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 Elevated plasma levels of LDL cholesterol (LDL-C)and 
reduced levels of HDL cholesterol (HDL-C) are major risk 
factors for the development of coronary heart disease 
(CHD). A high residual risk of cardiovascular events per-
sists despite intensive LDL-C lowering with statins, espe-
cially among subjects with CHD ( 1 ) or diabetes ( 2 ). The 
identifi cation of novel agents that increase HDL-C may 
offer a promising therapeutic strategy for further reduc-
ing cardiovascular risk. 

 Cholesteryl ester transfer protein (CETP) is a hydro-
phobic plasma protein that promotes the bi-directional 
transfer of cholesteryl esters (CE) and triglycerides (TG) 
between HDL particles and atherogenic apo B-containing 
lipoproteins, predominantly TG-rich VLDL, intermediate 
density lipoprotein (IDL), and LDL particles ( 3–5 ). En-
hanced CETP activity may be proatherogenic and inhibi-
tion of CETP activity could be atheroprotective. However, 
torcetrapib, the fi rst CETP inhibitor tested in a clinical 
outcomes trial known as ILLUMINATE, was shown to 
increase cardiovascular events and overall mortality ( 6 ). 
Torcetrapib also produced off-target, compound-specifi c 
effects on blood pressure and secretion of adrenal hor-
mones, which may have accounted for the adverse effects 
observed in the ILLUMINATE trial ( 6–8 ). 

 Anacetrapib (ANA; MK-0859) is an orally active, potent, 
and selective CETP inhibitor currently in Phase III develop-
ment. Early studies conducted in healthy and dyslipidemic 
volunteers demonstrated that single and multiple doses of 
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ria at the screening visit: LDL-C values  � 100 and  � 200 mg/dl; 
HDL-C values  � 35 and  � 70 mg/dl; and TG  � 300 mg/dl. Thirty 
participants received treatment and completed the study. One 
man and one woman in the ANA 150-mg treatment group were 
discontinued by the primary investigator after randomization, 
but prior to any dose administration, due to inadequate venous 
access. These individuals were immediately replaced with two 
others (both men) who met all of the predefi ned study entry 
criteria. 

 Analytical methods 
 Plasma lipids, lipoproteins, apo B, apo AI, and apo(a).   TG 

and cholesterol were measured by enzymatic end-point assays uti-
lizing reagent kits (Ciba-Corning Diagnostics Corp., Oberlin, 
Ohio) and a Ciba-Corning Express 550 automated analyzer. 
HDL-C was measured after precipitation of apo B- and apo 
E-containing lipoproteins with dextran sulfate ( 12 ) and LDL-C 
was calculated by the formula of Friedewald et al. ( 13 ). All mea-
surements were standardized through the Center for Disease 
Control-National Heart, Lung, and Blood Institute (CDC-
NHLBI) Lipid Standardization Program. 

 Particle concentrations of VLDL, IDL, LDL, and HDL subfrac-
tions were analyzed in specifi c particle-size intervals using IM, 
which uniquely allows for direct particle quantifi cation as a func-
tion of particle diameter following a procedure to remove other 
plasma proteins ( 14 ). The IM instrument utilizes an electrospray 
to create an aerosol of particles, which then pass through a dif-
ferential mobility analyzer coupled to a particle counter. Particle 
concentrations (nmol/L) were determined for subfractions de-
fi ned by the following size intervals (nm): VLDL: large (42.40–
54.70), medium (33.50–42.39), small (29.60–33.49); IDL: large 
(25.00–29.59), small (23.33–24.99); LDL: large LDL1 (22.46–
23.32), medium LDL2a (22.20–22.45) and LDL2b (21.41–22.19), 
small LDL3a (20.82–21.40) and LDL3b (20.49–20.81), very small 
LDL4a (19.90–20.48) and LDL4b (19.00–19.89); HDL: large 
HDL2b (10.50–14.50); smaller HDL2a+3 (7.65–10.49). Interas-
say variation was reduced by inclusion of two in-house controls in 
each preparatory process and duplicate analysis. CV <15% for 
each subfraction measurements was maintained throughout. 

 Plasma apoB, apoAI, and apo(a) were measured by sandwich-
style ELISA. Both the apoAI and apoB primary antibodies were 
from Biodesign International (Saco, ME). Goat antiserum to hu-
man apoliprotein (a) (International Immunology Corporation, 
Murrieta, CA) was purifi ed by caprylic acid precipitation and 
conjugated to horse radish peroxidase. All controls were vali-
dated by Northwest Lipid Laboratory, Seattle, WA, and all immu-
noassays were performed in triplicate with an inter-assay variation 
of <10%. 

 Ultracentrifugal isolation and compositional analysis of lipo-
proteins and lipoprotein subfractions.   Ultracentrifugational iso-
lation of VLDL, IDL, and seven LDL subfractions was performed 
as described in the supplementary Materials. The mean densities 
of the LDL subfractions were (all g/ml): LDL subfraction (LF) 
1: 1.0233; LF2: 1.0274; LF3: 1.0323; LF4: 1.0359; LF5: 1.0401; 
LF6: 1.0465; and LF7: 1.0556. Based on density and size criteria 
for the major LDL particle subclasses ( 15 ), LF1 contains large 
LDL1, LF2 and LF3 contain medium sized LDL 2, LF4 and LF5 
contain small LDL3, and LF6 and LF7 contain very small LDL 4. 

 HDL and six HDL subfractions (HF) were prepared by ultra-
centrifugation from 4 ml of plasma as described in supplemen-
tary Materials. The mean densities of the subfractions were (all 
g/ml): HF1: 1.0990; HF2: 1.1074; HF3: 1.1145; HF4: 1.248; HF5: 
1.1391; and HF6: 1.1576. Based on recently defi ned density and 
size criteria for the major HDL subclasses ( 16 ), HF1 contains very 
large HDL (also designated HDL2b); HF2 contains large HDL 

ANA resulted in dose-dependent decreases in LDL-C (up 
to  � 40%) and apoB (up to  � 30%), and increases in 
HDL-C (up to  � 139%) and apoAI (up to  � 47%) ( 9, 10 ). 
Effects on LDL-C and HDL-C also were observed when 
ANA was coadministered with statins for up to 1.5 years of 
treatment ( 11 ). To date, studies indicate that ANA has 
been well tolerated and has had no effects on blood pres-
sure, serum electrolytes, and aldosterone levels ( 9, 11 ). 

 The present report describes the effects of ANA 20 mg/
day and 150 mg/day versus placebo on concentrations 
and composition of lipoprotein subfractions in healthy in-
dividuals. A novel gas-phase differential electrophoretic 
macromolecular mobility-based method (ion mobility 
[IM]) was used for direct quantifi cation of lipoprotein 
particles as a function of their size. This methodology en-
ables the measurement of lipoprotein concentrations and 
their distributions across the entire spectrum from smaller, 
more dense HDL particles to larger, more buoyant VLDL. 
Lipoprotein composition was determined in IDL, LDL, 
and HDL subfractions separated by density gradient 
ultracentrifugation. 

 METHODS 

 Study design 
 This was a single-center, parallel-group, 3-arm, Phase I trial 

conducted in healthy subjects between April and July of 2007 
(Merck and Co., Inc. Protocol number 015). Eligible participants 
were randomized in equal proportions to receive one of the fol-
lowing three once-daily oral treatments for 14 consecutive days: 
ANA 20 mg (administered as 1 × 20-mg capsule; n = 10), 150 mg 
(administered as 1 × 150-mg capsule; n = 10), or placebo (admin-
istered as 1 × placebo capsule to match ANA; n = 10). Subjects 
received their randomly assigned treatment based on a comput-
er-generated allocation schedule. On Day 1, participants were 
fasted for predose lipid analysis followed by dose administration 
with a moderate-fat meal. On Days 2 through 13, study medica-
tion was self-administered with a meal. On Day 14, subjects re-
turned to the clinic to receive a standard moderate-fat meal and 
the fi nal dose of study medication after the collection of predose 
blood samples. Blood samples for lipid and lipoprotein analyses 
were collected predose on Day 1, and 24 h postdose on Day 14. 
The blood was collected in tubes containing dipotassium EDTA 
0.15% (fi nal concentration), sodium azide 0.01%, gentamycin 
sulfate 50 mg/ml, chloramphenicol 0.05 mg/ml, aprotinin 50 
KU/ml, and PPACK 1 mM. Plasma was prepared and shipped 
overnight at 4°C to the Lipoprotein Analysis Core Laboratory at 
Children’s Hospital Oakland Research Institute for the analyses 
described below. 

 Study participants 
 All study participants provided written informed consent be-

fore enrollment. The study was conducted in accordance with 
principles of Good Clinical Practice and was approved by the 
site’s institutional review board (Ohio Valley Institutional Review 
Board) and regulatory agencies. 

 Healthy men and women with a body mass index of  � 35 kg/m 2  
and between 18 and 45 years of age were eligible for enrollment. 
Individuals bearing a clinically signifi cant medical condition 
and those with a known history of alcohol and/or drug abuse or 
requiring use of comedications were excluded from the study. 
Participants were required to meet the following lipid entry crite-
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ary analyses were performed to examine the effects of ANA 20 mg 
versus placebo and ANA 150 mg–20 mg dose response. 

 For the analyses of lipoprotein fractions and subfractions, data 
normality was fi rst assessed using a Shapiro-Wilks test. For nor-
mally distributed values, an ANCOVA model was used with treat-
ment as a factor and baseline lipid level as a covariate. Body mass 
index and age were also assessed as covariates but not included in 
the fi nal model. Treatment differences in least squares mean 
change from baseline and corresponding two-sided 95% confi -
dence intervals (CIs) were determined for normally distributed 
data. For nonnormally distributed values, Hodges-Lehman esti-
mates of the differences in median change from baseline values 
and distribution-free CIs were determined. Descriptive statistics 
of baseline and Week 2 data were performed by treatment group 
using means, standard errors, medians, and interquartile ranges 
as appropriate. The method of Benjamini and Hochberg ( 17 ) for 
controlling the false discovery rate was employed to limit the pro-
portion of false positives to no more than 5%. Control of the false 
discovery rate was applied across each set of whole fraction and 
subfraction analyses (lipoprotein concentration, and composi-
tion) and across testing of the whole plasma parameters. For 
each secondary analysis (ANA 20 mg vs. placebo, and ANA 150 
mg–20 mg dose response), signifi cance testing with control for 
the false discovery rate was performed in a step down manner 
across those whole plasma parameters where signifi cant placebo-
adjusted differences with ANA 150 mg were observed. 

 RESULTS 

 Baseline demographics and effi cacy variables 
 Baseline demographic and clinical characteristics for all 

30 randomized participants who received treatment are 
shown in supplementary  Table I . All were judged by the 
study investigator to be in good general health based on 
routine medical history, physical examination, vital signs, 
and laboratory data. In total, 30 subjects received treatment 
and completed the study. The treatment groups were gen-
erally well balanced with respect to baseline demographics, 
although there were no women in either the ANA 150 and 
placebo groups and only two in the ANA 20 mg group. 

(also designated HDL2a); HF3 and HF4 contain medium-sized 
HDL (also designated HDL3a); HF5 contains small HDL (also 
designated HDL3b); and HF6 contains very small HDL (also des-
ignated HDL3c). 

 Free cholesterol (FC), CE, TG, phospholipids (PL), and total 
protein were analyzed in each ultracentrifugally isolated lipopro-
tein fraction as described in supplementary Materials. ApoAI, 
apoAII, apoCIII, and apoE were measured in triplicate by sand-
wich-style ELISA with CVs <10%. The apoAI antibody was the 
same as that described for the whole plasma assay above. The 
apoAII antiserum (International Immunology Corporation, Mur-
rieta, CA) was purifi ed by precipitation. The apoCIII primary an-
tibody was purchased from Academy Bio-Medical Co., Inc. 
(Houston, Texas) and the apoE primary antibody was purchased 
from Biodesign (Saco, ME). The conjugated detection antibody 
(International Immunology Corporation, Murrieta, CA) was pu-
rifi ed by precipitation. Control samples obtained from healthy 
individuals were validated by Northwest Lipid Laboratory, Seat-
tle, WA. 

 Safety assessments 
 Safety was assessed by clinical evaluation of adverse experi-

ences (AEs) and inspection of other study parameters at various 
scheduled time points throughout the study. Clinical evaluation 
included physical examination and measurement of vital signs, 
laboratory safety tests (i.e., blood chemistry, hematology, and 
urinalysis), 12-lead electrocardiograms, and AE assessments. 
For each AE, the intensity (mild, moderate, severe) and rela-
tionship to study drug (defi nitely not, possibly, probably, defi -
nitely related to study medication) were recorded by the study 
investigator. 

 Statistical analyses 
 The effi cacy analyses utilized a modifi ed intention-to-treat ap-

proach including all participants who had a baseline measure-
ment, had taken at least one dose of study medication, and had at 
least one on-treatment measurement. The primary analyses, de-
scribed herein, were post hoc analyses that examined the effects 
of ANA 150 mg versus placebo on whole plasma parameters and 
lipoprotein subfraction concentrations and composition. The 
primary endpoint for each analysis was change from baseline to 
Week 2. Percent change from baseline was also assessed for whole 
plasma lipid parameters and particle concentration data. Second-

 TABLE 1. Standard lipid and lipoprotein measurements in whole plasma for the ANA 150 mg and placebo 
groups 

Placebo ( N =10) ANA 150 mg ( N =10) Difference in LS mean 
percent change from 

baseline (95%CI)  a  Parameter(mg/dl) Mean baseline ± SE Week 2 ± SE Mean baseline ± SE Week 2 ± SE

TC 197 ± 8 185 ± 8 186 ± 8 188 ± 10 5 ( � 4, 14)
LDL-C 120 ± 7 112 ± 9 119 ± 8 83 ± 12  � 26 ( � 43,  � 9)  b  
HDL-C 52 ± 3 50 ± 3 42 ± 2 78 ± 5 82 (60, 105)  b,c  
TG  d  102 ± 93 115 ± 40 124 ± 48 130 ± 87 14 ( � 6, 39)
Apo B 84 ± 7 84 ± 7 79 ± 5 57 ± 3  � 29 ( � 42,  � 15)  b,c  
Apo AI 129 ± 7 120 ± 4 118 ± 6 143 ± 5 21 ( 8, 35 )  b  
Lp(a)  d  2 ± 5 2 ± 5 5 ± 6 4 ± 5  � 43 ( � 70,  � 20)  b  

  a   Least squares mean and 95% confi dence interval from ANCOVA model with treatment as a factor and 
baseline lipid level as a covariate.

  b   Signifi cant with adjustment for false discovery rate less than 5%.
  c   Signifi cant dose-response with adjustment for false discovery rate less than 5%. Testing performed in step-

down fashion.
  d   Hodges-Lehman estimate of median and distribution free confi dence interval presented for change from 

baseline results; median ± IQR presented at baseline and Week 2.
CI, confi dence interval; IQR, interquartile range; Lp(a), lipoprotein(a); TG, triglyceride; TC = total 

cholesterol.
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and 15.3% of total LDL after treatment in the ANA 150 mg 
group. Within the HDL fraction, ANA 150 mg produced a 
signifi cant placebo-adjusted increase in large HDL2b 
(2852 nmol/L, 373%) but no signifi cant change in smaller 
HDL2a+3 particle concentration. 

 The effects of ANA 20 mg on VLDL, IDL, and HDL lipo-
protein particle concentrations were directionally consis-
tent to those seen in the ANA 150 mg group ( Table 2 ; 
supplementary  Table III ). Within the HDL fraction, a sig-
nifi cant dose-related increase in HDL2b was observed with 
ANA 150 mg compared with 20 mg; however, no other 
subfractions displayed signifi cant dose-related changes in 
particle concentrations (data not shown). 

 Compositional analyses 
 Lipids.   At baseline, the ratios of TG/CE for total VLDL, 

IDL, LDL, and HDL were similar across the ANA 150 mg 
and placebo groups (  Table 3  ).  Compared with placebo, 
ANA 150 mg produced signifi cant increases in the TG/CE 
ratio of VLDL, IDL, and LDL fractions and a statistically 
signifi cant decrease in the TG/CE ratio of the HDL frac-
tion ( Table 3 ). The magnitude of the increase in the TG/
CE ratio with ANA 150 mg/d was larger for the VLDL frac-
tion than for either IDL or LDL. Analyses of TG and CE as 
a percentage of total lipoprotein mass in the various frac-
tions and subfractions are shown in   Fig. 1   and supplemen-
tary Table IV.  The overall increase in the TG/CE ratio of 
IDL with ANA treatment ( Table 3 ) was due to enrichment 
in TG and a reduction in CE content ( Fig. 1,  supplemen-
tary Table IV)  . The increase in TG/CE ratio of the LDL 
fraction ( Table 3 ) appears to be driven mainly by larger 
changes in TG and CE, as a percentage of total mass, for 
LDL subfractions LF3 through 6 (Fig. 1). 

 Whole plasma lipid and lipoprotein analyses 
 At Week 2, treatment with ANA 150 mg led to statisti-

cally signifi cant placebo-adjusted decreases in LDL-C of 
26%, and increases in HDL-C of 82%, respectively when 
compared with baseline values (  Table 1  ).  The observed 
placebo-adjusted changes in LDL-C and HDL-C were ac-
companied by a 29% decrease in apoB and a 21% increase 
in apoAI. A 43% placebo-adjusted decrease from baseline 
in Lp(a) was also observed. There were no signifi cant 
changes in total cholesterol or TG relative to placebo. Re-
sults for the 20 mg group are presented in supplementary 
 Table II . 

 IM lipoprotein particle analyses 
 Baseline and absolute change from baseline in VLDL, 

IDL, LDL, and HDL particle concentrations as measured 
by IM methodology for the ANA 150 mg and placebo 
groups are shown in   Table 2  .  In general, there were no 
meaningful differences in lipoprotein particle concentra-
tions between the groups at baseline. The only exceptions 
included slightly higher baseline particle concentrations 
of large LDL1, large HDL2b, and smaller HDL2a+3 in the 
placebo compared with the ANA 150 mg groups. 

 Treatment with ANA 150 mg resulted in large, statisti-
cally signifi cant placebo-adjusted reductions in mean par-
ticle concentrations of medium VLDL (18 nmol/L, 22%), 
small VLDL (22 nmol/L, 31%), large IDL (61 nmol/L, 
35%), medium LDL2a (126 nmol/L, 35%), and 2b (126 
nmol/L, 39%), and small LDL3a (128 nmol/L, 28%) 
compared with placebo ( Table 2 ). There was also a signifi -
cant treatment-related placebo-adjusted increase in parti-
cle concentration of very small LDL4b (58 nmol/L, 75%), 
which represented 5.3% of the total LDL fraction at baseline 

 TABLE 2. Absolute change from baseline to Week 2 in lipoprotein particle concentrations (nmol/L) for the placebo and ANA 150 mg groups 
as measured by IM methodology 

Lipoprotein size fractions

Placebo ( N =10) ANA 150 mg ( N =10) Differences in LS mean change 
from baseline(95% CI)  a  Placebo 

vs.ANA 150 mgMean baseline (SE) Mean Week 2 (SE) Mean baseline (SE) Mean Week 2 (SE)

Total VLDL 156.51 (5.89) 147.45 (15.82) 154.57 (13.71) 101.80 (6.93)  � 44.95 ( � 74.43,  � 15.46)  c  
Large  b  25.94 (15.59) 21.24 (17.67) 28.36 (10.15) 18.64(6.36)  � 6.86 ( � 13.68,  � 0.66)
Medium 65.18 (3.86) 60.58 (6.86) 66.14 (6.45) 42.66 (3.46)  � 18.31 ( � 30.93,  � 5.70)  c  
Small 66.55 (2.87) 63.12 (7.24) 61.40 (5.20) 39.67 (3.18)  � 21.95 ( � 35.82,  � 8.08)  c  
Total IDL 365.05 (18.13) 327.55 (36.81) 303.94 (27.32) 260.10 (22.15)  � 58.49 ( � 151.2, 34.22)
Large 155.69 (6.89) 146.53 (19.23) 142.25 (13.02) 83.22 (7.22)  � 60.87 ( � 96.59, -25.15)  c  
Small 209.37 (20.52) 181.02 (20.66) 161.69 (16.89) 176.88 (16.18) 6.88 ( � 58.94, 72.69)
Total LDL 1355.3 (82.00) 1227.5 (158.17) 1254.0 (84.39) 767.10 (38.74)  � 419.3 ( � 682.0,  � 156.6)  c  
Large 1  b  346.07 (179.07) 226.94 (134.86) 254.60 (188.69) 149.80 (41.29)  � 75.84 ( � 189.9, 50.57)
Medium 2a  b  229.05 (103.64) 208.15 (92.56) 255.64 (190.67) 99.79 (11.48)  � 126.4 ( � 192.2,  � 31.25)  c  
Medium 2b  b  297.33 (187.92) 243.02 (155.97) 307.32 (94.16) 134.82 (17.17)  � 126.3 ( � 204.0,  � 52.12)  c  
Small 3a 266.41 (59.76) 276.43 (76.87) 227.02 (35.13) 121.42 (5.99)  � 127.8 ( � 223.1,  � 32.55)  c  
Small 3b  b  41.58 (38.60)  40.07 (110.02)    41.41 (26.15)    49.05 (15.21)  6.79 ( � 41.49, 33.02)
Very small 4a 63.38 (6.13) 64.35 (10.59) 52.60 (3.48) 84.81 (5.11) 28.23 (2.12, 54.34)
Very small 4b 84.98 (9.52) 73.48 (8.85) 67.07 (6.66) 117.09 (7.17) 57.52 (32.38, 82.66)  c  
Total HDL 5769.8 (355.82) 4785.7 (362.07) 4589.3 (558.16) 7658.7 (595.16) 3364.6 (1994.8, 4734.4)  c,d  
Large 2b 1346.9 (223.29) 997.01 (159.35) 738.57 (108.85) 3382.2 (348.97) 2851.9 (2056.7, 3647.2)  c,d  
Smaller 2a+3  b  4403.2 (2184.1) 3806.4 (1101.2) 3509.3 (956.80) 4051.3 (1078.4) 1254.8 ( � 610.7, 2197.2)

  a   Least squares mean and 95% confi dence interval from ANCOVA model with treatment as a factor and baseline lipid level as a covariate.
  b   Change from baseline data not normally distributed; Hodges-Lehman estimate of median and distribution free confi dence interval presented; 

median (IQR) presented at baseline and Week 2.
  c   Signifi cant with false discovery rate less than 5%
  d   Signifi cant dose-response with adjustment for false discovery rate less than 5%. Testing performed in step-down fashion.
CI, confi dence interval; IDL, intermediate density lipoprotein; IM, ion mobility; IQR, interquartile range.



544 Journal of Lipid Research Volume 53, 2012

also signifi cantly increased in HF1-HF3, as well as HF6 
(supplementary Table VI)  . but the only signifi cant change 
in HDL apoAII content expressed as percent mass was a 
relative decrease in the densest HDL subfraction that ap-
peared to be largely ascribable to an increase in the pla-
cebo group (supplementary Table VII)  . 

 APOE AND APOCIII.   Content of both apoE and apoCIII 
within IDL, expressed as percent total mass (supplemen-
tary Table VII)   were signifi cantly lower with ANA 150 mg 
versus placebo, whereas there was enrichment of both 
apolipoproteins in total LDL (supplementary Table VII)  . 
The increases in apoE and apoCIII within LDL were 

 ANA 150 mg produced a statistically signifi cantly greater 
reduction in the TG/CE ratio of HDL compared with pla-
cebo ( Table 3 ). There were statistically signifi cant reduc-
tions in TG as a percentage of total mass compared with 
placebo in all of the HDL subfractions, except for HF2 
and HF3, whereas there was a statistically signifi cant in-
crease in CE expressed as a percentage of total lipoprotein 
mass (%CE) in both HF2 and HF3 but not the other sub-
fractions (  Fig. 2   and supplementary Table IV)  .  The effects 
of ANA 150 mg on %CE in the HDL subfractions were 
generally more pronounced and more variable than the 
observed changes in TG expressed as a percentage of total 
lipoprotein mass. Changes in TG and CE with ANA 
20 mg/day (supplementary Table V )    were similar to 
those with ANA 150 mg/day but were generally smaller in 
magnitude. 

 Changes in content of FC and PL, each as a percentage 
of total mass, among the lipoprotein subfractions with 
ANA treatment were not statistically signifi cant except for 
modest increases in proportion of %FC in total HDL and 
%PL in the most buoyant HDL fractions (supplementary 
Table IV)  . 

 Apolipoproteins.   APO AI AND APOAII.   Treatment with 
ANA 150 mg vs. placebo resulted in small but signifi cant 
increases in levels of both apoAI and apoAII (  Fig. 3   and 
supplementary Table VI)    in total LDL and all LDL subfrac-
tions, except LF1, with the greatest increases in those of 
highest density  (  Fig. 3 ). The fi ndings were generally com-
parable when apoAI and apoAII content were expressed as 
percent of total LDL mass (supplementary Table VII)  . 

 As expected, with ANA 150 mg vs. placebo there were 
large, statistically signifi cant increases in absolute concen-
trations of ApoAI within total HDL and the most buoyant 
HDL subfractions HF1-HF3 ( Fig. 3 ). However, HDL apoAI 
content (weight percent) was signifi cantly increased only 
for HF1, whereas there was a decrease in apoAI content 
(weight percent) in HF5, resulting in no net change for 
total HDL (supplementary Table VII)  . ApoAII levels were 

 TABLE 3. Absolute change from baseline in TG/CE ratios for total VLDL, IDL, LDL, and HDL fractions for the 
placebo and ANA 150 mg groups isolated by ultracentrifugation 

Parameter

Placebo ( N =10) ANA 150 mg ( N =10)
Difference in median change 

from baseline 95% CI)  a  
Placebo vs.ANA 150 mg

Median 
baseline ± IQR

Median 
Week 2 ± IQR

Median 
baseline ± IQR

Median 
Week 2 ± IQR

Total VLDL 
TG/CE ratio

8.52 ± 1.73 6.78 ± 1.07 7.20 ± 0.92 22.66 ± 7.40  b  14.67 (2.78, 18.20)  c  

Total IDL 
TG/CE ratio

0.99 ± 0.10 0.89 ± 0.12 0.89 ± 0.11 3.85 ± 0.91  b  3.23 (0.95, 3.97)  c  

Total LDL 
TG/CE ratio

0.09 ± 0.01 0.10 ± 0.01 0.08 ± 0.01 0.13 ± 0.02 0.05 (0.00, 0.08)  c  

Total HDL  b   
TG/CE ratio

0.13 ± 0.08 0.13 ± 0.09 0.15 ± 0.08 0.05 ± 0.02  � 0.13 ( � 0.13,  � 0.07)  c  

  a   Hodges-Lehman nonparametric estimate of differences in median change from baseline and distribution 
free confi dence interval presented; median ± IQR) presented at baseline and Week 2.

  b   Change from baseline data normally distributed; difference in least squared mean and 95% confi dence 
interval presented from ANCOVA model with treatment as a factor and baseline lipid level as a covariate; mean ± 
SE presented at baseline and Week 2.

  c   Signifi cant with false discovery rate less than 5%
CE, cholesteryl ester; CI, confi dence interval, IDL, intermediate density lipoprotein; IQR, interquartile range; 

TG, triglyceride.

  Fig.   1.  Placebo-adjusted differences in mean change from base-
line ± 95% confi dence intervals in % TG/mass and %CE/mass 
content for IDL and LDL subfractions in ANA 150 mg versus pla-
cebo groups. For nonparametrically distributed data (TG%: LDL 
F4; CE%: LDL total, F4), the Hodges-Lehman estimate of median 
difference and distribution-free confi dence interval are presented; 
otherwise, the least squares mean difference and 95% confi dence 
interval from an ANCOVA model with treatment as a factor and 
baseline lipid level as a covariate are presented.   
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serious clinical adverse experiences were reported and no 
participants discontinued due to an adverse experience. 
Eight subjects had a total of 15 nonserious clinical adverse 
experiences during this study (5, 2, and 1 subjects in the 
ANA 20 mg, 150 mg, and placebo groups, respectively). 
Headache was the most frequent clinical adverse event re-
ported with all treatments. All clinical adverse experiences 
were transient in duration and rated by the study investiga-
tor as mild or moderate in intensity and defi nitely not or 
probably not related to study drug. There were no labora-
tory adverse experiences reported during this study. 

 DISCUSSION 

 This 3-arm, randomized, double-blind, placebo-con-
trolled study compared the effects of two doses of ANA, 20 
mg/day and 150 mg/day, with placebo in healthy subjects 
without dyslipidemia. The results confi rmed dose-related 
decreases in LDL-C and increases in HDL-C, with the larg-
est dose-related effect noted for HDL ( 9, 10 ). The changes 
in LDL-C and HDL-C seen with the ANA at 150 mg/day in 
this study were less marked than those reported previously 
( 11 ), possibly refl ecting differences in subject characteris-
tics, duration of treatment, drug formulations, and/or 
analytical methods used for measuring lipoprotein con-
centrations. Despite the absence of a signifi cant change in 
plasma TG levels seen with ANA in this study, there was 
substantial lowering of particle concentrations of the TG-
rich lipoprotein fractions medium and small VLDL and 
large IDL, with the greatest effects on large IDL. This is 
consistent with TG enrichment of these particles as a result 
of CETP inhibition, as manifested by a 3- to 4-fold increase 
in the content of TG relative to CE in ultracentrifugally 
isolated VLDL and IDL and subsequent lipolytic catabo-
lism and plasma clearance of these particles ( 18 ). 

 The lowering of LDL-C can be attributed primarily to 
signifi cant reductions of concentrations of medium 
LDL2a, 2b, and small LDL 3a, coupled with a trend toward 
CE depletion of ultracentrifugally isolated fractions in the 
corresponding mid-region of the LDL density distribu-
tion. It has been reported that in the case of treatment 
with the CETP inhibitor torcetrapib, reduction in LDL 
apo B concentration is due to increased fractional catabolic 

confi ned to the denser subfractions (LF4-LF6), but the 
changes were not signifi cant for apoCIII, except for a de-
crease in apoCIII in LF1 (supplementary Table VII)  . In 
addition, absolute levels of apoCIII were reduced in LF1 
and increased in LF6 (supplementary Table VI)  . 

 Interestingly, although absolute apoE levels were in-
creased in HDL subfractions HF1-HF2 (supplementary 
Table VI)  , there was signifi cant apoE depletion in HF1-
HF3 when expressed as percent total HDL mass  ( supple-
mentary Table VII )   . For apoCIII, there were increases in 
absolute concentrations in subfractions HF1-HF4 (supple-
mentary Table VI)  , with signifi cant enrichment in HF3 
and HF4 (supplementary Table VII)  . 

 Safety and tolerability analyses 
 ANA 20 mg and 150 mg doses were generally well-toler-

ated in this population of healthy, adult individuals. No 

  Fig.   2.  Placebo-adjusted differences in median change from 
baseline ± 95% confi dence intervals in % TG/mass and %CE/mass 
content for HDL subfractions in ANA 150 mg versus placebo 
groups. For normally distributed data (TG%: HDL total, F6; CE%: 
HDL F1, F2, F4, F5), the least squares mean difference and 95% 
confi dence interval from an ANCOVA model with treatment as a 
factor and baseline lipid level as a covariate are presented; other-
wise, the Hodges-Lehman estimate of median difference and distri-
bution free confi dence interval are presented.   

  Fig.   3.  Placebo-adjusted differences in median 
change from baseline ± 95% confi dence intervals in 
ApoAI for IDL, LDL, and HDL subfractions in ANA 
150 mg versus placebo groups. For normally distrib-
uted data (LDL F2, F5, F6, HDL F5), the least squares 
mean difference and 95% confi dence interval from 
an ANCOVA model with treatment as a factor and 
baseline lipid level as a covariate are presented; oth-
erwise, the Hodges-Lehman estimate of median dif-
ference and distribution free confi dence interval are 
presented.   
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tent, apoCIII, is of uncertain signifi cance. Possibilities in-
clude retention of these apoproteins during catabolism of 
TG-rich precursors and/or reduced transfer to HDL in 
conjunction with reduced TG-CE exchange. It is also pos-
sible that, as for HDL, there was redistribution of exchange-
able apoproteins as a consequence of ultracentrifugation. 

 Consistent with previous studies ( 9, 10 ), dose-related in-
creases in plasma HDL-C concentrations with ANA were 
primarily due to effects on very large HDL 2b particles. 
There was modest TG depletion and PL enrichment in the 
most buoyant HDL fractions that contain these particles, 
as well as reduction of TG in the most dense HDL fractions 
containing smaller HDL. Interestingly, although the larg-
est increases in absolute levels of apoAI, apoAII, apoE, and 
apoCIII were in the most buoyant HDL subfractions, rela-
tive content of apoE, as percent total particle mass, was 
reduced in these fractions, whereas relative content of 
both apoCIII and CE were increased in particles in the 
mid-HDL density range. The basis for these differential 
changes in lipid and apoprotein content of HDL particles 
is not known, although they suggest selectivity in the ac-
tion of CETP and/or the drug on subspecies of HDL 
particles. 

 Limitations of this study include the relatively small 
number of participants, the post hoc nature of the analy-
ses, the restriction of the fi ndings to normolipidemic indi-
viduals, and the absence of women in the ANA 150 mg and 
placebo groups. Also, whereas a 2 week treatment period 
has been shown to be suffi cient for assessing the effects of 
anacetrapib on LDL-C, further increases in HDL-C have 
been observed with longer-term treatment ( 11 ), and 
hence, it is possible that this may be accompanied by fur-
ther changes in HDL subfraction levels and composition. 

 Although the dramatic increases in HDL-C and reduc-
tions in LDL-C induced by ANA as well as other CETP in-
hibitors suggest a potentially signifi cant benefi t on CVD 
risk, it is not yet known whether the metabolic bases for 
these effects, and the resultant changes in levels and com-
position of specifi c LDL and HDL particle subclasses, 
might alter their physiological and pathological functions. 
For example, it has been reported that increased levels of 
very small LDL are highly associated with angiographic 
progression of coronary artery disease ( 24 ) and the single 
nucleotide polymorphism discussed above that is selec-
tively associated with very small LDL levels is also predic-
tive of risk of myocardial infarction ( 25 ). On the other 
hand, ANA treatment resulted in a reduction in the total 
number of LDL particles, most notably those in the me-
dium and small LDL size range as measured by IM that 
have been associated with increased CVD risk ( 26 ). More-
over, it has been shown that capacity of HDL to promote 
cholesterol cellular effl ux, a key determinant of HDL’s 
anti-atherogenic effects ( 27 ), is preserved by treatment 
with ANA ( 28 ) as well as with other CETP inhibitors ( 29, 
30 ). Ultimately, determination of the effi cacy of ANA for 
reducing major coronary events awaits the completion of 
REVEAL, a clinical outcomes trial in 30,000 patients with 
cardiovascular disease at high risk for major coronary 
events (NCT01252953).  

rate ( 18 ). Although the mechanism underlying this effect 
is not known, it is likely to refl ect increased hepatic uptake 
of LDL particles, possibly due to the upregulation of he-
patic LDL receptor activity and/or increased clearance of 
LDL particles due to their altered composition. Interest-
ingly, although the largest-sized LDL subfraction (LDL 1) 
was the most abundant in this study population, its levels 
were not signifi cantly reduced by ANA. In addition, the 
cholesterol depletion of the most buoyant LDL fractions 
that contain the largest LDL particles ( 15 ) did not appear 
to be as great as for those in the mid-density range. Whereas 
there is evidence that the most buoyant LDL have reduced 
LDL receptor affi nity compared with mid-density LDL 
( 19, 20 ), the similar reductions in relative CE content of 
TG-enriched IDL and medium density LDL also are con-
sistent with precursor-product relationships between these 
particles that differ from those for more buoyant LDL 
( 15 ). 

 We also observed a modest enrichment of TG content 
of LDL particles, an effect that was confi ned to the very 
dense subfractions. Although the basis for this fi nding is 
unclear, it may be related to the observation that the abso-
lute plasma concentrations of very small LDL 4b that are 
contained in the densest LDL fractions were signifi cantly 
increased by ANA 150 mg versus placebo. Notably, in sub-
fractions separated by density gradient ultracentrifugation 
from two patients with extreme CETP defi ciency, a distinct 
subset of particles smaller than the major species was 
found to extend across the entire density spectrum from 
IDL to very dense LDL ( 21 ). This fi nding was taken to be 
consistent with parallel metabolic pathways for production 
and catabolism of TG-enriched apoB-containing lipopro-
teins, as discussed elsewhere ( 15 ), such that the pathway 
originating with larger particles is not affected by CETP 
and gives rise to LDL particles similar in size and density to 
those found in individuals with normal CETP activity. In 
the setting of CETP defi ciency, particles in the smaller IDL 
pathway remain TG-enriched and are progressively lipo-
lyzed to yield very small, dense LDL particles. Further evi-
dence for the existence of a specifi c metabolic pathway 
giving rise to very small LDL was recently provided by the 
discovery that levels of these particles are selectively associ-
ated with a single nucleotide polymorphism that modu-
lates hepatic production of sortilin, a protein shown to 
strongly infl uence hepatic VLDL, TG, and apoB-100 secre-
tion ( 22 ). The plasma accumulation of very small LDL 
with CETP inhibition may be potentiated by their reduced 
LDL receptor affi nity, a property that is shared, as noted 
above, with large buoyant LDL ( 19, 20 ). Finally, the en-
richment of very dense LDL with TG may be amplifi ed by 
their relative resistance to lipolysis by both lipoprotein li-
pase and hepatic TG lipase ( 23 ). 

 Although small increases of apoAI and apoAII concen-
trations were observed in LDL subfractions, the composi-
tion of these particles differed markedly from that of large 
HDL, and together with the fi ndings in patients in CETP 
defi ciency ( 21 ), this indicates minimal, if any, overlap of 
the LDL and HDL particle distributions. The concordant 
enrichment of denser LDL with apoE, and to a lesser ex-
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