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Aims To examine the efficacy and safety of coadministered ezetimibe (EZE) with feno-
fibrate (FENO) in patients with mixed hyperlipidaemia.
Methods and results This was a multicentre, randomized, double-blind, placebo-
controlled, parallel arm trial in patients with mixed hyperlipidaemia [LDL-cholesterol
(LDL-C), 3.4–5.7 mmol/L (2.6–4.7 mmol/L for patients with type 2 diabetes); trigly-
cerides (TG), 2.3–5.7 mmol/L] and no history of coronary heart disease (CHD), CHD-
equivalent disease (except for type 2 diabetes), or CHD risk score .20%. A total of
625 patients was randomized in a 1:3:3:3 ratio to one of four daily treatments for
12 weeks: placebo; EZE 10 mg; FENO 160 mg; FENO 160 mg plus EZE 10 mg (FENOþ

EZE). The primary endpoint compared the LDL-C lowering efficacy of FENOþ EZE vs.
FENO alone. LDL-C, non-HDL-cholesterol (non-HDL-C), and apolipoprotein B were sig-
nificantly (P, 0.001) reduced with FENOþ EZE when compared with FENO or EZE
alone. TG levels were significantly decreased and HDL-C was significantly increased
with FENOþ EZE and FENO treatments when compared with placebo (P, 0.001).
Coadministration therapy reduced LDL-C by 20.4%, non-HDL-C by 30.4%, TG by
44.0%, and increased HDL-C by 19.0%. At baseline, .70% of all patients exhibited
the small, dense LDL pattern B profile. A greater proportion of patients on FENOþ EZE
and FENO alone treatments shifted from a more atherogenic LDL size pattern to a
larger, more buoyant, and less atherogenic LDL size pattern at study endpoint than
those on placebo or EZE. All three active therapies were well tolerated.
Conclusion Coadministration of EZE with FENO provided a complementary efficacy
therapy that improves the atherogenic lipid profile of patients with mixed
hyperlipidaemia.
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Introduction

Mixed or combined hyperlipidaemia is a common meta-
bolic disorder characterized by both hypercholesterolae-
mia and hypertriglyceridaemia.1 Specifically, patients
with mixed hyperlipidaemia have elevated LDL-choles-
terol (LDL-C) and triglycerides (TG), a preponderance
of small, dense LDL particles, and reduced HDL-choles-
terol (HDL-C). Each of these metabolic perturbations is
associated with increased risk for cardiovascular
disease. Moreover, the profile of high TG and low HDL-C
is typically found in patients with metabolic syndrome
and diabetes.2 Beyond lowering LDL-C, the National
Cholesterol Education Program Adult Treatment Panel III
(NCEP ATP III) recommends non-HDL-C as a secondary
treatment target for patients with elevated TG.2

Although dietary modification and increased physical
activity have demonstrated lipid-modifying benefits,
these behavioural changes have limited capacity to
correct more severe lipid abnormalities. The NCEP ATP
III guidelines recommend combining drug therapies to
achieve the lipid goals for patients with mixed hyperlipi-
daemia.2 Lowering LDL-C is the initial target of treat-
ment followed by treatments that improve the other
lipid abnormalities associated with mixed hyperlipidae-
mia. Statins are the most commonly used therapy to
treat elevated total cholesterol (TC) and LDL-C and are
effective in reducing the risk of cardiovascular events.
Although statins also improve TG and HDL-C, fibrates
are more effective in treating elevated TG and reduced
HDL-C levels. Fibrates regulate the transcription of
genes that affect lipid and lipoprotein metabolism includ-
ing genes for fatty acid uptake and transport and lipopro-
tein lipases.3 Fibrates also tend to decrease LDL-C by
5–20%, but may elevate LDL-C in patients with moderate
to severe hypertriglyceridaemia (TG . 4.0 mmol/L) via
increased lipolysis of TG-rich, VLDL.3–5 Statins and
fibrates have complementary mechanisms and can be
coadministered to patients with mixed hyperlipidae-
mia.6,7 However, safety concerns are increased with
higher doses and/or certain combinations of statins and
fibrates, particularly gemfibrozil.6–8 Finally, some
patients are intolerant or non-responsive to statin and/
or fibrate therapies or may not achieve treatment goals
with this coadministration therapy.

Ezetimibe (EZE), a cholesterol absorption inhibitor,
prevents the absorption of dietary and biliary cholesterol
without affecting the absorption of TG or fat-soluble vita-
mins.9,10 Treatment with EZE reduced LDL-C by 15–25%
with modest favourable effects on TG and HDL-C in
patients with primary hypercholesterolaemia.10–12 EZE
is not an inhibitor or an inducer of cytochrome P450 iso-
enzymes, a characteristic that should make the incidence
of potential drug interactions lower.13 Thus, concomitant
treatment with EZE and fibrates may provide a comp-
lementary and alternative treatment for mixed hyperlipi-
daemia without some of the safety concerns associated
with coadministration of statins and fibrates. In a Phase
I study, 2 week coadministration of EZE and micronized
fenofibrate (FENO) produced marked reductions in LDL-
C and TG and appeared to be well tolerated in healthy

patients with elevated LDL-C.14 Although limited clinical
data are available addressing EZE and FENO coadminis-
tration, the efficacy and safety of this combined pharma-
cotherapy were examined in patients with mixed
hyperlipidaemia.

Methods

Patients

All patients provided written informed consent before enrol-
ment. Eligible patients were men and women 18 through
75 years of age with mixed hyperlipidaemia and no coronary
heart disease (CHD), CHD-equivalent disease (except for type 2
diabetes), or 10 year CHD risk . 20%. Additionally, patients
were excluded from participation for any of the following:
homozygous familial hypercholesterolaemia; type I or V hyper-
lipidaemia; treatment with LDL aphaeresis; congestive heart
failure (New York Heart Association Class III or IV); uncontrolled
cardiac arrhythmia; unstable hypertension; pancreatitis;
inadequately controlled diabetes (glycosylated haemo-
globin, HbA1c. 8.5%); gallbladder, renal (serum creatinine
.133 mmol/L or 1.5 mg/dL), or active liver disease; uncon-
trolled endocrine or metabolic disease known to influence
serum lipids or lipoproteins; pregnancy or lactation; and
contraindicated medications that cannot be discontinued. Lipid
eligibility criteria were assessed after a 6 week period that
included placebo run-in phase and a washout of previous lipid-
modifying therapies (8 weeks for fibrates). Patients were also
instructed to consume a lipid-altering diet during this period.
After successful completion of this period, patients were
randomized if LDL-C was 3.4–5.7 mmol/L (130–220 mg/dL)
inclusive, TG 2.3–5.7 mmol/L (200–500 mg/dL) inclusive, and
aspartate transferase (AST), alanine transferase (ALT), and cre-
atine phosphokinase (CK) were less than 1.5 times upper limit
of normal (�ULN). Patients with type 2 diabetes were limited
to those with LDL-C of 2.6–4.7 mmol/L (100–180 mg/dL)
inclusive after washout period.

Study design

The study was an international, multicentre, randomized,
double-blind, placebo-controlled, parallel design. The protocol
was reviewed and approved by each institution and conducted
according to Good Clinical Practice guidelines. After the
placebo run-in/washout period, eligible patients were random-
ized in a 1:3:3:3 ratio to one of four daily treatments for 12
weeks: placebo; EZE 10 mg; FENO 160 mg; coadministration of
FENO 160 mg plus EZE 10 mg (FENOþ EZE) using a computer gen-
erated randomization schedule. All doses were administered
orally with the evening meal. Patients also remained on the
lipid-altering diet throughout the treatment period. Patients
completing the 12 week base study were offered enrolment
into a 48 week extension study, which will be the subject of a
future communication.

Efficacy endpoints

The primary efficacy endpoint was per cent change in LDL-C from
baseline to study endpoint after treatment with FENOþ EZE vs.
FENO alone. The baseline value is defined as the average of the
measurements obtained 1 week before randomization and the
day of randomization. The endpoint value is defined as the last
post-baseline measurement during the 12 week double-blind
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period. Secondary efficacy endpoints included per cent change in
other lipid and lipoprotein parameters (TC, TG and non-HDL-C,
HDL-C, apolipoprotein [apo] B, and apo A-I) from baseline to
study endpoint. The proportion of patients shifting from a
more atherogenic LDL size pattern to a less atherogenic LDL
size pattern after treatment was tabulated for each treatment
group. Tertiary endpoints were per cent change from baseline
to study endpoint in non-lipid parameters, high sensitivity
C-reactive protein (hsCRP), and fibrinogen.

Safety endpoints

Safety and tolerability were assessed by clinical and statistical
reviews of all safety parameters, including adverse experiences
(AEs), laboratory values, and vital signs. All AEs were rated by
the investigators as definitely not, probably not, possibly, prob-
ably, or definitely related to treatment. AEs of clinical interest
included patients experiencing: consecutive elevations of CK
.10�ULN without muscle symptoms or .5�ULN with muscle
symptoms; myopathy (muscle symptoms accompanied by CK
.10�ULN); elevated hepatic transaminases (consecutive
.3�ULN elevations in ALT and/or AST); and gallbladder/
biliary, hepatic, gastrointestinal, and allergy/rash related AEs.
Changes in serum creatinine concentrations were monitored
throughout the study. Patients were also monitored for severe
hypertriglyceridaemia during the active treatment period. For
any values .6.8 mmol/L (600 mg/dL) during the blinded treat-
ment period, the central laboratory was instructed to send an
alert to the clinical site as ‘TG. 600 mg/dL’. The site was
instructed to have the patient back for a redraw. If the TG
level was still .6.8 mmol/L, then the patient was discontinued
due to lack of efficacy. Compliance was assessed by tablet
count at each visit.

Blood collection and lipid analysis

Blood samples were collected after a 12 h fast at Weeks 26 and
21, at randomization, and at Weeks 6 and 12. Complete lipid
profiles and non-lipid parameters were measured in plasma at
baseline and Week 12. These variables included direct LDL-C,
TG, HDL-C, TC, non-HDL-C, apo B, apo A-I, LDL particle size
pattern, hsCRP, and fibrinogen. LDL-C was measured directly
with preparative ultracentrifugation. TC and TG were deter-
mined enzymatically. HDL-C was quantified enzymatically after
selective removal of apo B-containing lipoproteins by heparin
and by manganese chloride precipitation. Non-HDL-C was calcu-
lated by subtracting HDL-C from TC. Apo B and apo A-I were
determined by fixed-rate nephelometry. LDL peak particle size
was assessed with segmented gradient gel electrophoresis
(S3GGE

TM

- Berkeley Heartlab Inc., Burlingame, CA, USA). Some
patients were missing LDL peak particle size, which was used
to determine LDL size pattern (pattern A, I, or B). HsCRP and
fibrinogen were quantified by immunonephelometry. All clinical
laboratory analyses were performed at the central laboratory
and technicians were blinded to treatment allocation (Medical
Research Laboratory, Highland Heights, KY, USA and Zaventem,
Belgium). Moreover, patients and investigators were blinded to
the efficacy endpoints and to the randomized treatment.

Statistical analysis

For the efficacy variables, the analysis methods for 2�2 factorial
design were not fully employed because the primary focus of
the study was comparison of FENOþ EZE coadministration
group to FENO monotherapy for a select number of prespecified
efficacy endpoints rather than examination of all possible

between-treatment relationships. The presence of other treat-
ment groups was justified by our safety hypothesis (i.e. examin-
ation of safety and tolerability of the coadministration
treatment group relative to both monotherapies and placebo).
The primary analysis was a modified intention-to-treat
approach, which includes all randomized patients who have
baseline values, taken at least one dose of study medication,
and at least one post-baseline measurement. An analysis of
covariance (ANCOVA) model with terms for treatment
(placebo, EZE, FENO, FENOþ EZE) and baseline TG values was
used to compare each efficacy endpoint among treatment
groups. A test of treatment-by-baseline TG interaction was per-
formed for each variable analysed to assess the validity of
ANCOVA model assumptions. However, all within-treatment and
between-treatment estimates were based on the model
without this interaction term.

On the basis of a sample size of n ¼ 500 [150 per active treat-
ment group (groups ¼ 3) and 50 for the placebo group] and a sig-
nificance level of 0.05 (two-sided), and assuming that the SD for
the per cent change in LDL-C was 14.1%, the study had 90%
power to detect at least a 5.3% difference in per cent LDL-C
reduction between coadministered FENOþ EZE vs. FENO mono-
therapy (primary efficacy endpoint). Multiplicity adjustment
using an ordered step-down approach was applied to the key sec-
ondary efficacy comparisons: LDL-C, comparing EZEþ FENO vs.
EZE; TG and HDL-C, comparing EZEþ FENO vs. FENO.

For data that were not normally distributed, a nonparametric
test (ANCOVA model based on Tukey’s normalized ranks) was
used for inferential testing of between-treatment differences.
As moderately elevated TG levels may influence the LDL-C
response to fibrate therapy and the treatment-by-baseline TG
interaction term was significant in the ANCOVA model, a strati-
fied analysis was also performed focusing on LDL-C response
between patients with baseline TG above and below the
median. Per cent change data were expressed as mean or
median per cent change (95% CI) for each parameter. Other
pre-defined subgroup analyses examined the effect of age
(,65 or �65 years), gender, race, baseline lipid values above
and below certain cut points (LDL-C ,4.1 or �4.1 mmol/L;
HDL-C ,1.0 or �1.0 mmol/L), type 2 diabetes status, and meta-
bolic syndrome status as defined by NCEP ATP III (except type 2
diabetes excluded) on LDL-C responses to treatments. The pro-
portion of patients achieving CHD risk-specific, NCEP ATP III
targets for LDL-C and non-HDL-C was also compared among
groups. Baseline LDL particle size patterns and change in
pattern from baseline, both expressed as per cent frequency,
were also tabulated for all groups.

All randomized patients were included in the safety assess-
ment. The safety and tolerability analyses focused on the
proportion of patients experiencing either a consecutive
measurements of CK (.10 � ULN or . 5 � ULN with muscle sym-
ptoms), consecutive elevations in AST and/or ALT (.3 � ULN),
myopathy (muscle symptoms with CK .10 � ULN), or elevations
in serum creatinine �133 mmol/L (1.5 mg/dL). These safety
endpoints and also proportion of patients having gallbladder/
biliary adverse events were compared using Fisher’s exact test
between FENOþ EZE vs. other treatment groups. Changes
from baseline in CK, AST, ALT, and serum creatinine were also
assessed among treatment groups.

Results

Patients

Of 1675 patients screened, 625 met the eligibility criteria
and were randomized (Table 1 ). Of the 625 randomized
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patients, 427 (68.3%) were not on a lipid-altering treat-
ment and the remaining 198 patients (31.7%), all of
whom required washout of previous lipid-lowering treat-
ment(s), were mainly on a statin (n ¼ 131) and/or a
fibrate (n ¼ 73). Approximately 16% (n ¼ 98) patients
had type 2 diabetes and 57% (n ¼ 354) met the NCEP
ATP III criteria (2) for metabolic syndrome (without
type 2 diabetes). Treatment groups were generally well
matched with respect to baseline demographics and
characteristics, except the FENOþ EZE and FENO alone
groups tended to have more women and less patients
with type 2 diabetes. There were no clinically meaningful
differences in baseline lipid and non-lipid parameters
among treatment groups (Table 2 ). Among the 625
patients randomized into the study, 619 were included
in the modified intention-to-treat population for the
LDL-C and other efficacy analyses, whereas all 625 con-
tributed data for the safety analyses. Following ran-
domization, 38 patients (6%) discontinued treatment
because of either AEs or other events (Table 1 ). Rates
of discontinuations were comparable among the three
active treatment groups (6–7%). Treatment compliance
was good, with a majority (.86%) of patients taking
.90% of the total doses in each treatment group.

Efficacy

Coadministration of FENOþ EZE resulted in a significantly
(P, 0.001) greater reduction in LDL-C than with FENO or
EZE alone (Figure 1 ). Treatment with EZE lowered LDL-C
more than FENO (P, 0.001). Because the interaction
term for baseline TG by treatment was significant, LDL-
C responses to treatments were examined further by
stratifying patients above and below the median baseline
TG level (3.1 mmol/L). Mean (+SD) LDL-C level was 4.3
(+0.7) mmol/L for patients with baseline TG
�3.1 mmol/L and 4.0 (+0.7) mmol/L for those with
baseline TG.3.1 mmol/L. In the cohort with TG
�3.1 mmol/L, the LDL-C reductions were numerically
larger than in the total cohort, and the combination of
FENOþ EZE was more effective than each monotherapy
(Figure 2 ). However, in the cohort with TG.3.1 mmol/
L, the LDL-C response was lower than that seen with
the entire cohort, particularly for FENO alone, which pro-
duced virtually no change in LDL-C. For the elevated TG
group, coadministration was superior to FENO alone in

lowering LDL-C, but it was not significantly better than
EZE alone (Figure 2 ).
LDL-C responses were generally consistent across the

following subgroups: age, race, body mass index (BMI),
and metabolic syndrome status. Effect of FENO and
FENOþ EZE seemed to be blunted in males compared
with females, in patients with reduced baseline LDL-C
(,4.1 mmol/L) or HDL-C (,1.0 mmol/L) and in patients
with type 2 diabetes. These particular subgroups
tended to have higher median baseline TG levels, which
may account for LDL-C responses.
Similar to the LDL-C results, the effect of coadministra-

tion appeared to be additive for TC, non-HDL-C, and apo
B. These parameters were significantly (P, 0.001)
reduced in the FENOþ EZE group compared with the
FENO or EZE alone group (Table 3 ). The treatment-
induced reductions in non-HDL-C were not influenced
by baseline TG levels (data not shown). The lipid-lower-
ing effects of EZE or FENO alone on TC, non-HDL-C, and
apo B were significant (P , 0.001) compared with
placebo. FENO monotherapy significantly lowered
(P ¼ 0.009) apo B more than EZE alone.
LDL-C and non-HDL-C goal attainment was greater with

coadministration than with either single treatment
(Figure 3 ). However, baseline TG levels seemed to have
a similar impact on LDL-C goal attainment as noted
with per cent LDL-C reductions (i.e. no apparent differ-
ence between coadministration and EZE alone in patients
with TG.3.1 mmol/L). The effect of treatments on non-
HDL-C goal attainment was consistent across baseline TG
strata.
HDL-C and apo A-I were significantly increased with

coadministration of FENOþ EZE and FENO alone
(P, 0.001), but the difference between these groups
was not significant (Table 3 ). Both FENOþ EZE and
FENO alone treatments provided comparable median
per cent reductions in TG. A slightly larger and significant
(P ¼ 0.021) reduction in per cent median TG was noted
with coadministration compared with FENO alone
(Table 3 ). Per cent reductions in median hsCRP and fibri-
nogen were similar in the FENOþ EZE and FENO alone
groups. The changes in these parameters with coadminis-
tration appeared to be dependent on FENO, because EZE
alone did not influence the results with HDL-C, apo A-I,
TG, hsCRP, and fibrinogen in patients with mixed
hyperlipidaemia.

Table 1 Overall disposition of patients

Placebo EZE 10 mg FENO 160 mg FENO 160 mg/EZE 10 mg

Randomized, n 64 187 189 185
Completed, n 63 175 177 172
Discontinued, n (%) 1 (1.6) 12 (6.4) 12 (6.3) 13 (7.0)
AEs, n 0 4 5 4
Treatment-related AEs, n 0 0 4 3
Lack of efficacya, n 0 1 0 0
Otherb, n 1 8 3 6

aLack of efficacy ¼ plasma TG levels .6.8 mmol/L, consecutive.
bOther includes discontinuation because of patient lost to follow up, moved, consent withdrawal, and protocol deviation.
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At baseline, .70% of patients had the small, dense LDL
size pattern B in all treatment groups (Table 4 ).
Treatment with FENOþ EZE and FENO alone resulted in
a majority of patients shifting to a larger, more
buoyant, LDL size pattern compared with EZE alone and
placebo. There was a modestly greater shift from a
more dense to a more buoyant LDL size pattern for
patients in the EZE group (22.4%) vs. those in the
placebo group (11.9%) at study endpoint. Furthermore,
,2% of patients in the coadministration and FENO
alone groups changed from a more buoyant pattern to a
more dense, atherogenic pattern at study endpoint.

Safety and tolerability

The incidence of AEs was similar in all treatment groups
(Table 5 ). Treatment-related AEs were slightly higher in

the coadministration and FENO alone groups compared
with the EZE alone and placebo groups. A similar trend
was noted for discontinuations because of treatment-
related AEs. There were no treatment-related serious
AEs in this study.
No cases of elevated CK more than 10-fold, myopathy,

rhabdomyolysis, or pancreatitis were reported in this 12
week study (Table 5 ). The incidence of gastrointestinal
or musculoskeletal disorders was generally similar
among treatment groups. The incidence of myalgia was
similar in all treatment groups with 2 (3.1%), 3 (1.6%),
2 (1.1%), and 3 (1.6%) in the placebo, EZE, FENO, and
FENOþ EZE treatment groups, respectively. There were
four cases of consecutive more than three-fold elevations

Table 2 Baseline characteristics of patients with mixed hyperlipidaemia by treatment groups

Variablesa Placebo
(n ¼ 64)

EZE 10 mg
(n ¼ 187)

FENO 160 mg
(n ¼ 189)

FENO 160 mg/EZE 10 mg
(n ¼ 185)

Age (years) 54.5+ 10.8 53.5+ 9.2 52.5+ 10.6 55.2+ 9.8
Weight (kg) 84.0+ 16.7 82.6+ 16.4 82.1+ 15.9 81.7+ 16.1
BMI (kg/m2) 29.7+ 4.9 29.3+ 4.5 29.3+ 4.5 29.6+ 4.8
Men (%) 62.5 62.6 55.0 48.6
History

Diabetes (%) 18.8 18.8 12.2 15.1
Metabolic syndrome (%)b 57.1 54.6 58.5 57.8

LDL-C (mmol/L) 4.2+ 0.7 4.1+ 0.7 4.3+ 0.7 4.2+ 0.7
TC (mmol/L) 6.7+ 0.8 6.7+ 0.8 6.9+ 0.9 6.8+ 0.9
HDL-C (mmol/L) 1.1+ 0.2 1.1+ 0.2 1.1+ 0.3 1.1+ 0.2
TG (mmol/L)c 2.9+ 0.9 3.1+ 1.2 3.2+ 1.0 3.1+ 1.1
Non-HDL-C (mmol/L) 5.6+ 0.7 5.6+ 0.8 5.8+ 0.8 5.7+ 0.8
Apo B (g/L) 1.7+ 0.2 1.7+ 0.3 1.7+ 0.2 1.7+ 0.2
Apo A-I (g/L) 1.5+ 0.3 1.5+ 0.2 1.5+ 0.3 1.5+ 0.3
HsCRP (mg/L)c 2.1+ 3.0 2.5+ 3.7 3.3+ 4.3 2.5+ 2.9
Fibrinogen (mmol/L)c 11.7+ 3.7 11.8+ 2.8 11.5+ 3.0 12.0+ 2.8

aData are presented as mean+ SD or frequency unless otherwise indicated.
bPatients were diagnosed with metabolic syndrome according to NCEP ATP III criteria (2).
cMedian+ SD for median.
To convert cholesterol from mmol/L to mg/dL, divide by 0.0259; to convert TG from mmol/L to mg/dL, divide by 0.0113; to convert fibrinogen from

mmol/L to mg/dL, divide by 0.0294.

Figure 1 Least square mean per cent change (SE) in LDL-C from baseline
to study endpoint. Reductions in LDL-C were greater in the FENOþ EZE
group compared with the other treatment groups (�P , 0.001 compared
with FENOþ EZE).

Figure 2 Least square mean per cent change (SE) in LDL-C from baseline
to study endpoint for patients with baseline TG � or .3.1 mmol/L
(median). Significantly greater reductions in LDL-C (�P, 0.001 for
FENOþ EZE compared with FENO) were observed within both TG
subgroup.
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in ALT and/or AST in each of the FENOþ EZE and FENO
alone groups (Table 5 ). One patient in the coadministra-
tion group discontinued treatment after diagnosis of
acute cholecystitis and cholelithiasis; the investigator
determined that these adverse events were not related
to study medications and were resolved after a cholecys-
tectomy. One case of angio-oedema was reported in the
FENO alone group and upon discontinuation of study
medication the symptoms resolved. One patient in the
EZE group was discontinued 21 days after randomization
because of lack of efficacy (defined as on-treatment TG
.6.8 mmol/L). The incidence of patients with serum
creatinine �133 mmol/L was significantly (P, 0.05)
lower for the EZE group (2.7%) compared with those for
the coadministration and FENO alone groups (8.7 vs.

8.5%, respectively), which were not significantly differ-
ent from each other. No clinically meaningful differences
were noted in any other clinical and laboratory AEs or
tests assessed.

Discussion

Patients with mixed hyperlipidaemia have an atherogenic
lipid profile characterized by increased LDL-C and TG
levels, a preponderance of small, dense LDL particles,
and also reduced HDL-C concentrations. The lipid triad
(elevated LDL-C and TG and low HDL-C) increases the
risk of CHD events beyond that of increased LDL-C
alone.15 Furthermore, LDL particle size has been demon-
strated to influence the progression of CAD in patients
with type 2 diabetes.16 The lipid-modifying effects of
EZE and FENO effectively target the dyslipidaemia associ-
ated with mixed hyperlipidaemia. In the present study,
FENO and EZE administered together produced signifi-
cant, positive benefits on the atherogenic lipid profiles
and the inflammation biomarker, hsCRP, in patients with
mixed hyperlipidaemia. Depending on the study variable,
the effects of coadministration of FENOþ EZE were
either additive (LDL-C, TC, non-HDL-C, and apo B) or
FENO-dependent (TG, HDL-C, apo A-I, hsCRP, fibrinogen,
and LDL size pattern shift). Moreover, coadministered
FENOþ EZE demonstrated a good safety profile that
was comparable to FENO alone.
Per cent reduction in LDL-C was greater with EZE treat-

ment compared with FENO alone, but LDL-C reduction
was additive when both FENO and EZE were used
together. However, the change in LDL-C was influenced

Table 3 Per cent change from baseline to study endpoint in lipid, apo, and non-lipid parameters

Variablesa Placebo
(n ¼ 61)

EZE 10 mg
(n ¼ 173)

FENO 160 mg
(n ¼ 179)

FENO 160 mg/EZE 10 mg
(n ¼ 175)

TC 0.2 (a) 211.8 (b) 210.8 (b) 222.4 (c)
(22.6, 3.0) (213.5, 210.2) (212.4, 29.2) (224.0, 220.8)

HDL-C 3.2 (a) 3.9 (a) 18.8 (b) 19.0 (b)
(20.9, 7.3) (1.6, 6.3) (16.4, 21.2) (16.7, 21.4)

TGb 29.2 (a) 211.1 (a) 243.2 (b)c 244.0 (c)
(218.8, 0.5) (215.8, 26.5) (247.1, 239.2) (248.0, 240.1)

Non-HDL-C 20.2 (a) 214.7 (b) 216.2 (b) 230.4 (c)
(23.6, 3.2) (216.7, 212.8) (218.2, 214.3) (232.4, 228.4)

Apo B 21.2 (a) 211.3 (b)d 215.2 (c) 226.1 (d)
(24.7, 2.3) (213.4, 29.3) (217.3, 213.2) (228.2, 224.0)

Apo A-I 0.4 (a) 0.9 (a) 8.4 (b) 9.6 (b)
(23.6, 4.3) (21.4, 3.2) (6.1, 10.7) (7.3, 12.0)

HsCRPb 9.1 (a) 26.1 (a) 228.0 (b) 227.3 (b)
(25.9, 24.1) (216.4, 4.3) (236.5, 219.5) (235.0, 219.5)

Fibrinogenb 20.3 (a) 20.3 (a) 210.1 (b) 211.5 (b)
(26.3, 5.7) (22.8, 2.2) (212.4, 27.9) (214.0, 28.9)

For any comparison within a row, significant between-treatment differences are denoted by different online letters [e.g. within the first row, ‘(b)’
means significantly different compared with ‘(a)’ and ‘(c)’, ‘(c)’ significant compared with ‘(a)’ and ‘(b)’] (P, 0.001 unless otherwise indicated by a
symbol).

aData are presented as least square mean per cent change (95% CI) unless otherwise indicated.
bMedian per cent change (95% CI).
cP ¼ 0.021 compared with FENOþ EZE.
dP ¼ 0.009 compared with FENO.

Figure 3 Proportion of patients attaining CHD risk-specific, NCEP ATP III
LDL-C, and non-HDL-C treatment targets at study endpoint.
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by baseline TG levels in patients with mixed hyperlipi-
daemia in the present study. Greater LDL-C lowering
was noted with all active treatments in patients with
baseline TG �3.1 mmol/L. In contrast, in the high TG
subgroup, FENO treatment produced virtually no change
in LDL-C, whereas the effect of EZE was maintained.
The coadministration provided comparable LDL-C
reductions to EZE alone probably driven by the limited
response to FENO monotherapy. The per cent of patients
achieving LDL-C treatment targets was consistent with
the LDL-C response data in that baseline TG appeared
to influence the results. For patients with elevated TG,
change in other apo-B containing lipoprotein parameters,
non-HDL-C and apo B rather than LDL-C may be a better
indicator of treatment response.17 In the present study,
the effects of coadministration of FENOþ EZE on non-
HDL-C and apo B were additive with coadministration
and not affected by baseline TG levels. Similarly, non-
HDL-C goal attainment was comparable across baseline

TG strata in the present study. In agreement, a pooled
analysis of patients on fluvastatin and fibrate demon-
strated that reductions in non-HDL-C were unaffected
by baseline TG levels, whereas LDL-C response to coadmi-
nistration was significantly blunted with increasing TG
levels.18

Similar results of additive reductions for apo B-contain-
ing lipoproteins have been demonstrated with coadminis-
tration of statin and FENO. Coadministration of
simvastatin 20 mg and FENO 160 mg produced additional
reductions in LDL-C, non-HDL-C, TC, and apo B when
compared with simvastatin 20 mg alone in patients with
combined hyperlipidaemia.19 Athyros et al.20 reported
that coadministration of atorvastatin 20 mg and FENO
200 mg produced significant reductions in LDL-C, TC,
and apo B beyond either treatment alone in the type 2
diabetic patient with combined hyperlipidaemia. In
patients with severe mixed hyperlipidaemia, atorvastatin
40 mg plus FENO 200 mg lowered LDL-C, TC, and apo B

Table 4 Change in LDL size pattern with treatment in patients with mixed hyperlipidaemia

LDL size patterna Placebo
(n ¼ 59)

EZE 10 mg
(n ¼ 165)

FENO 160 mg
(n ¼ 170)

FENO 160 mg/EZE 10 mg
(n ¼ 165)

Frequency at baseline, n (%)
Pattern A 10 (16.9) 20 (12.1) 25 (14.7) 29 (17.6)
Pattern B 41 (69.5) 128 (77.6) 127 (74.7) 123 (74.5)
Pattern I (intermediate pattern) 8 (13.6) 17 (10.3) 18 (10.6) 13 (7.9)

Frequency of LDL size pattern change from baseline to study endpoint n (%)
More dense! more buoyantb 7 (11.9) 37 (22.4) 106 (62.3) 106 (64.2)
No change 46 (77.9) 113 (68.5) 61 (35.9) 57 (34.6)
More buoyant! more densec 6 (10.2) 15 (9.1) 3 (1.8) 2 (1.2)

a LDL size pattern assessed using segmented gradient gel electrophoresis method.
b Includes shifts in LDL size patterns from B ! A, I ! A, and B ! I (less atherogenic shift).
c Includes shifts in LDL size patterns from A ! I, A ! B, and I ! B (more atherogenic shift).

Table 5 Safety and tolerability assessment

n (%)a Placebo
(n ¼ 64)

EZE 10 mg
(n ¼ 187)

FENO 160 mg
(n ¼ 189)

FENO 160 mg/EZE 10 mg
(n ¼ 185)

All AEs 30 (46.9) 84 (44.9) 92 (48.7) 90 (48.6)
Treatment-related AEs 5 (7.8) 12 (6.4) 27 (14.3) 21 (11.4)
SAEs 0 (0) 4 (2.1) 1 (,1) 5 (2.7)
Treatment-related SAEs 0 (0) 0 (0) 0 (0) 0 (0)
Discontinuation due to AEs 0 (0) 4 (2.1) 9 (4.8) 7 (3.8)
Discontinuation due to treatment-related AEs 0 (0) 1 (,1) 6 (3.2) 4 (2.2)
Discontinuations due to SAEs 0 (0) 2 (1.1) 0 (0) 2 (1.1)
Special AEs of interest

ALT and/or AST. 3�ULN (consecutive) 1 (1.6) 1 (,1) 4 (2.1) 4 (2.2)
CK. 10�ULN 0 0 0 0
Myopathy 0 0 0 0
Cholecystectomy 0 0 0 1 (,1)b

Pancreatitis 0 0 0 0
Angio-oedema 0 0 1 (,1) 0

SAEs, Serious AEs.
aAlthough a patient may have had two or more adverse experiences, the patient is only counted once within a category. The same patient may

appear in different categories.
bInvestigator determined that the acute cholecystitis and cholelithiasis that preceded the cholecystectomy was not treatment-related.
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more than either monotherapy.21 Conversely, the
addition of FENO to simvastatin did not result in signifi-
cant incremental reductions in LDL-C, TC, non-HDL-C,
or apo B beyond that of simvastatin monotherapy in
patients with both combined hyperlipidaemia and meta-
bolic syndrome.22 Due to paradoxical increases in LDL-C
levels with FENO therapy noted in patients with severely,
elevated TG,4 the high upper end of the TG entry criteria
[9.0 mmol/L (800 mg/dL)], in Vega et al.,22 may have
contributed to the small, non-significant changes in the
apo B-containing particles with the addition of FENO
treatment to statin therapy. Differences in patient selec-
tion may also account for the discrepant results between
studies. Overall, these and the present study data
suggest that combining an LDL-C-lowering therapy with
FENO produced additional cholesterol reductions in apo
B-containing lipoproteins.

Consistent LDL-C responses across age, race, and BMI
were demonstrated with treatments in the present
study. The LDL-C reductions were different between
genders, high or low baseline lipid values, and diabetes
status. Differences in baseline TG within these subgroups
may account for the disparate responses to treatments.
Further study will be needed to determine if the
gender-related differences may be due to differences in
body composition, plasma TG concentrations, and/or
the hormonal milieu.

The coadministration of FENOþ EZE resulted in com-
parable improvements in HDL-C and apo A-I when com-
pared with FENO alone. There was significant reduction
in TG with FENOþ EZE vs. FENO alone, but this slight
difference was not considered clinically meaningful.
Similarly, the reductions in hsCRP and fibrinogen also
appear to be a FENO-dependent effect. The pharmacoki-
netic profile of FENO was not affected with coadministra-
tion of EZE.14 Thus it was expected that EZE would not
interfere with the therapeutic actions of FENO. The
HDL-C and TG results of the present study were consist-
ent with those that used fibrates with statins.23,24 EZE
produced significant changes in apo B-containing lipopro-
teins and FENO improved TG and HDL-C, thus this drug
combination may effectively treat the lipid triad associ-
ated with mixed hyperlipidaemia.

Mixed hyperlipidaemia is also associated with the
preponderance of small, dense LDL particles (LDL size
pattern B). At baseline, a majority of patients with
mixed hyperlipidaemia presented with the LDL size
pattern B in the present study. More than 62% of patients
shifted to the larger, more buoyant LDL pattern from the
smaller, more dense pattern with coadministration, and
FENO alone treatments. This is in agreement with the
reported effects of FENO on LDL particle size noted
with patients with type 2 diabetes.25 Slight improvement
in the LDL size pattern was noted in the EZE group com-
pared with placebo. The shift from an LDL size pattern
that was more dense to more buoyant is consistent with
an improvement in atherogenic dyslipidaemia.

Coadministration of drug therapies may produce
synergistic effects, including toxicity.26 EZE monotherapy
has demonstrated a safety profile similar to placebo in
patients with primary hypercholesterolaemia.10–12 FENO

monotherapy is well tolerated, but may increase
hepatic enzymes, biliary cholesterol concentration, gall-
stone formation, and the risk of myopathy.4 In a small
pilot study, FENO significantly increased steady state
exposure of total EZE by �50%, which was not considered
clinically relevant, and EZE did not significantly affect
FENO pharmacokinetics.14 As the previous experience
with coadministration of FENOþ EZE was only 2 weeks
in duration, the safety and tolerability of this combi-
nation were also evaluated over the 12 week period in
the present study.
In patients with mixed hyperlipidaemia, the coadminis-

tration of FENOþ EZE did not seem to influence the rate
of AEs beyond that noted with FENO alone. The treat-
ment-related AEs were also similar between the FENOþ

EZE and the FENO alone groups. The proportion of
patients with consecutive elevations in liver function
tests (ALT and/or AST .3�ULN) or serum creatinine
�133 mmol/L was similar between the FENOþ EZE and
FENO, but greater than the proportion noted with EZE
treatment. Increases in serum creatinine have been
observed with FENO monotherapy.4 There were no
cases of hepatitis in the study. One patient on FENOþ

EZE was discontinued after being diagnosed with chole-
lithiasis and subsequent cholecystectomy. The present
study was, however, too small and short in duration to
determine the effect of coadministration on the inci-
dence of gallbladder-related disease. A long-term
safety assessment of coadministration of FENOþ EZE is
part of an on-going, 48 week extension of the current
study. Another patient in the FENO treatment group dis-
continued after developing angio-oedema. There were,
however, no serious AEs related to any treatment. No
cases of pancreatitis were recorded in these patients
with moderately elevated TG. No cases of death, rhabdo-
myolysis, myopathy, and CK elevations .10�ULN were
reported in the present study. Overall, treatment with
FENOþ EZE was well tolerated with a safety profile com-
parable to FENO alone.

Conclusions

The coadministration of EZE with FENO offers a well-tol-
erated, new lipid management strategy for patients with
mixed hyperlipidaemia in this study. The combined use of
these agents provides a therapy with complementary
effects to improve the atherogenic lipid profile observed
for these patients.
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The Ezetimibe Study Group: Australia: Leo Mahar, MD, Adelaide;
David Sullivan, MD, Camperdown; Gerald Watts, MD, Perth;
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Belgium: Jean Ducobu, MD, La Louviere; Gerard Lamberigts, MD,
Brugge; Luc Van Gaal, MD, Antwerpen; Brazil: Marcelo
Bertolami, MD, Sao Paulo; Emilio Moriguchi, MD, Porto Alegre;
Canada: Rafik Habib, MD, Laval, Quebec; Claude Gagne, MD,
Ste-Foy, Quebec; Colombia: Mauricio Cardenas, MD, Bogota;
Monica Acuna, MD, Bogota; Leonardo Enciso, MD, Bogota;
Denmark: Sten Madsbad, MD, Hvidovre; England: Jolly
Zachariah, MD, Milton Keynes; Chris Marshall, MD, Stockport;
Finland: Timo Strandberg, MD, Helsinki; France: Michel Farnier,
MD, Dijon; Anna Kearney-Schwartz, MD, Toul; Philippe Igigabel,
MD, Tierce; Greece: Moisis Elisaf, MD, Ioannina; Hong Kong:
Matthew Lo, MD, Chai Wan; Hungary: Laszlo Mark, MD, Gyula;
Gyorgy Paragh, MD, Debrecen; Northern Ireland: Chris J Kyle,
MD, Antrim; Israel: Tova Chajek-Shaul, MD, Jerusalem; Osamah
Hussein, MD, Safed; Maximo Maislos, MD, Be’er Sheva; Italy:
Luigi Cattin, MD, Trieste; Elmo Mannarino, MD, Perugia; Paolo
Rubba, MD, Naples; Mexico: Carlos Aguilar-Salinas, MD, Mexico
City; Netherlands: Jan J. Jonker, MD, Rotterdam; New
Zealand: Russell Scott, MD, Christchurch; Harvey White, MD,
Auckland; Jim Mann, MD, Dunedin; Peru: Jaime Espinoza, MD,
Lima; Mario Zubiate, MD, Lima; Santiago Campodonico, MD,
Lima; Portugal: Jose Silva, MD, Coimbra; Roberto Palma Dos
Reis, MD, Sintra; Scotland: Frank Doig, MD, Irvine; Spain:
Juan Pedro-Botet Montoya, MD, Barcelona; Francisco Perez-
Jimenez, MD, Cordoba; Fernando Diz-Lois Martinez, MD, La
Coruna; Arturo Fernandez-Cruz, MD, Madrid; Pedro Mata-
Lopez, MD, Madrid; Federico Hawkins-Carranza, MD, Madrid;
Fernando Fabiani-Romero, MD, Sevilla; Fernando Civeria-
Murillo, MD, Zaragoza; United States: Harold E. Bays, MD,
Louisville, KY; James P. Capo, Jr., MD, Atlanta, GA; Alan D.
Forker, MD, Kansas City, MO; Mason W. Freeman, MD, Boston,
MA; Scott M. Grundy, MD, Dallas, TX; William Insull, MD,
Houston, TX; James McKenney, PharmD, Richmond, VA; Leslie
W. Miller, MD, Minneapolis, MN; Richard Mills, MD, Mount
Pleasant, SC; Stephen D. Nash, MD, Syracuse, NY; Melvin
Tonkin, MD, Santa Ana, CA
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Hyperlipidemia and Metabolic Syndrome

afety and Efficacy of Long-Term
o-Administration of Fenofibrate and
zetimibe in Patients With Mixed Hyperlipidemia

ames M. McKenney, PHARMD,* Michel Farnier, MD, PHD,† Kwok-Wing Lo, MD,‡
arold E. Bays, MD,§ Inna Perevozkaya, PHD,¶ Gary Carlson, BS,¶ Michael J. Davies, PHD,¶
ale B. Mitchel, MD,¶ Barry Gumbiner, MD¶
ichmond, Virginia; Dijon, France; Chai Wan, Hong Kong; Louisville, Kentucky; and Rahway, New Jersey

OBJECTIVES This study sought to determine the long-term safety and efficacy of co-administered
fenofibrate (FENO) and ezetimibe (EZE) in patients with mixed hyperlipidemia.

BACKGROUND Both EZE and FENO offer complementary benefits to the lipid profile of patients with
mixed hyperlipidemia.

METHODS After completing the 12-week randomized, double-blind base study that compared EZE 10 mg,
FENO 160 mg, FENO 160 mg plus EZE 10 mg, and placebo in patients with mixed hyperlipidemia,
patients continued into a double-blind, 48-week extension phase. Those patients in the FENO plus
EZE and FENO groups continued on their respective base study treatment, and patients in the
EZE and placebo groups were switched to FENO plus EZE and FENO, respectively.

RESULTS Of the 587 patients who completed the base study, 576 continued into the extension study (n �
340 in FENO plus EZE and n � 236 in FENO). The FENO plus EZE produced significantly
greater reductions in low-density lipoprotein-cholesterol compared with FENO (�22% vs. �9%,
respectively; p � 0.001). There were also significantly greater improvements in triglycerides,
high-density lipoprotein cholesterol (HDL-C), total cholesterol, non–HDL-C, and apolipopro-
tein B with FENO plus EZE compared with FENO. Changes in apolipoprotein A-I and
high-sensitivity C-reactive protein were similar between groups. Overall, FENO plus EZE was
well tolerated during the extension study. The proportion of patients with consecutive elevations
of alanine aminotransferase/aspartate aminotransferase �3 times upper limit of normal were
similar between the FENO plus EZE (1.2%) and FENO (1.7%) groups. No cases of creatine
phosphokinase elevations �10 times upper limit of normal or myopathy were observed in either group.

CONCLUSIONS Long-term, 48-week co-administration of FENO plus EZE was well tolerated and more
efficacious than FENO in patients with mixed hyperlipidemia. (J Am Coll Cardiol 2006;47:

ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.11.072
1584–7) © 2006 by the American College of Cardiology Foundation
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he cholesterol absorption inhibitor ezetimibe (EZE) effec-
ively lowers low-density lipoprotein cholesterol (LDL-C) by
nhibiting the intestinal absorption of dietary and biliary
holesterol without affecting absorption of triglycerides or
at-soluble vitamins (1). Fibrates have favorable effects on
riglycerides, high-density lipoprotein cholesterol (HDL-C),
nd LDL particle size (2). Recently in patients with mixed
yperlipidemia, 12-week co-administration of fenofibrate
FENO) plus EZE was well tolerated and produced signif-
cant improvements in lipid profiles compared with either
ENO or EZE alone (3). Thus, in the short term, the
o-administration of FENO plus EZE, through their com-
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eutic option for treating patients with mixed hyperlipid-
mia. The present study examined the long-term safety and
fficacy of co-administered FENO plus EZE in patients
ith mixed hyperlipidemia over 48 weeks.
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diabetes) and a baseline triglyceride level of 200 to 500 mg/dl
nclusive. After completing the 12-week base study, which
ompared EZE 10 mg, FENO 160 mg, FENO 160 mg plus
ZE 10 mg, and placebo, patients continued into the 48-week
ouble-blind extension study unless there was a condition that
ould interfere with the patient’s ability to participate. Patients

n the FENO plus EZE and FENO groups continued on their
espective base study treatment, and those in the EZE and
lacebo groups were switched to FENO plus EZE and
ENO, respectively. All patients were instructed to continue

ollowing the National Cholesterol Education Program
NCEP) Step I or comparable diet throughout the study.
ollow-up visits were conducted at weeks 6, 12, 24, 36, and 48
f the extension study.
afety assessment. Safety and tolerability were evaluated by
dverse experiences (AEs), laboratory measurements (specifi-
ally alanine aminotransferase [ALT], aspartate aminotrans-
erase [AST], and creatine phosphokinase [CPK] levels), and
hysical examination findings for only the 48-week extension
tudy. Results were not combined with the 12-week base study.
he study investigators assessed the potential relationship of all
Es to drug treatment while blinded to treatment assignment

Appendix). The AEs of clinical interest that resulted in
iscontinuation included: consecutive, unexplained elevations
f CPK �10 times the upper limit of normal (ULN) or
LT/AST �3 times ULN; myopathy (muscle symptoms

ccompanied by CPK �10 times ULN); persistent elevations
n serum creatinine �1.8 mg/dl or �30% above the baseline
alue from base study for patients with baseline creatinine
evels �1.0 mg/dl; persistent elevations in creatinine �50%
bove the baseline value of base study for patients with baseline
reatinine levels �1.0 mg/dl. Beginning at week 12 of the
xtension, if the LDL-C concentration was �15 mg/dl above
he patient’s NCEP Adult Treatment Panel III risk-specific
DL-C target as established at baseline, the patient was
iscontinued for lack of efficacy.
fficacy assessments. The primary efficacy variable was
ercent change in LDL-C from baseline of the base study to
tudy end point in the extension. Secondary efficacy end
oints included percent change from baseline to study end
oint in total cholesterol (TC), HDL-C, triglycerides,
on–HDL-C, apolipoprotein B, apolipoprotein A-I, and

Abbreviations and Acronyms
AE � adverse experience
ALT � alanine aminotransferase
AST � aspartate aminotransferase
CPK � creatine phosphokinase
EZE � ezetimibe
FENO � fenofibrate
HDL-C � high-density lipoprotein-cholesterol
hs-CRP � high-sensitivity C-reactive protein
LDL-C � low-density lipoprotein-cholesterol
TC � total cholesterol
ULN � upper limit of normal
igh-sensitivity C-reactive protein (hs-CRP).
h
c

aboratory measurements. A central laboratory per-
ormed all clinical laboratory analyses of safety and efficacy
ariables as described previously (3).
tatistical analyses. Inferential testing was limited to a
re-specified number of safety parameters, including myop-
thy, persistent ALT and/or AST elevations �3 times
LN, persistent CPK elevations �10 times ULN, planned
r performed cholecystectomy (pooled end point including
erformed cholecystectomy or diagnosed cholecystitis,
holangitis, or cholelithiasis), and serum creatinine �1.5
g/dl. Proportions of patients were compared between

reatments with the Fisher exact test. Given the differences
n average duration of exposure to active therapy between
roups in the present study, examining the crude incidence
ates may be misleading. Therefore, adjusted incidence rates
er 1,000 patient-years were calculated for the pre-specified
afety parameters listed above based on cumulative patient-
ears available for each treatment (i.e., adjusted incidence
ate � number of events/exposure [expressed in 1,000
atient-years]). The efficacy analysis was an all-patients-
reated approach with an end point defined as percent
hange from baseline to the average of all measurements
vailable throughout extension. A parametric analysis of
ovariance (ANCOVA) model with terms for treatment
nd baseline triglyceride values was used to compare each
fficacy variable between treatment groups. Because triglyc-
rides and hs-CRP were not normally distributed, a non-
arametric ANCOVA was used to assess between-group
ifferences. Least-squares mean or median differences be-
ween treatment groups with corresponding 95% CIs were
ummarized.

able 1. Baseline* Summary of Patient Demographics, Lipid
arameters, and hs-CRP

Study Variable
FENO

(n � 236)
FENO � EZE

(n � 340)

ge, yrs 52.9 (10.4) 54.1 (9.5)
atients �65 yrs, n (%) 34 (14.4) 53 (15.6)
ender, n (%)
Male 139 (58.9) 192 (56.5)
Female 97 (41.1) 148 (43.5)

ody mass index 29.3 (4.4) 29.5 (4.6)
ype 2 diabetes, n (%) 33 (14.0) 60 (17.6)
etabolic syndrome, n (%) 138 (59.0) 190 (55.9)

DL-C, mg/dl 164.1 (27.9) 159.7 (27.7)
DL-C, mg/dl 41.9 (9.5) 41.7 (8.8)
riglycerides,† mg/dl 277.0 (86.5) 275.0 (101.6)
C, mg/dl 264.4 (33.5) 259.9 (32.2)
on–HDL-C, mg/dl 222.6 (31.8) 218.2 (31.0)
po B, mg/dl 171.3 (25.0) 167.8 (24.5)
po A-I, mg/dl 151.0 (28.5) 149.1 (25.7)
s-CRP,† mg/l 3.0 (4.0) 2.5 (3.1)

Baseline values as recorded in the base study (reference 3). Data are expressed as
ean (standard deviation [SD]) or frequency unless otherwise indicated. †Values are
edian (robust SD for median).
Apo � apolipoprotein; hs-CRP � high-sensitivity C-reactive protein; EZE �

zetimibe; FENO � fenofibrate; HDL-C � high-density lipoprotein-cholesterol;

s-CRP � high-sensitivity C-reactive protein; LDL-C � low-density lipoprotein-
holesterol; TC � total cholesterol.
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ESULTS

f the 587 patients who completed the 12-week base study,
76 patients continued into the 48-week extension study
N � 340 for FENO plus EZE and N � 236 for FENO;
able 1). During the extension phase, a greater proportion
f participants in the FENO group discontinued treatment
ompared with those in the FENO plus EZE group, primarily
ecause of the failure to meet the LDL-C efficacy criterion
Table 2). Thus, average exposure to study treatment was
ess in the FENO group (212.3 days) compared with the
ENO plus EZE group (271.3 days).
The FENO plus EZE resulted in significantly greater

ercent reductions from baseline to average extension end
oint in LDL-C, TC, triglycerides, non–HDL-C, and apoli-
oprotein B compared with FENO (Table 3). The percent
ncrease in HDL-C, but not apolipoprotein A-I, was signifi-
antly greater with FENO plus EZE versus FENO. Reduc-
ions in median hs-CRP levels were not different between
reatments.

The FENO plus EZE was well tolerated during the
8-week extension study. Both groups were similar with
egard to incidence of treatment-related AEs and discon-
inuations because of treatment-related AEs, respectively
Table 4). Five patients had treatment-related serious AEs

able 2. Disposition of Patients Entered Into the 48-Week
xtension Study

FENO
(n � 236)

FENO � EZE
(n � 340)

atient completed 87 (36.9) 230 (67.6)
atient discontinued 149 (63.1) 110 (32.4)
Due to lack of efficacy* 120 (50.8) 82 (24.1)
Due to clinical adverse experience 7 (3.0) 5 (1.5)
Due to laboratory adverse experience 7 (3.0) 10 (2.9)
Due to other reasons† 15 (6.4) 13 (3.8)

ata are expressed as n (%). *Lack of efficacy was defined as LDL-C �15 mg/dl
bove NCEP ATP III risk-specific LDL-C goal at week 12 or later during the
xtension. †Other reasons include patients who withdrew consent, moved, deviated
rom protocol, or were lost to follow-up.

NCEP ATP III � U.S. National Cholesterol Education Program Adult Treat-
ent Panel III; other abbreviations as in Table 1.

Table 3. Comparison of the Lipid and hs-CRP
Regard to Percent Change From Baseline Valu
the Extension Study

Parameter
FENO

(n � 235)

LDL-C �8.6 (�10.6 to �6.5)
HDL-C 17.8 (15.9 to 19.8)
Triglycerides† �41.8 (�44.9 to �38.7)
TC �13.6 (�15.0 to �12.1)
Non–HDL-C �19.4 (�21.2 to �17.6)
Apo B �16.2 (�18.5 to �13.9)
Apo A-I 7.8 (5.5 to 10.1)
hs-CRP† �21.1 (�29.0 to �13.1)

*Baseline values were recorded at the beginning of the base st
change (95% CI). †Median percent change (95% CI); for a

FENO � EZE; for hs-CRP, n � 221 for FENO and n � 326 f

Abbreviations as in Table 1.
n the extension study: three in the FENO group (angio-
eurotic edema, pancreatitis, polyarthropathy) and two in
he FENO plus EZE group (cholangitis, cholecystitis). A
atient on FENO plus EZE died in the extension study
rom a cerebral hemorrhage that the investigator reported
as definitely not caused by study treatment.
No patient experienced CPK elevations �10 times ULN or
yopathy. The proportion of patients with consecutive eleva-

ions of ALT and/or AST �3 times ULN was low and similar
etween treatment groups (Table 4). The proportion of pa-
ients with planned or performed cholecystectomy was not
ignificantly different between treatments (Table 4). To ac-
ount for differences in exposure to treatments, rates of planned
r performed cholecystectomy were adjusted for exposure
expressed in 1,000 patient-years) and were still not signifi-

ects of FENO and FENO Plus EZE With
the Base Study* to the End Point Values in

Extension Study

FENO � EZE
(n � 337) p Value

�22.0 (�23.7 to �20.3) �0.001
20.9 (19.2 to 22.5) 0.02

�46.0 (�48.2 to �43.8) 0.002
�23.2 (�24.4 to �22.0) �0.001
�31.6 (�33.1 to �30.1) �0.001
�25.2 (�27.1 to �23.3) �0.001

10.1 (8.2 to 12.0) 0.12
�25.3 (�33.1 to �17.5) 0.46

eference 3); data are expressed as least-squares mean percent
proteins B and A-I, n � 217 for FENO and n � 321 for

able 4. Safety and Tolerability Summary for 48-Week
xtension Study

Number (%) of Patients With
FENO

(n � 236)
FENO � EZE

(n � 340)

ne or more AEs 145 (61.4) 229 (67.4)
Treatment-related AEs 38 (16.1) 47 (13.8)
SAEs 14 (5.9) 23 (6.8)
Treatment-related SAEs 3 (1.3) 2 (0.6)
Deaths 0 (0.0) 1 (0.3)
iscontinuations due to AEs 14 (5.9) 15 (4.4)
Discontinuations due to

treatment-related AEs
13 (5.5) 13 (3.8)

Discontinuations due to SAEs 2 (0.9) 3 (0.8)
Discontinuations due to

treatment-related SAEs
2 (0.9) 2 (0.6)

Es of interest
ALT and/or AST �3 times

ULN consecutive
4/235 (1.7) 4/337 (1.2)

CPK �10 times ULN 0/235 0/337
Myopathy 0 0
Planned or performed

cholecystectomy
1 (0.4) 4 (1.2)

Serum creatinine �1.5 mg/dl 21/235 (8.9) 36/338 (10.7)

Es � adverse experiences; ALT � alanine aminotransferase; AST � aspartate
minotransferase; CPK � creatine phosphokinase; SAEs � serious adverse experi-
nces; ULN � upper limit of normal; other abbreviations as in Table 1.
Eff
es in

udy (r
polipo
or FENO � EZE.
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antly different between FENO plus EZE and FENO groups
15.9 per 1,000 patient-years [95% CI 4.3 to 40.7] vs. 7.3 per
,000 patient-years [95% CI 0.2 to 40.6], respectively). The
roportion of patients with serum creatinine �1.5 mg/dl was
ot significantly different between groups (Table 4). The
esults of all other measures of safety did not suggest any
linically meaningful differences between treatment groups.

ISCUSSION

o-administration of FENO plus EZE provided superior
ipid-altering effects compared with FENO during the
8-week extension study. In the present study, FENO plus
ZE produced an incremental LDL-C reduction of 13.5%

ompared with FENO. This was consistent with the incre-
ental reduction observed for FENO plus EZE versus FENO

n the base study (3) and also that observed with EZE plus
tatin versus statin monotherapy (4). Improvements in TC,
on–HDL-C, TG, HDL-C, and apolipoprotein B were also
reater in the co-administration group. The results from the
xtension study were generally consistent with those from
he base study, and the small differences in efficacy between
tudies (TG and HDL-C) may be because the extension
tudy was not randomly assigned and was imbalanced.

The safety profile for long-term co-administration of
ENO plus EZE was similar to that of FENO in this study.
roups did dramatically differ in the overall rate of discontinu-

tions, which was mainly attributable to an imbalance in the
umber of patients who discontinued because of the protocol-
pecified lack of LDL-C efficacy criterion used in the exten-
ion, which was more than double in the FENO group versus
he FENO plus EZE group. This imbalance was related to the
reater lipid efficacy of FENO plus EZE compared with
ENO. As a result of this difference, patients in the FENO
lus EZE group averaged approximately 8.5 more weeks of
reatment exposure than those in the FENO group.

No clinically important elevations in CPK or cases of
yopathy were observed in either treatment group during

he extension. The incidence of elevated ALT and/or AST
evels �3 times ULN was low and was not different between
reatment groups. Fenofibrate increases cholesterol excre-
ion into the bile, which may lead to cholelithiasis (5).
zetimibe has inconsistent effects on biliary cholesterol in

nimal models (6). There seems, however, to be no evi-
ence, based on short-term clinical study data available to
ate, that EZE monotherapy increases the risk of gallstones

n patients with primary hypercholesterolemia (1,7,8). In
his study, most randomized patients had numerous risk
actors, including hyperlipidemia, obesity, age, female gen-
er, and type 2 diabetes, that would predispose them to an

ncreased risk for gallstones (9). Patients were excluded from
he present study for a history of gallbladder disease and not
reviously having been treated with cholecystectomy. The
roportion of patients with performed or planned cholecys-

ectomy was not significantly different between groups when o
xpressed as either the proportion of patients with events or
he incidence rates adjusted for group differences in patient
xposure to treatments. This study was, however, not
esigned to assess infrequently occurring AEs such as
holecystectomy, and only a much larger, longer-term study
ould conclusively assess these infrequent biliary AEs.

Although modest increases in the incidence of serum
reatinine level �1.5 mg/dl were found in both treatment
roups, the proportion of patients with these elevated
reatinine levels did not differ between groups. The increase
n both groups might have been anticipated, because FENO
s known to increase creatinine levels (5). The overall safety
rofile of co-administered FENO plus EZE in this longer-
erm 48-week study was consistent with the findings in the
horter 12-week base study (3). Furthermore, considering
he greater mean duration of treatment exposure for patients
n the FENO plus EZE group compared with those in the
ENO group in this study, the comparable safety findings
etween treatment groups support co-administration of
ENO plus EZE as a well-tolerated therapy.
In summary, the long-term FENO plus EZE therapy

as a more effective treatment option than FENO, and was
ell-tolerated for up to 48 weeks of treatment for patients
ith mixed hyperlipidemia in this study.
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ational Clinical Research Inc., 2809 Emerywood Parkway, Suite

40, Richmond, Virginia 23294. E-mail: jmckenney@ncrinc.net.

EFERENCES

. Knopp RH, Gitter H, Truitt T, et al. Effects of ezetimibe, a new
cholesterol absorption inhibitor, on plasma lipids in patients with
primary hypercholesterolemia. Eur Heart J 2003;24:729–41.

. Fazio S, Linton MF. The role of fibrates in managing hyperlipidemia:
mechanisms of action and clinical efficacy. Curr Atheroscler Rep 2004;
6:148–57.

. Farnier M, Freeman M, Macdonell G, et al. Efficacy and safety of the
co-administration of ezetimibe with fenofibrate in patients with mixed
hyperlipidaemia. Eur Heart J 2005;26:897–905.

. Davidson MH, Ballantyne CM, Kerzner B, et al. Efficacy and safety of
ezetimibe co-administered with statins: randomised, placebo-
controlled, blinded experience in 2382 patients with primary hypercho-
lesterolemia. Int J Clin Pract 2004;58:746–55.

. Product Information: TRICOR (fenofibrate tablets). North Chicago,
IL: Abbott Laboratories, February 2003.

. Product Information: ZETIA (ezetimibe). North Wales, PA: Merck/
Schering-Plough Pharmaceuticals, March 2005.

. Dujovne CA, Ettinger MP, McNeer JF, et al. Efficacy and safety of a
potent new selective cholesterol absorption inhibitor, ezetimibe, in
patients with primary hypercholesterolemia. Am J Cardiol 2002;90:
1092–7.

. Bays HE, Moore PB, Drehobl MA, et al. Effectiveness and tolerability
of ezetimibe in patients with primary hypercholesterolemia: pooled
analysis of two phase II studies. Clin Ther 2001;23:1209–30.

. Sama C, Labate AM, Taroni F, Barbara L. Epidemiology and natural
history of gallstone disease. Semin Liver Dis 1990;10:149–58.

PPENDIX
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