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Abstract
Introduction: The safety of prasugrel in elderly and/or low 
body weight Japanese patients with ischemic stroke who 
have a relatively high bleeding risk with antiplatelet therapy 
remains unknown. Objective: We aimed to investigate the 
safety and efficacy of long-term prasugrel monotherapy for 
stroke prevention compared with clopidogrel in elderly and/
or low body weight Japanese patients with non-cardioembol-
ic ischemic stroke. Methods: In this randomized, double-
blind, comparative, phase III study, elderly (age ≥75 years) 
and/or low body weight (≤50 kg) Japanese patients with a pre-
vious history of non-cardioembolic ischemic stroke were as-
signed to a prasugrel 3.75 mg (PRA3.75) group, a prasugrel 
2.5 mg (PRA2.5) group, or a clopidogrel 50 mg (CLO50) group 
and followed up for 48 weeks. The primary safety endpoint 
was the combined incidence of primary safety events, defined 
as life-threatening, major, and other clinically relevant bleed-
ing. The efficacy endpoint was a composite of ischemic stroke, 
myocardial infarction, and death from other vascular causes. 
Results: A total of 654 patients (age 76.4 ± 7.3 years, body 
weight 55.6 ± 9.3 kg, women 43.9%) from 74 medical institu-

tions within Japan were enrolled. The combined incidence 
(95% CI) of primary safety events was 4.2% (1.9–7.8%), 1.9% 
(0.5–4.7%), and 3.6% (1.6–6.9%) in the PRA3.75 group (n = 
216), PRA2.5 group (n = 215), and CLO50 group (n = 223), re-
spectively (hazard ratios [HR] PRA3.75/CLO50, 1.13 [0.44–
2.93]; PRA2.5/CLO50, 0.51 [0.15–1.69]). The incidences of 
bleeding leading to treatment discontinuation (95% CI) were 
2.3% (0.8–5.3%), 0.9% (0.1–3.3%), and 2.2% (0.7–5.2%) in the 
PRA3.75, PRA2.5, and CLO50 groups, respectively (HRs 
PRA3.75/CLO50, 1.01 [0.29–3.48]; PRA2.5/CLO50, 0.41 [0.08–
2.12]). There was no significant difference in all bleeding 
events between groups. The incidence of ischemic stroke, 
myocardial infarction, and death from other vascular causes 
was lower, but not significantly so, in patients treated with 
prasugrel than in patients treated with clopidogrel: PRA3.75, 
0.0% (0/216); PRA2.5, 3.3% (7/215); and CLO50, 3.6% (8/223; 
HRs PRA3.75/CLO50, 0.00 [0.00–0.00]; PRA2.5/CLO50, 0.90 
[0.32–2.47]). Conclusions: Elderly and/or low body weight 
 Japanese patients with previous non-cardioembolic ischemic 
stroke who received PRA3.75 showed similar results in terms 
of primary safety endpoint, and a numerically lower incidence 
of ischemic stroke, myocardial infarction, and death from oth-
er vascular causes, compared with those who received CLO50.
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Introduction

Guidelines for management of stroke recommend 
antiplatelet therapy for secondary prevention of non-
cardioembolic ischemic stroke, and accordingly, sever-
al antiplatelet agents including clopidogrel and aspirin 
are currently in use [1–3]. However, there are poor re-
sponders to aspirin and clopidogrel [4–6], who have 
high risk of major adverse cardiovascular events [7–10]. 
Approximately 19% of Japanese patients are CYP2C19 
poor metabolizers (PM) who can only attain a low con-
centration of the active metabolite of clopidogrel [11]. 
Thus, it is expected that platelet inhibition with clopi-
dogrel monotherapy would be insufficient in these 
 patients. Compared with clopidogrel, prasugrel has 
been shown to exhibit stronger platelet aggregation in-
hibition and to be less susceptible to the effects of 
 CYP2C19 genetic polymorphisms [6–11]. Thus, prasu-
grel, which shows consistent efficacy in CYP2C19 PMs, 
would be a better option for stroke prevention in Japa-
nese patients.

The PRASTRO-I study (a pivotal phase III study) in-
vestigated the noninferiority of prasugrel 3.75 mg 
(PRA3.75) to clopidogrel 75 mg (CLO75) for stroke pre-
vention in non-cardioembolic ischemic stroke patients. A 
total of 3,747 patients were enrolled. In accordance with 
the clopidogrel package insert [12], elderly (age ≥75 years) 
and low body weight (≤50 kg) patients were excluded 
[13]. Thus, we conducted the present study (PRASTRO-
II: Safety and efficacy of PRAsugrel in elderly and/or low 
body weight Japanese patients with ischemic STROke) to 
investigate the safety and efficacy of prasugrel in elderly 
and/or low body weight Japanese patients with a history 
of non-cardioembolic ischemic stroke. The doses of pra-
sugrel (3.75 and 2.5 mg) in the present study were based 
on the results of a previous clinical pharmacology study 
[14].

Patients and Methods

Study Design
This was a multicenter, randomized, double-blind, 3-group, 

comparative study of elderly (age ≥75 years) and/or low body 
weight (≤50 kg) Japanese patients with a history of non-cardioem-
bolic ischemic stroke. Thus, there was no upper limit for the body 
weight of patients aged ≥75 years, but patients aged < 75 years were 
eligible only if their body weight was ≤50 kg. Patients were strati-
fied by age and body weight, and then randomly assigned to a pra-
sugrel 3.75 mg (PRA3.75), prasugrel 2.5 mg (PRA2.5), or clopido-
grel 50 mg (CLO50) group, in a 1: 1: 1 ratio. The randomization 
schedule was generated by an independent statistician, using SAS 

software (version 9.2) to create a computer-generated random 
number sequence. A double-dummy design ensured that patients, 
investigators, and the funding organization were masked to treat-
ment allocation. Patients were followed up for > 48 weeks. The dose 
of 50 mg for clopidogrel was determined based on the dosage 
 indication for clopidogrel in Japan [12]. The study was conducted 
at 74 medical institutions within Japan from September 2012 to 
 October 2014.

The target sample size was 600 patients from among patients 
with ischemic stroke. The target number of patients in each group 
was determined to be 200, in whom primary safety events, defined 
as all life-threatening, major, and other clinically relevant bleeding, 
would be expected to occur at a frequency of ≥1.5% with a prob-
ability of 95%.

Elderly patients (age ≥75 years) and/or low body weight 
(≤50 kg) patients were eligible if they had non-cardioembolic isch-
emic stroke (≥4 weeks before giving consent). Eligible patients had 
an infarct area, considered to be the cause of the last attack, con-
firmed on brain MRI, and were classified according to stroke types 
in the TOAST classification [15]. Patients were excluded if they 
met any of the following criteria: presence of cardioembolic stroke, 
paradoxical embolism, or silent brain infarction; coadministration 
of other antiplatelet agents; current evidence or previous history of 
cerebral hemorrhage, high risk of subarachnoid hemorrhage, or 
poorly controlled hypertension; and body weight < 40 kg.

Patients in each group received a combination of the study drug 
taken orally once daily after breakfast for 48 weeks. During the study, 
blood pressure was controlled (target level, 140/90 mm Hg). Con-
comitant use of antiplatelet agents, anticoagulants, thrombolytic 
agents, acidic nonsteroidal anti-inflammatory drugs, and other 
study drugs was prohibited throughout the study period. An inde-
pendent data-monitoring committee was established to review data.

Endpoints
Bleeding events and efficacy events were reviewed by the bleed-

ing event committee and the efficacy event committee, respective-
ly, under blinded conditions.

Safety
The primary endpoint was the combined incidence of primary 

safety events, defined as life-threatening bleeding, major bleeding, 
and other clinically relevant bleeding. We also evaluated cumulative 
event incidences in each group. We performed stratified analyses 
according to age and body weight (≥75 years and > 50 kg, < 75 years 
and ≤50 kg, ≥75 years and ≤50 kg). As secondary endpoints, inci-
dences of individual types of bleeding event were evaluated.

The definitions of the bleeding events are given in the online 
Supplemental Methods (for all online material, see www.karger.
com/doi/10.1159/000506825). Adverse events (AE) observed dur-
ing the study period were recorded.

Efficacy
The efficacy endpoints were the incidence of a composite of 

ischemic stroke, myocardial infarction, and death from other 
vascular causes; ischemic cerebrovascular events (ischemic 
stroke and transient ischemic attack); and any stroke. Defini-
tions of the efficacy events are provided in the online Supple-
mental Methods. Platelet function was assessed using the Veri-
fyNow® assay (Accriva Diagnostics, Inc., San Diego, CA, USA). 
This measures adenosine diphosphate-induced platelet function 
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in terms of increase in light transmittance and yields values in 
P2Y12 reaction units (PRU) [16]. The assay was performed be-
fore the start of treatment and at 4, 24, and 48 weeks after treat-
ment. Details of genotyping are provided in the online Supple-
mental Methods.

Statistical Analysis
The safety analysis was performed on the safety analysis set, 

defined as all randomized patients, excluding those with serious 
Good Clinical Practice (GCP) violations and those who had not 
taken the study drug even once. The efficacy analysis was per-
formed on the full analysis set (FAS), defined as all random-
ized patients, excluding those with serious GCP violations, those 
who had not taken the study drug even once, and those for 
whom there were no data after taking the study drug. The phar-
macodynamic analysis set comprised patients from the FAS who 
had adequate pharmacodynamic data to derive at least one phar-
macodynamic measurement after administration of the study 
drug.

For the primary endpoint and efficacy endpoints, event inci-
dences and 95% CIs were calculated for each treatment group. Ad-
ditionally, hazard ratios and 95% CIs of the PRA3.75 and PRA2.5 
groups against the CLO50 group were calculated. Cumulative in-
cidences in each group were estimated by the Kaplan-Meier meth-
od and presented graphically. Summary statistics for PRU mea-
surements at each time point were calculated, and differences in 
the mean values between the PRA groups and the CLO50 group 
and their 95% CIs were calculated. The same calculations were 
made for each genotype.

Trial Registration
The study was preregistered with the Japan Pharmaceutical In-

formation Center (http://www.clinicaltrials.jp/user/showCteDe-
tailE.jsp?japicId = JapicCTI-121901, JapicCTI-121901).

Results

Patients
The progress of patients in the trial is shown in online 

Supplemental Figure 1. All 654 patients were confirmed 
to have taken the study drug at least once and were in-
cluded in the safety analysis set and FAS.

Table 1 shows the baseline characteristics of each 
group. The greatest proportion (62.4%) comprised pa-
tients aged ≥75 years with body weight > 50 kg, followed 
by those aged < 75 years with body weight ≤50 kg (20.2%), 
and those aged ≥75 years with body weight ≤50 kg (17.4%). 
Regarding the types of stroke, small artery occlusion 
 (lacunae) was the most frequent (approximately 35% of 
strokes). Large artery atherosclerosis and stroke of unde-
termined etiology accounted for approximately 30% 
each. As for CYP2C19 phenotypes, PMs accounted for 
17.6%. In terms of baseline characteristics, there were no 
differences between groups.

Safety
Primary Endpoint
Table 2 shows the incidences of primary safety events. 

Figure 1a shows the cumulative incidence of primary 
safety events in each group.

The combined incidence of primary safety events 
(i.e., the primary endpoint) was 4.2, 1.9, and 3.6% in the 
PRA3.75, PRA2.5, and CLO50 groups, respectively. 
Hazard ratios (95% CI) for primary safety events in 
the PRA3.75 group and PRA2.5 group relative to the 
CLO50 group were 1.13 (0.44–2.93) and 0.51 (0.15–
1.69), respectively. Among bleeding events recorded as 
primary safety events, life-threatening bleeding oc-
curred in 3 patients (1 patient each with subdural he-
matoma, hemorrhagic gastric ulcer, and subarachnoid 
hemorrhage) in the PRA3.75 group, 1 patient (cardiac 
tamponade) in the PRA2.5 group, and none in the 
CLO50 group.

Intracerebral hemorrhage did not occur in any of the 
groups. Online Supplemental Table 1 shows the primary 
endpoint results stratified by patient age and body weight.

Secondary Endpoints
Table 2 shows the results for the secondary end-

points, defined as the incidences of individual types of 
bleeding event. The incidences of all bleeding events 
were 31.9, 24.7, and 23.3% in the PRA3.75, PRA2.5, and 
CLO50 groups, respectively. However, there was no sig-
nificant difference in all bleeding events between 
groups.

Adverse Events
Incidences of AEs did not differ between groups (on-

line Supplemental Table 2). No deaths were considered 
causally related to the study drugs. The incidence of 
drug-related serious AEs did not differ between groups. 
Incidences of drug-related AEs leading to discontinua-
tion were 2.8, 3.7, and 6.7% in the PRA3.75, PRA2.5, and 
CLO50 groups, respectively.

Efficacy
Table 3 shows the incidences of the efficacy events, and 

Figure 1b shows the cumulative incidence of ischemic 
stroke, myocardial infarction, and death from other vas-
cular causes in each group. None of the patients who re-
ceived 3.75 mg prasugrel had ischemic stroke or myocar-
dial infarction, or death from other vascular causes de-
fined in this study. The results for all efficacy endpoints 
were numerically lower in the PRA3.75 group than in the 
PRA2.5 and CLO50 groups.
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Table 1. Patient characteristicsa

PRA3.75 (n = 216) PRA2.5 (n = 215) CLO50 (n = 223)

Age, years, mean ± SD 76.1±7.6 76.7±7.0 76.4±7.3
Body weight, kg, mean ± SD 55.0±8.9 55.9±9.1 56.0±9.7
Age and body weight, n (%)

≥75 years and >50 kg 131 (60.6) 141 (65.6) 136 (61)
<75 years and ≤50 kg 44 (20.4) 36 (16.7) 52 (23.3)
≥75 years and ≤50 kg 41 (19) 38 (17.7) 35 (15.7)

Women, n (%) 97 (44.9) 94 (43.7) 96 (43)
Smoking, n (%)

Never smoker 98 (45.4) 103 (47.9) 99 (44.4)
Previous smoker 107 (49.5) 93 (43.3) 105 (47.1)
Current smoker 11 (5.1) 19 (8.8) 19 (8.5)

Blood pressure, mm Hg, mean ± SD
Systolic blood pressure 132.6±14.4 133.6±14.9 132.6±14.2
Diastolic blood pressure 74.3±10.2 73.5±10.1 73.3±12.1

Hemoglobin, g/dL, mean ± SD 13.3±1.4 13.3±1.3 13.3±1.3
Low-density lipoprotein cholesterol,

mg/dL, mean ± SD 109.3±28.3 107.8±28.5 109.1±26.5
Creatinine, mg/dL, mean ± SD 0.788±0.241 0.784±0.217 0.764±0.195
Duration from last stroke attack to treatment start, weeks, n (%)

≥4, <12 51 (23.6) 59 (27.4) 61 (27.4)
≥12, <26 36 (16.7) 25 (11.6) 27 (12.1)
≥26, <52 23 (10.6) 19 (8.8) 21 (9.4)
≥52 106 (49.1) 112 (52.1) 114 (51.1)

Type of last stroke, n (%)
Large artery atherosclerosis 64 (29.6) 70 (32.6) 78 (35.0)
Small artery occlusion 82 (38.0) 84 (39.1) 69 (30.9)
Stroke of other etiology 1 (0.5) 3 (1.4) 2 (0.9)
Stroke of undetermined etiology 69 (31.9) 58 (27.0) 74 (33.2)

Modified Rankin Scale, n (%)
Grade 0 52 (24.1) 63 (29.3) 72 (32.3)
Grade 1 113 (52.3) 108 (50.2) 106 (47.5)
Grade 2 31 (14.4) 26 (12.1) 32 (14.3)
Grade 3 13 (6.0) 17 (7.9) 10 (4.5)
Grade 4 7 (3.2) 1 (0.5) 3 (1.3)

History of arteriosclerosis, n (%)
Ischemic stroke 30 (13.9) 36 (16.7) 29 (13.0)
Transient ischemic attack 16 (7.4) 16 (7.4) 13 (5.8)
Acute myocardial infarction 0 (0.0) 1 (0.5) 1 (0.4)
Unstable angina 1 (0.5) 4 (1.9) 2 (0.9)
Chronic arteriosclerosis obliterans 5 (2.3) 2 (0.9) 5 (2.2)

Complication, n (%)
Hypertension 177 (81.9) 176 (81.9) 175 (78.5)
Dyslipidemia 141 (65.3) 121 (56.3) 131 (58.7)
Diabetes mellitus 66 (30.6) 71 (33.0) 66 (29.6)

CYP2C19 phenotype, n (%)
Extensive metabolizer 66 (30.6) 58 (27.0) 62 (27.8)
Intermediate metabolizer 94 (43.5) 106 (49.3) 97 (43.5)
Poor metabolizer 36 (16.7) 31 (14.4) 36 (16.1)
Missing 20 (9.3) 20 (9.3) 28 (12.6)

a No significant difference was found for any of the comparisons.
PRA3.75, prasugrel 3.75 mg; PRA2.5, prasugrel 2.5 mg; CLO50, clopidogrel 50 mg.
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Table 2. Incidences of bleeding eventsa

Number of patients, incidence (95% CI) HR (95% CI)

PRA3.75 (n = 216) PRA2.5 (n = 215) CLO50 (n = 223) PRA3.75/CLO50 PRA2.5/CLO50

n % n % n %

Primary endpoint
Primary safety events 9 4.2 (1.9–7.8) 4 1.9 (0.5–4.7) 8 3.6 (1.6–6.9) 1.13 (0.44–2.93) 0.51 (0.15–1.69)

Life-threatening bleeding 3 1.4 (0.3–4.0) 1 0.5 (0.0–2.6) 0 0.0 (0.0–1.6) – –
Major bleeding 0 0.0 (0.0–1.7) 1 0.5 (0.0–2.6) 0 0.0 (0.0–1.6) – –
Other clinically relevant bleeding 6 2.8 (1.0–5.9) 2 0.9 (0.1–3.3) 8 3.6 (1.6–6.9) 0.76 (0.26–2.18) 0.26 (0.05–1.20)

Secondary endpoints
Bleeding leading to treatment discontinuation 5 2.3 (0.8–5.3) 2 0.9 (0.1–3.3) 5 2.2 (0.7–5.2) 1.01 (0.29–3.48) 0.41 (0.08–2.12)
All bleeding events 69 31.9 (25.8–38.6) 53 24.7 (19.0–31.0) 52 23.3 (17.9–29.4) 1.40 (0.98–2.00) 1.04 (0.71–1.53)

a No significant difference was found for any of the comparisons.
HR, hazard ratio; PRA3.75, prasugrel 3.75 mg; PRA2.5, prasugrel 2.5 mg; CLO50, clopidogrel 50 mg.
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Fig. 1. Cumulative incidences of primary 
safety events (a) and ischemic stroke, myo-
cardial infarction, and death from other 
vascular causes (b). The vertical lines indi-
cate censored data. PRA3.75, prasugrel 
3.75 mg; PRA2.5, prasugrel 2.5 mg; CLO50, 
clopidogrel 50 mg.
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Pharmacodynamics
Online Supplemental Figure 2a shows changes in PRU 

values. Mean PRU values in the PRA3.75, PRA2.5, and 
CLO50 groups were 139.0, 196.6, and 223.2, respectively, 
at week 4.

Online Supplemental Figure 2b shows PRU values at 
week 4 according to CYP2CI9 phenotype. In the PRA3.75 
and PRA2.5 groups, mean PRU values were similarly low, 
irrespective of CYP2C19 phenotype. In the CLO50 group, 
mean PRU value was lowest in EMs, followed by IMs and 
PMs, reflecting the influence of CYP2C19 genetic poly-
morphisms.

Discussion

Compared with the CLO50 group, the combined inci-
dence of primary safety events (the primary endpoint) 
was similar in the PRA3.75 group and lower (but nonsig-
nificantly so) in the PRA2.5 group. The findings suggest 
that PRA3.75 can be used effectively and safely in high-
risk patients such as elderly patients and those with low 
body weight. In the PRA3.75 group, the incidence of the 
primary safety events was at a similar level to that in the 
CLO50 group. In the analysis stratified by age and body 
weight, no such event was observed in the subgroup of 
patients aged ≥75 years with body weight ≤50 kg, which 
is considered at a greatest risk of bleeding. Furthermore, 
no efficacy events were observed in this group. The ab-
sence of events in these higher risk patients is noteworthy; 
however, because of the small number of patients in this 
subgroup, it was not possible to establish statistical sig-
nificance. The PRA2.5 group showed numerically (but 
not significantly) lower incidence of the primary safety 

events, and similar incidence of the efficacy events, to the 
CLO50 group. Therefore, we consider prasugrel at this 
dose to be not numerically inferior to CLO50 in terms of 
safety and efficacy in elderly and/or low body weight 
 patients.

Although this study lacked the statistical power to 
detect vascular events, our data showing no ischemic 
events with prasugrel 3.75 mg in approximately 200 pa-
tients in a 1-year period suggest that high and potent 
inhibition of P2Y12 may reduce ischemic stroke, myo-
cardial infarction, and death from other vascular causes 
in patients with ischemic stroke; this finding is consis-
tent with that shown in ACS patients undergoing PCI 
in previous studies [17]. Two regimens with similar in-
hibition of P2Y12, CLO50, and PRA2.5 showed similar 
incidences of several efficacy endpoints. Moreover, the 
PRU values in patients who received treatment with pra-
sugrel were consistently low, irrespective of CYP2C19 
genetic polymorphisms. However, the clinical ques-
tion of superior efficacy of prasugrel over clopidogrel 
in  stroke prevention requires a larger clinical event 
study.

Conclusion

In elderly and/or low body weight Japanese patients 
with non-cardioembolic ischemic stroke, prasugrel (3.75 
or 2.5 mg) showed similar results in terms of combined 
incidence of primary safety events, compared with 
CLO50. Regarding efficacy for the prevention of ischemic 
stroke, myocardial infarction, and death from other vas-
cular causes, PRA3.75 resulted in a numerically lower in-
cidence compared with CLO50.

Table 3. Efficacy eventsa

Number of patients, incidence (95% CI) HR (95% CI)

PRA3.75 (n = 216) PRA2.5 (n = 215) CLO50 (n = 223) PRA3.75/CLO50 PRA2.5/CLO50

n % n % n %

Composite of ischemic stroke, myocardial
infarction, and death from other vascular causes 0/216 0.0 (0.0–1.7) 7/215 3.3 (1.3–6.6) 8/223 3.6 (1.6–6.9) 0.00 (–) 0.90 (0.32–2.47)
Ischemic stroke 0/216 0.0 (0.0–1.7) 7/215 3.3 (1.3–6.6) 6/223 2.7 (1.0–5.8) 0.00 (–) 1.19 (0.40–3.55)
Myocardial infarction 0/216 0.0 (0.0–1.7) 0/215 0.0 (0.0–1.7) 2/223 0.9 (0.1–3.2) 0.00 (–) 0.00 (–)
Death from other vascular causes 0/216 0.0 (0.0–1.7) 0/215 0.0 (0.0–1.7) 0/223 0.0 (0.0–1.6) – –

Ischemic cerebrovascular events 0/216 0.0 (0.0–1.7) 8/215 3.7 (1.6–7.2) 6/223 2.7 (1.0–5.8) 0.00 (–) 1.36 (0.47–3.93)
Any stroke 1/216 0.5 (0.0–2.6) 7/215 3.3 (1.3–6.6) 6/223 2.7 (1.0–5.8) 0.17 (0.02–1.37) 1.19 (0.40–3.55)

a No significant difference was found for any of the comparisons.
HR, hazard ratio; PRA3.75, prasugrel 3.75 mg; PRA2.5, prasugrel 2.5 mg; CLO50, clopidogrel 50 mg.
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