 (51.8) 357 (61.2) 361 (60.9) 20 (57.1) 26 (53.1) 382 (53.5) 358 (53.1)
Grade 2 89 (16.1) 96 (17.6) 72(12.3)  64(10.8) 4(114)  6(12.2 126 (17.6) 107 (15.9)
Grade 3 37(6.7)  27(4.9) 11 (1.9) 9(1.5) 0(0.0) 1(2.0) 40 (5.6)  38(5.6)
Grade 4 1527 16(29) 6(1L0)  2(0.3) 129  0(0.0) 1420 1827
History of atherosclerotic disease, 7 (%)
Ischemic stroke 71(12.8)  68(12.5) 84 (14.4) 5(14.3) (8.6) 6(12.2) 60 (8.4 52(7.7)
TIA 44 (8.0) 45(8.2) 29 (5.0) 25 (4.2) 5.7) 2 (4.1) 24 (3.4) 21 (3.1)
Complication, 7 (%)
Hypertension 442(79.9) 429 (78.6)  476(81.6) 509 (85.8) 26 (74.3) 36 (73.5) 561 (78.6) 536 (79.5)
Dyslipidemia 405 (73.2) 405 (742)  377(647) 405(68.3)  22(62.9) 31(63.3)  492(68.9) 464 (68.8)
Diabetes mellitus 195 (35.3) 196 (35.9) 186 (31.9) 203 (34.2) 7(20.0) 12 (24.5) 223 (31.2) 225(33.4)
Duration from onset to the study treatment, 7 (%)
<4 weeks 80 (14.5)  81(14.8) 103 (17.7) 117 (19.7) 129 9 (18.4) 132 (18.5) 115(17.1)
> 4 weeks, <12 weeks 274(49.5) 279 (51.1) 327 (56.1) 335(56.5)  24(68.6) 24(49.0) 413 (57.8) 394 (58.5)
> ks 199(36.0) 186(341) 153(26.2) 141(238) 10(286) 16(327)  169(237) 165 (24.5)
Clopidogrel pretreatment, 7 (%)
Yes 185(33.5) 175(32.1) 259 (44.4) 259 (43.7) 13(37.1)  15(30.6)  273(38.2) 254(37.7)
No 368 (66.5) 371(67.9)  324(55.6) 334(56.3)  22(62.9) 34(69.4)  441(61.8) 420(62.3)
Concomitant medication
PPI 184 (33.3) 174 (31.9) 174 (29.8) 179 (30.2) 10 (28.6)  12(24.5) 251(35.2) 209 (31.0)
Statin 289 (52.3) 290(53.1)  228(39.1) 259 (43.7) 19 (54.3) 23 (46.9 329 (46.1) 321 (47.6)
ARB 269 (48.6) 244 (447)  292(50.1) 312(52.6) 6(17.1)  28(57.1) 340 (47.6) 320 (47.5)
Insulin 20 (3.6) 22 (4.0) 18 (3.1) 20 (3.4) 0(0.0) 0(0.0) 22 (3.1) 14 (2.1)

ARB=angiotensin II receptor blocker, eGFR=estimated
TIA = transient ischemic attack
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glomerular filtration rate, SD=standard deviation, PPI=proton pump inhibitor,
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