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chieving lipoprotein goals in patients at high risk
ith severe hypercholesterolemia: Efficacy and

afety of ezetimibe co-administered with atorvastatin
van Stein, MD, PhD,a Steen Stender, MD,b Pedro Mata, MD,c Philip Sager, MD,d Damien Ponsonnet, MD,d

orenzo Melani, MD, PhD,d Leslie Lipka, MD, PhD,d Ramachandran Suresh, PhD,d Darbie MacCubbin, PhD,e

nd Enrico Veltri, MD,d for the Ezetimibe Study Group Cincinnati, Ohio, Hellerup, Denmark, Madrid, Spain,
nd Kenilworth and Rahway, NJ

ackground Despite the efficacy of statins in lowering low-density lipoprotein cholesterol (LDL-C) levels, many pa-
ients who are at high risk for heart disease with hypercholesterolemia require additional LDL-C level reduction. The cholesterol
bsorption inhibitor, ezetimibe, has been shown to provide significant incremental reductions in LDL-C levels when co-adminis-

ered with statins. This study was performed to compare the efficacy and safety of ezetimibe (10 mg) plus response-based ator-
astatin titration versus response-based atorvastatin titration alone in the attainment of LDL-C goals in subjects who are at high
isk for coronary heart disease (CHD) and are not at their LDL-C goal on the starting dose of atorvastatin.

ethods This was a 14-week, multicenter, randomized, double-blind, active-controlled study conducted in 113 clini-
al research centers in 21 countries. Participants were adults with heterozygous familial hypercholesterolemia (HeFH),
HD, or multiple (�2) cardiovascular risk factors, and a LDL-C level �130 mg/dL after a 6- to10-week dietary stabiliza-

ion and atorvastatin (10 mg/day) open-label run-in period. Eligible subjects continued to receive atorvastatin (10 mg)
nd were randomized to receive blinded treatment with ezetimibe (10 mg/day; n � 305) or an additional 10 mg/day
f atorvastatin (n � 316). The atorvastatin dose in both groups was doubled after 4 weeks, 9 weeks, or both when the
DL-C level was not at its goal (�100 mg/dL), so that patients receiving combined therapy could reach 40 mg/day and
atients receiving atorvastatin alone could reach 80 mg/day. The primary end point was the proportion of subjects
chieving their LDL-C level goal at week 14. A secondary end point was the change in LDL-C level and other lipid parameters
t 4 weeks after ezetimibe co-administration with 10 mg/day of atorvastatin versus 20 mg/day of atorvastatin monotherapy.
esults The proportion of subjects reaching their target LDL-C level goal of �100 mg/dL was significantly higher in

he co-administration group than in the atorvastatin monotherapy group (22% vs 7%; P �.01). At 4 weeks, levels of
DL-C, triglycerides, and non-high-density lipoprotein cholesterol were reduced significantly more by combination therapy
han by doubling the dose of atorvastatin (LDL-C �22.8% versus �8.6%; P �.01). The combination regimen had a safety
nd tolerability profile similar to that of atorvastatin alone.
onclusions The addition of ezetimibe to the starting dose of 10 mg/day of atorvastatin followed by response-
ased atorvastatin dose titration to a maximum of 40 mg/day provides a more effective means for reducing LDL-C levels in pa-

ients at high risk for CHD than continued doubling of atorvastatin as high as 80 mg/day alone. (Am Heart J 2004;148:
47–55.)
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The reduction of low-density lipoprotein cholesterol
LDL-C) levels in individuals with and without pre-ex-
sting coronary heart disease (CHD) and elevated
DL-C levels has been shown to reduce cardiovascular
nd total mortality rates.1–3 These large placebo con-

rom the aMetabolic and Atherosclerosis Research Center, Cincinnati, Ohio, bGentofte
niversity Hospital, Hellerup, Denmark, cFundacion Jimenez Diaz, Madrid, Spain,
Schering-Plough Research Institute, Kenilworth, NJ, and eMerck Research Laboratories,
ahway, NJ.
upported by Merck/Schering-Plough Pharmaceuticals, North Wales, Pa.

ubmitted June 17, 2003; accepted March 17, 2004. d
rolled outcome trials have resulted in international
uidelines for dyslipidemia treatment.4,5 However, de-
pite the widespread availability and use during the
ast decade of statins, recent studies have shown that

ost patients do not reach established goals.4,6–8 In
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ddition, patients who are at high risk, such as those
ith CHD, multiple cardiovascular risk factors, or the
resence of heterozygous familial hypercholesterol-
mia (HeFH), who are most in need of and likely to
enefit from effective LDL-C reduction, are least likely
o reach established goals.6,7,9 Both Eurospire II6,10 and
he Lipid Treatment Assessment Project (L-TAP)7 stud-
es demonstrated that the proportion of patients
chieving National Cholesterol Education Program
NCEP) Adult Treatment Panel (ATP) II or Joint Euro-
ean specified total or LDL cholesterol target levels
anged from 41% to 18% among patients with CHD in
urope and the USA, respectively. This failure to
chieve goal attainment in the higher-risk population
as been related to a number of factors, including in-
ufficient pharmacologic effect at the starting dose of a
tatin and a subsequent lack of willingness to either
erform multiple statin dose escalations or a concern

or the safety at the highest doses.9 The L-TAP study7

uthors also suggested that even titration to the maxi-
al dose of available statins would permit the attain-
ent of lipid goals in only a minority of patients.
hus, there is a clear need for either more effective,
ut safe, single agents or agents that can tolerably,
afely, and effectively be combined with current stat-
ns to increase the attainment of lipid goals.

Ezetimibe is a cholesterol absorption inhibitor that
otently inhibits biliary and dietary cholesterol absorp-
ion at the brush border of the intestine without affect-
ng the absorption of fat-soluble vitamins or triglycer-
des.11,12 Co-administration of ezetimibe with statins,
ncluding atorvastatin, produced significant incremen-
al LDL-C level reductions and favorably affected total
holesterol, high-density lipoprotein cholesterol (HDL-
), and triglyceride levels.13–18

This prospective randomized double-blind study was
erformed to test the hypothesis that adding ezetimibe
o the 10 mg/day starting dose of atorvastatin, fol-
owed by response-based atorvastatin titration to 40

g/day, would be more effective in lowering LDL-C
evels than an initial doubling of atorvastatin and sub-
equent titration to 80 mg/day in patients with high
ardiovascular disease risk.

ethods
Eligible patients were �18 years old, with primary hyper-

holesterolemia and documented CHD, at least 2 cardiovascu-
ar risk factors, or HeFH with a LDL-C level �130 mg/dL de-
pite treatment with 10 mg/day of atorvastatin and diet
NCEP step 1 or stricter). HeFH was diagnosed by the pres-
nce of a mutation affecting at least 1 allele at the LDL recep-
or locus or using established clinical criteria of plasma LDL-C
oncentration �190 mg/dL and 1 of the following: 1) xan-
homa in a first- or second-degree relative; 2) family history
f myocardial infarction at an age �60 or 50 years in a first-

egree relative or second-degree relative, respectively; or 3) a
amily history of total cholesterol level �290 mg/dL in a first-
r second-degree relative. Cardiovascular risk factors were
ased on the NCEP ATP II19 guidelines that were in effect
hen the study was initiated.
Exclusion criteria included: serum alanine aminotransferase

ALT) or aspartate aminotransferase (AST) determinations �2-
imes the upper limit of normal (ULN); significant renal or
ndocrine disease; pregnancy or lactation; advanced conges-
ive heart failure (New York Heart Association class III or IV);
ncontrolled cardiac arrhythmias; unstable angina pectoris,
yocardial infarction, or surgical or percutaneous coronary

evascularization within 3 months of study entry; or ongoing
reatment with lipid-lowering agents other than 10 mg/day of
torvastatin.

tudy design
This was a randomized, double-blind, multicenter, double-

ummy, active controlled comparator study conducted at
13 centers in 21 countries. The study was approved by the

nstitutional review board or ethics committee at each study
enter, and all subjects gave written informed consent. The
tudy protocol included 2 phases: a 6- to 14-week non-
linded phase, during which 10 mg/day of atorvastatin was

nitiated, other lipid-lowering medications were discontinued,
nd a NCEP step 1 or stricter diet was stabilized; and a 14-
eek phase, in which subjects with a LDL-C level �130
g/dL and triglyceride level �350 mg/dL at the end of the

pen label phase were randomized to receive blinded treat-
ent with either 10 mg/day of ezetimibe (EZE group) or an

dditional 10 mg/d of atorvastatin (20 mg/d-ATORV group).
ll subjects continued to receive 10 mg/day of open-label
torvastatin throughout the study (Figure 1).
Subjects in either group who did not reach a plasma LDL-C

oncentration �100mg/dL in the 4 weeks after randomiza-
ion had their total daily dose of atorvastatin doubled 1 week
ater (week 5), and when they still failed to reach their goal

Figure 1

tudy design. Q1 and Q2, First and second qualifying LDL-C, re-
pectively, using the Friedewald calculation; Q1 and Q2 must be
rawn at least 1 week apart.
t week 9, their dose of atorvastatin was doubled again 1
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eek later (week 10). Thus, the maximum possible daily
ose of atorvastatin in the EZE group subjects was 40 mg (10
g open-label plus 30 mg blinded treatment). The ATORV
onotherapy group had a potential maximum dose of 80
g/day (10 mg open-label plus 70 mg blinded). Visits oc-

urred at 2- to 5-week intervals, during which lipid and safety
ariables were measured.
The primary efficacy parameter was the percentage of sub-

ects in the 2 treatment groups achieving a LDL-C level �100
g/dL after 14 weeks of randomized treatment. Pre-defined

econdary efficacy end points included the effects on other
ipid parameters 4 weeks after randomization, permitting a
irect comparison of adding ezetimibe to the 10 mg/day of
torvastatin versus doubling the atorvastatin dose.

aboratory methods
All analyses were conducted on fasting blood samples at a

ollege of American Patholgists accredited and Centers for
isease Control and Prevention standardized20 central labora-

ory (Medical Research Laboratories International, Highland
eights, Ky, and Zaventem, Belgium, for the European and
outh African sites) according to standard procedures.21–23

otal cholesterol, HDL-C, and triglyceride levels were mea-
ured at all visits, and LDL-C levels were calculated with the
riedewald equation (LDL-C � total cholesterol � (TG/5) �
DL-C) and with ultracentrifugation (beta quantification).21

on-HDL-C levels were calculated by subtracting the level of
DL-C from the total cholesterol level.

afety and tolerability assessments
Safety and tolerability were evaluated by reviewing volun-

ary subject reports, investigators’ observations, physical ex-
minations, and results of specific laboratory tests (including
requent liver function tests and creatine phosphokinase
CPK] levels) at each visit. Clinically significant laboratory
bnormalities included elevations in ALT or AST levels to at
east 3-times the ULN on 2 consecutive occasions or a
ransaminase level �3-tomes the ULN on the final laboratory
xamination (considered “presumed consecutive”), and an
ncrease in CPK levels �10-times the ULN.

tatistics
A sample size of 480 subjects was needed to detect a dif-

erence of at least 15% in the 2 treatment groups for the pro-
ortion of subjects achieving an LDL-C level �100 mg/dL
fter 14 weeks of randomized therapy with 90% power and a
ignificance level of 0.05 (two-tailed). Categorical data were
nalyzed between treatment groups with the �2 analysis.
on-categorical data were analyzed with an analysis of vari-

nce (ANOVA) model that extracted the source of variation
aused by treatment. Data are expressed as the least square
ean plus or minus SEM; P values �.05 were considered to

e statistically significant. Median percentage changes were
alculated for triglycerides, because this parameter is known
o be asymmetrically distributed.

esults
emographics and baseline characteristics
Of 1847 subjects screened, 1037 (66%) did not meet

rotocol eligibility during the diet-10 mg/day of atorva- a
tatin lead-in period, and an additional 189 subjects
ere excluded for the reasons outlined in Figure 2.
hus, 621 subjects (34%) were randomized (Figure 2),
ith 568 subjects (91.5%) completing the 14-week
ouble-blind treatment period.
Randomized subject demographics, baseline charac-

eristics, and lipid levels are summarized in Table I and
emonstrate balance in the 2 treatment groups. De-
pite receiving 10 mg/day of atorvastatin, which is
nown to lower LDL-C levels by approximately 34% to
6%,24 the patients still maintained a high LDL-C level
t entry (186 mg/dL for the total cohort and 197
g/dL for the HeFH subgroup). HeFH was present in

8% of subjects (genotype confirmed in 30%), and the
emaining subjects had CHD or at least 2 cardiovascu-
ar risk factors. Ninety percent of subjects required

ashout from existing lipid-lowering therapies and
ere changed to 10 mg/day of atorvastatin.
Significantly more subjects in the EZE group com-
ared with the ATORV group achieved a direct LDL-C

evel �100 mg/dL after 14 weeks of randomized treat-
ent (22% vs 7%, P �.01; Figure 3). In the HeFH sub-

roup, the target LDL-C level was achieved in approxi-
ately 4 times more subjects in the EZE group (17%

s 4% P �.01). Similarly, even in subjects without
eFH, the LDL-C goal was achieved in almost 3 times
s many subjects in the EZE group as in the ATORV
roup (29% vs 11%, P �.01). More subjects reached
he LDL-C level goal of �100 mg/dL at weeks 4 and 9
Figure 3) after the co-administration of ezetimibe with

Figure 2

Patient disposition.
torvastatin than with continued atorvastatin titration
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lone. These results were obtained despite a higher
ate of maximal titrations in the ATORV group to 80
g/day. At 14 weeks, 60% of subjects in the EZE

roup underwent titration to 40 mg compared with
5% of subjects in the ATORV group who underwent
itration to 80 mg. A similar distribution was observed
n the HeFH subgroup (67% vs 86%). The enhanced
bility of the co-administration regimen to achieve
DL-C levels �100 mg/dL was independent of sex,
ace (white vs non-white), body mass index, and diag-
osis of HeFH, hypertension, and diabetes mellitus.
The most reliable and statistically valid estimation of

he effect of ezetimibe co-administration with atorva-

Table I. Baseline demographics, clinical characteristics and
lipid levels at randomization (on atorvastatin 10 mg/d)

haracteristic

Ezetimibe plus
atorvastatin

(n � 305)

Atorvastatin
monotherapy

(n � 316)

ge (y)
Mean (median) 53.0 (54) 51.6 (53)
Range 18–82 18–80

ge group, no. (%)
�65 y 65 (21) 50 (16)
ale, no. (%) 159 (52) 171 (54)

ace, no. (%)
White 279 (91) 289 (91)
Non-white 26 (9) 27 (9)

eterozygous familial
hypercholesterolemia, no. (%)

181 (59) 181 (57)

Genetic diagnosis 52 (17) 58 (18)
Clinical diagnosis 129 (42) 123 (39)

atient history documented CHD,
no. (%)

90 (30) 100 (32)

Myocardial infarction 58 (19) 56 (18)
Coronary artery bypass graft 43 (14) 54 (17)
ultiple risk factors CHD (�2 risk

factors), no. (%)
120 (39) 118 (37)

istory of hypertension 108 (35) 124 (39)
istory of diabetes mellitus 19 (6) 23 (7)
moker, no. (%) 76 (25) 85 (27)
ipid values at randomization

(mg/dL; mean SE)
Direct LDL-C* 186.2 (2.7) 187.3 (2.6)
Calculated LDL-C† 185.9 (2.7) 186.8 (2.6)
Total cholesterol 262.0 (2.7) 264.2 (2.7)
HDL-C 50.0 (0.7) 49.9 (0.7)
Non-HDL-C 212.1 (2.8) 214.3 (2.7)
Triglycerides (median, SE) 117.3 (3.9) 118.8 (4.2)
LDL-C:HDL-C ratio 3.95 (.08) 4.00 (.08)
TC:HDL-C ratio 5.52 (.09) 5.60 (.09)
ashout information, no. (%)‡
Previous statin use 270 (89) 279 (88)
Other 93 (30) 83 (26)

DL-C, Low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choles-
erol; CHD, coronary heart disease; TC, total cholesterol.
Measured by preparative ultracentrifugation.
By Friedewald Formula [LDL-C � total cholesterol � (TG/5) � HDL � C].
Subjects may have used more than one lipid lowering agent requiring washout.
tatin versus atorvastatin monotherapy on LDL-C was m
t 4 weeks, when all subjects had been receiving ei-
her ezetimibe plus 10 mg/day of atorvastatin or 20
g/day of atorvastatin (Table II, Figure 4). This pre-

pecified analysis demonstrated that LDL-C levels were
educed significantly more by adding ezetimibe to 10
g of atorvastatin (�22.8%; 186.2 � 2.6 mg/dL to

44.3 � 2.6 mg/dL) than by doubling the atorvastatin
ose to 20 mg/day (�8.6%; 187.3 � 2.6 mg/dL to
69.6 � 2.6 mg/dL; between-group P �.01). In the
eFH population, subjects in the EZE group also had
DL-C levels reduced by a significantly greater extent
�23.6%; 197.9 � 3.6 mg/dL to 151.6 � 3.5 mg/dL)
ompared with subjects in the ATORV group (�7.4%;
96.7 � 3.6 mg/dL to 180.4 � 3.5 mg/dL; between-
roup P �.01).
Combination therapy with ezetimibe and 10 mg/day

f atorvastatin also resulted in beneficial effects on
ther lipid parameters at week 4 (Table II, Figure 4),

ncrementally reducing the total cholesterol level by
1.3%, the triglyceride level by 5.4%, the non-HDL-C

evel by 14.2%, the LDL-C-to-HDL-C ratio by 14.6%, and
he total cholesterol-to-HDL-C ratio by 11.8%. All these
hanges were significant when compared with dou-
ling the dose of atorvastatin alone (P �.01). A similar

ipid-lowering response was observed in subjects with
eFH who received the co-administration therapy (Ta-
le III). A small but non-significant increase in HDL-C

evels with the addition of ezetimibe relative to atorva-
tatin monotherapy was observed in both cohorts.
The lipid profile changes at week 14, including

Figure 3

ercentage of patients in the total study cohort reaching LDL-C
oal (�100 mg/dL) at weeks 4, 9, and 14 (P �.01 for each
omparison).
ean LDL-C level reductions (�33.2% vs �20.3%),
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ere also more favorable in the EZE group and were
onsistent with the week-4 differences (Table IV). Sta-
istical comparisons were not performed at this point
ecause this was a response-based, not forced titration,
tudy design.

iscontinuations and adverse events
Of the 621 randomized subjects, 91.5% completed

Table II. Changes in plasma lipid/lipoprotein concentrations at w
the dose of atorvastatin to 20 mg/d

ariable

Ezetimibe 10 mg � Atorvastatin
10 mg (n � 293)

Absolute
change
(mg/dL)

Mean %
change

(SE)

irect LDL-C �42.6 �22.8 (0.7)
alculated LDL-C �44.4 �23.8 (0.7)
otal cholesterol �45.8 �17.3 (0.6)
DL-C 0.8 2.1 (0.6)
on-HDL-C �46.6 �22.0 (0.7)

riglycerides (median) �9.0 �9.3 (1.7)
DL-C:HDL-C ratio �1.0 �23.8 (0.8)
C:HDL-C ratio �1.1 �18.6 (0.7)

DL-C, Low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choleste

Figure 4

ffect of 10 mg/day of ezetimibe plus 10 mg/day of atorvastatin
ersus 20 mg/day of atorvastatin on the lipid profile of patients in
he whole study cohort at week 4. All values are means, except
riglyceride levels, which are medians. Total-Chol, Total choles-
erol; TG, triglyceride.
reatment, and discontinuation rates were similar in t
oth treatment groups (Figure 2). Fifty-three pa-
ients (9%; 27 subjects in the EZE group and 26 sub-
ects in the ATORV group) discontinued treatment
rematurely for these reasons, with a similar balance

n the 2 groups: adverse event (n � 27, 4%), lost to
ollow-up (n � 4, �1%), non-compliance with proto-
ol (n � 14, 2%), and subject request to discontinue
n � 8, 1%).
There were no clinically meaningful differences in

he treatment groups for the incidence of adverse
vents or in the number of discontinuations because
f adverse events (Table V). Serious adverse events
ccurred in 12 subjects (4%) in the co-administration
roup and 9 subjects (3%) in the ATORV group. One
ubject in the ATORV group died of a myocardial in-
arction, which was thought to be unrelated to the
tudy drug. Three of the 21 serious adverse events
ere considered possibly or probably related to study

reatment: an episode of pruritus, vasculitis, and macu-
ar papular rash (ATORV group); myalgia without a
PK increase (EZE group); and increased ALT reaching
value �3-times the ULN, initially labeled as “hepati-

is,” in an iron worker with concurrent hemolytic ane-
ia of unknown etiology (EZE group). The latter sub-

ect was also receiving diclofenac, which may elevate
iver function tests.

Two subjects in the EZE group and 1 subject in the
TORV group had asymptomatic increases in serum
LT, AST, or both �3-times the ULN. Jaundice did not
evelop in any subject, and no subject in the EZE
roup had a significant increase in bilirubin or alkaline
hosphatase. Additionally, cholelithiasis and cholestasis
ere each reported (both in the ATORV group), but
o subject required a cholecystectomy. One subject in
he ATORV group had an increase in CPK �10-times

after addition of ezetimibe to atorvastatin 10 mg/d or doubling

Atorvastatin Monotherapy
20 mg (n � 303)

Absolute
change
(mg/dL)

Mean %
change

(SE)

Between
group %
change P

�16.1 �8.6 (0.7) �14.2 �.01
�16.6 �9.0 (0.7) �14.8 �.01
�16.2 �6.1 (0.6) �11.3 �.01

0.4 1.3 (0.6) 0.9 N.S.
�16.7 �7.8 (0.7) �14.2 �.01

�5.0 �3.9 (1.7) �5.4 �.01
�0.4 �9.2 (0.8) �14.6 �.01
�0.4 �6.8 (0.6) �11.8 �.01

, coronary heart disease; TC, total cholesterol.
eek 4
he ULN, which was associated with muscle pain but
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as thought to be caused by weight training. There
ere no episodes of rhabdomyolysis.

iscussion
This large, randomized, double-blind trial of subjects
ith HeFH or CHD or �2 cardiovascular risk factors
ho had elevated LDL-C levels despite treatment with

0 mg/day of atorvastatin clearly demonstrated that
he strategy of adding ezetimibe to atorvastatin fol-
owed by atorvastatin titration as needed is more effec-
ive at lowering LDL-C levels than atorvastatin titration
lone. Despite 85% of the subjects receiving ATORV
onotherapy undergoing titration to 80 mg/day com-
ared with only 60% of subjects in the EZE group un-
ergoing titration to 40 mg/day, the percentage of sub-

Table III. Changes in plasma lipid/lipoprotein concentrations at
the dose of atorvastatin to 20 mg/d (HeFH group)

ariable

Ezetimibe 10 mg �

atorvastatin 10 mg
(n � 177)

Absolute change
(mg/dL)

Mean %
change (SE)

irect LDL-C �46.7 �23.6 (0.9)
alculated LDL-C �48.3 �24.4 (1.0)
otal cholesterol �49.5 �18.1 (0.7)
DL-C 0.7 1.9 (0.7)
on-HDL-C �50.2 �22.7 (0.9)

riglycerides (median) �8.3 �9.3 (2.1)
DL-C:HDL-C ratio �1.0 �24.4 (1.0)
C:HDL-C ratio �1.1 �19.2 (0.8)

DL-C, Low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choleste

Table IV. Changes in plasma lipid/lipoprotein concentrations
after 14 weeks of treatment with ezetimibe 10 mg/d �
atorvastatin 10 mg/d or atorvastatin 20 mg/d followed by
response-based atorvastatin titration in both treatment groups

ipid parameter

Mean % change from
randomization (SE)

Ezetimibe 10 mg
� atorvastatin

(10–40 mg)

Atorvastatin
monotherapy
(20–80 mg)

irect LDL-C �33.2 (0.9) �20.3 (0.9)
alculated LDL-C �34.9 (0.9) �21.3 (0.9)
otal cholesterol �26.1 (0.7) �16.0 (0.7)
DL-C 3.7 (0.7) 1.0 (0.7)
riglycerides (median) �19.7 (1.6) �11.3 (1.7)
po B �25.8 (1.0) �15.2 (0.9)

DL-C, Low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein choles-
erol; Apo, apolipoprotein.
ects reaching the LDL-C goal was only a third of the t
ubjects who received co-administration. Even the
-step addition of ezetimibe to the lowest starting dose
f atorvastatin (10 mg/day) resulted in more of these
igh-risk subjects (12%) reaching the LDL-C goal after
weeks than was achieved at 14 weeks after 3 dou-

lings of atorvastatin monotherapy (7%). Although in-
reasing atorvastatin to 20 mg combined with
zetimibe achieved the goal in 21% of patients, a fur-

after addition of ezetimibe to atorvastatin 10 mg/d or doubling

torvastatin monotherapy
20 mg (n � 172)

olute change
(mg/dL)

Mean %
change (SE)

Between group %
change P

�15.0 �7.4 (1.0) �16.2 �.01
�15.7 �8.0 (1.0) �16.5 �.01
�15.3 �5.5 (0.7) �12.6 �.01

0.2 0.8 (0.8) 1.2 N.S.
�15.5 �7.0 (0.9) �15.8 �.01

�4.0 �3.8 (2.3) �5.5 �.01
�0.3 �7.6 (1.1) �16.9 �.01
�0.3 �5.9 (0.8) �13.4 �.01

, coronary heart disease; TC, total cholesterol.

Table V. Adverse events

Ezetimibe 10
mg �

atorvastatin
(10–40 mg)
(n � 305)

Atorvastatin
monotherapy
(20–80 mg)
(n � 316)

dverse events 193 (63%) 184 (58%)
ost frequent adverse events* 72 (24%) 68 (22%)
Upper respiratory tract infection 9% 8%
Myalgia 8% 9%
Abdominal pain 6% 5%
Headache 7% 6%
Muscular skeletal pain 4% 6%
Arthralgia 5% 5%

iscontinued study due to adverse
event

13 (4%) 14 (4%)

iver function test elevations �3�
ULN
ALT and/or AST† 3 (1%) 1 (�1%)
Total bilirubin 0 (0%) 0 (0%)
Alkaline phosphatase 0 (0%) 1 (�1%)

reatine phosphokinase �10�
ULN

0 (0%) 1 (�1%)

habdomyolysis 0 (0%) 0 (0%)

LT, Alanine aminotransferase; AST, aspartate aminotransferase; ULN, upper limit
f normal.
�5% Incidence in either treatment group.
Two consecutive determinations (see methods).
week 4

A

Abs
her doubling to 40 mg resulted in only 1% more of
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hese patients reducing their LDL-C to �100 mg/dL.
his diminishing return of continued escalation of ator-
astatin was also highlighted in the monotherapy treat-
ent arm, in which 5% of subjects achieved the goal
ith 40 mg of atorvastatin, and this increased by only

nother 2% with the 80-mg dose. These results are re-
arkably consistent with those reported recently in a

arge trial in subjects with HeFH, in which subjects
lso underwent titration to 80 mg of atorvastatin.25

he differences in goal attainment in subjects with
eFH were even more marked than those of the
hole study cohort. In this large study, adverse events

nd hepatic and muscle laboratory parameters were
losely evaluated, and co-administration with ezetimibe
emonstrated a safety profile similar to atorvastatin
lone.
The highest dose of atorvastatin (80 mg) has become

he most commonly used statin therapy for severe hy-
ercholesterolemia and familial hypercholesterol-
mia.26 However, a recent study demonstrated that
dding ezetimibe to maximal dose atorvastatin or sim-
astatin in homozygous familial hypercholesterolemia
rovided an incremental 20% (P �.001) LDL-C level
eduction.13 Other treatment alternatives for achieving
DL-C goals in high-risk patients who are already re-
eiving the maximal tolerated dose of statin include
he addition of bile acid sequestrants, niacin, and/or
lant stanols, or even multiple combination therapy
ith these classes. Unfortunately, although moderately

ffective, these therapies are generally poorly tolerated
nd infrequently used successfully by physicians in
outine practice.
The applicability of these results to a large segment

f the population who are at high risk for an initial or
dditional coronary artery disease (CAD) events and
urrently under-treated in terms of LDL-C can been
alculated from both the frequency of HeFH (1:500 of
he population in the United States and other Western
ountries) and from National Health and Nutrtion Ex-
mination (NHANES) III data.27 There are approxi-
ately 8,500,000 Americans with CAD and 38,000,000
ith �2 CAD risk factors. Of these patients, approxi-
ately 15%, or 7,000,000, have baseline LDL-C levels
190 mg/dL. Because 10 mg of atorvastatin (or the

quivalent doses for other statins) lowers LDL-C levels
y approximately 34%, few if any of these patients will
chieve LDL-C levels close to the ATP III goal of �100
g/dL. It would require a reduction of 	50% for pa-

ients whose levels were just 190 mg/dL to achieve
uch a goal. This reduction is the mean achieved by
nly atorvastatin at its top dose of 80 mg or the re-
ently approved rosuvastatin at its top dose of 40 mg.
hus, assuming that at best half these high risk pa-

ients achieve the goal, one can estimate that approxi-
ately 3 million would not do so with maximal statin
herapy.
In summary, this study confirms the added efficacy
f ezetimibe co-administered with atorvastatin and pro-
ides evidence that ezetimibe can facilitate LDL-C goal
ttainment in high-risk patients with hypercholesterol-
mia, even with lower doses of the statin. It also dem-
nstrates the need for lipid-lowering therapies that are
ell tolerated and effective when added to low- and
igh-dose statins. The novel mechanism of cholesterol
bsorption inhibition provided by ezetimibe makes it
n excellent agent to co-administer with statins, which
nhibit cholesterol synthesis. Thus, through dual inhibi-
ion of 2 sources of plasma cholesterol, ezetimibe co-
dministered with statins such as atorvastatin will in-
rease treatment options for patients and provide a
reater ability to bring plasma cholesterol to more op-
imal levels than is currently possible, even with the
ighest doses of the most effective statins.

We thank Dr Amy O. Johnson-Levonas and Marcie
boff for assisting in the preparation of this manu-
cript.

eferences
1. Randomised trial of cholesterol lowering in 4444 patients with cor-

onary heart disease: the Scandinavian Simvastatin Survival Study
(4S). Lancet 1994;344:1383–9.

2. Shepherd J. Preventing coronary artery disease in the West of
Scotland: implications for primary prevention. Am J Cardiol 1998;
82:57–9T.

3. Heart Protection Study Collaborative Group. MRC/BHF Heart Pro-
tection Study of cholesterol lowering with simvastatin in 20,536
high-risk individuals: a randomized placebo-controlled trial. Lancet
2002;360:7–22.

4. Expert Panel on Detection, Evaluation, And Treatment of High
Blood Cholesterol In Adults (Adult Treatment Panel III). Executive
summary of the third Report of the National Cholesterol Education
Program (NCEP). JAMA 2001;285:2486–97.

5. de Backer G, Ambrosini E, Borch-Johnsen K, et al. European
guidelines on cardiovascular disease prevention in clinical prac-
tice: executive summary of the Third Joint Task Force of European
and other Societies on Cardiovascular Disease Prevention in Clini-
cal Practice. Eur J Cardiovasc Prev Rehabil 2003;10:S1–10.

6. Clinical reality of coronary prevention guidelines: a comparison of
EUROASPIRE I and II in nine countries. EUROASPIRE I and II
Group. European Action on Secondary Prevention by Intervention
to Reduce Events. Lancet 2001;347:995–1001.

7. Pearson TA, Laurora I, Chu H, et al. The lipid treatment assessment
project (L-TAP): a multicenter survey to evaluate the percentages of
dyslipidemic patients receiving lipid-lowering therapy and achiev-
ing low-density lipoprotein cholesterol goals. Arch Intern Med
2000;160:459–67.

8. Frolkis JP, Zyzanski SJ, Schwartz JM, et al. Physician noncompli-
ance with the 1993 National Cholesterol Education Program
(NCEP-ATPII) guidelines. Circulation 1998;98:851–5.

9. Stein EA. An investigative look: selective cholesterol absorption
inhibitors—embarking on a new standard of care. Am J Manag

Care 2002;8(Suppl 2):S36–9.



1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

A
T

M
T
p
M
M
M
o
A
H
S
s
L
c
F
v
n
M
M
g
o
e
M
B
N
M
W
B
v
H
P
L
P
T
O
P
C
m
L
P
t
M
J
c
G
G
S
c
G
M
p
M

American Heart Journal
September 2004

454 Stein et al
0. Lifestyle and risk factor management and use of drug therapies in
coronary patients from 15 countries; principal results from EU-
ROASPIRE II Euro Heart Survey Programme. Eur Heart J 2001;22:
554–72.

1. van Heek M, Farley C, Compton DS, et al. Comparison of the ac-
tivity and disposition of the novel cholesterol absorption inhibitor,
SCH58235, and its glucuronide, SCH60663. Br J Pharmacol
2000;129:1748–54.

2. van Heek M, Farley C, Compton DS, et al. Ezetimibe selectively
inhibits intestinal cholesterol absorption in rodents in the presence
and absence of exocrine pancreatic function. Br J Pharmacol
2001;134:409–17.

3. Gagne C, Gaudet D, Bruckert E, et al. Efficacy and safety of
ezetimibe coadministered with atorvastatin or simvastatin in pa-
tients with homozygous familial hypercholesterolemia. Circulation
2002;105:2469–76.

4. Gagne C, Bays H, Weiss S, et al. Efficacy and safety of ezetimibe
added to ongoing statin therapy for treatment of patients with pri-
mary hypercholesterolemia. Am J Cardiol 2002;90:1084–91.

5. Davidson M, McGarry T, Bettis R, et al. Ezetimibe co-administered
with simvastatin in patients with primary hypercholesterolemia.
J Am Coll Cardiol 2002;40:2125–34.

6. Kerzner B, Corbelli J, Sharp S, et al. Efficacy and safety of
ezetimibe coadministered with lovastatin in primary hypercholes-
terolemia. Am J Cardiol 2003;91:418–24.

7. Ballantyne CM, Houri J, Notarbartolo A, et al. Effect of ezetimibe
coadministered with atorvastatin in 628 patients with primary hy-
percholesterolemia: a prospective, randomized, double-blind trial.
Circulation 2003;107:2409–15.

8. Melani L, Mills R, Hassman D, et al. Efficacy and safety of
ezetimibe coadministered with pravastatin in patients with primary
hypercholesterolemia: a prospective, randomized, double-blind
trial. Eur Heart J 2003;24:717–28.

9. Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults. Summary of the second report of the
National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel II). JAMA 1993;269:3015–23.

0. Myers GL, Cooper GR, Winn CL, et al. The Centers for Disease
Control-National Heart, Lung, and Blood Institute Lipid Standard-
ization Program: an approach to accurate and precise lipid mea-
surements. Clin Lab Med 1989;9:105–35.

1. Lipid Research Clinics Program. Manual of operations: lipid and
lipoprotein analysis (publication NIH 75-628). Washington, DC:
US Department of Health, Education and Welfare; 1982.

2. Steiner P, Freidel J, Bremmer W, et al. Standardization of micro-
methods for plasma cholesterol, triglyceride and HDL-cholesterol
with the clinics’ methodology. J Clin Chem 1981;19:850–1.

3. Warnick G, Albers J. A comprehensive evaluation of the heparin
manganese precipitation procedure for estimating high-density
lipoprotein cholesterol. J Lipid Res 1978;19:65–76.

4. Heinonen TM, Stein EA, Weiss SR, et al. The lipid lowering effects
of atorvastatin, a new HMG CoA reductase inhibitor: results of a
randomized, double-masked study. Clin Ther 1996;18:853–63.

5. Stein EA, Strutt K, Southworth H, et al. Comparison of rosuvastatin
versus atorvastatin in patients with heterozygous familial hyper-
cholesterolemia. Am J Cardiol 2003;92:1287–93.

6. Thompson GR. Familial hypercholesterolemia. In: Betteridge DJ,
Illingworth DR, Shepherd J, editors. Lipoproteins in health and dis-

ease. London: Edward Arnold; 1999. p. 675–92. A
7. Jacobson TA, Griffiths GG, Varas C, et al. Impact of evidence-
based “clinical judgment” on the number of American adults re-
quiring lipid lowering therapy based on updated NHANES III
data. Arch Intern Med 2000;160:1361–9.

ppendix
he Ezetimibe Study Group investigators
Austria: Christian Feinboeck, MD, Vienna; Franz Winkler,
D, Vienna; Heidemarie Abrahamian, MD, Vienna; Hermann
oplak, MD, Graz; Belgium: Paul Vermeersch, MD, Antwer-
en; Canada: Patrick Couture, MD, Quebec; Claude Gagne,
D, Quebec; Daniel Gaudet, MD, Quebec; Gerald Tremblay,
D, Quebec; Jean Davignon, MD, Montreal; Lawrence Leiter,
D, Ontario; Peter Tan, MD, British Columbia; Robert Duf-
ur, MD, Montreal; Ronald Goldenberg, Ontario; Ronnie
ronson, MD, Ontario; Denmark: Steen Stender, MD, PhD,
ellerup; Ecuador: Jose Ponce, MD, Quito; Finland: Cinzia
arti, MD, PhD, Helsinki; Jaakko Tuomilehto, MD, PhD, Hel-
inki; France: B. Chanu, MD, Creteil; Bernard Devulder, MD,
ille; Carole Salaun, MD, Paris; Eric Bruckert, MD, Paris; Fran-
oise Ortega, MD, Strasbourg; Gerald Luc, MD, Lille; Michel
arnier, MD, Dijon; Michel Pinget, MD, PhD, Strasbourg; Syl-
ie Picard, MD, Dijon; Germany: Christiane Keller, MD, Mu-
ich; Claus-Juergen Heydenreich, MD, Essen; Gerhard Mahla,
D, Feldafing; Guenther Schaefer, MD, Koeln; Winfried
aerz, MD, Freiburg; Wolfgang Koester, MD, Freiburg; Wolf-

ang Kranzbuehler, MD, Bruckmuehl; Greece: Pavlos K. Tout-
uzas, MD, PhD, Athens; Prof Dennis V. Cokkinos, MD, Ath-
ns; Guatemala: Marco Antonio Rodas, MD, CA; Italy: Elmo
annarino, MD, Perugia; Renato Fellin, MD, Ferrara; Stefano
ertolini, MD, Genova; Mexico: Carlos Posadas, MD, Tialpan;
etherlands: Hendrikus Bulk, MD, Delfzijl; A.F.H. Stalenhoef,
D, Nijmegen; A.G.R. Visman, MD, Gorinchem; A.J.A.M.
ithagen, MD, Delft; A.J.M. Oude Ophuls, MD, Nijmegen;

. J. van den Berg, MD, Capelle aan de Ijssel; B.L.S. Borger
an der Burg, MD, Hardenberg; D.C.G. Basart, MD, Hoorn;
.F. Baars, MD, Tilburg; J.J.C. Jonker, MD, Rotterdam; J.L.
osma, MD, Ph.D, Groningen; L.C. Siegers, MD, Veldhoven;
.H.J. van Kempen, MD, Velp; M.D. Trip, MD, Amsterdam;
.J. Stijnen, MD, Breda; P.M. Landsaat, MD, Amsterdam; R.J.
immerman, MD, Den Helder; Norway: Asgeir Graesdal, MD,
slo; Leif Ose, MD, PhD, Oslo; Peru: Oscar Pamo, MD, Lima;
edro Salazar, MD, Lima; South Africa: D.P. Myburgh, MB,
hB, Pretoria; P.J. Jordaan, MB, ChB, Bloemfontien; W.J. Ver-
aak, MB, ChB, Pretoria; Spain: Angel Brea Hernando, MD,

ogrono; Civeira Fernando Murillo, MD, Zaragoza; Enterria
ilar Gomez, MD, Oviedo; Fatima Almagro, MD, San Sebas-
ian; Francisco Perez Jimenez, MD, PhD, Cordoba; Jesus
aria de la Viuda, MD, Galdakano; Jose Puzo, MD, Huesca;

ose Villar Ortiz, MD, Sevilla; Josefa Panisello Royo, MD, Bar-
elona; Juan Antonio Garrido, MD, El Ferrol; Juan de Dios
arcia Diaz, MD, Madrid; Luis Masana, MD, Tarragona; Pedro
onzalez Santos, MD, Malaga; Pedro Mata, MD, Madrid; Pedro
aenz Aranzubia, MD, Merida; Peral Miguel Franco, MD, Bar-
elona; Xavier Pinto, MD, Barcelona; Sweden: Bo Polhem,
rastorp; Christer Hoglund, MD, Stockholm; Thomas Hedner,
D, PhD, Goteborg; Taiwan: Slok-Bee Chlonhm, MD, Singa-
ore; United Kingdom: L. B. Tan, MD, Leeds; Simon Williams,
D, Leeds; United States: John B. Kostis, MD, New Jersey;

aron Kugelmass, MD, Oklahoma; Bala Nandigam, MD, Flor-



i
N
M
S
J
M
J
K
A
B
c
M

M
s
M
M
G
l
S
S
C
H
W

American Heart Journal
Volume 148, Number 3

Stein et al 455
da; Barry Lubin, MD, Virginia; Clinton D. Brown, MD,
ew York; David A. Hinchman, MD, California; David
cLeod Herrington, MD, MHS, North Carolina; Evan A.

tein, MD, PhD, Ohio; Frank A. McGrew, MD, Tennesse;
ames C. Thomas, MD, South Carolina; James Frederick
cNeer, MD, Oklahoma; Jeffrey Carstens, MD, Nebraska;

oseph Pace, MD, Florida; Karen E. Friday, MD, Louisana;
enneth Cohen, MD, Colorado; Kenneth E. Kerut, MD, Los
ngelos; Kenneth LaBresh, MD, Rhode Island; Kevin F.
rowne, Jr, MD, Florida; Mario E. Motta, MD, FACC, Massa-
husetts; Mark A. Wentworth, MD, Texas; Marshall Sack,

D, Texas; Michael C. Foster, MD, FACC, South Carolina; N
ichael Dillon, MD, Florida; Michael R. Geer, MD, Tennes-
ee; Nampaill K. Vijay, MD, Colorado; Patrick S. Coleman,
D, California; Paul Garcia, MD, Texas; Randy Hartman,
D, Florida; Richard B. Guthrie, MD, Minnesota; Richard
oulah, MD, Virginia; Robert D. Rosen, MD, North Caro-

ina; Robert J. Bloomberg, MD, PhD, Arizona; Saihari
adanandan, MD Oklahoma; Steven Minor, MD, Texas;
yed Mohiuddin, MD, Nebraska; Thomas Gottileb, MD,
olorado; Thomas Noonan, MD Rhode Island; Victor
oward, MD, Florida; William Bellveau, MD, Rhode Island;
illiam P. McGuinn, MD, Ohio; William R. Hathaway, MD,

orth Carolina


	Achieving lipoprotein goals in patients at high risk with severe hypercholesterolemia: Efficacy and safety of ezetimibe co-administered with ato
	Methods
	Study design
	Laboratory methods
	Safety and tolerability assessments
	Statistics

	Results
	Demographics and baseline characteristics
	Discontinuations and adverse events

	Discussion
	References
	The Ezetimibe Study Group investigators


