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Summary

Background—Dalcetrapib modulates cholesteryl ester transfer protein (CETP) activity to raise
high-density lipoprotein cholesterol (HDL-C). After the failure of torcetrapib it was unknown if
HDL produced by interaction with CETP had pro-atherogenic or pro-inflammatory properties. dal-
PLAQUE is the first multicentre study using novel non-invasive multimodality imaging to assess
structural and inflammatory indices of atherosclerosis as primary endpoints.

Methods—In this phase 2b, double-blind, multicentre trial, patients (aged 18-75 years) with, or
with high risk of, coronary heart disease were randomly assigned (1:1) to dalcetrapib 600 mg/day
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or placebo for 24 months. Randomisation was done with a computer-generated randomisation
code and was stratified by centre. Patients and investigators were masked to treatment. Coprimary
endpoints were MRI-assessed indices (total vessel area, wall area, wall thickness, and normalised
wall index [average carotid]) after 24 months and 18F-fluorodeoxyglucose (18F-FDG) PET/CT
assessment of arterial inflammation within an index vessel (right carotid, left carotid, or ascending
thoracic aorta) after 6 months, with no-harm boundaries established before unblinding of the trial.
Analysis was by intention to treat. This trial is registered at ClinicalTrials.gov, NCT00655473.

Findings—189 patients were screened and 130 randomly assigned to placebo (66 patients) or
dalcetrapib (64 patients). For the coprimary MRI and PET/CT endpoints, Cls were below the no-
harm boundary or the adverse change was numerically lower in the dalcetrapib group than in the
placebo group. MRI-derived change in total vessel area was reduced in patients given dalcetrapib
compared with those given placebo after 24 months; absolute change from baseline relative to
placebo was —4-01 mm? (90% CI —7-23 to —0-80; nominal p=0-04). The PET/CT measure of index
vessel most-diseased-segment target-to-background ratio (TBR) was not different between groups,
but carotid artery analysis showed a 7% reduction in most-diseased-segment TBR in the
dalcetrapib group compared with the placebo group (=7-3 [90% CI =135 to —0-8]; nominal
p=0-07). Dalcetrapib did not increase office blood pressure and the frequency of adverse events
was similar between groups.

Interpretation—Dalcetrapib showed no evidence of a pathological effect related to the arterial
wall over 24 months. Moreover, this trial suggests possible beneficial vascular effects of
dalcetrapib, including the reduction in total vessel enlargement over 24 months, but long-term
safety and clinical outcomes efficacy of dalcetrapib need to be analysed.

Funding—F Hoffmann-La Roche Ltd.

Introduction

The improvement of cardiovascular outcomes in patients with, or at high risk of,
atherosclerotic disease is needed, despite significant reductions in events achieved with low-
density lipoprotein cholesterol (LDL-C)-lowering therapies, particularly statins.1-3 One
potential approach to reduce atherosclerotic plaque burden is to raise high-density
lipoprotein cholesterol (HDL-C),4® for which epidemiological studies have consistently
shown an inverse relation with risk of coronary artery disease.®’ Even in statin-treated
patients, low HDL-C plasma concentrations are an independent risk factor for
cardiovascular events,8° whereas higher levels of HDL-C are associated with reduced
plaque progression1® and reduced frequency of cardiovascular events.11

Drugs that act on cholesteryl ester transfer protein (CETP) can result in substantial increases
in serum HDL-C. A previously investigated CETP inhibitor, torcetrapib, effectively
increased HDL-C, but was associated with an increase in mortality,12 subsequently thought
to be due to compound-specific off-target effects, such as increases in blood pressure and
vascular inflammation.13 Dalcetrapib is a novel modulator of CETP activity that increases
HDL-C.14-16 To date, its tolerability has been reassuring with no evidence of clinically
relevant increases in blood pressure.15-17 Preclinical experiments in rabbits showed a
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decrease in atherosclerosis with dalcetrapib;18 however, the direct clinical effects of
dalcetrapib on atherosclerosis are unknown.

MRI and PET/CT are promising techniques for assessment of vascular morphology and
vascular inflammation, respectively, and for quantification of the effects of drug
interventions on plaque stability and burden.19-22 By directly measuring the effect on the
vessel wall of cumulative cardiovascular risk factors combined,23:24 these non-invasive
imaging techniques can serve as valuable biomarkers.2> A multimodality approach with
these two techniques to assess dalcetrapib’s effects was therefore used in dal-PLAQUE—
MRI to measure established classic variables of plaque morphology, and assess the
progression or regression of atherosclerosis, and PET/CT measurement of 18F-
fluorodeoxyglucose (18F-FDG) uptake to identify plaque inflammation. This 24-month dal-
PLAQUIE trial is the longest placebo-controlled active-drug MRI study until now, as well as
the first to use non-invasive multimodality imaging for primary endpoints. The primary aim
of the study was to show, with a dual-imaging approach, whether dalcetrapib causes an
increase in atherosclerotic plaque progression or vascular inflammation compared with
placebo.

Study design

Patients

This phase 2b double-blind, randomised, placebo-controlled study was investigator initiated
with the final study protocol designed in collaboration with the sponsor (F Hoffmann-La
Roche Ltd). This study was done at 11 centres in Canada and the USA, in compliance with
the principles of the Declaration of Helsinki and according to Good Clinical Practice
guidelines. The protocol was reviewed and approved by the institutional review board of
every centre. All participants provided written informed consent before performance of any
study procedures. Methods have been previously published?8 and are briefly described in
this report.

Patients were screened between Feb 18, 2008, and Aug 29, 2008. We included men and
women aged 18-75 years, with previous known coronary heart disease or at high risk of
coronary heart disease (diabetes or a 10-year risk of coronary heart disease events >20% by
Framingham Risk scoring),?’ triglyceride concentrations of 400 mg/dL or lower (<45
mmol/L), and carotid or aortic arterial wall (target) to background (blood) ratio (TBR) of 1-6
or higher,28 as identified by 18F-FDG uptake measured by PET/CT during the screening
period. Patients were clinically stable and receiving appropriate and stable treatment with a
statin or other LDL-C lowering drugs with LDL-C concentrations of 100 mg/dL or lower
(<2:6 mmol/L) unless receiving maximum tolerated doses of therapy or intolerant to statins.

Exclusion criteria included concomitant treatment with fibrates or nicotinic acid, presence of
uncontrolled blood pressure or diabetes (HbA1. >10%), recent (<3 months) clinically
significant coronary or cerebral vascular event, diagnosis of familial hypercholesterolaemia,
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or a glomerular filtration rate lower than 30 mL/min. Other reasons for exclusion were
standard for this type of trial.2

Randomisation and masking

Procedures

Randomisation occurred between March 25, 2008, and Nov 7, 2008. Patients were assigned
according to a computer-generated global randomisation code, stratified by centre, to receive
either dalcetrapib 600 mg/day or placebo for 24 months (ratio 1:1). Blinding was maintained
through matching placebo and dalcetrapib tablets, and by withholding information about
HDL-C concentrations from the investigative teams and participants.

Patients entered into a prerandomisation, screening phase of up to 8 weeks, to allow for
adjustments in lipid-lowering therapy, to achieve stable LDL-C concentrations lower than
100 mg/dL (2:6 mmol/L) unless taking maximum tolerated doses of therapy. During this
period, patients underwent 18F-FDG-PET/CT, and those with average maximum TBR of 1.6
or higher (in an index vessel—ie, either right carotid, left carotid, or ascending aorta) were
eligible for randomisation. Baseline MRI was done at the randomisation visit within 2 weeks
of the screening PET/CT. Follow-up imaging was done at 3 and 6 months (PET/CT) and at
6, 12, and 24 months (MRI) after randomisation.

We took blood samples for measurement of concentrations of total cholesterol, triglycerides,
HDL-C, LDL-C, and lipoprotein subfractions at baseline (randomisation), 1 month, 3
months, and then at 3-month intervals until 24 months, and for apolipoproteins B and A1, at
baseline, every 3 months until 18 months and then again at 24 months. Lipid and
apolipoprotein results, other than LDL-C concentrations, remained blinded to study
participants and staff from the randomisation visit. We assessed vital signs (blood pressure,
heart rate, and temperature), adverse events, urinalysis, serum biochemistry, haematology,
and coagulation at baseline, after 1 month and then at 3-monthly intervals between months 3
and 24. We did electrocardiographs (ECG) at baseline and after 1, 12, and 24 months. A
safety follow-up visit was scheduled 14 days after the end of treatment.

Details of imaging procedures and analyses have been published previously.28 In brief, we
did MRI of the carotid arteries and abdominal aorta using previously
validatedimagingmethods.26:29:30Similarly,18F-FDG-PET/ CT imaging of the carotid
arteries and ascending thoracic aorta was undertaken according to validated, reproducible
methods.20:28:31 Mean and maximum standardised uptake value (SUV) was measured along
the carotids and ascending aorta at about 5 mm intervals, in axial orientation. SUV is a
widely used PET quantifier, calculated as a time-corrected and dose-corrected ratio of tissue
radioactivity divided by bodyweight (webappendix p 12). We calculated TBR from the ratio
of SUV of the artery compared with background venous activity?® and recorded values for
the individual vessels (aorta and mean right and left carotid artery) with previously reported
methods.20:28:31 MR and PET/CT images were analysed at the core laboratory by masked,
experienced readers, two for MRI data and two for PET/CT data.
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MRI and PET/CT results were the prespecified coprimary imaging endpoints for this
study.28 The predefined, primary MRI endpoint was structural changes in the arterial wall,
measured as absolute or percent change, or both, from baseline in four indices: total vessel
area, wall area, wall thickness, and wall area/total vessel area ratio (normalised wall index),
based on the average of the right and left carotids after 12 months.21:30:32 However, on the
basis of the reports available at the time, the Executive Committee decided (Nov 13, 2010)
before data lock and unblinding, to extend the timepoint for primary MRI endpoint of no-
harm to 24 months of treatment to capture possible longer-term effects (webappendix p 9).
Secondary MRI endpoints were change from baseline in the MRI-derived variables of
“atherosclerotic plaque burden” after 6 and 12 months. Other exploratory endpoints were
specified in the protocol.26

The primary PET/CT endpoint (assessing vascular inflammation) was absolute or percent
change, or both, from baseline in arterial wall 18F-FDG uptake (assessed as the TBR) within
the index vessel (either right carotid, left carotid, or ascending thoracic aorta) after 6 months.
Additionally, we did a separate, exploratory analysis on the carotid vessels only (using the
average carotid artery values) to allow a comparison between measured PET/ CT activity
and primary structural MRI endpoints (which were carotid-based).

The predefined primary PET/CT variable used to assess drug effect on vascular
inflammation was change in TBR within the most diseased segment at 6 months (compared
with baseline). The most diseased segment is defined as the 1.5 cm segment within the index
vessel that shows the highest PET/CT activity at baseline, and is calculated as a mean of
maximum TBR values derived from three contiguous axial segments (most-diseased-
segment TBR; webappendix p 13). Secondary endpoints include 3-month observations for
change in most diseased segment TBR and 3-month and 6-month observations for change
in: (1) mean of maximum TBR (meanMax TBR), which is the average of maximum TBR
values derived at every axial section that composes the vessel; and (2) mean of mean TBR
(meanMean TBR), which is the average of mean TBR values derived at every axial section
that composes the vessel. Most-diseased-segment TBR was chosen over meanMean and
meanMax TBR values since the latter two represent a mixture of diseased as well as less-
diseased vessel regions and theoretically could represent vascular endpoints that are less
sensitive for detection of drug effect. Additionally, most-diseased-segment TBR is, of the
three potential PET/CT variables assessed herein, most similar to that used by Tahara and
colleagues3? in their assessment of statin effects.

Biochemical endpoints were change from baseline after 3, 12, and 24 months in biomarkers
of inflammation, oxidation, and cardiovascular risk: high sensitivity C-reactive protein
(hsCRP), lipoprotein-associated phos- pholipase A, (Lp-PLAy), interleukin 6, soluble P-
selectin (sP-selectin), soluble E-selectin (SE-selectin), soluble intracellular adhesion
molecule, soluble vascular cell adhesion molecule, matrix-metalloproteinase 3 and 9,
myeloperoxidase, tissue plasminogen activator, and antigen and activity of plasminogen
activator inhibitor 1.
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Safety assessments

Safety was assessed by vital signs, reports of adverse events, laboratory data, and ECGs.
Prespecified clinical cardiovascular endpoints were monitored as a component of the overall
dal-HEART programme and adjudicated by an independent clinical endpoint committee.2

Statistical analysis

The statistical analysis is detailed in the webappendix (p 9).

This trial is registered with ClinicalTrials.gov, number NCT00655473.

Role of funding source

Results

The sponsor participated in discussions about design and conduct of the study and provided
logistical support during the trial. Data were assessed jointly by the sponsor and the
executive committee. All authors had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

Of 189 patients screened, 130 were randomly assigned to either placebo or dalcetrapib 600
mg/day (figure 1). Baseline demographics including risk factors of atherosclerotic disease
and coronary heart disease were generally balanced between the two groups (table 1). More
patients had coronary heart disease in the dalcetrapib group whereas more had peripheral
arterial disease in the placebo group. Despite a slight imbalance in statin use, LDL-C
concentrations were well matched in both groups at baseline. Baseline HDL-C
concentrations were slightly lower in the dalcetrapib group (table 1).

In the dalcetrapib group, concentrations of HDL-C increased by 31% and those of
apolipoprotein Al increased by 10% at 24 months (mean change from baseline; table 2).
Dalcetrapib mean percent changes from baseline relative to placebo were +26-9% (90% ClI
20-0-33:9%) for HDL-C and +6-8% (2:5-11-1) for apolipoprotein Al. Median change in hs-
CRP was +33% after 24 months with dalcetrapib and was unchanged with placebo (table 2).
Lp-PLA, mass decreased from baseline after 24 months with placebo (-0-36%) and
increased with dalcetrapib (+9:03%; webappendix pp 1-2). CETP activity decreased and
CETP mass increased with dalcetrapib compared with placebo at 24 months; mean percent
changes were —55:5% (90% CI —64-4 to —46-6) for CETP activity and +77-2% (+67-1 to
+87-3) for CETP mass.

No evidence of proatherogenic effect of dalcetrapib therapy was recorded, in terms of
plaque burden compared with placebo as assessed by MRI after 24 months (table 3). In the
dalcetrapib group, changes from baseline relative to placebo were —4-01 mm? (90% CI
-7-23 to —0-80) for total vessel area, —2:20 mm? (-4-54 to 0-13) for wall area, and +0-60%
(-1-2 to 2:5) for normalised wall index. All three variables were under the predefined limits
of no harm. The dalcetrapib change from baseline relative to placebo in mean wall thickness
was —0-03 mm (-0-11 to 0-04), and the upper CI was beyond the predefined limit of no
harm. However, numerically, there was less increase in wall thickness with dalcetrapib than
with placebo after 24 months (table 3).
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PET/CT-derived results showed no evidence of increased vascular inflammation with
dalcetrapib compared with placebo after 6 months. For the primary endpoint of most-
diseased-segment TBR of the index vessel, mean change from baseline was —0-26 (SE 0-08)
for placebo and —0-19 (SE 0-08) for dalcetrapib (p=0-51; table 3). Thus, the dalcetrapib
change from baseline relative to placebo was 0-07 (90% CI —0-11 to 0-25) after 6 months
and was under the predefined limit of no harm. We did sensitivity analyses to investigate the
potential effect of missing post-baseline data; the missing values did not qualitatively affect
the overall interpretation of the imaging data (data not shown). Data for the coprimary
endpoints (change from baseline to 6 months for most-diseased-segment TBR and change
from baseline to 12 and 24 months for MRI indices) were analysed for the defined per-
protocol population and results were qualitatively similar to those reported for the intention
to-treat population (webappendix p 7).

The total vessel area (average carotid) was decreased with dalcetrapib compared with
placebo after 24 months (figure 2; webappendix p 19). An example of reduced total vessel
area in a dalcetrapib-treated patient is shown in the webappendix (p 14). There was a
numerical reduction in wall area with dalcetrapib compared with placebo after 24 months
(table 4, webappendix p 15). The absolute change and mean percent change from baseline
after 24 months for normalised wall index (webappendix p 16), as well as the individual
patient data for absolute change in average carotid total vessel area by MRI are shown in the
webappendix (p 17).

Within the index vessel, absolute or percent changes from baseline in index vessel measures
of most-diseased-segment TBR, between placebo and dalcetrapib after 3 or 6 months did not
differ (table 4). However, the carotid arteries analysis showed reductions in absolute and
percent changes from baseline in PET/CT measures with dalcetrapib compared with placebo
(table 5, figure 3, webappendix p 20). The average carotid artery most-diseased-segment
TBR remained unchanged in the placebo group but was significantly reduced in the
dalcetrapib group (figure 3). Compared with placebo, dalcetrapib was associated with a hon-
significant reduction in most-diseased-segment TBR after correcting for baseline and similar
trends were observed for percent change in average carotid most-diseased-segment TBR
(figure 3). Individual patient data are shown in the webappendix (p 18). Other PET data are
shown in the webappendix (pp 4, 6).

Taking into account all patients without regard to treatment assignment, increases in HDL-C
concentrations correlated with decreases in TBR-assessed arterial inflammation (r=—0-30,
p=0-04). When patients were classified according to tertiles of HDL-C change, a 4-3%
reduction in arterial inflammation (most-diseased-segment TBR), was recorded with every
increase in HDL-C tertile (slope —4-3% [90% CI -7-7 to —0-8], p=0-04; figure 4). However,
given the fact that the lowest tertiles are exclusively occupied by patients in the placebo
group and the highest tertiles in the dalcetrapib group, the relative influence of HDL raising
and drug effect (independent of HDL-C) on arterial inflammation remains unclear.
However, when changes in HDL-C concentrations were compared with structural changes
by MRI, no significant correlations were seen. Specifically, the correlations (r) between
percent change in HDL-C concentration versus percent change in MRI variables (24-month
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—baseline), were —0-19 (p=0-09) for total vessel area, —0-08 (p=0-50) for wall area, 0-06
(p=0-60) for wall index, and —0-02 (p=0-86) for wall thickness.

Reductions in arterial inflammation after 6 months as identified by PET/CT (final PET/CT
observation) seemed to be related to a subsequent reduction in the rate of progression of
total vessel area after 24 months (final MRI observation). Patients’ data were classified
according to tertiles of change in total vessel area, whereby the highest tertile represented
the patients that had the greatest increase in total vessel area in the course of the study. The
association between increases in most-diseased-segment TBR across the tertiles of increases
in total vessel area was significant (p=0-03). Further, patients with the greatest increase in
carotid total vessel area by MRI (highest tertile) after 24 months had had an increase in
vascular inflammatory signal in the initial 6 months (most-diseased-segment TBR by PET/
CT), whereas those with smaller changes in carotid total vessel area by MRI (lowest two
tertiles) had a reduction in most-diseased-segment TBR (percent change in MDS TBR 6-6%
[90% CI1 0-8-12-4) and —-6-7% [-12-3 to —1-1] for highest tertile total vessel area by MRI
versus others, respectively, p=0-01, figure 4B).

The rates and reasons of withdrawal were similar in both treatment groups. In total, 14
(22%) of 65 patients given placebo and 10 (16%) of 63 patients given dalcetrapib
discontinued, seven (11%) and five (8%) for safety reasons, respectively. A clinical event
(death) leading to discontinuation occurred in two placebo-treated patients (one death caused
by coronary heart disease and one by electromechanical dissociation) and in one dalcetrapib-
treated patient (caused by metastatic cancer). The dalcetrapib group had fewer drug-related
adverse events, and discontinuations because of drug-related adverse events or rates of
serious adverse events did not differ between treated and control groups (table 6).

Laboratory changes, including liver transaminases and creatine phosphokinase assessments,
did not differ between placebo and dalcetrapib; creatine phosphokinase was raised in five
(8%) patients in the placebo group and in six (10%) patients in the dalcetrapib group.
Increases in concentrations of aspartate aminotransferase were reported in three patients
given dalcetrapib and one patient given placebo.

Vital signs did not differ between groups. At baseline, mean systolic and diastolic blood
pressure (cuff measurements)were, respectively,122-4 (SD15-1)mmHg and 71:9 (8:7) mm
Hg for placebo and 119:5 (14-5) mm Hg and 72-8 (9-:2) mm Hg for dalcetrapib; after 24
months, mean systolic and diastolic blood pressure values were 126-1 (18:7) mm Hg and
72-3 (12-1) mm Hg for placebo and 119-1 (12:6) mm Hg and 69-8 (8:7) mm Hg for
dalcetrapib. A similar number of patients in both groups had increases or decreases of both
diastolic and systolic blood pressure above and below the predefined thresholds during the
study (table 6). More adjudicated cardiovascular events occurred in the placebo group than
in the dalcetrapib group (table 6).

Discussion

The primary endpoints for dal-PLAQUE showed dalcetrapib did not increase plaque
progression over 24 months or inflammation in the vessel wall over 6 months compared
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with placebo. For the coprimary PET/CT and MRI endpoints, Cls were below the no-harm
boundary or the adverse change was numerically lower in the dalcetrapib group than in the
placebo group. These data suggest dalcetrapib might be associated with favourable vascular
changes. After 24 months, total vessel area increased less with dalcetrapib than with placebo
(p<0:05) and was accompanied by a reduction in wall area (p=0-12). These imaging results
were recorded in the context of an early increase in HDL-C concentration of 31% and other
potentially beneficial changes in the lipid profile, which were maintained during 24
months.34:35 Moreover, carotid vessel analysis of 18F-FDG-PET/CT data showed a
reduction in vascular inflammation over 6 months in the dalcetrapib group relative to the
placebo group, which seemed to be correlated with an increase in HDL-C concentrations. In
another exploratory analysis, reductions in the inflammatory signal in the carotids measured
with PET/CT at 6 months were noted to be associated with a reduction in the rate of increase
in total vessel area by MRI at 24 months. Hence, taken together, the data suggest that
dalcetrapib might reduce adverse structural changes within the blood vessel via a
mechanism relating to reduced vascular inflammation and increased HDL-C concentrations.

In light of the ongoing debate about the proatherogenicity or anti-atherogenicity of CETP
activity,#36-41 the multimodality imaging techniques used in dal-PLAQUE were deemed a
useful biomarker approach to increase confidence that CETP modulation with dalcetrapib
does not cause short-term harm while results from larger outcomes trials were pending.2
Studies with these dual imaging techniques could be done in sample sizes that are an order
of magnitude smaller than is typical for coronary intravascular ultrasound (IVUS) or
ultrasound carotid artery intima media thickness (cIMT) studies. 18F-FDG-PET is a non-
invasive measure of vessel-wall inflammation able to differentiate between symptomatic and
asymptomatic carotid artery plaques,*3 exhibits excellent reproducibility,29 and is predictive
of both older (>6 months) and recent (<6 months) cardiovascular disease history.*4
Consequently, this method has become useful for assessment of effcacy of anti-
inflammatory drug treatment or lifestyle change.334% Conversely, the predictive value for
future cardiovascular events of vessel wall morphometrics by MRI has not yet been
examined in a long-term study. Vessel wall thickness by MRI is highly correlated with
ultrasound cIMT %647 however, so it is to be expected that the predictive value of MRI
would be similar.

Moreover, change in total vessel area over time may quantify vascular remodelling changes
that occur as integral processes in atherosclerosis. Vascular enlargement (increase over time
in total vessel area) has been shown to occur during atheroma accumulation (often referred
to as positive remodelling).*8 Enlarged athero-sclerotic arteries are more unstable and likely
to be associated with acute coronary syndromes.*® In our study, increase in total vessel area
over time in the placebo group seemed greater than increase in wall area, which might be
evidence of excessive, maladaptive vascular enlargement that could render the arteries more
vulnerable. This possibility is supported by the finding that greater increase in total vessel
area on MRI seemed to be related with more vascular inflammation on PET/CT, as
measured by most-diseased-segment TBR. Interestingly, dalcetrapib seemed to attenuate this
maladaptive vascular enlargement (ie, reduced the increase in total vessel area over time)
accompanied by slowed atheroma burden accumulation (ie, reduced increase in wall area
over time).
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Results of imaging trials of statins and other lipid-modifying or blood-pressure-lowering
therapies®%-53 suggest that dal-PLAQUE data are consistent with what is known about the
natural pathobiology of atherosclerosis.*8:54-56 Benefits of lipid-altering therapy on plaque
burden in terms of slowing disease progression might be recorded following 12-18 months
of therapy,>C but evidence of disease regression generally requires at least 24 months of
therapy. In the ORION study,>’ regression on MRI required at least 2 years of intensive
statin treatment.

An interesting finding of the study was the apparent disparity between systemic
inflammation as measured by hsCRP and local vascular inflammation as measured by FDG
PET. This issue has been observed in other studies, which have reported inconsistent
relations between the two variables.58:59 These findings highlight that the blood and imaging
biomarkers of inflammation might provide substantially different information about the
vascular inflammatory milieu, the exact nature of which remains incompletely elucidated.

Results of standard safety assessments in dal-PLAQUE are favourable for the clinical profile
of dalcetrapib. No imbalances in vital signs were recorded between placebo and dalcetrapib
groups, including office measurements of blood pressure. Ambulatory monitoring of blood
pressure is being assessed in dal-VESSEL,59 which will provide more definite findings on
dalcetrapib’s safety in this regard. The numbers and types of adverse events and rates of and
reasons for withdrawal were similar between groups, consistent with previous reports.1°
Inflammatory biomarker values did not differ between groups apart from an increase in Lp-
PLA, mass in the dalcetrapib group. This increase might portray a change typically
observed when the lipid profile shifts to a greater abundance of HDL particles®? or might be
associated with its proposed dual role depending on the location of Lp-PLA; on anti-
atherogenic (HDL) or pro-atherogenic (LDL/very LDL) particles.®? Few cardiovascular
events occurred in this trial; adjudicated cardiovascular events were recorded for seven
patients in the placebo group and two patients receiving dalcetrapib.

dal-PLAQUE has limitations. The pre-specified analysis plan stated that no correction
would be made for multiple comparisons because of the exploratory nature of the analyses.
However, since many significance tests are reported in this report, nominal p values should
be interpreted with caution. It is noteworthy that the favourable results recorded on PET/CT
(changes in most-diseased-segment TBR with dalcetrapib, association between increased
HDL-C concentration and reduced TBR, and association between reduced TBR and
subsequent attenuation in change in total vessel area on MRI) were recorded in the carotid
artery but not in the index vessel analysis. Since the index vessel data were mainly taken
from the ascending aorta, it is conceivable that the imaging technique is more sensitive to
detection of treatment effect when applied to the carotids. To assess the potential effect of
image quality, we did a post-hoc analysis during which data from image sets prospectively
deemed marginal were removed from the index segment analysis. In that analysis, the index
vessels showed a numerically greater reduction in TBR with dalcetrapib compared with
placebo (data not shown). This post hoc analysis places the index vessel analysis results
more in-line with carotid data and suggests the observed differences (neutral vs positive
response to therapy) might be due more to technical rather than biological factors.
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The potential that enrichment for arterial inflammation during the screening phase might
have confounded the results of this study should be considered, since patients were excluded
from randomisation if their baseline PET signal was low. However, the threshold for
excluding patients because of a low PET signal was designed to exclude only the minority of
atherosclerotic patients without significant arterial inflammation. We chose the TBR
threshold of 1-6 because values lower than that value correlate with insignificant carotid
atherosclerotic plaque macrophage infiltration (<5%),28 a level of inflammation that is seen
after high-dose statin therapy.%3 With this cutoff, only 14% of initially screened patients
were excluded, thus most of them passed this screening threshold. Accordingly, the potential
effect of enrichment is minimum. Additionally, regression to the mean should be taken into
account. However, the individual patient plots inform helpfully with little evidence of an
issue. Moreover, statistical analyses of PET and MRI treatment effects have controlled for
baseline values.

Percent change in HDL-C or baseline HDL-C was not correlated with MRI indices of plaque
burden. However, change in HDL-C after 6 months seemed to be inversely correlated with
change in most-diseased-segment TBR by PET/CT over the same period. Furthermore,
changes in the PET/CT signal after 6 months seemed to be correlated with subsequent
changes in MRI-determined total vessel area after 24 months. These results support the
hypothesis that HDL-C raising via CETP modulation might provide an early anti-
inflammatory effect that could in turn relate to favourable structural vascular changes.
However, it is important to note that the analyses that delineated those findings were
exploratory and additional study is warranted.

In conclusion, the results from this non-invasive multimodality imaging clinical trial of
dalcetrapib compared with placebo showed no evidence of a pathological effect of this novel
CETP modulator. Moreover, MRI provided evidence of a lower increase in total vessel area
after 24 months in patients given dalcetrapib than in those given placebo. Additionally,
PET/CT imaging provided an observation of a link between increases in HDL-C
concentrations, reductions in vascular inflammation, and subsequent reductions in structural
vascular changes. Two large ongoing clinical trials of dalcetrapib, dal-PLAQUE 2, assessing
athero-sclerotic disease progression by coronary IVUS and carotide B-mode ultrasound
(cIMT),25 and dal-OUTCOMES, 54 assessing cardiovascular morbidity and mortality, will
provide further insights into the therapeutic effects of dalcetrapib. The imaging methods
used in dal-PLAQUE were used to detect the effects of dalcetrapib on vascular endpoints;
confirmation of the long-term safety and clinical efficacy of dalcetrapib awaits the
completion of dal-OUTCOMES.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Panel: Research in context
Systematic review

We did a search in PubMed, using the search terms “atherosclerosis”, “HDL”, and
“imaging”, for studies published between 1980 and 2011. As PET and MRI are new
techniques for vascular imaging, there are no available meta-analyses on this topic. The
results of the present study are analysed in context with previous findings, incorporating
discussion on the pro-atherogenicity or anti-atherogenicity of CETP activity and
examining the findings of other imaging trials of cardiovascular therapies. We also
include reference to the review on imaging biomarkers in atherosclerosis trials by Tardif
and colleagues.?

Interpretation

The present study, dal-PLAQUE, was the longest placebo-controlled active-drug MRI
study so far and the first to use non-invasive multimodality imaging (including PET) as
primary endpoints. The imaging techniques were used to identify the effects of
dalcetrapib on vascular endpoints and overall, the trial showed no evidence of a
pathological effect. Confirmation of the long-term safety and efficacy of dalcetrapib will
be assessed in the ongoing dal-OUTCOMES study.
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189 entered screening

59 excluded
16 violations of inclusion or exclusion criteria
§ contraindication to MRl or PET/CT
| 26TBR<16
9 non-compliance or declined to participate
3 medical toleration

A

130 randomised

. v

66 allocated to placebo 64 allocated to dalcetrapib 600 mg
15 did not complete treatment 11 did not complete treatment
1did not receive treatment 1 did not receive treatment
14 withdrawals 10 withdrawals
5 had adverse events 4 had adverse events
2 died . P 1died
5 refused treatment 1refused treatment
2 failed to return 2 failed to return
2 other
A 4
51 completed the trial 53 completed the trial
66 included in the ITT population 64 included in the ITT population
65 included in the safety population 63 included in the safety population

Figure 1. Trial profile
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A Placebo Dalcetrapib
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Figure 2. Mean carotid total vessel area and percent increase in average carotid total vessel area

(by MRI)

(A) Raw mean data (90% CI) for total vessel area at baseline, 6, 12, and 24 months. Total
vessel area increased after 24 months in the placebo group: model-derived, corrected
average absolute change (24 months—baseline) was 572 mm? (90% CI 3-30-8-14),
p=0-0002. However, in the dalcetrapib group, total vessel area did not change in the same
period (1-71 [-0-68 to 4-10], p=0-24). The average reduction in total vessel area on
dalcetrapib (versus placebo), after correction of baseline, was —4-01 (-7-23 to —0-80),
p=0-04. (B) Group mean data for percent change in total vessel area at 6, 12, and 24 months
(relative to baseline). In patients assigned placebo, model-derived, corrected total vessel area
increased in the initial 24 months: percent change total vessel area was 10-8 (90% CI 5-8—
15-8), p=0:001. However, in patients assigned dalcetrapib, total vessel area did not increase
in the same period (4.0% [0.6-7-3], p=0-16). The average percent change in total vessel area
in the dalcetrapib group (versus placebo), after correction of baseline, was —7-1% (-12-8 to

-1.3), p=0-04.
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Figure 3. Mean carotid MDS TBR and percent increase in average carotid most-diseased-
segment TBR (by PET)
MDS=most-diseased-segment. TBR=target-to-background ratio. (A) Raw mean data for

average carotid MDS TBR at baseline, and at 3 and 6 months. In the placebo group, MDS
TBR did not change after 6 months: model-derived, corrected average absolute change for
MDS TBR (6 months—baseline) was —0-043 (90% CI —0-14 to 0-06), p=0-48. However, in
the dalcetrapib group, MDS TBR decreased in the same period (-0-19 [-0-29 to —0-09],
p=0-001). The average reduction in MDS TBR on dalcetrapib (versus placebo), after
correction for baseline, was —0-150 (-0-29 to —0-01), p=0.08. (B) Group mean (90% CI) data
for percent change in average carotid MDS TBR after 3 and 6 months (relative to baseline).
In the placebo group, model-derived, corrected average MDS TBR did not change over the
initial 6 months: percent change in MDS TBR was 3:24 (90% CI —2:18 to 8:66), p=0-71.
However, in the dalcetrapib group, MDS TBR decreased in the same period (=7-26%
[-12-50 to —2-02], p=0-003). The estimated average percent change in MDS TBR on
dalcetrapib (versus placebo), after correction for baseline, was —7-35% (90% CI1 —-13-49 to
-0.76), p=0-07.
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Figure 4.
Association between HDL-C and arterial inflammation as measured by MDS TBR on

PET/CT and arterial inflammation and atherosclerotic burden HDL-C=high-density
lipoprotein cholesterol. MDS=most-diseased-segment. TBR=target-to-background ratio. (A)
Change in arterial inflammation (MDS TBR) over 6 months versus change in HDL-C over
the same period grouped in tertiles (third tertile represents the greatest increase in HDL-C).
(B) Early increases in arterial inflammation associated with subsequent increases in
atherosclerotic burden. The change in carotid inflammation at 6 months was compared
within subjects that were classified into tertiles according to the subsequent rate of change in
total vessel area at 24 months.
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Table 1

Baseline demographic and clinical characteristics

Placebo (n=66) Dalcetrapib (n=64)

Age, years 64.6 (7-8) 626 (8:2)
Male sex 55 (83%) 51 (80%)
Body-mass index (kg/m?) 29:8 (6-2) 296 (4-8)
White race™ 62 (94%) 58 (91%)

Medical history of

Coronary heart disease 54 (82%) 57 (89%)
Symptomatic coronary artery disease 5 (8%) 5 (8%)
Hypertension 48 (73%) 47 (73%)
Type 2 diabetes 20 (30%) 19 (30%)
Abdominal aortic aneurysm 2 (3%) 3 (5%)
Peripheral arterial disease 10 (15%) 6 (9%)
Present smoker 8 (12%) 9 (14%)
High sensitivity C-reactive protein, mg/L(median, IQR) 1.4 (0-8-2-8) 1.4 (0-6-3-7)
Statin use 61 (92%) 52 (81%)
Apolipoprotein B (g/L) 0-8(0-2) 0-8 (0-2)
Apolipoprotein Al (g/L) 1.4 (0-3) 1.4(0:2)

Plasma lipid profile

Total cholesterol, mmol/L 3:8(0:7) 3.7(0:7)
HDL-C, mmol/L 1.2 (0-4) 1.1 (0-3)
LDL-C, mmol/L 1.9 (0-5) 1.9 (0-6)
Triglycerides, mmol/L (median, IQR) 1.5(1.0-1-8) 1.4 (1.0-1-9)

MRI (average carotid)Jr

Total vessel area, mm? 602 (12-9) 62-8 (17-8)
Wall area, mm? 295 (8-9) 300 (9-3)
Wall thickness, mm 1.23 (0-29) 1.21 (0-22)
Normalised wall index, % 481 (6-91) 47-1 (5-93)

PET/CT index vesselt

Aorta 47 (84%) 50 (88%)
Left carotid 6 (11%) 0
Right carotid 3 (5%) 7 (12%)

PET/CT target-to-background ratio$

Most diseased segment mean of maximum 2:8(0:7) 2:7(07)
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Placebo (n=66) Dalcetrapib (n=64)

Mean of maximum 2:6 (0:6) 2:5(0:6)
Mean of mean 1.9 (0:3) 1.8 (0-4)

Data are n (%) or mean (SD) unless otherwise stated. IQR=interquartle range. HDL-C=high-density lipoprotein-cholesterol. LDL-C=low-density
lipoprotein-cholesterol.

*
Race or ethnic group was determined by the investigators.

TTotal number of patients with MRI vessel parameter measurements was 56 for placebo and 58 for dalcetrapib. Includes all patients with
measurements available.

iTotaI number of patients with PET/CT data was 56 for placebo and 57 for dalcetrapib.

§Total number of patients with target-to-background ratio measurements was 56 for placebo and 56 for dalcetrapib.
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Table 6

Adverse events, safety variables, and adjudicated cardiovascular events throughout the study

Placebo (n=65)

Dalcetrapib (n=63)

Patients with adverse events

At least one adverse event 59 (91%) 56 (89%)
Drug-related adverse event 18 (28%) 11 (17%)
Clinical adverse event leading to discontinuation of study drug* 2 (3%) 1(2%)
Drug-related adverse event leading to discontinuation of study drug 5 (8%) 4 (6%)
Serious adverse event 13 (20%) 12 (19%)
Drug-related serious adverse event 2 (3%) 0
Diarrhoea 4 (6%) 5 (8%)
Dizziness 5 (8%) 3 (5%)
Key safety variables

Patients with increase to highT systolic BP 20 (31%) 18 (29%)
Patients with increase to highT diastolic BP 8 (12%) 11 (17%)
Patients with decrease to low? systolic BP 13 (20%) 10 (16%)
Patients with decrease to low? diastolic BP 10 (15%) 12 (19%)
Adjudicated cardiovascular eventsS

Patients with event 7 (11%) 2 (3%)

BP=blood pressure.

*
In all three cases the clinical adverse event was death (see text).

THigh BP: systolic 2180 mm Hg or 220 mm Hg increase from baseline; diastolic 2105 mm Hg or 215 mm Hg increase from baseline.

¢Low BP: systolic <90 mm Hg or =20 mm Hg decrease from baseline; diastolic <50 mm Hg or =15 mm Hg decrease from baseline.

§Clinical endpoints were adjudicated by an independent clinical endpoint committee (CEC).
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