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ABSTRACT

Introduction: This study evaluated the bioe-
quivalence of ezetimibe/rosuvastatin fixed dose
combination compared to the concomitant
administration of individual formulations (eze-
timibe and rosuvastatin) in Chinese healthy
subjects under fasting conditions.
Methods: This was a phase I, randomized,
open-label, two-treatment, two-period, two-se-
quence, crossover study conducted in healthy

Chinese participants under fasting conditions.
Cmax, AUC0–t, and AUC0–? from test and indi-
vidual reference formulations were evaluated to
assess bioequivalence. The safety assessments
included adverse events (AEs)/treatment-emer-
gent adverse events (TEAEs), potential clinically
significant abnormalities (PCSAs) in vital signs,
12-lead electrocardiogram (12-ECG), and clini-
cal laboratory parameters.
Results: Of the 68 subjects enrolled, 67 were
treated. Systemic exposure to rosuvastatin based
on Cmax, AUC0–t, and AUC0–? was similar in
both treatments, with respective arithmetic
values 12.4 ng/ml, 117 ng�h/mL, and 120 ng�h/
mL for test formulation and 12.7 ng/ml,
120 ng�h/mL, and 123 ng�h/mL for reference
formulations. Similarly, systemic exposure to
unconjugated ezetimibe was 4.14 ng/ml,
89.7 ng�h/mL, and 102 ng�h/mL for the test
formulation and 3.80 ng/ml, 89.7 ng�h/mL, and
102 ng�h/mL for reference formulations. Sys-
temic exposure to total ezetimibe was 70.5 ng/
ml, 664 ng�h/mL, and 718 ng�h/mL for test for-
mulation and 60.2 ng/ml, 648 ng�h/mL, and
702 ng�h/mL for reference formulations. The
point estimates for rosuvastatin unconjugated
ezetimibe and total ezetimibe were in the
acceptable range of 0.80–1.25. No deaths or
serious adverse events were reported.
Conclusions: Fixed dose combination of eze-
timibe/rosuvastatin (10 mg/10 mg) achieved
bioequivalence with reference to commercial
tablets.
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Key Summary Points

Why carry out this study?

Hypercholesterolemia is a potential risk
factor for cardiovascular disease (CVD).
Rosuvastatin and ezetimibe are well-
known lipid-lowering agents.

This study assessed the pharmacokinetic
parameters and safety of the fixed dose
combination (FDC) of rosuvastatin and
ezetimibe compared with their individual
formulations in Chinese healthy subjects.

What was learned from the study?

The point estimates of formulation ratios
with 90% CIs for rosuvastatin,
unconjugated ezetimibe, and total
ezetimibe were all within 0.80–1.25 and
thus confirmed the bioequivalence of the
FDC to the individual formulations.

Overall, the FDC of rosuvastatin/ezetimibe
was well tolerated without raising any
safety concerns.

INTRODUCTION

Hypercholesterolemia refers to high levels of
cholesterol, triglyceride, or both and is a
potential risk factor for cardiovascular disease
(CVD) [1]. The World Health Organization
(WHO) reported the prevalence of dyslipidemia
(defined as blood levels of total choles-
terol[5 mmol/L [190 mg/dL]) in Southeast
Asia and the Western Pacific to be 30.3% and
36.7%, respectively, in 2008 [2]. It is estimated
that with an increase in age and prevalence of
CVD in China, there will be a rise in the inci-
dence of acute myocardial infarctions by 75

million, stroke by 118 million, and the number
of cardiovascular (CV) deaths would rise by 39
million in total between 2016 to 2030 [3].
Serum cholesterol and other lipoproteins such
as low-density lipoprotein (LDL), very low-
density lipoprotein (VLDL), and high-density
lipoprotein (HDL) are known to be related to
atherosclerotic cardiovascular disease (ASCVD)
[4]. LDL-cholesterol (LDL-C), when present in
high amounts, leads to atherosclerosis and
hence is the main target for lowering the
cholesterol level [5].

Among the cholesterol-lowering drugs, sta-
tins are widely used in lowering the LDL-C level.
Rosuvastatin belongs to a class of lipid-lowering
compounds which reduces the cholesterol syn-
thesis by inhibiting the rate-limiting enzyme
3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA), which represents the therapeutic target
for statins by resulting in reduction of VLDL
synthesis that leads to reduced delipidation of
VLDL to LDL [6]. In addition, statins leads to
upregulation of LDL receptors leading to an
increase in clearance of both LDL and its pre-
cursors, consequently reducing LDL-C [7].
Rosuvastatin has the highest binding interac-
tions with HMG-CoA reductase, as compared to
the other statins which leads to the most pow-
erful inhibition of cholesterol synthesis [8].
However, as a result of statin intolerance or
statin resistance, many patients do not reach
their target LDL-C levels. Hence, other lipid-
lowering agents such as ezetimibe, fibrates, and
nicotinic acid may be preferred as an add-on
therapy.

Ezetimibe is a first-in class cholesterol
absorption inhibitor that targets Niemann-Pick
C1-Like 1 (NPC1L1) protein, which is responsi-
ble for intestinal absorption of cholesterol [9].
In the MRS-ROZE study, ezetimibe, as a
monotherapy or when combined with rosuvas-
tatin, significantly reduced total cholesterol,
LDL-C, apolipoprotein B, triglycerides, and
increased HDL cholesterol in patients with
hypercholesterolemia [10]. A 12-week, ran-
domized, double-blind study assessing the effi-
cacy of the fixed dose combination (FDC) of
rosuvastatin/ezetimibe in 337 Korean patients
with high CV risk demonstrated that the
patients on FDC achieved a higher LDL-C target
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of 87–95% compared to those in the
monotherapy group (64–87%) [11]. Thus, FDCs
provide enhanced efficacy and safety over
monotherapy alone. In addition, FDCs may
offer additional advantages over monotherapy
such as reduced treatment cost and improved
patient adherence [12]. As a result of the pill
burden, the adherence to the hypercholes-
terolemia treatment is low; however, use of an
FDC leads to better patient compliance and
reduces the pill burden [13]. The effectiveness
and safety of rosuvastatin/ezetimibe as FDC
have been demonstrated in various studies [14].
However, the bioequivalence between the FDC
and simultaneous intake of single drugs in the
Chinese population under fasting conditions is
unknown. This present study was therefore
conducted to assess the bioequivalence between
the FDC of rosuvastatin/ezetimibe (10 mg/
10 mg) and the individual tablets in healthy
Chinese subjects to support the substitution of
rosuvastatin and ezetimibe FDC in adult
patients who are adequately controlled with
rosuvastatin and ezetimibe monotherapies.

METHODS

Study Design

This was a phase I, randomized, open-label,
two-treatment, two-period, two-sequence,
crossover study conducted at Peking University
(PKU) Care, Luzhong Hospital, China from
8 November 2020 to 7 December 2020 in heal-
thy Chinese participants (CTR20202108). The
investigational FDC was a test formulation
[ezetimibe/rosuvastatin which contained 10 mg
of both the drugs (10 mg/10 mg)] and was
compared with the reference formulations [in-
dividual rosuvastatin (Crestor�, 10 mg) and
ezetimibe (Ezetrol�, 10 mg]. This study was
conducted in accordance with the ethical prin-
ciples derived from international ethics guide-
lines, including the Declaration of Helsinki, and
the International Council for Harmonization
(ICH) guidelines for Good Clinical Practice
(GCP), all applicable laws, rules, and regula-
tions. The study received approval from the
institutional ethics committee of Peking

University Care, Luzhong Hospital (PKULZH-
IRB-SOP-AF-013/3.0-03). Informed written con-
sent was obtained.

The subjects were randomized to either of
the two-treatment sequences. Sequence 1 con-
sisted of FDC administration followed by the
individual formulations (test–reference),
respectively in period 1 and 2. Whereas,
sequence 2 consisted of administration of indi-
vidual formulations followed by the FDC (ref-
erence–test), respectively, in period 1 and 2. The
subjects were randomized to either sequence 1
or sequence 2 in a 1:1 ratio. The tablets were
administered orally to the healthy subjects
under fasting conditions. The treatment period
consisted of 5 days including one treatment day
in each period, followed by a washout period of
10 days between each administration.

Subjects

Healthy Chinese male and female subjects of
age 18 and above, body weight between 50.0
and 95.0 kg (kg) for male (inclusive), 45.0 and
90.0 kg for female (inclusive), were enrolled in
this study. All the subjects were certified as
healthy by a comprehensive medical assessment
which included a detailed medical history and
complete physical examination. Female partic-
ipants were required to use at least one contra-
ception method for 3 months after the dosing,
except if the subject was menopausal or had
undergone sterilization at least 3 months ear-
lier. The subjects were excluded if they had any
history or presence of any acute illness, disor-
der, or any drug abuse. Breastfeeding or preg-
nant subjects were excluded from the study.
Informed written consent was obtained at the
time of study enrolment.

Study Endpoints

The study aimed to evaluate the Cmax, AUC0–t,
and AUC0–? of rosuvastatin, unconjugated and
total ezetimibe from FDC and individual for-
mulations (treatment 1 vs treatment 2) under
fasting conditions. The secondary endpoints for
this study were to evaluate the other pharma-
cokinetic (PK) parameters including t1/2, Tmax,
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and kz. The safety assessments included adverse
events (AEs)/treatment-emergent adverse events
(TEAEs), vital signs, 12-lead electrocardiogram
(12-ECG), and clinical laboratory evaluations
(hematology, biochemistry, urinalysis,
coagulation).

PK Parameters Evaluation

Blood samples were collected at the following
time points: 0 h (pre-dosing) and 0.5, 1, 1.5, 2,
2.5, 3, 3.5, 4, 4.5, 5, 5.5, 6, 8, 12, 24, 36, 48, and
72 h (post-dosing) for rosuvastatin and 0 h (pre-
dosing) and 0.25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 2,
2.5, 3, 4, 5, 6, 8, 10, 12, 24, 48, 72, and 96 h
(post-dosing) for ezetimibe. The PK parameters
such as Cmax, AUC0–t, AUC0–?, t1/2, Tmax, and kz
were calculated using the noncompartmental
methods from plasma rosuvastatin, unconju-
gated ezetimibe, and total ezetimibe concen-
trations obtained after single dose
administration. Total ezetimibe was calculated
from the sum of free ezetimibe and ezetimibe
glucuronide, taking into consideration the
adjustment per molecular weight for each ana-
lyte respectively.

Bioanalytical Methods

Bioanalytical methods were performed in the
laboratory of Covance Pharmaceutical Research
and Development (Shanghai). Liquid chro-
matography with tandem mass spectrometry
(LC–MS/MS) was used for analysis. PK samples
were used for testing analytical method perfor-
mance such as comparability and incurred
sample reproducibility.

Safety Evaluation

All the subjects were monitored for laboratory
parameters, vital signs, ECGs, and AEs. AEs were
coded according to the Medical Dictionary for
Regulatory Activities (MedDRA, version 23.1).
Their severity was graded according to the
Common Terminology Criteria for Adverse
Events (CTCAE, version 5.0). The number (%) of
participants experiencing TEAEs was summa-
rized by primary system organ class, preferred

term, and treatment. For laboratory parameters,
vital signs, and ECGs, incidences of potentially
clinically significant abnormality (PCSA) were
evaluated. The safety evaluation focused on the
TEAE period, defined as the time interval from
the investigational medicinal product (IMP)
administration of each treatment period up to
day 5 (inclusive).

Sample Size Calculation

The sample size was calculated on the basis of
within-subject standard deviation (SDw) of 0.27
for rosuvastatin and unconjugated ezetimibe,
and SDw of 0.22 for total ezetimibe, which was
estimated from pooled SDw values of recent
studies. The assumption of true difference
between E10/R10 and coadministration of
individual tablets on rosuvastatin and total
ezetimibe is 5%, and the true difference on
unconjugated ezetimibe is 7.5%, which was
based on a previous Sanofi in-house bioequiva-
lence study, ZNV-P5-545. A total of 62 subjects
were required to achieve an overall power of
85% to conclude the bioequivalence of FDC to
the co-administered individual tablets. But
considering the potential subject dropout rate,
68 subjects were enrolled.

Statistical Analysis

PK parameters of rosuvastatin, unconjugated
and total ezetimibe were summarized using
descriptive statistics (such as mean, geometric
mean, median, standard deviation [SD], stan-
dard error of mean [SEM], coefficient of varia-
tion [CV], minimum, and maximum) for each
treatment. Listings of individual ratios (FDC
versus co-administration treatment) for Cmax,
AUC0–t, and area under the plasma concentra-
tion versus time curve extrapolated to infinity
(AUC0–?) were provided by subject, sequence,
and summarized using descriptive statistics by
treatment. The difference between FDCs and
individual formulations under fasting condi-
tions was assessed on log-transformed parame-
ter with a linear mixed effects model with fixed
term for treatment, sequence, period, and with
an unstructured matrix of treatment-specific
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variances and covariances for subject within
sequence blocks, using SAS� version 9.4.

For Cmax, AUC0–t, and AUC0–? estimates and
90% confidence intervals (CI) for geometric
mean ratio of treatments (test versus individual
reference formulations) were obtained by com-
puting estimates and 90% CIs for the difference
between treatment means within the mixed
effects model framework, and then converting
to the ratio scale by the antilog transformation.
If the 90% CI of the ratio for Cmax, AUC0–t, and
AUC0–? of rosuvastatin, unconjugated ezetim-
ibe, and total ezetimibe all were within the
range of 0.8–1.25, the bioequivalence of test
formulation to co-administration of reference
formulations was established. Histograms of
Tmax and t1/2 values were represented by for-
mulation. In addition, the histograms of dif-
ferences in Tmax between formulations (test
versus individual reference formulations) were
also provided.

RESULTS

Subject Demographics

A total of 67 healthy Chinese subjects were
treated in this study. Among those 71.6%
(n = 48) were male and 28.4% (n = 19) were
female. The age range for the study population
was 18–52 years, while the mean (SD) age was
33.2 (9.7) years. The mean body mass index
(BMI) was 23.93 kg/m2. One subject discontin-
ued the study treatment on day 3 of period 1
following the investigator’s decision because of
AE (urticaria). All treated participants were
evaluable for PK and safety analysis.

PK Parameters Evaluation

Figures 1, 2, and 3 represent the mean plasma
concentrations of rosuvastatin, unconjugated
ezetimibe, and total ezetimibe following single
oral dose administration of the test formulation
and the reference formulations in healthy Chi-
nese subjects.

The PK parameters of rosuvastatin, uncon-
jugated ezetimibe, and total ezetimibe

following administration of test formulation
and reference formulations are presented in
Tables 1, 2, and 3, respectively.

PK of Rosuvastatin

The systemic exposure to rosuvastatin based on
Cmax, Tmax, AUC0–t, AUC0–?, and t1/2 was simi-
lar in both the treatments, with respective
arithmetic values of 12.4 ng/ml, 4.5 h,
117 ng�h/mL, 120 ng�h/mL, and 17 h for the
FDC and 12.7 ng/ml, 4.5 h, 120 ng�h/mL,
123 ng�h/mL, and 17.8 h for the individual
formulations.

PK of Unconjugated Ezetimibe

The systemic exposure to unconjugated eze-
timibe based on Cmax, Tmax, AUC0–t, AUC0–?,
and t1/2 was similar in both the treatments, with
respective arithmetic values of 4.14 ng/mL,
1.5 h, 89.7 ng�h/mL, 102 ng�h/mL, and 25 h for
the FDC and 3.80 ng/ml, 2 h, 89.7 ng�h/mL,
102 ng�h/mL, and 24.9 h for individual refer-
ence formulations.

PK of Total Ezetimibe

The systemic exposure to total ezetimibe based
on Cmax, Tmax, AUC0–t, AUC0–?, and t1/2 was
similar in both the treatments, with respective
arithmetic values of 70.5 ng/mL, 0.75 h,
664 ng�h/mL, 718 ng�h/mL, and 22.1 h for the
FDC and 60.2 ng/ml, 1 h, 648 ng�h/mL,
702 ng�h/mL, and 24.1 h for individual refer-
ence formulations.

Bioequivalence Results

The point estimates for rosuvastatin for Cmax,
AUC0–t, and AUC0–? were 0.98, 0.98, and 0.98,
respectively. The point estimates for unconju-
gated ezetimibe for Cmax, AUC0–t, and AUC0–?

were 1.07, 1.02, and 1.04, respectively. The
point estimates for total ezetimibe for Cmax,
AUC0–t, and AUC0–? were 1.17, 1.02, and 1.02,
respectively. The 90% CIs for the geometric
mean ratios of the primary PK parameters (Cmax,
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AUC0–t, and AUC0–?) were all within the pre-
defined equivalence range of 0.80–1.25.

Tables 4, 5, and 6 present the point estimates
of formulation ratios with 90% CIs for rosuvas-
tatin, unconjugated ezetimibe, and total
ezetimibe.

Safety Results

All 67 subjects were administered the test for-
mulation and reference individual formula-
tions. One subject receiving test formulation
withdrew from the study as a result of AE (ur-
ticaria). There were no deaths, serious adverse

events (SAE), or adverse events of special inter-
est (AESI) reported in this study. A total of 15
subjects reported at least one treatment TEAE in
the study (9 out of 66 subjects in the individual
reference treatment group and 6 out of 67 sub-
jects in the test formulation treatment group).
One subject in the test formulation treatment
group reported one TEAE leading to permanent
treatment discontinuation. Most of the TEAE
were of grade 1 or 2. Only one subject reported
grade 3 (blood triglycerides increased). There
were no AESIs or serious TEAEs reported during
the study (Table 7). All TEAEs were resolved by
the end of the study without any sequelae.
There were four PCSAs observed in laboratory

Fig. 1 a, b Plot of mean concentrations of rosuvastatin for test (combination tablet) and reference (separate tablets)
treatments

Fig. 2 a, b Plot of mean concentrations of unconjugated ezetimibe for test (combination tablet) and reference (separate
tablets) treatments
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tests or 12-lead ECG parameters. Only one PCSA
in laboratory test (blood triglycerides increased)

detected on the ambulatory visit on day 5 of
period 2 was reported as a TEAE.

DISCUSSION

This study assessed the PK parameters and safety
of the FDC of rosuvastatin and ezetimibe com-
pared with their individual formulations in
Chinese healthy subjects. The point estimates
of formulation ratios with 90% CIs for rosuvas-
tatin, unconjugated ezetimibe, and total eze-
timibe were all within 0.80–1.25 and thus
confirmed the bioequivalence of the FDC to the
individual formulations. The mean concentra-
tion–time profile was also similar for rosuvas-
tatin, unconjugated ezetimibe, and total
ezetimibe.

Previously published studies on rosuvastatin/
ezetimibe FDC have established the benefit of
FDC over the individual formulations. A
phase III study, I-ROSETTE (NCT02749994),
stated that an FDC significantly improved the
lipid profiles when compared to rosuvastatin
monotherapy (92.3% vs 79.9%), with a mean
decrease of at least 50% in the LDL-C levels [15].
A 6-week ACTE study also stated that a signifi-
cant reduction in LDL-C level was observed
when ezetimibe was added to rosuvastatin [16].
In another study where patients with hyperc-
holesterolemia were randomized to receive
rosuvastatin 10 mg plus ezetimibe 10 mg, rosu-
vastatin 10 mg plus placebo, ezetimibe 10 mg

Fig. 3 a, b Plot of mean concentrations of total ezetimibe for test (combination tablet) and reference (separate tablets)
treatments

Table 1 Mean ± SD (geometric mean) [CV%] pharma-
cokinetic parameters of rosuvastatin following adminis-
tration of test and reference treatments to healthy Chinese
subjects under fasting conditions

PK
parameters

Treatment

Test (combination
tablet)
(mean – SD)

Reference (separate
tablets)
(mean – SD)

N 66b 67

Cmax (ng/

mL)

12.4 ± 5.86 (11.3)

[47]

12.7 ± 5.73 (11.5)

[45]

Tmax
a (h) 4.50 (2.00–6.00) 4.50 (1.00–5.00)

AUC0–t

(ng�h/
mL)

117 ± 52.6 (107)

[45]

120 ± 50.8 (109)

[42]

AUC0–?

(ng�h/
mL)

120 ± 52.9 (110)

[44]

123 ± 51.0 (112)

[42]

t1/2 (h) 17.0 ± 7.49

(15.5) [44]

17.8 ± 8.32 (16.1)

[47]

All AUC values had extrapolation\ 20%
aMedian (min–max)
bOne subject withdrew early from period 1 (separate
tablets; reference) as a result of AE (urticaria)
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plus placebo, or two placebo tablets, greater
reductions in LDL-C levels were achieved with
co-administration of rosuvastatin and ezetimibe
than placebo or either monotherapy [17]. Sim-
ilarly, in a study by Kim et al., a higher pro-
portion of patients receiving the combination
of statin with ezetimibe achieved LDL-C con-
centrations of less than 70 mg/dL and lower
intolerance-related drug discontinuation or
dose reduction than those receiving high-in-
tensity statin monotherapy [18]. Based on the
2019 European Society of Cardiology/European
Atherosclerosis Society (ESC/EAS) dyslipidemia
guidelines, a simulation model with a 5-year
horizon was developed and showed that

treatment with statin or statin plus ezetimibe
FDC compared with statin and ezetimibe as
multiple pills can result in better LDL-C control
and population-level cardiovascular events
averted [19].

Co-administration of rosuvastatin and eze-
timibe does not appear to produce any clinically
significant PK interactions in healthy adults
[20]. An open-label, single-dose, crossover study
with rosuvastatin/ezetimibe FDC and individual
drugs reported a geometric mean ratio and
90% CI for the rosuvastatin Cmax and AUC0–t of
106.20 (96.62–116.74) and 102.88
(96.32–109.90), respectively, and for ezetimibe
Cmax and AUC0–t were 108.96 (98.56–120.51)
and 98.13 (92.01–104.66), respectively. The

Table 2 Mean ± SD (geometric mean) [CV%] pharma-
cokinetic parameters of unconjugated ezetimibe following
administration of test and reference treatments to healthy
Chinese subjects under fasting conditions

PK
parameters

Treatment

Test
(combination
tablet)

Reference
(separate tablets)

N 66b 67

Cmax (ng/mL) 4.14 ± 2.22 (3.70)

[54]

3.80 ± 1.70 (3.43)

[45]

Tmax
a (h) 1.50 (0.50–12.00) 2.00 (0.50–24.00)

AUC0–t

(ng�h/mL)

89.7 ± 35.0 (83.6)

[39]

89.7 ± 39.6 (82.0)

[44]

AUC0–?

(ng�h/mL)

102 ± 45.0 (93.8)

[44]c
102 ± 50.1 (90.9)

[49]d

t1/2 (h) 25.0 ± 16.9 (21.2)

[68]c
24.9 ± 14.6 (21.6)

[59]d

AUC values with extrapolation[ 20% were included in
PKPS (9 for test and 8 for reference)
aMedian (min–max)
bOne subject withdrew early from period 1 (separate
tablets; reference) as a result of AE (urticaria)
cN = 62; AUC0–? and t1/2 were not calculable for 4
subjects because of poor linear regression fit (R2

adjusted\ 0.7)
dN = 64; AUC0–? and t1/2 were not calculable for 3
subjects because of poor linear regression fit (R2

adjusted\ 0.7)

Table 3 Mean ± SD (geometric mean) [CV%] pharma-
cokinetic parameters of total ezetimibe following admin-
istration of test and reference treatments to healthy
Chinese subjects under fasting conditions

PK
parameters

Treatment

Test
(combination
tablet)

Reference
(separate tablets)

N 66b 67

Cmax (ng/mL) 70.5 ± 32.4 (64.7)

[46]

60.2 ± 28.3 (54.8)

[47]

Tmax
a (h) 0.75 (0.25–3.00) 1.00 (0.50–5.00)

AUC0–t

(ng�h/mL)

664 ± 326 (613)

[49]

648 ± 302 (596)

[47]

AUC0–?

(ng�h/mL)

718 ± 346 (662)

[48]c
702 ± 323 (644)

[46]d

t1/2 (h) 22.1 ± 12.6 (19.1)

[57]c
24.1 ± 16.9 (20.1)

[70]d

AUC values with extrapolation[ 20% were included in
PKPS (5 for test and 6 for reference)
aMedian (min–max)
bOne subject withdrew early from period 1 (separate
tablets; reference) because of AE (urticaria)
cN = 64; AUC and t1/2 were not calculable for 2 subject as
a result of poor linear regression fit (R2 adjusted\ 0.7)
dN = 66; AUC and t1/2 were not calculable for 1 profile
(156,000,100,012) as a result of poor linear regression fit
(R2 adjusted\ 0.7)
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mean Cmax and AUC0–t values of rosuvastatin
were 12.5 ng/mL and 115.6 ng.h/mL for the
FDC, and 12.2 ng/mL and 115.1 ng�h/mL for
the individual drugs, respectively. All treat-
ments were well tolerated during this study,
with no SAEs reported [21]. A previous Sanofi
in-house bioequivalence study (ZNV-P5-545)
compared an FDC (10 mg/40 mg of ezetimibe
and rosuvastatin) with individual formulations
(10 mg of ezetimibe and 40 mg of rosuvastatin).
The results showed that the geometric mean
ratio of Cmax and AUC0–t of rosuvastatin (FDC vs
coadministration of individual formulations)
and that of Cmax and AUC0–72 of unconjugated
ezetimibe were within the standard acceptance
range of 0.80–1.25 [22]. Similar results were

observed in another study conducted on heal-
thy Korean subjects [23].

The PK parameters of ezetimibe in our study
are similar to those in a previous study in Kor-
ean patients where it was found that for the
total ezetimibe Tmax was 1 h and t1/2 was 17.3,
thus supporting that the exposure of ezetimibe
is similar in the two Asian populations [20].
Similarly, the PK parameters of rosuvastatin
10 mg reported in this study are comparable to
those in a previous study in various ethnic
populations, which found that the ratios for
rosuvastatin AUC0–t were 2.31, 1.91, and 1.63
and the ratios of maximum plasma concentra-
tion were 2.36, 2.00, and 1.68 in Chinese,
Malay, and Asian–Indian subjects, respectively,
compared with White subjects, providing evi-
dence that exposure to rosuvastatin is higher in
Asians compared with Caucasians [24].

There were no AESIs or serious TEAEs repor-
ted during the study. Therefore, the safety of the
FDC was comparable to the co-administration
of individual rosuvastatin and ezetimibe drugs
in healthy patients. Overall, the FDC of rosu-
vastatin/ezetimibe was well tolerated without
raising any safety concerns. There are few limi-
tations that warranted mention. First, we
enrolled healthy subjects in the study as this
decreases the potential for concomitant medi-
cations and the presence of underlying disease,

Table 4 Point estimates of formulation ratios with 90%
confidence intervals: rosuvastatin

Comparison Parameter Point
estimate

90% CI

Test versus

reference

Cmax 0.98 (0.91 to

1.05)

AUC0–t 0.98 (0.91 to

1.06)

AUC0–? 0.98 (0.91 to

1.05)

All PK parameters in period 2 (planned treatment test
formulation) for one subject were missing because of dis-
continuation of the trial for adverse event after period 1

Table 5 Point estimates of formulation ratios with 90%
confidence intervals: unconjugated ezetimibe

Comparison Parameter Point
estimate

90% CI

Test versus

reference

Cmax 1.07 (0.99–1.16)

AUC0–t 1.02 (0.97–1.07)

AUC0–? 1.04 (0.98–1.10)

All PK parameters in period 2 (planned treatment test
formulation) for one subject were missing because of dis-
continuation of the trial for adverse event after period 1

Table 6 Point estimates of formulation ratios with 90%
confidence intervals: total ezetimibe

Comparison Parameter Point
estimate

90% CI

Test versus

reference

Cmax 1.17 (1.10–1.24)

AUC0–t 1.02 (0.98–1.07)

AUC0–? 1.02 (0.97–1.07)

All PK parameters in period 2 (planned treatment test
formulation) for one subject were missing because of dis-
continuation of the trial for adverse event after period 1
AUC values due to poor fit of regression for extrapolation
(R2 adjusted\ 0.7) were not calculable
AUC values were excluded from analysis because of per-
centage of extrapolation being[ 20%
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which may introduce study bias. Nevertheless,
in real-world clinical practice, the PK might be
different in other targeted populations, espe-
cially in elderly patients, or in various dosage
regimens. Second, this study analyzed the
bioequivalence under fasting conditions only.
The effect of food on the PK of rosuvastatin and
ezetimibe as FDC has not been studied. How-
ever, the effect of food on individual drugs is
available. Administration of rosuvastatin with
food did not affect the AUC of rosuvastatin and,
hence, it can be given with or without food.
Concomitant food administration (high fat or
non-fat meals) had no effect on the oral
bioavailability of ezetimibe 10 mg tablets. Eze-
timibe can be administered with or without
food [25]. Third, the combination of proposed
doses (10 mg of ezetimibe and 10 mg of rosu-
vastatin) was considered because of the known
differences in PK profiles between Asian and
Caucasian, resulting in prescription of lower
dose of statin in Asian population [26, 27].

CONCLUSION

The combination tablet containing 10 mg of
ezetimibe and 10 mg of rosuvastatin was bioe-
quivalent to the simultaneous administration of

the separate commercial tablets in healthy
Chinese subjects under fasting conditions. Eze-
timibe and rosuvastatin, administered either as
a combination tablet or as separate tablets, were
safe and well tolerated in Chinese subjects.

ACKNOWLEDGEMENTS

Funding. This study and Journal’s rapid ser-
vice fee was funded by Sanofi.

Medical Writing and/or Editorial Assis-
tance. The authors acknowledge Dan Zhang,
Medical Communication, Sanofi, China, for
publication process coordination, Ya Li, Man
Xia, Qiang Ma, Xuan Zhao and Chuang Zhao,
CSU, Sanofi, China for their contribution to the
implementation of clinical trials, Haibiao Jiang,
TMCP, Sanofi, China for the protocol design,
Jing He and Ran Hu, R&D, Sanofi, China for
study conduct, and Na Chen, CSO, Sanofi,
China for CSR writing support. In addition, the
authors would like to thank all the participants
of the study. Medical writing support was pro-
vided by Dr Amit Bhat from Indegene which
was funded by Sanofi.

Table 7 Overview of adverse event profile: treatment-emergent adverse events—safety population

n (%) Test (combination tablet)
(N = 66)

Reference (separate tablets)
(N = 67)

Subjects with any TEAE 9 (13.6) 6 (9.0)

Subjects with severe TEAE 0 1 (1.5)

Subjects with any treatment emergent SAE 0 0

Subjects with any TEAE leading to permanent treatment

discontinuation

0 1 (1.5)

Subjects with any TEAE leading to study discontinuation 0 1 (1.5)

Subjects with any TEAE of special interest (AESI) 0 0

Any severe TEAE corresponds to any grade 3 TEAE when using NCI-CTCAE grading
N = number of subjects treated within each group, n (%) = number and % of subjects with at least one TEAE in each
category
An adverse event is considered as treatment emergent if it occurred from the time of the first investigational medicinal
product (IMP) administration (included) for a period up to 5 days (included) in each treatment period
TEAE treatment emergent adverse event, SAE serious adverse event, AESI adverse event of special interest
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