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Abstract

Purpose of Review For more than 20 years there has been considerable interest in the development of pharmacological
inhibitors of cholesteryl ester transfer protein (CETP) by virtue of their ability to raise levels of high-density lipoprotein
cholesterol. This review endeavors to integrate existing data from prior clinical trials with emerging data to understand
whether there is a pathway forward to develop CETP inhibitors to prevent cardiovascular disease.

Recent Findings Large clinical trials have proved disappointing with successive reports of a failure to reduce cardiovascular
events. The one clinical development program that did demonstrate a reduction in cardiovascular risk found adipose tissue
accumulation and did not proceed for regulatory approval. More recent observations suggest that less CETP activity may
prevent cardiovascular events, but due to lipid lowering rather than raising high-density lipoprotein cholesterol. In addition,
treatment with CETP inhibitors appears to have a beneficial impact on glycemic control in the setting of diabetes.
Summary Advances in the field of CETP inhibition suggest a potentially protective effect on the risk of both cardiovascular
disease and diabetes. This has implications for how to best design future clinical development programs and leaves the door

open to potentially bring CETP inhibitors to the preventive cardiology clinic.
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Introduction

Consistent findings of cardiovascular benefit with agents that
lower levels of low-density lipoprotein cholesterol (LDL-
C) support their cornerstone role in treatment guidelines
for the prevention of cardiovascular disease [1]. However,
many patients continue to experience cardiovascular events,
despite the use of LDL-C lowering agents [2]. This is likely
to result from the inability to achieve optimal LDL-C lower-
ing in all patients[3] and from the concept that other factors
are likely to underscore the residual risk observed in these
patients[2]. On the basis of these findings, there continues to
be a robust search for new pharmacological targets in order
to achieve more effective reduction in cardiovascular risk.
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Cholesteryl Ester Transfer Protein

Cholesteryl ester transfer protein (CETP) plays an important
role in the regulation of lipoprotein metabolism, facilitat-
ing the transfer of esterified cholesterol from high-density
lipoproteins (HDL) to LDL and very-low-density lipopro-
tein (VLDL) in exchange for triglyceride [4]. (Fig. 1) Early
cohort studies demonstrated that lower levels of CETP and
genetic polymorphisms associated with lower levels of CETP
associated with higher levels of HDL cholesterol and lower
rates of coronary heart disease [4—10]. The development of
pharmacological inhibitors provided early signs of benefit
in animal models. When reductions in CETP were achieved
in response to administration with oligosense nucleotide,
vaccine or small molecule inhibitors, reductions in atheroma
burden were observed in rabbit models [11-14]. Transition
of small molecule CETP inhibitors (Fig. 2) to clinical devel-
opment demonstrated dose-dependent increases in HDL-C
and variable reductions in levels of LDL-C and lipoprotein
(a) [Lp(a)] [15, 16]. This experience presented considerable
hope that CETP inhibitors might establish themselves as the
next generation strategy for reducing cardiovascular risk in
the statin-treated patient.
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Fig.1 CETP and lipid
metabolism. Role of cho-
lesteryl ester transfer protein
(CETP) promoting movement
of cholesteryl ester (CE) from
high-density lipoproteins (HDL)
to very low-density lipopro-
teins (VLDL) and low-density
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lipoproteins (LDL) in exchange
for triglyceride (TG) (upper
panel). Impact of CETP inhibi-
tion leads to generation of larger
HDL particles with associated
increases in HDL cholesterol
and decreases in levels of LDL
cholesterol (lower panel)
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Torcetrapib

Torcetrapib was the first CETP inhibitor to reach an
advanced phase of clinical development. Early studies dem-
onstrated that torcetrapib produced dose-dependent increases
in HDL-C by up to 70%, in addition to lowering LDL-C
by 20% and Lp(a) by 11% [15]. However, a large clinical
outcomes trial was terminated early due to evidence of an
increase in cardiovascular events. The ILLUMINATE trial
of more than 15,000 patients with cardiovascular disease was
terminated due to demonstration that torcetrapib adminis-
tration was associated with a 25% increase in cardiovascu-
lar events and 58% in all-cause mortality [17]. The excess
in death rate with torcetrapib was due to a combination of
both cardiovascular and non-cardiovascular (sepsis, cancer)
causes. In parallel, three serial vascular imaging studies
demonstrated that administration of torcetrapib did not have
a favorable impact on progression of either coronary ath-
erosclerosis[ 18] or carotid intima-medial thickness[19, 20].

The finding that torcetrapib not only failed to reduce
cardiovascular risk, but actually produced an increase in
adverse clinical events, stimulated considerable debate in
the field. Critics of the concept of CETP inhibition argued
that impairment of reverse cholesterol transport may have
contributed to the findings [21]. However, a number of
subsequent findings pointed to potential off target effects
of torcetrapib. Plasma isolated from individuals with
genetic low CETP activity or treated with torcetrapib
demonstrated intact, in fact enhanced, cholesterol efflux
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capacity, and administration of torcetrapib did not impair
reverse cholesterol transport in mouse models [21]. A pro-
gressively greater increase in blood pressure was observed
with clinical studies of torcetrapib [15, 17]. Post hoc anal-
yses of ILLUMINATE revealed electrolyte abnormalities
consistent with activation of the renin angiotensin aldos-
terone system and preclinical studies demonstrated that
torcetrapib promoted secretion of aldosterone and corti-
sol by the adrenal and upregulated endothelin expression
within the aortic wall [17, 22, 23]. The findings of these
effects in murine models supported an off target phe-
nomenon, given that these animals do not express CETP.
Additional analyses of the clinical trials demonstrated that
torcetrapib-treated patients achieving the highest HDL
cholesterol levels demonstrated plaque regression and
lower cardiovascular event rates [22, 24]. These observa-
tions were important as they suggested that if other CETP
inhibitors lacked such effects then they still had the poten-
tial for development as agents to lower cardiovascular risk.

Dalcetrapib

Dalcetrapib is a relatively modest CETP inhibitor, with
evidence of raising HDL cholesterol by up to 30% and no
evidence of LDL cholesterol lowering [25]. In the light of
the findings of clinical toxicity with torcetrapib, additional
studies were performed to establish a lack of deleterious
effects on the vasculature in early clinical studies. These
trials demonstrated that administration of dalcetrapib had
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no adverse impact on either endothelial function, measured
by flow mediated dilatation, and arterial wall inflammation
on positron emission tomography imaging [26, 27]. These
findings permitted advancing dalcetrapib to a large clini-
cal outcomes trial. The dal_OUTCOMES trial compared
the impact of dalcetrapib and placebo on cardiovascular
events in patients with a recent acute coronary syndrome.
This study was terminated prematurely due to the finding of
clinical futility with no difference in clinical event rates in
the two groups [28].

Obicetrapib

Evacetrapib

Evacetrapib is a more potent CETP inhibitor, with early
clinical trials demonstrating increases in HDL cholesterol by
more than 120% and decreases in LDL cholesterol by more
than 25% and Lp(a) by 30-40% [29, 30]. These early studies
also demonstrated no adverse impact on blood pressure or
adrenocortical hormone levels, suggesting a lack of torce-
trapib like toxicity [29]. The ACCELERATE trial evaluated
the impact of evacetrapib on cardiovascular events in high
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risk patients, but was similarly terminated due to the finding
of clinical futility [31]. Subsequent analyses have attempted
to understand why this agent did not produce cardiovascular
benefit. Given the larger increase in HDL cholesterol levels
with evacetrapib than observed with previous CETP inhibi-
tors and contemporary trials of niacin, this suggested that
HDL cholesterol raising alone is not a viable strategy for
cardiovascular protection. This is supported by observations
from genomic studies that fail to demonstrate a relationship
between polymorphisms underscoring increases in HDL
cholesterol with a reduction in cardiovascular events [32].
Some critics of CETP inhibition have suggested that genera-
tion of larger, cholesterol rich HDL particles might impair
their functionality [21]. While the increase in HDL choles-
terol was accompanied by an increase in levels of apolipo-
protein C-III, there is no evidence of a deleterious impact
on cholesterol efflux capacity with evacetrapib [16]. Given
the difficulty measuring LDL cholesterol with conventional
assays in the setting of CETP inhibition, it is likely that
real reduction was likely to be less robust, given that apoB
levels decreased by only 10-15% with evacetrapib. This is
an important point as the median duration of treatment in
ACCELERATE was only 26 months, and it is possible that
the trial was not long enough to demonstrate clinical benefit
with that degree of difference in levels of apoB and LDL
cholesterol between the two treatment groups. It was there-
fore possible that a potent CETP inhibitor might still reduce
cardiovascular risk in a sufficiently large enough trial with
a long duration of clinical follow-up.

Anacetrapib

Anacetrapib is another potent CETP inhibitor, raising HDL
cholesterol by more than 130% and decreasing LDL choles-
terol by more than 25% and Lp(a) by 35% [33]. Additional
studies have demonstrated similarly favorable reductions in
LDL cholesterol in patients with familial hypercholester-
olemia [34]. A large safety study demonstrated no adverse
effect of anacetrapib administration on blood pressure or
adrenocortical stimulation, with a subsequent Bayesian anal-
ysis revealing a 94% confidence of excluding a 25% increase
in cardiovascular event as observed with torcetrapib [33].
This study of more 1600 patients demonstrated less cardio-
vascular events, largely due to coronary revascularization,
in patients treated with anacetrapib [33]. This paved the way
for a large clinical outcomes trial (REVEAL) of more than
30,000 patients at high cardiovascular risk. This study, of
mean treatment duration of 4.1 years, demonstrated a sta-
tistically significant 9% reduction in cardiovascular events
with anacetrapib, with evidence that the event curves did not
begin to separate for 2 years [35]. Longer term follow-up of
patients in the REVEAL study demonstrated ongoing event
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curve separation with evidence of a greater clinical benefit
of anacetrapib [36e]. Subsequent analyses demonstrated a
direct association between reductions in non-HDL choles-
terol and cardiovascular risk, suggesting that the potential
benefit of CETP inhibition might be derived exclusively
from reductions in atherogenic lipoproteins and not raising
HDL cholesterol [35]. While the same considerations exist
for the reported degree of LDL cholesterol lowering with
anacetrapib as applied to evacetrapib, REVEAL suggests
that patients needed to be treated for a greater duration to
produce the cardiovascular benefit that a modest reduction
in apoB and LDL cholesterol should promote. However, the
finding of prolonged lipid effects of anacetrapib, after ces-
sation of administration, led to the demonstration of adi-
pose tissue accumulation [37]. As a result of these findings,
anacetrapib did not progress to regulatory approval and is
not used in clinical practice.

Impact of CETP Inhibition on Risk
of Developing Diabetes

While the large clinical outcomes trials of CETP inhibitors have
proven to be disappointing, a positive finding of each of these
trials has been the finding of a potentially favorable impact of
CETP inhibitors on diabetes. ILLUMINATE demonstrated that
torcetrapib-treated patients had lower levels of glucose, insu-
lin, glycated hemoglobin and homeostasis model assessment
of insulin resistance compared with placebo in patients with
and without diabetes at baseline [38]. ACCELERATE demon-
strated lower levels of glycated hemoglobin with evacetrapib
treatment in patients with diabetes[39], while REVEAL dem-
onstrated that anacetrapib-treated patients were less likely to be
diagnosed with diabetes during the study[40]. A formal analysis
of the dal_OUTCOMES study, of patients without established
diabetes at baseline, demonstrated that dalcetrapib treatment
associated with a lower rate of progression from normogly-
cemia to prediabetes, new diagnoses of diabetes in patients
with prediabetes at baseline and a greater rate of regression of
diabetes during the trial. It was estimated that treatment of 40
patients with dalcetrapib for 3 years would be required to prevent
one new case of diabetes [41]. A meta-analysis of these trials
demonstrated that treatment with a CETP inhibitor is associ-
ated with a 16% reduction in the risk of being diagnosed with
diabetes during the relatively short follow-up of these studies
[42¢]. Mendelian randomization suggests a causal role of CETP
inhibition in reducing the risk of diabetes, with HDL being the
likely mediator [43].

The potential mechanism underscoring the association
between CETP inhibitors and a lower risk of diabetes in the
clinical trials remains uncertain. Given a similar degree of
protection with all CETP inhibitors and no LDL cholesterol
effect of dalcetrapib, it is unlikely to relate to reductions in
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atherogenic lipoproteins. It may, however, reflect the impact
of CETP inhibitors on HDL, although their variable effects on
HDL cholesterol suggest this relationship would not be linear.
Favorable effects of HDL on pancreatic beta-cell apoptosis,
inflammation and functionality appear to result in greater
insulin secretion[44—46], while more peripherally HDL
improves skeletal muscle insulin sensitivity and increases
insulin dependent glucose uptake[45—47]. It is also possible
that CETP inhibitors may exert a direct effect on pancreatic
beta-cells. Further studies are required to understand this
relationship, but it also points to potential clinical benefits of
CETP inhibitors which require further exploration.

Insights from Genomic Studies of CETP

Additional investigations using genomic data have pro-
vided insights that may identify alternative approaches to
use of these agents. While the dal_OUTCOMES trial was
terminated due to clinical futility, a subsequent pharma-
cogenomic analysis suggested that patients harboring the
AA polymorphism at rs1967309 of the adenylate cyclase
9 (ADCY9) gene on chromosome demonstrated less car-
diovascular events with dalcetrapib compared with placebo
[48]. Mechanistic studies demonstrated that the presence
of the AA polymorphism associated with greater increases
in cholesterol efflux capacity and an attenuated increase
in hsCRP with dalcetrapib [49]. These findings led to the
conduct of a large, prospective clinical trial comparing the
impact of dalcetrapib and placebo on cardiovascular events
in high risk patients identified at baseline to possess the AA
polymorphism [50]. This finding was not replicated upon
analysis of the ACCELERATE[51] and REVEAL[52] stud-
ies, suggesting that if it were to prove to be validated it is
more likely to reflect a dalcetrapib specific effect.

An additional contribution made by genomic investigation
of CETP has been provided by Mendelian randomization
analysis. Investigation of genomic data from large cohorts
has established that polymorphisms that associate with low
CETP also associate with lower rates of cardiovascular dis-
ease [53ee]. This relationship appears to be driven by lower
levels of apoB, suggesting that it lowers atherogenic lipids
and does not raise HDL cholesterol that may underscore any
potential for CETP inhibition to lower cardiovascular risk
[53ee]. These studies have also established the relationship
to be stronger in the presence of greater amounts of HMG
CoA reductase[53ee], suggesting potentially greater clinical
benefit in patients treated with lower doses of statins. The
findings from these genomic analyses do provide a pathway
forward for ongoing development of CETP inhibitors. These
programs would need to involve agents that were effective
in lowering apoB and LDL cholesterol, were well tolerated
by patients and were evaluated in clinical outcomes trials
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that were designed to test the impact of lipid lowering and
not HDL raising. Obicetrapib is a potent CETP inhibitor
with early evidence of lowering LDL cholesterol by 45.3%
as monotherapy and by more than 60% when administered
in combination with statin therapy [54]. Additional analy-
ses demonstrated HDL cholesterol raising by 124.3% and
commensurate increases in cholesterol efflux capacity [54e].
More recent studies performed in patients treated with back-
ground high-intensity statin therapy demonstrated LDL cho-
lesterol lowering by 51%, with no difference in effect when
using different analytical assays (preparative ultracentrifu-
gation, Friedewald) [55]. These findings provide a pathway
for a cardiovascular outcomes trial of obicetrapib in addition
to statin therapy in high cardiovascular risk patients with
suboptimal control of LDL cholesterol.

More recent genetic analyses using a CETP allele score sug-
gested a potential increase in the rate of age-related macular
degeneration accompanying the cardiovascular protection with
low CETP [56]. This appeared to associate with rising levels
of HDL cholesterol. However, considerable ongoing work
will be required to understand whether this finding proves
to be clinically correct. A number of concerns regarding this
analysis have been raised including potentially limited biologi-
cal plausibility and the inability of large HDL particles with
CETP inhibition to penetrate Bruch’s membrane and the lack
of certainty whether HDL cholesterol represents a viable inter-
mediate factor on a causal pathway to macular degeneration
[57]. Any ongoing clinical trial will need to evaluate safety and
tolerability in addition to cardiovascular efficacy.

Conclusions

For more than 20 years there has been interest in targeting
CETP as a potential novel approach to the prevention of car-
diovascular disease. However, early optimism has been chal-
lenged by disappointing results of large clinical trials (Table 1).
Subsequent analyses of these studies and genomic cohorts have
provided important information with regard to potential clini-
cal benefits and tolerability of CETP inhibitors. The ability to
lower LDL cholesterol and have potentially protective effects
on the risk of diabetes both demonstrate an ongoing hope that
CETP inhibitors may prove to be useful therapeutics in the
clinic. Howeyver, the results of larger clinical trials will ulti-
mately be required to provide the evidence base to translate
the hope of CETP inhibition to the clinic.
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