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ABSTRACT

Recent studies have shown that adding ezetimibe to statins could further reduce levels of Low-Density Lipoprotein
Cholesterol (LDL-C), total cholesterol and triglycerides, and likely increase high-density lipoprotein cholesterol
levels. We conducted an open-label, crossover, single-dose, 3 periods study in 34 healthy Mexican volunteers under
fasting conditions, randomly allocated into 3 treatment groups: Rosuvastatin (20 mg), ezetimibe (10 mg), and
FDC of rosuvastatin (20 mg) and ezetimibe (10 mg), to evaluate the pharmacokinetics (PKs) of drug interactions
between rosuvastatin and ezetimibe as well as the tolerability of the Fixed-Dose Combination (FDC). All subjects
were administered the FDC tablet as well as the same dose of both drugs given separately as monotherapy. The
geometric mean ratio (90% CI) for rosuvastatin in FDC over the single dose was 1.032 (0.937-1.138) for C, and
1.09 (0.998-1.190) for AUC,, .. In the case of ezetimibe C . was 0.897 (0.829-0.971) with an AUC, ofO 993 (O 916-
1.076). A total of 8 Adverse Events (AEs) were reported, the frequency was similar for FDC than m the treatments
administered separately. No clinically significant PK interactions between rosuvastatin and ezetimibe were found,
studied parameters were within conventionally accepted bioequivalence criteria. Tolerability profiles showed to be
similar; therefore, the FDC was well tolerated.
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INTRODUCTION ezetimibe-glucuronide [5]. Absorption of ezetimibe is rapid and not

altered by food content following oral administration. The drug
Rosuvastatin is a synthetic 3-hydroxy-3-methylglutaryl coenzyme A

reductase inhibitor that effectively reduces low density lipoprotein
cholesterol levels [1], designed to obtain potent enzyme inhibition

at the HMGCoA reductase site. The oral bioavailability of

rosuvastatin is approximately 20%, its peak plasma concentration

(C,,) of 6.1 ng/ml occurs at 5 hours (T, ) after a single oral 20 Density Lipoprotein Cholesterol (LDL-C), total cholesterol and

mg ¢ dose [2]. Reductions in levels of trlglycerldes (up to 35%) and triglycerides, and likely increase high density lipoprotein cholesterol
increments in levels of high density lipoprotein cholesterol (up to  |ayels (6.

14%) also have been consistently observed with rosuvastatin, that
is why this drug is well tolerated [3]. The main purpose of this study was to examine the pharmacokinetic

(PKs) interactions and tolerability of rosuvastatin and ezetimibe in
FDC (Trezete®) when administered in healthy Mexican subjects.

is not metabolized by the cytochrome P450 system but extensive
glucuronidation takes place in the intestine. Its combination with
statins has obtained a greater effect, specified to the patient to
reach the recommended target figures. Recent studies have shown
that adding ezetimibe to statins could further reduce levels of Low-

Ezetimibe is a selective cholesterol absorption inhibitor, approved
for use as a monotherapy or combination therapy with 3-hydroxy-

3-methylglutaryl coenzyme A reductase inhibitors for patients ~MATERIALS AND METHODS

with hypercholesterolemia when statin monotherapy does not . .
. S . Patient selection

achieve acceptable low-density lipoprotein cholesterol levels [4].

Following oral administration, ezetimibe is rapidly absorbed and ~ Healthy male and female volunteers aged 18-55 years with body

extensively metabolized (>80%) to the pharmacologically active ~ mass index of 18.0 kg/m%27.0 kg/m* were eligible for the study.
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All subjects were recognized to be in good health based on
medical history, physical examinations, vital signs (blood pressure,
heart rate, and body temperature), 12-lead Electrocardiogram
(ECG), clinical laboratory tests (hematology, blood chemistry,
and urinalysis), serology (hepatitis B surface antigen, hepatitis C
virus antibodies, and HIV antigen/antibodies), Venereal Disease
Research Laboratory (VDRL) test, pregnancy test (when applied)
and urine drug screening (amphetamines, methamphetamines,
barbiturates, cocaine, opiates, benzodiazepine, cannabinoids)
within 12 hours before the first administration of the study drug.
Subjects with a known allergy or hypersensitivity to rosuvastatin or
ezetimibe, subjects with a history of dyspepsia, gastritis, esophagitis,
duodenal or gastric ulcer, subjects with a medical history or diet that
might interfere with drug absorption, distribution, metabolism, or
excretion or with a history of drug or alcohol abuse, were excluded.

30 subjects were required to detect a 20% difference between test
and reference drugs with 80% statistical power at a 5% level of
significance, assuming 34% of Intrasubject or withinsubject
coefficient of variation peak plasma concentration (C_ ) for
ezetimibe, an additional 6 subjects were considered in case of
contingency for subjects who might drop out or no compliance
to protocol [7]. The study protocol and informed consent form
were approved by an Independent Ethics Committee, a Research
Committee (protocol number: CEI_024_0417BD_187s) and
the Ministry of Health in Mexico (COFEPRIS), and all subjects

provided written informed consent before participating.
Study design

The study design was open-abel, randomized, single-dose,
3.treatment, 3-period, 6-sequence, crossover, with 10 days washout
interval between periods (Figure 1). The test medication was 20 mg
rosuvastatin/ 10 mg ezetimibe FDC tablets (Trezete®; Laboratorios
Silanes), and the reference tablets were 20 mg of rosuvastatin
(Crestor®; AstraZeneca) and 10 mg of ezetimibe (Ezetrol®; MSD).
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Figure 1: Study design: Open-label, single-dose, three-treatment, three-
period, six-sequence, cross over. Test (B): Rosuvastatin+ Ezetimibe
(FDC), 20 mg/10 mg, Reference (A1): Crestor® (Rosuvastatin), 20 mg,
Reference (A2): Ezetrol® (Ezetimibe), 10 mg

All subjects were administered a FDC tablet containing 20 mg
rosuvastatin and 10 mg ezetimibe and were also administered
the same dose of both drugs given separately as monotherapy. All
treatments were given under fasting conditions with 250 mL of
water.

To measure the plasma concentration of rosuvastatin and ezetimibe,
blood samples were drawn at O (pre-dose), 0.25, 0.5, 0.75, 1, 2, 3,
4,5,6,1,8, 10, 14, 24, 36, 48, 72 and 96 h after administration
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in each period. The samples were centrifuged at 4,500 rpm for 5
minutes and stored at -70°C £ 10°C until analysis.

Any Adverse Events (AE) were reviewed by integrating data from
vital signs, clinical laboratory tests, physical examinations, and
patient interviews. AEs were recorded in terms of symptoms and
signs, duration, severity, relationship to the study drug, the action
is taken, outcome, and seriousness.

Bioanalysis

Two independent analytical methods were validated to determine
the plasma concentration of rosuvastatin and ezetimibe. No
relevant cross-talk or matrix effects were recognized.

Rosuvastatin

The plasma concentration of rosuvastatin was analyzed using a
liquid chromatographytandem mass spectrometric method (CLAR
MS/MS) (AB Sciex, API 4500 QTrap). The analytical method was
validated in a range of 0.4 ng/mL-100 ng/mL.

Ezetimibe

The plasma concentration of ezetimibe was analyzed using a liquid
chromatographytandem mass spectrometric method (CLAR MS/
MS) (Agilent Technologies, G6410B). The analytical method was
validated in the range of 0.15 ng/mL-16 ng/mL.

PK analysis

The PK parameters of rosuvastatin and ezetimibe were assessed by
non-compartmental analysis using Phoenix®/WinNonlin software.
The AUC was determined using the trapezoidal rule. The area
under the plasma concentration-time curve from time zero to
infinity (AUC, ) was calculated using the formula: AUC | .=AUC_
+Ct/k, where Ct is the last measured plasma concentration and k
is the terminal elimination rate constant. The C__ and the time to
reach C__ (T ) were determined from the plasma concentration

time curve.
Statistical analysis

Statistical analysis was performed using SAS® software 9.2.
Continuous variable data are expressed as means * Standard
Deviation (SD), and categorical data as counts or percentages.
To assess PK equivalence, C__and AUC were log transformed,
and the Geometric Mean Ratio (GMR) and their 90% Cls were

determined.

RESULTS
Population characteristics

34 healthy subjects were enrolled (mean age, 29.58 + 8.52 years;

mean weight, 60.28 kg + 7.61 kg; mean height 159.5 cm + 9.6
cm). One subject did not complete the study due to withdraw
consent. Tolerability profiles were determined using data from
34 subjects who were administered study drugs. PK analysis was
performed using data from 33 subjects who completed the study.
The demographic characteristics of the study subjects are shown in

Table 1.
Table 1: Demographic characteristics of study subjects (n=34).

Characteristics

Mean + SD

Age (years)

29.58 +8.52 (18-45)

Height (cm)

159.5 + 9.6 (141-183)

Body weight (kg)

60.28 + 7.61 (48-76)
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Body mass index (Kg/m?) 23.65 + 1.77 (20.55-23.65) (0.916-1.076) for ezetimibe, respectively (Table 3).

Note: Data are expressed as mean * standard deviation (min-max)

During the study, a total of 8 Adverse Events (AEs) were reported, of
these, 6 (75%) were with rosuvastatin (Crestor®), also was observed
The mean plasma concentration-time profiles for rosuvastatin and that women had higher frequency to AEs. Only the AE nausea was
ezetimibe ad-ministered separately or in FDC are shown in Figure considered to be “related”. The most frequently AE reported was
2. The PK parameters data are shown in Table 2. a mild-to-moderate headache that was selflimiting. The number

of subjects reporting AEs following the rosuvastatin tablet (n=4),
Data are expressed as arithmetic mean * standard deviation (CV%); ezetimibe tablet (n=1), and FDC (n=1) was similar (Table 4).

one subject was excluded because during period 1 presented

diarrhea; one subject was excluded because the subject only had ~ Two events required intervention: 1 case of moderate headache, the

two points after C_ . PK, pharmacokinetic; FDC, fixed-dose subject self-administered acetaminophen, and 1 case of acute upper

combination; C_, maximum plasma concentration; T_, time  Tespiratory infection required ceftriaxone and acetaminophen. The

to reach C_; AUC ., area under the plasma concentration-time other AEs were mild and resolved spontaneously; there were no
area under  serious AEs.

curve from time zero to the last sampling time; AUC,_,

the curve from zero to infinity; t, ,, terminal elimination halflife.

Pharmacokinetic profile

No clinically significant abnormalities were found in vital signs,

(90% CIs) of C__and AUC,  were 1.032 (0.937-1.138) and 1.09 laboratory test results, during the physical examinations, on the
(0.998-1.190) for rosuvastatin and 0.897 (0.829-0.971) and 0.993  electrocardiograms, or in physical examinations.

ntration of ezetimibe (ng/mL)

Plasma concentration of rosuvastatin (ng/mL)

Plasma concey

Figure 2: Mean (SE) plasma concentration-time curves for rosuvastatin 20 mg (A) and ezetimibe 10 mg (B)

Table 2: Pk parameters of rosuvastatin, 20 mg, and ezetimibe 10 mg, administered separately or in FDC in healthy subjects.

Rosuvastatin Crestor® (n=32) Ezetimibe Rosuvastatin+Ezetimibe
PK parameters N Ezetrol® . o
(n=33) Rosuvastatin FDC (n=32) Ezetimibe FDC (n=33)
C_. (ng/ml) 13.96+8.78 (62.95) 4.76+2.54 (53.45) 14.05+7.92 (56.40) 4.22+2.33(55.11)
AUC_, (h.ng/mL) 120.20+74.31 (61.82) 105.99+52.98 (49.99) 126.42+62.74 (49.63) 101.34+45.95 (45.34)
AUC_,_ (h.ng/mlL) 131.72+81.99 (62.25) 120.37+60.18 (49.99)° 136.32+64.00 (46.95) 117.83+57.34 (48.66)
t,, (h) 13.14+14.20 (108.09) 26.92+17.40 (64.63)" 11.43+7.33 (64.12) 26.11+16.86 (64.58)
() 4.21+1.23(29.21) 8.23+4.27 (51.92) 4.50+1.58 (35.25) 7.14+3.81(53.34)

Note: Data are expressed as arithmetic mean # standard deviation (CV %); * one subject was excluded because during period 1 presented diarrhea; ® one was
excluded because the subject only had two points after C__. PK, pharmacokinetic; FDC, Fixed-Dose Combination; C__, maximum plasma concentration;
T ., time to reach C_ ; AUC_, area under the plasma concentration-time curve from time zero to the last sampling time; AUC

area under the curve
max? maxd
termmal elimination halflife.

O-inf”

from zero to infinity; t, ,,

Table 3: Geometric mean ratio (90% CI) of the PK parameters of rosuvastatin and ezetimibe following administration of the FDC tablet containing 20 mg
rosuvastatin and 10 mg ezetimibe or administration of the same dose as monotherapy in healthy Mexican subjects.

API PK parameter Geometric mean ratio (90% CI) Intra-individual CV (%)
C. 1,032 (0.937-1.138) 23.13
Rosuvastatin AUC, 1.082 (1.005-1.175) 18.45
(AUQ),_, 1,090 (0.998-1.190) 20.87
. 0.897 (0.829-0.971) 18.96
Ezetimibe AUC,, 0.976 (0.900-1.057) 19.42
AUC, 0.993 (0.916-1.076) 19.17

Note: APL: Active Pharmaceutical Ingredient; PK: pharmacokinetic; FDC: Fixed-Dose Combination; C_ : maximum plasma concentration; AUC, : area
under the plasma concentration-time curve from time zero to the last sampling time; CI: Confidence Interval CV: Coefficient of Variation
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Table 4: Summary of Adverse Events (AEs).

Rosuvastatin+Ezetimibe,

Rosuvastatin Ezetimibe FDC Total AEs
Headache? 1(Q2) 1(1) 0 3
Diarrhea® 1(1) 0 0 1
Upper respiratory infection® 1(1) 0 0 1
Nausea® 1(2) 0 1(1) 3

Total AEs 6 (715%) 1(12.5%) 1(12.5%) 8 (100%)

Number of subjects 4 (3 female, 1 male) 1 (female) 1 (female)
presented AEs

Note: * Data are presented as number of subjects (number of adverse events)

of rosuvastatin and

DISCUSSION with 90% CI of C__, AUC  and AUC_,

This study evaluated the PK and tolerability profile of a FDC
formulation containing 20 mg rosuvastatin and 10 mg ezetimibe,
compared to the same doses of both drugs given separately to
determine the potential PKs interactions. The 90% Cls for GMR of
the PK parameters C__and AUC_ were within the acceptable limits
of bioequivalence (O 8 1. 25), demonstratmg that the formulation
of the FDC was bioequivalent to monotherapy. Additionally, no
significant clinical differences were observed among the AEs that
followed the administration of each formulation.

The efficacy and safety of rosuvastatin/ezetimibe in FDC were
evaluated in the LANCE study. It was a non-inferiority trial of
rosuvastatin/ezetimibe versus simvastatin/ezetimibe in the control
of LDL cholesterol levels in Brazilian patients diagnosed with
primary hypercholesterolemia or mixed dyslipidemia. The results
showed a higher proportion of patients that achieved <100 mg/
dL of LDL-c in the group treated with rosuvastatin/ezetimibe
(week 4: 84.8% vs. 68.2%; p=0.0257). At the end of the study,
the proportions were 81.8% and 73.0%, respectively, without a
statistically significant difference between the groups (p=0.2313)
[8].

In 2013, the CARMELA Study (Cardiovascular Risk Factors
Multiple Evaluation in Latin-America) presented results regarding
the prevalence of dyslipidemia in Mexico City and its relationship
with other cardiovascularrisk factors, findinga cholesterol prevalence
of > 240 mg/dl of 16.4%, while 34.1% had values from 200 to 240
mg/dl, in addition to very high triglyceride levels were recorded
in 29.9% of the study participants [8]. Combination therapy is
recommended if the target LDL (Low-Density Lipoprotein) is not
reached after monotherapy [9]. Kim H, et al conducted their study
with 24 healthy male volunteers and concluded that according to
the results its necessary larger sample size when comparing a fixed-
dose combination product with separate tablets [10]. The sample
size for our study was calculated using the intra-individual variation
information of ezetimibe C__from another study, and in our study
was lower (18.96%) with a statistical power >90%. Therefore, the
33 subjects that completed the study were enough to compare the
PK profiles of the FDC and separate administration of rosuvastatin
and ezetimibe.

Our data are consistent with the results reported by Kosoglou, et al.
and Kim, et al. in steady-state pharmacokinetic [5, 10].

CONCLUSION

The administration of Trezete® was bioequivalent to concurrent
administration of the corresponding individual tablets as GMR

] Bioequiv Availab, Vol. 13 Iss. 5 No: 1000440

ezetimibe were within conventionally accepted bioequivalence
criteria. The corresponding tolerability profiles were also similar;
therefore the FDC was well tolerated.
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