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Abstract
Objective—Pharmacological inhibition of the cholesteryl ester transfer protein (CETP) in
humans increases high-density lipoprotein (HDL) cholesterol (HDL-C) levels; however, its effects
on apolipoprotein A-I (apoA-I) containing HDL subspecies, apoA-I turnover, and markers of
reverse cholesterol transport are unknown. The present study was designed to address these issues.

Methods and Results—Nineteen subjects, 9 of whom were taking 20 mg of atorvastatin for
hypercholesterolemia, received placebo for 4 weeks, followed by the CETP inhibitor torcetrapib
(120 mg QD) for 4 weeks. In 6 subjects from the nonatorvastatin cohort, the everyday regimen
was followed by a 4-week period of torcetrapib (120 mg BID). At the end of each phase, subjects
underwent a primed-constant infusion of (5,5,5-2H3)-L-leucine to determine the kinetics of HDL
apoA-I. The lipid data in this study have been reported previously. Relative to placebo, 120 mg
daily torcetrapib increased the amount of apoA-I in α1-migrating HDL in the atorvastatin (136%;
P<0.001) and nonatorvastatin (153%; P<0.01) cohorts, whereas an increase of 382% (P<0.01) was
observed in the 120 mg twice daily group. HDL apoA-I pool size increased by 8±15% in the
atorvastatin cohort (P=0.16) and by 16±7% (P<0.0001) and 34±8% (P<0.0001) in the
nonatorvastatin 120 mg QD and BID cohorts, respectively. These changes were attributable to
reductions in HDL apoA-I fractional catabolic rate (FCR), with torcetrapib reducing HDL apoA-I
FCR by 7% (P<0.10) in the atorvastatin cohort, by 8% (P<0.001) in the nonatorvastatin 120 mg
QD cohort, and by 21% (P=0.01) in the nonatorvastatin 120 mg BID cohort. Torcetrapib did not
affect HDL apoA-I production rate. In addition, torcetrapib did not significantly change serum
markers of cholesterol or bile acid synthesis or fecal sterol excretion.

Conclusions—These data indicate that partial inhibition of CETP via torcetrapib in patients
with low HDL-C: (1) normalizes apoA-I levels within α1-migrating HDL, (2) increases plasma
concentrations of HDL apoA-I by delaying apoA-I catabolism, and (3) does not significantly
influence fecal sterol excretion.
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Epidemiologic studies have consistently demonstrated that plasma concentrations of high-
density lipoprotein (HDL) cholesterol and apolipoprotein A-I (apoA-I) are inversely
correlated with the incidence of coronary heart disease (CHD).1–3 Clinical trial results
indicate that even modest increases in HDL cholesterol (HDL-C) concentrations can
significantly reduce CHD risk.4–5 However, 3-hydroxy-3-methylglutaryl–coenzyme A
reductase inhibitors, or statins, have only modest effects on HDL-C levels, raising them on
average by 5% to 10%.6 Although fibrates and niacin can raise HDL-C levels, the increases
in HDL-C are rarely >25%, and niacin is often not well tolerated.

Among the alternative HDL-raising strategies actively being explored is cholesteryl ester
transfer protein (CETP) inhibition.7 CETP is a plasma glycoprotein that facilitates the
transfer of cholesteryl esters (CEs) from HDL to apoB-containing lipoproteins.8,9 Humans
with CETP deficiency attributable to molecular defect(s) in the CETP gene have markedly
elevated plasma levels of HDL-C and apoA-I,10–12 the latter of which are the result of
significantly delayed apoA-I catabolism.13 These observations have led to the hypothesis
that pharmacological inhibition of CETP may increase HDL-C and apoA-I levels to a
greater extent than currently available therapies. The concept of therapies targeted
specifically toward HDL metabolism has gained support of late from the finding that
infusions of apoA-I Milano–phospholipid (PL) complexes over a 5-week period induced
regression of coronary atherosclerosis in a small clinical trial.14

We reported previously that pharmacological inhibition of CETP in humans significantly
increased steady-state HDL-C levels in normolipidemic subjects15 and in patients with low
HDL-C (<40 mg/dL).16 In the former subjects, 120 mg torcetrapib QD increased plasma
concentrations of HDL-C and apoA-I by means of 73% and 24%,15 respectively, whereas
corresponding increases of 53% and 15% were observed in subjects with low HDL-C.16 The
present study was designed to assess the effects of CETP inhibition on dynamic aspects of
HDL metabolism, specifically apoA-I kinetics and fecal sterol excretion, in patients with
low HDL-C levels. Our data indicate that CETP inhibition significantly increased apoA-I
pool size (PS) because of delayed catabolism but did not alter fecal sterol excretion.

Methods
Subjects

Subjects were recruited at 2 medical centers: Tufts-New England Medical Center, in Boston,
Mass, and the University of Pennsylvania School of Medicine, in Philadelphia. Patients were
eligible for this trial if they met the following criteria: an age of 18 to 70 years, an HDL-C of
<40 mg/dL, triglycerides (TGs) of <400 mg/dL, a low-density lipoprotein cholesterol (LDL-
C) level of <160 mg/dL, and a body mass index between 18 and 35 kg/m2. Subjects having
an LDL-C of >160 mg/dL were considered for the atorvastatin arm of this study provided
that they met all other criteria, including that of an LDL-C of <160 mg/dL once stabilized on
20 mg atorvastatin. Exclusion criteria were described previously in detail.16 The study
protocol was approved by the human investigation review committee of each institution, and
informed written consent was obtained from each participant.
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Experimental Design
This was a single-blind, placebo-controlled, fixed-sequence study designed to examine the
effects of torcetrapib on lipoprotein metabolism in subjects with low HDL-C. A total of 19
subjects were enrolled in this trial, with 9 subjects in the atorvastatin arm and 10 in the
nonatorvastatin arm. A detailed description of the study design has been reported
previously.16 Briefly, the study consisted of an introductory period of 2 to 4 weeks, during
which time subjects were screened and, if necessary (LDL-C >160 mg/dL), stabilized on 20
mg atorvastatin. All subjects next received placebo for 4 weeks, followed by 120 mg
torcetrapib QD for an additional 4 weeks. Six subjects from the nonatorvastatin cohort also
participated in a third phase, in which they received 120 mg torcetrapib BID for 4 weeks.

At the end of each 4-week phase, subjects underwent a primed-constant infusion of
deuterated leucine while fed a small meal each hour for 20 hours to determine the kinetics of
HDL apoA-I.17 At 11 AM (0 hour), (5,5,5-2H3)-L-leucine (10 μmol/kg body weight) was
injected intravenously as a bolus over 1 minute and then by continuous infusion 10 μmol/L ·
kg body weight−1 · hours−1 over a 15-hour period. Blood samples (20 mL) were collected at
0, 30, 35, and 45 minutes and at 1, 1.5, 2, 3, 4, 6, 9, 10, 12, 14, and 15 hours, and HDL
particles were isolated by sequential density ultracentrifugation.

At a visit 1 week before the metabolic study, subjects were provided with detailed
instructions and containers for complete stool collection. Stools were collected for the entire
3-day period before the metabolic study at the end of each phase.

Plasma Lipid and Lipoprotein Determinations
On the day of infusion, blood samples were collected from subjects after a 12-to 14-hour
fast into tubes containing 0.1% EDTA. Plasma was isolated by centrifugation at 2500 rpm,
4°C, for 20 minutes. Plasma HDL-C levels were determined subsequent to dextran sulfate–
magnesium precipitation of apoB-containing lipoproteins.18 Levels of total cholesterol (TC)
and TG in HDL were determined using standard enzymatic methods.19 Free (unesterified)
cholesterol (FC) and PL concentrations in HDL were determined with a Hitachi 911
autoanalyzer, using reagent kits from Wako Diagnostics. CE concentrations were calculated
by subtracting FC from TC and multiplied by 1.68 to correct for fatty acid content. HDL
total protein (PRO) was assessed using the Pierce Micro BCA kit, with the modification of
adding 10% sodium dodecyl sulfate to denature lipoprotein TGs. Cholesterol, TG, and HDL-
C assays have been standardized through the Centers for Disease Control (Atlanta, Ga).

Analysis of ApoA-I–Containing HDL Subpopulations by 2D Lipoprotein Electrophoresis
The distribution of apoA-I–containing HDL subpopulations in the plasma was determined
using nondenaturing 2D agarose–polyacrylamide gel electrophoresis, as reported
previously.20 With this method, absolute concentrations (in milligrams apoA-I per dL
plasma) of apoA-I–containing HDL subpopulations are calculated by multiplying the plasma
total apoA-I concentration for a given subject (mg/dL) by the percentile value of each
subpopulation.

Quantitation and Isolation of Apolipoproteins
Plasma apoA-I levels at each kinetic time point were measured on a Hitachi 911
autoanalyzer (Hitachi, Inc.) using an immunoturbidimetric assay and reagents and
calibrators from Wako Diagnostics. ApoA-I was isolated from HDL by SDS-PAGE using a
Tris–glycine buffer system, as described previously.21
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Determinations of Isotopic Enrichment
ApoA-I bands were excised from the polyacrylamide gels, hydrolyzed in 12 N HCl at 110°C
for 24 hours, and amino acids converted to N-propyl ester, N-heptafluorobutyramide
derivatives, as described previously in detail,22 before analysis on an Agilent Technologies
6890/5973 gas chromatography–mass spectrometry (GC/MS). To identify labeled and
unlabeled leucine, amino acids were ionized by methane-negative chemical ionization.
Selected ion monitoring at mass-to-charge ratios of 349 and 352 were used to determine the
moles percent enrichment (labeled/unlabeled) of each sample. Enrichment was calculated
from the moles percent enrichment and then converted to a tracer/tracee ratio according to
the following formula: tracer/tracee=e(t)/e(I)−e(t), where e(t) is the enrichment at time t, and
e(I) represents the isotopic abundance of the infusate determined by GC/MS.23

Kinetic Analysis
The kinetics of HDL apoA-I were assessed using a multicompartmental model as described
previously.24 The SAAMII program was used to fit the model to the observed tracer data
using a weighted least-squares approach to determine the best fit. The very LDL apoB-100
plateau was used for liver-derived apoB-100 as described previously.25 ApoA-I PS was
defined as plasma apoA-I concentration (mg/dL) multiplied by plasma volume (0.45 dL/kg
body weight). ApoA-I production rate (PR) was calculated using the formula PR (mg · kg−1

· day−1)=[fractional catabolic rate (FCR; pools per day)×apoA-I concentration (mg/dL)
×plasma volume (0.45 dL/kg body weight)]/body weight (kg).

Determination of Serum Lathosterol and 7α-Hydroxy-4-Cholesten-3-One Concentrations
Serum levels of lathosterol (μg/mL), a cholesterol precursor, were assayed by mass
spectrometry using an isotopedilution method, as previously described in detail.26,27 Serum
concentrations of 7α-hydroxy-4-cholesten-3-one (C4; ng/mL), an intermediate in bile acid
synthesis, were determined by high-performance liquid chromatography, as reported
recently.28 A strong correlation has been shown between the level of C4 in serum or plasma
and the enzymatic activity of hepatic cholesterol 7α-hydroxylase,28 the rate-limiting enzyme
in the synthesis of bile acids.

Measurement of Fecal Bile Acid and Neutral Sterol Content
Stools were collected for the entire 3-day period before the metabolic study at the end of
each phase, as described above. The neutral sterols cholesterol, coprostanol, and
coprostanone, as well as bile acids and plant sterols, were measured in extracted stool
samples using GC/MS.29–31 Because no dietary marker was used, the content of fecal
neutral sterols and fecal bile acids is expressed as mg/mg plant sterol to correct for possible
variation in fecal flow.

Statistical Analyses
The normality of end points was assessed by the Shapiro–Wilk goodness-of-fit test,32 in
addition to visual examination of histograms and box plots. Paired t tests were used to assess
differences between the placebo and drug phases within a given group, whereas 2-sample t
tests were used to detect statistically significant differences between the atorvastatin and
nonatorvastatin groups (SAS System for Windows, Release 8.02, 1999 to 2001; SAS
Institute). Percent change relative to placebo was computed on an individual subject basis
and summarized descriptively by cohort. All data in the text and tables are presented as
mean±SD.
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Results
Effects of Torcetrapib on HDL Composition

As reported previously,16 CETP inhibition with torcetrapib significantly increased plasma
concentrations of HDL-C and apoA-I in this study (Figure). The effects of torcetrapib on
HDL composition, expressed as percent weight/weight, are shown in Table 1. As expected,
torcetrapib had its greatest effect on the CE and TG components of HDL. Relative to
placebo, 120 mg torcetrapib QD increased HDL CE content from a mean of 12.2±1.1% to
15.9±1.1% (P<0.00001) in the atorvastatin cohort and from a mean of 11.2±2.3% to
15.6±1.8% (P<0.0001) in the nonatorvastatin cohort. A mean increase of 45±12%, from
11.9±1.3% to 17.1±1.4% (P<0.001), was seen in the 120 mg torcetrapib BID cohort. In
contrast, HDL TG content was significantly reduced by torcetrapib. Torcetrapib reduced
HDL TG from 7.4±1.7% to 5.4±1.6% (P<0.04) in the atorvastatin cohort and from
9.3±2.2% to 4.9±1.0% (P<0.0001) and 8.1±1.0% to 4.2±0.9% (P<0.01) in the 120 mg
nonatorvastatin QD and BID cohorts, respectively.

The PL and total PRO content of HDL were also significantly altered by torcetrapib.
Torcetrapib increased HDL PL content from 17.8±1.5% to 19.7±1.8% (P<0.01) in the
atorvastatin cohort, from 16.4±1.6% to 19.0±1.0% (P<0.01) in the 120 mg nonatorvastatin
QD cohort, and from 17.1±1.2% to 19.9±1.0% (P<0.01) in the 120 mg nonatorvastatin BID
cohort. HDL PRO was significantly reduced by torcetrapib, with mean reductions of
7.0±3.7% (P<0.001), 4.7±4.2% (P<0.01), and 7.9±3.6% (P<0.01) versus placebo observed
for the atorvastatin, 120 mg nonatorvastatin QD, and 120 mg nonatorvastatin BID cohorts,
respectively.

Effects of Torcetrapib on ApoA-I–Containing HDL Subpopulations
The effects of torcetrapib on concentrations of apoA-I–containing HDL subpopulations are
provided in Table 2. Neither concentrations of apoA-I within pre–β-1 HDL nor pre–β-2
HDL were significantly affected by 120 mg torcetrapib QD or BID. In contrast, torcetrapib
had striking effects on concentrations of apoA-I within the largest α-migrating
subpopulation of HDL: α-1. Relative to placebo, 120 mg torcetrapib QD increased the
amount of apoA-I in α-1 in the atorvastatin (136%; P<0.001) and nonatorvastatin (153%;
P<0.01) groups, whereas an increase of 382% (P<0.01) was observed in the 120 mg BID
group. The latter increase was also significantly different relative to the 120 mg QD phase
(64%; P<0.02). In contrast, torcetrapib reduced rather than increased levels of apoA-I in
α-3–migrating HDL, with mean reductions of 20% (P<0.01), 14% (P<0.11), and 29%
(P<0.01) noted during the 120 mg atorvastatin and nonatorvastatin QD and BID phases,
respectively. Concentrations of apoA-I in α-2–migrating HDL were significantly increased
by torcetrapib only in the atorvastatin cohort (19%; P<0.01). Finally, relative to placebo,
torcetrapib increased concentrations of apoA-I in preα-1–migrating HDL in the atorvastatin
cohort (142%; P<0.01), as well as in the 120 mg nonatorvastatin torcetrapib QD (111%;
P<0.01) and BID (713%; P<0.05) cohorts. No significant differences were observed in
apoA-I–containing subpopulations on placebo or drug when the atorvastatin and
nonatorvastatin cohorts were compared.

Effects of Torcetrapib on HDL ApoA-I Kinetic Parameters
HDL apoA-I kinetic parameters at the end of the placebo and drug phases are presented in
Table 3. Relative to placebo, 120 mg torcetrapib QD increased HDL apoA-I PS by 8±15%
(P=0.16) in the atorvastatin cohort and by 16±7% (P<0.0001) in the nonatorvastatin cohort.
When these 2 cohorts were compared, the relatively greater percent increase versus placebo
seen in the nonatorvastatin cohort was not significantly different from that of the atorvastatin
cohort (P=0.14). The 120 mg BID dose of torcetrapib increased HDL apoA-I PS to the
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greatest extent (34±8%). Analysis of the HDL apoA-I kinetic data revealed that the
increases in HDL apoA-I PS were primarily attributable to reductions in HDL apoA-I FCR.
A dose of 120 mg torcetrapib QD reduced HDL apoA-I FCR (pools per day) by 7±13%,
from 0.237±0.042 to 0.218±0.030 (P<0.10), in the atorvastatin cohort and by 8±5% in the
nonatorvastatin cohort, from 0.252±0.071 to 0.237±0.074 (P<0.001). In the 120 mg
torcetrapib BID cohort, HDL apoA-I FCR was reduced by 21%, from a mean of
0.228±0.033 on placebo to a mean of 0.179±0.020 on drug (P<0.01). HDL apoA-I PR was
not significantly altered by torcetrapib.

Effects of Torcetrapib on Serum and Fecal Concentrations of Neutral Sterols and Bile
Acids

The effects of torcetrapib on serum concentrations of 7α-hydroxy-4-cholesten-3-one (C4),
an intermediate in bile acid synthesis, and serum concentrations of lathosterol, an
intermediate in cholesterol synthesis, are shown in Table 4. Neither the 120 mg QD nor BID
doses of torcetrapib resulted in statistically significant changes in C4 concentrations relative
to placebo. In terms of serum lathosterol concentrations, subjects in the atorvastatin cohort
had significantly lower levels relative to the nonatorvastatin cohort. However, no significant
differences in serum lathosterol levels were observed between the placebo and torcetrapib
phases in any of the cohorts.

As shown in Table 4, 120 mg torcetrapib QD reduced fecal bile acid content, expressed in
relation to plant sterol content, in the atorvastatin cohort by 16±20%, from 1.4 to 1.2 mg/mg
(P<0.04). However, torcetrapib did not significantly alter fecal bile acid concentrations in
the nonatorvastatin cohorts, nor did it significantly change fecal sterol content in any of the
cohorts.

Discussion
Because of its critical role in HDL metabolism, CETP represents an attractive target for
HDL-raising therapies. Two inhibitors of CETP (JTT-70533 and torcetrapib)15,16 have been
shown to significantly increase plasma HDL-C concentrations in humans. The main goal of
the present study was to assess the effect of CETP inhibition with torcetrapib on HDL apoA-
I metabolism in patients with low levels of HDL-C.

Analysis of the HDL apoA-I kinetic data revealed that the increases in apoA-I PS observed
in subjects treated with torcetrapib were primarily attributable to reductions in HDL apoA-I
clearance rate. Torcetrapib reduced HDL apoA-I FCR by 7% (P=0.10) in the atorvastatin
cohort and by 8% (P<0.001) and 21% (P<0.01) in the 120 mg nonatorvastatin QD and BID
cohorts, respectively. Torcetrapib did not significantly alter apoA-I PR in any of the cohorts.
Thus, torcetrapib modulates plasma HDL apoA-I concentrations primarily via its effects on
apoA-I catabolism. This finding is consistent with that of Ikewaki et al,13 who reported that
the elevated concentrations of apoA-I observed in patients with CETP deficiency were due
solely to delayed apoA-I catabolism.

The major role of CETP is to mediate the transfer of CE from HDL to apoB-containing
lipoproteins and, in turn, of TG from apoB-containing lipoproteins to HDL.8,9 Therefore, it
is not surprising that torcetrapib significantly influenced the lipid composition of HDL
particles. Specifically, torcetrapib increased the CE and PL content of HDL while
decreasing HDL TG content. These changes in HDL composition led to significant increases
in mean HDL particle diameter in these subjects on torcetrapib.16 It has been demonstrated
consistently that HDL particle size can influence the metabolism of apoA-I.34–37 In fact, one
study has reported that as much as 70% of the variability in apoA-I FCR is attributable to
variability in estimates of HDL size or density.37 Thus, the differences in apoA-I FCR
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observed in our study were likely attributable to torcetrapib-induced changes in HDL
composition and, ultimately, HDL particle size.

We hypothesize that the relationship between increased particle size and decreased apoA-I
FCR is not one of cause and effect, but rather, that the alterations in catabolism may be
secondary to changes in apoA-I conformation. In vivo and in vitro work support this
concept. Horowitz et al38 clearly demonstrated that HDL composition and size can affect the
metabolic fate of apoA-I. Their data suggest that increased renal clearance of apoA-I occurs
when HDL are cholesterol depleted and relatively TG enriched because of the dissociation
of apoA-I from HDL. The in vitro experiments of Liang et al39 have further shown that the
dissociation of apoA-I from HDL is a concentration-dependent phenomenon, such that
increasing the level of HDL decreases the reduction in HDL particle size and the
dissociation of apoA-I.

Torcetrapib also significantly influenced the distribution of apoA-I among HDL
subpopulations. The most dramatic changes were observed in concentrations of the largest
apoA-I–containing subpopulation of HDL: α-1. Relative to placebo, 120 mg torcetrapib QD
increased levels of apoA-I in the α-1 subpopulation of HDL from 9.0 to 20.1 mg/dL in the
atorvastatin cohort and from 9.5 to 23.1 mg/dL in the nonatorvastatin cohort, whereas the
twice per day dose increased α-1 from 10.0 to 39.8 mg/dL. In comparison, we reported
previously a mean apoA-I concentration in α-1 of 19.6 mg/dL for 79 healthy,
normolipidemic subjects having a mean age of 53±13 years.40 Thus, in our subjects with
low HDL-C, the once-daily dose of torcetrapib normalized the amount of apoA-I in α-1. We
believe that this is a key observation in light of the fact that we have shown previously that
levels of α-1 are significantly reduced in patients with CHD.40 Moreover, we reported that
increased concentrations of α-1 observed during simvastatin–niacin combination therapy
were inversely associated with progression of coronary stenosis in patients from the HDL-
Atherosclerosis Treatment Study.41 Under normal metabolic conditions, the α-1 sub-
population of HDL does not contain apoA-II.42 With this in mind, it is important to note that
torcetrapib did not alter the distribution of apoA-II among α-migrating HDL subspecies
(data not shown). In contrast, we reported recently that apoA-II was localized to the α-1
HDL subpopulation in patients with heterozygous and homozygous CETP deficiency.43

A crucial question is whether CETP inhibition influences the rate of reverse cholesterol
transport (RCT). Schwartz et al44 reported recently that in normolipidemic humans, most
HDL CE excreted into the bile gets there via apoB-containing lipoproteins and, therefore,
presumably via CETP-mediated transfer. Hence, there is theoretical concern that CETP
inhibition may impair RCT and, ultimately, be proatherogenic. Preliminary studies with
CP-456,643, a close analog of torcetrapib, have shown that the removal of HDL CE from
the plasma of rabbits is not reduced,45 suggesting that the RCT pathway is not compromised
by CETP inhibition. Additional support for the latter concept comes from the work of
Morehouse et al,46 which showed that the percentage of aortic surface covered with lesions
was 60% lower in rabbits treated with torcetrapib relative to controls. Statistical analysis
revealed that the reduction of aortic atherosclerosis in the torcetrapib-treated rabbits was
significantly associated with the increase in HDL-C concentrations. Although the results of
these studies are promising, whether or not the marked increases in HDL-C seen in humans
treated with torcetrapib will translate into reduced cardiovascular disease risk remains to be
determined.

In the present study, RCT was assessed indirectly, using fecal concentrations of neutral
sterols and bile acids as surrogate measures. Torcetrapib did not substantially alter
concentrations of either fecal sterols or bile acids, indicating that it did not influence fecal
sterol excretion in these subjects. In the atorvastatin cohort, it should be noted that the
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dominant effect observed on these parameters was that associated with statin treatment
because patients on atorvastatin had significantly lower serum concentrations of lathosterol
(reduced cholesterol synthesis) and, in turn, decreased fecal sterol content, on placebo than
did subjects in the nonatorvastatin cohorts. Although torcetrapib did not increase fecal sterol
excretion, as did high doses of recombinant apoA-I in the study of Eriksson et al,47

increased flux of cholesterol from the periphery to the liver may not increase fecal sterol
secretion or plasma lathosterol levels if it leads to a decrease in hepatic cholesterol synthesis
and a proportional increase in cholesterol synthesis in the peripheral tissues. Moreover,
important methodological differences prevent a direct comparison of these 2 studies.
Included among these differences are: (1) modes of therapeutic delivery (oral versus
intravenous infusion); (2) dosages of therapeutic agents (small daily doses of torcetrapib
versus large doses of apoA-I, in effect equivalent to a dramatic increase in apoA-I
synthesis); and (3) the duration of stool collection (3 days after 4 weeks of therapy versus 9
days before and 9 days after therapy).

To summarize, our data indicate that the CETP inhibitor torcetrapib increases plasma
concentrations of HDL apoA-I by delaying apoA-I catabolism. The delayed apoA-I
catabolism is likely attributable to CE enrichment of HDL which, in turn, leads to increased
HDL particle size. Torcetrapib markedly increased concentrations of α1-migrating HDL,
which we have consistently shown to be inversely associated with atherosclerotic risk.40,41

When given either as monotherapy or in combination with atorvastatin, torcetrapib did not
significantly alter fecal sterol excretion or bile acid synthesis. In conclusion, CETP
inhibition has multiple effects on the dynamic aspects of HDL metabolism that may be
relevant to its ultimate effects on atherosclerotic cardiovascular disease in humans.
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Figure.
Effect of torcetrapib on plasma concentrations of HDL-C (top) and apoA-I (bottom) in
subjects with low HDL-C. Relative to placebo, 120 mg torcetrapib daily increased plasma
HDL-C levels by a mean of 61%, from 29±4 to 47±10 mg/dL, in the atorvastatin group, by
46%, from 32±7 to 46±14 mg/dL, in the 120 mg torcetrapib once daily group, and by 106%,
from 34±5 to 70±15 mg/dL, in the 120 mg torcetrapib twice daily group. Plasma apoA-I
concentrations were increased by 13%, 16%, and 36% in these groups, respectively.
*P<0.001; **P<0.01 for comparison with placebo phase.
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TABLE 1

Effects of Torcetrapib on HDL Composition*

Parameter

Atorvastatin+Torcetrapib Torcetrapib

120 mg QD n=9 120 mg QD n=10 120 mg BID n=6

HDL-FC

 Placebo 2.3±0.4 1.9±0.4 2.0±0.5

 Torcetrapib 2.8±0.8 2.3±0.4¶ 2.6±0.6§

 % change 22±35 19±12 34±19

HDL-CE

 Placebo 12.2±1.1 11.2±2.3 11.9±0.7

 Torcetrapib 15.9±1.1† 15.6±1.8‡ 17.1±1.4¶

 % change 31±10 46±39 45±12

HDL-TG

 Placebo 7.3±1.7 9.3±2.2 8.1±0.9

 Torcetrapib 5.4±1.6|| 4.9±1.0‡ 4.2±0.8§

 % change −22±34 −46±14 −48±10

HDL-PL

 Placebo 17.8±1.5 16.4±1.6 16.8±1.4

 Torcetrapib 19.7±1.8§ 19.0±1.0§ 19.8±1.0§

 % change 11±8 17±14 19±9

HDL-PRO

 Placebo 60.4±2.2 61.1±2.4 61.4±1.8

 Torcetrapib 56.2±3.2¶ 58.2±2.4§ 56.4±2.3§

 % change −7±4 −5±4 −8±3

*
Data are expressed as % weight/weight, mean±SD.

The absolute concentration (mean±SD, mg/dL) of each HDL component is provided in a data supplement (available online at
http://atvb.ahajournals.org).

†
P<0.00001;

‡
P<0.0001;

¶
P<0.001;

§
P<0.01;

||
P<0.04 for comparison with placebo phase.
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TABLE 2

Effects of Torcetrapib on Concentrations of ApoA-I–Containing HDL Subpopulations*

Parameter

Atorvastatin+Torcetrapib Torcetrapib

120 mg QD n=9 120 mg QD n=10 120 mg BID n=6

Pre–β-1, mg/dL

 Placebo 7.1±3.7 10.4±4.2 8.5±3.4

 Torcetrapib 6.2±5.1 9.8±3.8 11.2±5.4

 % change −16±48 16±70 47±89

Pre–β-2, mg/dL

 Placebo 1.8±0.7 2.1±1.3 2.0±1.3

 Torcetrapib 1.7±0.9 2.1±1.0 2.0±1.2

 % change −2±46 14±44 4±29

α-1, mg/dL

 Placebo 9.0±3.4 9.5±5.5 10.0±6.3

 Torcetrapib 20.1±7.5† 23.1±16.4‡ 39.8±17.0‡

 % change 136±70 153±161 382±230

α-2, mg/dL

 Placebo 35.9±7.2 33.6±7.3 37.1±7.1

 Torcetrapib 43.2±11.5‡ 40.7±10.1 45.8±9.2

 % change 19±14 23±33 30±44

α-3, mg/dL

 Placebo 41.4±5.3 42.7±7.9 42.5±9.7

 Torcetrapib 33.1±7.4‡ 37.3±12.8 29.9±7.4‡

 % change −20±15 −14±21 −29±11

Pre–α-1, mg/dL

 Placebo 2.6±1.5 2.9±2.6 3.0±3.1

 Torcetrapib 5.4±3.0‡ 5.6±4.5‡ 11.3±8.1¶

 % change 142±100 111±89 713±114

Pre–α-2, mg/dL

 Placebo 4.5±1.6 4.3±2.8 4.5±3.2

 Torcetrapib 6.5±3.2¶ 5.5±3.3 7.4±3.8

 % change 42±34 46±80 104±117

Pre–α-3, mg/dL

 Placebo 3.5±1.2 3.9±2.1 4.1±2.0

 Torcetrapib 3.5±1.5 3.0±2.0 3.0±1.4

 % change 3±26 −9±57 −20±34

*
Data are presented as mean±SD.

†
P<0.001;

‡
P<0.01;

¶
P<0.05 for comparison with placebo phase.

Arterioscler Thromb Vasc Biol. Author manuscript; available in PMC 2011 December 4.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Brousseau et al. Page 15

TABLE 3

Effects of Torcetrapib on HDL ApoA-I Kinetic Parameters*

Parameter

Atorvastatin+Torcetrapib Torcetrapib

120 mg QD n=9 120 mg QD n=10 120 mg BID n=6

ApoA-I PS, mg

 Placebo 3485±681 3728±479 3593±279

 Torcetrapib 3773±932 4331±553† 4807±197†

 % change 8±15 16±7 34±8

ApoA-I FCR, pools per day

 Placebo 0.237±0.042 0.252±0.071 0.228±0.033

 Torcetrapib 0.218±0.030 0.237±0.074‡ 0.179±0.020¶

 % change −7±13 −8±5 −21±10

ApoA-I PR, mg ·kg ·d−1

 Placebo 9.5±2.4 10.7±2.0 10.1±0.9

 Torcetrapib 9.4±2.0 11.5±2.4 10.5±0.9

 % change 2±23 8±11 5±10

*
Data are presented as mean±SD.

†
P<0.0001;

‡
P<0.001;

¶
P<0.01 for comparison with placebo phase.
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TABLE 4

Effects of Torcetrapib on Precursors of Bile Acid and Cholesterol Synthesis and Fecal Bile Acid and Neutral
Sterol Content

Parameter

Atorvastatin+Torcetrapib Torcetrapib

120 mg QD n=9 120 mg QD n=10 120 mg BID n=6

Serum 7α-hydroxy-4-cholesten-3-one, ng/mL

 Placebo 23±20 38±29 29±18

 Torcetrapib 22±13 36±27 38±22

 % change 16±66 17±52 35±49

Serum lathosterol, μg/mL

 Placebo 0.6±0.3† 2.0±0.8 1.7±0.5

 Torcetrapib 0.5±0.2† 2.4±0.9 2.3±1.0

 % change −18±28¶ 16±20 32±43

Fecal bile acids, mg/mg plant sterols

 Placebo 1.4±0.4 2.4±1.5 1.9±0.7

 Torcetrapib 1.2±0.4*|| 2.2±1.2 2.2±1.1

 % change −16±20 4±50 13±46

Fecal neutral sterols, mg/mg plant sterols

 Placebo 1.9±0.7‡ 3.3±1.0 2.9±0.5

 Torcetrapib 1.7±0.4† 3.3±0.6 2.9±1.0

 % change −8±22 5±28 −1±32

*
P<0.04 for comparison with placebo phase;

†
P<0.0001;

‡
P<0.01;

¶
P<0.02;

||
P<0.05 for comparison with 120 mg nonatorvastatin torcetrapib QD cohort.
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