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Aims The primary aims of these two single-centre, randomized, evaluator-blind,
placebo/positive-controlled, parallel-group studies were to evaluate the potential
for pharmacodynamic and pharmacokinetic interaction between ezetimibe 0.25, 1, or
10 mg and simvastatin 10 mg (Study 1), and a pharmacodynamic interaction between
ezetimibe 10 mg and simvastatin 20 mg (Study 2). Evaluation of the tolerance of
the coadministration of ezetimibe and simvastatin was a secondary objective.

Methods Eighty-two healthy men with low-density lipoprotein
(LDL-C) >130 mg dl~ ' received study drug once daily in the morning for 14 days.
In Study 1 (n=58), five groups of 11-12 subjects received simvastatin 10 mg alone,
or with ezetimibe 0.25, 1, or 10 mg or placebo. In Study 2 (n=24), three groups
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of eight subjects received simvastatin 20 mg alone, ezetimibe 10 mg alone, or the
combination. Blood samples were collected to measure serum lipids in both studies.
Steady-state pharmacokinetics of simvastatin and its [-hydroxy metabolite were
evaluated in Study 1 only.

Results In both studies, reported side-effects were generally mild, nonspecific,
and similar among treatment groups. In Study 1, there were no indications of
pharmacokinetic interactions between simvastatin and ezetimibe. All active treatments
caused statistically significant (P<0.01) decreases in LDL-C concentration vs placebo
from baseline to day 14. The coadministration of ezetimibe and simvastatin caused a
dose-dependent reduction in LDL-C and total cholesterol, with no apparent effect on
high-density lipoprotein cholesterol (HDL-C) or triglycerides. The coadministration
of ezetimibe 10 mg and simvastatin 10 mg or 20 mg caused a statistically (P<0.01)
greater percentage reduction (mean —17%, 95% CI —27.7, —6.2, and —18%,
—28.4, —7.4, respectively) in LDL-C than simvastatin alone.

Conclusions The coadministration of ezetimibe at doses up to 10 mg with
simvastatin 10 or 20 mg daily was well tolerated and caused a significant additive
reduction in LDL-C compared with simvastatin alone. Additional clinical studies
to assess the efficacy and safety of coadministration of ezetimibe and simvastatin are
warranted.
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Introduction

Hypercholesterolaemia is an important risk factor for
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coronary artery disease, a major cause of death in the
United States and other industrialized countries [1]. The
reduction of elevated serum total cholesterol (TC) and
low-density lipoprotein cholesterol (LDL-C) reduces
the risk of coronary artery disease, resulting in a decrease
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in cardiovascular morbidity and mortality [2—6]. Serum
cholesterol is derived from biosynthesis (endogenous
pathway) and intestinal uptake (exogenous pathway)
of dietary and biliary cholesterol [7]. Drug therapy
with  cholesterol-lowering medications, particularly
3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase inhibitors (statins), is effective in reducing the
risk for cardiovascular disease and stroke in subjects who
do not have adequate reduction in lipid levels after dietary
modification [4, 6, 8]. Statins, which modulate only
endogenous cholesterol, inhibit biosynthesis of choles-
terol, deplete intracellular pools, and enhance removal of
plasma LDL-C [9] leading to significant reductions of
serum LDL-C [8—13]. However, not all subjects respond
to statin treatment [14, 15]. Combination therapy of
two or occasionally three hypolipidaemic drugs may be
required to meet target LDL-C blood levels recommended
by the European Second Joint Task Force [16] and the
U.S. National Cholesterol Education Program (NCEP)
[17]. Combinations of drugs that act by different
mechanisms can provide additive effects in LDL-C
reduction [15, 18]. However, the utility of current
combination therapies with statins and niacin or bile
acid sequestrants is limited by difticulties with side effects
and, consequently, with compliance [19].

Ezetimibe (SCH 58235) is the first of the selective
cholesterol absorption inhibitors, drugs that prevent the
absorption of cholesterol by inhibiting the passage of
dietary and biliary cholesterol across the intestinal wall
[20, 21]. After oral administration ezetimibe is rapidly
absorbed, extensively conjugated to its pharmacologically
active [21] glucuronide conjugate, and slowly eliminated
with evidence of significant enterohepatic recycling [22].
The efticacy of ezetimibe was evaluated in phase II
[23] and phase III [24] trials in subjects with primary
hypercholesterolaemia who were maintained on an NCEP
Step I or stricter diet [25]. The results of these studies
show that ezetimibe significantly (P<0.05) reduced TC
and LDL-C from baseline compared with placebo, with
favourable effects on high density lipoprotein cholesterol
(HDL-C) and triglycerides (TG) [23, 24].

Despite the diversity of available cholesterol-lowering
therapies, a hyper-
cholesterolaemic population is not attaining the recom-
mended target cholesterol levels [26—29]. Thus, there is a
continued search for effective, better-tolerated drugs or
combinations of drugs for the treatment of patients
with hypercholesterolaemia. Results of preclinical studies
in hypercholesterolaemic dogs have demonstrated that
ezetimibe synergistically reduces plasma cholesterol levels
when coadministered with HMG-CoA reductase inhib-
itors without evidence of liver or skeletal muscle toxicity
[30, 31]. Therefore, it was hypothesized that ezetimibe
might enhance the LDL-C-lowering eftects of simvastatin

significant proportion of the
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in humans. Two pilot multiple-dose studies
conducted in otherwise healthy hypercholesterolaemic
subjects in order to test this hypothesis. Study 1 evaluated
the eftect of different doses
pharmacokinetics of simvastatin 10 mg day ~ ' and assessed
the tolerability and pharmacodynamic effect of the
coadministration. Study 2 was conducted to obtain addi-
tional pharmacodynamic and tolerability data with the

were

of ezetimibe on the

higher approved starting dose of simvastatin (20 mg day )
coadministered with ezetimibe 10 mg day .

Methods
Study design

Two randomized, evaluator-blind, multiple-dose, parallel-
group studies were conducted at the same research
centre. Both studies followed identical protocols unless
otherwise indicated. Before the
study, the protocol and statement of informed consent
were approved by the clinical site’s regional govern-
ment ethics committee (Ethik Kommission bei der
Landersirztekammer  Baden-Wiirttemberg, — Stuttgart,
Germany), and written informed consent was obtained
from each volunteer.

initiation of either

Study 1 (n=58) was a placebo-controlled study in
which subjects (11-12 per group) were randomized and
received one of the following five treatments: simvastatin
10 mg with placebo; simvastatin 10 mg with ezetimibe
0.25 mg, 1 mg, or 10 mg; or placebo alone. For Study 2
(n=24), subjects (8 per group) were randomized and
received one of the following three treatments: simvastatin
20 mg with ezetimibe 10 mg, simvastatin 20 mg with
placebo, or ezetimibe 10 mg with placebo.

Subjects were stabilized as outpatients on an NCEP
Step I diet [25] for >7 days, followed by an inpatient
confinement period of 16 days to ensure compliance. After
an overnight fast of >10 h, study treatments were
administered orally with 200 ml of noncarbonated,
room-temperature water, once daily in the morning for
14 consecutive days. Fasting (except for water) continued
until standardized meals were served 2 h after dosing
and at appropriate times during the day.

Subjects

All subjects had to satisty the following inclusion criteria:
a screening serum LDL-C of >130 mg dl™'; be in good
health based on medical history, physical examination,
electrocardiogram (ECG) results, and routine laboratory
tests. In Study 1, subjects who had previously received
ezetimibe were excluded; however, 10 subjects who had
participated in Study 1 (> 60 days earlier) were allowed to
enrol in Study 2. Exclusion criteria included: drug abuse,
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infectious disease within 4 weeks of starting the study; use
of prescription drugs within 2 weeks; receiving investiga-
tional drugs within 60 days; and smoking > 10 cigarettes
per day.

Measurements

Tolerability

Physical examinations were conducted during screening
and on day 15. Blood and urine samples were collected for
routine laboratory tests before the first dose (day —1,
baseline) and at the conclusion of the study (day 15). Blood
samples were collected more frequently before dosing on
days 3, 7, and 10 for monitoring signs of muscle and liver
injury (i.e. alanine transaminase [ALT], aspartate trans-
aminase, y-glutamyl transferase [GGT], creatine phos-
phokinase [CPK], and alkaline phosphatase). ECGs were
obtained during screening, before dosing on days 1 and 7,
and at follow-up on day 15. Vital signs (blood pressure,
heart rate, respiratory rate, and oral body temperature)
were monitored during screening, daily before treatment
administration and at follow-up on day 15. Subjects were
continually observed and questioned for possible adverse
events.

Pharmacodynamics

In both studies, fasting (>10 h) blood samples were
collected for serum lipid profiles (LDL-C, TC, HDL-C,
and TG) just before dosing on days 1, 7, 14, and 15.
Baseline values were day 1 predose concentrations.

Pharmacokinetics
Blood samples for determination of plasma simvastatin and
B-hydroxysimvastatin concentrations were collected prior
to the first and last dose (0 h on day 14) and at 0.5, 1, 2, 3,
4,6, 8,12, and 24 h after the last dose of study treatment.
Each plasma sample was frozen at —70° C or below
until shipped to the analytical facility (Phoenix Interna-
tional Life Sciences, Int., Saint-Laurent, Quebec, Canada,
[now MDS Pharma Services, Inc.]).

For determination of plasma ezetimibe concentration,
a blood sample was collected at 1 h after the last dose
on day 14. Plasma was separated by centrifugation and
immediately frozen at —20° C or below until shipped
to the analytical facility.

Analytical methods

Lipoproteins
Lipid concentrations (TC, LDL-C, HDL-C, and TG)
were determined by direct quantitative assay methods
(enzymatic colorimetric tests) using validated commercial
assay kits (Boehringer Mannheim Systems, Boehringer
GmbH, Mannheim,

Mannheim Germany) on an
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automated analyser (HITACHI 747-100). The assays
were performed by the investigators’ clinical laboratory
(Arztelaborgemeinschaft ~ Freiburg, a subsidiary of
Bioscentia, GmbH, Freiburg, Germany).

The factors for conversion of the lipid values to
Syst¢tme International (SI) wunits are 0.02586 (e.g.
200 mg dl7' x0.02586=5.17 mmol 1" ") for  TC,
LDL-C, and HDL-C, and 0.01129 for TG (e.g.
150 mg dl ' % 0.01129=1.69 mmol 1) [33].

Simvastatin and p-hydroxysimvastatin

Plasma simvastatin and (3-hydroxysimvastatin concentra-
tions were determined using a validated liquid chroma-
tography method with a tandem mass spectrometric
detection assay (LC-MS/MS). The procedures had a
lower limit of quantification (LOQ) of 0.100 ng ml ™" and
a linear range of 0.100—10.0 ng ml ™" for both simvastatin
and PB-hydroxysimvastatin. Precision (%CV) and accuracy
(%Bias) of the lowest calibration curve standards were
10.6 and —3.0%, respectively, for simvastatin and 11.5
and —5.9%, respectively, for B-hydroxysimvastatin.

Ezetimibe and total ezetimibe

Plasma ezetimibe and total ezetimibe (ezetimibe plus
ezetimibe-glucuronide) concentrations were determined
using validated LC-MS/MS assays. These assays had lower
LOQ of 0.02 and 0.25 ng ml~ " plasma for ezetimibe and
total ezetimibe, respectively, and the linear ranges were
0.02-20 ng ml~" and 0.25-250 ng ml~ ', respectively.
Precision (%CV) and accuracy (%Bias) of the lowest
calibration curve standards were 5.6 and 0.5%, respec-
tively, for ezetimibe and 4.7 and —4.6%, respectively, for
total ezetimibe.

The selectivity of the assays was demonstrated during
the method validations. For all analytes measured, there
was no significant endogenous interference at the
retention times of the analytical (>20% of the LOQ) or
the internal standard (IS) (>5% of the mean response for
the IS) following processing of at least 6 lots of blank
plasma.

Pharmacokinetic analysis

Individual plasma simvastatin and (-hydroxysimvastatin
concentrations were used to estimate pharmacokinetic
using model-independent methods [32].
The maximum plasma concentration (C,.,) and f,.
were the observed values. The areas under the plasma
concentration-time curve (AUCs) from time 0 to the
time of final quantifiable sample [AUC(#)], and from time
0-24 h after dosing [AUC(0,24 h)] were calculated
with the linear trapezoidal method. The terminal rate

parameters

constant (2,) was calculated as the negative of the slope
of the log:linear terminal portion of the plasma
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concentration-time curve using linear regression. The
terminal half-life (¢,,,) was calculated as 0.693/2,. Total
body clearance (CL/F) was calculated as:

Dose

CL/F=—ouw—.
/ AUC(0,24h)

The apparent volume of distribution (V4/F) was

calculated as:

[Dose/AUC(0,24 h)]
Ay

Vd area/F =

No pharmacokinetic analysis was performed for the
ezetimibe data, since only a single sample was collected.

Statistical analysis

For both studies, summary statistics including mean,
standard deviation or standard error, and coefficient of
variation were provided for the demographic and
pharmacodynamic data. For Study 1, concentration data
at each time point, and the derived pharmacokinetic
parameters summarized using descriptive
statistics. An analysis of variance (aNova) model with
one factor (treatment) was performed on the original scale
and log-transformed C,,,,, and AUC values to evaluate the

were also

effect of treatment on the pharmacokinetics of simvastatin
and [3-hydroxysimvastatin. The relative oral bioavailability
of simvastatin and (3-hydroxysimvastatin was expressed as
the C,.x and AUC ratio from each treatment based on
log-transformed ~ data. Ninety percent
intervals (90% CI) for these estimates of relative bioavail-
ability and the power to detect a 20% diftference between
treatment means for an « level of 0.05 (two-tailed) were
computed.

confidence

For both studies, actual values, changes from baseline
and percentage changes from baseline for lipid parameters
LDL-C, TC, HDL-C, and TG were evaluated. ANOVA
models extracting treatment effect were performed to
compare the treatment groups at baseline, day 7, day 14,
endpoint (the last observed LDL-C after day 1 and up to
day 14), and day 15. In Study 1, pairwise comparisons of
each treatment group wvs placebo and each of the three
simvastatin/ezetimibe combination arms vs simvastatin
alone were tested using the least square mean procedures.
In Study 2, pairwise comparisons were tested using the
least square mean procedures. Ninety-five percent con-
fidence intervals (95% CI) were calculated for the mean
difference between each pair of treatments using the
pooled residual error and associated degrees of freedom
from the anova. In addition, percentage changes in
LDL-C were categorized as follows: <10%, 10% to
25%, 25% to <35%, 35% to <50%, and >50%; the
distribution of subjects in each category was tabulated.
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Pairwise comparisons were tested using the least square
mean procedures.

Results
Demographics

In Study 1, 58 male white subjects between 20 and
50 years old with a body mass index (BMI) ranging from
19 to 31 were enrolled (Table 1). In Study 2, 24 male
white subjects between 22 and 49 years old with a BMI
between 19 and 27 were enrolled (Table 2). In both
studies, baseline LDL-C wvalues were generally similar
among treatment groups (Tables 1 and 2).

Tolerability

In Study 1, 57 of the 58 subjects enrolled successfully
completed the study. One subject in the simvastatin 10 mg
plus ezetimibe 10 mg group discontinued treatment on
day 11 because of pain and swelling of the wrist considered
possibly related to study drug. All 24 subjects enrolled in
Study 2 successfully completed the study.

There were no serious adverse events, or clinically
significant changes or trends in vital signs, ECGs, or
clinical laboratory tests (particularly in the enzymes assess-
ing muscle and liver injury) with any of the treatments.
The incidence of adverse events was similar among
treatment groups, with no evidence of dose-related
increases. Overall (i.e. Study 1 and Study 2 data combined)
34 subjects (41%) reported treatment-emergent adverse
events, most commonly headache (8/82; 10%), flatulence
(6/82; 7%), and viral infections (5/82; 6%). Less common
adverse events included loose stools (3/82; 4%) and
diarrhoea (3/82; 4%). Most adverse events were mild to
moderate in intensity.

In Study 1, two subjects complained of myalgia; one
subject had received simvastatin 10 mg plus ezetimibe
10 mg, and the other had received placebo. Neither
subject had increased CPK levels or any other laboratory
test abnormalities associated with their adverse event or
at any other time during the study. Two subjects in the
Study 2, both in the simvastatin 20 mg group, had
transient increases in ALT values of >1.5-3 X the upper
limit of normal. Of these two subjects, one subject had a
concurrent viral illness, and the other had complained of
a moderate headache for which he had been treated with
acetaminophen (paracetamol) 500 mg.

Pharmacokinetics

Mean AUC and C,,. values for simvastatin and
B-hydroxysimvastatin were similar (P> 0.32) among all

treatment groups, with one notable pharmacokinetic
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Table 1 Demographic profile and baseline LDL-C values of treatment group (Study 1).

SIM 10 mg+ EZE 0.25 mg SIM 10 mg+ EZE 1 mg SIM 10 mg+ EZE 10 mg SIM 10 mg Placebo
m=11) m=12) m=12) m=12) m=11)
Age (years)
Mean 36.0 36.1 38.0 34.1 37.1
s.e. mean 1.5 2.3 2.1 2.3 2.8
Median 37 36 41 34 33
Range 28—44 20-47 24—-46 21-49 26-50
Baseline weight (kg)
Mean 75.8 73.3 74.8 72.8 72.3
s.e. mean 2.7 3.0 2.6 1.9 2.7
Median 78 71 73 75 68
Range 55-89 55-90 63-97 60-81 62-88
Baseline LDL-C (mg dl™ ")
Mean 1771 177.3 171.4 167.5 164.0
s.e. mean 12.7 12.5 7.3 8.9 6.6
Median 164 174 166 166 161
Range 132-282 130-275 135-219 108°-228 135-203
SIM, simvastatin; EZE, ezetimibe; s.e. mean, standard error; LDL-C, low-density lipoprotein cholesterol.
*This subject met the LDL-C entry criterion of >130 mg dl~ ' at screening,
outlier in the simvastatin 10 mg plus ezetimibe 0.25 mg Table 2 Demographic profile and baseline LDL-C values of
treatment group whose high values affected the group treatment groups (Study 2).
mean (Table 3). The relative oral bioavailability of
. . . . .. SIM 20 mg+ SIM 20 mg+ EZE 10 mg+
simvastatin and 3-hydroxysimvastatin after the coadminis-

. L. ; . . . EZE 10 mg EZE placebo EZE placebo
tration of ezetimibe with simvastatin compared with (=8 =8) (=8
simvastatin alone ranged from 96% (90% CI 63, 146%)
to 138% (90% CI 80, 236%). Thus, ezetimibe has no  Age (years)
apparent effect on the pharmacokinetics of simvastatin or Mean 38.0 37.6 333
B-hydroxysimvastatin. The increases in plasma ezetimibe s.c. mean 2.9 2.7 2.0
and total ezetimibe concentrations at 1 h after study drug Median 38 36 33

.. . Range 22-49 27-47 26—43
administration were dose related. . .
Baseline weight (kg)
Mean 70.3 81.0 72.3
Pharmacodynamics ¢ mean 29 20 29
Median 72 81 74
In both studies, all active treatments caused statistically Range 57-79 72-89 60-82
significant (P<<0.01) decreases in LDL-C vs placebo from Baseline LDL-C (mg dI ™)
baseline to day 7 and day 14 (Figures 1 and 2). By day 14 in Mean 1??: 152'? 162'2
. . s.€. mean . B .
Study l., élmvgstatm 10 mg alone reduced LDL-C by 35%; Median 182 159 165
coadministration of ezetimibe at doses of 0.25, 1, or 10 mg Range 147-201 134-181 135197

augmented the reduction of LDL-C in a dose-dependent
manner. For the group receiving ezetimibe 10 mg with
simvastatin, LDL-C was reduced by a mean of 52.4%, with
the actual mean value reduced to 82.9 mg dl™" (Table 4).
There was an incremental change of —17.0% (95% CI
—27.7, —6.2) for the ezetimibe 10 mg plus simvastatin
10 mg group compared with the simvastatin alone
group (P<0.01) (Figure 1). In Study 2, by day 14 the
administration of ezetimibe 10 mg alone reduced LDL-C
by 33.6%; and simvastatin 20 mg alone decreased LDL-C
by 40.8% below baseline (Figure 2). The coadministration
of ezetimibe 10 mg and simvastatin 20 mg reduced

© 2002 Blackwell Science Ltd Br J Clin Pharmacol, 54, 309-319

SIM, simvastatin; EZE, ezetimibe; s.e. mean, standard error; LDL-C,
low-density lipoprotein cholesterol.

LDL-C by a mean of 58.7% (actual 77.0 mg dl™'); an
incremental mean change of —17.9% (95% CI —28.4,
—7.4) more than the group receiving simvastatin alone
(P<0.01) (Figure 2).

Serum TC was reduced on day 14 after simvastatin
alone (Figures 1 and 2) and ezetimibe alone (Figure 2). In
both studies, coadministration of simvastatin and ezetimibe
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Table 3 Mean (s.d.) pharmacokinetic parameters for simvastatin and 8-hydroxysimvastatin on day 14 (Study 1).

SIM 10 mg+EZE 0.25 mg SIM 10 mg+ EZE 1 mg SIM 10 mg+EZE 10 mg SIM 10 mg
Parameter m=11) m=12) m=11) m=12)
Simvastatin
Cinax (ng ml™ 1) 2.94 (1.84) 2.38 (1.32) 2.65 (1.65) 2.36 (1.09)
fmax. (h) 1 (0.5-2) 1 (0.5-2) 1 (0.5-2) 1 (0.5-3)
AUC(0,24 h) (ng ml™" h) 8.07 (4.67) 7.82 (6.15) 8.42 (7.02) 6.82 (3.29)
t1/2 (h) 3.76" (1.85) 2.78 (1.98) 3.46° (2.11) 3.52° (3.06)
CL/F (kg™ ") (ml min~" kg™ " 362 (172) 455 (262) 502 (509) 448 (283)
Va/F (kg™") (1 kg™ 111° (94) 85.4° (44) 112° (76) 116° (109)
[-Hydroxysimvastatin
Coax (ng ml™ ) 0.90 (1.03) 0.63 (0.34) 0.62 (42) 0.57 (0.26)
fax (h) 3 (1-8) 3.5 (0.5-8) 3 (0.5-6) 4 (1-8)
AUC(0,24 h) (ng ml~" h) 9.10 (11.72) 5.64 (4.85) 5.55 (3.95) 5.10 (2.63)
t15 (h) 6.20% (4.80) 5.154 (1.88) 4.69° (1.64) 4.914 (2.00)

s.d., standard deviation; SIM, simvastatin; EZE, ezetimibe; C,,,,,, maximum plasma concentration; f,,,,, time to reach C,,,,; AUC, area under the

plasma concentration-time curve; fy,,, terminal half-life associated with the terminal slope of the semilogarithmic plasma concentration-time curve;

CL/F, apparent oral clearance where F represents bioavailability and CL represents total clearance; Vg, volume of distribution.
*Median (range).
Pn=10, ‘=11, ‘=8, ‘n=7.

50T mmmm Placebo (n=11)
50 ' 7] Simvastatin 10mg (n = 12)
40 - Y] Simvastatin 10mg
; + Ezetimibe 0.25mg (n= 11)
30 I BEXX Simvastatin 10mg
2 5 . + Ezetimibe 1mg (n=12)
é [ Simvastatin 10mg
S 10} + Ezetimibe 10mg (n = 11)
£ ol 1
S
I N | AR
5 jof N 5
g N 5 o
199 XX
5 20} N
B NES X
A\»’& o
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o~
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_60 . 1 1 1 !
TC LDL-C HDL-C TG

Figure 1 Mean (s.e. mean) % change from baseline in serum lipids (Study 1).

was associated with a greater reduction in serum TC than
simvastatin alone (Figures 1 and 2), and the magnitude of
reduction was related to the ezetimibe dose (Figure 1). A
trend toward decreasing serum HDL-C occurred in all
groups (Figures 1 and 2); however, none of these changes
was statistically significant (P>0.05). In Study 1, serum
TG concentrations were unchanged or decreased in the
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active treatment groups whereas they increased in the
placebo group (Figure 1); none of the changes was
statistically significant. In Study 2, a trend toward a
decrease in serum TG in the ezetimibe 10 mg plus
simvastatin 20 mg group compared with the mono-
therapy group was not statistically significant (P> 0.05)
(Figure 2).
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Figure 2 Mean (s.e. mean) % change from baseline in serum lipids (Study 2).

Table 4 Mean (s.e. mean) serum lipid concentrations (mg dl ™~

TC

LDL-C

coadministration of simvastatin and ezetimibe, or placebo (Studies 1 and 2).

HDL-C

TG

'Y on day 14 after oral administration of simvastatin, ezetimibe, the

Treatment Day LDL-C TC HDL-C TG
Study 1
Placebo, n=11 Baseline 164.0 (6.6) 241.5 (7.9) 49.7 (3.5) 118.5 (10.4)
Day 14 158.3 (9.4) 229.4 (9.9) 39.0 (2.8) 146.1 (13.0)
SIM 10 mg, n=12 Baseline 167.5 (8.9) 247.3 (7.3) 44.8 (2.5) 138.7 (12.1)
Day 14 108.4 (6.5) 176.8 (7.5) 41.0 (2.5) 110.6 (11.4)
SIM 10 mg+EZE 0.25 mg, n=11 Baseline 177.1 (12.7) 257.9 (13.6) 41.4 (2.8) 134.6 (17.0)
Day 14 109.3 (10.8) 177.3 (9.9) 36.9 (2.3) 127.1 (12.4)
SIM 10 mg+EZE 1 mg, n=12 Baseline 177.3 (12.5) 267.0 (12.8) 43.5 (3.3) 167.7 (17.4)
Day 14 104.5 (6.8) 180.1 (8.7) 38.8 (2.3) 144.3 (19.1)
SIM 10 mg+EZE 10 mg, n=12 Baseline 171.4 (7.3) 245.1 (9.5) 43.5 (2.1) 126.4 (7.1)
Day 14" 82.9 (6.5) 152.3 (7.3) 37.3 (2.1) 121.5 (17.2)
Study 2
SIM 20 mg, n=38 Baseline 157.8 (6.4) 242.1 (9.0) 44.3 (1.9) 153.8 (12.4)
Day 14 93.0 (6.2) 176.1 (7.2) 37.6 (1.7) 134.9 (13.7)
EZE 10 mg, n=8 Baseline 168.5 (9.5) 243.8 (10.4) 45.5 (3.5) 134.4 (13.7)
Day 14 112.4 (9.6) 197.4 (14.1) 38.8 (3.1) 148.6 (41.1)
SIM 20 mg+EZE 10 mg, n=38 Baseline 183.4 (11.9) 265.3 (14.0) 46.6 (2.5) 151.9 (20.8)
Day 14 77.0 (9.7) 150.9 (12.8) 39.8 (1.8) 124.6 (17.5)

s.e. mean, standard error; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; TG,

triglycerides; SIM, simvastatin; EZE, ezetimibe.

n=11.

In Study 1, 8 of the 11 subjects who received
simvastatin 10 mg with ezetimibe 10 mg achieved a
>50% reduction in LDL-C by day 14, compared with 1 of
12 subjects receiving simvastatin alone, 3 of 11 subjects

© 2002 Blackwell Science Ltd Br J Clin Pharmacol, 54, 309-319

receiving simvastatin 10 mg plus ezetimibe 0.25 mg,
and 2 of 12 subjects treated with simvastatin 10 mg
plus ezetimibe 1 mg (Figure 3). In Study 2, 1 of the
8 subjects treated with simvastatin 20 mg alone and
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Figure 3 Distribution of subjects based on the magnitude of LDL-C reduction achieved at study endpoint (day 14) (Studies 1 and 2).
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none of 8 subjects treated with ezetimibe 10 mg alone
achieved a >50% reduction in LDL-C by day 14,
compared with 6 of the 8 subjects in the coadministration
group (Figure 3).

Discussion

Ezetimibe is a novel cholesterol absorption inhibitor
that has
significantly decrease LDL-C and TC in patients with
primary hypercholesterolaemia, with favourable eftects on
HDL-C and TG [23, 24]. The mean percentage reduction
in directly measured LDL-C at study endpoint (i.e. after
8 or 12 weeks of treatment) for ezetimibe 10 mg day ™'
was consistently in the range of 16% to 19% [23, 24].
Simvastatin is a marketed HMG-CoA reductase inhibitor
which has been shown to significantly decrease serum

been shown to be well tolerated and to

LDL-C levels and reduce the risk of overall and coronary
heart disease mortality in patients with hypercholes-
terolaemia [4, 34]. In animal models the coadministration
of ezetimibe and simvastatin has been shown to cause a
much greater reduction in LDL-C than would be
expected by the sum of the effects of either drug alone.
The potential for a pharmacodynamic interaction between
ezetimibe and simvastatin would offer significant clinical
benefits provided that the combination was safe and well
tolerated. Study 1 was conducted as an initial proof-of-
principle study to confirm the preclinical observations and
Study 2 was conducted to obtain additional pharmaco-
dynamic and tolerability data with the higher approved
starting dose of simvastatin before conducting large clinical
trials. In both of these studies treatment was administered
for 14 days since data from Phase II trials [23] had indicated
that the maximum LDL-C-lowering effect of ezetimibe
was achieved by 2 weeks and was sustained throughout
treatment.

The results from these two pilot studies show that the
coadministration of ezetimibe and simvastatin was well
tolerated, with no evidence of increased incidence of
adverse events or increases in clinical laboratory tests
indicative of liver or skeletal muscle toxicity. The
coadministration of combination therapy caused signifi-
cantly greater reductions in LDL-C than simvastatin
alone. In these studies, adding ezetimibe 10 mg Clayf1
to simvastatin 10 or 20 day ' demonstrated additional
LDL-C reductions of 17-18%, similar to reductions one
might expect from titrating three times with a statin
(e.g. from 10 mg to 80 mg of simvastatin) [35]. Unlike
the preclinical findings, the incremental reduction in
mean LDL-C achieved by the coadministration of
ezetimibe 10 mg and simvastatin 10 or 20 mg appears to
be additive rather than synergistic. This pharmaco-
dynamic interaction is similar to the mean 14% additional
reduction in LDL-C reported by the coadministration of

© 2002 Blackwell Science Ltd Br J Clin Pharmacol, 54, 309-319

Pharmacodynamic interaction between ezetimibe and simvastatin

simvastatin and cholestyramine in hypercholesterolaemic
patients [36].

Results from Study 1 indicate that the coadministration
of ezetimibe had no significant effect on the pharmaco-
kinetics of simvastatin and -hydroxysimvastatin. Since
most pharmacokinetic drug interactions with simvastatin
are primarily mediated through the induction or inhibi-
tion of the cytochrome P450 isoenzyme 3A4 [37-39],
these results are consistent with ezetimibe’s demonstrated
lack of eftect on this enzyme [40]. In our study there was
considerable intersubject variability in both simvastatin
and B-hydroxysimvastatin concentrations (Table 3), but
this is not unexpected for this drug [38, 39, 41]. The mean
Cinax and AUC values for these two analytes were similar
among active treatments, with one notable pharmaco-
kinetic outlier for 3-hydroxysimvastatin in the simvastatin
10 mg  plus 0.25 mg group
whose high values affected the group mean (Table 3).
Despite these uncharacteristically high simvastatin and
B-hydroxysimvastatin values, this individual did not
report any adverse events, and his safety laboratory
test results were normal, although he did achieve the
highest reduction of LDL-C (—60.2% on day 14) in his
treatment group. In this study ezetimibe pharmacokinetics
were not fully characterized since after oral administra-

ezetimibe treatment

tion of ezetimibe 0.25 and 1 mg day ' plasma drug
concentrations for ezetimibe and total ezetimibe were
expected to be too low relative to the assay LOQ
to adequately characterize a pharmacokinetic profile.
Consequently, plasma samples for ezetimibe and total
ezetimibe concentrations were only measured at 1 h post
dose to coincide with the anticipated C,,, of total
ezetimibe [42, 43]. The results indicate that plasma
ezetimibe and total ezetimibe concentrations increased
in a dose-related manner. The mean plasma ezetimibe and
total ezetimibe concentrations (3.23 and 92.4 ng ml~ ',
respectively) achieved at 1 h after the administration of
simvastatin 10 mg plus ezetimibe 10 mg are consistent
with those observed after the administration of ezetimibe
10 mg alone in previous studies [44, 45], suggesting no
effect of simvastatin on ezetimibe pharmacokinetics.

In our studies there was a general trend for serum
HDL-C concentrations to decrease and TG to increase
during treatment (Table 4, Figures 1 and 2). This is
likely the result of volunteer confinement, dietary changes
(the subjects’ diet was altered from one predominantly
higher in percentage of fat and lower in carbohydrates
to one higher in carbohydrates and lower in fat),
and restricted physical activity. Similar results have
been observed in other inpatient studies in healthy
subjects with hypercholesterolaemia [46—48]. These
observations are consistent with published data on the
effects of low-fat, carbohydrate-rich diets on serum
lipoprotein levels [49].
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There are several limitations to our studies. One is that
the study population consisted of white males and so the
conclusions, strictly speaking, only apply to that popula-
tion, although the pharmacokinetics, LDL-C response,
and safety profile of ezetimibe have been shown to be
independent of gender and race [42, 50]. Another
limitation is that the number of subjects was small,
and the studies were not powered to show safety and
tolerability. Consequently, our conclusions regarding
tolerability of the coadministration of ezetimibe and
simvastatin are preliminary, and need to be confirmed in
larger studies.

In summary, once-daily administration of ezetimibe
(at doses up to 10 mg) coadministered with simvastatin (10
or 20 mg) to healthy subjects with hypercholesterolaemia
was well tolerated and significantly reduced serum LDL-C
and TC. Thus,
ezetimibe is an alternative to titrating to higher doses of
simvastatin. Additional clinical studies to evaluate the
efficacy and safety of the coadministration of ezetimibe
and simvastatin are warranted.

coadministration of simvastatin and

This study was supported by Schering-Plough Research Institute,
Kenilworth, New Jersey, USA.
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