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Introduction

Elevated plasma low-density lipoprotein cholesterol

(LDL-C) is a pivotal risk factor in the development

of atherosclerotic coronary heart disease (CHD) (1).

Hence, optimal management of plasma LDL-C levels

is the primary goal of therapeutic intervention in

patients at risk of coronary events (2–4). The

3-hydroxy-3-methylglutaryl coenzyme A reductase

inhibitors (i.e. statins), the most effective LDL-C-

lowering therapeutic agents available to date, operate

by inhibiting cholesterol biosynthesis (5). Of the var-

ious statins available for use, rosuvastatin (ROSUVA)

10–40 mg ⁄ day (Crestor�, AstraZeneca, London, UK)

is the most potent and provides LDL-C reductions in

the range of 52–63%, depending on the dose (6,7).

The effectiveness of statin therapy in high-risk

patient populations and the importance of aggressive

lowering of LDL-C to minimise cardiovascular risk

have been widely documented (8–13). Cholesterol

management guidelines issued by international expert

panels endorse a minimal LDL-C goal of

< 2.59 mmol ⁄ l (< 100 mg ⁄ dl) in high-risk patients,

with an optional target of < 2.00 mmol ⁄ l
(< 77 mg ⁄ dl) or < 1.81 mmol ⁄ l (< 70 mg ⁄ dl) in

persons at very high risk (2–4,14). Despite the pro-

ven efficacy of statins, a substantial proportion

of high risk-patients fail to achieve recommended
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What’s known
• Optimal management of plasma LDL-C levels is

the primary goal of therapeutic intervention in

patients at risk of coronary events.

• A substantial proportion of patients at risk of

coronary events fail to achieve recommended

LDL-C goals with statin monotherapy and are

therefore at increased risk of future coronary

events.

What’s new
• The present study was designed to evaluate the

efficacy of switching hypercholesterolaemic

patients at high cardiovascular risk who failed to

achieve adequate lowering of LDL-C with prior

statin monotherapy to ezetimibe ⁄ simvastatin

10 ⁄ 20 mg vs. rosuvastatin 10 mg.

• Ezetimibe ⁄ simvastatin 10 ⁄ 20 mg produced

greater improvements in LDL-C, total cholesterol,

non-HDL-C and apolipoprotein B with a similar

safety profile as for rosuvastatin 10 mg.

1Point Medical, Rond Point de

la Nation, Dijon, France
2Dipartimento di Medicina

Clinica e delle Patologie

Emergenti-Policlinico ‘Paolo

Giaccone’, Palermo, Italy
3St Jan Hospital, Department of

Cardiology, Bruges, Belgium
43rd Department of Internal

Medicine, University Hospital

Olomouc, Olomouc, Czech

Republic
5Tallinn University of

Technology North-Estonia

Regional Hospital, Tallinn,

Estonia
6Merck Sharp & Dohme,

Brussels, Belgium
7Merck Research Laboratories,

Rahway, NJ, USA
8Merck ⁄ Schering-Plough, North

Wales, PA, USA

Correspondence to:

Michel Farnier,

Point Medical, Rond Point de la

Nation, 21000 Dijon, France

Tel.: + 33 380 703 813

Fax: + 33 380 703 894

Email: michelfarnier@nerim.net

Disclosures

Amy O. Johnson-Levonas is an

employee of Merck & Co., Inc.

and holds stock in the

company. Rachid Massaad and

Kristel Vandormael are

employees of Merck, Sharp &

Dohme and hold stock in the

company. Philippe Brudi is an

employee of Merck ⁄ Schering

Plough and holds stock in

Merck. Margus Viigimaa and

Maurizio Averna participated in

the conduct of this study.

Michel Farnier, Luc Missault

and Helena Vaverkova

participated in the conduct of

this study and are members of

Speaker Boards and

Consultant ⁄ Advisory Boards.

OR IG INAL PAPER

ª 2009 Blackwell Publishing Ltd Int J Clin Pract
doi: 10.1111/j.1742-1241.2009.02022.x 1



LDL-C goals with statin monotherapy and therefore

remain at increased risk of future coronary events

(15,16).

A major factor impeding LDL-C goal attainment

among patients at the highest risk is the actual mag-

nitude of LDL-C reductions they require to attain

optimal levels (15,17). Many high-risk patients

require a ‡ 50% reduction in LDL-C to achieve the

most stringent LDL-C goals, and only the highest

doses of the most potent statins are capable of pro-

viding these reductions. The practice of upwardly

titrating the statin dose or switching to more potent

statin regimens are therapeutic options for these

patients; however, statin-induced muscle and liver-

related adverse events (AEs) are known to occur fre-

quently at higher statin doses. The initial dose of a

statin provides the largest magnitude reduction in

LDL-C, whereas each doubling of the statin dose

results in only a 6–8% additional reduction relative

to the prestatin (i.e. untreated) baseline levels. More-

over, the response to statin therapy is variable. Sev-

eral factors can affect this response, among them the

variability in cholesterol synthesis and cholesterol

absorption. The challenge of attaining more aggres-

sive LDL-C goals has stimulated research into possi-

ble new combinations of lipid-lowering agents with

complementary mechanisms of actions (5). Ezetimibe

(EZE) is a cholesterol absorption inhibitor that

blocks the intestinal absorption of dietary and biliary

cholesterol without affecting the uptake of triglyce-

rides (TG) or fat-soluble vitamins (18). Clinical trials

have shown that the co-administration of EZE 10 mg

with simvastatin (SIMVA) (10, 20, 40, or 80 mg), a

combination therapy that inhibits cholesterol biosyn-

thesis and blocks its intestinal absorption, is more

effective at lowering LDL-C than any one of the

agent alone (19–21). As a result, a fixed-dose combi-

nation tablet containing EZE with a range of doses

of SIMVA [EZE ⁄ SIMVA 10 ⁄ 10, 10 ⁄ 20, 10 ⁄ 40 and

10 ⁄ 80 mg; (Inegy�, MSD-SP Ltd, Hoddesdon, UK)]

is available worldwide for the treatment of hypercho-

lesterolaemia. Across the dose range, EZE ⁄ SIMVA

has been shown to reduce LDL-C by 45–60%, with

an overall safety profile similar to the respective

monotherapies (22,23).

In Europe, EZE ⁄ SIMVA 10 ⁄ 20 mg ⁄ day represents

the most commonly prescribed starting dose of this

second line LDL-C-lowering agent (23). The usual

starting dose for ROSUVA is 5 or 10 mg, depending

on the country and taking into account the individ-

ual patient’s cholesterol level as well as their future

cardiovascular risk. According to the product labels

for these two agents, EZE ⁄ SIMVA 10 ⁄ 20 mg and

ROSUVA 10 mg provide comparable LDL-C reduc-

tions of approximately 52% (6,22).

The present study was undertaken to compare the

lipid-altering efficacy, LDL-C goal attainment and

safety ⁄ tolerability profile of switching from on-going

statin monotherapy to either EZE ⁄ SIMVA 10 ⁄ 20 mg

or ROSUVA 10 mg in a population of patients at

high-risk of CHD (i.e. defined by prior history of

CHD, type 2 diabetes with high cardiovascular risk,

or 10-year Framingham risk > 20%) and not at their

LDL-C goal. This study design reflects the usual

approach taken in clinical practice of switching

patients to more potent LDL-C-lowering regimens

(either by upwardly titrating the statin dose, switch-

ing to a more potent statin monotherapy, or switch-

ing to combination therapy) after they fail to meet

their LDL-C goals.

Materials and methods

Patients
This study enrolled men and women (‡ 18 and

< 80 years) with documented hypercholesterolaemia

[LDL-C ‡ 2.59 to £ 4.92 mmol ⁄ l (‡ 100 and

£ 190 mg ⁄ dl) at screening visit and ‡ 2.59 to

£ 4.14 mmol ⁄ l (‡ 100 and £ 160 mg ⁄ dl) at randomi-

sation visit] and high cardiovascular risk who were

taking a stable daily dose of one of the following sta-

tin medications for ‡ 6 weeks prior to the study ran-

domisation visit (Visit 1): atorvastatin (10 or

20 mg); fluvastatin (80 mg); pravastatin (40 mg);

ROSUVA (5 mg); or SIMVA (20 or 40 mg)

(Figure 1). Patients were deemed to be of high car-

diovascular risk if they met one or more of the

following criteria: (i) history of CHD (i.e. stable and

unstable angina, revascularisation procedure, myocar-

dial infarction, documented silent myocardial ischae-

mia), or with established vascular atherosclerotic

disease (i.e. peripheral vascular disease, ischaemic

stroke); (ii) type 2 diabetes without a history of vas-

cular disease and with high cardiovascular risk {i.e.

renal impairment [proteinuria > 300 mg ⁄ 24 h or

creatinine clearance (standardised for body surface

area) < 1.002 ml ⁄ s] and ⁄ or at least two CHD risk

factors per Framingham risk calculation}; (iii) CHD

risk > 20% over 10 years as determined by the Fra-

mingham risk calculation. Fasting TG levels had to

be £ 3.96 mmol ⁄ l (£ 350 mg ⁄ dl) at week–one before

the randomisation visit (Visit 2) to allow for LDL-C

calculation by the Friedewald equation (24).

Study design
Exclusion criteria included conditions or medications,

other than reported statin medications, that could

have affected lipid levels; alanine aminotransferase

(ALT) and aspartate aminotransferase (AST) levels

> 1.5 · the upper limit of normal (ULN); active

Clinical Trial Registration
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liver disease; creatine kinase (CK) levels > 3 · ULN;

patients with congestive heart failure defined by New

York Heart Association Class III or IV; patients with

poorly controlled [haemoglobin A1c (HbA1c)

‡ 8.5%] diabetes; uncontrolled hypertension (systolic

> 160 mmHg or diastolic >100 mmHg); impaired

renal function (creatinine ‡ 176.8 lmol ⁄ l) or history

of nephrotic range proteinuria; partial ileal bypass

surgery or other significant intestinal malabsorption;

positive pregnancy test for female patients of child-

bearing potential; and treatment with excluded con-

comitant medications (i.e. immunosuppressants,

corticosteroids, or potent inhibitors of cytochrome

P450 3A4).

This was a Phase IV, multicentre, randomised, dou-

ble-blind, active-controlled, parallel group study con-

ducted between March 2007 and March 2008

according to Good Clinical Research Practice at 85

sites in 10 countries (Belgium, Czech Republic, Esto-

nia, France, Greece, Italy, Latvia, Lithuania, the Neth-

erlands and Portugal). The study protocol was

reviewed and approved by the appropriate ethics com-

mittees and institutional review boards, and all

patients provided written informed consent before any

study procedures were administered. Clinic visits

occurred at week )6 (Visit 1; screening ⁄ dose stabilisa-

tion visit); week 0 (Visit 2; randomisation ⁄ baseline

visit); week 6 (Visit 3; postrandomisation efficacy and

safety assessment visit); and week 8 (Visit 4; poststudy

follow-up safety assessment) (Figure 1). At the screen-

ing visit, qualifying patients with LDL-C values ‡ 2.59

to £ 4.92 mmol ⁄ l (‡ 100 and £ 190 mg ⁄ dl) were

allowed to enrol in the screening phase of the study

and continued to receive their current dose ⁄ brand of

statin medication for up to 6 weeks in an open-label

manner. At the randomisation visit, patients with ina-

dequately controlled LDL-C (‡ 2.59 to £ 4.14 mmol ⁄ l
[‡ 100 to £ 160 mg ⁄ dl]) despite prior treatment with

statin monotherapy were stratified by study centre and

potency of their statin brand ⁄ dose [low (Stratum 1:

atorvastatin 10 mg, fluvastatin 80 mg, pravastatin

40 mg, SIMVA 20 mg) or high (Stratum 2: atorvasta-

tin 20 mg, ROSUVA 5 mg, SIMVA 40 mg)] and

randomised in equal proportions to receive double-

blind EZE ⁄ SIMVA 10 ⁄ 20 mg ⁄ day or ROSUVA

10 mg ⁄ day for 6 weeks. Patients received diet and

exercise counselling at every clinic visit during the

open-label treatment stabilisation run-in period and

the entire 6-week active treatment phase. A follow-up

phone call or poststudy visit, if necessary, was sched-

uled 14 days after the final dose of study medication

was received (week 8) for the purpose of collecting

safety information. Patients with ALT or AST levels

‡ 3 · ULN and CK levels ‡ 10 · ULN were followed

up with a subsequent chemistry evaluation.

The primary efficacy variable was mean per cent

change in LDL-C from baseline (week 0) to study

end-point (last postbaseline measurement during the

6-week active treatment period). Key secondary effi-

cacy variables were the percentages of patients

achieving LDL-C < 2.59 mmol ⁄ l (< 100 mg ⁄ dl) and

< 1.81 mmol ⁄ l (< 70 mg ⁄ dl) at study end-point.

Predefined secondary efficacy variables included the

mean per cent change at study end-point in total

cholesterol (TC), TG, high-density lipoprotein cho-

lesterol (HDL-C), non-HDL-C, LDL-C ⁄ HDL-C and

TC ⁄ HDL-C ratios, apolipoprotein (apo) B and high-

sensitivity C-reactive protein (hs-CRP).

Figure 1 Study design. Patient’s medical history and current brand ⁄ dose of statin reviewed at Visit 1. Eligibility of study

entry based on LDL-C ‡ 2.59 mmol ⁄ l and £ 4.92 mmol ⁄ l. Randomisation to treatment (ezetimibe 10 ⁄ 20 mg or

rosuvastatin 10 mg) at Visit 2 after stratification by baseline statin potency (low or high) and eligibility based on

acceptable serum chemistry values for alanine aminotransferase, aspartate aminotransferase, creatine kinase, triglycerides

and low-density lipoprotein cholesterol (LDL-C)

Lipid-altering efficacy of EZE/SIMVA with ROSUVA 3
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Safety and tolerability assessments included collec-

tion of AEs, physical examination, vital signs and 12-

lead electrocardiograms. Laboratory safety measure-

ments included blood chemistry, haematology and

urinalysis. Blood chemistry included ALT, AST and

CK measurements. Prespecified AEs of interest

included those that were gastrointestinal related, gall-

bladder related, associated with an allergic reaction

or rash, and hepatitis related as well as incidences of

clinically significant elevations in ALT and AST

‡3 · ULN and CK elevations ‡ 5 · ULN either

with or without muscle symptoms, and drug rela-

tionship.

Statistical analysis
Efficacy analyses of biological parameters (i.e. lipids,

lipoproteins and hs-CRP) were performed in the full

analysis set population, which included all patients

who had taken at least one dose of randomised med-

ication and who had a baseline efficacy measurement

and at least one efficacy measurement during the

active treatment period. Efficacy end-points were

analysed using an analysis-of-variance (anova)

model with terms for treatment, stratum (according

to potency of the prerandomisation statin brand ⁄
dose), baseline LDL-C (categorised based on quar-

tiles), and study centre. Within and between-

treatment groups least squares (LS) means and 95%

confidence intervals (CIs) were estimated from the

above model. A non-parametric anova analysis was

performed for TG and CRP because these parameters

were not normally distributed. The difference

between treatment groups was quantified using the

difference in medians and 95% CIs using Hodges–

Lehmann estimates. A logistic regression model with

terms for treatment, stratum and baseline LDL-C

(continuous variable) was used to analyse the per-

centage of patients reaching LDL-C targets of

< 2.59 mmol ⁄ l (< 100 mg ⁄ dl), < 2.00 mmol ⁄ l
(< 77 mg ⁄ dl), and < 1.81 mmol ⁄ l (< 70 mg ⁄ dl).

Odds ratio estimates derived from the logistic regres-

sion model and 95% CIs were used to quantify the

treatment effect. For the primary efficacy variable,

the consistency of the treatment effect across sub-

groups was performed for the following: stratum

[low (Stratum 1) and high (Stratum 2) statin

potency], age (< 65 vs. ‡ 65 years); gender (male,

female); baseline LDL-C (categorised based on quar-

tiles); prior statin therapy (atorvastatin, fluvastatin,

pravastatin, ROSUVA, or SIMVA), hypertension

(yes, no) and diabetes mellitus (yes, no). Treatment-

by-subgroup interaction tests were performed for the

predefined categories of age and gender, while the

other remaining subgroups were informally evaluated

through the inspection of point estimates and 95%

CIs. For the prespecified subgroups of stratum, age

and gender, the treatment-by-subgroup interaction

was tested at the a = 0.100 level using an anova

model, similar to the main model but included the

additional terms for subgroup and the treatment-by-

subgroup interaction (if the subgroup factor was

stratum, it was included in the model once). No for-

mal interaction tests were performed for the remain-

ing subgroups to minimise Type 1 error introduced

with multiple testing.

Data from the all-patients-as-treated (APaT) pop-

ulation, including all randomised patients who took

at least one dose from the double-blind study medi-

cation container, were included in safety and tolera-

bility assessments. Fisher’s exact test was used to

compare between-treatment incidences of AEs of

special interest (specified above) and 95% CIs for the

between-group differences using Wilson’s score

method were provided. For predefined AEs (i.e.

patients with any clinical AE, treatment-related AEs,

serious AEs, or discontinuations because of AEs),

95% CIs for treatment differences in proportions

were provided (no inferential testing).

Results

Patients
A total of 1212 patients were screened for inclusion

in the study, and 618 of those screened were rando-

mised in similar numbers to receive qd treatment

with EZE ⁄ SIMVA 10 ⁄ 20 mg (n = 314) or ROSUVA

10 mg (n = 304) (Figure 2). Of the 594 patients

excluded from participation in this study during the

screening phase, 41 were excluded because of lack of

follow up or withdrawal of consent and 553 patients

were excluded because they did not meet specified

inclusion or exclusion criteria. Of those randomised,

301 patients (96%) in the EZE ⁄ SIMVA group and

295 patients (97%) in the ROSUVA group success-

fully completed the 6-week, double-blind, treatment

period. Twenty-two (4%) randomised patients were

discontinued from the study because of clinical AEs

(n = 15), consent withdrawal (n = 5), lost to follow

up (n = 1), or protocol deviation (n = 1). The inci-

dences and reasons for discontinuation were similar

across the two groups.

There were no clinically meaningful differences in

baseline demographic, anthropometric, or disease

characteristics across the two treatment groups

(Table 1). The majority of study participants were

Caucasian men, and approximately half were under

the age of 65 years. CHD was present in approxi-

mately half of the patients, hypertension in 63% and

diabetes in 30%. Baseline lipid ⁄ lipoprotein variables,

secondary diagnoses and concomitant drug therapies

4 Lipid-altering efficacy of EZE/SIMVA with ROSUVA
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were generally similar across the treatment groups.

The only exception was a slightly longer mean dura-

tion of hypercholesterolaemia in the ROSUVA group

vs. EZE ⁄ SIMVA (9 and 8 years, respectively). Most

patients in this study were taking low (60%) potency

statin therapies at the time of randomisation (Table

2). There were no clinically meaningful differences

between the treatment groups in the frequencies and

types of prerandomisation statin regimens. One

patient in the EZE ⁄ SIMVA group received lovastatin

20 mg prior to randomisation, but was retrospec-

tively issued a waiver to continue in the study.

A total of 16 patients (nine patients on EZE ⁄ SIM-

VA and seven on ROSUVA) were excluded from the

primary efficacy analysis because of withdrawal of

consent (n = 6), clinical AE (n = 5), lack of baseline

LDL-C values (n = 3), or other reason (n = 2; proto-

col deviation, lost to follow-up). Mean compliance

with study medication was 99% in both groups, and

the mean number of days on treatment was similar

between the two groups (41.8 and 41.5 days for

EZE ⁄ SIMVA and ROSUVA respectively).

Efficacy
In high-risk patients with hypercholesterolaemia,

despite prior use of statin monotherapy, treatment

with EZE ⁄ SIMVA 10 ⁄ 20 mg for 6 weeks produced a

)27.7% (95% CI: )30.3, )25.0; p £ 0.001 vs. base-

line) LS mean change from baseline in LDL-C com-

pared with )16.9% (95% CI: )19.6, )14.3; p £ 0.001

vs. baseline) for the ROSUVA 10 mg group (Table

3), resulting in a significant between-group difference

of )10.7% (95% CI: )14.1, )7.3) favouring

EZE ⁄ SIMVA therapy (p £ 0.001) (Table 3; Figure 3).

An examination of the treatment response within

each statin potency stratum showed that EZE ⁄ SIMVA

10 ⁄ 20 mg consistently provided greater incremental

reductions in LDL-C compared with ROSUVA 10 mg

(Figure 4). When the between-group LDL-C response

was examined across each stratum, a significant treat-

ment-by-stratum interaction (p = 0.013) was

detected, indicating that there was a trend towards

greater between-group LDL-C reductions in patients

who were taking higher potency statin monotherapy

prior to randomisation (between-group difference of

Figure 2 Flow chart of patient accounting in the study

Lipid-altering efficacy of EZE/SIMVA with ROSUVA 5
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7% [95% CI: )11.3, )3.2] in Stratum 1 and 17%

[95% CI: )23.1, )9.9] in Stratum 2). However, the

treatment-by-stratum interaction was found to be

quantitative (i.e. not qualitative) in nature and direc-

tionally consistent with overall study results favouring

EZE ⁄ SIMVA therapy.

No significant treatment-by-subgroup interaction

was detected for the subgroup of age (p = 0.324),

confirming the consistency of the incremental LDL-

C-lowering response to EZE ⁄ SIMVA vs. ROSUVA in

patients < 65 or ‡ 65 years of age (Figure 4). A sig-

nificant treatment-by-subgroup interaction was

observed for gender (p = 0.017), with men experi-

encing slightly larger between-group reductions in

LDL-C than women did. The treatment-by-gender

interaction was found to be quantitative (i.e. not

Table 1 Patient characteristics and baseline biological parameters presented by treatment group

EZE ⁄ SIMVA 10 ⁄ 20 mg (n = 314) ROSUVA 10 mg (n = 304)

Age, years 63.2 (9.8) 63.1 (10)

Range 38–82 27–80

No. (%) patients ‡ 65 years 145 (46.2) 151 (49.7)

Females, n (%) 129 (41.1) 119 (39.1)

Race, n (%)

White 314 (100) 302 (99.3)

Black 0 (0) 2 (0.7)

Ethnicity, n (%):

Hispanic ⁄ Latino 37 (11.8) 43 (14.1)

Non-Hispanic ⁄ Latino 277 (88.2) 261 (85.9)

Weight, kg 78.7 (15.8) 79.2 (14.2)

Body mass index, kg ⁄ m2 28.1 (4.8) 28.0 (4.6)

Tobacco use

Smoker 93 (29.6) 96 (31.6)

Ex-smoker 77 (24.5) 70 (23.0)

Non-smoker 144 (45.9) 138 (45.4)

Duration of hypercholesterolaemia, years 8.3 (5.6) 9.2 (6.6)

Patient history of disease: n (%)

Hypertension 203 (64.6) 189 (62.2)

DM 95 (30.3) 78 (25.7)

CHD 152 (48.4) 144 (47.4)

PVD 28 (8.9) 26 (8.6)

Stroke 3 (1.0) 2 (0.7)

Concomitant therapies, n (%)

Drugs used in diabetes 73 (23.5) 61 (20.1)

Antithrombotic agents 61 (19.4) 48 (15.8)

Antihypertensive agents* 244 (77.7) 232 (76.3)

Cardiac therapy� 50 (15.9) 41 (13.5)

Baseline lipids

LDL-C, mmol ⁄ l 3.21 (0.42) 3.24 (0.44)

TC, mmol ⁄ l 5.38 (0.57) 5.38 (0.61)

TG, mmol ⁄ l� 1.46 (0.80) 1.41 (0.81)

HDL-C, mmol ⁄ l 1.43 (0.37) 1.43 (0.36)

non-HDL-C, mmol ⁄ l 3.95 (0.55) 3.95 (0.56)

LDL-C ⁄ HDL-C, ratio 2.38 (0.65) 2.40 (0.65)

TC ⁄ HDL-C, ratio 3.95 (0.89) 3.95 (0.89)

apo B, g ⁄ l 1.20 (0.20) 1.18 (0.21)

hs-CRP, g ⁄ dl� 0.16 (0.24) 0.15 (0.24)

Data are expressed as mean (SD) unless stated otherwise. *Includes agents acting on the renin–angiotensin system, beta blocking

agents, calcium channel blockers and diuretics. �Includes cardiac glycosides, anti-arrhythmics class I and III, vasodilators used in cardiac

diseases and other cardiac preparations. �Median values (standard deviation for medians calculated by [Q3–Q1] ⁄ 1.075). apo,

apolipoprotein; CHD, coronary heart disease; DM, diabetes mellitus; EZE ⁄ SIMVA, ezetimibe ⁄ simvastatin; HDL-C, high-density lipoprotein

cholesterol; hs-CRP, high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; PVD, peripheral vascular disease;

ROSUVA, rosuvastatin; SD, standard deviation; TC, total cholesterol; TG, triglycerides.
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qualitative) in nature, indicating that EZE ⁄ SIMVA

was more effective than ROSUVA at lowering LDL-C

regardless of gender. Further inspection of the point

estimates and 95% CIs for the between-treatment

group differences in the remaining subgroups

showed, in general, greater LDL-C reductions with

EZE ⁄ SIMVA compared with ROSUVA.

A significantly greater proportion of patients in

the EZE ⁄ SIMVA group compared with the ROSUVA

group achieved LDL-C goals of < 2.59 mmol ⁄ l
(72.5% vs. 56.2%, respectively), < 2.00 mmol ⁄ l (38.0%

vs. 18.9%, respectively) and < 1.81 mmol ⁄ l (25.2%

vs. 11.1%, respectively) at study end-point (Figure 5).

The corresponding logistic regression odds ratio for

Table 2 Baseline LDL-C concentrations and number (%) of patients in each statin potency stratum receiving specific

brands and doses of statin monotherapies

EZE ⁄ SIMVA 10 ⁄ 20 mg (n = 314) ROSUVA 10 mg (n = 304)

Baseline LDL-C

(mmol ⁄ l)
No. of

patients (%)

Baseline LDL-C

(mmol ⁄ l)
No. of

patients (%)

Low potency statin (Stratum 1) 3.25 (0.42) 189 (60.2) 3.23 (0.44) 180 (59.2)

Fluvastatin 80 mg 3.12 (0.48) 18 (9.5) 3.20 (0.45) 17 (9.4)

Lovastatin 20 mg* – 0 2.75 (–) 1 (0.6)

Pravastatin 40 mg 3.39 (0.39) 40 (21.2) 3.20 (0.39) 30 (16.7)

Atorvastatin 10 mg 3.23 (0.40) 66 (34.9) 3.30 (0.49) 63 (35.0)

Simvastatin 20 mg 3.22 (0.44) 65 (34.4) 3.19 (0.41) 69 (38.3)

High potency statin (Stratum 2) 3.16 (0.42) 125 (39.8) 3.27 (0.43) 124 (40.8)

Atorvastatin 20 mg 3.10 (0.41) 52 (41.6) 3.21 (0.38) 51 (41.1)

Rosuvastatin 5 mg 3.22 (0.42) 44 (35.2) 3.33 (0.49) 50 (40.3)

Simvastatin 40 mg 3.16 (0.44) 29 (23.2) 3.24 (0.40) 23 (18.5)

*One patient taking lovastatin 20 mg was allowed to participate in this study.

EZE ⁄ SIMVA, ezetimibe ⁄ simvastatin; LDL-C, low-density lipoprotein cholesterol; ROSUVA, rosuvastatin.

Table 3 Least squares mean percent change from baseline and between-group differences (EZE ⁄ SIMVA – ROSUVA) in

efficacy parameters at the last available postbaseline evaluation during the 6-week study period

Efficacy

parameter

Least-squares mean % change (95% CI)

EZE ⁄ SIMVA 10 ⁄ 20 mg

(n = 301–305)�

ROSUVA 10 mg

(n = 292–297)�

Between-group

difference (95% CI) p-value

LDL-C )27.7 ()30.3, )25.0)*** )16.9 ()19.6, )14.3)*** )10.7 ()14.1, )7.3) £ 0.001

TC )17.5 ()19.4, )15.7)*** )10.3 ()12.2, )8.5)*** )7.2 ()9.6, )4.8) £ 0.001

HDL-C 2.1 (0.3, 3.9)** 3.0 (1.2, 4.9)*** )0.9 ()3.2, 1.4) 0.433

TG� )11.0 ()15.3, )6.8)*** )5.3 ()9.9, )1.2)** )5.1 ()9.6, )0.3) 0.056

non-HDL-C )23.4 ()25.8, )21.0)*** )14.0 ()16.5, )11.6)*** )9.4 ()12.5, )6.3) £ 0.001

apo B )17.9 ()20.1, )15.7)*** )9.8 ()12.0, )7.6)*** )8.1 ()10.9, )5.3) £ 0.001

LDL-C ⁄ HDL-C ratio )27.4 ()30.4, )24.4)*** )17.8 ()20.9, )14.8)*** )9.6 ()13.5, )5.7) £ 0.001

TC ⁄ HDL-C ratio )17.8 ()19.9, )15.6)*** )11.5 ()13.7, )9.3)*** )6.3 ()9.1, )3.4) £ 0.001

hs-CRP� )8.3 ()16.7, 0.0)** 0.0 ()7.1, 6.3) )6.7 ()16.7, 2.9) 0.172

**p £ 0.05 vs. baseline; ***p £ 0.001 vs. baseline.

�Expressed as median study endpoint value (95% CI of median); the difference in medians was obtained by Hodges-Lehman estimation.

�The number of patients contributing to the efficacy analyses varied for each of the parameters shown.

apo, apolipoprotein; CI, confidence interval; EZE ⁄ SIMVA, ezetimibe ⁄ simvastatin; HDL-C, high-density lipoprotein cholesterol; hs-CRP,

high-sensitivity C-reactive protein; LDL-C, low-density lipoprotein cholesterol; ROSUVA, rosuvastatin; TC, total cholesterol; TG,

triglycerides.
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achieving these three LDL-C targets were 2.1 (95%

CI: 1.5, 3.0; p £ 0.001), 2.8 (95% CI: 1.9, 4.0;

p £ 0.001) and 2.8 (95% CI: 1.8, 4.4; p £ 0.001),

respectively, in favour of EZE ⁄ SIMVA.

For the secondary efficacy end-points, both

EZE ⁄ SIMVA 10 ⁄ 20 mg and ROSUVA 10 mg pro-

duced significant improvements from baseline in TC

()17.5% and )10.3%, respectively), TG ()11.0% and

Figure 3 Mean per cent change (±standard error) from baseline in lipid parameters following 6 weeks of treatment with

ezetimibe ⁄ simvastatin (EZE ⁄ SIMVA) 10 ⁄ 20 mg or rosuvastatin (ROSUVA) 10 mg

Figure 4 Between-treatment group differences (ezetimibe ⁄ simvastatin vs. rosuvastatin) in least squares mean per cent

change in low-density lipoprotein cholesterol (LDL-C) at study end-point (95% CI) in the overall study population and

within subgroups defined by statin potency stratum [use of low (Stratum 1) and high (Stratum 2) potency statin

monotherapy prior to randomisation], statin brand used prior to randomisation, gender, age, baseline LDL-C (stratified by

quartile) and prior history of diabetes or hypertension. Numbers in parentheses indicate number of patients in each

treatment group in the respective subcategory
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)5.3%, respectively), non-HDL-C ()23.4% and

)14.0%, respectively), apo B ()17.9% and )9.8%,

respectively), LDL-C ⁄ HDL-C ()27.4% and )17.8%,

respectively), TC ⁄ HDL-C ()17.8% and )11.5%,

respectively) and HDL-C (2.1% and 3.0%, respec-

tively) (Table 3). Treatment with EZE ⁄ SIMVA was

significantly more effective than ROSUVA in lower-

ing TC ()7.2%; p £ 0.001), non-HDL-C ()9.4%;

p £ 0.001), apo B ()8.1%; p £ 0.001), LDL-C ⁄ HDL-

C ()9.6%; p £ 0.001) and TC ⁄ HDL-C ()6.3%;

p £ 0.001), whereas both treatments were equally

effective at raising HDL-C ()0.9%; p = 0.433) (Table

3; Figure 3). The median per cent reduction from

baseline in TG was greater for EZE ⁄ SIMVA

10 ⁄ 20 mg than for ROSUVA 10 mg; the difference

was borderline significant ()5.1%; p = 0.056).

EZE ⁄ SIMVA therapy produced small significant

reductions from baseline in hs-CRP ()8.3%) with no

within-group effect seen for ROSUVA; the between-

group difference for this parameter was not signifi-

cant ()6.7%; p = 0.172).

Safety and tolerability
Treatment with EZE ⁄ SIMVA 10 ⁄ 20 mg and ROS-

UVA 10 mg was generally well tolerated. Clinical AEs

were reported by 22 patients (7.1%) in the

EZE ⁄ SIMVA group and 34 patients (11.2%) in the

ROSUVA group (Table 4). There were no meaning-

ful differences between the two treatment groups

with regard to the types or frequencies of clinical

AEs, treatment-related clinical AEs, discontinuation

because of clinical AEs, or serious clinical AEs. A sin-

gle death occurred during this study in the

EZE ⁄ SIMVA group; the patient died from a sub-

arachnoid haemorrhage resulting from a traumatic

brain injury, and the death was judged not related to

study medication by the investigator.

Two patients in the EZE ⁄ SIMVA 10 ⁄ 20 mg group

(0.7%) had presumed consecutive elevations in ALT

and ⁄ or AST values ‡ 3 · ULN, whereas none of the

patients in the ROSUVA 10 mg group had such ele-

vations. The between-group difference in the inci-

dence of ALT ⁄ AST elevations ‡ 3 · ULN was not

significant (p = 0.499). There were no clinical AEs of

hepatitis or jaundice reported in this study. One

patient in the EZE ⁄ SIMVA group experienced a

hepatobiliary-related clinical AE of cholangitis, which

was deemed not related to study medication by the

investigator. No patient in either group had CK ele-

vations ‡ 5 · ULN with or without muscle symp-

toms, and there were no reported cases of myopathy

or rhabdomyolysis. Results of other laboratory tests

including routine serum chemistries, and haemato-

logical parameters as well as vital signs and findings

on physical examinations revealed no evidence of

additional safety concerns with EZE ⁄ SIMVA therapy.

Discussion

Previously published studies conducted in high-risk

patients (i.e. defined by a history of stable CHD, type

2 diabetes or recently hospitalised for a coronary

event) have shown that switching to EZE ⁄ SIMVA

(10 ⁄ 20 or 10 ⁄ 40 mg ⁄ day, depending on the study)

Figure 5 Secondary and exploratory analyses of the percentage of patients achieving key low-density lipoprotein

cholesterol (LDL-C) goal attainment following 6 weeks of treatment with ezetimibe ⁄ simvastatin (EZE ⁄ SIMVA) 10 ⁄ 20 mg

or rosuvastatin (ROSUVA) 10 mg. Data in each bar represent number of patients achieving specified LDL goals over total

number of patients analysed in that treatment group
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provides greater LDL-C reductions compared

with doubling the initial dose of statin monotherapy

(25–28). The present study is the first to compare

the LDL-C-lowering efficacy of switching patients

who are not at their LDL-C goal from a stable dose

of statin monotherapy with the widely prescribed

starting dose of EZE ⁄ SIMVA (10 ⁄ 20 mg) or the

most potent statin ROSUVA at 10 mg. This study

enrolled a population of hypercholesterolaemic

patients at high cardiovascular risk who failed to

achieve adequate lowering of LDL-C with prior statin

monotherapy. The mean duration of hypercholeste-

rolaemia in this study was 8 years, suggesting that

the patients in this study had been candidates for

lipid-lowering therapy for many years prior to enrol-

ment and still had not achieved their optimal LDL-C

therapeutic targets. The results of the recently pub-

lished EUROASPIRE III survey indicate that a signi-

ficant proportion of high-risk hypercholesterolaemic

patients with CHD are not adequately treated with

current statin treatment regimens (29). Thus, more

aggressive lipid-lowering therapies are required to

achieve recommended cholesterol goals.

The present study provided evidence that switch-

ing from statin monotherapy to EZE ⁄ SIMVA

10 ⁄ 20 mg was more effective in reducing LDL-C lev-

els than was ROSUVA 10 mg. Treatment with the

usual recommended starting dose of EZE ⁄ SIMVA

10 ⁄ 20 mg ⁄ day provided an additional 11% reduction

in statin-treated baseline values of LDL-C compared

with that achieved with ROSUVA 10 mg after

6 weeks of treatment.

Treatment with EZE ⁄ SIMVA 10 ⁄ 20 mg provided

greater LDL-C-lowering efficacy in all the examined

Table 4 Summary of adverse events

Within-group comparison Between-group comparison

EZE ⁄ SIMVA

10 ⁄ 20 mg

(n = 314)

ROSUVA

10 mg

(n = 304)

Difference in

percentages

(95% CI)* p-value�

No. of patients (%)

With one or more clinical AEs 22 (7.1) 34 (11.2) )4.1 ()8.8, 0.4) –

With treatment-related clinical AEs� 8 (2.6) 10 (3.3) )0.7 ()3.7, 2.1) –

With serious clinical AEs 3 (1.0) 5 (1.6) )0.7 ()2.9, 1.4) –

With serious treatment-related clinical AEs� 1 (0.3) 1 (0.3) – –

Death 1 (0.3)§ 0 – –

Discontinued

Clinical AEs 9 (2.9) 6 (2.0) 0.9 ()1.7, 3.6) –

Treatment-related clinical AEs� 7 (2.2) 3 (1.0) – –

Serious clinical AE 1 (0.3) 1 (0.3) – –

Serious treatment-related clinical AEs� 0 1 (0.3) – –

With one or more laboratory AEs 0 0 0.0 ()1.2, 1.2) 1.000

Individual clinical AEs of interest, n (%)

Allergic reaction or rash 2 (0.6) 2 (0.7) 0 ()1.8, 1.7) 1.000

Gallbladder-related 0 0 0 ()1.2, 1.2) 1.000

Gastrointestinal-related 9 (2.9) 7 (2.3) 0.6 ()2.2, 3.4) 0.801

Hepatobiliary-related 1 (0.3) 0 0.3 ()1.0, 1.8) 1.000

Consecutive ‡ 3· ULN elevations in ALT and ⁄ or AST– 2 ⁄ 302 (0.7%) 0 ⁄ 293 0.7 ()0.7, 2.4) 0.499

CK ‡5· ULN§ 0 ⁄ 302 0 ⁄ 293 0.0 ()1.3, 1.3) 1.000

*Computed using Wilson’s Score method.

�Based on Fisher’s Exact test.

�Determined by study investigator to be related to the drug.

§One death that occurred from a traumatic brain injury and subarachnoid haemorrhage was deemed not related to study drug by the

investigator.

–Includes subjects with two consecutive measurements for ALT and ⁄ or AST ‡ 3· ULN and a single, last measurement ‡ 3· ULN

or a measurement ‡ 3· ULN followed by a measurement < 3· ULN that was taken more than 2 days after the last dose of study

medication.

AEs, adverse events; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; EZE ⁄ SIMVA, ezetimibe ⁄
simvastatin; LS, least squares; ROSUVA, rosuvastatin; ULN, upper limit of normal; –, not calculated.
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patient subgroups [age, gender, stratum, baseline

LDL-C, previous statin therapy and patient history

of disease (hypertension, type 2 diabetes)]. Signifi-

cantly more patients in the EZE ⁄ SIMVA group

achieved their minimum recommended LDL-C goal

of < 2.59 mmol ⁄ l (< 100 mg ⁄ dl) per European and

US treatment guidelines (73% vs. 56%; p £ 0.001)

(2,3). Moreover, a greater proportion of patients

treated with EZE ⁄ SIMVA reached the more aggres-

sive, but optional, European LDL-C goal of

< 2.00 mmol ⁄ l (< 77 mg ⁄ dl; 38% vs. 19%;

p £ 0.001) and US goal of < 1.81 mmol ⁄ l
(< 70 mg ⁄ dl; 25% vs. 11%; p £ 0.001) (3,14).

In addition to producing beneficial effects on

LDL-C, administration of EZE ⁄ SIMVA 10 ⁄ 20 mg led

to significantly greater reductions in TC, non-HDL-C,

LDL-C ⁄ HDL-C, TC ⁄ HDL-C, and apo B relative to

ROSUVA 10 mg. These findings indicate that

EZE ⁄ SIMVA was significantly more effective than

ROSUVA at improving plasma concentrations of a

wide array of apo B-containing lipids and lipopro-

teins. Reductions in hs-CRP and increases in HDL-C

were significant for EZE ⁄ SIMVA therapy relative to

baseline but did not differ from those achieved with

ROSUVA therapy. For TG, a borderline significant

between-group difference was seen in favour of

EZE ⁄ SIMVA treatment.

EZE ⁄ SIMVA 10 ⁄ 20 mg and ROSUVA 10 mg were

generally well tolerated in this population of high-

risk patients. The overall rates of clinical AEs, treat-

ment-related clinical AEs, discontinuations because

of clinical AEs and serious clinical AEs were similar

between the groups. There were no clinically mean-

ingful differences between the groups with respect to

the incidence of the prespecified AEs of interest,

including allergic reaction or rash, gallbladder-

related, gastrointestinal-related, or hepatobiliary-

related clinical AEs. A low incidence of elevated liver

transaminase levels was observed in the EZE ⁄ SIMVA

group, but these elevations were asymptomatic in

nature, and there were no cases of hepatitis or jaun-

dice reported in this study. In addition, there were

no instances of CK elevations ‡ 5 · ULN with or

without muscle symptoms in either group and there

were no reports of myopathy or rhabdomyolysis. It

should be noted that this study was only 6 weeks in

duration, thus precluding an assessment of long-term

safety profile of EZE ⁄ SIMVA.

In a previously published study of the efficacy of

EZE ⁄ SIMVA and ROSUVA, hypercholesterolaemic

(LDL-C ‡ 3.7 and £ 6.5 mmol ⁄ l) patients spanning

all three CHD risk categories (CHD ⁄ CHD risk-

equivalent, ‡ 2 CHD risk factors and 0–1 CHD risk

factor) and without any lipid-lowering drug, were

randomised in equal proportions to qd EZE ⁄ SIMVA

(10 ⁄ 20 mg, 10 ⁄ 40 mg or 10 ⁄ 80 mg) or ROSUVA

(10, 20, or 40 mg) for 6 weeks (30). Treatment with

EZE ⁄ SIMVA was significantly more effective than

ROSUVA at lowering LDL-C, with between-group

reductions of 5.7%, 2.5% and 4.3% at the lowest

dose, next highest dose and maximum dose compari-

sons respectively.

The magnitude of the between-group LDL-C

reduction observed in the present study with either

EZE ⁄ SIMVA 10 ⁄ 20 mg or ROSUVA 10 mg was

approximately twofold larger than that seen in the

previously published study ()11% vs. )6%, respec-

tively) (30). This finding may be because of differ-

ences in the study designs and ⁄ or the average

baseline LDL-C values observed at randomisation in

these two studies. Patients in the previous study were

washed off of lipid-lowering therapies during a

4-week placebo run-in phase, whereas patients in the

present study had to be above their LDL-C goal

while taking a stable dose of statin therapy for

‡ 6 weeks before randomisation. Add-on and switch

study designs frequently demonstrate larger magni-

tude LDL-C reductions relative to those observed in

factorial designed studies, even when the treatments

under evaluation are identical (19,25,27,28).

Another difference between the previous compara-

tive study and the present study concerns the selec-

tion of patients. The population enrolled in this

study could have been enriched with patients who

do not respond as effectively to statin monotherapy

(i.e. poor responders), whereas the previous study

enrolled patients regardless of their response to prior

statin therapy. It is conceivable that some patients

could have higher baseline rates of cholesterol

absorption and lower baseline rates of hepatic choles-

terol biosynthesis, and vice versa. The former group

of patients might be less responsive to statin therapy

and more responsive to EZE therapy with the reverse

being true for the latter group. This hypothesis

might, at least in part, explain the recent observation

of a strong negative correlation between the LDL-

C-lowering response to statin therapy and the

subsequent response to ezetimibe in patients with

heterozygous familial hypercholesterolaemia (31).

The results obtained in the current study support

informal observations made in clinical practice that

poor responders to statin therapy tend to have a

more pronounced response to ezetimibe therapy. It

is interesting to note that the magnitudes of the

between-group LDL-C reductions observed in this

study were the greatest in the group of patients who

received the most potent statin monotherapy prior

to randomisation (i.e. Stratum 2; between-group dif-

ferences in LDL-C were 17% for Stratum 2 vs. 7%

for Stratum 1) suggesting that Stratum 2 contained a
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larger proportion of poor responders to statin ther-

apy compared with Stratum 1.

Unlike the head-to-head comparator study, which

examined the effects of EZE ⁄ SIMVA and ROSUVA

in drug-naive patients, the current study is more

reflective of routine clinical practice whereby patients

are switched to more intensive LDL-C-lowering ther-

apy after they fail to meet their LDL-C goals with

prior statin monotherapy. Thus, the use of

EZE ⁄ SIMVA 10 ⁄ 20 could limit the need for future

titration steps in patients who are at the highest risk

of coronary events and therefore have the most strin-

gent LDL-C targets.

In summary, the present study showed that

switching from statin monotherapy to EZE ⁄ SIMVA

10 ⁄ 20 mg provides greater reductions in LDL-C than

with ROSUVA 10 mg, resulting in clinically signifi-

cant increases in the proportion of high-risk patients

achieving LDL-C goals. The incidence of AEs with

EZE ⁄ SIMVA 10 ⁄ 20 mg was similar to that seen with

ROSUVA 10 mg. Thus switching from statin mono-

therapy to EZE ⁄ SIMVA 10 ⁄ 20 mg, which inhibits

the synthesis and blocks the intestinal absorption of

cholesterol, could offer an efficacious and convenient

strategy to enhance further LDL-C reduction and

goal attainment in high-risk patients. Future studies

are needed to assess the possible benefit of EZE ⁄ SIM-

VA on cardiovascular outcomes.
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