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Despite statin use to lower low-
density lipoprotein cholesterol, a 

residual cardiovascular risk remains in 
dyslipidaemic patients, particularly when 
high-density lipoprotein (HDL) levels 
are low. Increased cholesteryl ester 
transfer protein (CETP) activity is a major 
determinant of low HDL-cholesterol. CETP 
inhibition with anacetrapib, evacetrapib 
and dalcetrapib produces plasma HDL 
increases of approximately 140%, 80% 
and 30%, respectively, in patients already 
receiving statin therapy. However, recent 
research challenges whether raising 
HDL-cholesterol is in itself beneficial 
unless anti-atherogenic properties of HDL, 
such as cholesterol removal from arterial 
walls, stimulation of endothelial nitric 
oxide production or protection against 
oxidation and inflammation, are enhanced. 
Potentially important differences are 
emerging in the mechanisms by which 
CETP inhibitors operate, which may lead 
to variation in their anti-atherogenicity 
unrelated to the changes in HDL-
cholesterol they induce. The outcome of 
clinical trials with CETP inhibitors may 
thus depend on the mechanisms by which 
they inhibit CETP. This review discusses 
clinical implications of CETP inhibition.

Introduction
Statins have proved beyond doubt the relevance 
of reducing low-density lipoprotein (LDL) in 
atherogenic cardiovascular disease (CVD), with 
the risk of a new CVD event reducing by one-fifth 
for each 1 mmol/L decrease in LDL-cholesterol 
(LDL-C) achieved.1 A typical patient experiencing 
an acute coronary event in the UK will do so with 
LDL-C of 3.8 mmol/L.2 Thus, introducing a statin 
to achieve a target of just under 2 mmol/L will 
decrease the risk of a future event by no more 
than 40%. Unlike more uncommon patients with 
much higher LDL-C levels, such as those with 
heterozygous familial hypercholesterolaemia,3 the 
pre-treatment LDL-C levels of typical patients are 

simply not high enough, even with an aggressive 
therapeutic LDL-C target of 2 mmol/L, to benefit 
from the 50–60% decrease in LDL-C that statins 
can produce,4 or the even greater LDL-C reduction 
that can be realised by combining them with 
newer LDL-C lowering agents, such as ezetimibe5 
or colesevelam.6 Therefore, for many patients, 
a substantial risk persists after LDL-C lowering 
treatment has been introduced. 

Attention is, therefore, drawn to the prevalence 
of low plasma high-density lipoprotein (HDL) 
cholesterol in CVD.7 There is an inverse relationship 
between HDL-cholesterol (HDL-C) and CVD 
incidence (figure 1),8 leading to the hypothesis that 
therapies aimed at raising HDL-C might ameliorate 
future CVD risk. It is important to recognise that 
anomalies exist in this relationship (discussed 
later), which have relevance to which aspects of 
HDL metabolism to target with pharmacotherapy. 
Currently prescribed lipid-modifying drugs are 
disappointing with regard to HDL-C-raising. Statins 
and fibrates do so usually by no more than 10%, 
and ezetimibe and bile acid sequestrating agents 

Paul N Durrington

Figure 1. The relationship between 
low-density lipoprotein (LDL) and high-
density lipoprotein (HDL) cholesterol, and 
cardiovascular disease (CVD) risk in the 
general population. Calculated for middle-
aged men with typical blood pressure and 
smoking habits in the UK using the equations 
from Anderson et al.8
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by even less.3 Of the statins, rosuvastatin 
is the most potent at raising HDL-C, and, of 
the fibrates, gemfibrozil is the most effective, 
but it is also the least suitable fibrate to 
combine with statin treatment because it also 
interferes with hepatic elimination of statins 
by glucuronidation, increasing the likelihood 
of myositis unacceptably. Although nicotinic 
acid can increase HDL-C, doubts remain 
about its tolerability even in combination with 
laropiprant to decrease the severity of flushing 
reactions.9 Cholesteryl ester transfer protein 
(CETP) inhibition, however, offers the prospect 
of doubling HDL-C levels.10-13

Potential anti-atherogenic 
activities of HDL
In the adult human, for reasons which have 
never been adequately explained, the export 
of cholesterol into the circulation from the liver 
and gut grossly exceeds the quantity consumed 
by the rest of the body (largely through the skin 
as sebum, converted to steroid hormones and 
vitamin D or used for tissue repair).14 For excess 
cholesterol entering the circulation, the liver 
is the major route of elimination. The passage 
of cholesterol to the liver is termed reverse 
cholesterol transport (RCT) and, in a state of 
homeostasis, it balances that which enters the 
circulation and is not consumed peripherally. It 
has long been assumed that the main reason 
HDL protects against atherosclerosis is because 
atherosclerosis represents the excess deposition 
of cholesterol in the arterial wall and HDL has a 
critical role in RCT.15 This is called into question 
by recent evidence. 

First, it is now recognised that the cholesterol 
in HDL is derived directly from the liver, as 
well as being incorporated into it in the course 
of RCT: a significant proportion of cholesterol 
entering the circulation from hepatocytes does 
so, not in very low-density lipoproteins, but 
directly through a transporter channel, the 
adenosine triphosphate (ATP) binding cassette 
A1 (ABCA1), and, once in the circulation, it is 
taken up by small newly secreted HDL particles 
(figure 2).16 This is a major source of HDL-C. In 
analphalipoproteinaemia (Tangier disease), for 
example, in which ABCA1 is mutated, HDL-C 
levels are virtually non-existent because the 
small newly secreted HDL particles cannot 
receive sufficient cholesterol to grow to the 
point where they are large enough to avoid 

filtration through the renal glomerulus and 
subsequent renal catabolism.17 

Second, that HDL is essential for RCT is by 
no means proven and recent evidence has 
provided alternative mechanisms for the anti-
atherosclerotic activity of HDL. Certainly HDL, 
particularly its smaller and less cholesterol-
rich subspecies, pre-b HDL, can stimulate the 
hydrolysis of intracellular cholesteryl esters 
and the passage of free cholesterol, thus 
liberated, across the cell membrane where it 
can be incorporated into the surface of HDL 
molecules.7,18,19 The free cholesterol is then re-
esterified by lecithin: cholesteryl acyltransferase 
(LCAT), an enzyme present on HDL. The 
intensely hydrophobic cholesteryl ester (CE) this 
produces, is then packed into the core of the 
HDL away from the surface aqueous interface, 

creating space at the surface for the addition 
of more free cholesterol and enlarging the HDL 
molecule as both its core and surface grow. The 
capacity of HDL to promote cellular cholesterol 
efflux in an ex vivo model has been reported to 
correlate more closely with carotid intima-media 
thickness than HDL-C concentration.20

Once incorporated into HDL particles, CE can 
also undoubtedly be off-loaded to hepatocytes 
as the particles pass along the hepatic 
sinusoids through, for example the scavenger 
receptor-B1 (SR-B1), thus completing RCT. 
Infusions of human apolipoprotein A1, (apo 
A1, the major protein component of HDL), 
and over expression of several copies of 
human APOA1 in animal models enhance 
resistance to experimental atherosclerosis,21 
but, perversely, APOA1 ablation does 
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Figure 2. Reverse cholesterol transport. Cholesteryl ester transfer protein (CETP) reduces 
circulating high-density lipoprotein (HDL) levels by transferring cholesteryl ester (CE) 
from HDL to larger lipoproteins, such as chylomicrons, very low-density lipoprotein 
(VLDL) and LDL, in exchange for triglyceride. It creates a smaller, cholesterol-depleted 
HDL (remodelling), which is potentially beneficial in removing excess tissue cholesterol, 
but also a small, cholesterol-depleted LDL (SD-LDL), which is highly atherogenic. 
Inhibiting the latter without impairing HDL remodelling may be critical to the success of 
CETP inhibitors 

Key: ABCA1 = adenosine triphosphate (ATP) binding cassette A1; CE = cholesteryl ester; CETP = cholesteryl ester transfer 
protein; FC = free (non-esterified) cholesterol; HDL = high-density lipoprotein (in order of size: pre-b<HDL3<HDL2);  
heparan sulphate/LRP receptor = heparan sulphate/LDL receptor-like protein receptor; LCAT = lecithin:cholesteryl 
acyltransferase; LDL = low-density lipoprotein; LDLR = LDL-receptor; SD-LDL = small, dense LDL; SRB1 = scavenger 
receptor B1; VLDL = very low-density lipoprotein
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not increase the likelihood of inducing 
experimental atherosclerosis.22 In humans, 
intravenous infusion of synthetic apo A1 can 
cause regression of coronary atheroma,23 
but, on the other hand, two inherited 
disorders that virtually eliminate HDL, 
analphalipoproteinaemia and LCAT deficiency, 
are not associated with any marked tendency 
to atherosclerosis.3,17 Furthermore, in an 
animal model in which human hepatic 
ABCA1 was overexpressed, HDL-C levels 
were increased, but so was susceptibility to 
atherosclerosis.24 Deletions in the gene cluster 
that includes APOA1 have been reported to 
be associated with aggressive atheroma, but 
these involve another adjacent gene, APOC3.3 
All this inconsistency argues that pathways 
other than the simple uptake of CE directly 
from HDL by the liver can also perform RCT. 

Because of its low aqueous solubility, it was for 
a long time assumed that CE could not exchange 
between lipoproteins. There was, however, the 
puzzling fact that, whereas CE was insoluble in 
water, it dissolved in plasma.25 The conundrum 
was explained by the discovery of CETP, 
which can bind to CE and transport it between 
lipoproteins.26 Considerable quantities of CE can 
be transferred from HDL to the triglyceride-rich 
lipoproteins, very low-density lipoprotein (VLDL) 
and chylomicrons, which for physico-chemical 
reasons are particularly avid acceptors of CE. 
VLDL and chylomicrons are converted to LDL 
and chylomicron remnants, respectively, in the 
circulation. CE is cleared from the circulation 
when these are taken up by the liver via 
receptors, such as the LDL-receptor and the 
heparan sulphate/LDL receptor-like protein 
receptor (heparan sulphate/LRP receptor).16,27 
Thus, LDL and chylomicron remnants, 
conventionally regarded as unequivocally 
pro-atherogenic, can in fact contribute to RCT. 
Furthermore, it was found that cholesterol was 
released from a variety of tissues complexed to 
apolipoprotein E, which is also taken up by the 
liver by both its LDL-receptors and the heparan 
sulphate/LRP receptor.28 

Therefore, while experimentally raising circulating 
HDL-C to unphysiologically high levels can lead 
to atheroma regression and this needs to be 
explored as potential therapy, RCT cannot be the 
explanation for the strong inverse relationship 
between HDL-C and CVD risk in the general 
population in which relatively small differences 

in HDL-C concentration correlate with substantial 
variation in CVD incidence compared even with 
LDL-C (figure 1).

Anti-atherosclerotic activity of HDL 
not involving RCT
In recent years, increasing attention has been 
paid to potentially anti-atherogenic components 
of HDL that may modulate inflammation or 
protect other lipoproteins, such as LDL, and 
tissue proteins against atherogenic modification 
by oxidation or glycation.16,18 Simply raising 
HDL-C levels without favourably changing 
these aspects of its function may not realise 
therapeutic dividends and could explain some 
of the anomalies in the relationship between 
HDL-C and CVD, for example the marked effect 
of insulin in treated type 1 diabetes, which 
frequently causes high HDL-C levels despite an 
astronomic CVD risk.3

Despite evidence that cholesterol-laden 
arterial wall foam cells derived from 
monocyte-macrophages and LDL are 
fundamental to the development of atheroma, 
a dilemma persists because LDL uptake by 
macrophages is too slow to permit foam cell 
formation. The prevailing theory to explain 
this is that the principal protein component 
of LDL, apolipoprotein B (apo B), must 
undergo a chemical modification so that 
it becomes a ligand with high affinity for 
macrophage scavenger receptors. The most 
likely modifications of apo B are by lipid 
peroxidation products18,19 or by glycation.29 
HDL has been shown to protect against 
the accumulation of lipid peroxides on 
LDL. Several HDL components have been 
implicated in this, perhaps the most likely 
being its major protein component, apo 
A1,18,19 or paraoxonase 1.30,31 Inflammatory 
mediators are also important in atherogenesis, 
probably through mediating the recruitment 
of monocytes and lymphocytes into the 
developing lesion and the proliferation and 
transformation of arterial wall smooth muscle 
cells to acquire fibroblast characteristics. 
Experimental evidence, largely derived 
from cultured endothelial cells, suggests 
that HDL can inhibit vascular cell adhesion 
molecule 1 (VCAM-1), inter-cellular adhesion 
molecule (ICAM-1), and endothelial-leukocyte 
adhesion molecule 1 (E-selectin) expression.18 
Furthermore, HDL has recently been reported 
to increase endothelial nitric oxide production, 

a capacity that is defective in coronary heart 
disease (CHD) patients.32

HDL and CETP
Since the discovery of CETP over 20 years 
ago,26,27 it has been intriguing how often 
increased CETP activity is associated 
with conditions linked with accelerated 
atherosclerosis including diabetes, metabolic 
syndrome and the dyslipidaemia typically 
found in myocardial infarction survivors.33 
CETP, a hydrophobic glycoprotein, is a 
member of a family of proteins expressed in 
species including man and rabbit, which are 
susceptible to atherosclerosis, but not in rats, 
which are resistant.

CETP reduces circulating HDL-C levels 
by transferring esterified CE from HDL to 
larger lipoproteins, such as chylomicrons, 
VLDL and LDL, in exchange for triglyceride 
(figure 2).3 CETP activity is elevated in 
dyslipidaemia and early onset CHD.33 
The literature can be confusing unless it 
is realised that CETP concentration often 
correlates poorly with activity measured by 
the bulk movement of CE through CETP. 
Indeed, the difficulty of measuring cholesterol 
flux as opposed to static concentrations 
bedevils the whole field of RCT. In the case 
of CETP, it is clear that the concentration 
of lipoproteins acting as acceptors for CE 
passing through CETP is often a more 
important determinant of its activity than 
its protein concentration.25,34 The larger the 
lipoproteins and the more triglyceride-rich 
they are, the more rapid the CETP-mediated 
transfer of CE to them. This accounts for the 
increased activity observed in even the most 
modest hypertriglyceridaemia, something 
of renewed interest now that triglycerides 
are established as predictors of CVD.35 
This mechanism contributes significantly to 
lipid homeostasis physiologically too: CETP 
activity increases postprandially with the 
influx of larger triglyceride-rich chylomicrons 
into the circulation.25 Although LDL is a less 
avid acceptor of CE than VLDL, when its 
concentrations are particularly high it too can 
cause raised CETP activity as, for example, in 
familial hypercholesterolaemia.36 

In relation to atherogenesis, CETP activity 
may be a two-edged sword. It has often been 
concluded that lowering HDL-C is a bad thing, 
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so, in theory, raising CETP activity should 
increase atherogenesis. However, in animal 
models in which CETP is overexpressed, both 
an increased and a decreased susceptibility to 
atherosclerosis have been observed depending 
on the means by which hypercholesterolaemia 
was induced.26 In the human condition of 
CETP deficiency due to mutations of CETP, 
HDL-C concentrations are grossly elevated 
at 4–5 mmol/L, yet it is unclear whether this 
confers any substantial protection against 
CVD.3,26,27 The large, cholesterol-laden HDL 
particles present in CETP deficiency have 
reduced capacity to take up cholesterol from 
macrophages, a potentially important early 
stage in RCT (see earlier). CETP, by removing 
CE from HDL, recreates a smaller HDL 
particle, which is an avid acceptor of cellular 
cholesterol in experimental models. This has 
been termed remodelling.18

CETP, by transferring CE from HDL to 
triglyceride-rich lipoproteins, increases their 
cholesterol content, which, in turn, increases 
the cholesterol circulating in the chylomicron 
remnants and LDL derived from them  
(figure 2). This would be expected to be a 
bad thing. However, if hepatic chylomicron 
remnant and LDL catabolism are not 
compromised, the liver will receive the CE 
transferred from HDL and this pathway 
will, thus, contribute to RCT. In familial 
hypercholesterolaemia, where LDL catabolism 
is defective,3 the transfer of additional CE into 
the circulating LDL pool might, however, be a 
significant disadvantage. 

The exchange of triglyceride and CE between 
VLDL and LDL promoted by CETP is 
frequently neglected in discussion of whether 
it is pro- or anti-atherogenic, but may prove to 
be even more critical than its effects on HDL. 
Hypertriglyceridaemia is frequently present 
in people destined to develop CVD,35 and 
in those who sustain a coronary event it is 
associated with a worse prognosis, even after 
statin treatment.37 CETP activity is almost 
invariably high in hypertriglyceridaemia, 
which accounts largely for the low HDL-C 
accompanying increased plasma triglyceride 
levels. It also leads to the persistence in the 
circulation of a small, dense LDL (SD-LDL), 
which is depleted in cholesterol. Because of 
this cholesterol depletion, the presence of 
SD-LDL can only be inferred unless, instead 

of measuring cholesterol, LDL is quantitated 

in terms of apo B, its principal protein 

component, or its particle concentration.38 

The generation of SD-LDL under the action 

of CETP comes about because once CE has 

been replaced by triglyceride in LDL, the 

latter is rapidly removed by hepatic lipase to 

create the small particles that are SD-LDL. 

SD-LDL is highly atherogenic because it is 

more susceptible to oxidation and glycation, 

and may be retained for longer in the arterial 

subintima than more lipid-rich LDL,18,19,29,39 

and is cleared more slowly from the 

circulation.3,19,29,38

Mechanism of action of 
CETP inhibitors
Four CETP inhibitors have reached late-
stage clinical development: anacetrapib, 
dalcetrapib, evacetrapib and torcetrapib. 
Torcetrapib development was halted after 
increases in cardiovascular events and total 
mortality were observed in a large outcome 
trial.40 These adverse effects have been 
attributed to off-target effects on the renin–
angiotensin–aldosterone axis unrelated to 
CETP inhibition.41 As an add-on to statin 
therapy, anacetrapib 100 mg daily produced 
large increases in plasma HDL-C of around 
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140% with no observable adverse effects on 
cardiovascular parameters.11,13 Dalcetrapib 
at a dose of 600 mg daily, also in patients 
receiving statin treatment, was again 
without evidence of adverse CVD effects, 
but the increase in HDL-C of around 30% 
was, however, more modest.12,42 Perhaps 
related to this its development was recently 
halted because in dal-OUTCOMES it lacked 
efficacy in the secondary prevention of CVD. 
Interesting differences between dalcetrapib 
and anacetrapib had, however, by then 
emerged in terms of their CETP inhibitory 
mechanism of action. 

Dalcetrapib binds to a different site on CETP 
from anacetrapib and uniquely induces a 
conformational change in the CETP molecule 
correlating with reduced CETP activity in 
humans.43 Figure 2 shows the main sites 
at which CETP blockade can occur: first the 
transfer of CE from smaller HDL3 particles to 
HDL2, second the transfer of CE from HDL2 
to the triglyceride-rich lipoproteins, thus, 
regenerating smaller HDL3 and pre-b HDL, 
and third the transfer of CE from larger LDL 
particles to triglyceride-rich lipoproteins, creating 
the highly atherogenic SD-LDL. The effect of 
CETP inhibitors on each of these processes 
must be considered. Thus far, more limited 
data are available about evacetrapib, which in a 
dose of 100 mg daily in statin-treated patients 
produces increases in HDL-C of around 80%,44 
and pharmacologically, is likely to resemble 
anacetrapib rather than dalcetrapib.45

Inhibition of transfer of cholesteryl 
ester from HDL3 to HDL2
The transfer of CE from human HDL3 to 
HDL2 by recombinant CETP was inhibited 
by torcetrapib and anacetrapib, but not by 
dalcetrapib (figure 3A).43 

Inhibition of regeneration of HDL3 
and pre-b HDL from HDL2
Dalcetrapib had no effect on the generation 
of pre-b HDL induced in human plasma by 
recombinant CETP, whereas both torcetrapib 
and anacetrapib inhibited its formation  
(figure 3B).43 On the other hand, all three CETP 
inhibitors decreased the transfer of CE from HDL 
to atherogenic LDL. Lipid transfers involving 
LDL have previously been reported to be more 
sensitive to partial CETP inhibition by antibodies 
against CETP than lipid flux through HDL.46

Inhibition of cholesteryl ester transfer 
out of LDL to create small, dense LDL 
So far, results have been published for 
torcetrapib, where a dose of 120 mg/day 
decreased the circulating concentration of  
SD-LDL substantially more than the 17% 
overall decrease in LDL-C it produced.9 Results 
with other CETP inhibitors are eagerly awaited 
because reducing the atherogenicity of LDL 
may prove to be their most important action. 

Effects of CETP inhibition on RCT
Because cholesterol exchanges freely between 
circulating lipoproteins involved in RCT, it has 
proved difficult to discover an index of RCT that 
can be measured in blood samples. However, in 
hamsters injected with macrophages containing 
radiolabelled cholesterol, the quantity of 
radiolabelled cholesterol (neutral sterols) and 
bile acids (for which cholesterol is a precursor) 
appearing in the faeces may be regarded as 
indicative of the removal of excess cholesterol 
from the body. Dalcetrapib was found to increase 
radioactive faecal neutral sterols and bile acids 
and the mass of total faecal bile acids. Despite 
their much greater effects in raising circulating 
HDL, lesser effects on faecal neutral sterol 
and bile acid elimination were observed with 
torcetrapib, and anacetrapib had no significant 
activity on these indices of overall RCT.43

Clinical end point trials
A randomised, placebo-controlled two-year 
study of dalcetrapib in 130 patients, mostly 
statin-treated, with CHD or at high CHD 
risk reported no adverse treatment effects, 
fewer CVD events and some arterial imaging 
findings, which the authors considered 
encouraging.47 However, another trial,  
dal-OUTCOMES, in which it was planned to 
compare dalcetrapib with placebo in 15,600 
patients who had stable CHD following 
acute coronary syndrome,48 was stopped 
early because of lack of effect on new CVD 
events, although there were no safety issues. 
No doubt the wisdom of designing a trial in 
which no benefit could be considered to have 
accrued when only 70% of the events for 
which it was powered had occurred will be 
debated widely. However, the decision of the 
trialists to allow investigators to aim for low 
LDL targets, if necessary with intensive statin 
therapy, was correct because any widescale 
use of CETP inhibitors in the foreseeable 

future must be against such a statin 
background because of its established efficacy 
in preventing CVD.1 Other trials to establish 
the safety and clinical efficacy in terms of 
CVD events prevented are currently underway 
with anacetrapib with its substantially greater 
effect on HDL (table 1). Evacetrapib is 
currently in phase II of clinical development. 

Conclusions
Details of the steps in lipoprotein metabolism 
where different CETP inhibitors have their 
greatest impact are emerging and appear to 
highlight divergent effects on HDL particles. 
These may be important clinically because 
some modulations of HDL metabolism, even 
though they raise circulating HDL levels, may 
be less anti-atherogenic than others. Future 
studies should examine this further. Genetic 
CETP deficiency results in abnormally large, 
cholesterol-saturated HDL particles, which 
are poor cholesterol acceptors.16,26 It may be 
sufficient to achieve partial CETP inhibition 
that results in increased smaller HDL particles 
that are acceptors of cholesterol from arterial 
wall macrophages, such as pre-β HDL, and 
decreased formation of atherogenic SD-LDL, 
while not causing CE to accumulate on large 
HDL, may be desirable. 

We know that overexpression of hepatic 
scavenger receptor class B type 1 (SR-B1) 
reduces atherosclerosis in animal models 
despite the seeming paradox of also reducing 
plasma HDL levels – supporting the premise 
that cholesterol throughput is more important 
than HDL concentration.49 The HDL-raising 
effect of oestrogens, which did not translate 
into clinical benefit when subjected to 
randomised clinical trials, may be, in part, due 
to down-regulation of SR-B1.50 Furthermore, 
trials with torcetrapib showed no consistent 
relationship between plasma HDL levels and 
atherosclerosis despite marked increases in 
plasma HDL of around 60%.51 

Clearly, the relationship between plasma HDL 
and atherosclerosis is a more complex one than 
merely ‘high levels are good’. However, the 
recent failure of dalcetrapib to ameliorate CVD 
in dal-OUTCOMES may have stemmed from its 
modest effect in raising HDL compared with 
anacetrapib and evacetrapib. None the less, 
the work undertaken during its development 
emphasises that, in harnessing the therapeutic 
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Key messages
•	Raising circulating HDL can protect 

against atherosclerosis, but the 
mechanism by which it is accomplished 
may be critical

•	CETP inhibition is a potent means of 
increasing HDL

•	By blocking transfer of cholesteryl 
ester from HDL to other lipoproteins, 

CETP inhibition may promote uptake 

by the liver and other anti-atherogenic 

properties of HDL, but it might also 

impair regeneration of small HDL 

particles necessary for removal of 

excess tissue cholesterol

•	Novel drugs varying in the extent to 

which they inhibit CETP are currently 

under development

Trial acronym NCT number Study drug Patient 
population

Primary end points Study 
duration

Due completion 
date

Dal-
OUTCOMES

NCT00658515 Dalcetrapib 
(600 mg) vs. 
placebo

Stable CHD 
with recent ACS 
(N=15,600)

Time to first occurrence of any 
component of the composite CV end 
point (CHD death, major nonfatal 
coronary event, or stroke)

24 months 
planned

Planned May 
2013. Stopped 
May 2012

DEFINE NCT00685776 Anacetrapib 
(100 mg) vs. 
placebo

CHD or CHD 
risk-equivalent 
(N=1,500)

Change from BL in LDL-C at 24 weeks 
and number of patients with: hepatitis-
related adverse experiences, alanine 
transaminase consecutive elevations 
≥3xULN, aspartate aminotransferase 
consecutive elevations ≥3xULN, 
creatine phosphokinase elevations 
≥10xULN, creatine phosphokinase 
elevations ≥10xULN with muscle 
symptoms, sodium, chloride, or 
bicarbonate elevations greater than 
ULN, reduction in potassium levels 
less than lower limit of normal, 
myalgia, rhabdomyolysis, pre-specified 
adjudicated CV SAE, death from any 
cause, significant increase in BP

18 months December 2012

REVEAL NCT01252953 Anacetrapib 
(100 mg) vs. 
placebo

Established 
vascular disease 
(N=30,000)

Effects of allocation to anacetrapib 
versus placebo on major coronary 
events (defined as the occurrence of 
coronary death, myocardial infarction or 
coronary revascularisation procedure) 
during the scheduled treatment period

48 months January 2017

Table 1. Ongoing phase III clinical trials of the cholesteryl ester transfer protein (CETP) inhibitors dalcetrapib and anacetrapib

Key: ACS = acute coronary syndromes; BL = baseline; BP = blood pressure; CHD = coronary heart disease; CV = cardiovascular; LDL-C = low-density lipoprotein cholesterol;  
NCT = National Clinical Trial; SAE = serious adverse event; ULN = upper limit of normal
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