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Anacetrapib, a New CETP Inhibitor: The New Tool
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Abstract: Cholesteryl ester transfer protein (CETP) inhibitors significantly increase serum
high-density lipoprotein cholesterol (HDL) cholesterol levels and decrease low-density lipoprotein
cholesterol (LDL) cholesterol concentration. However, three drugs of this class failed to show
a decrease of cardiovascular events in high-risk patients. A new CETP inhibitor, anacetrapib,
substantially increases HDL cholesterol and apolipoprotein (Apo) AI levels with a profound increase
of large HDL2 particles, but also pre-β HDL particles, decreases LDL cholesterol levels mainly due
to increased catabolism of LDL particles through LDL receptors, decreases lipoprotein a (Lp(a))
levels owing to a decreased Apo (a) production and, finally, decreases modestly triglyceride (TRG)
levels due to increased lipolysis and increased receptor-mediated catabolism of TRG-rich particles.
Interestingly, anacetrapib may be associated with a beneficial effect on carbohydrate homeostasis.
Furthermore, the Randomized EValuation of the Effects of Anacetrapib Through Lipid-modification
(REVEAL) trial showed that anacetrapib administration on top of statin treatment significantly
reduces cardiovascular events in patients with atherosclerotic vascular disease without any significant
increase of adverse events despite its long half-life. Thus, anacetrapib could be useful for the effective
management of dyslipidemias in high-risk patients that do not attain their LDL cholesterol target or
are statin intolerable, while its role in patients with increased Lp(a) levels remains to be established.
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1. Introduction
Cholesteryl ester transfer protein (CETP) is a glycoprotein synthesized mainly in the liver, which
plays a prominent role in the bidirectional transfer of cholesterol esters and triglycerides (TRG) between
lipoproteins, that is the transfer of cholesterol esters from the cardioprotective high-density lipoprotein
(HDL) particles to the potentially atherogenic non-HDL particles (very low-density lipoprotein (VLDL)
particles, remnant lipoproteins and low-density lipoprotein (LDL) particles) [1,2]. Drugs that inhibit
CETP are able to increase HDL cholesterol and also to decrease serum LDL cholesterol levels [3].
However, the randomized placebo-controlled trials that evaluated the effects of three drugs of this
class, that is torcetrapib, dalcetrapib and evacetrapib, failed to show a beneficial cardiovascular
effect [4–7]. These trials were prematurely terminated due to either off-target toxicity (torcetrapib)
or lack of efficacy (dalcetrapib, evacetrapib) [4–8]. However, it has been recently reported that in the
Randomized EValuation of the Effects of Anacetrapib Through Lipid-modification (REVEAL) trial,
anacetrapib, a new CETP inhibitor, led to a significant decrease of cardiovascular events.
Thus, the aim of the review is to present the lipid/lipoprotein and cardiovascular effects of
anacetrapib, as well as to discuss possible future indications of the drug.
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2. Main Results of the REVEAL Trial
The REVEAL trial was a randomized placebo-controlled trial that assessed the efficacy and safety
of anacetrapib in 30,449 adults with atherosclerotic vascular disease on intensive atorvastatin treatment
(mean LDL cholesterol 61 mg/dL and mean non-HDL cholesterol 92 mg/dL) [9]. The administration
of 100 mg of anacetrapib for a mean follow-up period of 4.1 years was associated with a significant
reduction of the primary end point (first major coronary event) by 9% (rate ratio 0.91, 95% confidence
interval 0.85–0.97, p = 0.004). This risk reduction was evident even though patients treated with
anacetrapib exhibited slightly higher systolic blood pressure (SBP) and diastolic blood pressure
(DBP) values (by 0.7/0.3 mm Hg, respectively) at the final visit compared with the control group.
Treatment was well tolerated, and no significant differences between groups in the risk of death,
cancer or other serious adverse events were observed. In fact, the incidence of new-onset diabetes
mellitus among patients without diabetes mellitus at baseline was lower in the anacetrapib group as
compared to the control group (5.3% vs. 6%, rate ratio 0.89, 95% CI 0.79–1.00, p = 0.0496) [9].
2.1. Effects of Anacetrapib on Lipid and Lipoprotein Profile
Anacetrapib is an inhibitor of CETP, which can lead to impressive changes of the serum lipid
profile, as shown in Table 1, which includes the results of the REVEAL trial and two randomized trials
that evaluated the efficacy of the drug in both high-risk patients, as well as in patients with familial
hypercholesterolemia [9–11].
Table 1. Anacetrapib (100 mg/d)-associated percentage changes of lipid parameters versus placebo in
randomized clinical trials.

Lipid Parameters

REALIZE Trial [11]
(Patients with Familial
Hypercholesterolemia)

DEFINE Trial [10] (Patients with
Coronary Heart Disease or at Risk
for Coronary Heart Disease)

LDL cholesterol

−39.7% **

−39.8% ***

HDL cholesterol
Non-HDL cholesterol
Apo B
Apo AI
Lp(a)
TRG

+102.1%
−36.4%
−24.8%
+32.9%
−27.9%
−5.5%

+138.1%
−31.7%
−21%
+44.7%
−36.4%
−6.8%

REVEAL Trial [9] (Patients
with Atherosclerotic
Vascular Disease) *

−41% (direct method)
−17% ** (in a subgroup of
2000 patients)
+104%
−18%
−18%
+36%
−25%
−7%

* Lipid levels at the trial midpoint. ** Measured by β quantification. *** LDL-cholesterol levels were calculated with
the use of the Friedewald equation: LDL cholesterol = total cholesterol − (HDL cholesterol + [triglycerides ÷ 5]).
If the triglyceride level was more than 400 mg per deciliter, LDL-cholesterol was measured by means of
preparative ultracentrifugation separation. REALIZE: Randomized Evaluation of Anacetrapib Lipid-Modifying
Therapy in Patients with Heterozygous Familial Hypercholesterolemia, DEFINE: Determining the EFficacy and
Tolerability of CETP INhibition with AnacEtrapib, REVEAL: Randomized EValuation of the Effects of Anacetrapib
Through Lipid-modification, LDL: low-density lipoprotein, HDL: high-density lipoprotein, Apo: apolipoprotein,
Lp(a): lipoprotein (a), TRG: triglycerides.

Beyond the prominent increase of HDL cholesterol, a marked decrease of LDL cholesterol was
observed in these trials. Even though the underlying mechanisms of this increase in LDL cholesterol
are not clear, kinetic data of lipid metabolism during anacetrapib administration in humans points to
the following potential mechanisms (Figure 1) [12–15]:
(1) Increased catabolism of LDL particles due to anacetrapib-associated compositional changes
of LDL particles, such as increased TRG content and particle size, leading to increased LDL particles’
affinity to the LDL receptors [15].
(2) Decreased proprotein convertase subtilisin/kexin type 9 (PCSK9) levels (a CETP-independent
mechanism) leading to decreased LDL receptors’ degradation and, therefore, increased LDL receptors’
activity and LDL particles’ catabolism [14,16].
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(3) Decreased drug-associated cellular cholesterol concentration in the liver, due to increased
(3) Decreased drug-associated cellular cholesterol concentration in the liver, due to increased
cholesterol efflux, which results in the activation of sterol regulatory element-binding protein 2
cholesterol efflux, which results in the activation of sterol regulatory element-binding protein 2
(SREBP-2) leading to increased synthesis of LDL receptors [15].
(SREBP-2) leading to increased synthesis of LDL receptors [15].
(4) Reduced expression of the inducible degrader of the LDL receptors (IDOL) due to decreased
(4) Reduced expression of the inducible degrader of the LDL receptors (IDOL) due to decreased
hepatic oxysterols resulting in a reduced activation of liver X receptors (LRX). This reduced IDOL
hepatic oxysterols resulting in a reduced activation of liver X receptors (LRX). This reduced IDOL
expression is associated with increased LDL receptors’ activity and subsequently with increased
expression is associated with increased LDL receptors’ activity and subsequently with increased
catabolism of LDL particles [15].
catabolism of LDL particles [15].
(5) Reduced transfer of cholesterol esters from HDL to LDL is also associated with a reduction
(5) Reduced transfer of cholesterol esters from HDL to LDL is also associated with a reduction
of LDL cholesterol, though this mechanism cannot explain the observed marked reduction of
of LDL cholesterol, though this mechanism cannot explain the observed marked reduction of
apolipoprotein (Apo) B levels that reflects a reduction in the concentration of LDL particles [12,15].
apolipoprotein (Apo) B levels that reflects a reduction in the concentration of LDL particles [12,15].

Figure 1. Potential mechanisms of anacetrapib-mediated reduction of low-density lipoprotein (LDL)
cholesterol. HDL: high-density lipoprotein, LDL: low-density lipoprotein, CETP: cholesteryl ester
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Lp(a) is an established cardiovascular risk factor [22]; thus, the anacetrapib-mediated decrease of its
serum concentration may have played a significant role in the positive results of the REVEAL trial.
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Figure 2. Potential mechanisms of the anacetrapib-mediated reduction of triglycerides (TRG).
PCSK9: proprotein convertase subtilisin/kexin type 9, CETP: cholesteryl ester transfer protein,
Figure 2. Potential mechanisms of the anacetrapib-mediated reduction of triglycerides (TRG). PCSK9:
Apo: apolipoprotein, LPL: lipoprotein lipase, VLDL: very low-density lipoprotein.
proprotein convertase subtilisin/kexin type 9, CETP: cholesteryl ester transfer protein,
Apo: apolipoprotein, LPL: lipoprotein lipase, VLDL: very low-density lipoprotein.
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cholesterol-rich alpha 2 HDL particles (HDL2 particles) and pre-beta HDL particles, which can lead

to an increased ATP-binding cassette transporter (ABCA1)-mediated cholesterol efflux
(Figure 3) [24].

Diseases 2017, 5, 21
Diseases 2017, 5, 21

5 of 8
5 of 8

Figure 3. Potential mechanisms of anacetrapib-mediated changes of high-density lipoprotein (HDL)
metabolism. CETP: cholesteryl ester transfer protein, Apo: apolipoprotein, TRG: triglycerides,
ABCA1:
cassette transporter
ABCA1 (memberchanges
1 of human
transporter sub-family
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2.2. Other
Effects of Anacetrapib

In contrast with the other drugs of this class, anacetrapib does not seem to exhibit significant
‘’on-target”
adverse
effects, such as dysfunctional HDL particles or changes in apolipoproteins
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3. Possible Future Indications of Anacetrapib
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(2) Patients with familial hypercholesterolemia with difficulty achieving their LDL cholesterol
target despite optimal hypolipidemic treatment, in whom anacetrapib is associated with a significant
improvement of lipid and lipoprotein profile (Table 1).
(3) Patients with statin intolerance, in whom the use of the expensive and parenteral PCSK9
inhibitors is not easily accepted. This possible indication of anacetrapib could be the most important
in the future since non-statin treatment with a potent CETP inhibitor (possibly in combination with
ezetimibe) could be associated with large concordant absolute reductions of both LDL cholesterol and
Apo B and, therefore, of cardiovascular risk [20].
(4) Patients with increased serum Lp(a) levels, although more data are needed in this population.
It is worth mentioning that two new CETP inhibitors that induce significant beneficial changes
in lipidemic profile (including a reduction of Apo B-containing lipoproteins) are under investigation
[Obicetrapib (AMG-899, TA-8995) and K-312] [34,35]. The results of the relative studies will show
whether there is a class effect of CETP inhibitors on cardiovascular events and will help to delineate
the implicated mechanisms.
4. Conclusions
Anacetrapib is associated with significant improvement of lipid and lipoprotein profile and
a significant reduction of cardiovascular events in high-risk patients on optimal statin treatment.
These data may suggest that anacetrapib could be a useful therapeutic option for the effective
hypolipidemic treatment of high-risk patients especially if the results of ongoing trials with other
CETP inhibitors confirm the positive cardiovascular effects of this drug class.
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