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Abstract

We evaluated the pharmacokinetics and pharmacodynamics of prasugrel used in combination with aspirin in healthy
Japanese subjects. All subjects received aspirin 100 mg/day. Subsequently, in the single-administration study, 23 subjects
also received prasugrel 20 or 30 mg, and in the multiple-administration study, 20 subjects received a loading dose of
prasugrel 20 or 30 mg on day |, followed by a maintenance dose of prasugrel 5 or 7.5 mg/day, respectively, on days 2-5.
In both studies, the plasma concentration of the active metabolite of prasugrel, R-138727, reached a maximum 0.5 hours
after administration and rapidly decreased within 4 hours. In the single-administration study, the inhibitory effect on
adenosine diphosphate—induced platelet aggregation was significantly higher in the prasugrel 20- and 30-mg groups
than in the placebo group at all times (I—144 hours) after administration. In the multiple-administration study, a similar
antiplatelet effect was found after both the loading dose and the maintenance dose and was maintained for 3—6 days after
the last administration. There were study drug-related adverse events; however, all were mild, and none was clinically

significant.
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In Japan, the prevalence of ischemic heart disease is
increasing as the population ages, and percutaneous
coronary intervention (PCI) plays a major role in
its treatment. Patients undergoing PCI generally re-
ceive antiplatelet therapy to prevent recurrent ischemic
events. Guidelines recommend the combination of as-
pirin and a thienopyridine.'> The thienopyridine clopi-
dogrel is converted to its active metabolite by enzymes
such as cytochrome P450 (CYP) 2C9 and 2C19; how-
ever, individuals with gene polymorphisms for these en-
zymes are poor metabolizers of clopidogrel.> CYP2C19
polymorphisms are more common in Japanese than in
Western populations.*

Prasugrel is a new antiplatelet agent of the thienopy-
ridine class. It is metabolized by CYP to its active form
in the liver (see Figure 1 for its pathway of activa-
tion), and it selectively inhibits the adenosine diphos-
phate (ADP) receptor P2Y,. The pharmacodynamic
response to prasugrel is less variable than that of clopi-
dogrel, but the reasons for this are unclear. Loss-of-
function polymorphisms of CYP2C9 and CYP2C19
are associated with decreased exposure to the active

metabolite of clopidogrel but not prasugrel.? The study
comparing the effects of a loading dose of prasug-
rel 60 mg and clopidogrel 300 mg in healthy subjects

'Department of Pharmacology, Hamamatsu University School of
Medicine, Hamamatsu-shi, Shizuoka, Japan

2Shin-nakagawa Hospital, Yokohama-shi, Kanagawa, Japan

3Translational Medicine and Clinical Pharmacology Department, Daiichi
Sankyo Co., Ltd, Shinagawa-ku, Tokyo, Japan

“#Clinical Pharmacology Department, Janssen Pharmaceutical K.K.,
Chiyoda-ku, Tokyo, Japan

SDepartment of Pharmacology, Fujita Health University School of
Medicine, Toyoake-shi, Aichi, Japan

This is an open access article under the terms of the Creative Com-
mons Attribution-NonCommercial License, which permits use, distri-
bution and reproduction in any medium, provided the original work is
properly cited and is not used for commercial purposes.

Submitted for publication 25 May 2016;accepted 12 September 2016.

Corresponding Author:

Kazuo Umemura, Department of Pharmacology, Hamamatsu Univer-
sity School of Medicine, 1-20-1 Handayama, Higashi-ku, Hamamatsu-shi,
Shizuoka 431-3192, Japan

(e-mail: umemura@hama-med.ac.jp)



Umemura et al

399

©)
N
\(I:/ s E

Pro-drug
CHs Prasugrel
hCE2 ‘
0.
Hydrolysis hCE1
(Esterases) Gut Om
S F
CYPs:
3A
Oxidation 2B6
(Cytochrome P450) 2C9
2C19

o
HOOC/w
HS F

Active metabolite

Figure 1. Pathway of activation of prasugrel. CYPs, cy-
tochromes.

suggests that the comparatively lower inhibition of
platelet aggregation (IPA) by clopidogrel may be associ-
ated with lower concentrations of its active metabolite.’
Activation of prasugrel depends on CYP2B6 and
CYP3A4, which have a greater contribution than
CYP2C9 and CYP2CI9 to the formation of the active
metabolite of prasugrel, R-138727.° In healthy subjects,
reduced-function polymorphisms of CYP genes, in-
cluding CYP2B6, CYP3AS5, CYP2C9, and CYP2C19,
had no significant effect on pharmacokinetic or phar-
macodynamic responses to prasugrel, and no associ-
ations were found between these genetic variants and
cardiovascular outcomes in patients with acute coro-
nary syndromes treated with prasugrel in the TRITON-
TIMI 38 study.’ Differences in susceptibility to
inhibition of CYP may underlie variability between in-
dividuals in their response to clopidogrel and prasugrel.
In healthy subjects, the CYP3A inhibitor ketoconazole
decreases formation of the active metabolite of clopi-
dogrel but not that of prasugrel, and this is associated
with reduced IPA by clopidogrel.® In healthy subjects,
the CYP inducer rifampicin has no significant effect on
the formation of the active metabolite of prasugrel.’
Outside Japan, the large-scale TRITON-TIMI 38
study, which involved patients with myocardial infarc-
tion and unstable angina pectoris undergoing PCI,
showed that prasugrel is effective in reducing the inci-
dence of ischemic events.'” Based on this evidence from
TRITON-TIMI 38, prasugrel was approved by the US

Food and Drug Administration for reducing the inci-
dence of vascular events in patients with acute coronary
syndrome undergoing PCI.

In the treatment of acute coronary syndrome,
thienopyridines are generally given at a high initial
loading dose in combination with aspirin, followed
by repeated low doses as maintenance.” In TRITON-
TIMI 38, prasugrel was given at a loading dose of 60 mg
and a maintenance dose of 10 mg.'? However, it is un-
known whether this dosage is appropriate for Japanese
patients.

Prasugrel active metabolite exposure is increased
with decreased body weight.!'"!° In a study in healthy
subjects, exposure to the prasugrel active metabolite
was greater in East Asians than in whites after they re-
ceived a 60-mg loading dose of prasugrel and during
periods of receiving daily maintenance doses of 10 and
5 mg; at both maintenance doses, the inhibitory effect
on platelet aggregation was greater in the East Asian
subjects.’® In a study of healthy Chinese and white
subjects given a single 30-mg dose of prasugrel, the
Chinese subjects had greater exposure to the active
metabolite of prasugrel, and the antiplatelet effect of
prasugrel was greater for up to 2 hours after dosing.!’
Because the average body weight of Japanese is less
than that of whites, the dose of prasugrel for Japanese
subjects would be expected to be lower than that pre-
scribed in the United States and the European Union.
In healthy Japanese subjects, single oral administra-
tion of prasugrel at a dose of up to 30 mg and mul-
tiple administration of prasugrel at a dose of up to
10 mg were tolerated.'® In the present study, we evalu-
ated the pharmacokinetics and pharmacodynamics of
prasugrel given orally as a single administration of 20
and 30 mg and as multiple administrations at load-
ing/maintenance doses of 20/5 and 30/7.5 mg in combi-
nation with aspirin 100 mg in healthy Japanese subjects.

Subjects and Methods
Subjects and Study Design

We conducted a randomized, placebo-controlled,
double-blind study involving 43 healthy Japanese
subjects who were aged <45 years and with a body
mass index >18.5 to <25.0 kg/m?. The upper limit of
age was defined as 45 years because of the variability
in laboratory test results in older individuals. In the
single-administration study, 23 subjects received aspirin
100 mg once daily for 5 days. Subsequently, under treat-
ment with aspirin (100 mg/day), a single administration
of prasugrel 20 or 30 mg or placebo was given orally. In
the multiple-administration study, 20 subjects received
aspirin 100 mg once daily for 5 days. Subsequently,
under treatment with aspirin (100 mg/day), a loading
dose of prasugrel 20 or 30 mg or placebo was given on
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day 1 of this period. On days 2-5, a maintenance dose
of prasugrel 5 or 7.5 mg or placebo was given once
daily. Blood samples were collected when the loading
dose and the last maintenance dose were given.

These studies were done in accordance with the Dec-
laration of Helsinki and Good Clinical Practice guide-
lines and were approved by the local ethics committee.
All subjects gave written informed consent before en-
rollment.

Study Sites

The single-administration study was carried out at
Shinpukai Maruyama Hospital with the approval of
the Shinpukai Maruyama Hospital institutional review
board. The multiple-administration study was carried
out at 2 sites: the Center for Clinical Research, Hama-
matsu University School of Medicine, University Hos-
pital, with the approval of the Hamamatsu University
School of Medicine, University Hospital institutional
review board; and Shinpukai Maruyama Hospital, with
the approval of the Shinpukai Maruyama Hospital in-
stitutional review board.

Pharmacokinetic Evaluation

In the single-administration study, we collected blood
samples at each of the following blood sampling times:
before coadministration and 0.25, 0.5, 1, 1.5, 2, 4, 6, §,
and 12 hours after coadministration. In the multiple-
administration study, we collected blood samples at
each of the following blood sampling times: before
coadministration and 0.25, 0.5, 1, 1.5, 2, 4, 6, 8, and
12 hours after administration of the loading dose
(day 1) and the maintenance dose (day 5). At each sam-
pling point, 5 mL of venous blood was collected in
a vacuum blood sampling tube containing ethylenedi-
amine tetraacetic acid sodium. Immediately after blood
sampling, 25 uL of 0.5 mol/L 3'-methoxyphenacyl
bromide/acetonitrile solution (MPBr) was added, and
it was mixed by inverting and chilled on ice. After it
was centrifuged for 10 minutes (4°C at 3000 rpm), the
plasma obtained was separated into 2 storage tubes,
each containing approximately 0.8 mL. These samples
were stored frozen (set temperature, -20°C or lower) un-
til shipment to the institution for drug concentration
measurement.

The plasma concentration of the active metabo-
lite of prasugrel, R-138727, was measured by the
liquid chromatography-tandem mass spectrometry
(LC-MS/MS) method.'2! Inertsil ODS-3 (GL Sci-
ences Inc.) was used as the high-pressure liquid chro-
matography (HPLC) column. The LC mobile phase
was methanol with 1% formic acid (54:46), and the
methanol and 1% formic acid were mixed using an
HPLC pump. The rate of flow was 0.25 mL/min and
the injection volume 10 nL.

A quadrupole tandem mass spectrometer was used
for MS (model API4000; Applied Biosystems, Inc.).
The ions monitored (m/z) were 498.2— 348.2 for deriva-
tized R-138727 and 502.2—352.2 for derivatized inter-
nal standard (R-148681). The lower limit of sensitivity
was 0.5 ng/mL for both R-138727 and the internal stan-
dard.

From the chromatogram obtained, the peak area
ratio (Y) for the active metabolite and internal standard
were calculated using the LC-MS/MS data-processing
software Analyst. Subsequently, using the calibration
curve obtained by linear regression with the preparation
concentration as X and an applied weighting of 1/X?,
quantitative calculations were made by the internal
standard method. Based on the plasma concentration
of the active metabolite, the following parameters were
calculated: area under the plasma concentration—time
curve (AUC) to the last quantifiable time (AUC ),
maximum plasma concentration (Cyy,x), time to reach
maximum plasma concentration (tp.), and elimina-
tion half-life (t;2) by noncompartmental analysis. Win-
Nonlin Pro version 4.1 (Pharsight Corporation, Moun-
tain View, California) was used for calculation of phar-
macokinetic parameters, and S-Plus 6.2J for Windows
(Mathematical Systems, Inc., Tokyo, Japan) was used
for the data handling.

Pharmacodynamic Evaluation

Platelet-rich plasma was prepared, and platelet aggre-
gation was induced using ADP 5 and 20 uM, colla-
gen 2 pug/mL, and arachidonic acid 0.75 mM (in the
multiple-administration study only). CHRONO-PAR
ADP REAGENT (Chrono-Log Corp., Cat. No. 384)
was used as ADP. Using the maximum platelet aggrega-
tion measured by a platelet aggregation analyzer (MC
Medical Inc., MCM Hematracer 313M), IPA at each
blood sampling time was calculated using the following
formula:

MPA at screening — MPA at each measurement point

IPA (%) = 100
) MPA at screening x

In the multiple-administration study, vasodilator-
stimulated phosphoprotein (VASP) was measured by
flow cytometry as an indicator of platelet activation,?
and the platelet reactivity index (PRI) at each blood
sampling time was calculated using the following for-
mula:

MFIpGe1 — MFIapp

PRI = x 100
MFIpgE|

MFIpGe = MFI(T1) — MFI(T3)
MFIxpp = MFI(T2) — MFI(T3)

where MFI is the mean fluorescence intensity; PGEI,
prostaglandin E1; MFI(T1), the value of MFI after
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stimulating the sample with PGE1, when stained with
antiphosphorylated VASP antibodies; MFI(T2), the
value of MFT after stimulating the sample with ADP
and PGEIl, when stained with antiphosphorylated
VASP antibodies; and MFI(T3), the value of MFT af-
ter stimulating the sample with ADP and PGEI1, when
stained with negative control antibodies.

Potential Side Effects

Variables included adverse events, clinical laboratory
test values, vital signs, and electrographic findings.
In the single-administration study, the incidence of
adverse events from the time of administration to
144 hours after dosing was evaluated. In the multiple-
administration study, the evaluation period of adverse
events was from day 1 to 144 hours after the final dos-
ing.

Statistical Analysis

Scatterplots of AUC , and Cyy,x versus dose were pre-
pared, and these parameters were fitted to a power
model. By linear regression analysis using the power
model log Yij = « + B log Xi (Xi, dose; Yij, pharma-
cokinetic parameter), estimates of « and 8 as well as
their 2-sided 95% confidence intervals (CI) were calcu-
lated.

Regarding IPA at each blood sampling point for
each subject, summary statistics were calculated by dose
and by blood sampling point, and graphs of the time
courses were prepared. The placebo group and each
dose group were compared using Dunnett’s test by
blood sampling time. The significance level was set at
5%. For PRI, summary statistics were calculated by
dose and by time to show the time courses. The corre-
lation between IPA and AUC, , was shown using scat-
terplots.

Results

Single-Administration Study

Disposition of Subjects. The demographic and baseline
characteristics of the subjects are shown in Supplemen-
tal Tables 1 and 2 (quantitative and qualitative data, re-
spectively). There was no potential bias in quantitative
data that would affect the results between each group.
Regarding qualitative data, the distribution of subjects
with a smoking habit varied between groups, but smok-
ing was prohibited from 3 days before administration
of aspirin until the day of completion of postadminis-
tration tests to minimize the effect of smoking.

Plasma concentration data for the active metabo-
lite at 1.5 hours of 1 subject in the 30-mg group were
excluded from the pharmacokinetic analysis because
the data were below the limit of quantification. In the
sample from this subject, hemolysis was not detected,
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Figure 2. Changes in plasma concentration of the active
metabolite of prasugrel, R-138727, in the single-administration
study. Data are expressed as the arithmetic mean + SD. Values
below the limit of quantitation were treated as zero in calcula-
tion of the arithmetic means.

possibly because of the insufficient addition of MPBr
solution or inadequate mixing with MPBr solution,
resulting in incomplete derivatization and a concentra-
tion below the limit of quantification. We considered
pharmacokinetic data for this subject to be incomplete
and a potential cause of bias in the pharmacokinetic
evaluation, so we excluded them from the analysis. Data
for all other subjects were used for the analyses.

Pharmacokinetics. After a single administration of
prasugrel 20 or 30 mg, the plasma concentration of
the active metabolite, R-138727, reached a maximum at
0.5 hours, rapidly decreased within 4 hours, and neared
the lower limit of quantification by 6 hours (Figure 2).
AUC , and C,,x were about 1.8-fold higher in the
30-mg group than in the 20-mg group. No dose-related
change was observed in ty,x and t;; (Table 1).

Pharmacodynamics. Inhibition of ADP (20 uM)-
induced platelet aggregation in the placebo, pra-
sugrel 20-mg, and prasugrel 30-mg groups at base-
line was 14.44% + 10.66%, 14.22% =+ 5.27%, and
11.63% + 6.60%, respectively. IPA increased rapidly
after dosing of prasugrel, and the maximum IPA
values of prasugrel 20 or 30 mg were 61.49% =+ 4.52%
and 73.28% =+ 8.05%, respectively; IPA then decreased
gradually (Figure 3a). In both treatment groups, IPA
was significantly higher than in the placebo group
1-144 hours after administration of prasugrel
(P < .0001 to P < .01). Similar changes were found
in each group for inhibition of ADP (5 uM)-induced
platelet aggregation.

Inhibition of collagen-induced platelet aggrega-
tion in the placebo, prasugrel 20-mg, and prasug-
rel 30-mg groups at baseline was 66.20% =+ 25.72%,
65.61% =+ 19.03%, and 70.70% =+ 16.91%, respec-
tively. Two hours after administration of prasug-
rel 20 or 30 mg, IPA peaked at 92.59% =+ 4.71%
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Table |. Pharmacokinetic Parameters for the Active Metabolites of Prasugrel After a Single Dose?

Dose AUC, ., ng-h/mL Cinax, Ng/mML tmaxo N tin, h
20mg(n = 9) 140.7 (51.4) 144.9 (86.8) 0.50 (0.50-1.00) 44 (2.1)
30mg(n = 9) 246.3 (66.4) 251.3 (104.1) 0.50 (0.50-1.00) 4.4 (1.9)

AUC(_,, area under the plasma concentration—time curve from time 0 to last measurement; Cpax, maximum plasma concentration; tmax, time to Crax;

t2, terminal elimination half-life.

?Values are arithmetic mean (standard deviation) for AUCq_¢z, Crmax, and tj/2, and median (range) for tmax.
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Figure 3. Changes in inhibition of platelet aggregation (IPA) in
the single-administration study. Inhibition of (a) ADP (20 uM)-
and (b) collagen (2 ng/mL)-induced platelet aggregation.*P < .05,
**P < .01,and ***P < .0001 versus placebo group. Data are ex-
pressed as the arithmetic mean =+ SD.

and 93.80% =+ 3.11%, respectively; the high level of
inhibition (>80%) was maintained for 24 hours in the
20-mg group and 48 hours in the 30-mg group. By
96 hours, IPA had decreased in both treatment groups
to below the level before the start of combination ther-
apy (Figure 3b). IPA was significantly higher than in the
placebo group 1-24 hours after administration of pra-
sugrel 20 mg and 1-144 hours after administration of
prasugrel 30 mg (P < .01 to P < .095).

Figure 4a shows scatterplots showing the relation-
ship between AUC,, (, and IPA at 4 hours in the single-
administration study. AUCy (, for 30 mg was higher

than for 20 mg, whereas IPA was similar for 20 and
30 mg.

Possible Side Effects. No subjective or objective symp-
toms were reported. No subjects discontinued the study
because of serious adverse events, adverse events con-
sidered important, or other abnormal changes in clini-
cal laboratory test values.

Multiple-Administration Study

Disposition of Subjects. Demographic and baseline
characteristics of subjects based on quantitative and
qualitative data are shown in Supplemental Tables 1
and 2, respectively. Regarding the quantitative data, age
(arithmetic mean and median) was slightly higher in the
placebo group than in the other 2 groups. However, the
difference was not considered great enough to affect
the study results. Regarding qualitative data, distribu-
tion of subjects with a smoking habit varied between
groups, but smoking was prohibited from the day of
hospitalization until the day of completion of postad-
ministration tests to minimize the effect of smoking.
For other demographic and baseline characteristics, no
bias that would affect the results was observed between
each group.

Data for 4 subjects each in the 20/5-mg and
30/7.5-mg groups (total, 8 subjects) were not used in
the analyses and treated as missing values because there
was a problem with the derivatization procedure (addi-
tion of MPBr solution) at sampling for measurement
of the active metabolite concentrations from days 1 to
3 after administration of prasugrel in combination with
aspirin. Therefore, in these subjects, we did not calculate
pharmacokinetic parameters for the active metabolite
on day 1.

Pharmacokinetics. In both groups receiving a load-
ing dose/maintenance dose of 20/5 and 30/7.5 mg,
plasma concentrations of R-138727 reached a maxi-
mum 0.5 hours after administration of the loading dose
(day 1) and the maintenance dose (day 5); see Figure 5.
It then rapidly decreased within 4 hours and neared the
lower limit of quantification by 6 hours.

In the 30/7.5-mg group, AUCy , and Cy,ax were 1.5~
2.1 times higher than those of the 20/5-mg group during
administration of both loading and maintenance doses
(Table 2). Also, although t;,« values after the loading



Umemura et al

403

(a) 100 020 mg
@30 mg
80 ° ° e
& 60 ° &0 o® o*
g o
40
20
0 T T T T T \
0 50 100 150 200 250 300 (ng-hiL)
AUC,,,
- O 20/5
(b) 100 ° 30/7.?319
80 ° .
~ § .
2 60 o Qe
S
40 o
20
0 T T T T T )
0 50 100 150 200 250 300 (ng-h/L)

AUC,,,

Figure 4. Scatterplots of area under the curve (AUC) and inhibition of platelet aggregation (IPA) (at 4 hours) after (a) a single
administration of prasugrel and (b) multiple administrations of prasugrel (on day 5).

Table 2. Pharmacokinetic Parameters for the Active Metabolite of Prasugrel After Multiple Doses®

Loading/Maintenance Dose AUC,_;, ng-h/mL Cinax, Ng/mL tmaxo N tin,h
20/5 mg
Day | (n = 4) 341.3 (45.2) 363.6 (98.5) 0.50 (0.50-1.00) 6.4 (2.4)
Day 5 (n = 8) 61.3 (20.9) 72.3 (34.2) 0.50 (0.25-1.00) 2.7 (1.1)
30/7.5 mg
Day | (n = 4) 594.4 (127.7) 566.2 (197.3) 0.50 (0.50-1.00) 7.1 (0.5)
Day 5 (n = 8) 124.3 (37.8) 111.0 (39.8) 0.50 (0.25-1.00) 4.6 (2.2)

AUC(_¢;, area under the plasma concentration—time curve from time 0 to last measurement; Cpnax, maximum plasma concentration; tmax, time to Cpax;

t)/2, terminal elimination half-life.

?Values are arithmetic mean (standard deviation) for AUCp_¢;, Crax, and tj/2 and median (range) for tmax.

dose and the maintenance dose were similar in both
groups, ti, was shorter after the maintenance dose in
the 20/5-mg group than in the 30/7.5-mg group.

Pharmacodynamics. Inhibition of ADP (20 uM)—
induced platelet aggregation in the placebo, pra-
sugrel 20/5-mg, and prasugrel 30/7.5-mg groups at
baseline was 13.13% =+ 8.87%, 12.89% =+ 10.50%,
and 15.51% =+ 10.25%, respectively. In both treat-
ment groups, IPA rapidly increased, peaking at
63.69% =+ 7.58% and 70.76% =+ 11.65%, respectively
(Figure 6a).

Inhibition of platelet aggregation gradually de-
creased after the last maintenance dose. However, it
was significantly higher than in the placebo group from
1 hour after the loading dose until 72 hours after
the last maintenance dose in the 20/5-mg group, and
from 1 hour after the loading dose until 144 hours

after the last maintenance dose in the 30/7.5-mg group
(P < .0001 to P < .05). Inhibition of ADP (5 uM)-
induced platelet aggregation showed changes similar to
inhibition of ADP (20 uM)-induced platelet aggrega-
tion.

Inhibition of collagen-induced platelet aggrega-
tion in the placebo, prasugrel 20/5-mg, and prasugrel
30/7.5-mg groups at baseline were 52.95% =+ 15.25%,
51.61% £ 16.56%, and 51.29% =+ 24.59%, respec-
tively. In both the prasugrel 20/5-mg and prasugrel
30/7.5-mg groups, IPA rapidly increased after admin-
istration of the loading dose, reaching 92.35% =+ 7.53%
and 88.34% =+ 12.48%, respectively (Figure 6b).

Although inhibition of collagen-induced platelet
aggregation decreased from 24 hours after the last
maintenance dose more rapidly than inhibition of
ADP-induced platelet aggregation, IPA  was
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Figure 5. Changes in plasma concentration of the active
metabolite of prasugrel, R-138727,in the multiple-administration
study. Changes on day | after a loading dose (a) and day 5 af-
ter maintenance dose (b). Data are expressed as the arithmetic
mean =+ SD. Values below the limit of quantitation were treated
as zero in calculation of the arithmetic means.

significantly higher from 1 hour after the loading
dose until 24 hours after the last maintenance dose in
the 20/5-mg group and from 1 hour after the loading
dose until 144 hours after the last maintenance dose in
the 30/7.5-mg group, compared with the placebo group
(P < .0001 to P < .095).

Platelet reactivity index values determined by VASP
in the placebo, prasugrel 20/5-mg, and prasugrel
30/7.5-mg groups at baseline were 84.25% =+ 5.84%,
85.01% =+ 3.75%, and 77.38% =+ 8.81%, respectively.
PRI rapidly decreased after administration of the load-
ing dose in both treatment groups, reaching a minimum
of 22.99% =+ 9.66% and 6.85% =+ 5.44%, respectively
(Figure 7).

Figure 4b shows scatterplots showing the relation-
ship between AUC, (, and IPA at 4 hours on day 5 in the
multiple-administration study. AUCy , for 30/7.5 mg
was higher than for 20/5 mg, and IPA for 30/7.5 mg was
slightly higher than for 20/5 mg.

Possible Side Effects. In the 20/5-mg group, hematoma
at the puncture site and epistaxis were reported in
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Figure 6. Changes in inhibition of platelet aggregation (IPA)
in the multiple-administration study. Inhibition of (a) adeno-
sine diphosphate (20 ©M)- and (b) collagen (2 pg/mL)—induced
platelet aggregation on day | after a loading dose and day 5
after a maintenance dose. *P < .05, **P < .01, **P < .001,
P <0001 versus placebo group. Data are expressed as the
arithmetic mean =+ SD.
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Figure 7. Changes in platelet reactivity index (PRI) in the
multiple-dose study. PRI assessed by vasodilator-stimulated
phosphoprotein on day | after a loading dose and day 5 after
the last maintenance dose.*P < .001,**P < .0001 versus placebo
group. Data are expressed as the arithmetic mean 4 SD.
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1 subject each. Two cases of subcutaneous hemorrhage
and 2 cases of occult blood—positive were reported in
the 30/7.5-mg group. Although these adverse events
were hemorrhagic, a potential complication of pra-
sugrel therapy, the severity of the symptoms seemed
unrelated to the dose of prasugrel. No discontinuations
of the study because of adverse events or abnormal
changes in vital signs or electrocardiogram were
reported.

Discussion

We evaluated the pharmacokinetics and pharmacody-
namics of prasugrel given as a single administration
(20 or 30 mg) and as multiple administrations (a 20- or
30-mg loading dose followed by a 5- or 7.5-mg mainte-
nance dose) used in combination with aspirin 100 mg in
healthy Japanese subjects.

In the pharmacokinetic evaluation, both the single-
administration study and the multiple-administration
study showed that the plasma concentration of the
active metabolite of prasugrel, R-138727, rapidly in-
creased, reached a maximum 0.5 hours after adminis-
tration, and decreased to a level near the lower limit
of quantification after 4 hours. This result is consistent
with the results of a single-administration study of pra-
sugrel monotherapy in healthy Japanese adults.'® The
present study adds to the findings of the previous study
by showing that a rapid and transient increase in the
plasma concentration of R-138727 can also be obtained
when prasugrel is used in combination with aspirin.

The AUCy, and Cp.x of R-138727 were about
1.8-fold higher in the 30-mg group than in the 20-mg
group in the single-administration study and 1.5- to 2.1-
fold higher in the 30/7.5-mg group than in the 20/5-mg
group in the multiple-administration study. This re-
sult shows that the plasma concentration of the active
metabolite increases dose-dependently when prasugrel
is used in combination with aspirin.

In the present study, the AUCy(, and Cp,x of
R-138727 after a single administration of prasugrel 20
or 30 mg were small, less than half of equivalent val-
ues after multiple administrations of 20/5 or 30/7.5 mg.
They were also about one-third of equivalent values ob-
tained in a previous study in which healthy Japanese
subjects received prasugrel monotherapy given as a sin-
gle administration of prasugrel 20 or 30 mg.'® How-
ever, in the present study the AUC (,, Cinax, and ty, of
R-138727 after a loading dose of 20 or 30 mg (for multi-
ple administrations) were almost equivalent to those re-
ported in the previous prasugrel monotherapy study.'®
Therefore, the effect of aspirin on the pharmacokinetics
of prasugrel appears small.

A possible influence on our results was a problem
with the derivatization procedure (addition of MPBr

solution) for 4 subjects in the 20/5-mg group and
4 subjects in the 30/7.5-mg group (in the multiple-
administration study) at the time of sampling, so we
could not compute pharmacokinetic parameters for
these subjects on day 1. Because there were 4 fewer sub-
jects for the analyses in each of these groups, individ-
ual variability in measurements between subjects could
have affected the mean values in these groups.

Inhibitory effects on ADP (20 M)-induced platelet
aggregation were similar after single and multiple ad-
ministrations in the present study, so there might
have been problems in the measurement of the active
metabolite; however, the precise mechanism could not
be identified.

In the pharmacodynamic evaluation, inhibition of
ADP- and collagen-induced platelet aggregation af-
ter both the loading dose (20 or 30 mg) and the
maintenance dose (5 or 7.5 mg) increased signifi-
cantly more than in the placebo group within 1 hour.
Also, in both the single-administration study and
the multiple-administration study, inhibition of ADP-
induced platelet aggregation after single and multiple
administrations was significantly higher than that in
the placebo group 72-144 hours after the last dose
of prasugrel. PRI after multiple administrations was
significantly lower than that in the placebo group
from 1 hour after loading dose to 72-144 hours af-
ter the last dose of prasugrel. Therefore, our results
show that in patients treated with aspirin, prasugrel
rapidly exerts potent platelet aggregation inhibition
within 1 hour and maintains its effect for 3—-6 days af-
ter the last maintenance dose. Also, in the multiple-
administration study, IPA after the maintenance dose
was maintained at the same level as that of the load-
ing dose, showing stable platelet aggregation inhibi-
tion by prasugrel used in combination with aspirin. In
both the single-administration study and the multiple-
administration study, AUC and IPA at each dose and
the relationship between AUC and IPA were simi-
lar to those reported in patients receiving prasugrel
monotherapy.

The results of the present study suggest that a
loading dose of prasugrel 20 mg exerts a sufficient
antiplatelet effect in Japanese individuals. In the
multiple-administration study, inhibition of ADP
(20 uM)-induced platelet aggregation 4 hours after
administration of prasugrel 20/5 mg was 63.7% and
24 hours after prasugrel administration on day 5 was
51.7% in the 20/5-mg group and 60.2% in the 30/7.5-mg
group. These IPA values are similar to those in healthy
Western subjects 4 hours after administration of a
higher loading dose of prasugrel (60 mg), and 24 hours
after administration of a final maintenance dose of
prasugrel 10 mg on day 5.° In the present study,
relatively low doses of prasugrel exerted an antiplatelet
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effect in Japanese subjects equivalent to that exerted
by higher doses in Western subjects. This is probably
because of the lower average body weight in Japanese
individuals, and higher expected exposure to the active
metabolite of prasugrel.

In a clinical pharmacological study in Japanese
patients with coronary artery disease undergoing PCI,
inhibition of ADP (20 uM)-induced platelet aggrega-
tion on day 28 was 32.1% in the prasugrel 20/3.75-
mg group and 37.7% in the prasugrel 20/5-mg group*;
these results suggest that the appropriate maintenance
dose may be 5 or 3.75 mg. In a comparison with clopi-
dogrel in the same study, inhibition of ADP (20 uM)-
induced platelet aggregation on day 28 was lower
(21.7%) in the clopidogrel 300/75-mg group. Further-
more, inhibition of ADP (20 uM)-induced platelet
aggregation 4 hours after administration of prasugrel
20 mg was similar to that 4 hours after administration
of clopidogrel 300 mg in healthy Japanese CYP2C19
extensive metabolizers.”

The active metabolite of prasugrel, R-138727, has ir-
reversible effects on P2Y, on the platelet membrane.”®
However, the life of circulating human platelets is only
8-10 days, and about 20% are replaced daily with
new platelets.”’ Prasugrel promptly exerts platelet ag-
gregation inhibition because of the increased plasma
concentration of R-138727. Levels of the drug then
decrease as R-138727 is catabolized by the metabolic
turnover of blood platelets, and it disappears almost
completely after about 6 days. In the present study, the
inhibitory effect on platelet aggregation was stronger
in subjects who received a higher dose of prasugrel
than in those who received a lower dose (for both
loading and maintenance doses); this finding reflects
differences in the plasma concentration of R-138727.
Inhibition of arachidonic acid—-induced platelet aggre-
gation, which is used as an indicator of the efficacy of
aspirin,?® was 97.30%-98.18% before administration of
prasugrel (data not shown). Therefore, we believe that
the efficacy of aspirin had reached a maximum after
multiple administrations for about 5 days.

Although adverse events for which a causal rela-
tion with prasugrel could not be denied were reported,
they were mild and did not cause problems in ei-
ther the single-administration study or the multiple-
administration study.

Limitations

It is not possible to draw conclusions about the effi-
cacy and safety of prasugrel as an antiplatelet agent in
patients undergoing PCI, who are more likely to be
older, because this was a pharmacokinetic and pharma-
codynamic study in a small number of young healthy
subjects over a short period.

Conclusions

In healthy Japanese subjects, prasugrel rapidly inhibits
platelet aggregation when given as a single administra-
tion (20 or 30 mg), and these effects are maintained with
multiple administration (20 or 30 mg as a loading dose,
followed by 5 or 7.5 mg, respectively, as a maintenance
dose).

Acknowledgments

The authors and others deeply appreciate the valuable assis-
tance of the staff involved in the present study.

Declaration of Conflicting Interests

The present study was sponsored by Daiichi Sankyo
Co., Ltd (Tokyo, Japan). K. Umemura has received
research grants, honoraria, and consultant fees from
Daiichi Sankyo Co., Ltd. N. Matsushima was an em-
ployee of Daiichi Sankyo Co., Ltd, and undertook the
data processing and statistical analysis. She is currently
employed by Janssen Pharmaceutical K.K. (Tokyo,
Japan). The other authors declare no conflicts of inter-
est related to this article.

Funding

The present study was supported by Daiichi Sankyo
Co., Ltd (Tokyo, Japan).

References

1. Steg PG, James SK, Atar D, et al. ESC Guidelines
for the management of acute myocardial infarction in
patients presenting with ST-segment elevation. Eur Heart
J. 2012;33(20):2569-2619.

2. Kushner FG, Hand M, Smith SC Jr, et al. 2009
focused updates: ACC/AHA guidelines for the man-
agement of patients with ST-elevation myocardial in-
farction (updating the 2004 guideline and 2007 focused
update) and ACC/AHA/SCAI guidelines on percuta-
neous coronary intervention (updating the 2005 guide-
line and 2007 focused update) a report of the American
College of Cardiology Foundation/American Heart As-
sociation Task Force on Practice Guidelines. J Am Coll
Cardiol. 2010;54(23):2205-2241.

3. Brandt JT, Close SL, Iturria SJ. Common polymor-
phisms of CYP2C19 and CYP2C9 affect the pharma-
cokinetic and pharmacodynamic response to clopidogrel
but not prasugrel. J Thromb Haemost. 2007;5(12):2429—
2436.

4. Grosdidier C, Quilici J, Loosveld M, et al. Effect of
CYP2C19*2 and *17 genetic variants on platelet re-
sponse to clopidogrel and prasugrel maintenance dose
and relation to bleeding complications. Am J Cardiol.
2013;111(7):985-990.



Umemura et al

407

10.

11.

12.

13.

14.

15.

16.

17.

Brandt JT, Payne CD, Wiviott SD, et al. A comparison of
prasugrel and clopidogrel loading doses on platelet func-
tion: magnitude of platelet inhibition is related to active
metabolite formation. Am Heart J. 2007;153(1)66.:€9—
el6.

Rehmel JL, Eckstein JA, Farid NA, et al. Interactions of
two major metabolites of prasugrel, a thienopyridine an-
tiplatelet agent, with the cytochromes P450. Drug Metab
Dispos. 2006;34(4):600-607.

Mega JL, Close SL, Wiviott SD, et al. Cytochrome P450
genetic polymorphisms and the response to prasugrel: re-
lationship to pharmacokinetic, pharmacodynamic, and
clinical outcomes. Circulation. 2009;119(19):2553-2560.
Farid NA, Payne CD, Small DS, et al. Cytochrome
P450 3A inhibition by ketoconazole affects prasugrel
and clopidogrel pharmacokinetics and pharmacodynam-
ics differently. Clin Pharmacol Ther. 2007;81(5):735-741.
Farid NA, Jakubowski JA, Payne CD, et al. Effect of ri-
fampin on the pharmacokinetics and pharmacodynamics
of prasugrel in healthy male subjects. Curr Med Res Opin.
2009;25(8):1821-1829.

Wiviott SD, Braunwald E, McCabe CH, et al. Prasugrel
versus clopidogrel in patients with acute coronary syn-
dromes. N Engl J Med. 2007;357(20):2001-2015.

Small DS, Li YG, Ernest CS 1I, et al. Integrated anal-
ysis of pharmacokinetic data across multiple clinical
pharmacology studies of prasugrel, a new thienopyridine
antiplatelet agent. J Clin Pharmacol. 2011;51(3):321-332.
Riesmeyer JS, Salazar DE, Weerakkody GJ, et al. Rela-
tionship between exposure to prasugrel active metabolite
and clinical outcomes in the TRITON-TIMI 38 substudy.
J Clin Pharmacol. 2012;52(6):789-797.

Wrishko RE, Ernest CS II, Small DS, et al. Population
pharmacokinetic analyses to evaluate the influence of in-
trinsic and extrinsic factors on exposure of prasugrel ac-
tive metabolite in TRITON-TIMI 38. J Clin Pharmacol.
2009;49(8);984-998.

Ernest CS II, Small DS, Rohatagi S, et al. Population
pharmacokinetics and pharmacodynamics of prasugrel
and clopidogrel in aspirin-treated patients with stable
coronary artery disease. J Pharmacokinet Pharmacodyn.
2008;35(6):593-618.

Erlinge D, Ten Berg J, Foley D, et al. Reduction in
platelet reactivity with prasugrel 5 mg in low-body-weight
patients is noninferior to prasugrel 10 mg in higher-body-
weight patients: results from the FEATHER trial. J Am
Coll Cardiol. 2012;60(20):2032-2040.

Small DS, Kothare P, Yuen E, et al. The pharmacoki-
netics and pharmacodynamics of prasugrel in healthy
Chinese, Japanese, and Korean subjects compared with
healthy Caucasian subjects. Eur J Clin Pharmacol.
2010;66(2):127-135.

Small DS, Payne CD, Kothare P, et al. Pharmacodynam-
ics and pharmacokinetics of single doses of prasugrel
30 mg and clopidogrel 300 mg in healthy Chinese and

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

white volunteers: An open-label trial. Clin Ther. 2010;
32(2):365-379.

Umemura K, Ikeda Y, Kondo K. Pharmacokinetics and
pharmacodynamics of prasugrel in healthy Japanese sub-
jects. Drug Metab Pharmacokinet. 2016;31(4):285-291.

. Farid NA, MclIntosh M, Garofolo F, et al. Determina-

tion of the active and inactive metabolites of prasug-
rel in human plasma by liquid chromatography/tandem
mass spectrometry. Rapid Commun Mass Spectrom.
2007;21(2):169-179.

Wong E, McIntosh M, Garofolo F, et al. Bioanalytical
assay for LY 640315 (CS-747) three inactive metabolites in
human plasma by LC MS/MS. J Am Soc Mass Spectrom.
2004;15:238S.

Asai F, Jakubowski JA, Naganuma H, et al. Platelet
inhibitory activity and pharmacokinetics of prasugrel
(CS-747) a novel thienopyridine P2Y 12 inhibitor: a sin-
gle ascending dose study in healthy humans. Platelets.
2006;17(4):209-217.

Jakubowski JA, Payne CD, Li YG, et al. A compar-
ison of the antiplatelet effects of prasugrel and high-
dose clopidogrel as assessed by VASP-phosphorylation
and light transmission aggregometry. Thromb Haemost.
2008;99(1):215-222.

Jakubowski JA, Payne CD, Weerakkody GJ, et al. Dose-
dependent inhibition of human platelet aggregation by
prasugrel and its interaction with aspirin in healthy sub-
jects. J Cardiovasc Pharmacol. 2007;49(3):167-173.
Yokoi H, Kimura T, Isshiki T, Ogawa H, Ikeda Y. Phar-
macodynamic assessment of a novel P2Y12 receptor an-
tagonist in Japanese patients with coronary artery disease
undergoing elective percutaneous coronary intervention.
Thromb Res. 2012;129(5):623-628.

Umemura K, Iwaki T. The pharmacokinetics and phar-
macodynamics of prasugrel and clopidogrel in healthy
Japanese volunteers [published online ahead of print].
Clin Pharmacol Drug Dev. doi:10.1022/cpdd.259.

Niitsu Y, Jakubowski JA, Sugidachi A, Asai F. Pharma-
cology of CS-747 (prasugrel, LY640315), a novel, potent
antiplatelet agent with in vivo P2Y, receptor antagonist
activity. Semin Thromb Hemost. 2005;31(2):184-194.
Ballem PJ, Belzberg A, Devine DV, et al. Kinetic studies
of the mechanism of thrombocytopenia in patients with
human immunodeficiency virus infection. N Engl J Med.
1992;327(25):1779-1784.

Kiister LJ, Frolich JC. Platelet aggregation and throm-
boxane release induced by arachidonic acid, colla-
gen, ADP and platelet-activating factor following
low dose acetylsalicylic acid in man. Prostaglandins.
1986;32(3):415-423.

Supporting Information

Additional Supporting Information may be found in
the online version of this article at the publisher’s web-
site.



