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Abstract This randomized, active-controlled, double-

blind study assessed the pharmacodynamics, pharmacoki-

netics and safety of ticagrelor in Japanese patients and a

smaller cohort of non-Japanese Asian patients. The study

recruited patients aged 20–80 years who had received

aspirin 75–100 mg/day for C2 weeks and had percutane-

ous coronary intervention or acute coronary syndrome

[3 months previously. Patients received 4 weeks’ treat-

ment with ticagrelor 45 mg bid, ticagrelor 90 mg bid or

clopidogrel 75 mg qd (all with aspirin). The inhibition of

platelet aggregation (IPA, final-extent) and pharmacoki-

netics of ticagrelor were assessed on days 1 and 28.

Overall, 139 Asian patients were randomized (ticagrelor

45 mg bid, n = 50; ticagrelor 90 mg bid, n = 43; clopi-

dogrel, n = 46) of whom 118 were Japanese. Mean final-

extent IPA was greater with ticagrelor 90 mg bid versus

ticagrelor 45 mg bid and with both ticagrelor doses versus

clopidogrel. At the end of the dosing interval on day 28,

mean final-extent IPA was 10.0 % higher (95 % confidence

interval 0.5–19.5 %) for ticagrelor 90 mg bid versus

ticagrelor 45 mg bid, 15.1 % higher (5.8–24.4 %) for

ticagrelor 45 mg bid versus clopidogrel, and 25.1 % higher

(15.5–34.7 %) for ticagrelor 90 mg bid versus clopidogrel.

In Japanese patients, exposure to ticagrelor and its active

metabolite AR-C124910XX increased dose-proportionally.

The safety profile of ticagrelor was consistent with previ-

ous studies. Ticagrelor was associated with enhanced IPA

versus clopidogrel in Japanese patients.

Keywords Ticagrelor � Pharmacokinetics �
Pharmacodynamics � P2Y12 receptor antagonist � Japanese

Introduction

Ticagrelor is an orally active P2Y12 receptor antagonist [1,

2] used for the prevention of atherothrombotic events in

patients with acute coronary syndrome (ACS) [3]. The

efficacy and safety of ticagrelor in patients with ACS was

investigated in the PLATelet inhibition and patient Out-

comes (PLATO) trial [4]; ticagrelor plus aspirin reduced

the rate of the primary composite endpoint of myocardial

infarction, stroke or death from vascular causes relative to

clopidogrel plus aspirin. Although the rate of major

bleeding not related to coronary artery bypass grafting was

higher in the ticagrelor group than the clopidogrel group,

no treatment-group difference in the rate of overall major

bleeding was observed in PLATO.

After oral administration, ticagrelor is rapidly absorbed

and displays a linear and predictable pharmacokinetic

(PK) profile [5–8]. Although ticagrelor does not require

metabolic activation to inhibit platelet aggregation, an

approximately equipotent active metabolite, AR-

C124910XX, is generated via cytochrome P450 (CYP)

3A enzymes [9]. This metabolite is present in a concen-

tration approximately 40 % that of the parent compound

[8]. Unlike the thienopyridine compounds, clopidogrel

and prasugrel, the active metabolites of which bind irre-

versibly to the P2Y12 receptor, ticagrelor and AR-

C124910XX bind reversibly to the P2Y12 receptor [2].
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Combined with the short half-lives of ticagrelor and AR-

C124910XX, the reversible nature of ticagrelor’s binding

to P2Y12 leads to a level of platelet inhibition in stan-

dardized ex vivo testing that is closely related to drug

plasma concentration [3, 8, 10].

Data from PLATO and other studies have led to the

approval of ticagrelor in many countries worldwide,

including several in Asia (although not currently in Japan).

Notably, the efficacy and safety of antiplatelet agents may

differ between Asian and Caucasian patients, a phenomenon

that may in part be due to differences in drug-metabolizing

enzymes, e.g. loss-of-function alleles in the CYP2C19 gene,

for example, are highly prevalent in the Asian population

[11]. CYP2C19 loss-of-function alleles confer a higher risk

of cardiovascular events during clopidogrel treatment in

Caucasian populations [12], but the clinical impact in Asian

populations is not yet known [13]. Data from the J-Cypher

registry in Japan indicate that Japanese patients receiving

clopidogrel after drug-eluting stent implantation are at low

risk of stent thrombosis [14], but the prevalence or impact of

CYP2C19 allele frequency was not assessed in the J-Cypher

study. As ticagrelor does not require metabolic activation, it

may be a particularly suitable candidate for use as an anti-

platelet agent in patients of Asian descent. Accordingly, a

number of studies and trial analyses have been performed to

describe the properties of ticagrelor in Asian populations.

For example, in Phase I studies, the tolerability and PK

profiles of ticagrelor were broadly similar in Japanese and

Caucasian healthy volunteers, although exposure to the

parent compound and AR-C124910XX was slightly higher

in Japanese volunteers [15]. In addition, a subgroup analysis

of PLATO showed that the benefits of ticagrelor relative to

clopidogrel were similar in Asian (defined as ‘of oriental

race’) and Caucasian patients with ACS, although the

number of Asian patients in this trial was relatively small

(1096 versus 17077 Caucasian patients) [4].

The current study was performed to characterize the

pharmacodynamic (PD) profile of ticagrelor in Japanese

patients with stable coronary artery disease (CAD). The pri-

mary objective was to investigate, in Japanese patients, the

effect of two doses of ticagrelor [45 and 90 mg twice daily

(bid)] on adenosine diphosphate (ADP)-induced platelet

aggregation. Secondary objectives included assessment of the

PK and safety of ticagrelor in Japanese patients and a smaller

cohort of non-Japanese Asian patients.

Methods

Patients

Eligible patients were men or women aged 20–80 years

who had received aspirin 75–100 mg/day for C2 weeks

before randomization and had either any percutaneous

coronary intervention (PCI) or previously documented

ACS [3 months before randomization. Exclusion crite-

ria included: ACS, transient ischemic attack (TIA) or

stroke within 3 months before randomization; antico-

agulant therapy or antiplatelet therapy other than aspirin

within 2 weeks before randomization; percutaneous

intervention, or surgical procedure planned during

study; chronic atrial fibrillation, condition(s) associated

with increased bleeding risk; increased risk of brady-

cardiac events; platelet count \10 9 104/lL; hemoglo-

bin \10 g/dL; renal failure requiring dialysis; and

moderate or severe liver disease. All patients provided

written informed consent.

Study design and treatments

This multicenter, randomized, double-blind, parallel-

group study (study code: D5130C00065; ClinicalTri-

als.gov Identifier: NCT01118325) was performed in 15

centers in Japan and the Philippines from April 2010 to

March 2011. The study protocol was approved by the

relevant institutional review board/ethics committees and

the study was conducted in accordance with the Decla-

ration of Helsinki, Good Clinical Practice guidelines and

the AstraZeneca policy on bioethics. An independent data

safety monitoring board monitored all aspects of the

study.

Patient eligibility for the study was assessed at an

enrolment visit held 3–14 days before the start of a

4-week treatment period. On day 1 of the treatment

period, a randomization visit was held, at which eligi-

bility was re-confirmed and enrolled patients were ran-

domized to receive ticagrelor 45 mg bid, ticagrelor

90 mg bid or clopidogrel 75 mg once daily (qd). Ran-

domization codes were allocated sequentially from a list

generated in blocks of a predefined size to ensure all

three treatment groups were equally populated. Investi-

gators and patients were blinded to treatment assign-

ment and all study treatments were identical in

appearance, packaging and labeling. Ticagrelor or

clopidogrel was first administered at the randomization

visit. Throughout the treatment period, all patients

received aspirin 75–100 mg qd, maintained at a stable

dose. In addition to the enrolment and randomization

visits, study visits were held at days 7 and 14, at the end

of treatment (day 28), and at the end of a 4-week fol-

low-up period. Use of the following medications was

prohibited: anticoagulants; ticlopidine; dipyridamole;

cilostazol; fibrinolytic therapy; strong CYP3A inhibi-

tors; simvastatin or lovastatin at doses [40 mg; CYP3A

substrates with a narrow therapeutic index; and potent

inducers of CYP3A.
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Assessments

Pharmacodynamics

The primary PD endpoint was final-extent inhibition of

platelet aggregation (IPA), as measured by optical aggre-

gometry of platelet-rich plasma (PRP) stimulated with

20 lM ADP. Venous blood samples (10 mL) were col-

lected via a cannula pre-dose (within 30 min of dosing) and

at 1, 2, 4, 8 and 12 h on day 1, and pre-dose and at 2, 4, 8,

12 and 24 h on day 28. Upon collection, 9 mL of each

sample was centrifuged with 1 mL of 3.13 % w/v triso-

dium citrate to separate and obtain platelet poor plasma

(PPP) and PRP. PPP was used to set the baseline for the

aggregation tests, which were started 1 h (±10 min) after

sampling. Final-extent IPA, the most appropriate measure

of IPA for P2Y12 receptor antagonists [16], was measured

6 min after the addition of ADP to PRP samples (adjusted

to 250000 platelets/lL).

Pharmacokinetics

Blood samples (3 mL) for the determination of ticagrelor

and AR-C124910XX in plasma were collected at the same

time-points on days 1 and 28 as the samples for pharma-

codynamic analyses. The plasma concentrations of ticagr-

elor and AR-C124910XX were determined with a validated

bioanalytical method using high performance liquid chro-

matography with tandem mass spectroscopic detection

(LC–MS/MS) after protein precipitation. The validated

calibration range was 1–2000 ng/mL for ticagrelor and

2.5–1000 ng/mL for AR-C124910XX [17].

Safety and tolerability

Adverse events (AEs) were monitored throughout. Bleed-

ing events were assessed using the PLATO trial classifi-

cation scheme [18], which is a modification of that used in

the Clopidogrel in Unstable angina to prevent Recurrent

Enrolleda

n = 146 (122)

Not randomized to treatment, n = 7 (4) 
- Eligibility criteria not fulfilled, n = 4 (1) 
- Patient decision, n = 3 (3)

Completed study
n = 49 (41)

Discontinued, n = 1 (1) 
- Adverse event, n = 1 (1)

Ticagrelor 45 mg bid
n = 50 (42)

Discontinued, n = 1 (1)
- Adverse event, n =1 (1)

Clopidogrel 75 mg qd
n = 46 (40)

Completed study
n = 45 (39)

Randomized 
n = 139 (118b)

Ticagrelor 90 mg bid
n = 43 (36)

Completed study
n = 43 (36)

Fig. 1 Patient disposition. Data shown are for all study patients (data for Japanese patients only shown in parentheses). aInformed consent

received. bOne of the patients randomized in Japan was ethnically non-Japanese Asian
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Events (CURE) trial [19]. In summary, fatal/life-threaten-

ing major bleeding comprised fatal bleeding, intracranial

bleeding, intrapericardial bleeding with cardiac tamponade,

hypovolaemic shock or severe hypotension due to bleeding

and requiring pressors or surgery, clinically overt or

apparent bleeding associated with a [5 g/dL decrease in

hemoglobin (Hb), or transfusion of C4 units of whole

blood or packed red blood cells (PRBCs) for bleeding.

Other major bleeding involved significantly disabling

bleeding, clinically overt or apparent bleeding associated

with a decrease in Hb of 3–5 g/dL, or transfusion of 2–3

units of whole blood or PRBCs for bleeding. Minor

bleeding required medical intervention to stop or treat

bleeding. Minimal bleeding included all other bleeding

events not requiring intervention or treatment. Bleeding

events were centrally adjudicated by an independent

clinical endpoint committee. Other safety variables inclu-

ded standard clinical laboratory values (hematology, clin-

ical chemistry and urinalysis), physical examination, vital

signs, and 12-lead electrocardiogram (ECG). Holter ECG

was also performed in Japanese patients only.

Statistics

The sample size was not calculated using formal statistical

methods. Assuming 34 Japanese patients were included in

each group and taking into account data from a previous

PD study [1], the expected two-sided 95 % confidence

interval (CI) of the difference in final-extent IPA between

the two ticagrelor groups was approximately 12 %. To

visually compare PK parameters between Japanese and

non-Japanese Asian patients, seven non-Japanese Asian

Table 1 Demographics and

baseline characteristics

BMI body mass index, CHD

coronary heart disease, SD

standard deviation

All patients Ticagrelor

45 mg bid

(N = 50)

Ticagrelor

90 mg bid

(N = 43)

Clopidogrel

75 mg qd

(N = 46)

Mean (SD) age, years 63 (11) 64 (9) 64 (10)

Male, n (%) 46 (92) 40 (93) 38 (83)

Ethnic group, n (%)

Japanese 42 (84) 35 (81) 40 (87)

Other Asian 8 (16) 8 (19) 6 (13)

Mean (SD) BMI, kg/m2 24.9 (2.6) 24.8 (3.4) 25.2 (3.4)

Medical history, n (%)

Family history of CHD 18 (36) 16 (37) 10 (22)

Hypertension 29 (58) 29 (67) 30 (65)

Hyperlipidemia 26 (52) 22 (51) 23 (50)

Diabetes mellitus 8 (16) 14 (33) 12 (26)

Prior myocardial infarction 36 (72) 36 (84) 30 (65)

Prior coronary artery bypass graft 2 (4.0) 4 (9.3) 2 (4.3)

Prior percutaneous coronary intervention 38 (76) 35 (81) 36 (78)

Japanese patients only Ticagrelor

45 mg bid

(N = 42)

Ticagrelor

90 mg bid

(N = 36)

Clopidogrel

75 mg qd

(N = 40)

Mean (SD) age, years 65 (10) 65 (8) 66 (9)

Male, n (%) 39 (93) 33 (92) 33 (83)

Ethnic group, n (%)

Japanese 42 (100) 35 (97) 40 (100)

Other Asian 0 1 (2.8) 0

Mean (SD) BMI, kg/m2 25.0 (2.3) 25.1 (3.6) 25.4 (3.2)

Medical history, n (%)

Family history of CHD 14 (33) 13 (36) 8 (20)

Hypertension 26 (62) 24 (67) 28 (70)

Hyperlipidemia 26 (62) 22 (61) 23 (58)

Diabetes mellitus 8 (19) 14 (39) 12 (30)

Prior myocardial infarction 29 (69) 29 (81) 24 (60)

Prior coronary artery bypass graft 2 (4.8) 4 (11) 2 (5.0)

Prior percutaneous coronary intervention 38 (91) 35 (97) 36 (90)
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patients per group were required. Assuming a drop-out rate

of 10 %, 45 patients per group were to be randomized.

Final-extent IPA was calculated as the percentage

change from the baseline (pre-dose on day 1) aggregation

value. Percentage inhibition was restricted to the range

0–100 % and data falling outside this range were truncated

to the appropriate limit. Differences in final-extent IPA at

2, 4, 8, 12 and 24 h post-dose on day 28 were analyzed

using an analysis of covariance (ANCOVA) model

including treatment group. All Japanese patients who

received C1 dose of study drug, had post-dose PD mea-

surements, and no protocol deviations/violations that might

affect ticagrelor PD, were included in the PD analysis.

For ticagrelor and AR-C124910XX, the following PK

parameters were calculated using standard non-compart-

mental methods: maximum plasma concentration (Cmax),

time to Cmax (tmax), minimum plasma concentration

(Cmin), average plasma concentration during the dosing

internal (Cav), half-life (t1/2), area under the plasma–

concentration time curve from time zero to end of the

dosing interval (AUC0–s,), accumulation ratio (Rac) and

oral clearance (CL/F). PK parameters were summarized

by treatment group and ethnic population (Japanese/non-

Japanese Asian) using descriptive statistics. An explor-

atory analysis was performed using a non-linear sigmoid

maximum observed plateau effect (Emax) model to

investigate the relationship between IPA and drug con-

centrations in Japanese patients. Final extent individual

peak IPA (IPAmax) was estimated as the highest IPA

within a dosing interval and area under the effect curve

(AUEC) for IPA was calculated over the dosing interval

from IPA–time curves using the linear trapezoidal rule.

Individual IPA at the end of the dosing interval was

termed IPAmin. Safety and tolerability data for all patients

who received C1 dose of study drug were summarized by

treatment group using descriptive statistics.

Results

Patients

A total of 139 patients were randomized to ticagrelor

45 mg bid (n = 50), ticagrelor 90 mg bid (n = 43) or

clopidogrel 75 mg qd (n = 46) (Fig. 1). Of the 118 ran-

domized patients recruited in Japan, 117 were Japanese.

The study was completed by 137 patients. Two Japanese

patients discontinued due to AEs (gastrointestinal hemor-

rhage in one patient in the ticagrelor 45 mg bid group and

urticaria in one patient in the clopidogrel 75 mg qd group).

All Japanese patients were included in the PD analysis; PD

data are not presented for non-Japanese Asian patients due

to technical problems with IPA measurement. All patients

in the two ticagrelor groups were included in the PK ana-

lysis, with the exception of seven Japanese patients (four in

the 45 mg bid group and three in the 90 mg bid group) who

were excluded because of technical difficulties at the

central laboratory. Safety and tolerability data were col-

lected from all randomized patients.

Demographics and baseline clinical characteristics were

comparable across treatment groups (Table 1). Most study

patients were male (89 %) and all were Asian. In all groups,

the majority of patients ([80 %) were Japanese. Use of

concomitant medications was similar in the three treatment

groups. Separate analysis showed that demographics,

baseline characteristics (Table 1) and concomitant

Fig. 2 Mean (±SD) final-extent inhibition of platelet aggregation

(IPA) on (a) day 1 and (b) day 28 in Japanese patients with stable

coronary artery disease treated with low-dose aspirin plus ticagrelor

45 mg bid, ticagrelor 90 mg bid or clopidogrel 75 mg qd. bid twice

daily, qd once daily
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medication use were also well balanced across treatment

groups in Japanese patients only.

Pharmacodynamics: inhibition of platelet aggregation

in Japanese patients

At every time-point on both day 1 and day 28, mean final-

extent IPA was greater with ticagrelor 90 mg than with

ticagrelor 45 mg (Fig. 2). Additionally, both doses of

ticagrelor were associated with greater final-extent IPA

than clopidogrel 75 mg at all time-points on these days

(Fig. 2). For example, at the end of the dosing interval on

day 28, mean final-extent IPA was 57 and 67 % with ti-

cagrelor 45 mg and 90 mg bid, respectively, and 42 % with

clopidogrel 75 mg qd. In the clopidogrel 75 mg group,

mean final-extent IPA on day 1 was much lower than at day

28 (Fig. 2).

Mean between-group differences in final-extent IPA on

day 28 are shown in Table 2. At the end of the dosing

interval on day 28 (12 h time-point), the final-extent IPA

was 10.0 % higher for ticagrelor 90 mg bid versus ticagr-

elor 45 mg bid, 15.1 % higher for ticagrelor 45 mg bid

versus clopidogrel 75 mg qd, and 25.1 % higher for

ticagrelor 90 mg bid versus clopidogrel 75 mg qd.

Pharmacokinetics of ticagrelor in Japanese

and non-Japanese Asian patients

PK parameters for ticagrelor and AR-C124910XX are

summarized in Table 3. Ticagrelor was rapidly absorbed in

both Japanese and non-Japanese Asian patients, with a

median tmax of 2–4 h. In both ethnic populations, median

tmax of AR-C124910XX was similar to that of ticagrelor.

Cmax and AUC0–s of ticagrelor and AR-C124910XX

increased in a dose-proportional manner with the two doses

of ticagrelor in Japanese and non-Japanese Asian patients.

Cmin, Cav, Rac and t1/2, were broadly similar across the two

ethnic populations.

Pharmacokinetic/pharmacodynamic relationship

in Japanese patients

PK/PD analyses showed that, in Japanese patients treated

with ticagrelor, final-extent IPA increased as the plasma

concentration of ticagrelor increased (Fig. 3). Final-extent

AUEC, IPAmax and IPAmin also increased in line with

ticagrelor concentration (data not shown).

Safety and tolerability in Japanese and non-Japanese

Asian patients

More patients experienced AEs in the ticagrelor 90 mg bid

group than the ticagrelor 45 mg bid and clopidogrel 75 mg

qd groups (Table 4). The gastrointestinal hemorrhage that

led to discontinuation of one ticagrelor-treated patient was

classed as a serious AE (SAE) and considered related to

treatment; this event was also the only PLATO-defined

major bleeding event reported during the study. No

PLATO-defined minor bleeding events were reported. The

frequency of PLATO-defined minimal bleeding was

numerically higher in the ticagrelor 90 mg bid group than

the other treatment groups (Table 4). In addition to the case

of gastrointestinal hemorrhage, two other SAEs were

reported (pneumonia and lip/oral cavity cancer in patients

in the ticagrelor 45 and 90 mg bid groups, respectively).

Both of these events occurred during the follow-up period

Table 2 Mean (95 %

confidence interval [CI])

differences in percentage final-

extent inhibition of platelet

aggregation (IPA) on day 28 in

Japanese patients with stable

coronary artery disease treated

with low-dose aspirin plus

ticagrelor 45 mg bid, ticagrelor

90 mg bid or clopidogrel 75 mg

qd

Time Comparison Mean difference in final-extent

IPA, % (95 % CI)

2 h Ticagrelor 90 mg bid–ticagrelor 45 mg bid 8.5 (0.9, 16.2)

Ticagrelor 45 mg bid–clopidogrel 75 mg qd 25.6 (18.1, 33.0)

Ticagrelor 90 mg bid–clopidogrel 75 mg qd 34.1 (26.4, 41.8)

4 h Ticagrelor 90 mg bid–ticagrelor 45 mg bid 5.9 (-2.0, 13.7)

Ticagrelor 45 mg bid–clopidogrel 75 mg qd 23.6 (15.9, 31.3)

Ticagrelor 90 mg bid–clopidogrel 75 mg qd 29.5 (21.6, 37.4)

8 h Ticagrelor 90 mg bid–ticagrelor 45 mg bid 6.0 (-2.2, 14.2)

Ticagrelor 45 mg bid–clopidogrel 75 mg qd 20.1 (12.1, 28.2)

Ticagrelor 90 mg bid–clopidogrel 75 mg qd 26.1 (17.8, 34.4)

12 h Ticagrelor 90 mg bid–ticagrelor 45 mg bid 10.0 (0.5, 19.5)

Ticagrelor 45 mg bid–clopidogrel 75 mg qd 15.1 (5.8, 24.4)

Ticagrelor 90 mg bid–clopidogrel 75 mg qd 25.1 (15.5, 34.7)

24 h Ticagrelor 90 mg bid–ticagrelor 45 mg bid 12.9 (3.2, 22.7)

Ticagrelor 45 mg bid–clopidogrel 75 mg qd 8.2 (-1.4, 17.7)

Ticagrelor 90 mg bid–clopidogrel 75 mg qd 21.1 (11.3, 30.9)
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and were not considered related to study treatment. There

were no deaths during the study. The most common non-

bleeding AEs included nasopharyngitis and abdominal

discomfort (Table 4). In all three treatment groups, there

were no clinically important changes in hematology, clin-

ical chemistry, urinalysis, physical examination findings,

vital signs, or 12-lead ECG. No clinically relevant changes

in Holter ECG were observed in Japanese patients. Par-

oxysmal atrial fibrillation (AF) was observed by Holter

ECG in two patients (one each in the ticagrelor 45 mg bid

and clopidogrel 75 mg qd groups) but no ventricular pause

longer than 3 s was observed during the study.

Discussion

In this multicenter, active-controlled study, ticagrelor

90 mg bid was associated with enhanced final-extent IPA

compared with ticagrelor 45 mg bid or clopidogrel 75 mg

qd in Japanese patients with stable CAD. In addition, the

Table 3 Pharmacokinetic

parameters for ticagrelor and

AR-C124910XX on day 1 and

day 28 in Japanese and non-

Japanese Asian patients with

stable coronary artery disease

treated with low-dose aspirin

plus ticagrelor 45 mg bid or

ticagrelor 90 mg bid

Values are geometric mean

(percentage coefficient of

variation) unless otherwise

indicated

AUC0–s area under the plasma–

concentration time curve from

time zero to end of the dosing

interval, Cav average plasma

concentration during dosing

interval, CL/F oral clearance,

Cmax maximum plasma

concentration, Cmin minimum

plasma concentration, NA not

available, NC not calculable,

Rac accumulation ratio, t1/2 half-

life, tmax time to maximum

plasma concentration
a Median (range)

Ticagrelor 45 mg BID Japanese patients Non-Japanese Asian patients

Day 1 (n = 38) Day 28 (n = 38) Day 1 (n = 8) Day 28 (n = 8)

Ticagrelor

Cmax (ng/mL) 283 (51) 422 (50) 220 (141) 341 (203)

tmax (h)a 2.0 (0.9–8.0) 2.0 (1.9–4.0) 4.0 (1.0–4.0) 4.0 (2.0–4.0)

Cmin (ng/mL) 68.4 (60) 135 (74) 86.2 (200) 140 (281)

Cav (ng/mL) 137 (46) 254 (55) 129 (132) 244 (229)

t� (h) 5.10 (27) 9.72 (29) 6.99 (49) 9.22 (27)

AUC0–s (ng�h/mL) 1640 (46) 3050 (55) 1550 (132) 2930 (229)

Rac NC 1.86 (31) NC 1.89 (39)

CL/F (L/h) NA 14.8 (55) NA 15.3 (229)

AR-C124910XX

Cmax (ng/mL) 62.8 (48) 135 (40) 45.2 (79) 101 (84)

tmax (h)a 3.9 (1.9–8.1) 4.0 (1.9–11.9) 4.0 (1.0–8.0) 4.0 (2.0–8.0)

Cmin (ng/mL) 26.5 (32) 65.8 (50) 23.6 (59) 54.1 (100)

Cav (ng/mL) 37.1 (39) 98.7 (42) 28.0 (69) 79.5 (91)

t� (h) 8.16 (38) 15.57 (36) 8.99 (36) 13.36 (38)

AUC0–s (ng�h/mL) 445 (39) 1180 (42) 336 (69) 954 (91)

Rac NC 2.68 (40) NC 2.84 (59)

Ticagrelor 90 mg BID Japanese patients Non-Japanese Asian patients

(n = 33) (n = 33) (n = 7) (n = 7)

Ticagrelor

Cmax (ng/mL) 612 (39) 931 (43) 766 (17) 1380 (24)

tmax (h)a 2.0 (1.0–8.0) 2.0 (1.9–4.1) 2.0 (1.0–2.0) 4.0 (2.0–4.1)

Cmin (ng/mL) 125 (57) 244 (56) 237 (48) 525 (47)

Cav (ng/mL) 275 (36) 506 (41) 393 (19) 908 (27)

t� (h) 4.83 (27) 8.78 (22) 5.76 (27) 13.28 (64)

AUC0–s (ng�h/mL) 3310 (36) 6080 (41) 4710 (19) 10900 (27)

Rac NC 1.83 (34) NC 2.31 (16)

CL/F (L/h) NA 14.8 (41) NA 8.27 (27)

AR-C124910XX

Cmax (ng/mL) 156 (45) 326 (36) 123 (37) 381 (51)

tmax (h)a 3.9 (1.0–8.1) 2.1 (1.9–8.0) 2.0 (2.0–4.0) 2.0 (2.0–4.0)

Cmin (ng/mL) 60.2 (30) 145 (36) 59.6 (18) 179 (42)

Cav (ng/mL) 90.3 (30) 227 (31) 75.5 (27) 282 (41)

t� (h) 7.13 (43) 14.41 (30) 8.96 (44) 13.50 (40)

AUC0–s (ng�h/mL) 1080 (30) 2720 (31) 906 (27) 3380 (41)

Rac NC 2.54 (29) NC 3.73 (30)
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lower dose of ticagrelor was associated with greater final-

extent IPA versus clopidogrel 75 mg qd. PK analyses

showed that ticagrelor was rapidly absorbed in Japanese

and non-Japanese Asian patients and exposure to ticagrelor

and AR-C124910XX increased in a dose-proportional

manner in both populations.

The current study was designed to mirror the previously

reported phase II DISPERSE study, which included only

Caucasian patients [1]. In DISPERSE, ticagrelor 100 mg

bid, 200 mg bid and 400 mg qd caused rapid and nearly

complete IPA and were associated with greater steady-state

IPA than ticagrelor 50 mg bid and clopidogrel 75 mg qd.

The two ticagrelor doses used in the current study (45 and

90 mg bid) were equivalent to the 50 and 100 mg bid doses

of an early formulation of ticagrelor used in the DISPERSE

study. Higher doses of ticagrelor were not investigated in

the current study because 90 mg bid is the recommended

clinical dose; moreover, studies in healthy volunteers have

shown that exposure to ticagrelor and its active metabolite

is higher in Japanese than Caucasian subjects [15].

Mean final-extent IPA for ticagrelor 90 mg bid and

clopidogrel 75 mg qd in the current study appeared to be

lower than in the DISPERSE study [1]. At 12 h post-dose

on day 28 of the current study, mean final-extent IPA was

67 % with ticagrelor 90 mg bid and 42 % with clopido-

grel 75 mg qd. At steady state in the DISPERSE study,

mean final-extent IPA at 12 h post-dose was 82 % with

ticagrelor 100 mg bid (equivalent to 90 mg bid ticagrelor

in the current study) and approximately 60 % with clop-

idogrel [1]. Although resistance to clopidogrel, and to

some extent prasugrel, has been reported in some Japa-

nese patients because of CYP2C19 polymorphisms [20,

21], this enzyme is not involved in the metabolism of

ticagrelor [9]. Therefore, we would not expect CYP2C19

variants to account for the IPA differences between the

current study and DISPERSE, although this possibility

cannot be excluded in the absence of genotype data. The

observed differences may be partly attributable to differ-

ences in the equipment used to measure IPA in the two

studies.

Fig. 3 Scatter plot of ticagrelor

plasma concentration versus

final-extent inhibition of platelet

aggregation (IPA) in Japanese

patients with stable coronary

artery disease. The prediction

curve shown in the figure is

based on a sigmoid Emax model

Table 4 Number of Japanese

and non-Japanese Asian patients

with adverse events (AEs)

following treatment with low-

dose aspirin plus ticagrelor

45 mg bid, ticagrelor 90 mg bid

or clopidogrel 75 mg qd

a PLATO definition (see

‘‘Methods’’)
b AEs that occurred in C4 % of

patients in any treatment group

Ticagrelor

45 mg bid

(N = 50)

Ticagrelor

90 mg bid

(N = 43)

Clopidogrel

75 mg qd

(N = 46)

Patients with any AE, n (%) 28 (56.0) 32 (74.4) 22 (47.8)

Not bleeding events 20 (40.0) 25 (58.1) 18 (39.1)

Bleeding events 13 (26.0) 17 (39.5) 10 (21.7)

Major bleeding eventsa 1 (2.0) 0 0

Minor bleeding eventsa 0 0 0

Minimal bleeding eventsa 13 (26.0) 17 (39.5) 10 (21.7)

Patients with most common non-bleeding AEsb, n (%)

Nasopharyngitis 1 (2.0) 7 (16.3) 3 (6.5)

Abdominal discomfort 2 (4.0) 2 (4.7) 2 (4.3)

Headache 2 (4.0) 1 (2.3) 0

Arthralgia 0 2 (4.7) 0

Constipation 0 2 (4.7) 0

Exertional dyspnea 0 2 (4.7) 0

Ticagrelor PK/PD/safety in Asian patients with CAD 331

123



In phase I studies, exposure to ticagrelor and AR-

C124910XX was slightly higher in Japanese than Cauca-

sian volunteers [15]. The PK results of the current study

were consistent with those observations; AUC0–s and Cmax

of ticagrelor and AR-C124910XX on day 28 were 1.3–1.5-

fold higher in Japanese patients in the current study than in

the Caucasian patients in the DISPERSE study. Exposure

to ticagrelor and AR-C124910XX has also been shown to

be higher in Chinese volunteers than in those of Caucasian

ethnicity [22]. Although there were relatively few non-

Japanese Asian patients recruited to the current study, there

were no notable differences in the PK profiles of ticagrelor

and AR-C124910XX between such patients and the larger

cohort of Japanese patients.

Phase I studies also showed that IPA with ticagrelor was

slightly higher in Japanese than Caucasian subjects, con-

sistent with the higher exposure to ticagrelor and AR-

C124910XX observed in Japanese subjects [15]. Although

final-extent IPA was lower in the current study than in

DISPERSE for equivalent doses of ticagrelor and clopi-

dogrel, relative differences in IPA between ticagrelor 90

mg bid and clopidogrel 75 mg qd were similar across the

two studies, indicating that the superior antiplatelet effi-

cacy of ticagrelor (with respect to IPA) previously reported

in Caucasian patients is also observed in Japanese patients.

The safety profile of ticagrelor in the current study was

consistent with that observed in other studies performed in

Asian and non-Asian populations [1, 4, 15, 22]. The inci-

dence of AEs and bleeding events was higher with

ticagrelor 90 mg bid than ticagrelor 45 mg bid or clopi-

dogrel 75 mg qd. However, most AEs were mild in

intensity and most bleeding events were classified as

minimal. Only one major bleeding event—gastrointestinal

bleeding in a patient receiving ticagrelor 45 mg bid—

occurred during the study. No bradyarrhythmias were seen

on Holter monitoring of Japanese patients, events which

occurred at a higher frequency in the ticagrelor vs clopi-

dogrel group of Caucasian patients in the PLATO study

[4].

In conclusion, ticagrelor 45 mg bid and 90 mg bid were

associated with enhanced IPA compared with clopidogrel

75 mg qd in Japanese patients with stable CAD. The PK

profiles of ticagrelor and its active metabolite in Japanese

and non-Japanese Asian patients were similar to those

observed in Caucasian or Chinese populations. No signif-

icant safety concerns arose from the current study.
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