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Is there a future for  
CETP-inhibitor therapy?
Jennifer G Robinson

Despite large improvements in cardiovascular disease mortality, coronary heart 
disease (CHD) and stroke remain the leading causes of death in most nations 
around the world [1,101]. Statins are the foundation for cardiovascular prevention, 
with up to 50% reductions in cardiovascular risk with the more potent statins [2]. 
In both statin-treated and -untreated patients, low levels of high-density lipopro-
tein cholesterol (HDL-C) are an important predictor of subsequent cardiovascular 
risk [3,4]. In epidemiologic studies, each 1 mg/dl (0.03 mmol, or ~2–3%, depending 
on baseline HDL-C level) increase in HDL-C is associated with a 2–4% reduc-
tion in the risk of CHD events, independent of low-density lipoprotein cholesterol 
(LDL-C) levels [5].

Of the drugs currently on the market, niacin is the most effective at raising 
HDL-C (~25% at the 2‑g dose), while statins and fibrates have more modest 
HDL‑C-raising effects (3–10%) [6]. However, it is not clear that pharmacologically 
raising HDL-C per se with these agents reduces cardiovascular risk. A meta-analysis 
of HDL-C-raising drugs found that after adjusting for LDL-C-lowering, raising 
HDL-C (or lowering triglycerides) was not associated with further cardiovascular 
risk reduction [6].

Several classes of HDL-C-raising agents with novel mechanisms of action are 
under development [7]. Farthest along are the cholesteryl ester transfer protein 
(CETP) inhibitors. CETP mediates the transfer of cholesteryl esters from HDL to 
proatherogenic apolipoprotein B-lipoproteins for transportation of cholesterol back 
to the cells; blocking CETP increases levels of mature HDL-C particles. The first 
CETP inhibitor to move into clinical trials was torcetrapib (Pfizer, Inc). Despite large 
increases in HDL-C, development of torcetrapib was terminated due to excess mor-
tality in the torcetrapib group of the large outcomes trial, Investigation of Lipid Level 
management to Understand its Impact in Atherosclerotic Events (ILLUMINATE). 
Increased mortality in the torcetrapib-treated group occurred despite a 72% increase 
in HDL-C and a 25% decrease in LDL-C [8]. Torcetrapib also had no benefit on 
atherosclerotic progression in two noninvasive imaging studies, despite similar lipid 
changes [9,10]. The adverse mortality effect of torcetrapib has been largely attributed 
to accelerated hypertension due to activation of the renin–angiotensin–aldosterone 
system through a non-CETP-dependent effect [11]. Other mechanisms, such as lack 
of HDL functionality and proinflammatory effects, have also been proposed to 
explain torcetrapib’s adverse effects. 

Two CETP inhibitors are still in development, anacetrapib and dalcetrapib. 
Neither agent has been found to increase blood pressure or influence the renin–
angiotensin–aldosterone axis in studies to date [7]. The more potent CETP inhibitor, 
anacetrapib, comes from the same chemical class as torcetrapib and strongly binds 
to the CETP molecule. Added to optimal statin therapy, anacetrapib 100 mg has 
been shown to increase HDL-C by 138% and reduce LDL-C an additional 40%, 
with modest triglyceride-lowering effects [12]. The less potent dalcetrapib is from a 
different chemical class, binds reversibly to and induces a different conformational 
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change in CETP. Dalcetrapib 600 mg added to statin 
therapy increases HDL-C by 25–30% with minimal 
effects on LDL-C or triglycerides [7]. 

Several large outcomes trials of HDL-C-raising 
agents are ongoing (Table 1) [7,13,102–104]. Some indi-
cation of the benefits of raising HDL-C will come 
from two ongoing trials of niacin added to statin 
therapy, with anticipated completion dates in 2012 to 
2013  [103,104]. It should be noted that the Action to 
Control Cardiovascular Risk in Diabetes (ACCORD) 
trial found no additional cardiovascular risk reduction 
when fenofibrate was added to simvastatin therapy in 
diabetic patients, although there was a trend toward 
benefit in those with the lowest HDL-C and highest 
triglyceride levels [14]. However, in the trial as a whole, 
minimal changes in LDL-C or HDL-C were observed 
in the fenofibrate group; lipid changes were not reported 
for the subgroup analysis. 

Why might raising HDL-C with CETP inhibitors 
be beneficial? Reverse cholesterol transport has been 
thought to be the primary cardiovascular benefit of 
HDL. Removal of free cholesterol from peripheral 
macrophages contributes to the cholesterol accumula-
tion that is the hallmark of the transformation of apo
lipoprotein AI into the mature HDL molecule. Mature 
HDL transports cholesterol to the liver for reuptake or 
incorporation into bile acids for excretion [15]. Although 
dalceptrapib (but not anacetrapib or torcetrapib) has 
been shown to increase fecal sterol elimination in ham-
sters, drug-induced excretion of cholesterol into the 
feces has been poorly documented in humans [16,17]. 
However, it is unclear whether differences in reverse 

cholesterol transport are an important influence in 
atherogensis. Dalcetrapib was shown to inhibit athero-
sclerosis progression in normocholesterolemic, but not 
hypercholesterolemic rabbits [18,19], whereas torceptrapib 
was shown to inhibit atherosclerosis in hypercholesterol
emic rabbits, but not in humans [9,10,20]. However, a 
post hoc analysis of the Investigation of Lipid level 
Management Using Coronary Ultrasound to Assess 
reduction of Atherosclerosis by CETP Inhibition and 
HDL Elevation (ILLUSTRATE) trial found that 
atherosclerotic regression was observed with very high 
HDL-C levels of >85 mg/dl, suggesting that very high 
levels of HDL-C could overcome torcetrapib’s harmful 
effects [21]. 

“...while HDL-C levels are an important indicator 
of increased cardiovascular risk, it remains 

unknown whether pharmacologically raising 
HDL-C per se will decrease cardiovascular risk.”

Why might raising HDL-C with CETP-inhibitors 
not be beneficial? Several gene variants associated with 
lower HDL-C levels, including several CETP poly-
morphisms, are not associated with increased cardio-
vascular risk [7,17]. Although HDL has been shown to 
have antioxidant and anti-inflammatory effects that 
promote vasodilation and reduce thrombosis, HDL 
in individuals with cardiovascular disease is often dys-
functional and proinflammatory [17]. While it could be 
that increasing dysfunctional HDL is not beneficial, 
it does not appear that torcetrapib induced HDL dys-
function [22]. Indeed, some of the alterations in HDL 
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Table 1. Ongoing trials of high-density lipoprotein cholesterol-raising agents.

Study 
(clinicaltrials.gov identifier)

Study treatment (study population) Primary end point  
(anticipated completion)

Ref.

Dal-OUTCOMES 
(NCT0c0658515)

Dalcetrapib vs placebo; recent acute coronary 
syndrome; statin treated (n = 15,000)

Major cardiovascular events (2013) [13]

Dal-VESSEL 
(NCT00655538)

Dalcetrapib vs placebo; CHD or CHD equivalent; 
statin treated (n = 450)

Endothelial function and blood 
pressure (2011)

[105]

Dal-PLAQUE 
(NCT00655473)

Dalcetrapib vs placebo; CHD or CHD equivalent; 
statin treated to LDL-C <100 mg/dl (n = 100)

PET/CT and MRI-defined atherosclerotic 
plaque (2011)

[106]

Dal-PLAQUE2 
(NCT01059682)

Dalcetrapib vs placebo; cardiovascular disease; 
statin treated (n = 900)

Carotid intimal thickness and intracoronary 
vascular ultrasound techniques (2013)

[107]

REVEAL 
(NCT01252953)

Anacetrapib vs placebo; cardiovascular disease; 
statin treated (n = 30,000)

Major cardiovascular events (2017) [102]

AIM-HIGH  
(NCT 00120289)

Extended-release niacin 2 g vs placebo; 
cardiovascular disease; statin treated (n = 3414)

Major cardiovascular events (2012) [103]

HPS-2 THRIVE 
(NCT00461630)

Extended-release niacin 2 g + laropiprant vs 
placebo; cardiovascular disease; statin treated to 
LDL-C <100 mg/dl (n = 25,673)

Major cardiovascular events (2013) [104]

AIM-HIGH: Niacin Plus Statin to Prevent Vascular Events; HPS-2 THRIVE: Treatment of HDL to Reduce the Incidence of Vascular Events; REVEAL: Randomized 
Evaluation of the Effects of Anacetrapib Through Lipid Modification.



structure may favor improvements in anti-atherogenic 
functionality. In addition, dalcetrapib has been shown 
to improve  endothelial function in the subgroup 
of patients with baseline HDL-C levels <46  mg/dl 
(<1.19 mmol/l), but not in those with higher HDL-C 
levels, who had better endothelial function at baseline 
[23]. On the other hand, torcetrapib, anacetrapib and 
dalcetrapib have all been shown to increase highly sensi-
tive C-reactive protein (CRP), a summary measure of 
inflammation associated with increased cardiovascular 
risk. Anacetrapib increased CRP from baseline by 10% 
after 24 weeks and by 18% after 76 weeks compared 
with placebo; dalcetrapib increased CRP by 30% after 
24 weeks, and 29% after 48 weeks [24,25]. Although 
torcetrapib did not increase CRP at 12 weeks in the 
ILLUMINATE trial or at 24 months in the Rating 
Atherosclerotic Disease Change by Imaging with a New 
CETP Inhibitor (RADIANCE) trial, CRP did increase 
20% at 24 months in the ILLUSTRATE trial [8–10]. 

In conclusion, while HDL-C levels are an important 
indicator of increased cardiovascular risk, it remains 
unknown whether pharmacologically raising HDL-C 

per se will decrease cardiovascular risk. The results of 
ongoing noninvasive imaging and cardiovascular end 
point trials evaluating dalcetrapib and anacetrapib will 
determine if raising HDL-C via CETP inhibition is 
an effective strategy for reducing cardiovascular events. 
Given the excess mortality caused by torcetrapib, it is 
unlikely that any CETP inhibitor will receive regula-
tory approval prior to the completion of the long-term 
cardiovascular end point trials, regardless of impres-
sive reduction in LDL-C or increases in HDL-C over 
statin therapy. 
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