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A bs tr ac t

Background

The enzyme acyl–coenzyme A:cholesterol acyltransferase (ACAT) esterifies choles-
terol in a variety of tissues. In some animal models, ACAT inhibitors have antiathero-
sclerotic effects.

Methods

We performed intravascular ultrasonography in 408 patients with angiographically 
documented coronary disease. All patients received usual care for secondary preven-
tion, including statins, if indicated. Patients were randomly assigned to receive the 
ACAT inhibitor pactimibe (100 mg per day) or matching placebo. Ultrasonography 
was repeated after 18 months to measure the progression of atherosclerosis.

Results

The primary efficacy variable analyzing the progression of atherosclerosis ― the 
change in percent atheroma volume ― was similar in the pactimibe and placebo 
groups (0.69 percent and 0.59 percent, respectively; P = 0.77). However, both sec-
ondary efficacy variables assessed by means of intravascular ultrasonography 
showed unfavorable effects of pactimibe treatment. As compared with baseline 
values, the normalized total atheroma volume showed significant regression in the 
placebo group (−5.6 mm3, P = 0.001) but not in the pactimibe group (−1.3 mm3, 
P = 0.39; P = 0.03 for the comparison between groups). The atheroma volume in the 
most diseased 10-mm subsegment regressed by 3.2 mm3 in the placebo group, as 
compared with a decrease of 1.3 mm3 in the pactimibe group (P = 0.01). The com-
bined incidence of adverse cardiovascular outcomes was similar in the two groups 
(P = 0.53).

Conclusions

For patients with coronary disease, treatment with an ACAT inhibitor did not im-
prove the primary efficacy variable (percent atheroma volume) and adversely affected 
two major secondary efficacy measures assessed by intravascular ultrasonography. 
ACAT inhibition is not an effective strategy for limiting atherosclerosis and may 
promote atherogenesis. (ClinicalTrials.gov number, NCT00268515.)
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The introduction of 3-hydroxy-3-
 methylglutaryl coenzyme A reductase inhib-
itors (statins) nearly two decades ago marked 

a turning point in the effort to develop pharma-
cologic agents to reduce morbidity and mortality 
from coronary disease. However, despite the devel-
opment of increasingly potent statins capable of 
markedly lowering cholesterol levels, coronary 
disease remains the leading cause of death in 
Western societies.1 Basic research has clarified 
the metabolic pathways underlying the accumu-
lation and removal of lipids from the vascular wall. 
Accordingly, drug-discovery efforts have focused 
on targeted therapeutic approaches. One promis-
ing target is the enzyme acyl–coenzyme A:choles-
terol acyltransferase (ACAT), which esterifies cho-
lesterol in a variety of cells and tissues.2,3

Two forms of ACAT have been identified: 
ACAT1, present in many tissues, including macro-
phages, and ACAT2, present in intestinal epithelial 
cells and hepatocytes (Fig. 1).4,5 Theoretically, in-
hibition of ACAT1, by blocking the esterification 
of cholesterol, could prevent the transformation 
of macrophages into foam cells and slow the pro-
gression of atherosclerosis.6 Inhibition of ACAT2 
would be expected to decrease serum lipid levels. 
In some animal models, ACAT inhibitors are re-
markably effective in reducing the formation of 
atheromas.6-10 However, some studies involving 
genetically engineered mice have suggested that 
the inhibition of ACAT1 may promote atheroscle-
rosis.11-13 Interspecies differences in ACAT activity 
limit the ability of studies in animals to predict 
the effects of such agents in humans.14

Therefore, we conducted the ACAT Intravascular 
Atherosclerosis Treatment Evaluation (ACTIVATE) 
trial, a phase 3 clinical trial assessing the effects 
of pactimibe, a nonselective ACAT inhibitor with 
approximately equipotent effects on both ACAT1 
and ACAT2. Recently, intravascular ultrasonog-
raphy has been used successfully to study thera-
pies for atherosclerosis.15-19 We used intravascu-
lar ultrasonography to assess the disease burden 
in patients with established coronary disease be-
fore and after 18 months of treatment with pac-
timibe or placebo.

Me thods

Study Design and Baseline Intravascular 
Ultrasonography

The study was designed by the Cleveland Clinic 
Cardiovascular Coordinating Center and the steer-

ing committee (listed in the Appendix) in consul-
tation with the study sponsor. The institutional 
review boards of participating centers approved 
the protocol, and all patients provided written 
informed consent. Intravascular ultrasonography 
was performed in patients who had clinical indi-
cations for coronary angiography. Eligible patients 
had to have at least one vessel with stenosis of at 
least 20 percent on angiography.

The methods used for intravascular ultraso-
nography in trials evaluating regression and pro-
gression of atherosclerosis have been described 
recently.15-19 Briefly, a target vessel was identified 
by the interventional operator. This vessel could 
not have undergone revascularization or have more 
than 50 percent luminal narrowing throughout 
a target segment, which had to be at least 30 mm 
long. After the intracoronary administration of 
100 to 300 μg of nitroglycerin, a 40-MHz intra-
vascular-ultrasonography catheter (Atlantis, Bos-
ton Scientific Scimed) was advanced into the tar-
get vessel and the transducer positioned distal to 
a side branch. The transducer was then withdrawn 
at a speed of 0.5 mm per second with the use of 
a motor drive (“pullback”). During this pullback, 
images were obtained at a rate of 30 frames per 
second and recorded on videotape. The image 
quality of each videotape was assessed in a core 
laboratory at the Cleveland Clinic Foundation, 
and only patients whose videotape met prespeci-
fied requirements for image quality were eligible 
to undergo randomization. Patients were random-
ly assigned to receive either 100 mg of pactimibe 
daily or matching placebo. The patients and all 
study personnel were unaware of the treatment 
assignments.

Follow-up Intravascular Ultrasonography 
and Analysis

After an 18-month treatment period, patients 
who received at least one dose of study drug un-
derwent repeated intravascular ultrasonography. 
The operator placed the ultrasonographic cathe-
ter in the vessel originally examined and posi-
tioned the transducer distal to the original branch 
site. The motorized pullback was repeated under 
conditions identical to those in the baseline study. 
The resulting videotapes were then analyzed by 
the core laboratory. A technician selected the dis-
tal branch site as the beginning point for analy-
sis. Subsequently, every 60th image was analyzed, 
representing cross-sections spaced 1.0 mm apart. 
Measurements were performed in accordance 
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Figure 1. Location and Function of the Enzyme Acyl–Coenzyme A:Cholesterol Acyltransferase (ACAT). 

Two forms of ACAT have been identified: ACAT1 is present in many tissues, including macrophages, and ACAT2 is 
present in the intestinal mucosa and hepatocytes. ApoB denotes apolipoprotein B, VLDL very-low-density lipopro-
tein, LDL low-density lipoprotein, and HDL high-density lipoprotein.

n

with the standards of the American College of 
Cardiology.20 Using customized software (ImageJ, 
version 1.29w), the technician performed a cali-
bration by measuring 1-mm grid marks in the 
image. Manual planimetry was used to trace the 
leading edges of the lumen and external elastic 
membrane. The accuracy and reproducibility of 
this method have been reported previously.21

Calculation of Intravascular-
Ultrasonography Efficacy Variables

The atheroma volume, expressed as a percentage 
(the percent atheroma volume [PAV]), the prima-
ry efficacy variable, was calculated with the use 
of the following equation:

∑(EEM
CSA

 − lumen
CSA

)

∑EEM
CSA

 

where EEM
CSA

 is the cross-sectional area of the 
external elastic membrane and lumen

CSA
 is the 

cross-sectional area of the lumen. For each pa-
tient, the change in the percent atheroma volume 
was computed as the percent atheroma volume at 
the end of the study minus the percent atheroma 
volume at baseline.

The change in the normalized total atheroma 
volume, the secondary efficacy variable, was cal-
culated by first determining the average area of 
atheroma per cross-section:

 
 Average atheroma area =

∑(EEM
CSA

 − lumen
CSA

) 
,

where n is the number of cross-sections in the 
pullback. To compensate for pullbacks of differ-
ent lengths, the normalized total atheroma vol-
ume for each patient was calculated as the aver-

× 100PAV = 
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age atheroma area multiplied by the mean number 
of cross-sections in pullbacks that could be eval-
uated for all study patients. The change in nor-
malized total atheroma volume was calculated as 
the normalized total atheroma volume at follow-
up minus the normalized total atheroma volume 
at baseline.

The efficacy variable change in atheroma vol-
ume in the most diseased 10-mm subsegment 
was calculated by determining the atheroma vol-
ume for every possible contiguous 10-mm seg-
ment of the vessel that underwent intravascular 
ultrasonography. For each patient, the 10-mm 
subsegment with the greatest atheroma volume 
at baseline was examined at follow-up and the 
change in atheroma volume determined.

Laboratory Tests and Clinical Outcomes

The patients had scheduled clinic visits every 
three months. A central laboratory performed all 
biochemical determinations (Medical Research 
Laboratory). Patients were followed for adverse 
cardiovascular outcomes, including death from 
cardiovascular causes, nonfatal myocardial infarc-
tion, nonfatal stroke, hospitalization for unstable 
angina, and coronary and carotid revasculariza-
tion. Investigator-reported events were indepen-
dently verified by an adjudication team at the 
coordinating center, whose members were un-
aware of patients’ treatment assignments.

Statistical Analysis

Statistical analyses were performed by the spon-
sor and confirmed independently by a biostatisti-
cian at the Cleveland Clinic. The manuscript was 
written by the lead author in consultation with 
coauthors. The sponsor was permitted to review 
the manuscript and make suggestions, but the 
steering committee determined the final content.

We estimated that 208 patients would need to 
be enrolled in each group for the study to have 
a statistical power of 90 percent (assuming a 
standard deviation of 4.7 percent) to detect an 
absolute difference of 1.5 percent in the primary 
efficacy variable with a 5 percent type I error rate 
for a two-sided test. With an anticipated dropout 
rate of 20 percent, enrollment of 260 patients per 
group was required to provide an adequate number 
of patients with results that could be evaluated.

Demographic and laboratory characteristics 
are summarized for all randomized patients, and 

P values were calculated from uncorrected Pear-
son chi-square analysis of categorical variables. 
For normally distributed continuous variables, 
P values were calculated with the use of one-way 
analysis of variance, with treatment group as a 
factor. For variables that were not normally dis-
tributed, the Wilcoxon rank-sum test was used. 
For the efficacy analyses of percent atheroma 
volume and normalized total atheroma volume, 
the least-square mean and P values were calcu-
lated from an analysis-of-covariance model with 
percent atheroma volume at baseline as the covari-
ate and center and treatment group as factors. 
For atheroma volume in the most diseased 10-mm 
subsegment, the median values are reported and 
P values were obtained from a stratified rank 
analysis of the covariance model, with the base-
line value as the covariate and center as a strati-
fication factor. The time to a first adverse cardio-
vascular event was analyzed with the use of the 
Cox regression model. Analyses were performed 
with the use of SAS software (version 8.2).

R esult s

Patient Population

Between December 2002 and January 2004, 534 pa-
tients underwent randomization at 52 U.S. centers 
and 526 received the study drug. The baseline 
demographic and laboratory characteristics of the 
study population are reported in Table 1. All base-
line characteristics were similar in the pactimibe 
and placebo groups, although the pactimibe group 
had a slightly higher high-density lipoprotein 
(HDL) cholesterol level than the placebo group 
(P = 0.04) and had a slightly higher percentage of 
patients with a history of hypertension (P = 0.03). 
A total of 408 patients (206 in the pactimibe group 
and 202 in the placebo group) underwent intra-
vascular ultrasonography at both baseline and 
follow-up and had results that could be evaluat-
ed. Of the 126 randomized patients who were not 
included in the intravascular ultrasonography 
analysis, 8 never received study drug, 29 withdrew 
because of an adverse event, 35 were withdrawn 
at their own request, 11 were lost to follow-up, 
and 43 were withdrawn for miscellaneous reasons, 
including noncompliance and inadequate intra-
vascular ultrasonography at follow-up. There were 
no significant differences in dropout rates between 
the two groups.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org on November 26, 2009 . For personal use only. No other uses without permission. 



lack of effect of acat inhibition on atherosclerosis

n engl j med 354;12 www.nejm.org march 23, 2006 1257

Laboratory Results

Laboratory values at the completion of the study 
were similar in the two groups. The mean low-
density lipoprotein (LDL) cholesterol level was 
86.4 mg per deciliter (2.2 mmol per liter) in the 
placebo group and 91.3 mg per deciliter (2.4 mmol 
per liter) in the pactimibe group (P = 0.11). The 
mean HDL cholesterol level was 42.8 mg per deci-
liter (1.1 mmol per liter) in the placebo group and 
43.8 mg per deciliter (1.1 mmol per liter) in the 
pactimibe group (P = 0.22). There were no signifi-
cant differences between the groups in the levels 
of triglyceride or C-reactive protein, as measured 
with the use of a high-sensitivity assay.

Efficacy Analyses Involving Intravascular 
Ultrasonography

Table 2 shows the results of the efficacy analyses 
involving intravascular ultrasonography. The pri-
mary efficacy variable, the change in percent ath-
eroma volume, was similar in the pactimibe and 
placebo groups (0.69 percent and 0.59 percent, 
respectively; P = 0.77). However, the change in the 
normalized total atheroma volume showed a less 
favorable outcome in the pactimibe group than 
in the placebo group (P = 0.03). The normalized 
total atheroma volume decreased by 5.6 mm3 in 
the placebo group (P = 0.001 for the comparison 
with baseline values) and by 1.3 mm3 in the pac-

Table 1. Baseline Characteristics of the Patients.*

Characteristic Placebo (N = 268) Pactimibe (N = 266) P Value†

Age — yr 59.6±10.4 58.8±9.8 0.41

Male sex — no. (%) 192 (71.6) 175 (65.8) 0.15

Body-mass index 31.0±5.9 30.9±5.6 0.93

Statin use — no. (%) 212 (79.1) 204 (76.7) 0.50

History of diabetes mellitus — no. (%) 71 (26.5) 77 (28.9) 0.53

History of hypertension — no. (%) 188 (70.1) 208 (78.2) 0.03

Prior myocardial infarction — no. (%) 83 (31.0) 78 (29.3) 0.68

Stable angina — no. (%) 152 (56.7) 152 (57.1) 0.92

Unstable angina — no. (%) 113 (42.2) 98 (36.8) 0.21

Tobacco use — no. (%) 55 (20.5) 58 (21.8) 0.72

Blood pressure — mm Hg

Systolic 129.5±15.6 127.8±17.0 0.22

Diastolic 75.7±9.9 75.1±9.2 0.49

Cholesterol — mg/dl

Total 171.5±38.3 173.4±33.3 0.55

Direct LDL 101.5±31.1 101.4±27.7 0.99

Calculated LDL 94.8±31.7 96.0±29.4 0.67

HDL 42.4±11.1 44.6±12.6 0.04

Triglycerides — mg/dl

Median 150 144 0.53‡

Interquartile range 107–215 107–205

C-reactive protein — mg/liter

Median 2.8 3.1 0.68‡

Interquartile range 1.2–6.2 1.3–6.0

* Plus–minus values are means ±SD. To convert the values for cholesterol to millimoles per liter, multiply by 0.02586. 
The body-mass index is the weight in kilograms divided by the square of the height in meters. To convert the values for 
triglycerides to millimoles per liter, multiply by 0.0113. LDL denotes low-density lipoprotein, and HDL high-density lipo-
protein. A high-sensitivity assay was used to measure C-reactive protein.

† P values for categorical variables were obtained from uncorrected Pearson chi-square analysis. P values for continuous 
variables were obtained from one-way analysis of variance with treatment group as a factor.

‡ The Wilcoxon rank-sum test was used.
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Table 2. Intravascular Ultrasonographic Measures of the Atheroma Burden at Baseline and at the End of the Study.

Efficacy Variable Placebo (N = 202) Pactimibe (N = 206) P Value

Percent atheroma volume

Baseline

Mean ±SD 39.3±9.2 39.8±8.8 0.53*

Median 39.3 40.2 

Interquartile range 32.5 to 45.9 34.1 to 46.0

End of study

Mean ±SD 39.9±9.2 40.6±9.2 0.77†

Median 39.4 41.1 

Interquartile range 34.1 to 46.6 34.7 to 47.0

Change from baseline

Least-square mean ±SE 0.59±0.25 0.69±0.25 0.77†

P value 0.02† 0.006†

Normalized total atheroma volume (mm3)

Baseline

Mean ±SD 196.5±90.4 198.1±87.0 0.86*

Median 180.2 185.5 

Interquartile range 129.3 to 249.2 139.9 to 237.5

End of study

Mean ±SD 190.9±87.3 196.8±85.5 0.03†

Median 179.6 183.9 

Interquartile range 129.0 to 238.7 140.2 to 237.2

Change from baseline

Least-square mean ±SE –5.6±1.47 –1.3±1.47 0.03†

P value 0.001† 0.39†

Change in most diseased 10-mm subsegment (mm3)

Baseline

Mean ±SD 59.5±28.2 61.9±27.9 0.40*

Median 55.9 60.7 

Interquartile range 36.6 to 80.2 39.1 to 80.0

End of study

Mean ±SD 56.0±26.8 60.0±27.3

Median 53.0 60.9 0.96‡

Interquartile range 37.1 to 74.0 40.4 to 74.6

Change from baseline

Median −3.2 −1.3 0.01‡

Interquartile range −8.0 to 1.1 −5.9 to 4.0

P value§ <0.001 0.02

* One-way analysis of variance was used with treatment group as a factor.
† Least-square means and P values were obtained from an analysis-of-covariance model with the baseline value as covari-

ate and center and treatment group as factors.
‡ The P value was obtained with the use of a stratified-rank analysis-of-covariance model with the baseline value as co-

variate and center as a stratification factor.
§ The P values were obtained with the use of the Wilcoxon signed-rank test.
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timibe group (P = 0.39 for the comparison with 
baseline values). With respect to the 10-mm sub-
segment with the greatest disease severity, the 
placebo group also had more favorable effects 
than the pactimibe group. In these segments, the 
median decrease was 3.2 mm3 in the placebo 
group and 1.3 mm3 in the pactimibe group 
(P = 0.01). Thus, both secondary efficacy measures 
showed attenuation in the degree of the regres-
sion of atherosclerosis as assessed by intravascu-
lar ultrasonography during 18 months of a usual-
care regimen, which consisted of statins in most 
patients.

Prespecified Subgroups

Table 3 shows the results for the primary efficacy 
measure for 11 prespecified subgroups in the two 
groups of patients. The results were similar in 
most subgroups, although a subgroup defined by 
whether body-mass index (the weight in kilograms 
divided by the square of the height in meters) was 
more than 30 or 30 or less at baseline showed 
heterogeneity (P = 0.03).

Adverse Events and Clinical Outcomes

Table 4 shows the numbers of patients who had 
abnormal hepatic and muscle-related laboratory 
values and adverse clinical outcomes. Figure 2 
shows the time to a first adverse cardiovascular 
event for the combined outcomes of death from 
cardiovascular causes, nonfatal myocardial infarc-
tion, nonfatal stroke, hospitalization for unstable 
angina, and coronary or carotid revascularization. 
Adverse cardiovascular events occurred in 26.5 
percent of patients in the placebo group, as com-
pared with 23.8 percent of patients in the pac-
timibe group (relative risk, 0.90; P = 0.53). A sharp 
increase in events was observed at the end of 
the trial, reflecting revascularization procedures 
prompted by the catheterization required at the 
end of the study.

Discussion

Despite great advances in prevention and treat-
ment, atherosclerotic cardiovascular disease re-
mains the leading cause of death in Western so-
cieties, and its incidence is growing rapidly in the 
developing world. Since their introduction in 1987, 
statins have gradually assumed a central role in 
the primary and secondary prevention of cardio-
vascular disease. However, statins reduce the risk 

of complications and death from cardiovascular 
causes by only about one third, at best, leaving the 
remaining two thirds of patients unprotected.1 
Accordingly, the quest for pharmacologic agents 
that target other steps in atherogenesis has inten-
sified in recent years. ACAT inhibitors have been 
considered a promising therapeutic agent, and 
several pharmaceutical companies are developing 
agents that fall into this class.22,23 Since most 
ACAT inhibitors do not substantially alter serum 
lipid levels in humans, other means are required 
to determine whether a specific ACAT inhibitor 
will have antiatherosclerotic effects. Intravascular 
ultrasonography is particularly well suited to this 
role, providing precise measures of the progression 
of atherosclerosis with sufficient statistical power 
to allow trials of reasonable size and duration.15-19

In our phase 3 study, we evaluated the ACAT 
inhibitor pactimibe in a group of patients with 
established coronary disease. The results were not 
encouraging. Although the primary efficacy vari-
able, the change in percent atheroma volume, was 
neutral (Table 2), both major secondary efficacy 
measures showed that pactimibe treatment atten-
uated the regression of atherosclerosis observed 
in the usual-care group. Furthermore, treat-
ment with pactimibe was associated with unfa-
vorable trends in subgroups at increased risk, 
such as patients with diabetes (Table 3). Fortu-
nately, with only 18 months of drug exposure in 
about 500 patients, no adverse effect on the risk 
of death or complications was observed. None-
theless, because of the relationship between mea-
sures of disease progression or regression and 
clinical outcome,24,25 this finding should be con-
sidered carefully by pharmaceutical companies 
and investigators studying other ACAT inhibitors. 
If other agents in this class are studied in pa-
tients with coronary disease, there should be 
reasonable evidence that their biologic effects dif-
fer from those of pactimibe. Clinical trials of 
other ACAT inhibitors will require warnings in 
the informed-consent form and close monitoring 
by an independent data and safety monitoring 
board.

The mechanisms underlying the potentially 
proatherogenic effects of ACAT inhibition remain 
uncertain. By blocking esterification of choles-
terol, ACAT1 inhibitors increase the level of free 
cholesterol. There is credible scientific evidence 
of a cytotoxic effect of free cholesterol, which is 
expressed primarily by apoptosis of macrophages 
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within atherosclerotic lesions.26-29 Cellular necro-
sis within atherosclerotic lesions has been associ-
ated with increased activity of the underlying dis-
ease process.29 Fazio et al. demonstrated increased 
atherosclerosis in LDL-receptor−knockout mice 

also lacking macrophage ACAT1.12 Similar find-
ings have been described with pharmacologic inhi-
bition of macrophage ACAT in mouse and rabbit 
models of atherosclerosis.13 Thus, although it was 
hoped that ACAT inhibition would promote re-

Table 3. Change in Percent Atheroma Volume in Prespecified Subgroups.*

Subgroup No. of Patients Placebo (N = 202) Pactimibe (N = 206) P Value

Statin use at baseline

None or <12 mo 241 0.63±3.1 0.59±3.9 0.98

≥12 Mo 167 0.60±2.9 0.91±3.7 0.55

Sex

Male 290 0.33±2.9 0.50±3.8 0.57

Female 118 1.5±3.2 1.2±3.9 0.69

Age 

<65 yr 284 0.34±3.1 0.74±3.9 0.32

≥65 yr 124 1.2±2.6 0.65±3.8 0.33

Diabetes mellitus at baseline

Present 108 1.1±2.9 2.0±3.9 0.17

Absent 300 0.47±3.0 0.17±3.7 0.46

Metabolic syndrome at baseline

Present 169 0.95±2.9 1.4±3.5 0.30

Absent 239 0.40±3.0 0.15±4.0 0.61

History of hypertension

Present 301 0.85±2.6 0.90±3.8 0.88

Absent 107 0.1±3.7 0.04±4.1 0.97

Smoking status at baseline

Current 84 0.49±3.0 0.93±3.5 0.65

Former or never 324 0.65±3.0 0.65±3.9 0.90

Body-mass index at baseline

≤30 218 0.62±3.2† −0.01±4.2† 0.21†

>30 188 0.60±2.8† 1.4±3.4† 0.08†

Baseline LDL cholesterol

≤100 mg/dl 199 0.86±2.9 0.57±4.1 0.81

>100 mg/dl 189 0.36±3.1 0.82±3.6 0.38

Baseline HDL cholesterol

≤40 mg/dl  197 0.88±3.0 0.87±3.8 0.95

>40 mg/dl 209 0.37±3.0 0.59±3.9 0.61

Baseline C-reactive protein

≤3.0 mg/liter 213 0.59±3.0 0.57±3.7 0.97

>3.0 mg/liter 192 0.65±3.0 0.77±4.0 0.79

* Plus–minus values are means ±SD. To convert the values for cholesterol to millimoles per liter, multiply by 0.02586. 
LDL denotes low-density lipoprotein, and HDL high-density lipoprotein. A high-sensitivity assay was used to measure 
C-reactive protein.

† Interaction P = 0.03 from an analysis-of-covariance model with percent atheroma volume at baseline as the covariate 
and treatment group and body-mass index as factors.
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verse cholesterol transport (Fig. 1), the cytotoxic 
effects of free cholesterol may counterbalance any 
favorable effects. The slightly higher LDL choles-
terol level in the pactimibe group than in the 
placebo group at the end of the study cannot ex-
plain differences on intravascular ultrasonogra-
phy of the magnitude we observed.19

One other ACAT inhibitor, avasimibe, was 
studied in a phase 2 dose-ranging trial that used 
intravascular ultrasonographic efficacy measures 
and showed a neutral outcome (with nonsignifi-
cant trends toward a greater degree of progres-
sion in the ACAT-inhibitor group).30 However, the 
results of this study are difficult to interpret. 
Avasimibe is a potent inducer of cytochrome 
P-450 3A4, the principal route for the metabolism 
of many statins.31 Accordingly, the lipid-lowering 
effects of their background statin regimen were 
attenuated in many statin-treated patients exposed 
to avasimibe. The increase in LDL cholesterol 
levels among avasimibe-treated patients ap-
proached 10 percent, an increase likely to affect 
progression rates as assessed by intravascular 
ultrasonography.30 The avasimibe study was pre-
maturely terminated by the study sponsor, pre-
venting many patients from taking study drug 
for the intended period. Finally, there were only 
about 100 patients in each group, thus limiting 
the statistical power to detect changes in plaque 
burden by intravascular ultrasonography.

Our study demonstrates the value of intravas-
cular ultrasonography in assessing the effect of 
therapies on the atherosclerotic disease process. 
Previous studies have demonstrated the beneficial 
effects of treatments known to decrease athero-
sclerosis. These include studies demonstrating the 
antiatherosclerotic benefits of achieving lower-
than-usual LDL cholesterol levels,17 administra-
tion of an HDL cholesterol mimetic,16 treatment 
with an antihypertensive-drug regimen,18 and 
reductions of C-reactive protein.19 However, we 
found that systemic therapy with pactimibe had 
unfavorable effects on disease progression. This 
finding is important, because it suggests that 
intravascular ultrasonography can be used suc-
cessfully to determine both the benefits and 
potential hazards of new therapies. The primary 
efficacy variable — percent atheroma volume — 
showed progression in both groups, whereas 
both secondary efficacy variables showed regres-
sion. These differences reflect the effect of nega-
tive coronary remodeling, which influences the 

end point of percent atheroma volume but not the 
end point of total atheroma volume.32

Our study has important limitations. The re-
lationship between efficacy measures assessed 
with the use of intravascular ultrasonography 
and clinical outcomes has not been fully explored. 
Since our study was not powered to detect a dif-

Table 4. Laboratory Abnormalities and Adverse Clinical Outcomes.

Variable
Placebo
(N = 255)

Pactimibe
(N = 258)

 no. of patients (%)

Adverse clinical outcome

Death from cardiovascular causes 4 (1.6) 2 (0.8)

Nonfatal myocardial infarction 6 (2.4) 4 (1.6)

Nonfatal stroke 1 (0.4) 1 (0.4)

Carotid or coronary revascularization 62 (24.3) 61 (23.6)

Hospitalization for unstable angina 27 (10.6) 20 (7.8)

Laboratory abnormality*

Alanine aminotransferase >3 times ULN† 0 2 (0.8)

Aspartate aminotransferase >3 times ULN† 0 1 (0.4)

Creatine kinase >10 times ULN 1 (0.4) 0

* ULN denotes upper limit of normal.
† An abnormal laboratory result was obtained on two consecutive occasions.
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Figure 2. Time to a First Adverse Cardiovascular Event. 

Cardiovascular events included in this composite end point include death 
from cardiovascular causes, nonfatal myocardial infarction, nonfatal stroke, 
hospitalization for unstable angina, and carotid or coronary revascularization. 
The sharp increase in events at the end of the trial represents revasculariza-
tion procedures prompted by the required catheterization procedure. The rela-
tive risk is for the comparison of the pactimibe group with the placebo group.
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ference in the rates of adverse cardiovascular 
events, the clinical effects of any observed pro-
atherogenic properties of pactimibe cannot be 
confirmed. Since ACAT inhibitors do not substan-
tially affect serum lipid levels, the optimal dose 
of these agents is difficult to determine. We used 
a dose of pactimibe that was based on studies of 
animal models of atherosclerosis and cultured 
macrophages. Thus, theoretically, a lower or high-
er dose of pactimibe might have produced differ-
ent effects, and other ACAT inhibitors with dif-
ferent relative effects on ACAT1 and ACAT2 may 
exert more favorable effects on atherosclerosis.

Nonetheless, several important conclusions are 
warranted. The strategy of ACAT inhibition did 
not slow the progression of atherosclerosis as indi-
cated by our measurements and may even have 
promoted atherogenesis. Accordingly, further study 
of the therapeutic use of ACAT inhibitors must 
consider the possibility of adverse effects, and 
drug-development programs should exercise cau-
tion in exposing patients to this class of drugs.
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Effect of ACAT Inhibition on the Progression of Coronary Atheroscle-

rosis . On page 1253, the last line of the Abstract should have read,

`̀ (ClinicalTrials.gov number, NCT00185042.),´́ not `̀ (ClinicalTrials.gov
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