
 
current as of March 19, 2009. 
Online article and related content
 

 
 http://jama.ama-assn.org/cgi/content/full/301/11/1131

 
. 2009;301(11):1131-1139 (doi:10.1001/jama.301.11.1131) JAMA

 
Marijn C. Meuwese; Eric de Groot; Raphaël Duivenvoorden; et al. 
 

 Trial
Hypercholesterolemia: The CAPTIVATE Randomized
Atherosclerosis in Patients With Familial 
ACAT Inhibition and Progression of Carotid

 Correction  Contact me if this article is corrected.

 Citations  Contact me when this article is cited.

 Topic collections

 Contact me when new articles are published in these topic areas.
Infarction; Drug Therapy; Drug Therapy, Other; Genetics; Genetic Disorders 
System; Randomized Controlled Trial; Cardiovascular Disease/ Myocardial 
Nutritional and Metabolic Disorders; Lipids and Lipid Disorders; Cardiovascular

 http://pubs.ama-assn.org/misc/permissions.dtl
permissions@ama-assn.org
Permissions
 

 http://jama.com/subscribe
Subscribe

 reprints@ama-assn.org
Reprints/E-prints
 

 http://jamaarchives.com/alerts
Email Alerts

 at University of Amsterdam on March 19, 2009 www.jama.comDownloaded from 

http://jama.ama-assn.org/cgi/content/full/301/11/1131
http://jama.ama-assn.org/cgi/alerts/ctalert?alertType=correction&addAlert=correction&saveAlert=no&correction_criteria_value=301/11/1131
http://jama.ama-assn.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=jama;301/11/1131
http://jama.ama-assn.org/cgi/alerts/collalert
http://jama.com/subscribe
http://pubs.ama-assn.org/misc/permissions.dtl
http://jamaarchives.com/alerts
mailto:reprints@ama-assn.org
http://jama.ama-assn.org


ORIGINAL CONTRIBUTION

ACAT Inhibition and Progression
of Carotid Atherosclerosis in Patients
With Familial Hypercholesterolemia
The CAPTIVATE Randomized Trial
Marijn C. Meuwese, MD
Eric de Groot, MD, PhD
Raphaël Duivenvoorden, MD
Mieke D. Trip, MD, PhD
Leiv Ose, MD, PhD
Frans J. Maritz, MD†

Dick C. G. Basart, MD
John J. P. Kastelein, MD, PhD
Rafik Habib, MD
Michael H. Davidson, MD
Aeilko H. Zwinderman, PhD
Lee R. Schwocho, PhD
Evan A. Stein, MD, PhD
for the CAPTIVATE Investigators

CARDIOVASCULAR DISEASE

(CVD) remains a leading
cause of death in the West-
ern world despite current

treatment modalities. Cholesterol-
lowering therapy, especially with stat-
ins, has been clearly demonstrated to be
the single most effective, cost-effective,
and safest method to reduce CVD risk
and events, and as such has become the
cornerstone of prevention of CVD.1

However, reducing circulating low-
density lipoprotein cholesterol (LDL-C),
although effective in stabilizing plaque
and reducing clinical events, has limi-
tations and requires long-term, inten-
sive treatment to demonstrate plaque re-
gression by imaging techniques.2

Therefore, research efforts continue to
be directed at additional targets for treat-

ment. One potential target is the inhi-
bition of the intracellular enzyme acyl
coenzyme A:cholesterol acyltransfer-
ase (ACAT), which is key to control-
ling the accumulation of cholesterol

Author Affiliations and the CAPTIVATE Investigators
are listed at the end of this article.
Corresponding Author: Eric de Groot, MD, PhD, De-
partment of Vascular Medicine, Academic Med-
ical Center, Room F4-159-2, Meibergdreef 9, PO
Box 22700, 1100 DE Amsterdam, the Netherlands
(ericdegroot@amc.uva.nl).

Context Inhibition of acyl coenzyme A:cholesterol acyltransferase (ACAT), an intra-
cellular enzyme involved in cholesterol accumulation, with pactimibe was developed
to assist in the prevention of cardiovascular disease.

Objective Toevaluate theefficacyandsafetyofpactimibe in inhibitionofatherosclerosis.

Design, Setting, and Patients A prospective, randomized, stratified, double-
blind, placebo-controlled study (Carotid Atherosclerosis Progression Trial Investigat-
ing Vascular ACAT Inhibition Treatment Effects [CAPTIVATE]) of 892 patients het-
erozygous for familial hypercholesterolemia conducted at 40 lipid clinics in the United
States, Canada, Europe, South Africa, and Israel between February 1, 2004, and De-
cember 31, 2005. Study was terminated on October 26, 2005.

Intervention Participants received either 100 mg/d of pactimibe (n=443) or match-
ing placebo (n=438), in addition to standard lipid-lowering therapy.

Main Outcome Measures Carotid atherosclerosis, assessed by ultrasound carotid
intima-media thickness (CIMT), at baseline, 12, 18, and 24 months. Maximum CIMT
was the primary end point and mean CIMT the secondary end point.

Results Because pactimibe failed to show efficacy in the intravascular coronary ultra-
sound ACTIVATE study, the CAPTIVATE study was terminated prematurely after a fol-
low-up of 15 months. After 6 months of treatment with pactimibe, low-density lipo-
protein cholesterol increased by 7.3% (SD, 23%) compared with 1.4% (SD, 28%) in
the placebo group (P=.001). The carotid ultrasonographic scans of the 716 patients with
at least 2 scans and obtained at least 40 weeks apart were analyzed. Maximum CIMT
measurements did not show a pactimibe treatment effect (difference, 0.004 mm; 95%
confidence interval [CI], −0.023 to 0.015 mm; P=.64); however, the less variable mean
CIMT measurement revealed an increase of 0.014 mm (95% CI, −0.027 to 0.000 mm;
P=.04) in patients administered pactimibe vs placebo. Major cardiovascular events (car-
diovascular death, myocardial infarction, and stroke) occurred more often in patients
administered pactimibe vs placebo (10/443 [2.3%] vs 1/438 [0.2%]; P=.01).

Conclusions In patients with familial hypercholesterolemia, pactimibe had no effect
on atherosclerosis as assessed by changes in maximum CIMT compared with placebo
but was associated with an increase in mean CIMT as well as increased incidence of
major cardiovascular events.

Trial Registration clinicaltrials.gov Identifier: NCT00151788
JAMA. 2009;301(11):1131-1139 www.jama.com
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within cells, including macrophages and
the arterial wall.

ACAT esterifies free cholesterol in a
variety of cells. Two isoforms of ACAT
have been identified (ACAT-1 and
ACAT-2). ACAT-1 is present in many
cell types, including macrophages, and
ACAT-2 is active in the intestine and
liver.3,4 In these intestinal cells, it pro-
motes incorporation of dietary choles-
terol into chylomicrons for transport to
the liver. In hepatocytes, esterification of
free cholesterol precedes its incorpora-
tion into very low-density lipoprotein
particles. In theory, inhibition of ACAT-1
could prevent the transformation of mac-
rophages into foam cells in the vessel wall
and thereby slow the progression of ath-
erosclerosis and prevent the develop-
ment of vulnerable plaque. In addition,
inhibition of ACAT-2 could decrease se-
rum lipid levels by reducing the synthe-
sis of lipoproteins.

Pactimibe (CS-505) is a potent in-
hibitor of both ACAT-1 and ACAT-2.
Treatment with ACAT inhibitors
showed promising results for the pre-
vention of atherosclerosis in various
animal models.5-8 However, some re-
sults were ambiguous. Deletion of
ACAT-1 in atherosclerosis-prone mice
was both reported to lead to an in-
crease as well as to an attenuation of
atherosclerosis in different studies.9-11

Also, deletion of ACAT-2 in mice on a
normal diet did not result in lipid or li-
poprotein changes.12 Furthermore, the
first human trials evaluating the ef-
fects of ACAT inhibition on coronary
atherosclerosis, measured by intravas-
cular coronary ultrasound (ie, the A-
PLUS [avasimibe] and ACTIVATE
[pactimibe] trials), did not show any
beneficial effect of ACAT inhibition on
coronary atherosclerosis.13,14

Parallel to the phase 2 ACAT Intra-
vascular Atherosclerosis Treatment
Evaluation (ACTIVATE) trial,14 the Ca-
rotid Atherosclerosis Progression Trial
Investigating Vascular ACAT Inhibi-
tion Treatment Effects (CAPTIVATE)
study was conducted. Herein, we re-
port the results of this phase 2 and 3, ran-
domized, stratified, double-blind, pla-
cebo-controlled clinical trial assessing the

efficacy and safety of pactimibe in re-
ducing progression of atherosclerosis as
measured by carotid intima-media thick-
ness (CIMT) in patients heterozygous for
familial hypercholesterolemia.

METHODS
Study Design

The CAPTIVATE study was a prospec-
tive, randomized, stratified, double-
blind, placebo-controlled study that
compared 100 mg/d of pactimibe (CS-
505) with matching placebo in addi-
tion to usual care in patients with het-
erozygous familial hypercholesterolemia
and carotid atherosclerosis. This was an
investigator-initiated protocol and the fi-
nal trial protocol was designed in col-
laboration with the study sponsors. The
protocol was reviewed and approved by
the institutional review board at each of
the participating centers and all partici-
pants provided written informed con-
sent before entry into the trial.

The Cleveland Clinic Cardiovascu-
lar Coordinating Center in Cleveland,
Ohio, acted as the clinical events com-
mittee that independently reviewed sus-
pected events to confirm all cardiovas-
cular secondary end points. The clinical
events committee reviewed and pro-
vided comments on the study proto-
col and adjudicated the clinical end
points of the study based on rigorous
definitions specified in the protocol. A
data safety and monitoring board,
which was independent of the clinical
events committee, monitored the safety
of participants in both treatment groups
during the study as described in the data
safety and monitoring board charter de-
veloped for CAPTIVATE.

The study was conducted at 40 lipid
clinics in the United States, Canada, Eu-
rope, South Africa, and Israel between
February 1, 2004, and December 31,
2005. The treatment was discontin-
ued on October 26, 2005, when the par-
allel ACTIVATE study failed to dem-
onstrate efficacy of pactimibe vs
placebo.14 The planned study dura-
tion was 24 months.

Main inclusion criteria included age
40 to 75 years (for men) or age 45 to 75
years (for women); a diagnosis of het-

erozygous familial hypercholesterol-
emia either by genotyping or by having
met thediagnostic criteriaoutlinedby the
World Health Organization; an LDL-C
level of more than 100 mg/dL (to con-
vert to millimoles per liter, multiply by
0.0259) and triglycerides of less than 500
mg/dL (to convert to millimoles per li-
ter, multiply by 0.0113) while receiv-
ing usual and stable lipid-lowering
therapy; and evidence of carotid athero-
sclerosis (defined as the presence of a
maximum CIMT in any wall of the com-
mon carotid arteries �0.7 mm on B-
mode carotid ultrasound examination
performed at screening, with a maxi-
mum of 2.5 mm). Exclusion criteria in-
cluded high-grade stenosis or occlu-
sion of the carotid artery, symptomatic
heart failure, or a cardiovascular event
in the 3 months before randomization
and uncontrolled hypertension or dia-
betes mellitus.

The study consisted of 2 periods.
First, a period of up to 4 weeks in which
patients continued on their usual pre-
scription medication and diet. Then, if
they met the entry criteria, they were
randomized. Subsequently, a double-
blind treatment period commenced
with a scheduled duration of 104 weeks.
In the lead-in period, patients contin-
ued their usual medication, including
lipid-lowering treatment. At the con-
clusion of the lead-in period, patients
were assigned randomly in a 1:1 fash-
ion to receive either 100-mg/d pacti-
mibe or matching placebo tablets. The
study randomization was performed by
using random permuted blocks within
strata. Because statin use is known to
influence the progression of athero-
sclerosis, patient randomization was
stratified according to the duration of
prior statin treatment (�24 months vs
�24 months). Visits were scheduled at
day 1 and 1, 3, 6, 9, 12, 15, 18, and 24
months after randomization.

Laboratory Test Results

All laboratory tests were performed in
a certified, central clinical laboratory
(Medical Research Laboratory Interna-
tional Inc, Highland Heights, Ken-
tucky, and Zaventem, Belgium). Lipid
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and lipoprotein levels were deter-
mined every 3 months. Routine labo-
ratory safety testing included exten-
sive chemistry testing (liver and renal
function tests, creatinine, creatine ki-
nase, glucose), hematological measure-
ments, and urinalysis. Inflammatory
markers, such as serum high-sensitiv-
ity C-reactive protein, were measured
at baseline and after 3 months. (To con-
vert serum C-reactive protein from mil-
ligrams per liter to nanomoles per li-
ter, multiply by 9.524.) We present
6-month LDL-C results as they reflect
on (experimental) therapy LDL-C level.
End-of-study visits were performed at
variable intervals (days to weeks) af-
ter discontinuation of therapy in De-
cember 2005, when the effect of the ex-
perimental therapy may have waned.

B-Mode Ultrasound CIMT
Measurements

All patients underwent B-mode ultra-
sound imaging for CIMT measure-
ments. Duplicate scans were per-
formed at baseline and at 12 months to
increase the power of the trial and for
quality control of image acquisition.
Three carotid arterial segments were as-
sessed: the common carotid (1 cm proxi-
mal to the bulb), the carotid bulb (be-
tween the dilatation and flow divider),
and the internal carotid (1 cm distal to
the flow divider). Of each segment, the
near and the far walls of the left and right
carotid artery segments were imaged at
2 different angles; a total of 22 views. The
best image of each view was selected by
the sonographer as a high resolution still
frame in 2�2 cm regional expansion se-
lection mode. To provide the image ana-
lyst with dynamic information of the ves-
sel wall for each view, an associated
video clip was obtained. Acuson Aspen
ultrasound instruments (Siemens, Er-
langen, Germany) were equipped with
L7 linear array broadband (5-12 MHz)
transducers. The change in luminal di-
ameter and wall compliance of the com-
mon carotid artery was measured by M-
mode ultrasound. All images were saved
in digital imaging and communica-
tions in medicine (DICOM) database
format and saved to magnetic optical

disks for transfer to the ultrasound core
laboratory located at the Academic Medi-
cal Center (Academic Medical Center
Vascular Imaging, Department of Vas-
cular Medicine, Amsterdam, the
Netherlands).

Standardized equipment and proto-
cols were used for image and data man-
agement. Qualitative and quantitative
image analyses were performed with in-
house developed CAPTIVATE trial
dedicated image analysis software
(eTrack, Academic Medical Center,
Amsterdam, the Netherlands). On each
image, analysts selected a region of
interest. In the far wall, the analyst po-
sitioned cursors along the leading edges
of the lumen-intima and the media-
adventitia interfaces. In near walls,
the cursors were positioned along the
trailing edges of the (estimated) adven-
titia-media and intima-lumen inter-
faces. The cursors of each of the given
interfaces were splined by the image
analysis software program. The maxi-
mum distance of the intima-media
thickness, defined as “maximum IMT,”
and the mean distance, defined as the
“mean IMT” parameter, between the
splines were calculated for each view.

Also, at a single point, the distal com-
mon carotid lumen diameter was mea-
sured continuously for at least 3 heart-
beats, from the leading edge of the
intima-lumen interface of the near
wall to the intima-lumen interface of the
far wall using M-mode ultrasound. The
change in lumen diameter and the
change in pulse pressure were used to
calculate the wall compliance from end
diastole to peak systole. At time of effi-
cacy assessment, readers were blinded
to site, treatment allocation, sonogra-
pher, and time point of the scan. To
ensure quality of image acquisition and
image analyses, all sonographers and
readers were trained and certified for the
study. Quality control was imple-
mented regularly during the trial and
qualitative and quantitative feedback was
given to sonographers and readers on
their performance. Meetings of sonog-
raphers and readers and recurring site
visits were also performed to safeguard
standardization of protocols.

Study End Points
Our objective was to demonstrate the
effect of pactimibe vs placebo when
added to usual medical care on CIMT
in patients with heterozygous familial
hypercholesterolemia and carotid ath-
erosclerosis. Treatment effect was to be
assessed as the change in CIMT from
baseline after 24 months, measured by
B-mode carotid ultrasound. The pri-
mary efficacy measure was the change
in maximum CIMT of a given arterial
wall of all patients of which scans are
available at least 40 weeks apart, com-
paring those randomized to pactimibe
with those allocated to placebo using
an intention-to-treat comparison. The
secondary efficacy measure was the an-
nual progression of the mean CIMT.
Maximum and mean CIMTs were de-
fined and calculated as the per scan ag-
gregate of the maximum and mean
CIMTs of available views.

In statistical analyses, the difference in
progression in the CIMTs between treat-
mentgroupswasassessed.Apriori, based
on previous study data and assuming
�=.05 and �=.10 (a power of 90%), it was
calculated that 398 patients per treat-
ment group were required to detect a
0.04-mm maximum CIMT difference be-
tween groups after 2 years of treatment.
A recent meta-analysis showed that the
age-adjusted and sex-adjusted overall es-
timate of the relative risk of myocardial
infarction (MI) is 1.15 (95% confi-
dence interval [CI], 1.12-1.17) per
0.10-mm common CIMT difference in
the general population.15 A common
standard deviation of 0.16 mm and a
dropout rate of 15% were assumed. In-
traclass correlation coefficients were 0.92
for maximum CIMT and 0.94 for mean
CIMT for the average of duplicate base-
line measurements in 719 patients. The
standard deviations of the paired differ-
ences in maximum and mean CIMT be-
tween the duplicate baseline scans were
0.12 mm and 0.09 mm, respectively.

Intersonographer, interreader, and
natural variances were all included in
the calculated variance between visits.
After premature discontinuation, in-
trial reproducibility showed that the
available B-mode ultrasound scans
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would meet the a priori set require-
ments to detect a relative change in
maximum CIMT of at least 0.04 mm.

Secondary objective outcomes were
to demonstrate the effects of pactimibe
vs placebo over 24 months when added
to usual medical care on (1) the lumen
diameter and wall compliance of the
common carotid arteries, measured by
M-mode carotid ultrasound; (2) inflam-
matory and oxidative markers, such as
serum high-sensitivity C-reactive pro-
tein, plasma interleukin 6, plasma my-
eloperoxidase, and serum nitrotyro-
sine; (3) lipid profiles (LDL-C, total
cholesterol, high-density lipoprotein

cholesterol (HDL-C), triglycerides, apo-
lipoprotein B, apolipoprotein A-1, and
lipoprotein [a]); (4) safety, particu-
larly with respect to the incidence of
clinical and laboratory adverse events;
and (5) adrenal function, as well as (6)
the incidence and the time to first oc-
currence of cardiovascular events. Due
to discontinuation, the observation pe-
riod was shorter and not all parameters
were measured.

Safety Assessments

Safety was assessed by vital signs, ad-
verse event reports, laboratory data, in-
cluding an adrenocorticotropic hor-

mone stimulation test and fecal occult
blood test, and electrocardiograms. At
baseline, a chest radiograph was made of
all participants. Clinical adverse events
were reported at each study visit. Clini-
cally significant abnormal physical find-
ings or laboratory values were recorded
as adverse events. The incidence and the
time to first occurrence of cardiovascu-
lar events, defined as the composite of
cardiovascular death, nonfatal MI, non-
fatal stroke, carotid revascularization,
coronary revascularization, and hospi-
talization for unstable angina or cardio-
vascular death, nonfatal MI, and stroke,
was determined.

All randomized patients who re-
ceived at least 1 dose of randomized
study medication were to be followed up
for cardiovascular events for 24 months.
The intention-to-treat population in-
cluded all randomized patients who re-
ceived at least 1 dose of randomized
study medication and had at least 1 post-
baseline efficacy assessment.

Statistical Analyses

The statistical analyses were intention-
to-treat for all randomized participants.
The maximum CIMT values of all avail-
able segment walls were averaged per
person both for baseline visits and for 12-
month visits and termed the maximum
CIMT. Similarly, the mean CIMT val-
ues of all available segment walls were
averaged per person per visit and termed
the mean CIMT. Subsequently, the ab-
solute difference between the 12-
month value and the baseline value was
calculated per person and termed the an-
nual CIMT change. For the statistical
analysis, we used covariance analysis
with annual CIMT change as the depen-
dent variable, and baseline CIMT and
treatment group as independent vari-
ables. Because CIMT measurements were
not always available from all 22 views,
imputation was used to deal with incom-
plete data. Missing CIMT measure-
ments of arterial segment walls were im-
puted using a multiple imputation
scheme. Missing CIMT measurements
were 5 times imputed, and imputations
were drawn from the conditional distri-
bution given CIMT measurements of all

Figure. Study Participant Flow Diagram

438 Included in primary analysis
6 Excluded from analysis

5 No valid lipid values or
postbaseline cardiovascular
end points

1 Lost to follow-up

443 Included in primary analysis
5 Excluded from analysis (no valid

lipid values or postbaseline
cardiovascular end points)

440 Included in safety analysis
4 Excluded (did not receive

placebo)

451 Included in safety analysis
448 In pactimibe group

3 In placebo group who
received pactimibe

444 Randomized to receive placebo
443 Received placebo as

randomized
1 Did not receive placebo

448 Randomized to receive pactimibe
448 Received pactimibe as

randomized

1200 Patients assessed for eligibility

892 Randomized

399 Received placebo until study
termination (October 26, 2005)

369 Completed 1-y CIMT follow-up
85 Completed 2-y CIMT follow-up

400 Received pactimibe until study
termination (October 26, 2005)

347 Completed 1-y CIMT follow-up
72 Completed 2-y CIMT follow-up

308 Excluded
192 Excluded at first screening visit

(did not meet inclusion criteria)
116 Excluded during lead-in period

(4-wk screening process)

52 Other

33 Refused to participate
31 Did not meet inclusion

criteria

1 Lost to follow-up
44 Discontinued placebo

20 Clinical or laboratory
adverse events

14 Patient request
4 Protocol violation
1 Nonadherence

2 Other

3 Received ≥1 dose of 
pactimibe

2 Lost to follow-up
46 Discontinued pactimibe

25 Clinical or laboratory
adverse events

15 Patient request
1 Requirement for restricted

medications
2 Protocol violation
1 Nonadherence
1 Investigator judgment
1 Other

CIMT indicates carotid intima-media thickness.
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other arterial segment walls in all avail-
able visits using an MCMC Markov chain
Monte Carlo) algorithm.16 Results from
the imputed data sets were averaged.

The incidence of adjudicated cardio-
vascular events was defined as the com-
posite of cardiovascular death, nonfatal
MI,nonfatal stroke,coronaryrevascular-
ization,carotidrevascularization,andhos-
pitalizationforunstableanginaorcardio-
vascular death, nonfatal MI, and stroke.
The incidence of adjudicated cardiovas-
cular events was compared between the
pactimibe and placebo groups by using
the Fisher exact test, and by the differ-
ence incompositeendpointproportions
andthe2-tailed95%CIforthisdifference.

Additional continuous variable analy-
ses included end point and time point
treatment comparisons of the following
lipid and lipoprotein parameters: LDL-C,
total cholesterol, HDL-C, triglycerides,
apolipoprotein B, and apolipoprotein
A-1. Percentage change from baseline in
lipid and lipoprotein levels was as-
sessed by using t test. Safety data were
analyzed with the use of a linear model
with terms for baseline value, hyperten-
sive status, age, sex, race, smoking sta-
tus, history of diabetes mellitus, body
mass index (calculated as weight in ki-
lograms divided by height in meters
squared), creatinine clearance, and treat-
ment. Statistical analyses were per-
formed by using SPSS version 15.0 (SPSS
Inc, Chicago, Illinois). P� .05 was de-
fined as statistically significant.

RESULTS
Patient Enrollment
and Characteristics

Between February 1, 2004, and Febru-
ary 28, 2005, 1200 patients with famil-
ial hypercholesterolemia were screened
and 892 were randomized (FIGURE). Of
those 892 patients, 448 received pac-
timibe and 443 received placebo on top
of usual care. In each group, 5 pa-
tients were excluded from the analysis
because of the lack of lipid values or in-
formation on postbaseline cardiovas-
cular end points. A total of 46 patients
discontinued pactimibe treatment
(10%) and 44 patients discontinued pla-
cebo (10%). At the end of the study on

October 26, 2005, the mean (SD) fol-
low-up was 15 (5) months. A total of
716 of 892 patients underwent carotid
ultrasonography both at baseline and
after at least 40 weeks of follow-up.

Baseline characteristics and cardio-
vascular medical history of the partici-
pants are shown in TABLE 1. Approxi-
mately 96% of participants received
statin therapy during the study, which
mostly consisted of atorvastatin (48%),
rosuvastatin (22%), or simvastatin
(21%). Baseline characteristics of all 892
randomized patients, as well as the 716
patients for whom CIMT assessment is
available, were well balanced between
the 2 groups.

Effect of Pactimibe
on Lipid and Lipoprotein Levels

TABLE 2 shows the lipid and lipopro-
tein levels at baseline and after 6 months
of treatment for the 2 groups. After 6

months of treatment with pactimibe, the
mean (SD) percentage change from base-
line of LDL-C significantly increased by
7.3% (23%) compared with 1.4% (28%)
in the placebo group (P=.001). This
modest increase in LDL-C, accompa-
nied by an increase in apolipoprotein B,
was observed throughout the study and
disappeared after discontinuation of
study medication. The median high-
sensitivity C-reactive protein level at
baseline was 1.0 mg/L (interquartile
range [IQR], 0.5-1.9 mg/L) in the pla-
cebo group and 1.0 mg/L (IQR, 0.5-2.2
mg/L) in the pactimibe group. These re-
sults did not change significantly after
3 months and were 1.1 mg/L (IQR, 0.5-
2.1 mg/L) and 1.1 mg/L (IQR, 0.5-2.1
mg/L) in the placebo and pactimibe
groups, respectively. Furthermore, there
were no significant differences be-
tween the groups in HDL-C or triglyc-
erides levels.

Table 1. Baseline Characteristics and Medical History of Cardiovascular Diseasea

Characteristics

No. (%) of Patients

Placebo
(n = 438)

Pactimibe
(n = 443)

Age, mean (SD), y 54.7 (8.5) 55.5 (8.5)

Male sex 258 (58.9) 281 (63.4)

Smokingb

Never 198 (45.2) 176 (39.7)

Former 180 (41.1) 186 (42.0)

Current 60 (13.7) 81 (18.3)

Body mass index, mean (SD) 27.6 (4.3) 27.6 (4.1)

Blood pressure, mean (SD), mm Hg
Systolic 128 (15) 128 (17)

Diastolic 78 (9) 78 (10)

Statin use, mo
None or �24 86 (19.6) 80 (18.1)

�24 352 (80.4) 363 (81.9)

Medical history of cardiovascular disease
Any cardiovascular medical historyc 425 (97) 438 (97)

Hypertension 124 (28) 136 (30)

Stable angina 73 (17) 86 (19)

Unstable angina 29 (7) 23 (5)

Myocardial infarction 69 (16) 59 (13)

Coronary artery bypass graft 70 (16) 66 (15)

Percutaneous transluminal coronary angioplasty 42 (10) 53 (12)

Stroke 2 (0.5) 7 (2)

Transient ischemic attack 4 (0.9) 12 (3)

Peripheral artery disease 16 (4) 16 (4)

Diabetes mellitus 24 (6) 19 (4)
aBaseline is the last measurement on or before the date of the first dose of randomized study medication. Body mass

index is calculated as weight in kilograms divided by height in meters squared.
bSmoking is not otherwise specified.
cOther than heterozygous familial hypercholesterolemia.
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Effect of Pactimibe on CIMT
The results for primary and secondary
efficacy parameters assessed by ca-
rotid ultrasonography are shown in
TABLE 3. The annual progression of
maximum CIMT showed no differ-
ence between groups (difference from
baseline at 12 months, 0.004 mm; 95%
CI, −0.023 to 0.015 mm; P=.64). How-
ever, the annual progression of the
mean CIMT showed a significant dif-
ference between groups as relative mean
CIMT increase was observed in pa-
tients receiving pactimibe (difference,
−0.014 mm; 95% CI, −0.027 to 0.000
mm; P=.04). Mean CIMT progressed
significantly in the pactimibe group
within 1 year (mean [SD], 0.019 [0.099]
mm; 95% CI, 0.0081 to 0.029 mm),
whereas only minor progression of
mean CIMT was observed in the pla-
cebo group (0.005 [0.085] mm; 95% CI,
−0.004 to 0.013 mm). No significant

changes were observed in wall compli-
ance in either treatment group.

Clinical Adverse Events
and Cardiovascular End Points

Adverse events were reported in 363 of
451 patients (80.5%) in the pactimibe
group and 348 of 440 patients (79.1%)
in the placebo group (P=.62) (TABLE 4).
Liver function abnormalities (in-
creased alanine aminotransferase or as-
partate aminotransferase occurring in
7/451 patients [1.6%] and 3/440 pa-
tients [0.7%], respectively; P=.34) were
one of the more common reasons that
led to discontinuation from the trial. In
all but 1 patient, transaminase eleva-
tions returned to near normal limits at
the time of the final study visit. No clini-
cally important treatment-related
changes were observed for vital signs,
electrocardiographic parameters, fecal
occult blood tests, or an adrenocortico-

tropic hormone stimulation. Serious ad-
verse events were reported more fre-
quently by patients in the pactimibe
group than in the placebo group (45/
451 [10.0%] vs 34/440 [7.7%]; P=.24).

TABLE 5 shows the incidence of car-
diovascular events. Nonfatal MI oc-
curred more frequently in patients re-
ceiving pactimibe than in patients
receiving placebo (6/443 [1.4%] vs 0%;
P=.03). Furthermore, the composite end
point of all cardiovascular events (28/
443 [6.3%] vs 15/438 [3.4%]; P=.06) as
well as the composite of cardiovascular
death, MI, and stroke (10/443 [2.3%] vs
1/438 [0.2%]; P=.01) occurred more fre-
quently in patients receiving pactimibe
vs placebo.

COMMENT
Our study shows that administration of
pactimibe in addition to usual lipid-
lowering therapy does not reduce ca-
rotid atherosclerosis progression in pa-
tientswith familialhypercholesterolemia.
Although we observed no significant dif-
ference in maximum CIMT between
treatment groups, mean CIMT in-
creased at a significantly higher rate in
patients receiving pactimibe. In addi-
tion and in line with the mean CIMT
findings, LDL-C levels and the inci-
dence of cardiovascular events in-
creased as well compared with placebo.

Our study is the third in a series of vas-
cular imaging trials to show that ACAT
inhibition does not decrease atheroscle-

Table 2. Lipid and Lipoprotein Levels at Baseline and After 6 Months of Treatmenta

Lipid and Lipoprotein
Levels, mg/dL

Mean (SD)

Baseline

P
Value

6 Months

P
Value

% Change
From Baseline

P
Value

Placebo
(n = 438)

Pactimibe
(n = 443)

Placebo
(n = 420)

Pactimibe
(n = 412)

Placebo
(n = 420)

Pactimibe
(n = 412)

Total cholesterol 219 (45.0) 219 (46.6) .99 217 (50.6) 224 (48.6) .02 0.7 (18) 3.5 (17) .02

LDL-C 139 (42.0) 141 (41.7) .48 138 (47.1) 148 (44.0) .002 1.4 (28) 7.3 (23) .001

HDL-C 52 (14) 51 (15) .31 52 (15) 51 (15) �.99 0.6 (13) −0.5 (14) .23

Triglycerides 136 (70.8) 135 (78.2) .84 138 (72.3) 127 (61.3) .02 6.1 (36) 2.8 (35) .18

Apolipoprotein B 135 (32.9) 137 (32.6) .37 133 (35.8) 139 (15.7) .002 −0.1 (20) 3.0 (18) .02

Apolipoprotein A-1 157 (29.6) 155 (30.9) .33 155 (29.6) 150 (29.4) .01 0.1 (12) −2.6 (12) .001
Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
SI conversions: To convert total cholesterol, LDL-C, and HDL-C values to millimoles per liter, multiply by 0.0259; triglycerides to millimoles per liter, multiply by 0.0113; and apoli-

poprotein B and apolipoprotein A-1 to g/L, multiply by 0.01.
aBaseline is the last measurement on or before the date of the first dose of randomized study medication. If the day 1 measurement is nonfasting, then screening (fasting) mea-

surement will be used for baseline. Data after 6 months of treatment are presented as they reflect lipid profiles on study therapy and a sufficient number of data points is available.

Table 3. Baseline, 12-Months’ Follow-up, and Change From Baseline for Maximum and Mean
CIMT

Variable

Mean (SD), mm
P

ValuePlacebo Pactimibe Difference (95% CI)
Baseline

Maximum CIMT 0.927 (0.185) 0.937 (0.224) −0.010 (−0.040 to 0.020) .51
Mean CIMT 0.775 (0.141) 0.785 (0.167) 0.010 (−0.032 to 0.013) .41

12-mo follow-up
Maximum CIMT 0.940 (0.199) 0.955 (0.223) 0.015 (−0.046 to 0.016) .36
Mean CIMT 0.781 (0.146) 0.804 (0.165) 0.023 (−0.046 to 0.000) .05

Difference from baseline at 12 mo
Maximum CIMT 0.013 (0.123) 0.017 (0.140) 0.004 (−0.023 to 0.015) .64
Mean CIMT 0.005 (0.085) 0.019 (0.099) −0.014 (−0.027 to 0.000) .04

Abbreviations: CI, confidence interval; CIMT, carotid intima-media thickness.
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rosis and the first, to our knowledge, to
suggest that it may even promote ath-
erogenesis. In the parallel ACTIVATE
study,14 the effects of pactimibe were
studied in a group of patients with es-
tablished coronary disease using intra-
vascular coronary ultrasound. Al-
though the primary efficacy variable
defined as the change in percentage ath-
eroma volume was neutral, both major
secondary efficacy measures showed that
less progression of atherosclerosis was
present in the placebo group than in pac-
timibe group. The A-PLUS study,13 with
a similar design to the ACTIVATE study,
investigated the effect of the ACAT-
inhibitor avasimibe. Avasimibe tended to
modestly increase plaque burden and sig-
nificantly increased LDL-C by 8% to
11%. Neither intravascular coronary ul-
trasound trial found an increase, or trend
toward increase, incardiovascular events.

Taken together, the consistent nega-
tive findings in these surrogate marker
imaging trials, along with the increase
in actual CVD clinical end points ob-
served in CAPTIVATE, mitigate the
promise and further development of this
class of drugs for cardiovascular pre-
vention. Furthermore, the small in-
crease in LDL-C levels, observed in both
the A-PLUS (avasimibe) and the
CAPTIVATE study, does not support a
beneficial effect of ACAT-2 inhibition on
lipid levels and, therefore, of develop-
ment of selective ACAT-2 inhibitors.

The mechanisms underlying the pro-
atherogenic effects of ACAT inhibition
in humans as well as the discrepancy be-
tween promising animal studies5-8 and
the negative human trials remain un-
certain, but several explanations have
been suggested. A plausible explana-
tion is that inhibition of ACAT-1 leads
to accumulation of free cholesterol to
toxic levels in macrophages, leading to
cell death.17 Second, ACAT-2 may be
present in lower amounts in humans
than in other species and its relative con-
tribution to plasma cholesterol levels
may be smaller.18 Third, ACAT-2 has
also been reported to be up-regulated in
macrophages of atherosclerotic le-
sions, where it could contribute to the
toxic effect of free cholesterol accumu-

lation.19 These would explain a limited
or even pernicious effect of ACAT-2 in-
hibition. In addition, lipid metabolism
and lesion biology differ between ani-
mals and humans. In fact, most animal
studies were performed against a back-
ground of very high cholesterol levels.

Another explanation could be that most
animal models have a much faster rate
and capacity of reverse cholesterol trans-
port than humans. On the other hand,
some animal studies, such as those by
Fazio et al3 who demonstrated that
ACAT-1 deficiency in macrophages

Table 4. Clinical and Laboratory Adverse Events

Adverse Events

No. (%) of Patients

P ValueaPlacebo (n = 440) Pactimibe (n = 451)
�1 Clinical or laboratory 348 (79.1) 363 (80.5) .62
�1 Serious clinical or laboratory 34 (7.7) 45 (10.0) .24
Most commonly reportedb

Influenza 40 (9.1) 30 (6.7) .21
Nasopharyngitis 27 (6.1) 27 (6.0) �.99
Diarrheac 19 (4.3) 27 (6.0) .29
Myalgia 19 (4.3) 25 (5.5) .44
Back pain 19 (4.3) 20 (4.4) �.99
Headache 29 (6.6) 19 (4.2) .14
Arthralgia 25 (5.7) 19 (4.2) .35
Chest pain 18 (4.1) 19 (4.2) �.99
Dizziness 13 (3.0) 19 (4.2) .37
Upper respiratory tract infectionc 25 (5.7) 17 (3.8) .21
Hypertensionc 15 (3.4) 17 (3.8) .86
Nausea 12 (2.7) 17 (3.8) .45
Influenza like illness 14 (3.2) 16 (3.5) .85
Cough 12 (2.7) 15 (3.3) .70
Sinusitisc 10 (2.3) 15 (3.3) .42
Bronchitisc 8 (1.8) 15 (3.3) .20
Pain in extremity 12 (2.7) 13 (2.9) �.99
Muscle cramp 11 (2.5) 12 (2.7) �.99
Fatigue 15 (3.4) 11 (2.4) .43
Urinary tract infectionc 11 (2.5) 11 (2.4) �.99
Tendonitis 5 (1.1) 11 (2.4) .21
Angina pectoris 10 (2.3) 10 (2.2) �.99
Rashc 7 (1.6) 10 (2.2) .63
Edema peripheral 18 (4.1) 9 (2.0) .08

aBy Fischer exact test.
bMost commonly (�2%) reported clinical and laboratory adverse events.
cNot otherwise specified.

Table 5. Incidence of Cardiovascular Events

Cardiovascular Events

No. (%) of Patients

P ValueaPlacebo (n = 438) Pactimibe (n = 443)
Cardiovascular death 1 (0.2) 3 (0.7) .62
Nonfatal myocardial infarction 0 6 (1.4) .03
Nonfatal stroke 0 1 (0.2) �.99
Coronary revascularization 10 (2.3) 14 (3.2) .54
Carotid revascularization 1 (0.2) 0 .48
Hospitalization for unstable anginab 3 (0.7) 4 (0.9) �.99
Incidence of first cardiovascular eventsb 12 (2.7) 20 (4.5) .20
Incidence of all cardiovascular events 15 (3.4) 28 (6.3) .06
Cardiovascular death, myocardial infarction,

and strokeb
1 (0.2) 10 (2.3) .01

aBy Fisher exact test.
bEvery patient only counted once.
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causes larger atherosclerotic lesions in
LDL-receptor knockout mice, a model
of homozygous familial hypercholester-
olemia, do support our results.

Furthermore, our study underscores
the supportive role of CIMT imaging in
assessingtheeffectoftherapiesontheath-
erosclerotic disease process. The extent
of carotid atherosclerosis measured by
CIMT as a predictive test for cardiovas-
cular morbidity and mortality has been
validated inanumberofprospectiveepi-
demiological studies.20 Mean CIMT has
provedtobearobustsurrogateendpoint.
In our study, baseline and end-of-study
visitswereperformed induplicate toen-
hancepowerandprovideinformationon
within-sonographerreproducibility.The
intraclasscorrelationcoefficientofmean
CIMTexceededtheintraclasscorrelation
coefficient of maximum CIMT. Because
themeanCIMTdatadescribethe intima-
media complex in a more reproducible
fashion than maximum CIMT and the
majorityofarterialwall segmentsdidnot
exhibit plaques, the mean CIMT can be
considered the more sensitive efficacy
measure.

CIMT has also been shown in evalu-
ations of the efficacy of lipid-modify-
ing medication,21-23 antihypertensive
drugs,24 estrogens,25 and antioxidants26

to be consistent with the clinical out-
come of subsequent morbidity and
mortality trials with these therapies.27

This was recently illustrated by the
RADIANCE 1 CIMT trial,23 which as-
sessed increased HDL-C with the cho-
lesterol ester transfer protein–inhibitor
torcetrapib. This trial was prematurely
discontinued because of increased mor-
tality in the active treatment group in the
parallel clinical end point trial
ILLUMINATE.28 The design of the
RADIANCE 1 CIMT trial was compa-
rable with that of the CAPTIVATE study
in that it compared the effect of the cho-
lesterol ester transfer protein–inhibitor
torcetrapib with placebo in addition to
usual care in a similar group of patients
with familial hypercholesterolemia. In-
deed, in line with the ILLUMINATE
trial, a significant difference in annual
mean CIMT progression of 0.0052 mm
in favor of placebo was observed along

with a significant increase in CVD end
points. To put our findings in perspec-
tive, the difference observed in our study
was twice as large as that observed in the
RADIANCE 1 CIMT trial. These re-
sults emphasize the potential value of
performing small and relatively short
imaging trials before exposing large
numbers of patients to new drugs in
large and prolonged morbidity and mor-
tality trials.

Recently, another CIMT study in a
similar patient group with heterozy-
gous familial hypercholesterolemia was
published.29 Against expectations, the
ENHANCE trial29 did not show a differ-
ence in change in mean CIMT between
patients treated with simvastatin only
compared with combined therapy with
simvastatin and ezetimibe. In the
CAPTIVATE trial, mean CIMT did in-
crease at a significantly faster rate in pa-
tients receiving pactimibe compared with
patients receiving placebo. One of the ex-
planations for this difference is that
ACATinhibitionmayhaveadverseeffect,
as discussed above, whereas ezetimibe
may not. Moreover, in our study, pres-
ence of carotid atherosclerosis was a pre-
requisite. This was accompanied by a
higher pace of atherosclerosis progres-
sion (CAPTIVATE: 0.005 mm [pla-
cebo] and 0.019 mm [pactimibe] in 1
year vs ENHANCE: 0.0058 mm [simva-
statin only] and 0.0111 and 0.0038 [sim-
vastatin and ezetimibe] in 2 years).

Our study has important limita-
tions. Premature termination of our
study resulted in a limited efficacy
analysis based on CIMT. The annual
progression in maximum CIMT did not
show a statistically significant differ-
ence between groups, whereas mean
CIMT progression did. The difference
in outcome between the 2 ultrasound
parameters is most likely due to the
more robust, less variable nature of the
mean CIMT measurement compared
with the maximum CIMT values. Sec-
ond, although there was a statistically
significant difference in the incidence
of cardiovascular events between treat-
ment groups, our study was not pow-
ered to assess effects on clinical out-
comes. Finally, our study investigated

the effect of pactimibe only in patients
with familial hypercholesterolemia. Al-
though the results were in line with the
ACTIVATE study in patients with coro-
nary artery disease, we caution gener-
alization to nonfamilial hypercholes-
terolemia populations.

In conclusion, in patients with fa-
milial hypercholesterolemia, pactimibe
had no effect on atherosclerosis as as-
sessed by changes in maximum CIMT
compared with placebo but was asso-
ciated with an increase in mean CIMT
as well as increased incidence of ma-
jor cardiovascular events.
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