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by increasing the rate of ApoB-100 fractional clearance.
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Introduction

Cholesteryl ester transfer protein (CETP) is a hydrophobic plasma
protein that promotes the bidirectional transfer of cholesteryl esters
(CE) and triglycerides (TG) between and among HDL particles
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BACKGROUND. Individuals treated with the cholesteryl ester transfer protein (CETP) inhibitor anacetrapib exhibit a reduction
in both LDL cholesterol and apolipoprotein B (ApoB) in response to monotherapy or combination therapy with a statin. It

is not clear how anacetrapib exerts these effects; therefore, the goal of this study was to determine the kinetic mechanism
responsible for the reduction in LDL and ApoB in response to anacetrapib.

METHODS. We performed a trial of the effects of anacetrapib on ApoB kinetics. Mildly hypercholesterolemic subjects were
randomized to background treatment of either placebo (n = 10) or 20 mg atorvastatin (ATV) (n = 29) for 4 weeks. All subjects
then added 100 mg anacetrapib to background treatment for 8 weeks. Following each study period, subjects underwent a
metabolic study to determine the LDL-ApoB-100 and proprotein convertase subtilisin/kexin type 9 (PCSK9) production rate

RESULTS. Anacetrapib markedly reduced the LDL-ApoB-100 pool size (PS) in both the placebo and ATV groups. These changes
in PS resulted from substantial increases in LDL-ApoB-100 FCRs in both groups. Anacetrapib had no effect on LDL-ApoB-100
PRs in either treatment group. Moreover, there were no changes in the PCSK9 PS, FCR, or PR in either group. Anacetrapib
treatment was associated with considerable increases in the LDL triglyceride/cholesterol ratio and LDL size by NMR.

CONCLUSION. These data indicate that anacetrapib, given alone or in combination with a statin, reduces LDL-ApoB-100 levels

FUNDING. Merck & Co. Inc., Kenilworth, New Jersey, USA. Additional support for instrumentation was obtained from the
National Center for Advancing Translational Sciences (UL1TR0O00003 and UL1TR000040).

and atherogenic apolipoprotein B-containing (ApoB-containing)
lipoproteins, including the predominantly TG-rich VLDL, interme-
diate-density lipoprotein (IDL), and LDL particles (1-3). Genetic
deficiency of CETP is associated with elevated HDL cholesterol
(HDL-C) and reduced LDL-C (1), and common variants at the CETP
locus are associated with HDL-C and LDL-C in inverse directions
(3). Pharmacologic inhibition of CETP activity in humans raises
HDL-C levels and generally reduces LDL-C levels (4-7).

The mechanism by which CETP inhibition reduces LDL-C
remains unknown. A study of ApoB kinetics during administration
of the CETP inhibitor torcetrapib (120 mg), with or without atorvas-
tatin (ATV), to subjects with dyslipidemia (8) suggested that in dys-
lipidemic subjects, torcetrapib monotherapy reduced LDL ApoB by
increasing the fractional catabolic rate (FCR) and that torcetrapib
administered with ATV may have reduced production of LDL ApoB.
However, none of these changes were statistically significant. Thus,
the study was underpowered for detecting changes in many of the
ApoB kinetic parameters and led to no firm conclusions regarding
the mechanisms responsible for the lowering of ApoB.
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Figure 1. CONSORT flow diagram showing the disposition of subjects participating in the current study. *Patients are only counted once: Lost to follow-up,
n = 28; lipids too low or too high, n = 35; qualified but declined, n = 8; cardiovascular risk factors, n = 11; high BMI, n = 5; taking excluded medication, n = 2;
noncompliant during screening, n = 2; creatinine clearance too low, n = 4; kidney disease, n = 1; severe allergy, n = 2; glucose too high, n = 3; other, n = 17.

Anacetrapibisanorallyactive, potent,and highlyselective CETP
inhibitor currently in late-stage clinical development (9). Early stud-
ies conducted in healthy and dyslipidemic subjects demonstrated
that treatment with anacetrapib led to dose-dependent decreases
in LDL-C (up to 40%) and plasma ApoB-100 (referred to herein as
ApoB) (up to 30%) as well as dose-dependent increases in HDL-C
(up to 139%) (4, 10). Adding anacetrapib to existing statin treat-
ment also resulted in further reductions of LDL-C and increases in
HDL-C over 1.5 years of treatment (6). While no head-to-head com-
parisons have been conducted, anacetrapib appears to have more
robust LDL-C-lowering effects compared with those of torcetrapib
through an as-yet-undefined mechanism (6, 11). Therefore, a suf-
ficiently powered examination of the effects of anacetrapib treat-
ment on the kinetics of ApoB has the potential to clarify the kinetic
mechanism of LDL reduction with potent CETP inhibition.

The current study was conducted to comprehensively evalu-
ate the effects of CETP inhibition with anacetrapib, either alone or
in combination with ATV, on lipoprotein metabolism in humans.
Here, we report the effects of anacetrapib on the kinetics of ApoB
in VLDL, IDL, and LDL. We also present data on the kinetics of
plasma proprotein convertase subtilisin/kexin type 9 (PCSK9), a
protein known to play a major role in regulating the turnover of
ApoB-containing lipoproteins, and the effects of CETP inhibi-
tion on its metabolism. We examined the relationship between
improvement in ApoB metabolism and changes in the lipoprotein
composition, size, and abundance and activity of proteins that reg-
ulate the metabolism of those particles, including PCSKO9.

Results

Demographics of study subjects. A total of 46 subjects were enrolled
in the study. Of these, 39 ultimately completed all study proce-
dures, while 7 subjects discontinued the study (1 for protocol-stip-
ulated discontinuation for low LDL during statin treatment, 2
voluntary withdrawals, 1 dropout, 2 protocol deviations, and 1
relocation during the study). The flow chart of study subjects is
shown in Figure 1. Subject demographics for completers are shown
in Table 1. There were 26 men and 13 women with an average age
of 48 years and an average BMI of 30 kg/m?. Fifty-nine percent
were of mixed European descent and 33% were black. At screen-
ing, the mean total cholesterol (TC), LDL-C, HDL-C, and TG lev-
els were 214, 137, 49, and 118 mg/dl, respectively.

Changes in plasma and lipoprotein lipid and ApoB concentra-
tions. Following screening, subjects were randomized to 1 of 2
background treatments: ATV, 20 mg (panel A) or placebo (panel
B) for 4 weeks. By design, there were 29 subjects randomized
to panel A and 10 subjects to panel B. At the end of period 1, the
subjects in panel A had a mean TC, LDL-C, and HDL-C levels of
163, 90, and 48 mg/dl, respectively. Median plasma TG and mean
ApoB levels were 89 and 71 mg/dl, respectively (Table 2). Subjects
in panel B had a mean TC, LDL-C, and HDL-C levels of 209, 134,
and 43 mg/dl, respectively. Median plasma TG and ApoB levels
were 120 and 102 mg/dl, respectively (Table 2).

During period 2, subjects in both panels received anacetrapib
(100 mg/day) in addition to their existing background treatment
for 8 weeks. At the end of period 2, HDL-C levels were signifi-
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Table 1. Demographic and baseline anthropometric
characteristics for subjects enrolled in the study

Characteristic PanelA(n=29)  Panel B (n=10) All subjects (n = 39)

Age,y

Mean + SD 47 +10 51+ 1 48 +10

Range 28-67 28-66 28-67
Sex, (%)

Male 20 (69.0) 6 (60.0) 26 (66.7)

Female 9(31.0) 4(40.0) 13(33.3)
Race, 1 (%)

MED 18 (62.1) 5(50.0) 23(59.0)

Black 10 (34.5) 3(30.0) 13(33.3)

Hispanic 1(34) 0 1(2.6)

Asian 0 1(10.0) 1(2.6)

Other 0 1(10.0) 1(2.6)
BW, kg

Mean + SD 89+17 80 +16 87+17

Range 55-128 55-108 55-128
BMI, kg/m?

Mean + SD 28+4 30£5

Range 21-38 21-33 21-38
TC, mg/dl

Mean + SD 216 £32 207 +27 214 +£30
TG, mg/d| n7 120 18

Median (IQR) (84,142) (100, 185) (84,146)
LDL-C, mg/dI

Mean + SD 140+ 27 131£20 137+ 25
HDL-C, mg/dl

Mean + SD 50+ 14 46 +13 49 +14

IQR, interquartile range; MED, mixed European descent.

cantly increased in both panels, whereas significant reductions in
LDL-C and total ApoB were observed in both panels (Table 2). In
panel A (on a background of ATV), LDL-C was decreased by 38%,
total ApoB by 19%, and LDL-ApoB by 18%. In addition, in panel B
(no statin), LDL-C was decreased by 35%, total ApoB by 24%, and
LDL-ApoB by 18% (Table 2). There were also changes in the lipid
composition of the ApoB-containing lipoprotein fractions, with
significant increases in the TG/C ratio of VLDL, IDL, and LDL fol-
lowing anacetrapib treatment in both panels (Table 2). In addition,
the mean ratio of TG/CE in LDL was significantly increased by
30% in panel A and by 37% in panel B.

Effects of anacetrapib on ApoB metabolism. At the end of
each study period, the subjects underwent a lipoprotein kinetic
study to measure the production rate (PR) and FCR of ApoB in
LDL (in panel A, these were the coprimary endpoints). Follow-
ing treatment with anacetrapib, the subjects in panel A (on a
background of ATV) had a significant 18% reduction in LDL
ApoB pool size (PS) compared with that seen with ATV treat-
ment alone (Table 3 and Figure 2). The mechanism responsi-
ble for the reduction in LDL ApoB was an 18% increase in the
FCR of LDL-ApoB (P = 0.001), whereas there was no signifi-
cant change in the LDL-ApoB PR in response to anacetrapib.
Subjects receiving anacetrapib on a placebo background (panel
B) had a comparable 18% reduction in the LDL-ApoB PS (Table

jci.org  Volume 125 Number 6  June 2015

The Journal of Clinical Investigation

3 and Figure 2), which was accompanied by an increase in the
LDL-ApoB FCR and no change in the LDL ApoB PR in response
to anacetrapib monotherapy.

We also examined changes in VLDL- and IDL ApoB kinetics,
which were both exploratory endpoints in this study. The subjects
in Panel A (ATV background) had significant reductions of 28% and
43% in the apoB PS of VLDL and IDL with anacetrapib compared
to placebo (Table 3 and Figure 2). The mechanism responsible for
the reduction in VLDL ApoB was an increased FCR of 32%, with
no change in the PR of VLDL ApoB. The FCR of IDL-ApoB was
increased by 19%, while the IDL-ApoB PR was reduced by 26%,
both potentially contributing to the decrease in IDL-ApoB PS.

Subjects receiving anacetrapib on a placebo background
(panel B) had no significant changes in the VLDL ApoB PS due to
parallelincreasesinthe VLDL ApoB FCR and PR. There was anon-
significant trend toward a reduction in the IDL-ApoB PS of 25%
(P=0.084) compared with that seen with placebo (Table 3 and Fig-
ure 2). There was an increase in the FCR of IDL-ApoB of border-
line significance (P = 0.051) and no change in the PR of IDL-ApoB
in response to anacetrapib monotherapy. ApoB kinetic parameters
for individual subjects are shown in Supplemental Tables 1-3.

Changes in factors with a potential to influence ApoB metabolism.
To explore potential mechanisms responsible for the increased
clearance of VLDL-, IDL-, and LDL ApoB seen in response to anace-
trapib treatment, we examined candidate factors known to be asso-
ciated with ApoB clearance. There were no significant changes in
the post-heparin plasma lipoprotein lipase (LPL) or hepatic lipase
(HL) concentrations or activity in response to anacetrapib in either
the monotherapy- or statin-treated subjects (Table 4).

We also measured plasma lathosterol, a marker of hepatic cho-
lesterol synthesis. Cholesterol synthesis and LDL receptor (LDLR)
expression are both under the control of SREBP2; therefore, changes
in lathosterol might be expected to reflect parallel changes in hepatic
LDLR expression. There was no significant change in plasma
lathosterol in response to treatment with anacetrapib in either the
monotherapy- or ATV-treated subjects (Table 4). We also examined
changes in ApoE, ApoC-II, and ApoC-III, plasma apolipoproteins
that are known to influence the metabolism of ApoB-containing
lipoproteins. There were no significant changes in plasma ApoE,
ApoC-II, or ApoC-III concentrations in the subjects treated with
anacetrapib monotherapy (panel B) compared with those receiving
placebo (Table 4). There were, however, significant increases in the
plasma ApoE (25%), ApoC-II (16%), and ApoC-III (50%) concen-
trations (Table 4) in ATV-treated subjects in response to anacetrapib
administration compared with those receiving ATV alone (panel A).

The size of ApoB-containing lipoproteins can influence their
metabolism. We found that there was no change in VLDL size in
panel A subjects in response to anacetrapib treatment compared
with those receiving placebo, while subjects in panel B had VLDL
levels that were modestly smaller (P = 0.049) on anacetrapib treat-
ment compared with those who received statin-only baseline therapy
(Table 4). Subjects in both treatment groups had a significant increase
of about 4% in the overall size of LDL (Table 4) due to a decrease in
the amount of smaller-sized LDL particles (Supplemental Table 4).

Effect of anacetrapib on PCSK9 metabolism. There was a sig-
nificant reduction of 19% in plasma PCSK9 concentrations in sub-
jects treated with anacetrapib monotherapy, while there was no
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Table 2. Plasma lipid and ApoB values: mean baseline values, percentage change from baseline, and between-period differences for

subjects in the total population and by panel

Panel A (n = 29)

Panel B (n = 10)

All subjects (n = 39)

Period1 Period2 % Change  Pvalue Period1 Period2  %Change  Pvalue Period1 Period2  %Change  Pvalue
(ATV) (ANA+  from period 1 (PBO) (ANA)  from period 1 from period 1
ATV) (95% 1) (95% C1) (95% C1)
TC 163 168 3.0 0.385 209 188 -9.8 0.099 184 178 -3.63 0.294
(mg/dI) (13) (22) (-3.73,10.11) (17) (26) (-20.27,2.05) (17) (23) (-1017,3.38)
TG 89 91 13 0.816 i 9 =245 0.012 104 91 -12.5 0.032
(mg/dI) (38) (42)  (-9.67,13.69) (59) (48)  (-39.08,-6.47) (44) (43)  (-22.55,-1.23)
HDL-C* 48 82 681 <0.001 43 92 535 0.055 48 86 63.0 <0.001
(mg/dI) (19) (35) (48.70, 92.01) (20) (61)  (-0.06,164.36) (20) (48) (45.90, 91.30)
LDL-C* 30 53 -38.0 <0.001 134 80 -34.5 0.039 93 58 -373 <0.001
(mg/dI) (16) (25)  (-4757,-2762) (23) (41)  (-54.69,-14.36) (39) (33) (-46.06,-28.73)
Total ApoB* n 60 -19.2 <0.007® 102 n -243 0.0108 75 65 -20.8 <0.001
(mg/dI) (15) (18)  (-25.42,-12.49) (18) (15) (-36.07, -11.51) (30) (18)  (-25.95,-15.57)
VLDL ApoB 48 35 -26.7 <0.001 49 5.0 0.9 0.946 49 4.2 -14.0 0.051
(mg/dI) (56.5) (55.4) (-371,-14.5) (34.5) (28.7) (-223,31.0) (51.0) (51.9) (-261,01)
IDL ApoB* 2.7 14 -425 <0.001 3.2 21 -18.2 0322 29 16 -376 <0.001
(mg/dI) (1.6) (13)  (-55.85,-32.26) (1.2) (1.0)  (-47.06,50.66) (1.8) (13)  (-48.04,-26.33)
LDL ApoB 61.2 50.1 -18.1 <0.001 80.1 65.8 -17.9 0.003 70.0 574 -18.0 <0.001
(mg/dI) (239) (26.4) (-23.9,-11.9) (29.4) (15.2) (-275,-6.9) (274) (26.8)  (-23.8,-11.8)
VLDLTG/TC 473 8.00 69.0 <0.001 430 810 88.5 <0.001 4.51 8.05 78.5 <0.001
(mg/mg) (26.94)  (24.84) (56.4, 82.7) (43.17) (42.77) (65.2, 115.1) (3138)  (29.59) (65.3,92.7)
IDLTG/TCA 1.51 3.53 193.5 <0.001 m 3.58 173.0 0.004 147 3.53 1874 <0.001
(mg/mg) (142) (6.75)  (123.51,279.68) (1.23) (139)  (66.40,314.48) (132) (2.82)  (128.95,253.90)
LDLTG/TC 019 0.30 281 0.003 0.20 0.24 403 0131 019 0.29 28.6 <0.001
(mg/mg) (01m) (017)  (10.39,48.78) (0.10) (0.29)  (-8.55,91.50) (0m) (0.22)  (11.88,48.37)
LDLTG/CE 0.27 0.35 29.6 0.002 0.27 0.37 373 0.024 0.27 0.36 334 <0.001
(mg/mg) (3716) (51.08)  (10.34,52.18) (30.76) (72.72)  (4.45,80.58) (35.18) (55.91)  (13.82,56.35)

Mixed-model analysis was performed on a log scale for the endpoints that satisfied normality. The geometric mean (% CV) is displayed under “Period 1" and
“Period 2.” The geometric mean ratio (35% Cl) is displayed under “% Change from period 1" "Nonparametric method was used. Median (IQR) on a raw scale
is displayed under “Period 1” and the “Period 2." Hodges-Lehmann estimate (95% Cl) back-transformed from a log scale is displayed under “% Change from
period 1" P value by Wilcoxon signed-rank test. 8Significant between-groups difference with an FDR of less than 5% after multiplicity adjustment. Data are
missing for 2 subjects in panel B, period 1, and for 1 subject each in panel A, period 2 and panel B, period 2 for TC, TG, HDL-C, and LDL-C. Panel A, period 1: 20
mg ATV + PBO. Panel A, period 2: 20 mg ATV + 100 mg anacetrapib. Panel B, period 1: PBO to ATV + PBO. Panel B, period 2: PBO to ATV + 100 mg anacetrapib.

significant change in plasma PCSK9 concentrations in response
to anacetrapib in statin-treated subjects (Table 5). To determine
the mechanism responsible for the reduction in PCSK9 seen in
response to anacetrapib monotherapy, we used a novel method to
determine the production and clearance rates of PCSK9 (Figure 3
and ref. 12). We found that there was a trend (P = 0.066) toward
an increase in the FCR of PCSK9 in subjects treated with anace-
trapib monotherapy, while there was no significant change in the
PCSK9 PR in these subjects. Statin-treated subjects had no signifi-
cant changes in the PCSK9 FCR or PR following anacetrapib treat-
ment, consistent with the absence of change in plasma PCSK9
concentrations in this group. PCSK9 kinetic data for individual
subjects are shown in Supplemental Table 5.

Safety summary. Thirty-four subjects reported a total of 17
nonserious clinical adverse events (AEs) that were considered
to be drug related by the study investigator, all of which were
mild-to-moderate in intensity and resolved by the end of the
study. Of these, 9 AEs, including headache, back pain, consti-

pation, and nausea, were reported by subjects who received
ATV and/or placebo; 8 AEs, including headache, dyspepsia,
muscle spasm, nausea, pain, gastrointestinal reflux, and influ-
enza, were reported by subjects who received anacetrapib and
ATV. There was 1 serious AE of accidental overdose of anace-
trapib, with no other associated AEs. Four subjects had 5 labo-
ratory AEs that were considered related to treatment with both
anacetrapib and ATV, including elevated alkaline phosphatase
(n = 1), elevated blood glucose (n = 1), and glucosuria (3 inci-
dents reported by 2 subjects).

Discussion

CETP inhibitors were initially developed as a novel pharmaco-
logical approach to increase HDL-C (13). In studies in animals
and humans, it became apparent that CETP inhibition also led
to reduced levels of LDL-C (5, 13, 14). This effect on LDL-C
was consistent with observations that humans genetically defi-
cient in CETP have reduced LDL-C levels (1) and that common
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Figure 2. ApoB kinetics in lipoprotein fractions after treatment with anacetrapib. VLDL-, IDL-, and LDL ApoB kinetic parameters for subjects in panel A (n = 29)
and panel B (n = 10) at the end of each treatment period. The geometric mean is shown as a bar with unadjusted raw P values generated using a linear mixed-
effects model containing fixed effects for panel and treatment-within-panel and random effects for subject-within-panel, unless indicated by an asterisk, in
which case median values are indicated by a bar, and P values obtained by a Wilcoxon signed-rank test are shown. ANA, anacetrapib; PBO, placebo.

genetic variants at the CETP locus are significantly associated
with LDL-C levels in an inverse direction to their association
with HDL-C levels (3).

The mechanism responsible for the reduction in LDL-C in
response to inhibiting CETP has been uncertain. A lipoprotein
kinetic study in CETP-deficient subjects indicated that the LDL-
ApoB FCR was more rapid than that measured in normal con-
trol subjects (15). Subsequently, a kinetic study performed in the
setting of torcetrapib treatment suggested enhanced LDL-ApoB
FCR in the monotherapy group and reduced LDL-ApoB PR when
administered with ATV (8). However, the number of subjects in
these subgroups was small, and the data for LDL FCR or PR were
not statistically significant. Therefore, we decided to carry out an
appropriately powered study of the effects of the potent CETP
inhibitor anacetrapib on ApoB metabolism in humans.

In the current study, we determined the effect of 100 mg anace-
trapib, the dose being used in the ongoing cardiovascular outcomes
trial of anacetrapib, on ApoB metabolism as a monotherapy and in
combination with a statin in mildly hyperlipidemic subjects. We found
that anacetrapib reduced LDL-C levels by increasing the LDL-ApoB
FCR. This was seen in both subjects treated with anacetrapib mono-
therapy as well as in those who received anacetrapib in combination
with a statin. This finding appears to point to a common mechanism
driving enhanced LDL-ApoB clearance in response to anacetrapib
monotherapy and to anacetrapib given in combination with a statin.

A potential mechanism responsible for an increase in the
LDL-ApoB FCR in response to anacetrapib is increased hepatic
LDLR expression. This could occur in response to reduced choles-
terol delivery to regulatory cholesterol pools in liver (Figure 4A),
which might result from targeting of cholesterol delivered to liver
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Table 5. PCSK9-associated kinetic parameters: mean baseline values, percentage of change from baseline, and between-period

differences for subjects in the total population and by panel

Panel A (n = 29)

Panel B (n = 10)

All subjects (n = 39)

Period1 Period2 % Change Pvalue Period1 Period2  %Change Pvalue Period1 Period2 % Change Pvalue
(ATV)  (ANA + ATV) from period 1 (PBO) (ANA)  from period 1 from period 1
(95% 1) (95% C1) (95% (1)
PCSK9 6.12 6.33 34 0.519 5.24 4.25 -18.9 0.023 5.66 519 -84 0.094
(nM) (34.20) (34.10) (-6.9,14.9) (24.28) (4091)  (-32.2,-3.0) (3239)  (40.05) (-175,1.6)
PCSK9 FCR 1.87 1.80 -38 0425 178 2.08 16.7 0.066 1.82 193 6.0 0.228
(pools/d) (24.89) (2778)  (-127,6.0) (4158)  (19.05)  (-11,376) (2933) (2638) (-3.7,16.6)
PCSK9 PR 19.68 20.38 3.6 0.549 16.67 18.29 9.7 0.355 1811 19.30 6.6 0.272
(ng/kg/d) (47.32) (45.02) (-7.9,16.5) (52.23) (56.23)  (-10.2,34.0) (48.52) (47.49) (-5.,19.7)
PCSK9 PS 921.61 991.72 76 0.063 738.09 692.69 -6.2 0.335 824.76 828.83 0.5 0.897
(ug) (3373) (33700  (-04,16.3) (35.71)  (50.67)  (<17.7,71) (3530)  (4146)  (-6.9,8.5)

Mixed-model analysis was performed on a log scale for the endpoints that satisfied normality. Geometric mean (% CV) is displayed under “Period 1” and
“Period 2." Geometric mean ratio (35% Cl) is displayed under “% Change from period 1" Panel A, period 1: 20 mg ATV + PBO. Panel A, period 2: 20 mg ATV +
100 mg anacetrapib. Panel B, period 1: PBO to ATV + PBO. Panel B, period 2: PBO to ATV + 100 mg anacetrapib.

via HDL particles for biliary secretion as cholesterol or bile acids
(16) rather than entry into a common pool of free cholesterol that
regulates the transcriptional activity of SREBP2. Alternatively,
there could be reduced delivery of HDL-C to liver via scavenger
receptor class B type I (SR-BI). Less cholesterol delivered by ApoB-
containing lipoproteins to a hepatic regulatory pool would stimu-
late SREBP2 activity and increase expression of the LDLR gene.
While we were unable to measure this directly, we did measure
biomarkers that reflect changes in the hepatic regulatory choles-
terol pools in response to anacetrapib. Plasma lathosterol is a cho-
lesterol precursor that has been shown to reflect cholesterol syn-
thesis rates (17), which are also regulated by SREBP2. Treatment
with ezetimibe, an inhibitor of intestinal cholesterol absorption,
leads to reduced delivery of cholesterol to the hepatic regulatory
pool, increasing both cholesterol synthesis and hepatic LDLR
expression in an animal model (18). In humans, ezetimibe use is
associated with an increase in plasma lathosterol and LDL-ApoB

clearance that is consistent with reduced delivery of cholesterol to
the hepatic regulatory pool (19). However, we did not observe any
effect of anacetrapib treatment on plasma lathosterol concentra-
tions, suggesting that the hepatic regulatory cholesterol pool did
not change in response to CETP inhibition. While it is possible that
there was increased hepatic-derived lathosterol that was counter-
balanced by a reduction in lathosterol derived from peripheral tis-
sues (a situation which would imply reduced cholesterol delivery
to liver and excess cholesterol in extrahepatic tissues), we consider
this scenario unlikely. Osono and colleagues showed that variable
expression of CETP in mice had no effect on cholesterol synthe-
sis in extrahepatic tissues (20). In addition, Castro-Perez et al.
showed that transport of cholesterol from macrophages to feces
was enhanced in hamsters treated with anacetrapib, suggesting
that cholesterol delivery from the periphery to liver functions nor-
mally in the context of CETP inhibition (16). Dong et al. recently
reported on mouse studies in which CETP inhibitors, including

PCSK9 PS FCR PR
2500 54 60 -
. ° 50 °
2000 ° 4] 1 o
o o M 40 °
> > 1 A
1500 ° s 8 3 .y g g 8 M
2 s ¥ A 3 8 v & 230 l o 4
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Figure 3. PCSK9 kinetics after treatment with anacetrapib. PCSK9 kinetic parameters for subjects in panel A (n = 29) and panel B (n = 10) at the end of
each treatment period. The geometric mean is shown as a bar. None of the comparisons achieved a raw P value of less than 0.05 on the basis of the linear
mixed-effects models containing fixed effects for panel and treatment-within-panel and random effects for subject-within-panel.
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anacetrapib and that this is unlikely
to be a mechanism for upregulation

Y

Ra

LDLR

Regulatory
cholesterol

LDLR
recycling

SREBP2
T pcske

Cholesterol
synthesis

of the hepatic LDLR and increased
LDL ApoB catabolism.

Areduction in circulating PCSK9
levels could influence the FCR of
LDL-ApoB (Figure 4B and ref. 22).
Plasma PCSK9 levels were modestly
but significantly reduced in subjects
treated with anacetrapib monother-

LDLR
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Figure 4. Potential mechanisms responsible for the increase in the LDL ApoB FCR observed in response
to anacetrapib treatment. (A) A reduction in the cholesterol content of the regulatory pool of intracellular
cholesterol activates SREBP2, leading to increased transcription of LDLR, PCSK9, and cholesterol synthetic

genes. Increased LDLR transcription increases the amount of LDLR at the cell

cated by “Y"), leading to an increase in LDL clearance. This scenario should be accompanied by an increase

in the PCSK9 PR and cholesterol synthesis as reflected by lathosterol levels. (B) Reduced levels of PCSK9
circulating in plasma results in less targeting of the LDLR for degradation and an increase in LDL recycling.
This would increase the amount of LDLR at the cell surface of hepatocytes and lead to an increase in LDL
clearance. (C) A decrease in hepatic oxysterols reduces activation of the LXR, leading to reduced transcription
of MYLIP, the gene that encodes IDOL, and APOAT. Reduced IDOL at the plasma membrane attenuates LDLR
degradation and increases LDL recycling, leading to an increased number of LDLRs at the hepatocyte cell

surface and, consequently, an increase in LDL clearance. This scenario should

ApoA-I PR. (D) An increase in the TG/cholesterol ratio as well as an increase in LDL particle size as seen by
NMR increases the affinity of LDL for the LDLR, leading to a greater degree of LDL binding to the LDLR and

an increase in overall LDL clearance.

anacetrapib, increased hepatic cholesterol levels, which led to
reduced activation of SREBP2 and downregulation of LDLRs in
mice and cultured human hepatocytes (21). However, there was
an increase, rather than a decrease, in LDL-C levels, making these
findings of uncertain relevance to CETP inhibition in humans.
Another biomarker reflecting the hepatic cholesterol reg-
ulatory pools and directly affecting LDL catabolism is PCSK9.
PCSK9 production is known to increase in response to reduced
hepatic cholesterol levels, also via activation of SREBP2, result-
ing in increased PCSK9 levels in plasma (22). The PCSK9 PR
should parallel the synthesis of LDLRs. Although we saw a
modest reduction in plasma PCSK9 levels during anacetrapib
monotherapy, there was no change in PCSK9 concentrations
when anacetrapib was added to ATV. We developed a method
for determining the kinetics of PCSK9 in humans. Using this
approach, we found no statistically significant effect of anace-
trapib on the PR of PCSK9 in subjects who were either on
anacetrapib monotherapy or anacetrapib plus ATV. Together
with the data for lathosterol, these results support the hypoth-
esis that there was no substantial change in the hepatic regu-
latory cholesterol pools or SREBP2 activation in response to

jci.org  Volume 125 Number 6  June 2015

apy. Rhesus macaques also had lower
PCSK9 levels following a 10-day
treatment with anacetrapib (23). Our
PCSK9 kinetics studies suggested a
modestly increased FCR for PCSK9,
though this was not statistically sig-
nificant. A portion (at least 40%) of
circulating PCSK9 has been found
to be associated with LDL (24). It is
currently unknown whether LDL-as-
sociated PCSK9 is functional in pro-
moting LDLR degradation. PCSK9
is required to bind to the EGF recep-
tor homology domain (EGF-A) of
the LDLR to promote degradation.
PCSK9 has also been reported to
bind some of the repeats within the
N-terminal ligand-binding domain
(LBD) of the LDLR, although this has
not been unequivocally confirmed in
any of the reported crystal structures
at both neutral and acidic pHs (25,
26). These findings led Yamamoto
et al. to propose a model whereby
PCSK9 requires interaction with
both the EGF-A and LBD domains
of the LDLR to promote degradation (27). While LDL-associated
PCSK9 is capable of binding to the LDLR (24), this may only occur
through interaction with either the EGF-A domain or the LBD,
but not both domains. Thus, it is possible that there is increased

LDL TG/
cholesterol

T LDL size

!

LDL affinity
for LDL receptor

surface of hepatocytes (indi-

be accompanied by a reduced

fractional clearance of LDL-associated PCSK9 without enhanced
LDLR degradation. We did not observe a reduction in plasma
PCSK9 levels with anacetrapib treatment in statin-treated sub-
jects; the basis for this difference is unknown. Clearly, this topic
requires further investigation.

A third possible mechanism that could increase the LDL-
ApoB FCR is reduced expression of inducible degrader of the
LDLR (IDOL) (Figure 4C). IDOL is an E3 ubiquitin ligase that
has been shown to promote degradation of the LDLR through a
lysosome-dependent pathway (28). IDOL expression is known to
be induced by oxysterol-mediated activation of the liver X recep-
tor (LXR). Attenuation of LXR activity by anacetrapib resulting in
reduced IDOL activity could lead to an increase in LDLR activity
and the LDL-ApoB FCR. While plasma oxysterol levels were not
measured in the current study, anacetrapib has been shown to
reduce hepatic cholesterol levels in hamsters treated with 60 mg/
kg anacetrapib for 2 weeks (16). This was associated with increased
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cholesterol and cholic acid excretion in feces. However, in humans,
the CETP inhibitor torcetrapib was shown to have no effect on
fecal bile acids (29), suggesting that there is no change in hepatic
oxysterol levels following CETP inhibition. Consistent with this
concept, we found no significant effect of anacetrapib treatment
on the PR of the known LXR targets CETP and ApoA-I (30). Thus,
decreased LDLR degradation via IDOL is unlikely to be the basis
for an increased LDL-ApoB FCR.

A fourth mechanism that could increase the LDL ApoB FCRin
response to CETP inhibition with anacetrapib would be a change
in LDL lipid composition, size, and/or apolipoprotein content that
increased its affinity for the LDLR or other receptors (Figure 4D).
We found that LDL was relatively enriched in TG and depleted of
cholesterol and CE during CETP inhibition. LDL enriched in TG is
generally larger and has relatively high affinity for the LDLR (31).
We measured LDL size by NMR and found that the average LDL
size was increased to a degree similar to that reported in response to
torcetrapib treatment (5). Krauss et al. showed that average LDL size
measured by ion mobility is slightly reduced following anacetrapib
treatment (150 mg/day) in association with a relative decrease in
larger particles and an increase in smaller-sized LDL particles (32).
Further work needs to be done to resolve the discrepancy in particle
sizing by these 2 methods. It is worth noting that CETP deficiency
is associated with polydisperse LDL, with the presence of both large
and small LDL subspecies noted (33). Krauss et al. reported that
anacetrapib treatment (150 mg/day) increased ApoE in the smaller
LDL subfraction and C-III in the smallest LDL subfraction, with
no change in the ApoE or C-III content of the larger LDL subfrac-
tions (32). This finding is consistent with the concept that following
anacetrapib treatment, there is preferential clearance of the large,
TG-enriched LDL particles over smaller LDL ones.

In the present study, we also found a significant (P < 0.001)
reduction in the VLDL ApoB PS in subjects treated with anace-
trapib in combination with a statin that was due to an increased
VLDL ApoB FCR, with no change in the VLDL ApoB PR. The
VLDL ApoB FCR was also increased in subjects treated with
anacetrapib monotherapy. This was accompanied by a significant
(P = 0.014) increase in the VLDL ApoB PR, resulting in no net
change in the VLDL ApoB PS in this group. CETP inhibition with
torcetrapib was associated with an increased VLDL ApoB FCR.
Similar to what was observed in the current study, torcetrapib was
associated with an increase in the VLDL ApoB PR when given as
a monotherapy, but not when given in combination with a statin
(8). The FCR of VLDL ApoB is known to be influenced by factors
that regulate lipolysis and affinity for lipoprotein receptors includ-
ing LPL, ApoC-II, ApoC-III, ApoE, and VLDL lipid composition.
We observed no changes in LPL or HL mass or activity during
anacetrapib treatment on either background therapy. However,
the TG enrichment of VLDL that we observed during anacetrapib
treatment could have increased the efficiency of lipolysis in the
absence of increased availability of LPL or HL; larger TG-rich,
ApoB-containing lipoproteins are lipolyzed more efficiently
(34). In addition, relative enrichment of VLDL with ApoE and/
or reduced ApoC-III content of VLDL could increase the rate of
fractional removal of VLDL by the liver (35). Fractional removal
of VLDL ApoB includes both direct clearance and conversion to
IDL ApoB or LDL ApoB. While CETP deficiency has been associ-
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ated with enhanced (though nonsignificant) conversion of VLDL
ApoB to LDL ApoB (15), we observed no change in the conversion
of VLDL to LDL, either directly or through IDL ApoB, in response
to anacetrapib. It should be noted that that the ApoB-containing
lipoproteins in this study were isolated using traditional density
cutpoints. Because of changes in lipid composition in response
to CETP inhibition, there may be changes in lipoprotein density,
such that there may be overlap of lipoprotein fractions between
traditional density cutpoints, which could complicate interpreta-
tion of the kinetics results for VLDL and IDL ApoB.

These in vivo human data definitively establish that anace-
trapib treatment, as monotherapy and in combination with a
statin, reduces LDL by increasing its FCR. This increase in LDL
catabolism might be explained by enhanced clearance of TG-rich
LDL particles generated by CETP inhibition. This mechanism
reduces the total number of LDL particles and contributes to the
reduction in LDL-C and ApoB levels. In addition, anacetrapib
reduces the cholesterol content of LDL particles, which may con-
tribute to the overall reduction in LDL-C levels. If anacetrapib
is ultimately shown to reduce cardiovascular events (36), the
reduction in LDL-C through these mechanisms is likely to to be
found to contribute to that benefit.

Methods

Study subjects

Subjects were recruited from internal clinical trial databases and from
advertisements in local newspapers and postings at each study site
(Columbia University Medical Center and the University of Pennsylva-
nia). Eligible subjects included nonsmoking or social smoking (fewer
than 5 cigarettes over 3 months) men and women between 18 and 75
years of age with a BMI between 18.5 and 40 kg/m?. All subjects had
an LDL-C level of 100 mg/dl or higher and 190 mg/dl or lower (sub-
jects with 0-1 coronary heart disease [CHD] risk factor) or 160 mg/dl
or lower (subjects with 22 CHD risk factors) at screening for statin-na-
ive subjects, or following a 2- to 3-week washout period for subjects
taking statins at screening. The initial upper limit for BMI (35 kg/m?)
and lower limit for LDL (2120 mg/dl) were modified to aid in recruit-
ment. A requirement for subjects to have an LDL cholesterol level of
70 mg/dl or higher after 2 weeks on ATV treatment was removed to
increase enrollment numbers. Subjects were also required to have a
TG level of 400 mg/dl or lower at the screening visit. All subjects were
counseled to maintain a diet consistent with the recommendations of
the American Heart Association.

The female subjects were of non-childbearing potential (i.e., sur-
gically sterilized or postmenopausal for at least 1 year) or of childbear-
ing potential with a negative serum pregnancy test and who were using
reliable birth control methods. Individuals bearing a clinically signifi-
cant medical condition and those with a known history of alcohol and/
or drug abuse or requiring concomitant lipid-altering medications
were excluded from this study.

Study design
This was a multicenter, randomized, 2-panel, double-blind, place-
bo-controlled (for ATV background versus placebo), double-dummy,
2-period, fixed-sequence (for placebo or ATV alone, followed by pla-
cebo or ATV plus anacetrapib) phase I study in which 46 dyslipidemic
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subjects were enrolled between December 2009 and July 2011 (Merck
& Co. Inc., protocol number 0859-026-03; NCT00990808). A copy
of the study protocol can be found in the supplemental materials. Sub-
jects were randomized to either panel A (ATV background) or panel B
(placebo background) at a 3:1 ratio according to a computer-generated
allocation schedule stratified by an LDL-C level lower than or greater
than or equal to 160 mg/dl to ensure a balanced distribution of these
subjects across panels. Each panel consisted of 2 treatment periods,
with no washout period separating the treatments within each panel.

Panel A (n=29). In period 1, subjects in panel A received 20 mg/
day ATV (Lipitor; Pfizer Inc.) coadministered with placebo to match
100 mg anacetrapib (Merck & Co. Inc.) for a minimum of 4 weeks
(maximum of 5 weeks). In period 2, subjects in panel A added 100
mg anacetrapib once daily for 8 weeks (maximum of 9 weeks) to their
existing ATV treatment regimen.

Panel B (n = 10). In period 1, subjects received daily oral doses of
placebo to match 20 mg ATV coadministered with placebo to match
the 100 mg anacetrapib treatment regimen for a minimum of 4 weeks
(maximum of 5 weeks). In period 2, subjects in panel B added 100
mg anacetrapib once daily for a minimum of 8 weeks (maximum of 9
weeks) to their existing placebo to match the ATV treatment regimen.

Subjects could be discontinued from the study for any AE that
jeopardized the subject’s safety and/or well-being or deviation from
protocol requirements. At the end of each treatment period, subjects
were admitted to the corresponding clinical and translational research
center (CTRC) before undergoing a lipoprotein kinetics study per-
formed with bolus injections of [*C ]-phenylalanine (29.4 umol/kg
BW); [1,1,2,3,3-H,]-glycerol (100 umol/kg BW); and [5,5,5-°H,]-leu-
cine (9-10 umol/kg BW) (isotopes from Cambridge Isotope Laborato-
ries), followed immediately by a constant infusion of [5,5,5-°H,]-leuc-
ine (9-10 umol/kg BW/hour) over a 15-hour period under constantly
fed conditions (i.e., small isocaloric meals consisting of ~18% fat were
given every 2 hours [16 meals over 30 hours]). Feeding was started 8
hours before isotope administration to establish steady-state condi-
tions. Blood samples were collected at O (prebolus), 20, and 40 min-
utes, and 1, 2, 4, 6, 8, 10, 12, 14, 15, 15.5, 16, 18, 21, 24, and 48 hours
after infusion to determine the kinetics of ApoB in VLDL, IDL, and
LDL, as well as the kinetics of plasma PCSKO.

In both treatment periods, the study medication was self-admin-
istered at home (in the evening with dinner). During the kinetics stud-
ies, the medication was administered by CTRC staff. Subjects con-
tinued to receive the study drug during the kinetics study protocols.
Compliance was monitored through pill counts and random phone
calls. Subjects received monetary compensation for study participa-
tion and study-related expenses.

Safety measurements
The safety and tolerability of the study medication were assessed
by clinical evaluation of AEs and inspection of other safety param-
eters, including physical examinations, vital signs, and routine lab-
oratory safety measurements (hematology, blood chemistry, and
12-lead ECGs) at prespecified times throughout the study. AEs were
monitored throughout the study and evaluated in terms of intensity
(mild, moderate, or severe), duration, severity, outcome, and rela-
tionship to the study drug. All subjects who took at least 1 dose of
study medication (panel A [n = 35] or B [n =11]) were included in the
safety and tolerability analyses.
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Biochemical and immunologic assays

Blood for biochemical measurements was collected at the end of each
treatment period following a 12-hour fast. TC and TG were measured
enzymatically on a Cobas Fara II autoanalyzer (Roche Diagnostic Sys-
tems) using Sigma-Aldrich reagents. LDL-C levels were determined
using the Friedewald formula. The TG/TC ratio in VLDL, IDL, and
LDL and the TG/CE ratio in LDL were measured in ultracentrifugally
isolated lipoprotein fractions using enzymatic reagents. CE levels were
determined by subtracting free cholesterol from the TC measurement.
ApoB, ApoC-II, ApoC-III, and ApoE were measured with immunotur-
bidimetric assays using Wako reagents. ApoB in the VLDL and IDL
fractions was measured using the AssayMax Human ApoB ELISA kit
(AssayPro). LDL ApoB was determined by subtracting VLDL ApoB
and IDL ApoB from plasma ApoB. Particle sizes and the concentration
of lipoprotein subspecies were measured using NMR (LipoScience).
Lathosterol was analyzed by gas chromatography-mass spectrometry
(GC-MS) using selected ion monitoring of lathosterol (37). CETP mass
was assayed using a double-antibody sandwich ELISA kit from Wako
(catalog 997-29001; performed by Pharmaceutical Product Develop-
ment LLC [PPD]).

LPL and HL concentrations and activity

Post-heparin plasma was collected 10-15 minutes after an i.v. injection
of heparin (60 units/kg BW) at the end of each treatment period fol-
lowing the final blood draw of the lipoprotein kinetic study. Post-hep-
arin LPL and HL concentrations were measured using commercially
available ELISAs (ALPCO Diagnostics and Abnova, respectively).
Total lipase activities were assayed in triplicate using radiolabeled TG
emulsion as a substrate (38, 39). Results were expressed as pmol of
free fatty acids (FFAs) released per hour. The contribution of HL was
determined by including 1 mM NacCl in the assay; the activity of HL
was subtracted from the total lipase activity to estimate LPL.

ApoB kinetics

ApoB kinetics were measured in the Metabolic Tracer Resource
at the University of Pennsylvania as previously described (40, 41).
Lipoprotein fractions were isolated by sequential ultracentrifugation
from blood samples collected throughout the kinetics study. ApoB-
100 was isolated by SDS-PAGE from the VLDL, IDL, and LDL frac-
tions and acid hydrolyzed. The resulting amino acids as well as free
[5,5,5-H,]-leucine and [*C,]-phenylalanine in plasma were isolated
by cation exchange chromatography and derivatized (41). The isotope
enrichment with [5,5,5-*H,]-leucine and [*C,]-phenylalanine tracers
in plasma and apolipoproteins was measured by GC-MS using an Agil-
ent 7890A/5975 GC-MS system. ApoB kinetic parameters were deter-
mined by simultaneous fitting of the stable isotope-labeled leucine
and phenylalanine tracer data to a multicompartmental model with a
weighted least-squares approach using WinSAAM modeling software,
version 3.0.7. The model was adapted from that used previously (40),
with the addition of a VLDL remnant compartment. FCRs were cal-
culated from kinetic parameters as the fraction of ApoB cleared from
each lipoprotein class, either directly or by transfer to another lipopro-
tein class. PRs were calculated as the product of the FCR and the cor-
responding PS. PSs for VLDL-, IDL-, and LDL ApoB were calculated as
the product of the average concentration of ApoB in each lipoprotein
fraction, calculated from 5 time points during the kinetics study, and
the plasma volume, assumed to be 4.5% of BW.
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PCSKS3 kinetics

PCSK9 concentration and kinetics were determined as previously
described (12). Briefly, PCSK9 protein was immunopurified from 500
ul plasma using mAbs coupled to magnetic beads. mAbs against PCSK9
(clone 1B20) used for immunoaffinity purification were produced using
standard techniques from hybridomas generated following the immuni-
zation of mice with recombinant human PCSK9 (12). Protein was eluted
with formic acid, evaporated to dryness, and resuspended for tryptic
digestion. Tryptic peptides were analyzed by microflow liquid chroma-
tography-tandem mass spectrometry (LC-MS/MS). Isotope enrichment
was determined by calculating the ratio of M3/MO and subtracting the
baseline for the peptide GTVSGTLIGLEFIR > LIGLEFIR.

PCSK9 kinetic parameters were determined by fitting the stable
isotope-labeled leucine tracer data to a multicompartmental model
with a weighted least-squares approach using WinSAAM, version
3.0.7. The multicompartmental model consisted of 3 compartments:
a hepatic precursor, a synthetic delay, and plasma PCSK9. The hepatic
precursor was represented by the plasma [5,5,5-2H,]-leucine enrich-
ment. The FCR of PCSK9 was calculated from kinetic parameters as
the fraction of PCSK9 cleared from plasma each day. The PCSK9 PR
was calculated as the product of the FCR and the plasma PCSK9 PS.
The PCSK9 PS was calculated as the product of the average plasma
PCSK9 concentration, measured at 3 time points during the metabolic
study, and the plasma volume, assumed to be 4.5% of BW.

Statistics

Collected site-specific data were reported to each study site, where
data were reviewed and manually entered into a secure database.
Following data entry, all data were adjudicated before analysis. All
statistical analyses were conducted using SAS software (SAS Institute
Inc.). Analysis was performed on log scale, and the estimates obtained
were back-transformed using the formula 100*(exp(estimate)-1),
to yield point estimates, 95% ClIs, and between-treatment, 2-tailed
P values for the true percentage change from the treatment in period
1. Data normality was first assessed. For normally distributed data,
linear mixed-effects models containing fixed effects for panel and
treatment-within-panel and random effect for subject-within-panel
were used to assess the percentage change from period 1 treatment.
The geometric mean and percentage of coefficient of variation (%CV)
were also provided for each treatment. For non-normally distributed
data, median and interquartile ranges were reported for individual
treatment periods. Hodges-Lehmann estimates based on the Wilcoxon
signed-rank test and corresponding P values were reported for treat-
ment period differences (period 2 - period 1).

This study had 2 primary comparisons and additional between-
treatment comparisons. Although the P values quoted in the text and
shown in the tables are raw P values, various multiplicity adjustments
were also performed in order to facilitate a balanced interpretation of
these results. Significance for the 2 primary comparisons, the percentage
of change in the LDL ApoB PR, and the percentage of change in the LDL
ApoB FCR after administration of anacetrapib on a background of ATV
therapy versus ATV alone were assessed using the 4A multiple-testing
procedure (42), which controls for the FWER for the primary hypothe-
ses at a = 0.05. Following this procedure, the LDL ApoB PR was tested
at the al = 0.04 level, and the LDL ApoB FCR was tested at an adjusted
02 (0.0005) level based on both the observed raw P value for PR (0.798)
and the upper limit of 95% CI of the correlation (0.690) between the
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2 primary endpoints. Using this procedure, success for either compar-
ison is sufficient. Using the 2-stage FDR method (43), the FDR for the
comparisons of anacetrapib with ATV versus anacetrapib alone, anace-
trapib with ATV versus ATV alone, and anacetrapib versus placebo was
controlled at 5% for the following endpoints: kinetics of ApoB in VLDL,
IDL, and LDL; conversions of VLDL ApoB to IDL ApoB, VLDL ApoB to
LDL ApoB, and IDL ApoB to LDL ApoB; concentrations and activity of
HL and LPL; and concentrations of ApoB, ApoC-1I1, ApoC-III, and ApoE.
All other exploratory endpoints and comparisons were tested at the
0.05 level and were not subject to multiplicity adjustment. All available
data were included, and no data were excluded from analysis.

The study was powered to detect absolute differences in the LDL
ApoB 100 PR and the LDL ApoB-100 FCR for anacetrapib with ATV
versus ATV alone. With 30 subjects, assuming a pooled, within-sub-
ject SD of 1.94 mg/kg/day and a significance level of 0.04 (2-tailed),
there was 96.0% probability to detect a -1.4 mg/kg/day decrease in
the LDL ApoB-100 PR. Assuming a pooled, within-subject SD of 0.05
pools/day and a significance level of 0.05 (2-tailed), an increase of
0.026 pools/day in the LDL ApoB-100 FCR could be detected with
80.0% probability.

Study approval

This study was conducted in accordance with the Principles of Good
Clinical Practice and was approved by the IRBs of Columbia Univer-
sity Medical Center and the University of Pennsylvania. All study sub-
jects provided written informed consent.
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