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Abstract: Cardiovascular disease (CVD) is responsible for significant morbidity and mortality 

within the United States and worldwide. Although targeting low-density lipoprotein cholesterol 

(LDL-C) in the prevention of CVD has been shown to be effective, evidence exists to indicate that 

significant cardiovascular (CV) risk remains in patients receiving 3-hydroxy-3-methylglutaryl-

coenzyme A reductase inhibitors (statins) – a risk that may be correlated with low levels of 

high-density lipoprotein cholesterol (HDL-C). Among the various tactics under investigation 

to increase HDL-C, inhibition of cholesteryl ester transfer protein (CETP) appears the most 

adept to raise these levels. Although torcetrapib, a CETP inhibitor, demonstrated significant 

beneficial changes in HDL-C and LDL-C after 12 months of therapy when coadministered with 

atorvastatin, patients in the torcetrapib arm experienced a rise in mortality, including increased 

risk of death from CV and non-CV causes as well as a significant rise in major CV events. Later 

studies established that the adverse effects of torcetrapib were produced from molecule-specific 

off-target effects and not to the mechanism of CETP inhibition. These untoward outcomes have 

not been detected with anacetrapib, the third of the CETP inhibitors to enter Phase III trials. 

Furthermore, treatment with anacetrapib revealed both a statistically significant decrease in 

LDL-C and increase in HDL-C over placebo. While the place in therapy of niacin and fibrates 

to reduce CV events is currently in question secondary to the Atherothrombosis Intervention 

in Metabolic Syndrome with Low HDL Cholesterol/High Triglyceride and Impact on Global 

Health Outcomes and the Action to Control CV Risk in Diabetes trials, the ongoing large-scale, 

randomized–placebo, controlled-outcomes study with anacetrapib coadministered with statin 

treatment will not only test the hypothesis if CETP inhibition lowers residual CV risk but will 

also provide insight as to which patient subgroups might benefit the most from anacetrapib 

despite aggressive therapy with statins.

Keywords: anacetrapib, cardiovascular disease, cholesteryl ester transfer protein, cholesteryl 

ester transfer protein inhibitor, dyslipidemia

Cardiovascular disease (CVD) is responsible for significant morbidity and mortality within 

the United States (US) and worldwide. The prevalence of CVD in the US is projected to 

be 37.8% by 2015 – an estimate which will only increase in subsequent years.1

Current guidelines for the prevention of coronary heart disease (CHD) identify 

low-density lipoprotein cholesterol (LDL-C) as the primary target for lipid-lowering 

therapy.2,3 Numerous randomized controlled clinical trials have solidified 3-hydroxy-

3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors (statins) as the 

cornerstone of LDL-C-lowering therapy. More importantly, in addition to lowering 
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surrogate levels of LDL-C, the use of statins in the primary 

and secondary prevention of CVD have been linked to 

significant reductions in cardiovascular (CV) outcomes and 

all-cause mortality.4–6 These reductions are believed to stem 

from the pleiotropic effects of statins in addition to their 

LDL-C-lowering ability.7

Although targeting LDL-C in the prevention of CVD has 

been shown to be effective, evidence exists to indicate that 

significant CV risk remains in patients receiving statin-based 

therapy – a risk that may be correlated with subsequently 

low levels of high-density lipoprotein cholesterol (HDL-C). 

In a post hoc analysis of the Treating to New Targets study 

in which randomized patients received atorvastatin 10 mg 

daily or atorvastatin 80 mg daily, the frequency of major CV 

events increased with decreasing levels of HDL-C in both 

treatment arms.8 This relationship was seen even among 

patients obtaining LDL-C levels less than 70 mg/dL. This 

inverse relationship between HDL-C and the risk of CVD 

has long been established through several epidemiological 

studies.9–12 The landmark Framingham Study concluded that 

HDL-C was the most significant lipid risk factor for CHD.9 

One evaluation of four epidemiologic studies put forward that 

for each 1 mg/dL increase in HDL-C, there was a decrease 

in CHD of 1.9%–2.9%.13 As a result of this epidemiological 

 evidence, targeting HDL-C to further reduce CV risk pro-

vides an appealing alternative to LDL-C-lowering therapy.

Cholesteryl ester transfer  
protein inhibitors
Among the various tactics under investigation to increase 

HDL-C, inhibition of cholesteryl ester transfer protein (CETP) 

appears the most adept to raise such levels.14,15 Initially, torce-

trapib (CP-529414; Pfizer, La Jolla, CA), a CETP inhibitor, 

demonstrated promising results. In a Phase I trial conducted 

in healthy volunteers, torcetrapib at doses of 120 mg once 

daily and twice daily for 14 days increased HDL-C by 73% 

and 91%, respectively, and decreased LDL-C by 21% and 

42%, respectively, with no evident adverse effects.16 When 

torcetrapib 120 mg daily was administered with atorvastatin 

20 mg daily, an LDL-C reduction of 17% (P = 0.02) beyond 

that achieved with atorvastatin alone and an HDL-C increase 

of 61% (P , 0.001) occurred after 4 weeks.17 Eventually, 

early trials brought torcetrapib under scrutiny when results 

demonstrated an elevation in systolic blood pressure (SBP) 

and diastolic blood pressure (DBP) of 1.3 to 2.2 and 0.9 

to 1.1 mmHg at doses of 60 or 90 mg daily,  respectively. 

Consequently, future trials with torcetrapib were restricted 

to utilize a dose of 60 mg daily.18,19

In the fourth quarter of 2006, all the torcetrapib trials were 

suspended due to the results of the Investigation of Lipid 

Level Management to Understand Its Impact in Atheroscle-

rotic Events (ILLUMINATE) trial, which enrolled 15,067 

high-risk CV patients. The participants were randomized to 

receive either atorvastatin 10 to 80 mg daily and placebo or 

atorvastatin and torcetrapib 60 mg daily. Despite a 72.1% 

increase in HDL-C and a 24.9% decrease in LDL-C after 

12 months of therapy with the combination regimen, patients 

in the torcetrapib arm experienced a rise in mortality, includ-

ing increased risk of death from both CV and non-CV causes 

as well as a significant rise in major CV events of 25% (95% 

confidence interval [CI]: 1.09–1.44; P = 0.001).20 These 

results were confirmed by simultaneous trials: Investigation 

of Lipid Level Management Using Coronary Atherosclerosis 

by CETP Inhibition and HDL Elevation (ILLUSTRATE), 

Rating Atherosclerosis Disease Change with a New CETP 

Inhibitor (RADIANCE)-1 and RADIANCE-2.21–23

Later studies established that the adverse effects of 

torcetrapib were produced from molecule-specific off-target 

effects and not to the mechanism of CETP inhibition.24–26 

Regardless of the 60-mg dose cap per day in ILLUMINATE, 

ILLUSTRATE, RADIANCE-1, and RADIANCE-2, the 

mean SBP elevations were 5.4, 4.6, 2.8, and 5.4 mmHg, 

respectively.20–23 Further analyses of ILLUSTRATE, 

 RADIANCE-1, and RADIANCE-2 pointed to a mineralcor-

ticoid effect accompanied by an elevation in serum sodium 

and decreased serum potassium in patients who received 

torcetrapib. Forrest et al demonstrated that torcetrapib 

increased blood pressure through a CETP-independent 

pathway in mice (both with and without a CETP transgene), 

rats, dogs, and rhesus monkeys.26 These untoward outcomes 

have not been detected with the other two CETP inhibitors, 

anacetrapib (MK-0859; Merck, Whitehouse Station, NJ) or 

dalcetrapib (JTT-705; Roche, Nutley, NJ), both of which 

entered Phase III trials.27

Dalcetrapib was halted in May 2012 due to lack of 

efficacy in the Phase III dAL-OUTCOMES trial, a study in 

stable CHD patients with recent acute coronary syndrome.28 

In comparison to the other CETP inhibitors, anacetrapib 

and torcetrapib, dalcetrapib was a significantly less potent 

inhibitor of CETP.29 Evacetrapib (LY2484595; Eli Lilly, 

Indianapolis, IN), DRL-17822 (Dr Reddy’s Laboratories, 

Hyderabad, India), and JTT-302 (Japan Tobacco, Tokyo, 

Japan) are currently undergoing Phase II investigation, while 

AT-103 (AFFiRiS AG, Vienna, Austria), a vaccine against 

CETP, and TA-8995 (Mitsubishi Tanabe, Osaka, Japan) are in 

early stage development. Anacetrapib, the third of the CETP 
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inhibitors to commence Phase III trials, will be discussed in 

detail in this manuscript.

The role of CETP in cholesterol 
metabolism
Cholesterol is maintained by means of two homeostatic 

processes that lead cholesterol away from and back to the 

liver. Lipids secreted from hepatocytes in the form of very 

low-density lipoprotein cholesterol (VLDL-C), intermediate-

density lipoprotein cholesterol, and LDL-C particles are taken 

up by the peripheral tissues via the LDL receptor. Alterna-

tively, excess cholesterol in the periphery is removed and 

transported back to the liver by HDL-C via scavenger recep-

tors for recycling and excretion from the body. This mecha-

nism is most commonly termed reverse cholesterol transport 

(RCT) (Figure 1).30,31 The role HDL-C plays in the removal 

of cholesterol from the body by means of RCT is essential in 

maintaining cholesterol equilibrium and is believed to subse-

quently give HDL-C its atheroprotective properties. Further 

contributing to the beneficial effects of HDL-C mediated RCT 

are the anti-inflammatory, antioxidative, antiapoptotic, anti-

thrombotic, vasodilatory, and anti-infectious properties.32

Within the RCT pathway exists CETP, a hepatically 

derived hydrophobic glycoprotein secreted from the liver 

that binds to HDL-C. CETP mediates the equimolar transfer 

of cholesteryl ester (CE) from HDL to apolipoprotein (apo) 

B lipoproteins (chylomicra, VLDL-C, and LDL-C) and the 

equimolar transfer of triglycerides (TGs) from VLDL-C 

and LDL-C to HDL-C.33 The involvement of CETP in the 

RCT pathway is believed to result in both antiatherogenic 

and atherogenic activity. CETP-mediated transfer of CE 

accounts for the return of cholesterol from the peripheral 

cells to the liver via LDL receptors. Cholesterol can then be 

secreted into bile and eliminated from the body, leading to 

potentially antiatherogenic results. Conversely, when LDL 

receptors are unable to function adequately, CETP leads to the 

accumulation of LDL-C in the plasma.34 The exchange of CE 

from HDL-C to apo B lipoproteins may also prevent efflux 

of cholesterol from peripheral cells and diminish circulating 

levels of HDL-C, which can reduce return of cholesterol from 

the arterial walls back to the liver.35 In addition, CETP activity 

causes HDL-C and LDL-C to become TG-heavy, giving way 

to small-dense HDL-C and LDL-C. The small-dense LDL-C 

has an increased susceptibility to oxidative modification by 
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Figure 1 The function of CETP in RCT. 
Notes: CETP mediates the equimolar transfer of CE and TG between atherogenic VLDL, LDL, and anti-atherogenic HDL. The majority of CE originates in HDL-C via a 
reaction carried out by LCAT, whereas the bulk of TG stems from the liver and intestine as VLDL or chylomicrons, respectively. LPL and HL hydrolyze a portion of TG from 
VLDL, which converts VLDL to LDL. Cells within the liver and peripheral tissue that express the LDL receptor take up excess LDL. in addition, macrophages also take up LDL 
and are converted to foam cells. Esterified and free (unesterified) cholesterol (FC) is then taken up by HDL via the SR-B1 (Pathway 1) and by LDL via the LDL-R (pathway 2). 
Reprinted from the Journal of the American College of Cardiology. Barter PJ, Kastelein JJ. Targeting cholesteryl ester transfer protein for the prevention and management of 
cardiovascular disease. J Am Coll Cardiol. 2006;47(3):492–499. Copyright© 2006, with permission from Elsevier.31

Abbreviations: CE, cholesteryl ester; CETP, cholesteryl ester transfer protein; FC, free cholesterol; HDL, high-density lipoprotein; HDL-C, high-density lipoprotein 
cholesterol; HL, hepatic lipase; LCAT, lecithin cholesterol acyltransferase; LDL, low-density lipoprotein; LDL-R, low-density lipoprotein receptor; LPL, lipoprotein lipase; 
RCT, reverse cholesterol transport; SR-B1, scavenger receptor-B1; TG, triglyceride; VLDL, very low-density lipoprotein.
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TG lipase, which promotes uptake within the arterial wall 

by macrophage scavenger receptors.36 Predominance of this 

smaller less buoyant LDL-C has been associated with up to 

a threefold increased risk of developing CAD.37 Considering 

the potentially atherogenic effects of CETP, inhibition of this 

protein and the ability to increase antiatherogenic HDL-C 

has generated great interest in the prevention and treatment 

of CAD and atherosclerosis.

The correlation between CETP deficiencies and CV risk 

remains unclear at this point. Initial studies indicated that 

deficiencies in CETP were associated with an increased 

risk of CAD.38,39 However, the Women’s Genome Health 

Study revealed opposing results, suggesting cardioprotective 

benefits of CETP inactivity through an HDL-C-mediated 

pathway.40 Finally, results of the Honolulu Heart Study 

revealed that men with CETP mutations had the lowest 

risk of CHD; however, these results were not statistically 

significant.41 Therefore, the outcomes of these trials and 

the potential CV benefit of CETP modulation merit further 

research in this field.

Anacetrapib is a once daily, orally administered, CETP 

inhibitor that is currently undergoing Phase III clinical 

 trials. Similar to torcetrapib, anacetrapib exhibits its effect 

by  forming a reversible bond between CETP and HDL-C. 

Formation of this bond results in the inhibition of CETP-

mediated CE and TG transfer between HDL-C and apo B 

lipoproteins, consequently increasing circulating antiathero-

genic HDL-C.27 In comparison to the other CETP inhibitors, 

torcetrapib and dalcetrapib, anacetrapib shares a similar 

potency with torcetrapib and is a significantly more potent 

inhibitor of CETP than dalcetrapib.29

Pharmacokinetics, drug interactions, 
and pharmacodynamics
The pharmacokinetics of anacetrapib have been evalu-

ated in healthy humans, dyslipidemic subjects, and ani-

mal models.25,42–45 Following a 1-hour delay, anacetrapib 

is promptly absorbed with peak concentrations arising 

approximately 4 hours after administration.25,43–45 Although 

anacetrapib is highly plasma protein-bound, the binding is 

reversible. After a 150-mg dose was administered in dyslipi-

demic patients, the mean maximum concentration (C
max

) of 

anacetrapib in plasma was 1861 nM on day 1 and 1960 nM 

on day 28, depicting a similar concentration after once-daily 

multiple dosing compared to a single dose upon initiation.25 

While the pharmacokinetic profile of anacetrapib is not 

affected by age, sex, or obesity,43 food significantly enhances 

the absorption. A low-fat meal increased area under the curve 

(AUC)
0–∞ up to two times and C

max
 up to three times, while a 

high-fat meal increased AUC
0–∞ up to six times and C

max
 up 

to nine times versus the fasted state.43 Therefore, anacetrapib 

is recommended to be administered with meals.25,43,44 Steady 

state is reached after 7 days.25,44 The three minor radioactive 

metabolites formed through cytochrome P450 (CYP)3A4-

catalyzed oxidation are excreted by the biliary–fecal route.45 

Anacetrapib has a biphasic elimination profile. It has a 

long terminal half-life and it exhibits an effective half-life 

of approximately 18 hours.25,44 A study by Dansky et al 

concluded that even after cessation of anacetrapib 8 weeks 

prior, the continued presence of drug levels coupled with 

persistent decreases in LDL-C and residual elevations in 

HDL-C suggested that anacetrapib has a terminal half-life 

of approximately 3 to 4 weeks.46

When Krishna et al assessed the CYP3A drug interaction 

potential of anacetrapib in healthy volunteers, the medication 

did not influence the activity of this enzyme.47 The study did 

provide evidence that anacetrapib is a moderately sensitive 

substrate of CYP3A as the plasma samples revealed that 

anacetrapib activity was elevated by ketoconazole, a potent 

CYP3A4 inhibitor. Additionally, the pharmacokinetics of 

drugs that are substrates for CYP pathways are not modi-

fied by anacetrapib. When midazolam was used as a probe-

sensitive CYP3A substrate, anacetrapib treatment did not 

affect the activity of this enzyme, as depicted by a lack of 

variance in the plasma midazolam concentration. Similarly, 

a study evaluating the pharmacokinetic effects of simvas-

tatin, also a sensitive CYP3A substrate, administered as 

monotherapy or in combination with anacetrapib, revealed 

no difference.48 Subsequent to these trials, studies have 

been performed with digoxin and warfarin.49,50 Digoxin is 

a substrate of the P-gylcoprotein (Pgp)-mediated transport 

pathway. Metabolism of digoxin does not rely on nor does 

it affect CYP metabolism. Multiple dose administration of 

anacetrapib 100 mg did not affect single-dose pharmacoki-

netics of digoxin or warfarin in healthy treatment groups. 

Therefore, no dosage adjustment is required for warfarin or 

digoxin when used concomitantly with anacetrapib.

Pharmacodynamic studies to analyze the serum CETP 

inhibitory potential of anacetrapib have been completed.43,44 

A study by Krishna et al revealed that while anacetrapib 

exerted a serum CETP maximum inhibition of nearly 90% 

at 4 hours on the first day, the inhibitory potential decreased 

5% to 10% at the same time point after 14 days. On day 1, 

the trough inhibitory potential was approximately 80%, 

and after 14 days of repeated doses, the inhibitory poten-

tial was diminished about 20%.44 An elucidation of this 
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occurrence may be due to the threefold increase in CETP 

concentration observed throughout the study. Although a 

precise explanation as to the CETP mass increase is not 

confirmed, Clark et al credited this increase to the strong 

adherence of CETP for HDL-C with development of a non-

productive complex.51 Clark et al further noted that the CETP 

mass increase should not interfere with HDL-C elevation 

as the emergence of CETP concentration is not significant 

compared to the amount of HDL particles. This theory was 

validated when anacetrapib was dosed for 4 weeks and no 

associated loss of efficacy was found.25

Clinical trials
The effects of anacetrapib on surrogate markers of CVD 

when administered alone or in combination with atorvastatin 

have been examined by Bloomfield et al.52 The study enrolled 

589 adult patients with primary hypercholesterolemia or 

mixed hyperlipidemia who had LDL-C between 100 to 

190 mg/dL, 100 to 160 mg/dL if categorized as moderate-

risk patients, or 100 to 130 mg/dL if diabetic. The majority 

(53.8%) of patients had low HDL-C (mean, 50.5 mg/dL) 

and a median LDL-C of 141.1 mg/dL at baseline. Patients 

were randomized to one of ten groups: placebo,  atorvastatin 

20 mg alone, anacetrapib 10, 40, 150, or 300 mg once daily 

as monotherapy, or atorvastatin 20 mg in combination with 

anacetrapib at the aforementioned dosage strengths for 

8 weeks. Each of the groups included an equal number of 

patients with TG greater than 150 mg/dL.

The efficacy endpoints in the study were the percent 

change from baseline within the different treatment groups 

in LDL-C (primary), HDL-C, non-HDL-C, total cholesterol, 

TG, and apo B, apo A-I, and apo E (secondary). Both HDL-C 

and LDL-C were statistically significantly increased and 

decreased, respectively, when anacetrapib was administered 

alone or in combination with atorvastatin (Figures 2 and 3). 

Additionally, although similar to the percentage change with 

anacetrapib monotherapy, there was a statistically significant 

increase in HDL-C with combination treatment versus 

atorvastatin monotherapy (Figure 3). There was no further 

benefit in terms of lipid alteration when the anacetrapib 

dose was increased from 150 to 300 mg (Figures 2 and 3). 

Total cholesterol and TG were not affected by anacetrapib 

monotherapy or with concomitant administration with 

atorvastatin. Apo E and apo A-I were increased and 

lipoprotein (a) levels were decreased with elevating doses of 

anacetrapib. The C-reactive protein reduction of 30.9% with 

atorvastatin monotherapy was attenuated with combination 

treatment. All of the treatment arms tolerated anacetrapib 
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2009;157:352–360. Copyright© 2009, with permission from Elsevier.52

Abbreviation: LDL-C, low-density lipoprotein cholesterol.

monotherapy and combination therapy well, as the incidence 

of adverse effects were similar between the groups. There 

were no deaths or serious adverse effects. The most common 

complaint included constipation, diarrhea, dyspepsia, and 

myalgia. Most notably, there was no effect on either SBP 

or DBP (Figure 4). Although this study revealed significant 

positive alterations in the lipid profile with anacetrapib alone 

or when coadministered with atorvastatin, further studies are 

required to demonstrate how these surrogate markers will 

translate into positive CV outcomes.

Krauss et al examined the effects of anacetrapib on 

plasma lipids, lipoprotein subfraction concentrations, and 

lipoprotein composition in 30 healthy individuals follow-

ing 14 days of therapy. Patients were randomized to receive 

anacetrapib 150 mg daily, 20 mg daily, or placebo. In patients 

receiving 150 mg of anacetrapib, LDL-C was reduced by 

26% and HDL-C was increased by 82%. Additionally, there 

was a 29% decrease in apo B, a 21% increase in apo A-I, 

and a 43% decrease in lipoprotein (a). Regarding particle 
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protein analysis, anacetrapib 150 mg once daily significantly 

reduced baseline mean particle concentrations of medium 

VLDL (22%), small VLDL (31%), large intermediate density 

lipoproteins (35%), medium LDL2a (35%), LDL2b (39%), 

and small LDL3a (28%) when compared to placebo. In 

addition, there was a significant increase in particle con-

centration of very small LDL4b (75%). Lastly, anacetrapib 

150 mg significantly increased large HDL2b by 373%, yet 

yielded no significant change in smaller HDL2a + 3 particle 

concentrations.53

A model-based approach was used to identify a suitable 

dose for future trials.54 Considering the various variables 

examined (ie, formulation, diet, and study population), 

a dose of 100 mg for anacetrapib was selected for future 

study in Phase III trials that was not previously analyzed in 

the Bloomfield et al Phase IIb trial. The lipid-altering effects 

demonstrated in a Phase III trial, which was published dur-

ing the review of the model-based approach, validated the 

predictions made.55

DEFiNE trial
Unlike the trial by Bloomfield et al, patients in The Deter-

mining the Efficacy and Tolerability of CETP Inhibition 

with Anacetrapib (DEFINE) study were included if they 

had pre-existing CHD or were at high risk of CHD.55,56 This 

international, double-blind, Phase III, placebo-controlled 

trial evaluated the lipid level effects, tolerability, and safety 

profile of anacetrapib. Of the 2757 patients who were ini-

tially screened, 1623 patients were randomized to receive 

anacetrapib 100 mg or placebo daily in combination with 

statin therapy with or without other antilipemic agents. 

Each of the groups included patients aged 18 to 80 years 

who had LDL-C between 50 to 100 mg/dL, HDL-C less 

than 60 mg/dL, and TG not more than 400 mg/dL. The 

majority of patients had CHD, while 45.3% had risk fac-

tors for CHD. Only 0.7% of the patients were not on statin 

treatment.

The efficacy endpoints in the study were the percent 

change from baseline within the two treatment groups in 

LDL-C at 24 weeks and the safety and tolerability profile of 

anacetrapib during the 76 weeks. As in the Bloomfield et al 

trial, LDL-C was chosen as a primary endpoint because it is a 

CV risk factor that anacetrapib impacts. The change in LDL-C 

up to week 76 and change in HDL-C, non-HDL-C, apo B, and 

apo A-I after 24 weeks and 76 weeks of therapy were second-

ary efficacy endpoints. In addition to the safety endpoints of 

CV death, nonfatal myocardial infarction, stroke, and hospi-

talization due to unstable angina, other variables evaluated 

included blood pressure and electrolyte levels. The DEFINE 
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monotherapy and coadministered with atorvastatin in dyslipidemic patients. Am Heart J. 
2009;157:352–360. Copyright© 2009, with permission from Elsevier.52
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Figure 4 Changes in systolic and diastolic blood pressure at week 8 with anacetrapib 
monotherapy versus placebo. 
Note: Reprinted from the American Heart Journal. Bloomfield D, Carlson GL, Sapre A, 
et al. Efficacy and safety of the cholesteryl ester transfer protein inhibitor anacetrapib 
as monotherapy and coadministered with atorvastatin in dyslipidemic patients. Am 
Heart J. 2009;157:352–360. Copyright© 2009, with permission from Elsevier.52

Abbreviations: LS, least squares; SE, standard error.
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trial analyzed the CV endpoints via a Bayesian approach to 

exclude the 25% CV events that occurred with torcetrapib. 

After 24 weeks of treatment, DEFINE established both a 

statistically significant decrease in LDL-C and increase in 

HDL-C over placebo (Figure 5). These effects extended to 

week 76. Although secondary efficacy outcomes were also 

positively affected versus placebo, confirmation of a lack 

of benefit with C-reactive protein levels was established. 

Furthermore, the Bayesian analysis confirmed a 94% prob-

ability that anacetrapib would not produce a 25% increase in 

CV adverse outcomes previously detected with torcetrapib 

(Table 1). Although not all the surrogate markers originally 

used to test the off-target effects of torcetrapib have been 

analyzed with anacetrapib, the positive CV results of the 

DEFINE trial have assisted in reinvestigating the hypothesis 

that CETP inhibition is cardioprotective. Ideally, a large-

scale, randomized, placebo-controlled trial representing 

a variety of ethnic groups while evaluating the effects of 

long-term reduction of LDL-C to very low levels should 

be conducted in order to offer definitive outcomes as to the 

safety and efficacy of anacetrapib.

REVEAL trial
Anacetrapib is currently under investigation in the Random-

ized Evaluation of the Effects of Anacetrapib through Lipid 

Modification (REVEAL), a large-scale, randomized, placebo-

controlled trial of the clinical effects of anacetrapib among 

people with established vascular disease.57 This double-blind 

Phase III trial of anacetrapib 100 mg daily will test the 

hypothesis if anacetrapib will reduce the incidence of major 

coronary events (ie, coronary death, myocardial infarction, 

or coronary revascularization procedure) in patients with a 
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Figure 5 Changes in cholesterol levels during the study period. 
Notes: LDL-C and HDL-C levels in the anacetrapib and placebo groups from baseline to week 76. Horizontal bars indicate standard error. To convert the values for 
LDL-C and HDL-C to mmol/L, multiply by 0.02586. Reprinted from Cannon CP, Shah S, Dansky HM, et al. Determining the Efficacy and Tolerability Investigators. Safety of 
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Abbreviations: HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Table 1 Cardiovascular Events during the Treatment Phase of 
the Study*

Event Anacetrapib 
(N = 808)

Placebo 
(N = 804)

Number (percent)
Prespecified, adjudicated cardiovascular 16 (2.0) 21 (2.6)
safety end point
 Death from cardiovascular causes 4 (0.5) 1 (0.1)
 Nonfatal myocardial infarction 6 (0.7) 9 (1.1)
 Hospitalization for unstable angina 1 (0.1) 6 (0.7)
 Nonfatal stroke 5 (0.6) 5 (0.6)
Death from any cause 11 (1.4) 8 (1.0)
Heart failure 3 (0.4) 4 (0.5)
Revascularization 8 (1.0) 28 (3.5)
 PCi 6 (0.7) 25 (3.1)
 CABG 2 (0.2) 3 (0.4)

Notes: *The duration of the treatment phase of the study was 76 weeks. Reprinted 
from Cannon CP, Shah S, Dansky HM, et al. Determining the Efficacy and Tolerability 
investigators. Safety of anacetrapib in patients with or at high risk for coronary heart 
disease. N Engl J Med. 2010;363(25):2406–2415. Copyright© 2010, Massachusetts 
Medical Society. Reprinted with permission from Massachusetts Medical Society.56

Abbreviations: CABG, coronary-artery bypass grafting; PCi, percutaneous coronary 
intervention.

history of CVD who are taking statin therapy for lowering 

LDL-C.

The REVEAL trial is currently enrolling patients 50 years 

or older who meet at least one of the following inclusion 

criteria: history of myocardial infarction, cerebrovascular ath-

erosclerotic disease, or peripheral arterial disease; or diabetes 

mellitus with other evidence of symptomatic CHD (ie, treat-

ment or hospitalization for angina or a history of coronary 

revascularization or acute coronary syndrome). This interna-

tional multicenter trial is expected to enroll 30,000 patients 

and is estimated to be completed by 2017.57

Alternative agents to raise HDL-C
There are three agents in the quiver of currently available 

pharmacological agents to promote raising HDL-C: nicotinic 

acid (niacin), fibric acid derivatives (fibrates), and statins. Of 

these agents, niacin has a more pronounced effect on HDL-

C, raising HDL-C by 15% to 35%. In addition to its effects 

on HDL-C, niacin has also been shown to decrease LDL-C 

by 5% to 25% and decrease TGs by 20% to 50%.2 Niacin 

is believed to increase circulating HDL-C by inhibiting the 

uptake and catabolism of HDL–apo A within the liver without 

altering HDL–apo A synthesis. By reducing the catabolic 

rate, niacin prolongs the half-life of HDL-C, allowing for 

greater accumulation of cholesterol and larger, more anti-

atherogenic, HDL-C molecules.58,59 Additionally, niacin has 

also been shown to indirectly increase HDL-C by decreasing 

the activity of CETP.60

Niacin is available in three oral formulations: immediate 

release, extended release, and sustained release. Traditional 

immediate-release niacin is dosed two to three times daily, 

whereas the newer extended-release formulations can be 

administered once daily. The most common adverse effects 

associated with niacin, which may affect tolerability and 

adherence, include diarrhea, nausea, vomiting, increased 

cough, pruritus, and most notably flushing of the face and 

upper body. Niacin-induced flushing is believed to result 

from rapid elevations in serum nicotinic acid. In an effort to 

prevent these rapid elevations, extended release formulations 

of niacin have been created. The incidence and severity of 

flushing may be reduced by administering aspirin 30 minutes 

prior to niacin. Additionally, the dosage of niacin should be 

slowly titrated to minimize this unwanted adverse effect. It 

should be noted that tolerance to the incidence and severity of 

niacin develops over several weeks following initiation.61,62

Despite niacin’s ability to substantially increase HDL-

C, evidence to support the efficacy of niacin to reduce CV 

outcomes is inconsistent. A 2010 meta-analysis of niacin 

alone or in combination with other lipid-lowering agents 

concluded that the use of niacin significantly reduced major 

coronary events, stroke, and any CV events.63 Several of 

the studies included in the analysis took place before statin 

therapy became the standard of care. In contrast to this meta-

analysis, the Atherothrombosis Intervention in Metabolic 

Syndrome with Low HDL Cholesterol/High Triglyceride and 

Impact on Global Health Outcomes (AIM-HIGH) trial, which 

evaluated the effects of extended release niacin in addition to 

intensive statin therapy in the prevention of CV events, was 

terminated early due to a lack of efficacy.64 Results of AIM-

HIGH have called into question the benefits of increasing 

HDL-C with niacin in addition to intensive statin therapy.

Although fibrates (fenofibrate, fenofibric acid, gem-

fibrozil) exert a more profound effect on TGs (20% to 

50% reduction), these agents have been shown to increase 

HDL-C levels by 10% to 35% and also lower LDL-C 

by 5% to 20%.2 The exact mechanism by which fibrates 

exert their lipid- modifying capabilities has not been fully 

determined; however, it is understood that these agents 

activate peroxisome proliferator-activated receptor-α 

(PPAR-α).  Fibrate-mediated activation of PPAR-α results 

in both upregulation and downregulation of several genes 

that partake in lipid metabolism and transport within the 

liver and adipose tissue.65 In addition to the aforementioned 

atherosclerotic benefits of fibrates, these agents are believed 

to possess several pleiotropic effects. Fibrates, in particular, 

have been shown to modulate pro-inflammatory cytokines 
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as well as fibrinogen, plasminogen activator inhibitor-1, and 

C-reactive protein – each linked to atherosclerosis.66

Within the US, there are two Food and Drug Administration 

(FDA) approved fibrates: gemfibrozil and fenofibrate. FDA-

approved derivates of fenofibrate have also been  developed. 

These include micronized fenofibrate and fenofibric acid. 

Owing to its preference among patients and physicians, 

fenofibrate is administered once daily, whereas gemfibrozil is 

given twice daily with meals. Although fibrates are generally 

well tolerated, the most commonly reported side effects are 

gastrointestinal upset, dyspepsia, abdominal pain, cramping, 

muscle aches, and rash. A major disadvantage of gemfibrozil 

is the increased risk of rhabdomyolysis when administered 

with statins. Glucuronidation, a pathway for renal excretion of 

lipophilic statins, is significantly inhibited by gemfibrozil but 

not fenofibrate.67 Therefore, fenofibrate is preferred in those 

who require combined therapy with a statin and fibrate.68–70

Similarly to niacin, the effect of raising HDL-C with fibrates 

has not consistently resulted in positive CV  outcomes. In the 

Veterans Affairs HDL Intervention Trial study, the use of gem-

fibrozil to raise HDL-C and lower TG levels in patients with 

a history of CHD and an LDL-C level of less than 140 mg/dL 

decreased the rate of nonfatal myocardial infarction and death 

from CHD by 22%.71  Further analysis of this study revealed 

that the concentrations of HDL-C achieved in the gemfibrozil 

treatment group were strongly correlated with significant reduc-

tions in coronary events.72 However, there are rather disheart-

ening results from the Action to Control Cardiovascular Risk 

in Diabetes (ACCORD) lipid study. In this landmark trial, the 

addition of fenofibrate to open-label simvastatin therapy in high-

risk diabetic patients failed to reduce the rate of CV events.73 

 Disappointing results of the AIM-HIGH and ACCORD studies 

have clouded the previously clear correlation between raising 

HDL-C and preventing CV endpoints.

Of the agents noted to have an impact on serum HDL-

C, statins have been shown to have the smallest effect, 

raising HDL-C by 5% to 15%.2 Within the statin realm, 

rosuvastatin and atorvastatin have the greatest potential 

for raising  HDL-C.74 Statins display their effect on choles-

terol by competitively inhibiting HMG-CoA reductase, the 

rate limiting step in cholesterol synthesis. Reductions in 

hepatocyte cholesterol concentrations result in increased 

expression of LDL receptors, which promote the removal 

of circulating LDL-C and LDL precursors. In addition, 

statins may lower LDL-C independent of LDL receptors by 

inhibiting the synthesis and secretion of apo B lipoproteins 

and TG-rich lipoproteins from the liver.75 Although statins 

do in fact raise HDL-C, the CV benefit seen with this class 

is believed to be attributed to reductions in LDL-C as well 

as their aforementioned pleiotropic effects.

There are currently seven available statins approved 

for use within the US: atorvastatin, fluvastatin, lovastatin, 

pitavastatin, pravastatin, rosuvastatin, and simvastatin, each 

of which are administered once daily. Because the majority 

of cholesterol synthesis occurs at night, it is recommended 

that agents with shorter half-lives, such as simvastatin, be 

administered in the evening or at bedtime. Statins are well 

tolerated in most patients, and their adverse effects can be 

seen with each agent throughout the class. The most common 

adverse effects of statins include myalgia, myopathy, gastro-

intestinal discomfort, and elevations in liver  transaminases. 

One of the more serious side effects seen with statins is 

rhabdomyolysis. Therefore, it is of utmost importance that 

patients newly initiated on statins be monitored for myopathy. 

Once identified, patients experiencing myopathy should have 

their statin dose decreased or if not possible, the medication 

should be discontinued. Additionally, concomitant adminis-

tration of CYP3A4 inhibitors increase the risk of myopathy 

and rhabdomyolysis; thus, these patients should be monitored 

more scrupulously.75

Conclusion
The function of CETP is vital to lipid metabolism, and inhibi-

tion of this glycoprotein signifies a potential strategy to man-

age dyslipidemia. Compared to the current FDA-approved 

agents, anacetrapib increases HDL-C levels above that 

observed with niacin or fibrates. The safety and tolerability 

of anacetrapib was confirmed in multiple  studies includ-

ing DEFINE, and the off-target adverse effects previously 

reported with torcetrapib were not replicated with  anacetrapib. 

While the place in therapy of niacin and fibrates is currently 

in question, the ongoing outcomes of the REVEAL study will 

not only test the hypothesis if CETP inhibition lowers residual 

CV risk but also provide insight as to which patient subgroups 

might benefit the most from anacetrapib despite aggressive 

therapy with statins. Pending the results of the REVEAL trial, 

anacetrapib may potentially be the first FDA-approved agent 

in this class to treat patients with dyslipidemia and those with 

proven atherosclerotic CVD.
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