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Abstract

Background and Objective The combination of rosuvastatin and ezetimibe has promising clinical benefits with a significant
safety and tolerability profile. However, there is a lack of clinical data supporting the drug—drug interaction (DDI) in Chinese
population. Thus, the aim of this study is to assess the potential pharmacokinetic DDI between rosuvastatin and ezetimibe
in a Chinese population.

Methods In this randomized, open-label, phase 1 study, 12 healthy volunteers were randomized to three treatment groups:
10 mg rosuvastatin plus 10 mg ezetimibe, 10 mg rosuvastatin alone, and 10 mg ezetimibe alone under fasting conditions. The
plasma concentrations of rosuvastatin and ezetimibe were determined, and the pharmacokinetic parameters were calculated.
Primary endpoints were peak plasma concentration (C,,,,), area under the curve from zero to last measurement (AUC,_),
and area under the curve from zero to infinity (AUC,,_,) that were log-transformed, and co-administration was compared
with monotherapy to evaluate the DDI.

Results The geometric mean ratios (GMRs) of rosuvastatin with 90% confidence intervals (CIs) were 0.94 (0.80-1.12) for
Craxo 0.96 (0.85-1.08) for AUC,_;, and 0.96 (0.86-1.07) for AUC,,_, when administered in combination with ezetimibe
versus administered alone. The GMRs of unconjugated ezetimibe and total ezetimibe with 90% CIs were 1.15 (1.00-1.32)
and 0.93 (0.80-1.07) for C,,,, 0.96 (0.84-1.10) and 0.95 (0.83-1.08) for AUC,,_,, and 1.06 (0.96-1.18) and 0.94 (0.80-1.11)
for AUC,_,, respectively, when administered in combination with rosuvastatin versus administered alone.

Conclusion Co-administration of rosuvastatin and ezetimibe showed no clinically significant pharmacokinetic interactions

in a healthy Chinese population.

Co-administration of rosuvastatin and ezetimibe showed
no clinically significant pharmacokinetic interactions in
a healthy Chinese population.
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1 Introduction

Dyslipidemia is one of the major risk factors for coronary
artery diseases, cerebrovascular diseases, and atherosclero-
sis [1]. The overall prevalence of dyslipidemia in Chinese
adults is 43%, and by 2030, the increase in serum cholesterol
level is expected to increase the incidence of cardiovascu-
lar events in China by approximately 9.2 million cases [2].
A cross-sectional study (DYSIS-China) involving 25,317
patients across China had demonstrated that up to 38.5%
of patients with dyslipidemia in China were unable to reach
their low-density lipoprotein cholesterol (LDL-C) targets,
reflecting a huge unmet need of more efficient lipid-lowering
agents [3].

The discovery of statin molecules from fungi has revo-
lutionized the treatment of hypercholesterolemia. Statins
reversibly inhibit 3-hydroxy-methyl glutaryl-coenzyme A
(HMG-CoA) reductase, which is the rate-limiting enzyme
in cholesterol biosynthesis, and are recommended by a num-
ber of international guidelines, including American Heart
Association (AHA), National Lipid Association (NLA), and
Preventive Cardiovascular Nurses Association (PCNA), as
the first choice of treatment for reducing plasma choles-
terol levels [4, 5]. Rosuvastatin is a fully synthetic statin
that competitively binds to HMG-CoA reductase [6] and
is metabolized to N-desmethyl metabolite, which is a less
potent substrate, via cytochrome P450 (CYP) enzymes
such as CYP2C9 and CYP2C19; however, rosuvastatin is a
poor substrate for CYP450, with 90% of the drug excreted
unchanged [7]. Previous studies have shown that, owing to
limited metabolism by CYP enzymes, drug—drug interaction
(DDI) is unlikely to occur with rosuvastatin [7]. Martin et al.
showed that rosuvastatin is eliminated primarily in the feces
(90%) compared with renal excretion (10%), with 19 h of
plasma half-life (¢,,) [8]. A few studies have demonstrated
that rosuvastatin has better efficacy in improving lipid profile
than other molecules of the same class because of its high
binding potency [9-12]. Although intensive statin therapies
effectively reduce LDL-C, only one-fifth of statin users
actually achieve the desired lipid goals [13]. Furthermore,
high doses of statin have raised safety concerns, as they may
promote myopathy and new-onset diabetes [14]. To address
these issues, it is necessary to combine statins with addi-
tional lipid-modifying therapies that act via different mecha-
nisms [15]. Ezetimibe is a first-in-class cholesterol absorp-
tion inhibitor that prevents the intestinal uptake of dietary
and biliary cholesterol by inhibiting Niemann—Pick C1-like
1 protein [15]. Ezetimibe is metabolized into ezetimibe—glu-
curonide and unconjugated ezetimibe by uridine 5-diphos-
phate—glucuronosyltransferase (UGT) enzymes such as
UGT1A1, UGT1A3, and UGT2B15 [16]. The metabolized
parent drug and its conjugated metabolites are transported
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to the liver via portal vessels, leading to further glucuro-
nidation of ezetimibe [17]. Eventually, ezetimibe—glucu-
ronide gets secreted into the intestine, where it exerts its
pharmacological activity and significantly contributes to
the efficacy and safety profile of the drug [17]. A study by
Patrick et al. on metabolism of ezetimibe in healthy male
participants showed that around 90% of the total plasma
radioactivity was accounted for by ezetimibe—glucuron-
ide, while unconjugated ezetimibe contributed < 5% after
0.5 h of administration. After 24 h, human plasma contains
only ezetimibe—glucuronide, whereas 10 days later, 11%
and 78% of ezetimibe were recovered in urine and feces,
respectively [18]. Although 69% of ezetimibe has been
shown to be recovered in feces in the form of unconjugated
ezetimibe, this indicates low absorption or hydrolysis of
ezetimibe—glucuronide secreted in the bile [18]. Therefore,
it is recommended by the US Food and Drug Administra-
tion that pharmacokinetic parameters of both total ezetimibe
and unconjugated ezetimibe need to be considered during
pharmacokinetic evaluations [19, 20]. Administration of
ezetimibe as a monotherapy is recommended to treat hyper-
cholesterolemia in patients who are intolerant to statin [1].
Previous trials have demonstrated that ezetimibe can lower
LDL-C levels by 10% as monotherapy and by 25% if admin-
istered in combination with statins [13, 21].

Provided that the combination of rosuvastatin and
ezetimibe is both well tolerated and safe, the potential
therapeutic effects of these drugs offer promising clinical
benefits [22]. Previously, an in-house study assessed DDI
between 10 mg Ezetrol tablet (ezetimibe) and 40 mg Crestor
(rosuvastatin) tablet in Caucasians. The results showed that
the 90% confidence intervals (Cls) for the geometric mean
ratio (GMR) of peak plasma concentration (C,,,,) and area
under the curve from zero to last measurement (AUC,,_,)
of rosuvastatin (concomitant administration of Ezetrol ver-
sus Crestor), unconjugated ezetimibe, and total ezetimibe
(concomitant administration of Crestor versus Ezetrol)
were within the bioequivalence range of 80-125%, con-
firming that the pharmacokinetic profiles of rosuvastatin and
ezetimibe were not impacted by concomitant administration
in Caucasians. However, there is a lack of clinical data sup-
porting this hypothesis in a Chinese population [22]. Hence,
there is a need to establish clinical evidence on the DDI of
rosuvastatin and ezetimibe in Chinese adults.

The US Food and Drug Administration recommends that
rosuvastatin therapy in Asian patients be initiated at half the
normal dose for non-Asians because of its increased plasma
concentration [23]. Considering the pharmacokinetic pro-
files of these two drugs, a fixed-dose combination of rosu-
vastatin/ezetimibe 10 mg/10 mg in Chinese participants
would be expected to result in similar average systematic
exposure as compared with a 20 mg/10 mg dose in Cau-
casians. Therefore, in this phase 1 clinical trial, we aim to
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evaluate the pharmacokinetic interactions, safety, and tol-
erability of rosuvastatin and ezetimibe in healthy Chinese
participants as per local regulatory requirements.

2 Subjects and Methods
2.1 Study Population and Inclusion Criteria

We conducted a phase 1, single-center, open-label, rand-
omized, single-dose, three-treatment, three-period, three-
sequence, crossover study to assess the DDI between
ezetimibe 10 mg tablet (Ezetr01®, MSD Pharma, batch no.
T000913, manufacturing date: 12 October 2019, expiry date:
11 October 2022) and rosuvastatin 10 mg tablet (Crestor®,
AstraZeneca UK Limited, batch no. 500230, manufactur-
ing date: September 2019, expiry date: August 2020) in
healthy Chinese participants under fasting condition at
Peking University (PKU) Care, Luzhong Hospital, China
from 16 December 2020 to 18 January 2021. Healthy Chi-
nese volunteers aged between 18 and 45 years (inclusive),
with body mass index of 18.5-27.9 kg/m? (inclusive), and
certified as healthy by clinical and biological assessments
were included. The serum creatinine phosphokinase levels
should be no more than 2.5 times the upper limit of normal
(ULN), and the aspartate aminotransferase and alanine ami-
notransferase levels should be no more than 1.25 times the
ULN. Participants were excluded if they smoke regularly
(more than five cigarettes or equivalent per week), consume
alcohol heavily (more than 40 g alcohol per day on a regular
basis), have any clinically significant medical histories, have
abnormal physical and laboratory examination findings, or
are on concomitant medication. In addition, the participants
were instructed to abstain from consuming citrus fruits and
other fruits (such as mango and dragon fruit) that are known
to affect the activity of drug-metabolizing enzymes at least
5 days before the administration of the study drug. The study
was conducted in accordance with 1964 Declaration of Hel-
sinki and its latest amendments, good clinical practice guide-
lines, and other local regulatory laws and guidelines (clini-
cal study number CTR20202332). Written informed consent
was obtained from all eligible participants before induction.

2.2 Study Design and Procedure

The participants who met the inclusion criteria were rand-
omized and assigned with a randomization number sequen-
tially in a 1:1:1 ratio to three different sequences of treat-
ments (sequence 1 versus sequence 2 versus sequence 3)
according to a computer-generated random sequence. As the
study was open label, participants, investigators, and study
members had access to treatment assignment. The dose
levels of ezetimibe 10 mg and rosuvastatin 10 mg for the

present study were selected on the basis of the label/sum-
mary of product characteristics (SPC) of ezetimibe tablet
(Ezetrol) and rosuvastatin tablet (Crestor), which is used in
clinical practices in China.

The treatment regimens were as follows: treatment 1,
co-administration with one rosuvastatin 10 mg film-coated
tablet and one ezetimibe 10 mg tablet; treatment 2, adminis-
tered with one rosuvastatin 10 mg film-coated tablet alone;
and treatment 3, administered with one ezetimibe 10 mg tab-
let alone. The three different sequences were defined as fol-
lows: sequence 1, treatments 1, 2, and 3 in periods 1, 2, and
3, respectively; sequence 2, treatments 2, 3, and 1 in periods
1,2, and 3, respectively; and sequence 3, treatments 3, 1, and
2 in periods 1, 2, and 3, respectively. Each treatment period
was separated by a 10-day washout period. To avoid food
effects, the participants were kept in fasting condition for
at least 10 h before dose administration. Participants were
orally administered with the assigned investigational medici-
nal product IMP) with 240 mL of water. Water was not
allowed for at least 1 h before and after the administration
of IMP, and no food was allowed for at least 4 h after the
administration. Lunch and dinner were permitted at 4 and
10 h after the administration of drug, respectively. After the
administration, the participants stayed in a semi-recumbent
position or stayed seated for a minimum of 2 h.

According to the SPC, the t,,, of ezetimibe (Ezetrol) and
rosuvastatin (Crestor) is approximately 22 and 19 h, respec-
tively. Hence, different plasma sampling timepoints were
followed for both the drugs [24, 25]. The duration for col-
lecting pharmacokinetic blood samples for ezetimibe and
rosuvastatin was considered up to 96 and 72 h, respectively,
after the administration of dose with a sufficient washout
period of 10 days. To measure the pharmacokinetic param-
eters of ezetimibe, blood samples were collected before dos-
ing and at 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 after dosing. In the case of
rosuvastatin, as per the previous studies, the C,,,. is reached
at 3-5 h after the administration of the drug [26]. So, to
ensure a sufficient time frame to assess the pharmacokinetic
profile of rosuvastatin, extensive sampling was performed.
To measure the pharmacokinetic parameters of rosuvastatin,
blood samples were collected before dosing and at 0.5, 1,
1.5,2,2.5,3,3.5,4,45,5,5.5,6,8,12,24,36,48,and 72 h
after dosing (Fig. 1).

The plasma concentrations of rosuvastatin, unconjugated
ezetimibe, and total ezetimibe were measured using a vali-
dated liquid chromatography—tandem mass spectrometry
(LC-MS/MS) method as discussed previously by Bhadoriya
et al. (2018) [27] (Covance Pharmaceutical Research and
Development, Shanghai, China) with lower limit of quanti-
fication as 0.0400, 0.0500, and 0.500 ng/mL, respectively.
The samples were pretreated by liquid—liquid extraction.
Di-potassium ethylenediaminetetraacetic acid (K,EDTA)
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Pharmacokinetics (PK) sampling:

Rosuvastatin: Pre-dosing, 0.5, 1,1.5,2,25,3,3.5,4,45,5,5.5,6, 8,12, 24, 36, 48 and 72 hours after dosing
Ezetimibe: Pre-dosing, 0.25, 0.5, 0.75,1,1.25,1.5,1.75,2,25, 3,4, 5, 6, 8, 10, 12, 24, 48, 72 and 96 hours after dosing

EOS: End of study
IMP: Investigational medicinal products
Wash-out: 10 days between each dosing

Fig.1 Schematic study design of the clinical trial (three-treatment, three-period, three-sequence, crossover study)

was used as a plasma stabilizer in a 1:1 ratio (stabilizer:
plasma). For rosuvastatin, the compounds were identified
and quantified using ultra-performance liquid chroma-
tography (UPLC)-MS/MS detection over a concentration
range of 0.0400 to 40.0 ng/mL in untreated plasma and
0.0200-20.0 ng/mL in plasma treated with stabilizer. For
ezetimibe, the isotopes ezetimibe-D4 and ezetimibe-D4 p-p-
glucuronide were used as internal standards. The ezetimibe
phenoxy B-p-glucuronide and unconjugated ezetimibe
were identified and quantified over a concentration range
of 0.500-200 ng/mL and 0.0500-20.0 ng/mL, respectively.

The LC-MS/MS method was followed as per Bhadoriya
et al. [27]. Briefly, Shimadzu Nexera X2 UHPLC with triple
quadrupole mass spectrometer detector Shimadzu LCMS-
8040 (Shimadzu Corporation, Kyoto, Japan) and Waters
Symmetry C18 (100 X 4.6 mm, 3.5 pm) column was used
for the separation of the analytes. Acetonitrile and 10 mM
ammonium formate with pH 3.5 adjusted with 0.1% formic
acid in 70:30 (v/v) were used as a mobile phase with 0.8 mL/
min as a flow rate. The temperature for column oven and
autosampler was maintained at 30 °C and 5 °C, respectively.
Isotope rosuvastatin-D6 was used as an internal standard.
The MS/MS detection in the positive and negative electro-
spray ionization mode was used for the quantification of
rosuvastatin and ezetimibe, respectively. The flow rate of
4.0 and 10.0 L/min was kept for nebulizing gas (N,) and dry-
ing gas (N,), respectively. The desolvation line and the heat
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block temperature were maintained at 300°C and 400°C,
respectively, with interface voltage of 3.0 kV, 250 kPa of col-
lision-induced dissociation gas (argon). The optimum values
for compound-dependent parameters such as quadrupole (Q)
1 pre-bias voltage, collision energy, and Q3 pre-bias voltage
were set at 25 'V, 35 eV, and 25 V, respectively, for rosuvasta-
tin; 24 V, 36 eV, and 22 V, respectively, for rosuvastatin-do6;
21V, 17 eV, and 17 V, respectively, for ezetimibe; and 20 V,
18 eV, and 19 V, respectively, for ezetimibe d4. Q1 and Q3
were maintained at unit mass resolution, and the dwell time
was set at 100 ms. Shimadzu LabSolutions software was
used for data processing.

2.3 Outcomes of the Study

The primary objective of the present study was to assess
the DDI between ezetimibe 10 mg tablet and rosuvastatin
10 mg tablet in healthy Chinese participants under fasting
condition, whereas the secondary objective was to assess the
safety and tolerability of rosuvastatin and ezetimibe.

2.3.1 Pharmacokinetics and DDI Study Endpoints

The pharmacokinetic assessment of rosuvastatin, uncon-
jugated ezetimibe, and total ezetimibe plasma concentra-
tions was conducted using standard noncompartmental
methods. Total ezetimibe was calculated from the sum of
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Table 1 List of pharmacokinetic parameters and definitions

Parameter Drug/analyte

Matrix Definition/calculation

Crax Rosuvastatin, unconjugated ezetimibe, and total ezetimibe
T ax Rosuvastatin, unconjugated ezetimibe, and total ezetimibe
AUC,,,  Rosuvastatin, unconjugated ezetimibe, and total ezetimibe
AUC Rosuvastatin, unconjugated ezetimibe, and total ezetimibe
tin Rosuvastatin, unconjugated ezetimibe, and total ezetimibe
A, Rosuvastatin, unconjugated ezetimibe, and total ezetimibe
Thast Rosuvastatin, unconjugated ezetimibe, and total ezetimibe
Chast Rosuvastatin, unconjugated ezetimibe, and total ezetimibe
CL/F Rosuvastatin, unconjugated ezetimibe, and total ezetimibe

Plasma Time to reach C

Plasma Maximum plasma concentration observed

max

Plasma Area under the plasma concentration versus time curve calcu-

lated using the trapezoidal method from time zero to the real
time, T}, (time corresponding to the last concentration above
the limit of quantification, Cj,)

Plasma Area under the plasma concentration versus time curve extrapo-

lated to infinity according to the following equation:
AUC = AUC;, +
Values with percentage of extrapolation > 20% will not be
reported for bioequivalence analysis

Plasma Terminal half-life associated with the terminal slope (4,) deter-

mined according to the following equation:
0.693

hp= —/
4, . . .

where 4, 15 the slope of the regression line of the terminal phase
of the plasma concentration versus time curve in semi-loga-
rithmic scale. Half-life is calculated by taking the regression

of at least three points

Plasma 4, is the slope of the regression line of the terminal phase of the

plasma concentration versus time curve in semi-logarithmic
scale. 4, is calculated by taking the regression of at least three
points

Plasma (First) time corresponding to the last observed concentration

above the lower limit of quantification

Plasma Last observed concentration above the lower limit of quantifica-

tion

Plasma Apparent total body clearance (CL) after a single extravascular

dose of a drug from the matrix calculated using the following

equation:
__ Dose
CL/F = AUC

free ezetimibe (unconjugated) and ezetimibe—glucuronide
(conjugated) taking into consideration the adjustment per
molecular weight, for each analyte. The pharmacokinetics
and DDI endpoints of the study were C,,,,, AUC,_,, and area
under the curve from dosing time extrapolated to infinity
(AUC,_,), median time to reach the maximum plasma con-
centration (7,,,), and terminal elimination #,,, of drug. Other
parameters included in the study are summarized in Table 1.
To evaluate DDI, the values of C,,,,, AUC,_, and AUC,_
were log-transformed and compared for co-administration
(treatment 1) and administration of rosuvastatin (treatment
2) or ezetimibe alone (treatment 3).

2.3.2 Safety and Tolerability Assessments

Safety assessments were performed on safety population.
Safety and tolerability were investigated through spontane-
ous reporting and inquiries regarding adverse events (AEs)
and treatment-emergent adverse events (TEAEs) from the
time of IMP administration of each treatment period to day
5 (included). Potential clinically significant abnormalities,
physical examinations, vital sign measurements, 12-lead

electrocardiogram, and laboratory tests, including serum
chemistry, urinalysis, and hematology, were also performed
to monitor tolerability. The AEs were graded on the basis of
Common Terminology Criteria for Adverse Events (CTCAE
v5) and were classified by System Organ Class/preferred
term according the Medical Dictionary for Regulatory
Activities. For AEs not included in the CTCAE, the inves-
tigator assessed the intensity of the adverse drug/biologic
experience using the CTCAE general guideline.

According to the CTCAE v5, TEAE was defined as AEs
that occurred, worsened, or became serious during the on-
treatment phase. TEAEs were assigned to the treatment
received at the time of AE onset.

2.3.3 Sample Size Calculation

On the basis of pharmacokinetic parameters (C,,,, and
AUC,_p of rosuvastatin and ezetimibe, within-subject SD
was calculated as 0.275 (inline studies) and was used for
sample size calculation. Using a linear mixed effect model,
a total number of participants N = 6, 9, 12, and 15 were

considered, assuming a true within-subject SD of 0.275 for
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Table 2 Maximum imprecision of different sample sizes

Confidence level: 90%

Maximum impreci- Maximum width 90% CI for an observed ratio

Assurance: 90% sion (%)
Within-subject SD on log scale Sample size 0.9 0.95 1.00 1.05
0.275 6 31.7 0.61-1.32 0.65-1.39 0.68-1.46 0.72-1.54
24.4 0.68-1.19 0.72-1.26 0.76-1.32 0.79-1.39
12 20.6 0.71-1.13 0.75-1.20 0.79-1.26 0.83-1.32
15 18.2 0.74-1.10 0.78-1.16 0.82-1.22 0.86-1.28

Imprecision is in terms of the relative distance (%) of the lower 90% confidence limit from the observed ratio. The distance of the upper 90%
confidence limit from the observed ratio will be greater owing to asymmetry

CI confidence interval, SD standard deviation

log-transformed pharmacokinetic parameters. The maxi-
mum imprecision (in terms of the 90% CI) for the ratio of
analytes in co-administration of Ezetrol and Crestor versus
monotherapy that was obtained with 90% assurance for dif-
ferent patient numbers is presented in Table 2. With nine
participants, any predefined ratio mean can be estimated
with maximum imprecision of 24.4% (90% CI will be 0.65
and 1/0.65 times the observed ratio), with 90% assurance.
Considering the potential dropout, 12 participants were used
for this study.

2.4 Statistical Analysis

All statistical analysis was conducted by SAS version 9.4.
Descriptive statistics were used to analyze baseline patient
demographics, pharmacokinetics, and safety profiles. The
results were expressed as mean + standard deviation (SD),
except for T,,,,, which was expressed as median (minimum
and maximum values). To assess the associated DDI, a two-
sided 90% CI for the true mean difference between treat-
ments for pharmacokinetic parameters (C,,,,, AUC,_, and

AUC,,_,) on the log scale was computed from the
following linear mixed effect model: log (parame-
ter) = Sequence + Period + Treatment + Error, with fixed
terms for sequence, period, and treatment and with an
unstructured 3-by-3 matrix of treatment-specific variances
and co-variance for subject within sequence. These con-
fidence limits were then exponentiated to obtain the 90%
CIs for the true GMRs for the pharmacokinetic parameters,
including C,,,, AUC,_,, and AUC,__, (co-administration
versus administered alone).

3 Results
3.1 Demographics and Baseline Characteristics

A total of 12 healthy volunteers were enrolled in this study.
Among them, one volunteer discontinued the study treatment
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Table 3 Baseline demographics of healthy Chinese participants
(N=12)

Parameter Value
Age (years)
Mean (+ SD) 29.9 (6.6)
Median (range) 29.0 21-41)
Sex [1n (%)]
Female 4(33.3)
Male 8 (66.7)
Weight (kg)
Mean (+ SD) 68.46 (6.31)
Median (range) 65.50 (62.9-80.3)
Height (cm)
Mean (+ SD) 165.8 (9.4)
Median (range) 165.0 (153-185)
BMI (kg/m?)
Mean (+ SD) 24.92 (1.62)

Median (range) 24.75 (22.4-27.0)

BMI body mass index, n number of participants, SD standard devia-
tion

after the completion of period 1 (received only rosuvastatin,
treatment 2) owing to withdrawal of consent by subject’s
decision. The pharmacokinetics and the safety analysis for
rosuvastatin were based on the results of 12 healthy volun-
teers, and the pharmacokinetics and the safety analysis for
co-administration (treatment 1) and only ezetimibe mono-
therapy (treatment 3) were based on the results of 11 healthy
volunteers. Of these 12 healthy volunteers enrolled, 8 vol-
unteers (66.7%) were male and 4 volunteers (33.3%) were
female, and the mean age was 29.9 + 6.6 years. The demo-
graphic characteristics at baseline are presented in Table 3.
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Table 4 Pharmacokinetic comparisons of rosuvastatin, unconjugated ezetimibe, and total ezetimibe after administration

Parameter Rosuvastatin Unconjugated ezetimibe Total ezetimibe
Administered alone  Co-administration Administered alone  Co-administration Administered alone  Co-administration
(n=12) with ezetimibe (n=11) with rosuvastatin (n=11) with rosuvastatin
(n=11) (n=11) (n=11)
Crax 12.6 +5.99 11.5 +5.33 4.17 £2.59 4.75 +2.61 60.0 £354 59.2 +40.2
AUC, 113 +51.6 101 +37.1 102 +42.1 94.0 +31.0 632 +319 565 + 255
AUC, * 115+523 103 + 37.6 110 £ 51.9 98.2 +37.4 688 + 356 679 + 457
Tmaxb 4.50 (0.50-4.50) 4.50 (2.00-4.50) 2.00 (0.50-24.02) 1.50 (0.50-12.00) 0.75 (0.50-4.00) 0.75 (0.50-5.00)
it 12.9 +5.10 124 +4.18 21.0 £ 9.85 21.8 +7.97 22.0+12.1 27.8 £27.7

Units of parameters: AUC,, , in ng-h/mL, AUC,,__, in ng-h/mL, C

max

AUC,_, area under curve from zero to last measurement (ng-h/mL), AUC,_,, area under curve from zero to infinity (ng-h/mL), C,,

concentration observed (ng/mL), SD standard deviation, 7,

> % max

in ng/mL, T, in hours, and ¢, in hours.

o Maximum

time taken to reach maximum concentration (hours), t;,, half-life (hours)

2Values are represented as mean + SD; ® Values represented as median (range)

3.2 Primary Endpoints
3.2.1 Pharmacokinetic and DDI Endpoints

After the administration of rosuvastatin alone (treatment
2) and co-administration with ezetimibe (treatment 1),
the mean C,,, + SD of rosuvastatin was 12.6 + 5.99 and
11.5 + 5.33 ng/mL, respectively, whereas the mean AUC
o £ SD was 113 + 51.6 and 101 + 37.1 ng-h/mL, respec-
tively (Table 4). The mean AUC,,__, + SD of monotherapy
of rosuvastatin and co-administration with ezetimibe was
115 + 52.3 and 103 + 37.6 ng-h/mL, respectively. The T},
for both rosuvastatin administered alone and co-administered
with ezetimibe was 4.5 h, with a mean ¢,, of 12.9 + 5.10
and 12.4 + 4.18 h, respectively (Table 4). The GMRs of
Cax AUC_, and AUC,,_, for rosuvastatin co-administered
with ezetimibe versus administered alone were 0.94 (90%
CI0.80-1.12), 0.96 (90% CI 0.85-1.08), and 0.96 (90% CI
0.86-1.07), respectively (Table 5).

After the administration of ezetimibe alone (treatment 3)
and co-administration with rosuvastatin (treatment 1), the
mean C,,, of unconjugated ezetimibe was 4.17 + 2.59 and

4.75 + 2.61 ng/mL, respectively, whereas the mean AUC

o Was 102 + 42.1 and 94.0 + 31.0 ng-h/mL, respectively
(Table 4). The mean AUC,,_, of unconjugated ezetimibe for
administration alone was 110 + 51.9 ng-h/mL, whereas after
co-administration, the mean AUC,,_,, was 98.2 + 37.4 ng-h/
mL. The median 7,,, was 2 and 1.5 h for administration
alone and co-administration with rosuvastatin, respectively,
with a respective mean ¢, of 21.0 + 9.85 and 21.8 + 7.97 h
(Table 4). The GMRs of C,,,,, AUC_, and AUC,,_, for
conjugated ezetimibe co-administered with rosuvastatin
versus administered alone were 1.15 (90% CI 1.00-1.32),
0.96 (90% CI 0.84-1.10), and 1.06 (90% CI 0.96-1.18),
respectively (Table 5). For total ezetimibe, the mean
C,..x for monotherapy of ezetimibe and co-administration
with rosuvastatin was 60 + 35.4 and 59.2 + 40.2 ng/mL,
respectively, whereas the mean AUC,, , was 632 + 319 and
565 + 255 ng-h/mL, respectively. The mean AUC,,_, of total
ezetimibe for monotherapy of ezetimibe and co-administra-
tion with rosuvastatin was 688 + 356 and 679 + 457 ng-h/
mL, respectively. The median T,,,, of total ezetimibe was
0.75 h for both monotherapy of ezetimibe and co-adminis-
tration with rosuvastatin, with a mean ¢,,, of 22 + 12.1 and
27.8 + 27.7 h, respectively (Table 4). The GMRs of C,,,,..
AUC,_, and AUC,,_ for total ezetimibe co-administered

Table 5 Point estimates of treatment ratios with 90% CIs: rosuvastatin, unconjugated ezetimibe, and total ezetimibe

Parameter Rosuvastatin [GMR (95% CI)] Unconjugated ezetimibe [GMR (95% Total ezetimibe [GMR (95%
CD)] CD)]
Administered alone versus co-admin-  Administered alone versus co-adminis- Administered alone versus co-
istration with ezetimibe tration with rosuvastatin administration with rosuvastatin
Crax 0.94 (0.80-1.12) 1.15 (1.00-1.32) 0.93 (0.80-1.07)
AUC, 0.96 (0.85-1.08) 0.96 (0.84-1.10) 0.95 (0.83-1.08)
AUC,_, 0.96 (0.86-1.07) 1.06 (0.96-1.18) 0.94 (0.80-1.11)

AUC,_, area under curve from zero to last measurement, AUC,,_,, area under curve from zero to infinity, CI confidence interval, C,,,, maximum

max
concentration observed, GMR geometric mean ratio
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Fig.2 Mean (SD) plasma concentration—time profiles for rosuvastatin alone following co-administration with ezetimibe. a Linear scale, b Semi-
logarithmic scale. LLOQ lower limit of quantification, SD standard deviation

with rosuvastatin versus administered alone were 0.93 (90%
CI 0.80-1.07), 0.95 (90% CI 0.83-1.08), and 0.94 (90% CI
0.80-1.11), respectively (Table 5).

The mean (SD) plasma concentration—time profiles for
rosuvastatin, unconjugated ezetimibe, and total ezetimibe
are illustrated in Figs. 2, 3, and 4, respectively. Each figure
is displayed on the linear and semi-logarithmic scales.

3.3 Secondary Endpoints
3.3.1 Safety Analysis

Only 1 (9.1%) of 11 healthy volunteers from ezetimibe
monotherapy and 1 (8.3%) of 12 healthy volunteers of

Mean (+SD) Concentration (ng/mL)

rosuvastatin monotherapy were reported grade 1 TEAE:s.
None of the volunteers reported TEAEs with co-adminis-
tration of rosuvastatin and ezetimibe. For the ezetimibe and
rosuvastatin monotherapy groups, the AEs were reported as
increased blood creatinine and triglyceride levels, respec-
tively. No other abnormal findings on clinical laboratory
tests, physical examinations, or vital signs were reported.
None of the volunteers withdrew from the study owing to
AEs, and no deaths were reported.

R
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Fig.3 Mean (SD) plasma concentration—time profiles for unconjugated ezetimibe: administration of ezetimibe alone following co-administration
with rosuvastatin. a Linear scale, b semi-logarithmic scale. LLOQ lower limit of quantification, SD standard deviation
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4 Discussion

The current study evaluated the potential pharmacokinetic
interaction between rosuvastatin and ezetimibe. These two
drugs have been widely used as a co-therapy in many parts
of the world in different ethnic groups to generate additive
effects for controlling the levels of LDL-C and have been
recommended by various international guidelines such as the
European Society of Cardiology/European Atherosclerotic
Society (ESC/EAS) and American College of Cardiology
and American Heart Association (ACC/AHA) guidelines
[28, 29]. Furthermore, several well-designed clinical studies
(EXPLORER, ACTE, and GRAVITY) conducted in Cau-
casian populations reported that significantly more patients
administered with co-therapy achieved target LDL-C goal
compared with those on rosuvastatin monotherapy [30-32].
Kouvelos et al. conducted a randomized clinical trial in
Greece where patients were administered 10 mg rosuvas-
tatin as monotherapy or co-therapy of 10 mg rosuvastatin
and 10 mg ezetimibe [33]. The study reported intensified
lipid-lowering results in terms of reduced LDL-C levels with
co-therapy compared with rosuvastatin monotherapy [33].
In a real-world analysis by Foody et al., in the USA, the
reported odds of attaining LDL-C increased by 3.1-fold in
patients who were administered with ezetimibe on top of
rosuvastatin [34]. Other clinical trials in Asian (Korean and
Japanese) populations also demonstrated that co-therapy of
rosuvastatin and ezetimibe resulted in additive therapeutic
effects, resulting in better LDL-C levels [35, 36].
According to the Center for Drug Evaluation regulations
in China, any drug marketed abroad that has to be premar-
keted in China needs pharmacokinetic, pharmacodynamic,
pharmacokinetic/ pharmacodynamic, and DDI data of the
Chinese population, unless there is evidence that no racial

difference exists between Chinese and other populations
[37]. Hence, the present study was conducted to study
pharmacokinetics and DDI of rosuvastatin and ezetimibe
in a Chinese population. Contextually, two studies reported
rosuvastatin to have an at least twofold higher exposure in
Asians compared with whites in the same conditions after
controlling for only solute carrier organic anion transporter
family member 1B1 (SLCOI1B1) wild type [38, 39]. Another
study reported that reduced-function single-nucleotide poly-
morphism frequency for SLCOIBI *typel5 is more wide-
spread in Eastern Asians than in whites (14% versus 2.7%)
[23]. Reduced-function polymorphisms and minor allele
frequency of SLCOIB]I (gene encoding OATP1B1) are sug-
gested as the key reasons for interethnic disparity in rosuv-
astatin pharmacokinetics and DDIs. Interestingly, a recent
study reported differences in SLCO1B]1 haplotype frequen-
cies even within the Asian population, where SLCOIB]1 gene
haplotype frequency demonstrated a prevalence of 1.2% in
Chinese, whereas it was absent among the Korean and Viet-
namese populations [40]. Hence, it is crucial to explicitly
rule out any possibility of pharmacokinetic interactions of
rosuvastatin with ezetimibe in the Chinese population.

The mean C,, and AUC_, of rosuvastatin adminis-
tered as co-administration with ezetimibe (C,,: 11.5 ng/
mL, AUC_: 101 ng-h/mL) versus administered alone
(Cpax: 12.6 ng/mL, AUC_: 113 ng-h/mL) in the present
study were comparable to those reported by Kang et al.
The study reported 12.5 ng/mL and 115.5 ng-h/mL of mean
Cpax and AUC,,_ values with rosuvastatin co-administration
(10 mg rosuvastatin + 10 mg ezetimibe) and 12.2 ng/mL
and 115.1 ng-h/mL when administered alone, respectively
[41]. As demonstrated in previous studies [1, 42], the mean
Cpa AUC_, and AUC,,__ values in our study were also
similar between administered alone and co-administration,
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indicating that both rosuvastatin and ezetimibe were almost
unaffected by their respective co-administration treatments.
Moreover, the T, ,, and the ¢, values in our study were
comparable between concomitantly and individually admin-
istered rosuvastatin and ezetimibe, further confirming that
the pharmacokinetic properties of these two drugs are not
affected by co-administration of each other in healthy Chi-
nese volunteers under fasting conditions. As demonstrated
previously, rosuvastatin was observed to have relatively
shorter terminal f,,, compared with total ezetimibe and
unconjugated ezetimibe [42]. The time—concentration curve
of ezetimibe exhibited multiple peaks due to enterohepatic
circulation, which were consistent with the findings from
previous reports [19, 42, 43].

In the current study, DDI assessment indicated no clini-
cally significant interactions between the two drugs in
healthy Chinese volunteers. The results were in accord-
ance with reported clinical studies that have demonstrated
a lack of clinically significant pharmacokinetic DDI in both
Asian and non-Asian populations [1, 22, 42]. In a South
Korean population, the GMR of C,,, for rosuvastatin,
total ezetimibe, and free ezetimibe was 1.099, 0.996, and
1.182, respectively, which was comparable to the results of
our study [1]. Similarly, Kang et al. also reported a lack
of clinically significant DDI with GMR for ezetimibe C,,,,
and AUC,_, as 108.96% and 98.13% and for rosuvastatin as
106.20% and 102.88%, respectively [41].

The insignificant interaction between the two drugs could
be due to several reasons. Firstly, neither drug is reported
to affect any of the major CYP enzymes and thus does
not disturb each other’s pharmacokinetic properties [44].
Secondly, transporter-mediated DDI is also not a concern
because, although transporter inhibitors may affect the expo-
sure of rosuvastatin, ezetimibe is neither an inhibitor nor an
inducer of these transporters and does not alter rosuvastatin
exposure. Thirdly, the pathways by which these two drugs
are metabolized are quite different. Although rosuvastatin is
a hepato-selective hydrophilic drug that is metabolized by
CYP2C19, CYP3A4, and CYP2D6, ezetimibe is majorly
metabolized presystemically by glucuronidation in the intes-
tinal wall and further metabolized by UGT1A1, UGT1A3,
and UGT2B15 enzymes [7, 16].

The treatments in our study were well tolerated with no
serious AEs. Both of the AEs reported in rosuvastatin and
ezetimibe administered alone were mild and resolved with-
out any complications. This study may contribute important
evidence for developing fixed-dose combination tablet in
China to increase patient compliance. Limitations of our
study include that only healthy volunteers were eligible for
inclusion as this reduces the potential impact of underly-
ing diseases and concomitant medications. Nevertheless,
it should be noted that, in real-world clinical practice, the
pharmacokinetics of rosuvastatin and ezetimibe still might
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be influenced by concomitant medications or underlying
diseases. Moreover, we determined only the pharmacoki-
netic characteristics but not pharmacological effects, and the
LDL-C-lowering effects were not evaluated in patients with
dyslipidemia.

5 Conclusions

In conclusion, co-administration of rosuvastatin and
ezetimibe showed no clinically significantpharmacokinetic
interactions, and the combined administration of these two
drugs was well tolerated in healthy Chinese participants.
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