
ORIGINAL RESEARCH

Bioequivalence Study Comparing Fixed-Dose
Combination of Clopidogrel and Aspirin
with Coadministration of Individual Formulations
in Chinese Subjects Under Fed Conditions: A Phase I,
Open-Label, Randomized, Crossover Study

Yan Li . Jeffrey E. Ming . Fangyuan Kong . Huiqiu Yin . Linlin Zhang .

Haihong Bai . Huijuan Liu . Lu Qi . Yu Wang . Fang Xie . Na Yang .

Chuan Ping . Yi Li . Liu Chen . Chunyu Han . Ju Liu . Xinghe Wang

Received: August 1, 2020 / Published online: September 24, 2020
� The Author(s) 2020

ABSTRACT

Introduction: Simultaneous administration of
acetylsalicylic acid (ASA) and clopidogrel has
demonstrated efficacy in the treatment of acute
coronary syndrome. Clopidogrel ? ASA in a
fixed-dose combination (FDC) provides a phar-
maceutical option to enhance adherence to the
coadministration of dual antiplatelet therapy
(DAPT). Herein, we evaluate the bioequivalence
of enteric ASA and clopidogrel in an FDC

compared with simultaneous administration of
the individual formulations.
Methods: This study is a randomized, single-cen-
ter, open-label, three-sequence, three-period, two-
treatment, crossover study conducted in healthy
Chinese male and female subjects under fed con-
ditions. Subjects were randomized to receive, in
each period, a single dose of (1) a combination
tablet containing 75-mg clopidogrel and 100-mg
enteric ASA (test formulation) or (2) coadminis-
tration of one 75-mg clopidogrel tablet and one
100-mg enteric-coated ASA tablet (reference for-
mulations) under fed conditions. Plasma samples
were analyzed for ASA, salicylic acid, clopidogrel,
and the clopidogrel metabolite SR26334. For ASA,
the reference-scaled average bioequivalence
(RSABE) analysis was conducted for Cmax of ASA
because within-subject standard deviation (SDW)
was C 0.294 for log-transformed Cmax.
Results: The point estimate (test/reference geo-
metricmean ratio)wasbetween0.80and1.25, and
the upper one-sided 95% confidence interval (CI)
for the scaled average bioequivalence metric was
B 0 (-0.08). AUC of ASA as SDW was\0.294 for
log-transformed AUClast and AUC. Estimates of
90% CIs for log-transformed AUClast and AUC
ratioswerewithin thebioequivalence rangeof0.80
to1.25 (0.98–1.08and1.00–1.10, respectively). For
clopidogrel, the 90% CIs for the ratios comparing
log-transformed Cmax, AUClast, and AUC ratios of
clopidogrel following administration of test versus
reference formulation were calculated using the
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ABE method and were well within the accept-
able range of 0.80 to 1.25 (1.02–1.12, 0.92–0.99,
and 0.92–0.98, respectively).
Conclusion: FDC of ASA and clopidogrel was
bioequivalent to the simultaneous administra-
tion of the individual formulations in healthy
Chinese subjects under fed conditions.
Trial registration: CTR20190376.

Keywords: ASA; Bioequivalence; Clopidogrel;
Fixed dose combination; RSABE

Key Summary Points

Why carry out this study?

Simultaneous administration of
acetylsalicylic acid (ASA) and clopidogrel
has demonstrated efficacy in the treatment
of acute coronary syndrome. Clopidogrel ?
ASA in a fixed-dose combination (FDC)
provides the pharmaceutical option to
enhance adherence of the coadministration
of dual antiplatelet therapy (DAPT).

The study evaluated the bioequivalence of
enteric ASA and clopidogrel in an FDC
compared with simultaneous
administration of the individual
formulations.

What was learned from the study?

The point estimate (test/reference
geometricmean ratio) for ASAwas between
0.80 and 1.25, and the upper one-sided
95% confidence interval (CI) for the scaled
average bioequivalence metric was B 0
(- 0.08). AUC of ASA as SDW was\0.294
for log-transformed AUClast and AUC.

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

FDC of ASA and clopidogrel was
bioequivalent to the simultaneous
administration of the individual
formulations in healthy Chinese subjects
under fed conditions.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. You can
access the digital features on the article’s asso-
ciated Figshare page. To view digital features for
this article go to https://doi.org/10.6084/m9.
figshare.12859856.

INTRODUCTION

Dual antiplatelet therapy (DAPT) with acetyl-
salicylic acid (ASA) and clopidogrel is consid-
ered to be the most effective treatment for
patients suffering from acute coronary syn-
drome (ACS) and coronary artery disease [1].
ASA and clopidogrel exhibit complementary
mechanisms of action for inhibiting platelet
function. While ASA irreversibly inhibits plate-
let cyclooxygenase-1 (COX-1) and generation of
thromboxane A2 (TXA2), which is an inducer of
platelet aggregation and vasoconstriction [2],
clopidogrel, a P2Y12 adenosine diphosphate
(ADP) receptor antagonist, inhibits ADP-in-
duced platelet aggregation through formation
of an inactive carboxylic acid metabolite and an
active thiol metabolite [3, 4].

However, regimens of more than one drug
taken concurrently may lead to poor or
incomplete treatment adherence and subopti-
mal clinical outcomes. Poor adherence to
DAPT is an important contributor to cardio-
vascular mortality and lethal cardiovascular
events [5]. Premature discontinuation of DAPT
is a strong predictor for the occurrence of stent
thrombosis [6]. To overcome this issue of pre-
mature cessation of DAPT, several fixed-dose
combination (FDC) formulations containing
two or more drugs have been developed. The
FDC drugs may improve adherence by reduc-
ing the pill burden from multiple to a single
pill. The findings of a randomized controlled
trial (RCT) for atherosclerotic cardiovascular
disease have shown that prescription of FDC
drugs resulted in better treatment adherence
and lower cardiovascular risk compared with
prescription of multiple individual drugs [7].
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Another RCT demonstrated similar results in
which FDC significantly improved treatment
adherence by 22% compared with prescription
of individual drugs for secondary cardiovascu-
lar prevention following myocardial infarction
[8].

There are several reasons for considering an
FDC strategy for prevention of cardiovascular
disease in China. First, there is a high inci-
dence of non-communicable disease in China
with 40% of the patients being treated with
multiple combinations of drugs [9]. The spread
of the high blood pressure and blood lipid-
lowering single-pill combination (SPC) is
gradually increasing in China, but the anti-
platelet drug SPC has a huge gap in use in
China. Furthermore, the current treatment for
cardiovascular disease shows challenges in
terms of low patient compliance and high
treatment costs [9]. Medical services accessed
by the majority of patients have a low capacity
to handle complicated combination treatments
that need separate prescriptions [10]. Thus, an
FDC containing enteric-coated ASA and clopi-
dogrel provides a relevant pharmaceutical
option to enhance better adherence to and
compliance with the coadministration of DAPT
[11]. The clopidogrel ? enteric-coated ASA
tablet is a multiple compressed tablet that
contains clopidogrel hydrogen sulfate (75 mg
clopidogrel) in the outer layer and ASA 100 mg
in the enteric core tablet. This FDC was
developed to target patients who have already
been receiving both clopidogrel and ASA for
the prevention of atherothrombotic events.
Three phase III studies (CURE, CLARITY, and
COMMIT) [12–15] have been conducted in
patients with ACS (including Chinese patients)
who received clopidogrel in addition to ASA
worldwide, and its effectiveness and safety
have been fully demonstrated. However, the
bioequivalence between the FDC and simulta-
neous intake of single drugs in the Chinese
population under fed conditions is unknown.
Hence, this study was conducted to assess
bioequivalence in the Chinese population
under fed conditions.

METHODS

Ethical Considerations

The study protocol and informed consent to
participate were reviewed and approved by the
institutional review board of Beijing Shijitan
Hospital, China. The study was conducted in
accordance with consensus ethics principles
derived from international ethics guidelines,
including the Declaration of Helsinki, the
International Council for Harmonisation (ICH)
guidelines for Good Clinical Practice (GCP), and
all applicable laws, rules, and regulations.

Subjects

Healthy Chinese male or female volunteers
aged C 18 years were certified as healthy based
on a comprehensive clinical assessment that
included detailed medical history, comprehen-
sive physical examination, vital signs, electro-
cardiogram (ECG), and laboratory parameters.
Female subjects of childbearing age were
required to have negative results on a preg-
nancy test, and only those who agreed to use an
appropriate method of contraception during
the study period were included. The subjects
were restricted in use of concomitant medica-
tions, tobacco and alcohol, and supplements
throughout the study.

Study Design

A randomized, single-center, open-label, three-
treatment, three-period, three-sequence, cross-
over study (study no. BEQ16000/CTR20190376)
with a 10-day washout period between admin-
istrations under fed conditions was conducted
in 171 healthy Chinese subjects at Beijing Shi-
jitan Hospital, Capital Medical University,
China. The 171 subjects were randomized into
one of three sequences (Test (T)/Reference (R)/
R, R/T/R, R/R/T). The randomization list con-
sisted of a block size of 6, with 171 subjects
randomly divided into two treatment groups
with three periods and three sequences (Fig. 1).
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Randomization and Interventions

The test formulation of an FDC containing
75 mg of clopidogrel and 100 mg of enteric ASA
was compared with the reference formulations
of clopidogrel (Plavix�, 75 mg) tablet and
enteric-coated ASA (Bayaspirin�, 100 mg) tablet.
The dose levels for the present study were
selected based on the therapeutic doses of Pla-
vix� and Bayaspirin� in China. The subjects
were administered the investigational medici-
nal product (IMP) under fed conditions (stan-
dard high-fat breakfast of approximately
1000 kcal, with approximately 150, 250, and
500–600 kcal from protein, carbohydrates, and
fat, respectively) on day 1 of each period. The
subjects were monitored to ensure that their
breakfast was completed within 30 min, and
then the assigned IMP was administered. No
food was allowed for a minimum of 4 h after
administration. On days of treatment adminis-
tration, standard lunch and dinner were given
at least 4 and 10 h after IMP administration,
respectively. The subjects were followed up for
5–7 days after the last administration of IMP.

Objectives

The primary objective was to determine the
bioequivalence of ASA and clopidogrel for an

FDC containing 75 mg of clopidogrel and
100 mg of enteric ASA (test formulation) versus
the simultaneous administration of the separate
commercial tablets (reference formulations) in
healthy Chinese subjects under fed conditions.
The secondary objective was to assess the clini-
cal safety of each treatment.

Pharmacokinetic Analysis

Blood samples were collected at the following
time points for ASA/salicylic acid (SA, a
metabolite of ASA): 0 h (pre-dosing) and 2, 3,
3.50, 4, 4.50, 5, 5.50, 6, 6.50, 7, 7.50, 8, 10, 12,
and 16 h post-dosing and for clopidogrel/
SR26334: 0 h (pre-dosing), 0.25, 0.50, 0.75, 1,
1.50, 2, 2.50, 3, 4, 5, 6, 12, 16, and 24 h post-
dosing. The parameters assessed were Cmax, tmax,
AUClast, AUC for clopidogrel/SR26334
(metabolite of clopidogrel), and ASA/salicylic
acid in plasma using non-compartmental
methods with Phoenix WinNonlin (Certara
USA Inc) version 8.1 (Supplementary Table S1)
software. An analysis data set of PK parameters
for subjects exposed to a minimum of one dose
of IMP formed the Pharmacokinetic Parameter
Sets (PKPS), whereas subjects who had a mini-
mum of one evaluable PK parameter from a
minimum of one period formed the bioequiva-
lence set (BES). The BES data set was evaluated
to determine if the test formulation and the

Fig. 1 Study design
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reference formulation were bioequivalent.
AUClast and tlast were excluded from the BES
data set as the sample collection was incom-
plete. Similarly, the AUC value was excluded
from the BES data set as the percentage of AUC
determined by extrapolation was[ 20%. How-
ever, these values were included in the PKPS
data set. When a PK profile contained only one
quantifiable concentration, Cmax, tmax, and tlast
were excluded from the statistics for BES and
PKPS.

Bioanalysis

The concentrations of clopidogrel/SR26334 and
ASA/SA in plasma samples were analyzed using
the validated liquid chromatography–tandem
mass spectrometry (LC–MS/MS) method. Mea-
surements of clopidogrel and SR26334 were
taken by pretreating the plasma samples with
liquid–liquid extraction and protein precipita-
tion, respectively. Plasma samples for determi-
nation of ASA and salicylic acid concentrations
were pretreated by liquid–liquid extraction. The
lower limits of quantification (LLOQs) were
5 pg/ml (clopidogrel), 5 ng/ml (SR26334), 5 ng/
ml (ASA), and 100 ng/ml (salicylic acid), and the
assays had adequate accuracy and precision in
estimating analytes.

Safety Measurements and Analysis

Subjects were carefully monitored by vital signs,
physical examinations, laboratory parameters
(hematology, coagulation, biochemistry, and
urinalysis), and standard 12-lead ECG. Adverse
events were graded according to Common Ter-
minology Criteria for Adverse Events (CTCAE)
v4.03 and classified by System Organ Class
(SOC) or Preferred Term (PT) according to the
latest version of the Medical Dictionary for
Regulatory Activities (MedDRA) dictionary.

Statistical Analysis

Sample Size Determination
Up to 171 subjects were enrolled to have a
minimum of 135 subjects for completion,
which was deemed sufficient to provide a 90%

overall power for PK evaluation. For the sample
size calculation in this study, the within-subject
standard deviation (SDw) of clopidogrel and ASA
in fed condition was considered similar to the
observed SDw in fasting condition based on the
completed bioavailability and bioequivalence
studies (two published studies and one unpub-
lished study) [16–18].

For clopidogrel, the pooled point estimates
of the PK parameter 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 Cmax, respectively. For ASA, the
pooled point estimates of pharmacokinetic (PK)
parameter ratios were 1.10, 1.10, and 1.08, and
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
Supplementary Table S2). The power of con-
cluding bioequivalence with 135 subjects is
provided in Supplementary Table S2. For ASA,
the reference-scaled average bioequivalence
(RSABE) approach was used, and the standard
ABE approach was applied for clopidogrel. The
overall power was calculated as a function of the
lowest power in clopidogrel and the lowest
power in ASA 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. Hence, the overall
power was 90.24% (94% 9 96%). In summary,
135 subjects could achieve an overall power of
90% to conclude bioequivalence between for-
mulations (FDC versus individual formulation)
for clopidogrel and ASA. Allowing for a 20%
dropout rate, the total number of subjects for
enrollment was 171.

Bioequivalence Statistical Analysis Plan
PK parameters of clopidogrel, ASA, and their
major metabolites were summarized using
descriptive statistics for each formulation. Prior
to the analyses, all primary end points (Cmax,
AUClast, and AUC) were log-transformed. The
differences for clopidogrel between the fixed-
dose formulations and its individual tablet for-
mulation were assessed on log-transformed
parameters with a linear mixed-effects model.
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The point estimates and 90% confidence inter-
vals (CIs) for the geometric mean ratios (GMRs)
of Cmax, AUClast, and AUC between the two
formulations were obtained within the mixed-
effects model framework and then converted to
the ratio scale by antilog transformation. Bioe-
quivalence was concluded if the 90% CI for the
ratio was within 0.80–1.25.

Bioequivalence for ASA between the FDC
and its individual tablet formulation was asses-
sed using the mixed scaled average bioequiva-
lence approach for Cmax, AUClast, and AUC. For
each log-transformed parameter, a linear mixed-
effects model was formulated, allowing for
treatment-specific within-subject variance to
obtain the SDW for the reference formulation. If
SDW was\0.294, the traditional standard ABE
analysis was conducted within the mixed model
framework. Bioequivalence was concluded if
the 90% CI for the formulation ratio (test/ref-
erence GMR) was within 0.80–1.25. If SDW

was C 0.294, the RSABE method was conducted
as described by Haider et al. [19] (i.e., upper one-
sided 95% CI for the RSABE metric). Bioequiv-
alence was concluded if the point estimate (test/
reference GMR) fell within the range of
0.80–1.25 and the upper one-sided 95% CI for
the RSABE metric was B 0, (with h = (lnD)2/r2

w0

and D = 1.25, the usual average BE upper limit
for the untransformed test/reference ratio of
geometric means, and rw0 = 0.25) All statistical
calculations were performed using Statistical
Analysis Software (SAS).

RESULTS

Subject Demographics

A total of 171 Chinese healthy male and female
subjects recruited between March 2019 and May
2019 were randomized and treated with IMP;
165 subjects completed the study. Six subjects
did not complete the study, of whom three
subjects discontinued because of adverse events,
one subject due to poor compliance to protocol,
and two due to withdrawal by the subjects’
choice.

There were 111 (64.9%) healthy male sub-
jects and 60 (35.1%) healthy female subjects

included in the study. The mean age of the
subjects was 29.8 years, the mean body weight
was 64.59 kg, and the mean body mass index
was 23.33 kg/m2. The demographic characteris-
tics are described in detail in Table 1.

Pharmacokinetic Properties
The mean plasma concentration time profiles
for ASA, salicylic acid, clopidogrel, and SR26334
are presented in Figs. 2 and 3. All the PK
parameters were similar between the two
treatments.

ASA
Systemic exposures to ASA based on Cmax,
AUClast, and AUC were similar between the two
formulations, with respective arithmetic mean
values of 693 ng/ml, 939 ng�h/ml, and
965 ng�h/ml for the test formulation and
697 ng/ml, 923 ng�h/ml, and 931 ng�h/ml for
the reference formulation (pooled results;
Table 2). ASA reference PK parameter estimates
were consistent when compared across repli-
cates and with pooled results. For administra-
tion of reference and test formulations under
fed conditions in Chinese healthy subjects, ASA
reached the maximum plasma concentration in
6.50 h (median) post-dose for both FDC and
Bayaspirin.

Clopidogrel
Systemic exposures to clopidogrel based on
Cmax, AUClast, and AUC were similar between
the two formulations, with respective arith-
metic mean values of 4970 pg/ml, 9810 pg�h/

Table 1 Demographics and subject characteristics at
baseline

Variable Values (N = 170)

Age (years, mean ± SD) 29.8 ± 5.5

Males (n, [%]) 111 (64.9%)

Weight (kg, mean ± SD) 64.59 ± 7.61

Height (cm, mean ± SD) 166.6 ± 8.2

BMI (kg/m2, mean ± SD) 23.23 ± 1.89

BMI body mass index, SD standard deviation
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Fig. 2 Mean plasma concentration versus time profiles of
acetylsalicylic acid and salicylic acid following single oral
dose administration of test and reference (replicate 1 and
2) formulations to healthy Chinese subjects under fed
conditions. a Linear model, ASA; b semi-logarithmic scale,

acetylsalicylic acid; c linear model, salicylic acid; d semi-
logarithmic scale, salicylic acid

Fig. 3 Mean plasma concentration versus time profiles of
clopidogrel and SR26334 after single oral dose of test and
reference (replicate 1 and 2) formulations to healthy
Chinese subjects under fed conditions. 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 formulation (combination tablet) and
reference formulation (separate tablets)

Combination tablet Pooled Replicate 1 Replicate 2

Acetylsalicylic acid

Cmax (ng/ml)

Number of samples 145 301 155 146

Mean (SD) 693 (334) 697 (340) 704 (345) 689 (336)

Geometric mean 573 613 631 595

CV (%) 48 49 49 49

tmax (h)

Number of samples 145 301 155 146

Median 6.50 6.50 6.00 6.50

Minimum–maximum 3.00–16.00 2.00–12.00 2.00–12.00 2.00–12.00

AUClast (ng�h/ml)

Number of samples 115 254 135 119

Mean (SD) 939 (273) 923 (300) 924 (318) 921 (280)

Geometric mean 897 878 877 880

CV (%) 29 33 34 30

AUC (ng�h/ml)

Number of samples 95 208 112 96

Mean (SD) 965 (262) 931 (278) 928 (292) 935 (262)

Geometric mean 932 894 889 900

CV (%) 27 30 31 28

tlast (h)

Number of samples 145 300 155 145

Median 10.00 8.00 8.00 10.00

Minimum–maximum 6.00–16.02 5.00–16.02 5.50–16.00 5.00–16.02

t1/2z (h)

Number of samples 95 208 112 96

Mean (SD) 0.510 (0.186) 0.513 (0.180) 0.517 (0.187) 0.508 (0.173)

Geometric mean 0.487 0.489 0.492 0.487

CV (%) 36 35 36 34

Clopidogrel

Cmax (pg/ml)

Number of samples 169 335 169 166
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Table 2 continued

Combination tablet Pooled Replicate 1 Replicate 2

Mean (SD) 4970 (3000) 4670 (2890) 4720 (3060) 4620 (2710)

Geometric mean 4350 4060 4100 4030

CV (%) 60 62 65 59

tmax (h)

Number of samples 169 335 169 166

Median 1.50 2.00 2.00 2.00

Minimum–maximum 0.50–5.00 0.25–5.00 0.25–5.00 0.50–5.00

AUClast (pg�h/ml)

Number of samples 169 334 169 165

Mean (SD) 9810 (5950) 10,400 (6490) 10,500 (6770) 10,200 (6220)

Geometric mean 8700 9110 9190 9040

CV (%) 61 63 65 61

AUC (pg�h/ml)

Number of samples 169 334 168 166

Mean (SD) 10,000 (6130) 10,600 (6690) 10,800 (7000) 10,400 (6380)

Geometric mean 8880 9330 9460 9210

CV (%) 61 63 65 61

tlast (h)

Number of samples 169 334 169 165

Median 24.00 24.00 24.00 24.00

Minimum–maximum 16.00–24.02 16.00–24.02 16.00–24.02 16.00–24.02

t1/2z (h)

Number of samples 169 334 168 166

Mean (SD) 7.77 (2.25) 7.82 (2.48) 8.11 (2.57) 7.52 (2.37)

Geometric mean 7.38 7.42 7.69 7.15

CV (%) 29 32 32 31

AUC area under the plasma concentration versus time curve, 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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ml, and 10,000 pg�h/ml for the test formulation
and 4670 pg/ml, 10,400 pg�h/ml, and
10,600 pg�h/ml for the reference formulation
(pooled results; Table 2). Clopidogrel reference
PK parameter estimates were consistent when
compared across replicates and with pooled
results. Clopidogrel reached the maximum
plasma concentration in 1.50 and 2.00 h (me-
dian) post-dose for FDC and Plavix,
respectively.

Bioequivalence Evaluation
Considering that the within-subject variability
for the reference (SWR) was C 0.294 for log

transformed Cmax for ASA, the RSABE analysis
was conducted to assess Cmax bioequivalence.
For the Cmax of ASA, comparing ratios following
administration of test versus reference formu-
lation by RSABE analysis showed that the point
estimates fell within 0.80–1.25 and the upper
limit of the 95% CIs of RSABE metric was B 0
(Table 3). The traditional standard ABE analysis
was conducted for AUClast and AUC of ASA
because SDW was\0.294 for log-transformed
AUClast and AUC. The 90% CIs for the ratios
comparing log-transformed AUClast and AUC
following administration of the test versus ref-
erence formulation were within the accept-
able range of 0.80–1.25 for bioequivalence
(Table 4). The 90% CIs for the GMRs of Cmax,
AUClast, and AUC of clopidogrel following
administration of test versus reference formu-
lation were well within the acceptable range of
0.80–1.25 (Table 5).

Safety Evaluation
Of the 171 subjects enrolled, 169 subjects were
exposed to both test and reference formula-
tions. No serious adverse events or severe
treatment-emergent adverse events (TEAEs)
were reported. Of the 10 TEAEs, one subject
(0.6%) reported one TEAE while receiving the
test formulation (diarrhea of grade I intensity),
and 9 subjects (5.3%) reported 14 TEAEs when
treated with the reference formulation. One
person receiving the reference formulation dis-
continued treatment because of a TEAE (upper
respiratory tract infection). The most frequently
reported TEAEs were upper respiratory tract

Table 3 Determination of bioequivalence test method for
acetylsalicylic acid

Parameter SWR CVWR RSABE conclusion

Log(Cmax) 0.387 0.402 RSABE applicable

(SWR C 0.294)

Log(AUClast) 0.243 0.246 RSABE NOT applicable

(SWR\ 0.294)

Log(AUC) 0.194 0.195 RSABE NOT applicable

(SWR\ 0.294)

CVWR is calculated for raw PK parameters (i.e., Cmax,
AUClast, and AUC)
AUC area under the plasma concentration versus time
curve, 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

Comparison Parameter Estimate Upper 95% CL for (lT2lR)
2 2 h 3 r2WR

Test versus reference Cmax 0.95 - 0.08

Comparison Parameter Estimate 90% CI

Test versus reference AUClast 1.03 (0.98–1.08)

AUC 1.05 (1.00–1.10)

h = (ln (1.25)/r0)
2 with r0 = 0.250 corresponding to a regulatory constant

AUC area under the plasma concentration versus time curve, CI confidence interval, 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
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infection, epistaxis, and upper abdominal pain
while receiving the reference formulation, each
reported by two subjects (1.2%). Overall, the
test and reference formulations were well tol-
erated (Table 6).

DISCUSSION

This is the first study to our knowledge that
compares the PK of the FDC of ASA and clopi-
dogrel with that of the coadministered indi-
vidual formulations under fed conditions. The
analysis of the PK parameters demonstrated the
bioequivalence of the FDC with their individual
formulations in healthy Chinese subjects. Thus,
it is expected that the FDC would provide the
same therapeutic effect as coadministration of
the individual drugs and could be given to
Chinese patients who are already taking the two
separate drugs.

In 2016, the National Medical Products
Administration (NMPA) of China released the
new bioequivalence guideline [20], which rec-
ommends testing under both fasting and fed
conditions. Thus, two separate bioequivalence
studies were conducted for the FDC, one under
fasting and one under fed conditions. The data
reported here show bioequivalence under fed
conditions in Chinese subjects. Bioequivalence
was also demonstrated under fasting conditions
in a separate study.

One important reason for the failure to
demonstrate bioequivalence in these studies
might be due to insufficient sample sizes using

the ABE approach for drugs with high intra-
subject coefficient of variation, considering that
the GMRs of the test to reference formulation
were within the range 0.8–1.25, although the
two-sided 90% CI for the geometric mean did
not meet the bioequivalence criterion. In addi-
tion, these studies adopted the two-sequence,
two-period, crossover study designs and similar
bioanalytic methods. A number of publications
have addressed the difficulty of establishing
bioequivalence of highly variable drugs
[19, 21, 22]. Highly variable drugs are those
drugs in which SDw is C 0.294 for the Cmax and/

Table 6 Number (%) of subjects with TEAE(s) by pri-
mary system organ class and preferred term: safety
population

Primary system organ class Reference
(N = 169)

Test
(N = 169)Preferred term [n (%)]

Any class 9 (5.3%) 1 (0.6%)

Infections and infestations 2 (1.2%) 0

Upper respiratory tract

infection

2 (1.2%) 0

Cardiac disorders 1 (0.6%) 0

Palpitations 1 (0.6%) 0

Respiratory, thoracic, and
mediastinal disorders

2 (1.2%) 0

Epistaxis 2 (1.2%) 0

Gastrointestinal disorders 4 (2.4%) 1 (0.6%)

Diarrhea 1 (0.6%) 1 (0.6%)

Abdominal distension 1 (0.6%) 0

Upper abdominal pain 2 (1.2%) 0

Anal hemorrhage 1 (0.6%) 0

Nausea 1 (0.6%) 0

Vomiting 1 (0.6%) 0

Investigations 1 (0.6%) 0

Blood bilirubin increased 1 (0.6%) 0

N number of subjects treated within each group, n (%)
number and % of subjects with at least one TEAE in each
category, TEAE treatment-emergent adverse event

Table 5 Formulation effect on Cmax, AUClast, and AUC
for clopidogrel

Comparison Parameter Estimate 90% CI

Test versus

reference

Cmax 1.07 (1.02–1.12)

AUClast 0.95 (0.92–0.99)

AUC 0.95 (0.92–0.98)

AUC area under the plasma concentration versus time
curve, CI confidence interval, 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
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or AUC. As per international guidelines,
including those from the Food and Drug
Administration (FDA) and NMPA, the most
suitable approach to evaluate bioequivalence of
such highly variable drugs is RSABE, which
takes into account the intra-subject variability
and is comparable with the reference product in
replicate trial design [19, 21, 23]. Various trials
have assessed the bioequivalence of highly
variable drugs using the RSABE method [24–29].
The RSABE method of analysis employs the use
of a three-period, three-sequence, crossover or a
four-period, two-sequence, crossover study
design for evaluating bioequivalence of highly
variable drugs [30].

Because of high intra-subject variability of
ASA reported in various studies, in order to
minimize the sample size and also to account
for intra-subject variability, the RSABE
approach was proposed in the study reported
here for assessing the bioequivalence of ASA
within the FDC. This study was designed as a
three-period, three-sequence, crossover, and
reference-replicate study under fed conditions
instead of a four-period, two-sequence design
because the latter design may take a longer
duration for study completion, subject com-
pliance may be reduced, and there may be
higher rates of dropouts and missing values
[31].

Although there were no previous publica-
tions of bioequivalence studies for enteric-
coated ASA under fed conditions, four bioe-
quivalence studies have been conducted in
healthy volunteers under fasting conditions
[16, 17, 32, 33]. All of these studies used the
ABE approach for determining bioequivalence
Three of these studies in Japanese and Korean
subjects did not meet the bioequivalence
standard for enteric-coated ASA, possibly
because of the high variability of the drug
[16, 17, 32]. Another study established bioe-
quivalence in Korean men using the average
bioequivalence (ABE) approach; however, the
PK data for ASA indicated high intra-subject
variability [33]. As no data from studies
investigating the intra-individual variability of
the primary PK parameters of enteric-coated
ASA under fed condition have been reported,
we assumed that the SDw was similar between

the fasting and fed conditions. SDw was[
0.294 for the Cmax of ASA [32–34] under
fasting conditions [35]; hence, an RSABE
analysis was conducted to assess the bioe-
quivalence of the PK parameters of ASA with
high intra-subject variability, which success-
fully established the bioequivalence of ASA in
the ASA/clopidogrel FDC. Thus, the bioequiv-
alence of ASA and clopidogrel FDC to co-ad-
ministered individual formulations under fed
conditions was established.

The present study has several limitations.
First, the subjects enrolled in the study were all
between 20 and 40 years of age. However, in the
real-world setting, the onset of ACS is mostly
observed in an older group of patients [36].
Thus, although the bioequivalence of FDC has
been established in a younger group of subjects,
a definitive demonstration of bioequivalence in
the older patient population would require a
study in that population. Second, although a
standard breakfast was provided, the calories
consumed for a given type of breakfast might
have slightly varied across the treatment days
for three periods, which might have added to
the intra-subject variation for the treatments.
Third, the data from this study are limited to
the Chinese population under fed conditions,
and additional studies would be needed to
address the PK in other ethnic groups.

CONCLUSION

The FDC of ASA and clopidogrel was bioequiv-
alent to the simultaneous administration of the
individual formulations in healthy Chinese
subjects under fed conditions. Clopidogrel and
ASA, administered either as a combination
tablet or as separate tablets, were safe and well
tolerated in this study.
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