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Abstract Prasugrel is a third-generation thienopyridine

that achieves potent platelet inhibition with less pharma-

cological variability than other thienopyridines. However,

clinical experience suggests that prasugrel may be associ-

ated with a higher risk of de novo and recurrent bleeding

events compared with clopidogrel in Japanese patients

undergoing percutaneous coronary intervention (PCI). In

this review, we evaluate the risk of bleeding in Japanese

patients treated with prasugrel at the doses

(loading/maintenance doses: 20/3.75 mg) adjusted for

Japanese patients, evaluate the risk factors for bleeding in

Japanese patients, and examine whether patients with a

bleeding event are at increased risk of recurrent bleeding.

This review covers published data and new analyses of the

PRASFIT (PRASugrel compared with clopidogrel For

Japanese patIenTs) trials of patients undergoing PCI for

acute coronary syndrome or elective reasons. The bleeding

risk with prasugrel was similar to that observed with the

standard dose of clopidogrel (300/75 mg), including when

bleeding events were re-classified using the Bleeding

Academic Research Consortium criteria. The pharmaco-

dynamics of prasugrel was not associated with the risk of

bleeding events. The main risk factors for bleeding events

were female sex, low body weight, advanced age, and

presence of diabetes mellitus. Use of a radial puncture site

was associated with a lower risk of bleeding during PCI

than a femoral puncture site. Finally, the frequency and

severity of recurrent bleeding events during continued

treatment were similar between prasugrel and clopidogrel.

In summary, this review provides important insights into

the risk and types of bleeding events in prasugrel-treated

patients.

Trial registration numbers: JapicCTI-101339 and

JapicCTI-111550.

Keywords Bleeding � Clopidogrel � Pharmacology �
Prasugrel

Introduction

Coronary artery disease (CAD) is highly prevalent and is

associated with an increased mortality rate in Asian

countries, except in Japan, where the age-adjusted
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mortality rate in patients with CAD is lower than that in

Western countries [1, 2].

Clinical guidelines for the management of patients with

myocardial infarction (MI) advocate the co-administration

of aspirin and a thienopyridine antiplatelet drug to reduce

the risk of re-infarction and major adverse cardiovascular

events (MACE) after percutaneous coronary intervention

(PCI) [3, 4].

Clopidogrel is one of the most widely used drugs in this

setting. As a prodrug, clopidogrel must undergo metabo-

lism to its active form via members of the cytochrome

P450 system, especially the isoform CYP2C19. However,

this introduces some limitations, particularly regarding

altered metabolism and reduced efficacy in patients with

CYP2C19 polymorphisms or during co-administration with

drugs that might block CYP2C19 activity. Clopidogrel is

unlikely to be adequately effective in patients with poor

platelet inhibition or polymorphisms associated with poor

metabolism of clopidogrel, increasing the risk of subse-

quent cardiovascular events [5]. For these reasons, there is

increasing reliance on pharmacogenomic testing to detect

alleles associated with reduced or poor metabolism of

clopidogrel. In addition, point-of-care assays are increas-

ingly being used to monitor platelet activity.

Prasugrel is a third-generation thienopyridine that irre-

versibly inhibits platelet P2Y12 receptors. It is also a pro-

drug that is predominantly metabolized by CYP3A4 and

CYP2B6 [6, 7]. Based on these properties, the pharma-

cology of prasugrel is less susceptible to CYP2C19 poly-

morphisms [8]. Therefore, it achieves potent platelet

inhibition and is associated with less pharmacological

variability than other thienopyridines. Nevertheless, some

intrinsic and extrinsic factors may influence the pharma-

cokinetics and pharmacodynamics of prasugrel, including

body weight and age [9].

Several randomized controlled studies have compared

the efficacy and safety of prasugrel and clopidogrel in

patients undergoing PCI for elective reasons or for acute

coronary syndrome (ACS). These studies include TRI-

TON-TIMI 38 (Trial to Assess Improvement in Thera-

peutic Outcomes by Optimizing Platelet Inhibition with

Prasugrel-Thrombolysis in Myocardial Infarction 38)

[10], PRASFIT-ACS (PRASugrel compared with clopi-

dogrel For Japanese patIenTs with ACS undergoing PCI)

[11], and PRASFIT-Elective (PRASugrel compared with

clopidogrel For Japanese patIenTs undergoing Elective

PCI) [12].

The objectives of this review are to summarize the

results of the recent PRASFIT studies, by comparing them

with those of the TRITON–TIMI 38 study. We focus on the

efficacy of both drugs and potential safety concerns iden-

tified in these studies. As described later in this review,

some types of bleeding events were more frequent in

prasugrel-treated patients in the PRASFIT studies. There-

fore, we also examine the results of additional analyses of

the PRASFIT studies aimed at elucidating the potential risk

factors for bleeding and the possible opportunities to

reduce the risk of bleeding.

Designs of the PRASFIT studies

The designs of PRASFIT-ACS and PRASFIT-Elective,

including the eligible patients and treatments received, are

described in more detail in the original reports.

Briefly, PRASFIT-ACS [11] enrolled patients who sat-

isfied all of the following criteria and were scheduled for

coronary artery stenting: males/females aged C20 years;

presence of chest discomfort or ischemic symptoms lasting

C10 min within 72 h before randomization; ST-segment

deviation C1 mm, or T-wave inversion C3 mm, or ele-

vated levels of cardiac biomarkers for necrosis.

PRASFIT-Elective [12] enrolled patients aged

C20 years who were scheduled for elective PCI to treat

CAD such as stable angina or prior MI confirmed on

coronary computed tomography.

Patients in both studies were randomized in a double-

blind manner to receive either prasugrel or clopidogrel for

24–48 weeks, depending on the package insert for the stent

being used. The loading/maintenance doses (LD/MD) were

20/3.75 mg for prasugrel and 300/75 mg for clopidogrel in

both studies.

The primary endpoint in both studies was the incidence

of MACE at 24 weeks. Bleeding events were evaluated as

safety events, and five categories of bleeding events were

defined: (1) non-coronary artery bypass graft (CABG)-re-

lated thrombolysis in (TI)MI major bleeding (major

bleeding): intracranial or clinically significant bleeding

with a decrease in hemoglobin of C5 g/dl; (2) non-CABG-

related TIMI minor bleeding (minor bleeding): clinically

significant bleeding with a decrease in hemoglobin ranging

between 3 and\5 g/dl; (3) clinically relevant non-major or

minor bleeding: bleeding from critical sites (e.g.,

retroperitoneal, intrapericardial, intravitreous/retinal,

intraspinal, and intra-articular hemorrhage); gastrointesti-

nal bleeding accompanied by decreased hemoglobin; gross

hematuria not attributed to external factors; epistaxis

requiring otolaryngology; gingival bleeding requiring

dental treatment; bleeding requiring discontinuation of the

study treatment at the investigator’s discretion; these

bleeding events were accompanied by a decrease in

hemoglobin of\3 g/dl; (4) other bleeding: bleeding events

not satisfying criteria (1–3); and (5) life-threatening

bleeding: a composite of fatal bleeding, bleeding requiring

intravenous inotropic medication, and bleeding requiring

the transfusion of C4 units of red blood cells. Bleeding
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events were recorded for up to 2 weeks after the last dose

of the study drug.

Rationale for the prasugrel dose in the PRASFIT
studies

In TRITON–TIMI 38, the LD/MD of prasugrel and

clopidogrel were 60/10 and 300/75 mg, respectively. In

both PRASFIT studies, the LD/MD of prasugrel were

20/3.75 mg, while those of the clopidogrel regimen were

300/75 mg, as used in TRITON–TIMI 38. The lower dose

of prasugrel was chosen based on the results of a Japanese

Phase II trial [13]. Patients were stratified according to

their age and body weight into a standard-risk group (age

\75 years and boy weight [50 kg) or a high-risk group

(age C75 years and/or body weight B50 kg). Patients in

the standard-risk group were randomized to prasugrel with

a MD of either 3.75 or 5 mg, or 75 mg of clopidogrel.

Patients in the high-risk group were randomized to receive

prasugrel with a MD of either 2.5 or 3.75 mg, or 75 mg of

clopidogrel. The LDs of prasugrel and clopidogrel were

20 mg (standard and high-risk groups) and 300 mg,

respectively. The study showed that the rates of TIMI

major and minor bleeding were similar among the three

treatments in both the standard-risk and high-risk groups,

and that the level of platelet inhibition was sufficient in

both prasugrel arms of the standard-risk group and in the

20/3.75 mg arm in the high-risk group. These results

indicate that the lower MD of prasugrel is sufficient in

terms of antiplatelet effects in both the standard- and high-

risk groups, supporting the use of a lower MD in Japanese

patients than in Western patients.

Efficacy of prasugrel and clopidogrel
in the TRITON-TIMI 38 and PRASFIT studies

TRITON-TIMI 38 in patients with ACS showed that pra-

sugrel at a LD of 60 mg and MD of 10 mg was associated

with a lower risk of the primary endpoint (death from

cardiovascular causes, nonfatal MI, or nonfatal stroke) than

clopidogrel (LD/MD: 300/75 mg) [9.9 vs. 12.1%; hazard

ratio (HR) 0.81, 95% confidence interval (CI) 0.73–0.90,

P\ 0.001] [10].

In the PRASFIT-ACS and PRASFIT-Elective studies,

Japanese patients were randomized to either prasugrel or

clopidogrel. The prasugrel dosing regimen was adjusted to

a LD/MD of 20/3.75 mg considering the lower body

weight of Japanese patients, but the clopidogrel regimen

was the same as in TRITON–TIMI 38 (i.e., 300/75 mg).

Both drugs were administered in combination with aspirin

(81–300 mg for the first dose and 81–100 mg/day

thereafter) for 24–48 weeks. The lower dose of prasugrel

was chosen based on the results of a Japanese Phase II trial

[13]. The primary endpoint was the incidence of major

adverse cardiovascular events (a composite of cardiovas-

cular death, nonfatal MI, and nonfatal ischemic stroke) at

24 weeks.

In PRASFIT-ACS, the incidence of MACE was slightly,

although not significantly, lower in the prasugrel group

than in the clopidogrel group (9.4 vs. 11.8%; HR 0.77, 95%

CI 0.56–1.07). In PRASFIT-Elective, the incidence of

MACE was 4.1 and 6.7% in the prasugrel and clopidogrel

groups, respectively. P values were not calculated in

PRASFIT-Elective for two reasons: (1) the study did not

have a statistically adequate sample size, even though an

extremely low incidence of events was predicted, and (2)

clopidogrel was not indicated for patients with stable CAD

undergoing PCI in any country at the time this study was

planned and started. This means that, at the time of the

study, both clopidogrel and prasugrel were being used in an

experimental setting in PRASFIT-Elective, and the clinical

efficacy and safety of both drugs in this setting were

unknown. Therefore, P values were unlikely to be clini-

cally meaningful.

A large registry of 23,994 clopidogrel-treated patients

(18,029 ACS and 5965 non-ACS patients) and 2761 pra-

sugrel-treated patients (2132 ACS and 619 non-ACS) has

also been published [14]. The results of this registry

revealed that the mortality rate was lower in the prasugrel

group than in the clopidogrel group among ACS patients,

but not in non-ACS patients. These results were consistent

with those of randomized controlled trials.

Although prasugrel was associated with lower rates of

the primary endpoints in TRITON-TIMI 38, it was asso-

ciated with an increased risk of bleeding compared with

clopidogrel. In a large registry of Swedish patients under-

going PCI [14], although the Mehran risk scores for

bleeding were higher in prasugrel-treated patients than in

clopidogrel-treated patients, the incidence of in-hospital

bleeding was lower in prasugrel-treated patients. In the

Japanese PRASFIT studies, prasugrel was associated with a

low incidence of MACE and with a low risk of clinically

serious bleeding. However, because the incidence of other

bleeding (all bleeding other than major bleeding, minor

bleeding, or clinically relevant non-major or minor bleed-

ing events) was higher with prasugrel than with clopido-

grel, physicians have become concerned that prasugrel may

be associated with a higher risk of de novo and recurrent

bleeding events compared with clopidogrel. To better

understand the risk and characteristics of bleeding events

during antiplatelet therapy in Japanese patients with CAD

undergoing PCI, it is necessary to review the bleeding

events related to both clopidogrel and prasugrel. Although

some studies have provided insight into these issues in non-
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Japanese patients [14–19], these findings are not neces-

sarily generalizable to Japanese patients. From this context,

in the next parts of this review, we evaluate the risk of

bleeding in Japanese patients treated with prasugrel based

on the data published to date, and examine whether Japa-

nese patients with a bleeding event are at increased risk of

recurrent TIMI major and minor bleeding. This information

is important because in routine clinical practice, the

attending clinician may be concerned about a higher risk of

bleeding in patients on dual antiplatelet therapy who had

previously experienced bleeding.

Risk of bleeding in the PRASFIT studies

The incidence of non-CABG-related bleeding events in the

PRASFIT studies is shown in Table 1. In PRASFIT-ACS

(Table 1), the incidences of most types of non-CABG-re-

lated bleeding events were comparable in both groups,

especially TIMI major bleeding, the composite of TIMI

major and minor bleeding and clinically important bleed-

ing, and bleeding events leading to discontinuation.

Intriguingly, the majority of bleeding events in PRASFIT-

ACS occurred within about 30 days of PCI (Fig. 1) [20]. In

PRASFIT-Elective, the incidences of all types of non-

CABG-related bleeding events were comparable in both

groups (Table 1).

Considering that the protocol-specified definitions of

bleeding events in both PRASFIT studies were based on

the TIMI criteria [21] and may not be directly comparable

with the definitions used in more recently implemented

studies, the bleeding events were also classified using the

Bleeding Academic Research Consortium criteria [22].

This analysis yielded similar distributions of bleeding

events to those obtained using the protocol-specified cri-

teria [23].

Bleeding events were also examined as safety endpoints

in TRITON-TIMI 38 [10]. In particular, the incidences of

non-CABG-related TIMI major bleeding (2.4 vs. 1.8%; HR

1.32, 95% CI 1.03–1.68, P = 0.03), life-threatening TIMI

major bleeding (1.4 vs. 0.9%; HR 1.52, 95% CI 1.08–2.13,

P = 0.01), major or minor TIMI bleeding (5.0 vs. 3.8%;

HR 1.31, 95% CI 1.11–1.56, P = 0.002) were greater in

the prasugrel group than in the clopidogrel group.

Considering the efficacy results of both PRASFIT

studies, it seems that the adjusted dosing regimen of pra-

sugrel was at least as effective as clopidogrel in terms of

reducing the risk of MACE, consistent with TRITON-TIMI

38. Notably, prasugrel did not substantially increase the

risk of bleeding events compared with clopidogrel in the

Table 1 Incidence and risk of bleeding in PRASFIT-ACS and PRASFIT-Elective. Modified from [11, 12, 23]

Bleeding event PRASFIT-ACS PRASFIT-Elective

Prasugrel

(n = 685)

Clopidogrel

(n = 678)

HR (95% CI) Prasugrel

(n = 370)

Clopidogrel

(n = 372)

TIMI major bleeding 13 (1.9) 15 (2.2) 0.82 (0.39–1.73) 0 (0.0) 8 (2.2)

Life-threatening bleeding 4 (0.6) 7 (1.0) 0.54 (0.16–1.85) 0 (0.0) 3 (0.8)

Fatal bleeding 2 (0.3) 1 (0.1) 1.77 (0.16–19.54) 0 (0.0) 0 (0.0)

TIMI minor bleeding 27 (3.9) 15 (2.2) 1.76 (0.94–3.31) 6 (1.6) 3 (0.8)

Clinically relevant bleeding 29 (4.2) 39 (5.8) 0.72 (0.44–1.16) 14 (3.8) 12 (3.2)

Other bleeding 298 (43.5) 209 (30.8) 1.51 (1.26–1.80) 130 (35.1) 118 (31.7)

Overall bleeding events 341 (49.8) 247 (36.4) 1.48 (1.25–1.74) 141 (38.1) 128 (34.4)

Bleeding events leading to

discontinuation

16 (2.3) 20 (2.9) 0.76 (0.40–1.48) 9 (2.4) 9 (2.4)

TIMI major or minor bleeding 39 (5.7) 29 (4.3) 1.30 (0.81–2.11) 6 (1.6) 11 (3.0)

Spontaneous 11 (1.6) 12 (1.8) 0.87 (0.38–1.97) 2 (0.5) 7 (1.9)

Complication of PCI 19 (2.8) 12 (1.8) 1.53 (0.74–3.16) 3 (0.8) 2 (0.5)

Exogenous other cause 9 (1.3) 5 (0.7) 1.75 (0.59–5.22) 1 (0.3) 2 (0.5)

Major, minor or clinically relevant

bleeding

66 (9.6) 65 (9.6) 0.98 (0.70–1.38) 20 (5.4) 23 (6.2)

Values are presented as the n (%)

PRASFIT-ACS PRASugrel compared with clopidogrel For Japanese patIenTs with acute coronary syndrome undergoing percutaneous coronary

intervention, PRASFIT-Elective PRASugrel compared with clopidogrel For Japanese patIenTs undergoing Elective percutaneous coronary

intervention, HR hazard ratio, CI confidence interval, TIMI Thrombolysis in Myocardial Infarction, PCI percutaneous coronary intervention

96 M. Nishikawa et al.

123



PRASFIT studies, unlike that observed in TRITON-TIMI

38. The most logical explanation for this finding is that the

lower prasugrel dose used in both PRASFIT studies did not

induce excessive platelet inhibition, reducing the risk of

major bleeding events. In a post hoc analysis of PRASFIT-

ACS [24], the mean PRU was significantly lower in the

prasugrel group than in the clopidogrel group throughout

the treatment period. However, the mean PRU for

Fig. 1 Kaplan–Meier analysis of the cumulative incidence of type 3 or type 5 bleeding events in patients in PRASFIT-ACS (a) and PRASFIT-

Elective (b). Reprinted from [23]
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prasugrel was greater in PRASFIT-ACS than the PRU

reported in a study using loading/maintenance doses of

60/10 mg [25]. These results may help explain why the

adjusted prasugrel dosing regimen in PRASFIT-ACS

comprising loading/maintenance doses of 20/3.75 mg

showed similar efficacy to the prasugrel regimen used in

TRITON-TIMI 38, without increasing the risk of bleeding.

Factors associated with major, minor,
and clinically relevant bleeding in the PRASFIT
studies

In PRASFIT-ACS, the incidence of the composite of major,

minor, and clinically relevant bleeding was 9.6% in both the

prasugrel and clopidogrel groups. Potential predictors of this

composite endpoint were evaluated in post hoc analyses of

PRASFIT-ACS and PRASFIT-Elective combined. Multi-

variate Cox regression analysis was applied to estimate HRs

with corresponding 95%CIs for various bleeding eventswith

adjustment for the following covariates: disease type (ACS

vs elective), sex, body weight, age, estimated glomerular

filtration rate, and complications. Statistical analyses were

performed using SAS version 9.2 (SAS Institute, Cary, NC,

USA) and Microsoft Excel 2010. The results are shown in

Table 2. ACS was found to be a significant predictor of this

endpoint. Accordingly, in this section, we focus on the

PRASFIT-ACS study and risk ofmajor,minor, and clinically

relevant bleeding in ACS patients.

Several sub-analyses of the PRASFIT studies have been

conducted to elucidate the factors associated with bleeding

events in these studies. The efficacy and safety results of

TRITON-TIMI 38 and the PRASFIT studies should be dis-

cussed in the context of the therapeutic window of antiplatelet

activity. This concept implies that the risk of thrombotic

events is increased in patients with high on-treatment platelet

reactivity (i.e., low platelet inhibition), and that the risk of

bleeding is increased in patients with low on-treatment pla-

telet reactivity (i.e., high platelet inhibition) [26–29].

This possibility was assessed in a subanalysis of

PRASFIT-ACS, in which a composite of major, minor, and

clinically relevant bleeding in the acute (up to day 3) or

chronic (from day 4 to 14 days after treatment discontin-

uation) was plotted against P2Y12 reaction units (PRU) and

the vasodilator-stimulated phosphoprotein-phosphorylation

reactivity index (VASP-PRI) measured at 5–12 h after the

LD or in steady-state conditions (week 4) [20]. The com-

posite of bleeding occurred in 9.6% of patients in each

group. As illustrated in Fig. 2, on-treatment platelet reac-

tivity was not associated with the incidence of bleeding

events. An updated consensus on the definitions of on-

treatment platelet reactivity to adenosine diphosphate and

the risk of ischemic events and bleeding [30] proposed

cutoff values for PRU (\85) and VASP-PRI (\16) for low

on-treatment platelet reactivity and recommended that

PRU and VASP-PRI should be kept above these values to

reduce the risk of bleeding in clinical practice. Intriguingly,

when we defined on-treatment platelet reactivity using

these cutoff values, we found that the risk of bleeding in

these patients was similar to that obtained using the other

cutoff values [20]. These results imply that the risk of

bleeding is not increased in patients with low on-treatment

Table 2 Hazard ratios and 95% confidence intervals from univariate and multivariate analyses of the associations of various background factors

with the composite endpoint of major, minor, and clinically relevant bleeding in PRASFIT-ACS and PRASFIT-Elective combined

Factor Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Indication (ACS vs elective) 1.794 (1.271–2.531) 0.0009 1.843 (1.302–2.608) 0.0006

Sex (female vs male) 2.092 (1.539–2.844) \0.0001 1.514 (1.057–2.168) 0.0237

Body weight (B50 vs[50 kg) 2.760 (1.938–3.930) \0.0001 1.868 (1.229–2.839) 0.0034

Age (C75 vs\75 years) 2.174 (1.600–2.953) \0.0001 1.808 (1.306–2.504) 0.0004

eGFR

Moderate or greater decreasea (vs normal or mild) 1.552 (1.105–2.179) 0.0113

Unknown (vs normal or mild) 0.660 (0.372–1.171) 0.1551

Hypertension (yes vs no) 1.007 (0.711–1.425) 0.9691

Diabetes (yes vs no) 1.239 (0.917–1.675) 0.1623 1.352 (0.995–1.839) 0.0542

The multivariate model was developed using the stepwise variable selection method and the final model included the variables indication, sex,

body weight, and diabetes

HR hazard ratio, CI confidence interval, ACS acute coronary syndrome, eGFR estimated glomerular filtration rate
a Includes moderate and severe decreases in eGFR as well as end-stage renal failure
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platelet reactivity. However, the number of patients with

low on-treatment platelet reactivity defined using these

cutoff values was low, so further study is needed to con-

sider the relationship between the risk of bleeding and

platelet reactivity.

Possible predictors of bleeding events were also evaluated

in univariate and multivariate analyses. As shown in Table 3,

sex, body weight, age, and diabetes were significantly asso-

ciated with bleeding in PRASFIT-ACS, but the use of pra-

sugrel or clopidogrel was not associated with bleeding [20].

The influence of CYP2C19 allelic variants on platelet

aggregation and MACE was also assessed in post hoc

analyses of PRASFIT-ACS. However, consistent with the

notion that prasugrel is hardly metabolized and activated

by CYP2C19, reduced/loss-of-function alleles did not

appreciably affect the incidence of major, minor, and

clinically relevant bleeding events (Table 4) [23].

Another potential factor that might influence bleeding

events is the type of access route used. In particular, the

incidence of bleeding was consistently lower in patients

who underwent PCI via a radial access route than in

patients who underwent PCI via a femoral access route

[31–37]. A post hoc analysis of the PRASFIT studies was,

therefore, conducted to examine whether the incidence of

bleeding following PCI in Japanese patients varied by

access site [38]. In that analysis, the incidence of bleeding

events up to 3 days after PCI was compared according to

the access route used.

Consistent with prior studies, the incidence of bleeding

events was lower in patients who underwent PCI via the

Fig. 2 Distribution of P2Y12

reaction units (PRU) and types

of bleeding events according to

the PRU in PRASFIT-ACS.

a PRU at 5–12 h after the

loading dose and bleeding

events up to 3 days after starting

treatment. b PRU at 4 weeks

after the loading dose and

bleeding events from 4 days

after starting treatment with

prasugrel or clopidogrel to

14 days after treatment

discontinuation. PRU P2Y12

reaction units. Reprinted from

[20]
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radial access route than in patients who underwent PCI via

the femoral access route in PRASFIT-ACS. Meanwhile, in

PRASFIT-Elective, there were no bleeding events in this

period of time in patients who underwent PCI via the radial

access route (Fig. 3).

The predictors of bleedingwere also assessed in a post hoc

analysis of the TRITON-TIMI 38 study [39]. In that series of

analyses, multivariable Cox regression was conducted to

identify possible predictors for serious bleeding defined as

TIMI major or minor bleeding. The regression models were

adjusted for treatment group, as well as baseline and proce-

dural variables. The authors found that female sex, use of a

glycoprotein IIb/IIIa inhibitor, duration of intervention, age,

assignment to prasugrel, regional characteristics, admission

diagnosis of ST-elevation MI, femoral access for angiogra-

phy, creatinine clearance, hypercholesterolemia, and arterial

hypertension were independent risk factors for serious

bleeding. In PRASFIT-ACS, female sex, body weight, age,

and present of diabetes were independently associated with

bleeding events, defined as a composite of TIMI major

bleeding, TIMI minor bleeding, and clinically relevant non-

major or minor bleeding. The study treatment was included

as an explanatory variable in the multivariable model, but it

was not associated with the composite bleeding endpoint.

This lack of association between the study drug and the

composite bleeding endpoint in themultivariablemodelwith

similar incidences of individual types of bleeding events is

shown in Table 1.

Other bleeding

In PRASFIT-ACS, the incidence of other bleeding was sig-

nificantly greater in the prasugrel group than in the clopidogrel

group. However, the incidence of spontaneous bleeding was

not significantly different between the two groups. This sug-

gests that the higher incidence of bleeding is driven by extrinsic

factors, such as PCI, in the prasugrel group. In post hoc

CYP2C19 analyses of PRASFIT-ACS (Table 4), the incidence

of other bleeding in intermediate metabolizers (IM) and poor

metabolizers (PM) of antiplatelet drugs (based on CYP2C19

phenotypes) was higher in the prasugrel group than in the

clopidogrel group. However, an additional analysis, whichwas

performed to compare the incidence of other bleeding between

prasugrel-treated IM ? PM patients and clopidogrel-treated

extensive metabolizer (EM) patients, revealed that the inci-

dence in prasugrel-treated IM ? PM patients was similar to

that in clopidogrel-treated EM patients (44.7 vs. 41.5%; HR

1.14; 95%CI0.83–1.58).Bycontrast, among those treatedwith

clopidogrel, the incidence of other bleeding in IM ? PM

patients was significantly lower than that in EM patients (26.2

vs. 41.5%;HR0.61; 95%CI0.43–0.87). The incidence of other

bleeding in prasugrel-treated EMpatients was similar to that in

clopidogrel-treated EM patients (43.8 vs. 41.5%; HR 1.15;

95%CI 0.80–1.65). Considering these results, the incidence of

other bleeding in prasugrel-treated patients, regardless of the

patient’s CYP2C19 phenotype, is similar to that in clopidogrel-

treated EM patients.

Table 3 Hazard ratios and 95% confidence intervals from univariate and multivariate analyses of the associations of various background factors

with TIMI major bleeding, TIMI minor bleeding, and clinically relevant non-major or minor bleeding events throughout the study period in

PRASFIT-ACS. Reprinted from [20]

Factor Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

Sex (female vs male) 2.480 (1.741–3.534) \0.0001 1.667 (1.101–2.523) 0.0157

Body weight (B50 vs[50 kg) 2.836 (1.903–4.228) \0.0001 1.868 (1.156–3.020) 0.0107

Age (C75 years vs\75 years) 2.195 (1.541–3.128) \0.0001 1.715 (1.169–2.561) 0.0058

eGFR

Moderate or greater decreasea (vs normal or mild) 1.641 (1.112–2.421) 0.0127

Unknown (vs normal or mild) 0.933 (0.469–1.854) 0.8424

Hypertension (yes vs no) 0.986 (0.672–1.448) 0.9445

Diabetes (yes vs no) 1.330 (0.941–1.881) 0.1062 1.428 (1.001–2.036) 0.0493

Disease type

STEMI (vs UA or NSTEMI) 1.162 (0.824–1.638) 0.9779

Other (vs UA or NSTEMI) 0.000 (0.000–?) 0.9779

Study drug: prasugrel 20/3.75 mg (vs clopidogrel 300/75 mg) 0.997 (0.708–1.404) 0.9864 0.941 (0.666–1.328) 0.7274

The multivariate model was developed using the stepwise variable selection method and the final model included the variables sex, body weight,

diabetes, and study drug

HR hazard ratio, CI confidence interval, eGFR estimated glomerular filtration rate, STEMI ST-elevation myocardial infarction, UA unsta-

ble angina, NSTEMI non-ST-elevation myocardial infarction
a Includes moderate and severe decreases in eGFR as well as end-stage renal failure
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Bleeding as a risk factor for recurrent bleeding

Because the occurrence of a bleeding event may increase the

risk of recurrent bleeding events, a further post hoc subanal-

ysis was conducted to determine whether an initial bleeding

event (classified as other) was associated with the recurrence

of aggravation of subsequent bleeding events. Because of the

low number of events, patients who experienced other

bleeding (all bleeding other than major bleeding, minor

bleeding, or clinically relevant non-major or minor bleeding

events) at least once from both studies were pooled together,

and the outcome was defined as a bleeding occurringC1 day

Table 4 Incidence of non-coronary artery bypass graft-related bleeding events in patients subdivided on the basis of CYP2C19 variants in

PRASFIT-ACS. Reprinted from [23]

All bleeding events Spontaneous bleeding events

Prasugrel Clopidogrel HR (95% CI) Prasugrel Clopidogrel HR (95% CI)

All patients

N 390 383 390 383

Overall bleeding events 192 (49.2) 140 (36.6) 1.51 (1.22–1.88) 59 (15.1) 64 (16.7) 0.91 (0.64–1.29)

Major TIMI bleeding 5 (1.3) 5 (1.3) 0.96 (0.28–3.33) 2 (0.5) 3 (0.8) 0.65 (0.11–3.89)

Life-threatening TIMI bleeding 2 (0.5) 3 (0.8) 0.65 (0.11–3.91) 1 (0.3) 2 (0.5) 0.51 (0.05–5.63)

Fatal TIMI bleeding 1 (0.3) 0 (0) [100 (0–?) 1 (0.3) 0 (0) [100 (0–?)

Minor TIMI bleeding 10 (2.6) 8 (2.1) 1.20 (0.47–3.04) 3 (0.8) 3 (0.8) 0.98 (0.20–4.87)

Clinically relevant bleeding 14 (3.6) 25 (6.5) 0.55 (0.29–1.06) 11 (2.8) 23 (6.0) 0.47 (0.23–0.96)

Other bleeding 173 (44.4) 121 (31.6) 1.55 (1.23–1.96) 47 (12.1) 45 (11.7) 1.04 (0.69–1.56)

Major or minor TIMI bleeding 15 (3.8) 13 (3.4) 1.10 (0.52–2.32) 5 (1.3) 6 (1.6) 0.81 (0.25–2.65)

Major, minor, or clinically relevant bleeding 28 (7.2) 36 (9.4) 0.76 (0.46–1.24) 15 (3.8) 27 (7.0) 0.54 (0.29–1.02)

Bleeding events leading to discontinuation 4 (1.0) 6 (1.6) 0.65 (0.18–2.30) 3 (0.8) 3 (0.8) 1.04 (0.21–5.21)

EM

N 153 135 153 135

Overall bleeding events 73 (47.7) 61 (45.2) 1.18 (0.83–1.66) 25 (16.3) 30 (22.2) 0.77 (0.45–1.31)

Major TIMI bleeding 4 (2.6) 2 (1.5) 1.80 (0.33–9.86) 1 (0.7) 1 (0.7) 0.94 (0.06–15.02)

Life-threatening TIMI bleeding 2 (1.3) 1 (0.7) 1.83 (0.17–20.31) 1 (0.7) 0 (0) [100 (0–?)

Fatal TIMI bleeding 1 (0.7) 0 (0) [100 (0–?) 1 (0.7) 0 (0) [100 (0–?)

Minor TIMI bleeding 3 (2.0) 3 (2.2) 0.86 (0.17–4.29) 0 (0) 1 (0.7) 0 (0–?)

Clinically relevant bleeding 7 (4.6) 9 (6.7) 0.71 (0.27–1.92) 6 (3.9) 9 (6.7) 0.60 (0.21–1.70)

Other bleeding 67 (43.8) 56 (41.5) 1.15 (0.80–1.65) 21 (13.7) 24 (17.8) 0.81 (0.45–1.46)

Major or minor TIMI bleeding 7 (4.6) 5 (3.7) 1.25 (0.40–3.95) 1 (0.7) 2 (1.5) 0.46 (0.04–5.05)

Major, minor, or clinically relevant bleeding 14 (9.2) 13 (9.6) 1.00 (0.47–2.13) 7 (4.6) 10 (7.4) 0.63 (0.24–1.66)

Bleeding events leading to discontinuation 2 (1.3) 2 (1.5) 0.88 (0.12–6.29) 1 (0.7) 1 (0.7) 1.31 (0.08–20.94)

IM ? PM

N 237 248 237 248

Overall bleeding events 119 (50.2) 79 (31.9) 1.80 (1.35–2.39) 34 (14.3) 34 (13.7) 1.03 (0.64–1.65)

Major TIMI bleeding 1 (0.4) 3 (1.2) 0.33 (0.03–3.16) 1 (0.4) 2 (0.8) 0.47 (0.04–5.23)

Life-threatening TIMI bleeding 0 (0) 2 (0.8) 0 (0–?) 0 (0) 2 (0.8) 0 (0–?)

Fatal TIMI bleeding 0 (0) 0 (0) – 0 (0) 0 (0) –

Minor TIMI bleeding 7 (3.0) 5 (2.0) 1.41 (0.45–4.45) 3 (1.3) 2 (0.8) 1.49 (0.25–8.90)

Clinically relevant bleeding 7 (3.0) 16 (6.5) 0.45 (0.18–1.09) 5 (2.1) 14 (5.6) 0.36 (0.13–1.01)

Other bleeding 106 (44.7) 65 (26.2) 1.92 (1.41–2.62) 26 (11.0) 21 (8.5) 1.30 (0.73–2.32)

Major or minor TIMI bleeding 8 (3.4) 8 (3.2) 1.02 (0.38–2.72) 4 (1.7) 4 (1.6) 1.01 (0.25–4.03)

Major, minor, or clinically relevant bleeding 14 (5.9) 23 (9.3) 0.62 (0.32–1.21) 8 (3.4) 17 (6.9) 0.48 (0.21–1.10)

Bleeding events leading to discontinuation 2 (0.8) 4 (1.6) 0.50 (0.09–2.71) 2 (0.8) 2 (0.8) 0.95 (0.13–6.75)

Values are presented as the n (%)

HR hazard ratio, CI confidence interval, TIMI Thrombolysis in Myocardial Infarction, EM extensive metabolizer, IM intermediate metabolizer,

PM poor metabolizer
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after the initial ‘‘other’’ bleeding event. The incidence rates of

each type of bleeding event were calculated for events that

occurred between C1 day after the initial ‘‘other’’ bleeding

and up to 14 days after discontinuation of the study drug.

Figure 4 shows the results of this pooled analysis. Overall,

about one third of patients with an initial bleeding event

experienced subsequent bleeding events, but there were no

differences in the types of bleeding events between patients

treated with prasugrel or clopidogrel. This new analysis

indicates that there was no difference between prasugrel and

clopidogrel in terms of the impact of an initial bleeding event

on the occurrence of recurrent bleeding events orworsening of

the initial bleeding event.

Conclusions

There are several important findings raised in this review.

First, the bleeding risk with prasugrel at the doses (20/

3.75 mg) adjusted for Japanese patients is similar to that

Fig. 3 Incidence of major or minor bleeding at the puncture site

according to access route and allocated treatment (prasugrel or

clopidogrel) in a, b PRASFIT-ACS and c, d PRASFIT-Elective

according to the a, c femoral or b, d radial artery access routes. The

values in brackets on each bar represent the numbers of patients with

an event. *Fisher’s exact test. Reprinted from [38]
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observed with the standard dose of clopidogrel (300/75 mg).

Consistent results were obtained when bleeding events were

re-classified using the Bleeding Academic Research Con-

sortium criteria. The post hoc analyses revealed no rela-

tionship between the pharmacodynamics of prasugrel and

the risk of bleeding events. Themain risk factors for bleeding

events were female sex, low bodyweight, advanced age, and

presence of diabetes mellitus, which differed from those

reported in the TRITON–TIMI 38 study. The risk of bleeding

during PCI could be reduced using a radial puncture site

rather than a femoral puncture site. The incidence of bleed-

ing in prasugrel-treated patients, regardless of the CYP2C19

phenotype, was similar to that in clopidogrel-treated EM

patients. Finally, the frequency and severity of recurrent

bleeding events during continued treatment were similar

between prasugrel and clopidogrel.

Overall, the results presented in this review provide

important insights into the risk and types of bleeding events

in prasugrel-treated patients. These findings should also

help reassure clinicians that prasugrel is effective in terms

of reducing the risk of MACE without increasing the risk

of bleeding events after PCI in Japanese patients.
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