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Abstract

dal-PLAQUE is a placebo-controlled multicenter study designed to assess the effect of dalcetrapib

on imaging measures of plaque inflammation and plaque burden. dal-PLAQUE is a multimodality

imaging study in the context of the large dal-HEART Program. Decreased high-density lipoprotein

cholesterol is linked to increased risk of coronary heart disease (CHD). Dalcetrapib, a compound

that increases high-density lipoprotein cholesterol by modulating cholesteryl ester transfer protein,

is being studied to assess if it can reduce the progression of atherosclerotic disease and thereby

decrease cardiovascular morbidity and mortality. Patients with CHD or CHD-risk equivalents

were randomized to receive 600 mg dalcetrapib or placebo daily for 24 months, in addition to

conventional lipid-lowering medication and other medications for cardiovascular risk factors. The
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primary outcomes are the effect of dalcetrapib on 18F-fluorodeoxyglucose positron emission

tomography target-to-background ratio after 6 months and magnetic resonance imaging (MRI)

plaque burden (wall area, wall thickness, total vessel area, and wall area/total vessel area ratio)

after 12 months. Secondary objectives include positron emission tomography target-to-

background ratio at 3 months and MRI plaque burden at 6 and 24 months; plaque composition at

6, 12, and 24 months; and aortic compliance at 6 months. A tertiary objective is to examine the

dynamic contrast-enhanced MRI parameters of plaque neovascularization. In total, 189 subjects

entered screening, and 130 were randomized. dal-PLAQUE will provide important information on

the effects of dalcetrapib on markers of inflammation and atherosclerotic plaque burden and,

thereby, on the safety of cholesteryl ester transfer protein modulation with dalcetrapib. Results are

expected in 2011.

Despite advances in the diagnosis and management of coronary artery disease, acute

coronary events continue to occur in many patients. Numerous studies have suggested that

high-density lipoprotein (HDL) may exert several potentially important antiatherosclerotic

and endothelial-protective effects.1 In particular, the promotion of reverse cholesterol

transport, that is, cholesterol efflux from lipid-loaded macrophages in atherosclerotic lesions

and the subsequent cholesterol transport back to the liver, has been proposed as an

antiatherogenic effect of HDL.2,3 The development of drugs that raise HDL-cholesterol

(HDL-C) and produce a functional HDL particle may potentially reduce the progression of

atherosclerosis and decrease morbidity and mortality when used alongside established

therapies. One strategy for raising HDL-C is to inhibit or modulate the cholesteryl ester

transfer protein (CETP). Decreased plasma levels of CETP are associated with increased

levels of HDL-C and, in turn, decreased risk of coronary artery disease.4,5

Torcetrapib, the first CETP inhibitor extensively evaluated in humans, was associated with

increased blood pressure (BP) in several clinical trials, but this appears to be a compound-

specific, off-target effect and not a result of CETP inhibition in general.6,7 Dalcetrapib has

been shown to modulate CETP to reduce its activity and thereby increase HDL-C levels in a

dose-dependent manner.8 To date, the tolerability of dalcetrapib has been reassuring, with no

evidence of clinically relevant increases in BP, electrolytes, or mineralocorticoids at

therapeutic doses.9,10

dal-PLAQUE is being conducted to assess the efficacy and safety of dalcetrapib on plaque

inflammation as evaluated by 18F-fluorodeoxyglucose positron emission tomography (18F-

FDG-PET) and atherosclerotic plaque progression as determined by magnetic resonance

imaging (MRI) plaque burden. It is becoming increasingly evident that the lesions

responsible for acute coronary events may not be critically obstructive nor associated with

inducible ischemia. Computed tomography (CT) and MRI can be used to evaluate several

morphologic features of plaque vulnerability11-17 (eg, large-volume necrotic cores, positive

outward remodeling, thin fibrous caps).18,19 Increasingly, the role of inflammation has been

considered key in the progression of atheromas.20-22 It has also been suggested that 18F-

FDG-PET/CT could be used to measure inflammation within atherosclerotic plaque and

potentially to track its change with appropriate therapies.23-29 Similarly, high-resolution
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MRI offers accurate and reproducible measures of atherosclerotic plaque burden and

composition.11,30-33

As the key objective, dal-PLAQUE will attempt to refute —at a meaningful pilot scale—a

hypothesis proposed following torcetrapib's failure that, as a class, agents acting on CETP

that increase HDL-C are proinflammatory or proatherogenic and may, thereby, increase

cardiovascular mortality and morbidity. The combined use of 2 imaging modalities—18F-

FDG-PET/CT and MRI—showing no progression, or regression, of inflammatory burden or

atherosclerotic plaque size despite CETP inhibition would help to disprove this hypothesis

and support the safety of dalcetrapib. To transition dalcetrapib from an early-stage clinical

trial to clinical practice, in addition to excluding harmful effects, its near-term utility needs

to be demonstrated. The use of intermediary surrogate imaging end points may provide an

alternative strategy to evaluate the efficacy and safety of a drug and may therefore be a

useful tool in a proof of concept study.

Methods

Design

dal-PLAQUE (ClinicalTrials.gov identifier NCT00655473; accessed June 10, 2010) is a

phase IIB, double-blind, randomized, placebo-controlled study comparing the efficacy of

dalcetrapib 600 mg/day or matching placebo, in addition to current “standard of care,” on

the progression or regression of atherosclerosis using MRI and 18F-FDG-PET/CT in

patients with existing coronary heart disease (CHD) or CHD-risk equivalents.

This study is an investigator-initiated protocol with the final trial design approved in

collaboration with the study sponsor (F. Hoffmann–La Roche Ltd). The first draft of the

manuscript was prepared by the first author, with edits and revisions provided by all

coauthors. Editorial assistance was provided by Prime Healthcare during the preparation of

this report and funded by F. Hoffmann–La Roche Ltd.

This study is being conducted at 11 centers in Canada and the United States, in compliance

with the principles of the Declaration of Helsinki and according to Good Clinical Practice

guidelines. The protocol has been reviewed and approved by the institutional review board

of each center. All participants have provided written informed consent.

Patients meeting the entry criteria enter a prerandomization phase of up to 8 weeks, to adjust

lipid-lowering therapy. Eligible patients are randomized according to a computer-generated

global randomization code and assigned in a 1:1 double-blind fashion, stratified by center, to

receive either dalcetrapib 600 mg/day or matching placebo tablets for 2 years, followed by a

2-week safety follow-up. Patients undergo 18F-FDG-PET/CT at screening; those with an

average maximal arterial wall (target) to background (blood) ratio (TBR; a measure of 18F-

FDG uptake) ≥1.6 are eligible for randomization. This visit will also be used as the PET/CT

baseline. The baseline MRI is performed within 2 weeks of the screening PET/CT, after

which patients undergo randomization. Follow-up PET/CT will take place at 3 and 6 months

and MRI at 6, 12, and 24 months after randomization (Figure 1).
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Inclusion and exclusion criteria

The target population is patients with CHD or other CHD risk factors (CHD equivalents).

The main inclusion criteria at screening are male and female patients aged 18 to 75 years; a

diagnosis of CHD or CHD-risk equivalents based on the National Cholesterol Education

Program Adult Treatment Panel III, for example, diabetes or >20% 10-year risk of CHD

events by Framingham risk score; and triglycerides level ≤400 mg/dL (≤4.5 mmol/L).

Additional inclusion criteria at randomization are carotid or aortic plaque inflammation TBR

≥1.6, determined by 18F-FDG uptake on PET/CT. Patients should be clinically stable and

on appropriate treatment with statin and/or other low-density lipoprotein cholesterol (LDL-

C) lowering drugs to a stable LDL-C level of <100 mg/dL (<2.6 mmol/L), unless taking

maximum tolerated doses of therapy based on their medical condition or intolerant to statins.

Female patients are excluded if they are pregnant, breastfeeding, or of childbearing

potential. Other exclusion criteria are concomitant HDL-C raising therapy (niacin, fibrates,

bile acid sequestrants, rimonabant, CETP therapy, or other), uncontrolled BP, uncontrolled

diabetes (hemoglobin A1c >10%), recent (<3 months) clinically significant coronary or

cerebral vascular event, patients with familial hypercholesterolemia, glomerular filtration

rate <30 mL/min (Cockcroft-Gault formula), liver disease, history of malignancies, and

standard contraindications for MRI and PET/CT.

Study end points

Results of PET/CT and MRI are prespecified coprimary imaging end points for this study.

The primary PET/CT end point is the change in arterial wall 18F-FDG uptake within an

index vessel (right carotid, or left carotid, or ascending thoracic aorta) after 6 months,

reported as the TBR (Figure 1). The primary MRI end point is the change in atherosclerotic

plaque burden, measured by 4 indices: wall area, wall thickness, total vessel area, and wall

area/total vessel area ratio, based on the average of the right and left carotids after 12

months.34,35

Secondary objectives include the following: change from baseline in TBR from the index

vessel (right and left carotid or ascending thoracic aorta) based on the standardized 18F-

FDG uptake measured with PET after 3 months and change from baseline in MRI-derived

atherosclerotic plaque burden indices on the right carotid, left carotid, and descending

abdominal aorta after 6 and 24 months. Other objectives include the following: change from

baseline in MRI-derived aortic compliance after 6 months; plaque composition and area

under signal intensity versus time curves obtained from dynamic contrast-enhanced (DCE)

MRI after injection of contrast agent19 after 6, 12, and 24 months; change from baseline in

the standardized uptake values with PET/CT; and change from baseline in inflammatory

markers (high-sensitivity C-reactive protein, interleukin-6, soluble platelet-selectin, soluble

E-selectin, soluble intercellular adhesion molecule) after 3, 12, and 24 months.

Prespecified cardiovascular end points are monitored as a component of the dal-HEART

Program: CHD death, major coronary events (nonfatal myocardial infarction, hospitalization

for acute coronary syndrome, resuscitated cardiac arrest), and fatal or nonfatal stroke of
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presumed atherothrombotic origin. End points will be adjudicated by an independent clinical

end point committee.

Statistical analyses plan

For all primary and secondary objectives, a linear model will be assumed for the expected

value of the variable and will include treatment and center as fixed effects along with a

covariate term for the centered baseline value of the variable. To check for consistency of

the treatment differences across centers, the results will also be analyzed with a model

including the treatment-by-center interaction term.

Hypothesis testing and statistical analyses plan

For the primary and secondary efficacy end points of change from baseline in 18F-FDG

uptake and plaque size/burden, the null and alternative hypotheses to be tested at the 5% 1-

sided significance level are as follows:

where μD and μP are the mean reductions from baseline for the dalcetrapib and placebo

arms, respectively. In addition, point estimates and confidence intervals will be determined

for each of the summary statistics associated with the tests of hypotheses. For this

exploratory study, no adjustments for multiplicity will be carried out.

Because of the sparseness of the literature reporting similar studies at the time the study was

designed, the sample size was not based on power calculations for specified treatment

effects. To ensure at least 100 evaluable patients, we defined a nominal sample size of 120

patients to be randomized equally into the 2 treatment groups. Trials of this size are able to

detect treatment differences of 0.45 to 0.5 standard deviations in the efficacy variable with at

least 80% power at the 5% 1-sided significance level. At the time the study was planned,

differences of this magnitude had been observed for both primary end points in 2

studies.25,36 Because of a greater than expected number of patients consenting to be entered

into the study, the final sample size achieved was 130.

Analyses will be carried out according to intent to treat and will include all patients

randomized. No interim analysis that might result in the early termination of the trial is

planned. However, as part of the compilation of evidence to support continuation of a phase

III clinical end point trial (www.clinicaltrials.gov identifier NCT00658515), an early

assessment of safety and efficacy outcomes will be made. This will occur once the change

from baseline in TBR after 3 and 6 months of treatment is available for all patients. Results

of analyses will be presented by treatment group, that is, dalcetrapib versus placebo, to the

data safety and monitoring board and, upon the discretion of the data safety and monitoring

board, to the sponsor. No individual patient data will be presented to the sponsor. An

independent statistician will perform the analyses.
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18F-fluorodeoxyglucose positron emission tomography/computed tomography

18F-fluorodeoxyglucose positron emission tomography/computed tomography imaging of

the carotid arteries and ascending thoracic aorta is performed at screening and at 3 and 6

months. Thirty minutes before 18F-FDG intravenous injection, glucose is measured; if the

fasting value is >200 mg/dL, the scan is rescheduled.

After 2 hours of 18F-FDG circulation, patients are imaged, head first, for localization and

attenuation correction. A 2-dimensional (2D), chest PET scan using 2-bed positions to cover

the aortic arch (upper limit) to the diaphragm (including inferior myocardial wall) and a 3-

dimensional PET/CT image of the neck follow.

Images are analyzed at the core laboratory by an experienced reader. The TBR is calculated

from the ratio of the standardized uptake values of the artery compared with background

venous activity for the index vessel (to be followed throughout the study). The analysis will

be performed using a “whole region of interest (ROI) approach.”37,38 Sample PET/CT

images are shown in Figure 2.

Magnetic resonance imaging

Magnetic resonance imaging of the carotid arteries and descending abdominal aorta is

performed at baseline and at 6, 12, and 24 months. Abdominal aorta scout images are

obtained for localization of the aorta, followed by 2D dark-blood turbo spin echo (16

slices).39,40 An image of 1 slice of the abdominal aorta is obtained subsequently for

calculating aortic compliance.

Carotid bifurcations are localized using phase contrast images, followed by acquisition of

2D dark-blood turbo-spin-echo images of the common carotid arteries. Lumen contours are

obtained via a time-of-flight bright magnetic resonance angiography sequence. Finally, DCE

images are obtained on 1 slice after administration of 0.2 mmol/kg of gadolinium-based

contrast agent.20

At the core laboratory, magnetic resonance images are analyzed at a dedicated workstation

by an experienced observer for the presence or absence of plaque components.31,32 The

vessel wall boundaries and outer and inner walls of the common carotid and descending

abdominal aorta are manually traced to derive vessel dimensions and morphologies. To

facilitate comparisons across patients, a normalized parameter (mean wall area divided by

mean total vessel area) will be used.35 Sample MRIs are shown in Figure 3.

Details of the imaging procedures/analyses are provided in the online Supplementary

Appendix.

Results

Enrolment into dal-PLAQUE was initiated in March 2008. A total of 130 patients were

randomized, the last in November 2008. Baseline characteristics are typical of the

population being studied (Table I).
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Discussion

dal-PLAQUE is a randomized, double-blind, placebo-controlled, multicenter trial designed

to assess the effects of dalcetrapib, complementary to statins or other LDL-C– lowering

therapy, on vessel wall inflammation and atherosclerotic plaque burden in patients with

CHD or CHD-risk equivalents. The primary end points of this study are the 6-month change

in plaque inflammation as measured by 18F-FDG-PET TBR and the 12-month change in

MRI-derived atherosclerotic plaque burden as measured by 4 indices: wall area, wall

thickness, total vessel area, and wall area/total vessel area ratio.

Investigating whether CETP modulation by dalcetrapib proves beneficial in reducing vessel

wall inflammation and atherosclerotic plaque progression is imperative for understanding if

dalcetrapib is likely to assist in preventing cardiovascular disease. This rationale must take

into account the results of trials in which the CETP inhibitor torcetrapib showed no

beneficial effect on atherosclerosis progression.41-43 In ILLUMINATE, torcetrapib was

associated with an increased risk of cardiovascular events and death,42 potentially linked to

the off-target toxicity of torcetrapib (ie, BP increase, electrolyte changes, increase of

circulating aldosterone levels) mitigating the benefits of increasing HDL-C. In clinical

studies, dalcetrapib alone or in combination with a statin increased HDL-C but did not have

a clinically relevant effect on BP.9 An analysis of safety data at 4, 12, and 48 weeks from

several phase II trials showed the safety of dalcetrapib both alone and in combination with

statins.9,44

It was also postulated that HDL produced from inhibition of CETP by torcetrapib could be

proinflammatory or proatherogenic, and the imaging modalities selected for dal-PLAQUE,

PET/CT and MRI, will be used to test this hypothesis in dalcetrapib-treated patients. The

combined use of these imaging modalities will provide a rigorous assessment of

dalcetrapib's safety in this regard and will further add to the overall assessment of safety that

is a key aspect of the dal-HEART Program.

In comparing plaque 18F-FDG uptake to anatomical features of corresponding carotid

endarterectomy specimens, Tawakol et al27 found no correlation between 18F-FDG uptake

and plaque area and thickness. Rudd et al25 demonstrated 18F-FDG uptake in macrophage-

rich areas of plaques, predominantly at the lipid-rich necrotic core/fibrous cap border, but

little/no uptake in other plaque areas. It seems that subjects with cardiovascular disease, or

risk factors for it, have higher levels of 18F-FDG uptake on vascular PET scans.29,45,46

Recent studies linked 18F-FDG uptake with levels of gene expression of inflammatory

markers47 and circulating levels of several inflammatory biomarkers,48 showing that

PET/CT imaging can help quantify vascular inflammation and provide incremental,

independent information beyond atherosclerosis burden measured by MRI.

Noninvasive imaging of atherosclerotic disease using MRI has been well validated

histologically.12 It can track disease progression and regression and can quantitatively and

qualitatively evaluate parameters associated with in vivo plaque morphology and

composition.15,17,18,34 Currently, the presence of intraplaque hemorrhage, lipid-rich necrotic

core, or increased wall volume are indicators of lesion vulnerability. Newer MRI methods
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capable of imaging other important aspects of carotid atherosclerotic disease in vivo

including inflammation, neovascularization, such as DCE-MRI20,49,50 and mechanical

forces (aortic wall compliance),51,52 may aid in advancing our understanding of the

pathophysiology of this multifactorial disease. Previous MRI studies have shown increased

plaque burden with the presence of prior major cardiovascular events, establishing that MRI

can be used as a surrogate marker for atherosclerotic disease burden.35 Recently, clinical

trials have investigated the direct effect of drugs on atheroma using 3-dimensional MRI.53 In

light of the ongoing debate surrounding CETP inhibition, these imaging modalities can serve

as important tools to shed light, at the level of the vasculature, on the safety of agents acting

on CETP.

dal-PLAQUE is the first multicenter drug efficacy and safety study that uses noninvasive

multimodality imaging as the primary efficacy end points and includes advanced imaging

techniques (ie, MRI-based measures of aortic wall compliance and DCE-MRI of

neovascularization) as secondary or tertiary end points. dal-PLAQUE is therefore expected

to provide unique data regarding the use of advanced imaging as a surrogate marker for the

extent of cardiovascular disease. In dal-PLAQUE 2, atherosclerotic disease progression will

be assessed by intravascular ultrasound and carotid B-mode ultrasound, and in dal-

VESSEL54 (both part of the dal-HEART Program), brachial artery flow–mediated

vasodilatation is quantified by ultrasound. In concert, these trials will greatly increase our

understanding of the efficacy, safety, and tolerability of dalcetrapib, whereas dal-

OUTCOMES,55 which will randomize more than 15 000 stable CHD patients after recent

acute coronary syndrome to 600 mg dalcetrapib or matching placebo beginning 4 to 12

weeks after an index event, will serve to more fully define the clinical utility of dalcetrapib

toward reducing cardiovascular morbidity and mortality.

Conclusions

dal-PLAQUE will help to determine the efficacy and safety profile of dalcetrapib by

assessing its effects on reducing atherosclerotic plaque inflammation and burden on top of

regular lipid-altering treatment in patients with CHD or CHD-risk equivalents. The

multimodality approach used in dal-PLAQUE might provide supplementary information

regarding the efficacy of dalcetrapib by directly visualizing plaque inflammation and burden

after treatment while the results of the dal-OUTCOMES trial are pending.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
dal-PLAQUE study design and timeline of imaging assessments (see text for details).
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Figure 2.
Sample 18F-FDG-PET/CT images of carotids. Transaxial (A) and coronal orientations (B).

CT (i), fused PET/CT images (ii), and PET (iii). Blue arrows indicate inflammation in both

carotids.

Fayad et al. Page 13

Am Heart J. Author manuscript; available in PMC 2014 June 06.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 3.
Sample MRIs. A, Cross-sectional carotid images: T2 weighted (i), proton density (PD)

weighted (ii), and DCE–area under the curve (iii) 7 minutes. B, Cross-sectional abdominal

aorta images: T1 weighted (i), T2 weighted (ii), and PD weighted (iii). * indicates lipid-rich

necrotic core; white arrows indicate calcification, and black arrow indicates increased vessel

wall neovascularization.
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Table I
Baseline characteristics of the patients

Characteristic* All randomized patients (n = 130)

Mean age (y) 63.6

Male sex, n (%) 106 (82)

Body mass index (kg/m2) 29.7 ± 5.53

Medical history, n (%)

 Type II diabetes 39 (30)

 Hypertension 95 (73)

 CHD 111 (85)

 Abdominal aortic aneurysm 5 (4)

 >20% Framingham risk Yes: 39 (30), no: 57 (44), Unknown: 33 (26)

 Symptomatic carotid disease 10 (8)

 Peripheral arterial disease 16 (12)

Smoking, n (%)

 Never 53 (41)

 Former 60 (46)

 Current 17 (13)

Statin use,† n (%) 113 (87)

Cholesterol (mg/dL)

 Total 145.83 ± 27.39

 LDL-C 74.18 ± 20.98

 HDL-C 44.40 ± 13.52

Triglycerides‡ (mg/dL) 124.5 (88.0-165.0)

CRP (mg/L) 2.98 ± 5.25

CRP indicates C-reactive protein.

*
All reported as mean ± SD, unless otherwise stated.

†
Patients with at least 1 treatment.

‡
Median (interquartile range).
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