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ABSTRACT

Introduction: Dual antiplatelet therapy, aspirin
and a P2Y12 inhibitor, is recommended to pre-
vent thrombotic complications of acute coro-
nary syndrome. Clopidogrel plus acetylsalicylic
acid combination is the most commonly used
dual antiplatelet therapy recommended by
international guidelines and in Chinese clinical
practice. Poor adherence to dual antiplatelet
therapy or premature interruption of dual anti-
platelet therapy is an important contributor to

cardiovascular mortality and lethal cardiovascu-
lar events. Clopidogrel ? acetylsalicylic acid
fixed-dose combination enhances adherence to
dual antiplatelet therapy. Herein, we aimed to
evaluate bioequivalence of acetylsalicylic acid
and clopidogrel in fixed-dose combination
compared with simultaneous administration of
their individual formulations in healthyChinese
subjects under fasting conditions.
Methods: This was a randomized, single-center,
open-label, three-sequence, three-period, two-
treatment, crossover study with a washout period
of 10 days conducted in healthy Chinese volun-
teers. Subjects were randomized to receive Co-
Plavix� (test formulation- fixed-dose combina-
tion of 100 mg acetylsalicylic acid and 75mg
clopidogrel) once and reference formulations
(coadministration of individual formulations of
100 mg acetylsalicylic acid and 75mg clopido-
grel) twice during the study period. Pharmacoki-
netic parameters were analyzed for acetylsalicylic
acid, itsmetabolite salicylic acid, clopidogrel, and
its metabolite SR26334. As acetylsalicylic acid
shows high intrasubject variability, the reference-
scaled average bioequivalence (RSABE) approach
was implemented for acetylsalicylic acid analysis,
while bioequivalence of clopidogrel was assessed
using the average bioequivalence method. Point
ratios and confidence intervals (CIs) for AUC,
AUClast, and Cmax for acetylsalicylic acid and
clopidogrel were calculated.
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Results: In total, 171 healthy subjects were
enrolled in this study. Subjects were random-
ized and 170 subjects were treated with test or
reference formulation; 164 subjects completed
the study. Regarding acetylsalicylic acid expo-
sure, as reference within-subject standard devi-
ation (SDW) was at least 0.294 for acetylsalicylic
acid Cmax, AUClast, and AUC, the RSABE analysis
method was used to assess bioequivalence for all
three parameters. The point estimates were
within the 0.80–1.25 range (1.19, 1.09, and
1.04, respectively), and upper one-sided 95%
CIs of scaled average bioequivalence metric
were at most 0 (- 0.30, - 0.14, and - 0.10,
respectively). Thus, bioequivalence was
demonstrated with acetylsalicylic acid. Bioe-
quivalence was also achieved with clopidogrel
as the 90% CIs for geometric mean ratios of
clopidogrel Cmax, AUClast, and AUC were within
the bioequivalence range (0.80–1.25).
Conclusion: Application of the reference-scaled
average bioequivalence approach to evaluate
bioequivalence of acetylsalicylic acid in Chinese
male and female healthy volunteers under
fasting conditions demonstrated bioequiva-
lence of test and reference formulations.
Trial Registration: CTR20181695.
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Key Summary Points

Why carry out this study?

Poor adherence to dual antiplatelet
therapy or its premature interruption is an
important contributor to cardiovascular
mortality.

Bioequivalence of the fixed-dose
combination compared to simultaneous
intake of single drugs in the Chinese
population is unknown.

Reference-scaled average bioequivalence
approach could be used to establish
bioequivalence of drugs with high
intrasubject variability.

What was learned from the study?

Fixed-dose combination of acetylsalicylic
acid and clopidogrel is bioequivalent to
the individual formulations in healthy
Chinese patients.

Exposure of subjects to acetylsalicylic acid
in fixed-dose combination demonstrated
bioequivalence using the reference-scaled
average bioequivalence method as the
point estimates were within the 0.80–1.25
range, and the upper one-sided 95% CIs of
scaled average bioequivalence metric were
no greater than 0.

Bioequivalence was also achieved with
clopidogrel as the 90% CIs for geometric
mean ratios of clopidogrel Cmax, AUClast,
and AUC were within the bioequivalence
range (0.80–1.25.

INTRODUCTION

Dual antiplatelet therapy with acetylsalicylic
acid and a P2Y12 adenosine diphosphate (ADP)
receptor antagonist, such as clopidogrel, plays
an important role in the standard of care treat-
ment for acute coronary syndrome [1]. Acetyl-
salicylic acid irreversibly inhibits platelet
cyclooxygenase, leading to the inhibition of
thromboxane A2 which is an inducer of platelet
aggregation and vasoconstriction [2]. Clopido-
grel inhibits ADP-induced platelet aggregation
via formation of an inactive carboxylic acid and
an active thiol metabolite [3]. Despite various
clinical guideline recommendations, there is a
significant gap between these guidelines and
clinical practice because of issues with drug
compliance and premature interruption/dis-
ruption of dual antiplatelet therapy, leading to
cardiovascular mortality and lethal cardiovas-
cular events [4–6]. Clopidogrel and acetylsali-
cylic acid enteric-coated (EC) fixed-dose
combination provides a pharmaceutical option
to ensure better adherence and compliance of
dual antiplatelet therapy.

The fixed-dose combination was developed
to target patients who already have been
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receiving both clopidogrel and acetylsalicylic
acid for the prevention of atherothrombotic
events. Three phase III studies (CURE, CLARITY,
COMMIT) [7–10] have been conducted in
patients with acute coronary syndrome (in-
cluding Chinese patients) who received clopi-
dogrel in addition to aspirin worldwide, and its
effectiveness and safety have been fully
demonstrated. However, the bioequivalence of
the fixed-dose combination compared to
simultaneous intake of single drugs in the Chi-
nese population was unknown, hence this study
was conducted to assess bioequivalence of the
fixed-dose combination in the Chinese
population.

METHODS

The study protocol and informed consent to
participate were reviewed and approved by the
Institutional Review Board of Peking University
Care Luzhong Hospital. The study was con-
ducted in accordance with consensus ethics
principles derived from international ethics
guidelines, including the Declaration of Hel-
sinki and The International Council for Har-
monisation of Technical Requirements for
Pharmaceuticals for Human Use guidelines for
Good Clinical Practice, and all applicable laws,
rules, and regulations.

Study Design

A randomized, single-center, open-label, two-
treatment, three-period, three-sequence, cross-
over study (study number CTR20181695) with a
10-day washout period between administrations
was conducted in healthy Chinese subjects at
Peking University (PKU) Care Luzhong Hospital,
China, from October 15, 2018, to December 11,
2018. The investigational medical product was
Co-Plavix� (test), a fixed-dose combination of
75 mg clopidogrel and 100 mg acetylsalicylic
acid, which was tested against the coadminis-
tration of Bayaspirin� (EC, 100 mg acetylsali-
cylic acid) and Plavix� (75 mg clopidogrel),
constituting the reference formulations.

Of 171 subjects who fulfilled the inclusion
and exclusion criteria, 171 subjects were

randomized to any one of the three sequences
[test (T)/reference (R)/R, R/T/R, R/R/T] (Fig. 1)
and were provided with a relevant drug number
after the screening period using the
RANDOM 2.1 system. The randomization
scheme consisted of a block size of 6, with 171
subjects divided into two treatment groups with
three periods and three sequences. A total of
170 subjects were treated with test or reference
formulation. All treatments were administered
orally after overnight fasting for at least 10 h
before administration of the test and reference
drug regimens. The test group (T) received one
Co-Plavix� tablet and the reference group
(R) received simultaneous administration of
Bayaspirin� and Plavix� as individual formula-
tions. In each period, only a single dose of the
combination tablet of the individual formula-
tions was administered. The subjects were
allowed to have standard lunch and dinner at
least 4 h and 10 h post administration. The
subjects were also followed up for 5–7 days after
the last administration.

Subjects

Healthy Chinese male and female subjects with
age at least 18 years, body weight between 50.0
and 95.0 kg and 45.0 and 90.0 kg for men and
women, respectively, and body mass index
(BMI) between 18.5 and 27.9 kg/m2 were
included. All subjects were certified to be heal-
thy by a comprehensive health assessment that
included electrocardiogram (ECG), vital signs,
blood biochemical examination, and other
laboratory parameters. Female subjects of
childbearing age were required to have negative
results on a pregnancy test and only those who
agreed to use an appropriate method of con-
traception during the study period were inclu-
ded. The enrolled subjects were not allowed to
consume citrus fruits or their juices within
5 days before initiation of the study. Subjects
with any of the following characteristics were
excluded from the study: clinical/pathological
signs, frequent nausea, headache and/or
migraine, alcohol (more than 40 g/day) or drug
abuse, smoking (more than 5 cigarettes/day),
excessive consumption of caffeine beverages
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(more than 4 cups/day), donated blood within
3 months before inclusion, usage of any medi-
cation (including traditional Chinese medicine
or herbal supplements) within 14 days before
inclusion, any vaccination within 28 days
before inclusion, and administration of any
biologics within 4 months before inclusion.

Outcomes and End Points

For acetylsalicylic acid, bioequivalence between
the two formulations of acetylsalicylic acid was
assessed using the mixed scaled average bioe-
quivalence scale approach for Cmax, AUClast,
and AUC. For each log-transformed parameter,
a linear mixed-effects model was fitted, allowing
for treatment-specific within-subject variance
terms and the estimated value of the within-
subject standard deviation (SDW) for the refer-
ence formulation was obtained. If SDW is less
than 0.294 for Cmax, AUClast, or AUC of acetyl-
salicylic acid, then the traditional standard
average bioequivalence scale approach was used
where bioequivalence was concluded if the 90%
CI for the formulation ratio (test/reference) was
within the range of 0.80–1.25. If SDW is at least
0.294 for Cmax, AUClast, or AUC of

acetylsalicylic acid, then the reference-scaled
average bioequivalence analysis described by
Haidar et al. [11] for highly variable drugs was
conducted (i.e., upper one-sided 95% CI for the
scaled average bioequivalence scale metrics).
Bioequivalence was concluded if the point
estimate (test/reference geometric mean ratio)
was within 0.80–1.25 and the upper one-sided
95% confidence limit for scaled average bioe-

quivalence scale metric (lT - lR)
2 -h r2WR was at

most 0 where h = (ln D)2/r2w0 and D = 1.25, the

usual average bioequivalence scale upper limit
for the untransformed test/reference ratio of
geometric means, and rw0 = 0.25.

For clopidogrel, the differences in log-trans-
formed Cmax, AUC, and AUClast were assessed
using a linear mixed-effect model with fixed
terms for sequence, period, and formulation,
random terms for subjects within sequence, and
a factor-analytic variance–covariance structure
using the FA0(2) option, grouped by formula-
tion for subject within sequence using SAS Proc
Mixed�. Point estimates and 90% CIs for the
geometric means ratio of Cmax, AUC, and
AUClast between 2 formulations were obtained
within this mixed-effect model framework and
then converted to the ratio scale by antilog

Fig. 1 Study design for the bioequivalence evaluation of test and reference
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transformation. Bioequivalence was concluded
if the 90% CIs for the ratio were entirely within
[0.80–1.25].

Adverse events were coded according to the
Medical Dictionary for Regulatory Activities
(MedDRA, version currently in use by Sanofi at
the time of database lock).

Pharmacokinetic Evaluation

Pharmacokinetic parameters were measured by
a bioanalytical method using validated liquid
chromatography–tandem mass spectrometry
(LC–MS/MS). Bioanalysis was performed as per
the good laboratory practice (GLP) require-
ments identified in the Organization for Eco-
nomic Co-operation and Development
principles of GLP (as revised in 1997), ENV/MC/
CHEM (98)17, and the GLP regulations appli-
cable to the local country. Clopidogrel,
SR26334, acetylsalicylic acid, and salicylic acid
were the analytes estimated by LC–MS/MS. The
estimation was performed by Covance, China.
Clopidogrel, acetylsalicylic acid, and salicylic
acid concentrations were measured and ana-
lyzed by pretreating their plasma samples with
liquid–liquid extraction, whereas for SR26334,
the plasma samples were pretreated with pro-
tein precipitation. The lower limits of quantifi-
cation (LLOQs) were 5 pg/mL, 5 ng/mL, 5 ng/
mL, and 100 ng/mL for clopidogrel, SR26334,
acetylsalicylic acid and salicylic acid, respec-
tively, and the assays had adequate accuracy
and precision in calibration curves ranging from
5.00 to 5000 pg/mL (clopidogrel), 5.00 to
5000 ng/mL (SR26334 and acetylsalicylic acid),
and 100 to 10,000 ng/mL (salicylic acid). Blood
samples for the determination of plasma
acetylsalicylic acid and salicylic acid concen-
trations were collected at pre-dose and 2, 3, 3.5,
4, 4.5, 5, 5.5, 6, 6.5, 7, 7.5, 8, 10, 12, and 16 h
post-dose in each treatment period. Blood
samples for the determination of plasma clopi-
dogrel and SR26334 concentrations were col-
lected at pre-dose, 10, 20, 30, and 45 min post-
dose, and 1, 1.5, 2, 3, 4, 6, 8, 12, 16, and 24 h
post-dose in each treatment period. The phar-
macokinetic parameters of the plasma samples
of acetylsalicylic acid, salicylic acid, clopidogrel,

and SR26334 were measured by noncompart-
mental method using WinNonlin software. The
primary pharmacokinetic parameters were
Cmax, AUC, and AUClast for clopidogrel and
acetylsalicylic acid, whereas the other parame-
ters analyzed were Tmax and t1/2z for clopidogrel
and acetylsalicylic acid. The definitions and
mode of determination of pharmacokinetic
parameters are provided in Table S1 in the sup-
plementary material.

Safety Assessment

All 170 randomized subjects were included in
the safety assessment that included clinical
laboratory parameters (hematology, biochem-
istry, urinalysis, coagulation), physical exami-
nation, vital signs, and standard 12-lead ECGs.
Adverse events (AEs) and treatment-emergent
adverse events (TEAEs) were graded as per the
National Cancer Institute—Common Termi-
nology Criteria for Adverse Events (CTCAE)
v4.03 and were monitored throughout the
study period.

Sample Size Determination

Up to 171 subjects were enrolled to have
approximately 135 subjects for completion,
which was deemed sufficient to provide a 90%
overall power for pharmacokinetic evaluation.

The calculation of sample size for this study
was based on the completed bioavailability and
bioequivalence studies (two published and one
unpublished study) [12–14] conducted at Sanofi
for the fixed-dose combinations of clopidogrel
and enteric acetylsalicylic acid compared with
the reference formulations (Plavix� and Bayas-
pirin�), which were conducted in healthy
Japanese and Korean male subjects. The SDW for
clopidogrel was estimated from studies (one
published and one unpublished study) [12, 14]
and that for acetylsalicylic acid was estimated
from studies (two published and one unpub-
lished study) [12–14]. For clopidogrel, the
pooled point estimates of the pharmacokinetic
parameters ratios were 0.99, 0.98, and 1.10; the
estimates of SDW (on the natural log scale) were
0.344, 0.335, and 0.365 for AUClast, AUC, and
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Cmax, respectively. For acetylsalicylic acid, the
pooled point estimates of pharmacokinetics
parameters ratios were 1.10, 1.10, and 1.08; the
estimates of SDW (on the natural log scale) were
0.488, 0.416, and 0.696 for AUClast, AUC, and
Cmax, respectively (the true ratios and true SDW

for sample size calculation are presented in
Table S2 in the supplementary material).

The power of concluding bioequivalence
with 135 subjects is presented in Table S2. For
acetylsalicylic acid, the scaled average bioe-
quivalence scale approach is used, while the
standard average bioequivalence scale approach
was applied for clopidogrel. The overall power
was calculated as a function of the lowest power
in clopidogrel and the lowest power in acetyl-
salicylic acid because AUC and Cmax were
assumed to be highly correlated parameters;
therefore, no power loss between AUC and Cmax

of the same ingredient was considered in the
sample size calculation. So the overall power
was 90.24% (94% 9 96%), which was higher
than 90%. In summary, a total of 135 subjects
achieved an overall 90% power to conclude
bioequivalence between formulations (fixed-
dose combination vs individual formulation)
for clopidogrel and acetylsalicylic acid. Allow-
ing for a 20% dropout rate, the total number of
subjects to enroll was 171.

Statistical Analysis

Pharmacokinetic parameters of clopidogrel,
acetylsalicylic acid, and their respective major
metabolites SR26334 and salicylic acid were
summarized using descriptive statistics. Bioe-
quivalence between the fixed-dose combination
and individual formulations was assessed using
the mixed scaled average bioequivalence scale
approach for Cmax, AUClast, and AUC. Cmax,
AUClast, and AUC were log-transformed and
were fitted into a linear mixed-effects model
allowing for treatment-specific within-subject
variance terms, and the estimated value of the
SDW for reference formulation was obtained. If
this value was less than 0.294, the traditional
average bioequivalence scale analysis was per-
formed within the mixed model framework
(i.e., point estimate and 90% CI for the ratio of

geometric means for the two formulations). If
the value was at least 0.294, the reference-scaled
average bioequivalence analysis described by
Haidar et al. [11] was performed (i.e., upper one-
sided 95% CI for the scaled average bioequiva-
lence scale metrics). For clopidogrel exposure,
average bioequivalence scale analysis was per-
formed on the log-transformed pharmacoki-
netic parameters. All statistical calculations
were performed using SAS. Bioequivalence was
concluded if the point estimate (test/reference
geometric mean ratio) was within the range of
0.80–1.25 and the upper one-sided 95% CI for
the scaled average bioequivalence scale metric

was defined as: (lT - lR)
2 - h r2WR B 0 where

h = (ln D)2/r2w0 and D = 1.25, the usual average

bioequivalence upper limit for the untrans-
formed test/reference ratio of geometric means,
and rw0 = 0.25 where lT is the population
average response of the log-transformed mea-
sure for the test (T) formulation, lR is the pop-
ulation average response of the log-transformed
measure for the reference (R) formulation, and

r2WR is the population within-subject variance of

the reference formulation.
The safety evaluation was based on the

review of the individual laboratory values
(clinically significant abnormalities) provided
in descriptive statistics (summary tables,
graphics).

RESULTS

Subject Demographics

Among the 170 treated subjects, the mean age
was 35.8 years, 55.3% were male, and the mean
BMI was 23.43 kg/m2. None of the subjects
received any concomitant medication during
the study period (Table 1). The subjects were
randomized into three sequences: T/R/R
(n = 58), R/T/R (n = 57), and R/R/T (n = 55). Six
subjects discontinued from the study because of
post-treatment AEs (one subject), personal rea-
sons (three subjects), and lost to follow-up (two
subjects).
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Pharmacokinetic Evaluation

The mean plasma concentration–time profiles
of acetylsalicylic acid and clopidogrel are pre-
sented in Figs. 2 and 3. The pharmacokinetic
parameters are provided in Table 2.

Acetylsalicylic acid: Following the adminis-
tration of fixed-dose combination or Bayaspirin,
the systemic exposure to acetylsalicylic acid,

based on Cmax, AUClast, and AUC, was similar
between the two formulations, with respective
arithmetic mean values of 790 ng/mL, 967 ng h/
mL, and 1020 ng h/mL for fixed-dose combina-
tion and 688 ng/mL, 901 ng h/mL, and
986 ng h/mL for Bayaspirin. Acetylsalicylic acid
reached the maximum plasma concentration in
5.00 and 5.50 h (median) post-dose for fixed-
dose combination and Bayaspirin, respectively.
The mean elimination half-lives of acetylsali-
cylic acid were 0.455 and 0.471 h for fixed-dose
combination and Bayaspirin, respectively.

Clopidogrel: The systemic exposure to
clopidogrel, based on Cmax, AUClast, and AUC,
was similar between the two formulations, with
respective arithmetic mean values of 2390 pg/
mL, 2810 pg h/mL, and 3020 pg h/mL for fixed-
dose combination and 2130 pg/mL, 2980 pg h/
mL, and 3240 pg h/mL for clopidogrel. Clopi-
dogrel reached the maximum plasma concen-
tration in 0.50 and 0.75 h (median) post-dose
for fixed-dose combination and Plavix�,
respectively. The elimination half-lives of
clopidogrel after administration of fixed-dose
combination and Plavix� 75 mg were approxi-
mately 4.94 and 5.88 h, respectively.

Table 1 Baseline characteristics

Variables Number of subjects
after treatment
(N = 170)

Age (years, mean ± SDa) 35.8 ± 9.6

Male [n (%)] 94 (55.3%)

Weight (kg, mean ± SD) 64.85 ± 9.73

Height (cm, mean ± SD) 166.1 ± 8.5

BMIb (kg/m2, mean ± SD) 23.43 ± 2.34

a Standard deviation
b Body mass index

Fig. 2 Mean plasma concentration versus time profiles of
acetylsalicylic acid and salicylic acid following the admin-
istration of a single oral dose of test and reference
(replicates 1 and 2) formulations to healthy Chinese

subjects. a Linear model—acetylsalicylic acid; b semi-
logarithmic scale—acetylsalicylic acid; c linear model—
salicylic acid; d semi-logarithmic scale—salicylic acid
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Bioequivalence Evaluation

Considering that the within-subject variability
for the reference (SWR) for log-transformed
Cmax, AUClast, and AUC was at least 0.294 for
acetylsalicylic acid, the mixed reference-scaled
average bioequivalence analysis was performed
to assess bioequivalence (Table 3). The point
estimate ratios and 95% CIs calculated for AUC,
AUClast, and Cmax are summarized in Table 4.
For the ratios comparing Cmax, AUClast, and
AUC for acetylsalicylic acid following adminis-
tration of the test versus reference formulation
using reference-scaled average bioequivalence
analysis, the point estimates were within the
0.80–1.25 range, and the upper one-sided 95%
CIs of scaled average bioequivalence scale met-
rics were less than 0. The point estimates and
associated 90% CIs for the ratios comparing
Cmax, AUClast, and AUC of clopidogrel following
administration of the test versus reference for-
mulation based on average bioequivalence scale
analysis were within the acceptable range of
0.80–1.25 for bioequivalence.

Safety

There were no serious adverse events (SAEs) or
adverse events of special interest (AESIs) repor-
ted. There were no reports of permanent treat-
ment discontinuation due to treatment
emergent adverse events (TEAEs). TEAEs were
observed in 4 subjects during the entire study
period: in 3 of 170 subjects (1.8%) receiving the
reference formulation and in 1 of 165 subjects
(0.6%) receiving the test formulation.

The following TEAEs until end of study (EOS)
visit were reported. Subjects receiving the refer-
ence formulation:One subject experiencednausea
(0.6%) and retching (0.6%) during the second
period, one subject (0.6%) experienced pyrexia
during the third period, and one subject (0.6%)
experienced confusional state before investiga-
tional medicinal product during the first period
and this TEAE was considered not related to the
treatment by the investigator. Subjects receiving
the test formulation: One subject (0.6%) experi-
enced confusional state due tohemophobia before
investigational medicinal product during the first
treatment and it was considered not related to the

Fig. 3 Mean plasma concentration versus time profiles of
clopidogrel and SR26334 after single oral dose of test and
reference (replicates 1 and 2) formulations to healthy

Chinese subjects. a Linear model—clopidogrel; b semi-
logarithmic scale; c linear model—SR26334; d semi-
logarithmic scale—SR26334
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Table 2 Pharmacokinetic parameters of acetylsalicylic acid and clopidogrel for test and reference formulations

Parameters Acetylsalicylic acid

Combination Pooled Replicate 1 Replicate 2

Cmax

Number 162 332 168 164

Mean (SD) (ng/mL) 790 (504) 688 (438) 679 (428) 698 (449)

Geometric mean (ng/mL) 635 532 533 531

CV (%) 64 64 63 64

AUClast

Number 162 332 168 164

Mean (SD) (ng h/mL) 967 (402) 901 (395) 881 (375) 921 (416)

Geometric mean (ng h/mL) 877 802 794 811

CV (%) 42 44 43 45

AUC

Number 134 259 132 127

Mean (SD) (ng h/mL) 1020 (397) 986 (386) 942 (369) 1030 (399)

Geometric mean (ng h/mL) 942 903 856 953

CV (%) 39 39 39 39

Tmax

Number 162 332 168 164

Median (min, max) (h) 5.00 (3.00–12.00) 5.50 (2.00–12.00) 5.50 (2.00–12.00) 5.50 (3.00–12.00)

tlast

Number 162 332 168 164

Median (min, max) (h) 8.00 (5.00–12.03) 8.00 (5.50–16.00) 8.00 (5.50–16.00) 8.00 (6.00–12.00)

t1/2z

Number 134 261 133 128

Mean (SD) (h) 0.455 (0.165) 0.471 (0.312) 0.484 (0.328) 0.457 (0.294)

Geometric mean (h) 0.433 0.428 0.436 0.421

CV (%) 36 66 68 64

Clopidogrel

Cmax

Number 165 334 170 164

Mean (SD) (pg/mL) 2390 (3940) 2130 (3610) 2120 (3830) 2150 (3390)

Geometric mean (pg/mL) 1140 1040 991 1090
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treatment by the investigator. All TEAEs weremild
in intensity and eventually resolved.

DISCUSSION

This is the first study to our knowledge that com-
pares the pharmacokinetics of a fixed-dose combi-
nation of acetylsalicylic acid and clopidogrel to
that of the coadministered individual formulations

in the Chinese population, as well as the first to
assess the bioequivalence of highly variable enteric
acetylsalicylic acid using the reference-scaled aver-
age bioequivalence approach. The analysis of the
pharmacokinetic parameters in our study con-
firmed the bioequivalence of the fixed-dose com-
bination to that of their individual formulations in
healthy Chinese subjects. Thus, it is expected that
the fixed-dose combination would provide the
same therapeutic effect as administration of the

Table 2 continued

Clopidogrel

CV (%) 164 170 181 158

AUClast

Number 165 334 170 164

Mean (SD) (pg h/mL) 2810 (4650) 2980 (4910) 2890 (4960) 3080 (4880)

Geometric mean (pg h/mL) 1500 1610 1530 1690

CV (%) 166 165 172 159

AUC

Number 154 281 146 135

Mean (SD) (pg h/mL) 3020 (4840) 3240 (5310) 3060 (5310) 3430 (5330)

Geometric mean (pg h/mL) 1670 1750 1620 1910

CV (%) 160 164 173 155

Tmax

Number 165 334 170 164

Median (min, max) (h) 0.50 (0.17–3.05) 0.75 (0.17–12.00) 0.75 (0.17–12.00) 0.75 (0.17–4.00)

tlast

Number 165 334 170 164

Median (min, max) (h) 16.00 (4.00–24.02) 24.00 (3.00–24.05) 24.00 (6.00–24.03) 24.00 (3.00–24.05)

t1/2z

Number 155 283 147 136

Mean (SD) (h) 4.94 (1.97) 5.88 (2.96) 5.94 (3.31) 5.81 (2.53)

Geometric mean (h) 4.51 5.18 5.16 5.20

AUC area under the plasma concentration versus time, Cmax maximum plasma concentration observed, AUClast area under
the plasma concentration versus time curve calculated using the trapezoidal method from time zero to the real time, Tmax

time to reach Cmax curve, tlast time corresponding to the last concentration above the limit of quantification, t1/2z terminal
half-life associated with the terminal slope, CV coefficient of variation
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two separate individual drugs and can be pre-
scribed in Chinese patients who already take two
single drugs.

So far, four bioequivalence studies have been
reported in healthy volunteers, all of which
used the average bioequivalence approach for
determining bioequivalence of their formula-
tion. The two studies with Japanese subjects did
not meet the bioequivalence standard for
enteric-coated acetylsalicylic acid, possibly
because of the high variability of the drug

[12, 13]. In addition, a study with Korean sub-
jects also did not meet the bioequivalence
requirement [15]. The fourth study, performed
with Korean subjects, established bioequiva-
lence in Korean men using the average bioe-
quivalence approach, though the data reported
the pharmacokinetics of acetylsalicylic acid
with high intrasubject variability [16].

One important reason for the failure to
demonstrated bioequivalence in these studies
might be due to insufficient sample sizes using
the average bioequivalence scale approach for
drugs with high intrasubject coefficient of vari-
ation, considering that the geometric mean
ratios of the test to reference formulation were
within 0.8–1.25 (though the two-sided 90% CI
for the geometric mean did not meet the bioe-
quivalence criterion), and all studies adopted
the two-sequence, two-period crossover study
designs and similar bioanalytic methods.
Among the different methods of establishing
bioequivalence, the average bioequivalence
scale approach is the most commonly accepted
method of statistical analysis. The average
bioequivalence scale method uses a fixed, preset
regulatory threshold to define bioequivalence,
but does not account for the intrasubject coef-
ficient of variation. Hence, an alternative, an
individual bioequivalence (IBE) approach had
been proposed to account for high intrasubject
variability. Although the IBE method accounts
for intrasubject variability, it uses

Table 3 Determination of bioequivalence test method for
acetylsalicylic acid

Parameter SWR CVWR Reference scaled average
bioequivalence
conclusion

log (Cmax) 0.721 0.826 RSABE applicable

(SWR C 0.294)

log

(AUClast)

0.472 0.500 RSABE applicable

(SWR C 0.294)

log (AUC) 0.406 0.424 RSABE applicable

(SWR C 0.294)

CVWR calculated for raw pharmacokinetic parameters,
AUC area under the plasma concentration versus time,
Cmax maximum plasma concentration observed, AUClast

area under the plasma concentration versus time curve
calculated using the trapezoidal method from time zero to
the real time

Table 4 Formulation effect on Cmax, AUClast, and AUC for acetylsalicylic acid in test versus reference

Parameter Estimate Acetylsalicylic acid* Clopidogrel#

95% CI for (lT 2 lR)
2 – h r2WR

Estimate 90% CI

Cmax 1.19 - 0.30 1.11 1.05–1.18

AUClast 1.09 - 0.14 0.95 0.91–0.99

AUC 1.04 - 0.10 0.96 0.92–1.00

AUC area under the plasma concentration versus time, Cmax maximum plasma concentration observed, AUClast area under
the plasma concentration versus time curve calculated using the trapezoidal method from time zero to the real time
*Point estimates of formulation ratios and upper one-sided 95% confidence interval for the reference scaled average
bioequivalence metrics (SWR C 0.294); upper 95% CI for (lT - lR)

2 - h r2WR h = [ln (1.25)/r0]
2 with r0 = 0.250

corresponding to a regulatory constant
# Point estimates of formulation ratios with 90% CIs using average bioequivalence analysis
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predetermined values for the intrasubject vari-
ability [17].

Drugs in which the intrasubject variability is
at least 30% of the Cmax and/or AUC are referred
to as highly variable drugs [18]. The most suit-
able approach to evaluate the bioequivalence of
a highly variable drug is reference-scaled aver-
age bioequivalence, for which the acceptance
limit of geometric mean ratio should be within
0.8–1.25 and the acceptance limits could be
scaled to the variability of the reference for-
mulation in a replicate trial design [18]. This
approach has been recommended by the US
Food and Drug Administration (FDA) [19] and
can be used when the drug has high intrasubject
variability. With the reference-scaled average
bioequivalence method, a three-period, three-
sequence crossover or a two-period, four-se-
quence crossover study design for evaluating
bioequivalence of highly variable drugs is rec-
ommended [20].

As a result of high intrasubject variability of
acetylsalicylic acid reported in various studies
[21–23] and in order to minimize the sample
size and also to account for intrasubject vari-
ability, the reference-scaled average bioequiva-
lence approach was proposed in our study for
assessing the bioequivalence of acetylsalicylic
acid within the fixed-dose combination. In the
study, the sufficient sample size was calculated
on the basis of the pooled intrasubject vari-
ability of the individual drugs with an overall
power of 90%. A 20% dropout rate was also
considered to ensure that pharmacokinetic data
from a sufficient number of subjects were
obtained from the study.

The reference-scaled average bioequivalence
approach was successfully applied for the
demonstration of bioequivalence in the study.
The SWR of log-transformed Cmax, AUC, and
AUClast for acetylsalicylic acid was at least 0.294.
The point estimates and 95% CIs for AUC, Cmax,
and AUClast for acetylsalicylic acid determined
by reference-scaled average bioequivalence were
within the acceptable range, thereby indicating
the bioequivalence of fixed-dose combination.
The pharmacokinetic parameters for both
enteric-coated acetylsalicylic acid and clopido-
grel were also comparable with previous studies
[12, 13].

However our study is not without limita-
tions. First, we enrolled healthy subjects in the
study as this decreases the potential for con-
comitant medications and the presence of
underlying disease, which may confound the
results of the study. However, in real-world
clinical practice, the pharmacokinetics might be
different in other targeted populations, espe-
cially in elderly patients, or after other dosage
regimens. Second, although standard meals
were provided during days of hospitalization in
the study, the calories for a given type of meal
may have slightly varied across the three peri-
ods, which may add to the intrasubject variation
for the enteric formulation. Third, this studywas
performed under fasting conditions and an
additional study would be required to evaluate
bioequivalence results in fed conditions.

CONCLUSIONS

To our knowledge, this is the first article to
demonstrate the bioequivalence of the fixed-
dose combination with separate formulations in
healthy Chinese volunteers under fasting con-
dition. The reference-scaled average bioequiva-
lence approach was successfully applied to
evaluate the bioequivalence of acetylsalicylic
acid in Chinese male and female volunteers
under fasting conditions. This study found that
the test (Co-Plavix) and reference formulations
were bioequivalent.
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