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Abstract

Cholesteryl ester transfer protein (CETP) inhibitors are gaining substantial research interest for raising high density
lipoprotein cholesterol levels. The aim of the research was to estimate the efficacy and safety of cholesteryl ester transfer
protein inhibitors as novel lipid modifying drugs. Systematic searches of English literature for randomized controlled trials
(RCT) were collected from MEDLINE, EBASE, CENTRAL and references listed in eligible studies. Two independent authors
assessed the search results and only included the double-blind RCTs by using cholesteryl ester transfer protein inhibitors as
exclusively or co-administrated with statin therapy irrespective of gender in enrolled adult subjects. Two independent
authors extracted the data by using predefined data fields. Of 503 studies identified, 14 studies met the inclusion criteria,
and 12 studies were included into the final meta-analysis. Our meta-analysis revealed that CETP inhibitors increased the
HDL-c levels (n=2826, p<<0.00001, mean difference (MD) =20.47, 95% Cl [19.80 to 21.15]) and total cholesterol (n=3423,
p =0.0002, MD =3.57, 95%CI [1.69 to 5.44] to some extent combined with a reduction in triglyceride (n=3739, p<<0.00001,
MD=-10.47, 95% Cl [-11.91 to —9.03]) and LDL-c (n=3159, p<<0.00001, MD=—17.12, 95% Cl| [—18.87 to —15.36])
irrespective of mono-therapy or co-administration with statins. Subgroup analysis suggested that the lipid modifying effects
varied according to the four currently available CETP inhibitors. CETP inhibitor therapy did not increase the adverse events
when compared with control. However, we observed a slight increase in blood pressure (SBP, n=2384, p<<0.00001,
MD =2.73, 95% Cl [2.14 to 3.31], DBP, n=2384, p<<0.00001, MD = 1.16, 95% Cl [0.73 to 1.60]) after CETP inhibitor treatment,
which were mainly ascribed to the torcetrapib treatment subgroup. CETP inhibitors therapy is associated with significant
increase in HDL-c and decrease in triglyceride and LDL-c with satisfactory safety and tolerability in patients with
dyslipidemia. However, the side-effect on blood pressure deserves more consideration in future studies.
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risk from cardiovascular events. HDL cholesterol (HDL-c) level
has been found to be inversely correlated with CVD morbidity. It
was estimated that a 1 mg/dl increment in HDL-c was associated
with a 2-3% reduction in the risk from cardiovascular disease [3].
Even in statin treated patients, low HDL-c levels remains to be
significantly and independently associated with increased cardio-
vascular risk [6]. To date, two HDL-c elevating drug classes,
fibrates and niacin are currently used in clinical applications. They
can effectively increase the HDL-c range from 10% to 16% with a
20-36% reduction in triglyceride levels. However, the beneficial

Introduction

Cardiovascular disease(CVD)remains to be the leading cause of
mortality and morbidity worldwide despite numerous therapeutic
advances and steady decline in mortality in recent years [1]. Statin
therapy is the cornerstone of pharmacological therapy in both the
primary and secondary prevention and has been demonstrated in
a series of randomized control trials [2]. It is estimated that lower
total cholesterol levels accounts for about 24% reduction in
coronary heart disease deaths [3]. However, the CVD mortality

remains high in spite of intensive cholesterol lowering therapy to
reduce the low density lipoprotein cholesterol (LDL-c) to 100 mg/
dl or lower [4].

Aside from LDL-c, high density lipoprotein (HDL) is an
attractive target for CVD therapy to further reduce the residual
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effects on mortality are limited [7]. Therefore, a new kind of
medicine to increase HDL-c levels is needed as an alternative
method to increase HDL-c and finally reduce CVDs.
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Cholesteryl ester transfer protein mediates the bidirectional
transfer of neutral lipids between the triglyceride rich lipoproteins
and HDL. Mice are naturally CETP deficient and exhibit relative
resistance to a high-fat diet induced atherosclerosis. Meanwhile
transgenic exogenous CETP expression in apolipoprotein E (apoE)
or LDL receptor knock-out mice exhibit an increased susceptibility
to arterial atherosclerosis [8]. Plasma CETP mass and activity are
elevated in CVD patients or those with high CVD risk, resulting in
decreased HDL and increased triglycerides (TG). CETP quantity
and activity also reflect atherosclerosis status. Some pilot studies
have revealed a positive correlation between the carotid intima
media thickness (IMT) and CETP concentration [9-10]. Three
single nucleotide polymorphisms in the CETP gene are associated
with decreased CETP activity and elevated HDL-c levels in
carriers and inversely related with coronary risk, making CETP
inhibitors reasonable HDL-c based therapeutic agents [11-12]. In
rabbit models, the CETP inhibitor JTT-705 form a disulphide
bond with CETP to down-regulate more than 70% of CETP
activities, resulting in a 35% increase in HDL-c and inhibit the
progression of atherosclerosis [13]. CETP inhibitors comprise of a
drug class which, includes: torcetrapib, dalcetrapib (JTT-705),
anacetrapib, evacetrapib. They could inhibit CETP activity and
thus increase the formation of high density lipoprotein levels in
various degrees. There are some early clinical trials showing the
mspiring results of CETP inhibitors in the treatment of patients
with dyslipidemia [14-25]. However, negative or opposite results
were also reported in some clinical trials. For example, Hermannn
[14] reported a slightly increase in TC (19.3 mg) after 600 mg
dalcetrapib treatment, while de Grooth [16] failed to find any
change in TC irrespective of the dose. Moreover, the effects of
individual CETP inhibitors vary. The reasons leading to the
differences are not known, but might be related with the study
design, treatment duration, drug dosage, and other factors.
However, CETP inhibitors still remain an important therapeutic
option for further reducing the residual CVD risk by targeting
HDL. We performed a meta-analysis of all published randomized
controlled trials by using CETP inhibitors as a mono-therapy or
co-administered with statins versus placebo for treating patients
with dyslipidemia. As most of the treatment durations of the
enrolled studies are relatively short (412 weeks), we mainly
focused on the lipid modifying efficacy and safety of CETP
inhibitors in patients with dyslipidemia.

Methods

Data source, search strategy, and selection criteria

The meta-analysis was performed according to The PRISMA
statement for reporting systematic reviews and the latest Cochrane
handbook for systematic reviews of intervention (Version 5.1.0,
2011) [26]. Studies were included by searching literatures from
MEDLINE, EBASE and Cochrane controlled clinical trails
register (CENTRAL) using the key words and references listed
in eligible studies from 1965 to April 12, 2012. The following key
words were used as highly sensitive search strategy in MEDLINE
and modified to apply to the other databases: Torcetrapib* OR
Dalcetrapib* OR Anacetrapib* OR Evacetrapib* AND random-
ized controlled trial OR controlled clinical trial OR randomized
OR placebo OR drug therapy OR randomly OR trial OR groups
NOT animals NOT humans. The search was restricted to papers
published in English, conducted on human subjects and classified
as RCTs. Original studies were included if they met the following
criteria: (1) RCTs using CETP mhibitors in treating patients with
dyslipidemia; (2) lipid levels at baseline and after treatment or net
changes after the treatment; (3) treatment duration longer than
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4 weeks. Retrospective studies, observational studies, case studies,
and studies with a crossover design were excluded.

Data extraction and quality assessment

Two independent authors (Li C, Zhang W) extracted the data
after fully reading the contents of the final set of included studies
by using a predefined data field. One author first extracted the
data which was then checked by the other. Disagreements were
resolved by discussions between the two authors. If no consensus
was achieved, the corresponding author would assess opinions
from both sides and make the final decision. The predefined data
field included information regarding inclusion criteria, risk of bias,
clinical outcome and adverse events. If a trial is reported at several
time points, we included the last reported follow-up point. We
contacted the authors of enrolled studies for clarification regarding
missing data and issues of risk of bias assessment. We assessed the
risk of bias of included studies based on the following criteria:
sequence generation, allocation concealment, blinding of partic-
ipants and personnel, blinding of outcome assessment, reporting of
incomplete outcome, and other bias. The intention to treat the
analysis independently was undertaken, and the last observation
was carried forward as the method adopted to deal with missing
values. We evaluated the quality of the included studies using the 5
point Jadad score, which provided the basis of randomization,
concealment of treatment allocation, blinding, completeness of
follow-up, and use of intention-to-treat analysis.

Data synthesis and statistical analysis

Quantitative variables are expressed as mean*standard devi-
ation (SD), while qualitative variables are expressed as raw
numbers and percentages. If some data were not listed on the
papers, authors were contacted to obtain the missing data. The
data needed to measure the weighted mean difference include: (1)
the mean absolute change of lipoproteins and apolipoprotein levels
(TC, TG, HDL-c, LDL-c, apoB-100, apo-Al) from baseline to the
longest follow up time in milligrams per deciliter (mg/dl). (2)
Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP) in
millimeters of mercury (mmHg). When TC, HDL-c and LDL-c
are expressed by mmol/l, multiply by 38.6 to convert to mg/dl,
TG is converted to mg/dl by multiplying by 88.5. If the results are
expressed by median and range, the mean and standard deviation
were calculated according to Hozo and Liu’s methods [27-28].
Treatment groups with multiple doses were combined to create a
single pair-wise comparison with the primary comparisons being
treatment versus placebo. We calculated the average mean and
SD of multiple dose response groups by the following formula
[29]:

m = mean, sd = standard deviation, i = intervention

1. Mean: m; = (n; X my +ny X ma+n3 X ms) = (n +ny+n3).
2. Standard Deviation:

sd;=

VI = 1) x (sdy A2)+ (ma—1) x (sdy A 2)+ (n3— 1) x (sd3 A 2)]=[(my +n2+n3—1)].

Primary efficacy outcomes were calculated as the net change in
lipid and apolipoprotein levels between baseline and longest
follow up in response to CETP inhibitor therapy. The secondary
efficacy outcomes included the HDL subclasses (HDLy, HDLs).
The safety outcomes comprised of clinical and laboratory adverse
events. The laboratory adverse events were: hepato-toxicity
(defined as 3 folds higher than the upper limit of normal serum
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Experimental Control Mean Difference Mean Difference

r r Mean D Total Mean D Total Weigh 1V, Fix 5% Cl 1V, Fixed. 95% Cl
4.1.1 Dalcetrapib
Ballantyne 2012 1067 7.14 214 0.88 7.09 73 12.8% 9.79[7.90, 11.68] -
Bisoendial 2005 52 6.85 19 -1.6 11.96 19 12% 6.80 [0.60, 13.00] T
de Grooth 2002 1152 868 147 154 579 50 10.1% 9.98 [7.85, 12.11] -
Hermannn 2009 11.58 15.84 9 -386 259 9 01% 15.44[-4.39,35.27] B
Kuivenhoven 2005 973 747 100 02 438 52 11.9% 9.53 [7.57, 11.49] -
Subtotal (95% CI) 489 203 36.1%  9.68 [8.55, 10.80] ¢
Heterogeneity: Chi* = 1.27, df =4 (P = 0.87); I?= 0%
Test for overall effect: Z = 16.85 (P < 0.00001)
4.1.2 Torcetrapib
Guerin 2008 27 14.63 18 3 414 18  0.9% 24.00[16.98, 31.02] _'_
Vergeer 2008 245 115 827 -1 576 829 59.5% 25.50([24.62, 26.38] B
Subtotal (95% CI) 845 847 60.4% 25.48 [24.61, 26.35] {
Heterogeneity: Chi? = 0.17, df = 1 (P = 0.68); 1= 0%
Test for overall effect: Z = 57.42 (P < 0.00001)
4.1.3 Anacetrapib
Krishna 2007 42.61 13.58 39 15 17.11 10  0.3% 44.11[32.68, 55.54] —_—
Subtotal (95% Cl) 39 10 0.3% 44.11 [32.68, 55.54] .
Heterogeneity: Not applicable
Test for overall effect: Z = 7.56 (P < 0.00001)
4.1.4 Evacetrapib
Nicholls(1) 2011 4893 17.36 118 -0.7 18.09 38 1.1% 49.63[43.08,56.18] _'_
Nicholls(2) 2011 46.1 1857 116 229 1857 121 2.0% 43.81[39.08, 48.54] N
Subtotal (95% Cl) 234 159 3.1% 45.80 [41.97, 49.64] L 4
Heterogeneity: Chi? = 1.99, df = 1 (P = 0.16); I = 50%
Test for overall effect: Z = 23.41 (P < 0.00001)
Total (95% Cl) 1607 1219 100.0% 20.47 [19.80, 21.15] {
Heterogeneity: Chi? = 668.23, df = 9 (P < 0.00001); I2 = 99% _éo 25 5 2’5 5:0

Test for overall effect: Z = 59.34 (P < 0.00001)

Favours control
Test for subaroup differences: Chi? = 664.80. df = 3 (P < 0.00001). |2 = 99.5%

Favours experimental

Experimental Control Mean Difference Mean Difference

tudy or Subgrou Mean D Total Mean D Total Weight 1V, Fixed, 95% CI 1V, Fixed. 95% CI
1.1.1 Dalcetrapib
Bisoendial 2005 -1 2943 19 0.5 31.67 19  0.9% -1.50[-20.94, 17.94] —
de Grooth 2002 -1.32 21.76 147 0 193 50 8.6% -1.32[-7.72, 5.08] =
Hermannn 2009 19.3 31.04 9 -7.74 28.88 9 0.5% 27.04[-0.66, 54.74]
Kuivenhoven 2005 5.7 19.27 100 0.7 18 52 9.2% 5.00[-1.18,11.18] =
Subtotal (95% Cl) 275 130 19.1% 2.38 [-1.90, 6.67] 4
Heterogeneity: Chiz=5.17, df = 3 (P = 0.16); I? = 42%
Test for overall effect: Z = 1.09 (P = 0.28)
1.1.2 Torcetrapib
Davidson 2006 0.12 2229 130 6 27.24 32 34% -5.88[-16.07,4.31] -
Guerin 2008 -77 25.62 18 <70  29.2 18 1.1% -7.00 [-24.95, 10.95] I
Mckenndy 2006 5.78 19.87 134 2 27.24 37 4.0% 3.78[-5.62,13.18] =
Vergeer 2008 3.7 31.63 827 3.9 2191 829 51.0% -0.20 [-2.82, 2.42] L
Subtotal (95% CI) 1109 916 59.5%  -0.38 [-2.81, 2.05] ¢
Heterogeneity: Chi? = 2.41, df = 3 (P = 0.49); I?= 0%
Test for overall effect: Z=0.31 (P = 0.76)
1.1.3 Anacetrapib
Bloomfield(1 )2009 409 26.16 231 3.35 26.35 58 6.1% 0.74 [-6.83, 8.31] =
Bloomfield(2) 2009 -46.3 26.65 233 -62.66 26.67 58 6.0% 16.36[8.69, 24.03] =
Krishna 2007 8.7 252 10 2.5 22.83 10 0.8% 6.20[-14.88, 27.28] ]
Subtotal (95% CI) 474 126 12.9%  8.31[3.09, 13.54] <
Heterogeneity: Chiz = 8.11, df =2 (P = 0.02); I? = 75%
Test for overall effect: Z = 3.12 (P = 0.002)
1.1.4 Evacetrapib
Nicholls(1) 2011 17.06 30.88 118 0.7 30.14 38 29% 16.36[5.28, 27.44] -
Nicholls(2) 2011 -26.08 30.87 116 -57.8 30.84 121 5.7% 31.72[23.86, 39.58] P
Subtotal (95% CI) 234 159 8.5% 26.58 [20.17, 32.99] <&
Heterogeneity: Chiz = 4.91, df =1 (P = 0.03); I2 = 80%
Test for overall effect: Z = 8.13 (P < 0.00001)
Total (95% ClI) 2092 1331 100.0% 3.57 [1.69, 5.44] ¢
Heterogeneity: Chi? = 83.74, df = 12 (P < 0.00001); I2 = 86% -éo 25 0 2‘5 5’0

Test for overall effect: Z = 3.73 (P = 0.0002)

Favours control
Test for subaroup differences: Chi? = 63.14. df = 3 (P < 0.00001). I = 95.2%

Favours experimental

Figure 1. Forest plots depicting the effect of CETP inhibitors on HDL-c and TC (grouped by different CETP inhibitors) A: HDL-c; B:

TC.

doi:10.1371/journal.pone.0077049.g001
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D

Experimental Control

r I Mean D Total Mean D Total
3.1.1 Dalcetrapib
Ballantyne 2012 7.72 21.05 214 379 21.27 73
Bisoendial 2005 -2.3 26.74 19 -0.3 14.82 19
de Grooth 2002 -8.99 21.76 147 -386 193 50
Hermannn 2009 -11.58 58.54 9 -23.16 39.28 9
Kuivenhoven 2005 -3.02 182 100 2 172 52
Subtotal (95% Cl) 489 203
Heterogeneity: Chi? = 6.48, df =4 (P = 0.17); I = 38%
Test for overall effect: Z = 0.99 (P = 0.32)
3.1.2 Torcetrapib
Davidson 2006 -7.33 2261 130 2 241 32
Guerin 2008 97 219 18 -64 247 18
Mckenndy 2006 -6.59 18.02 134 3 241 37
Vergeer 2008 -19.2 31.63 827 43 20.15 829
Subtotal (95% Cl) 1109 916
Heterogeneity: Chiz = 19.04, df = 3 (P = 0.0003); 12 = 84%
Test for overall effect: Z = 18.25 (P < 0.00001)
3.1.3 Anacetrapib
Krishna 2007 -39.35 229 39 3 17.62 10
Subtotal (95% CI) 39 10
Heterogeneity: Not applicable
Test for overall effect: Z = 6.35 (P < 0.00001)
3.1.4 Evacetrapib
Nicholls(1) 2011 -34.58 2421 118 72 21.91 38
Nicholls(2) 2011 -71.2 2268 116 -52.75 2253 121
Subtotal (95% CI) 234 159

Heterogeneity: Chi? = 20.75, df = 1 (P < 0.00001); I? = 95%

Test for overall effect: Z = 10.86 (P < 0.00001)

Total (95% CI) 1871

Heterogeneity: Chi? = 172.53, df = 11 (P < 0.00001); I* = 94%

Test for overall effect: Z = 19.13 (P < 0.00001)

CETP Inhibitors in Treatment of Dyslipidemia

Mean Difference

Mean Difference

1288 100.0%

Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
9.7% 3.93[-1.71, 9.57] bl
1.6%  -2.00 [-15.75, 11.75] —
75%  -5.13[-11.53,1.27] ]
0.1%  11.58 [-34.48, 57.64]
89%  -5.02[-10.90, 0.86] =
27.9%  -1.68 [-5.00, 1.65] 4
36%  -9.33[-18.54,-0.12] —
1.3% -33.00 [-48.25, -17.75]
44%  -9.59[-17.93, -1.25] —=
47.1% -23.50 [-26.06, -20.94] o
56.5% -21.72 [-24.06, -19.39] ¢
1.8% -42.35[-55.42,-29.28] T
1.8% -42.35 [-55.42, -29.28] -
46% -41.78 [-50.00, -33.56] —
9.3% -18.45[-24.21, -12.69] -
13.8% -26.13 [30.84, -21.41] L 2
17.12 [-18.87, -15.36] [
5 25 0 25 50

Test for subaroup differences: Chiz = 126.26. df = 3 (P < 0.00001). |2 = 97.6%

Favours experimental

Mean Difference
IV, Fixed, 95% CI

Favours control

Mean Difference
1V, Fixed, 95% CI

4.18 [-12.87, 21.23]

PS

-24.70 [-134.81, 85.41]
-10.89 [-21.87, 0.09]
1.48 [-13.82, 16.78]
-31.50 [-45.58, -17.42]
-8.73[-21.44, 3.98]
8.00 [-11.57, 27.57]

v

-44.25 [-172.02, 83.52]

4 4

v v

7.30 [-57.14, 71.74]
1.47 [-14.19, 17.13]
6.54 [-5.88, 18.96]
-16.18 [-32.19, -0.17]
-5.45 [-16.89, 5.99]
-11.00 [-12.53, -9.47]
-10.47 [-11.91, -9.03]

-10.47 [-11.91, -9.03] ¢

v

-20 -10
Favours experimental

Mean Difference
IV, Fixed, 95% CI

0 10 20
Favours control

Mean Difference
IV, Fixed, 95% CI

6.89[5.10, 8.68]
553 [3.63, 7.43]

6.25 [4.95, 7.56]

§ 3
3

-20
Favours experimental

Mean Difference

40 0

10 20
Favours control

Mean Difference

Experimental Control
M D T D | Weight

2.1.1 New Subgroup
Ballantyne 2012 -414 5936 214 -8.32 65.75 73 0.7%
Bisoendial 2005 -18 225.93 19 6.7 94.44 19 0.0%
Bloomfield(1 )2009 -14.52 426 231 -3.63 36.95 58 1.7%
Bloomfield(2) 2009 -40.45 40.32 233 -41.93 55.93 58  0.9%
Davidson 2006 -23.5 63.08 130 8 2592 32 1.1%
de Grooth 2002 -8.73 50.01 147 0 354 50 1.3%
Guerin 2008 -42  33.08 18 -50 26.46 18 0.5%
Hermannn 2009 -35.4 172.03 9 8.85 93.03 9 0.0%
Krishna 2007 -24 109.3 39 -9.7 88.02 10 0.1%
Kuivenhoven 2005 -5.43 4485 100 -6.9 477 52 0.8%
Mckenndy 2006 1.54 543 134 -5 25.92 37 1.4%
Nicholls(1) 2011 -16.68 44.78 118 -0.5 43.48 38 0.8%
Nicholls(2) 2011 -3252 4532 116 -27.07 4449 121 1.6%
Vergeer 2008 -7.7 1659 827 33 1513 829 89.1%
Subtotal (95% Cl) 2335 1404 100.0%
Heterogeneity: Chiz = 29.00, df = 13 (P = 0.007); I2 = 55%
Test for overall effect: Z = 14.21 (P < 0.00001)
Total (95% Cl) 2335 1404 100.0%
Heterogeneity: Chiz = 29.00, df = 13 (P = 0.007); I> = 55%
Test for overall effect: Z = 14.21 (P < 0.00001)
Test for subaroup differences: Not aoplicable

Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight
de Grooth 2002 7.28 835 147 0.39 425 50 53.1%
Kuivenhoven 2005 5.73 6.36 100 02 53 52 46.9%
Total (95% ClI) 247 102 100.0%
Heterogeneity: Chiz=1.04, df =1 (P = 0.31); I2=4%
Test for overall effect: Z = 9.39 (P < 0.00001)

Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight
de Grooth 2002 411 397 147 1.16 5.02 50 48.2%
Kuivenhoven 2005 354 512 100 -0.3 4 52 51.8%
Total (95% ClI) 247 102 100.0%

Heterogeneity: Chi? = 0.67, df = 1 (P = 0.41); 12 = 0%

Test for overall effect: Z = 6.28 (P < 0.00001)

IV, Fixed, 95% CI IV, Fixed, 95% CI
2.95[1.42, 4.48) L
3.84 [2.36, 5.32) L
3.41 [2.35, 4.47] ¢
20 -0 0 10 20

Favours experimental

Favours control

Figure 2. Forest plots depicting the effect of CETP inhibitors on lipid parameters (grouped by different CETP inhibitors) A: LDL-c; B:
TG; C: HDL,; D: HDL;.
doi:10.1371/journal.pone.0077049.9002
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Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
10.1.1 Dalcetrapib
Ballantyne 2012 1518 153 214 1.32 16.32 73 21.2% 13.86[9.59, 18.13] Rl
Bisoendial 2005 94 222 19 -3.6 28.64 19 1.5% 13.00 [-3.29, 29.29] T
de Grooth 2002 17.15 17.63 147 32 186 50 11.1% 13.95[8.06, 19.84] -
Kuivenhoven 2005 18.02 17.11 100 46 16.2 52 12.6% 13.42[7.89, 18.95] -
Subtotal (95% CI) 480 194 46.4% 13.74[10.85, 16.62] ¢

Heterogeneity: Chi? = 0.03, df = 3 (P = 1.00); I>= 0%
Test for overall effect: Z =9.33 (P < 0.00001)

10.1.2 Anacetrapib

Bloomfield(1)2009  49.01 22.19 231 3.33 2163 58 9.9% 45.68[39.42, 51.94] =
Bloomfield(2) 2009  45.07 22.44 233 21.7 2268 58 9.1% 23.37[16.86, 29.88] =

Krishna 2007 5516 25.77 39 -0.7 1729 10 2.1% 55.86 [42.43,69.29] ==
Subtotal (95% Cl) 503 126  21.1% 37.08 [32.81, 41.36] L 2

Heterogeneity: Chi? = 31.81, df = 2 (P < 0.00001); I* = 94%
Test for overall effect: Z = 16.99 (P < 0.00001)

10.1.3 Torcetrapib

Davidson 2006 1895 19.39 130 -1.5 1939 32 6.9% 20.45[12.95, 27.95] -
Guerin 2008 38 2286 18 2121 1549 18 24% 16.79 [4.03, 29.55] —_—
Mckenndy 2006 1519 1749 134 -46 1749 37 9.5% 19.79[13.42, 26.16] =
Subtotal (95% Cl) 282 87 18.8% 19.65[15.12, 24.19] L 4

Heterogeneity: Chi? = 0.24, df =2 (P = 0.89); 1= 0%
Test for overall effect: Z = 8.49 (P < 0.00001)

10.1.4 Evacetrapib

Nicholls(1) 2011 541 256 118 -0.7 24.85 38 4.6% 54.80[45.65,63.95] B
Nicholls(2) 2011 49.98 2558 116 239 2549 121 9.1% 47.59 [41.09, 54.09] B
Subtotal (95% CI) 234 159  13.7% 50.01 [44.71, 55.31] L 4

Heterogeneity: Chi? = 1.58, df = 1 (P = 0.21); I?=37%
Test for overall effect: Z = 18.49 (P < 0.00001)

Total (95% Cl) 1499 566 100.0% 24.76 [22.79, 26.72] ¢
Heterogeneity: Chiz = 213.65, df = 11 (P < 0.00001); |2 = 95% t t y y
Test for overall effect: Z = 24.69 (P < 0.00001) 50 25 0 25 50
Test for subaroun differences: Chi? = 179.99. df = 3 (P < 0.00001). |2 = 98.3%

Favours experimental Favours control

Experimental Control Mean Difference Mean Difference
r r Mean D Total Mean D Total Weigh 1V, Fix 5% CI 1V, Fixed, 95% CI
9.1.1 Anacetrapib
Bloomfield(1 )2009 -3246 19.01 231 3.05 18.46 58 17.2% -35.51[-40.86, -30.16] =
Bloomfield(2) 2009 -63.76 19.05 233 -49.15 194 58 15.9% -14.61[-20.17, -9.05] e
Krishna 2007 -26.02 19.41 39 0.8 23.11 10 2.0% -26.82[-42.39,-11.25] -
Subtotal (95% CI) 503 126  35.1% -25.55 [-29.29, -21.81] ¢

Heterogeneity: Chi? = 28.23, df = 2 (P < 0.00001); I = 93%
Test for overall effect: Z = 13.39 (P < 0.00001)

9.1.2 Dalcetrapib

de Grooth 2002 -5.76 16.66 147 -0.8 144 50 21.2% -4.96 [-9.78, -0.14] il
Kuivenhoven 2005 -28.39 1819 100 74 144 52 0.2% -20.99 [-73.93, 31.95]
Subtotal (95% CI) 247 102 21.3% -5.09 [-9.89, -0.30] 4

Heterogeneity: Chi? = 0.35, df =1 (P = 0.55); I2= 0%
Test for overall effect: Z=2.08 (P = 0.04)

9.1.4 Evacetrapib

Nicholls(1) 2011 2067 1625 118 -0.1 1571 38 14.6% -20.57 [-26.36, -14.78] =
Nicholls(2) 2011 -39.56 1626 116 -33.05 16.07 121 28.9%  -6.51[-10.63,-2.39] Gl
Subtotal (95% CI) 234 159  43.6% -11.23 [-14.59, -7.87] ¢

Heterogeneity: Chi? = 15.04, df = 1 (P = 0.0001); I = 93%
Test for overall effect: Z = 6.56 (P < 0.00001)

Total (95% ClI) 984 387 100.0% -14.94 [-17.16, -12.73] '
Heterogeneity: Chi? = 95.41, df = 6 (P < 0.00001); I* = 94%

Test for overall effect: Z = 13.22 (P < 0.00001)

Test for subaroup differences: Chi? = 51.79. df = 2 (P < 0.00001). |2 = 96.1%

I I
T T

50 26 0 25 50
Favours experimental Favours control

Figure 3. Forest plots depicting the effect of CETP inhibitors on apolipoproteins (grouped by different CETP inhibitors) A: apoAl; B:
apoB 100.
doi:10.1371/journal.pone.0077049.g003
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Experimental Control Mean Difference Mean Difference

| Mean | Weight |V, Fix 5% Cl IV, Fixed, 95% CI
5.1.1 Dalcetrapib and anacetrapib
Ballantyne 2012 201 11.05 214 03 121 73 35% 1.71[-1.44,4.86] ]
Bloomfield(1 )2009 0.55 10.28 231 1.5 10.46 58  3.8% -0.95[-3.95,2.05] - 1
Bloomfield(2) 2009 -0.15 10.19 233 -0.9 10.34 58 3.9% 0.75[-2.22,3.72] I
Hermannn 2009 -2 945 9 -4 931 9 0.5% 2.00[-6.67,10.67]
Subtotal (95% CI) 687 198  11.7% 0.53 [-1.19, 2.25] -
Heterogeneity: Chi? = 1.61, df = 3 (P = 0.66); 1> = 0%
Test for overall effect: Z =0.60 (P = 0.55)
5.1.2 Torcetrapib
Davidson 2006 0.75 4.88 130 -0.17 5.09 32  9.0% 0.92[-1.03,2.87] 1=
Mckenndy 2006 0.71 487 134 039 5.04 37 104% 0.32[-1.50, 2.14] =
Vergeer 2008 52 863 827 15 576 829 68.9% 3.70[2.99, 4.41] |
Subtotal (95% CI) 1091 898 88.3% 3.02[2.39, 3.64] ¢
Heterogeneity: Chi? = 16.44, df = 2 (P = 0.0003); I> = 88%
Test for overall effect: Z = 9.48 (P < 0.00001)
Total (95% CI) 1778 1096 100.0% 2.73 [2.14, 3.31] g
Heterogeneity: Chi2 = 25.18, df = 6 (P = 0.0003); I = 76% i 1 0 5 0 5 1‘0

Test for overall effect: Z=9.11 (P < 0.00001)
Test for subaroup differences: Chi?2 = 7.14. df = 1 (P = 0.008). I = 86.0%

Favours experimental Favours control

Figure 4. Forest plots depicting the CETP inhibitors on systolic blood pressure.
doi:10.1371/journal.pone.0077049.9g004

alanine aminotransferase and aspartate aminotransferase levels),
musculoskeletal injury (defined as 5 folds higher than the upper
limit of normal creatine phosphokinase value). The clinical
adverse events were comprised of drug associated adverse events
and withdrawals including the mean changes in SBP and DBP
after CETP treatment. If the authors did not list the mean
differences but provide the mean and/or SD instead, we
calculated the mean differences from the other studies in this

SD, change =

\/[SDhaseline A 2+SDfinal N2— (2 x Corr X SDpgseline X SD/‘inal)}

Corr= (SDbaseline N2+ SDfina/ AN2— SDL'hange A 2)
- (2 X SDpaseline X SDfinal) .

review by the following formula according to the latest version of
Cochrane’s handbook for systematic reviews.

Experimental Control Mean Difference Mean Difference

Study or Subgroup Mean _SD Total Mean SD Total Weight IV, Fixed, 95% CI 1V, Fixed, 95% CI
6.2.1 Dalcetrapib and anacetrapib

Ballantyne 2012 -0.18 7.09 214 -14 6.9 73  55% 1.22[-0.63, 3.07] -
Bloomfield(1 )2009 045 6.8 231 1 6.91 58 4.8% -0.55[-2.53,1.43] i
Bloomfield(2) 2009 -0.58 6.75 233 -1.6 6.89 58 4.8% 1.02[-0.95, 2.99] T
Hermannn 2009 -2 748 9 1 5.89 9 0.5% -3.00[-9.22,3.22]

Subtotal (95% ClI) 687 198 15.7% 0.48 [-0.61, 1.58] <>
Heterogeneity: Chi? = 3.14, df = 3 (P = 0.37); = 5%

Test for overall effect: Z = 0.87 (P = 0.39)

6.2.2 Torcetrapib

Davidson 2006 043 329 130 0.37 3.41 32 11.0% 0.06[-1.25, 1.37] -1
Mckenndy 2006 048 3.37 134 -0.84 3.48 37 11.9% 1.32[0.06, 2.58] =,
Vergeer 2008 21 576 827 0.6 576 829 614% 1.50[0.95,2.05] 1
Subtotal (95% Cl) 1091 898 84.3% 1.29[0.81, 1.76] ¢
Heterogeneity: Chiz = 3.94, df =2 (P = 0.14); 1> = 49%

Test for overall effect: Z = 5.33 (P < 0.00001)

Total (95% CI) 1778 1096 100.0% 1.16 [0.73, 1.60] ¢

Heterogeneity: Chi? = 8.81, df =6 (P = 0.18); I = 32%
Test for overall effect: Z = 5.23 (P < 0.00001)
Test for subaroup differences: Chiz2=1.73. df =1 (P =0.19). 2=422%

4 2 0 2 4
Favours experimental Favours control

Figure 5. Forest plots depicting the CETP inhibitors on diastolic blood pressure.
doi:10.1371/journal.pone.0077049.9005
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Assessment heterogeneity and publishing bias in
included studies

Heterogeneity between the trials was evaluated by the Cochrane
Q test and the magnitude of heterogeneity was assessed by I?
statistics. 12=50% was considered to be representative of high
heterogeneity. When apparent heterogeneity was observed, we
compared performing subgroups by based on the summary of
results grouped by age, CETP inhibitor used, dose and duration of
treatment, dyslipidemia types, mono-therapy or co-administration
with statins, baseline lipid levels and study quality to identify the
perceived potential. Sensitivity analysis was performed by repeat-
ing the analysis then subsequently removing 1 study group each
time. The meta-analysis was performed by Review Manager
(REVMAN) software, Version 5.1(The Cochrane Collaboration,
Nordic Cochrane center, Copenghagen, Denmark). A fixed effect
model was selected preferentially except those where unexplained
statistical heterogeneity was identified. Visual inspection of the
funnel plot was used to detect the presence of publication bias. We
also assayed the possibility of publication bias using the Egger’s
regression test.

Results

Description of included studies

A total of 503 records were obtained by our electronic search, of
which 465 records were excluded after screening the titles and
abstracts. Two independent authors read the full articles and
additional 24 articles were excluded for the reasons listed in the
study flow chart (Figure S1). Fourteen articles matched our
inclusion criteria. However, two more studies with repeated
reports in different published papers were further excluded. We
finally included 12 researches into the final meta-analysis
(n=2928). Characteristics of the included studies are presented
in (Table 1). The included studies involved four kinds of CETP
inhibitors (Dalcetrapib =15, Torcetrapib=4, Anacetrapib=2,
Evacetrapib = 1). 5 studies used CETP inhibitors as mono-therapy
and another 5 studies were co-administered with statins. Bloom-
field’s [23] and Nicholls’ [25] studies involved two interventions
using CETP inhibitors either as mono-therapy or co-administered
with statins. We included them as pair-wise comparisons into the
meta-analysis as two independent studies. Most of the treatment
durations ranged from 4 weeks to 16 weeks except for Vergeer’s
[21] study, which was a pooled analysis of the Rating Atheroscle-
rotic Disease Change by Imaging With a New CETP Inhibitor
(RADIANCE) Trials 1 and 2, and had a treatment duration of as
long as 2 years. The summary of risk of bias of included studies is
listed visually in Figure S82. The quality of the included trials was
evaluated by Jadad score. Overall, three of the included studies
scored 5 [23-25], one scored 4 [21], seven scored 3 [14-20], and
the remaining one scored 2 [22]. We did not detect the publishing
bias by Egger’s test (HDL-c, p=10.107, 95% CI [—9.56 to 1.14];
TC, p=0.297, 95% CI [—1.29 to 3.85]; LDL-c, p=0.499, 95%
CI [—2.49 to 4.78]; TG, p=0.235, 95% CI [—0.43 to 1.59]).

Lipid modifying effects

As shown in Figure 1, the weighted mean net change in HDL-
¢ was 20.47 mg/dl (95% CI [19.8 to 21.15]). Corresponding
changes in TC, LDL-c and TG were 3.57 mg/dl (95% CI [1.69 to
5.44]) (Figure 1), —17.12 mg/dl (95% CI [—18.87 to —15.36])
(Figure 2), —10.47 mg/dl (95% CI [-11.91 to —9.03])
(Figure 2) respectively. Significant statistical heterogeneity was
observed in HDL-c, TC and LDL-c analysis, the I? were 99%,
85%, 94% respectively. Subgroup analysis was performed
comparing the factors listed in the methods. We found that most
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of the heterogeneity was ascribed to clinical heterogeneity, as
different CETP inhibitors have varying lipid modifying effects.
The weighted mean changes of HDL-c were: 9.68 mg/dl (95% CI
[8.55 to 10.8]) for dalcetrapib, 25.48 mg/dl (95% CI [24.61 to
26.35]) for torcetrapib, 44.11 mg/dl (95% CI [32.68 to 55.54]) for
anacetrapib, and 45.8 mg/dl (95% CI [41.97 to 49.64]) for
evacetrapib. The discrepancy, judged by age, medicine dosage,
treatment duration, dyslipidemia types, mono-therapy or co-
administration with statins, baseline lipid levels and study quality,
had minor effects on statistical heterogeneity. Sensitivity analysis
revealed that Bloomfield’s [23] and Nicholls’ [25] co-administra-
tion therapy group had a major influence on TC and LDL-c
levels, which might be due to their different study design.
Bloomfield’s [23] and Nicholls’ [25] studies did not have the
statin run-in period, all medicines, including statins and CETP
inhibitors, went into the experiments immediately. Therefore, part
of the lowering levels of TC or LDL-c might be ascribed to the
effects of statin instead of CETP inhibitor. HDL is heterogeneous
in particle size, chemical composition and physiological function
and represents different stages of dynamic remodeling occurring in
the plasma. HDL can be divided into the larger HDLy subclasses
and smaller HDLg subclasses by ultracentrifugation [30]. HDL, is
more active in the anti-atherosclerosis process and previous studies
have proven that larger HDL subclasses exhibit a stronger affinity
capability to the cholesterol efflux receptors [31]. HDL subclasses
vary in different disease status, and provide further insight into the
atherosclerosis risk stratification [32]. Two studies [16—17]report-
ed the HDL subclass concentration detected by ultracentrifuga-
tion, as shown in Figure 2, the net change in HDLy; and HDL;
after CE'TP inhibitors treatment were 6.25 mg/dl (95% CI [4.95
to 7.56]) and 3.41 mg/dl (95% CI [2.35 to 4.47]) respectively.
These results demonstrate that in adding to the beneficial effects
on absolute lipid levels, CETP inhibitors can affect the HDL to a
larger degree and to more atherosclerotic-protective subspecies.
HDL is the major apoA-I containing lipoproteins, and apoB100
concentrations also parallel with the LDL-c and atherosclerotic
capabilities. As shown in Figure 3, the pooled mean change in
apoA-I and apoB-100 concentration was 24.76 mg/dl (95% CI
[22.79 to 26.72]) and —14.94 mg/dl (95% CI [—17.16 to
—12.73]) respectively. Subgroup analysis also confirmed that
different CETP inhibitors exhibit unique apolipoprotein modify-
ing effects. Sensitivity analysis revealed that Bloomfield’s [23] and
Nicholls’ [25] co-administration therapy group had a major
influence on apolipoprotein levels which might also be due to the
unique study designs.

The safety and tolerability outcomes

Overall, 337 out of 1471 patients receiving CETP inhibitors
versus 132 out of 530 patients receiving placebo or statins mono-
therapy, experienced medicine-related adverse effects (RR:0.93,
95% CI [0.73 to 1.2]) (Figure S3). Most of the drug-related
adverse effects were mild or moderate in intensity, with headache,
fecal abnormalities, diarrhea and infection as the most frequently
reported adverse effects. Subject withdrawal, due to the drug,
tended to be higher but was not statistically significant between the
treatment and control groups (RR: 1.92, 95% CI [0.98 to 3.75])
(Figure S4). Three subjects with hepato-toxicity were reported in
the treatment group versus one in the control group (RR: 0.66,
95% CI [0.16 to 2.72]) (Figure S5). Musculoskeletal injury events
were similar in both treatment and control groups (RR: 0.81, 95%
CI [0.24 to 2.74]) (Figure S6). Six studies reported little change
on the systolic and diastolic blood pressures. The pooled mean
change of SBP and DBP were 2.73 mmHg (95% CI [2.14 to 3.31])
and 1.16 mmHg (95% CI [0.73 to 1.6]) respectively (Figures 4
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and 5). Further study using subgroup analysis revealed that the
blood pressure changes were ascribed to the effect of torcetrapib,
which might activate the rennin-angiotensin-aldosterone system
(RAAS), hence increasing the blood pressure via a molecularly-
specific way. The other 3 CETP inhibitors, including anacetrapib,
dalcetrapib and evacetrapib, had no effect on blood pressure.

Discussion

We performed a meta-analysis study to determine the efficacy
and safety of CETP inhibitors in treating patients with
dyslipidemia. The main findings showed that CETP ihibitors
exhibit a significant increase in HDL-c and apoAl levels and a
decrease in TG, LDL-c, apoB-100 to a small extent irrespective of
dyslipidemia types. We also found that CETP inhibitors not only
increased the absolute HDL-c levels, but also changed the HDL to
larger and more atherosclerotic-protective HDL subspecies. CETP
inhibitors exhibited strong lipid modifying effects when co-
administered with statins. The rate of adverse effects was not
statistically significant between the treatment and control groups.
Most of the treatment associated adverse effects were mild and
tolerable. CETP inhibitors alone or co-administered with statins
did not increase the risk of hepato-toxicity or musculoskeletal
injury. A slight increase of SBP and DBP was also observed in this
study.

In our meta-analysis, we found that different CETP inhibitors
have distinct lipid modifying effects. Evacetrapib seems to be the
most effective agent in increasing the HDL-c, followed by
anacetorpib, torcetrapib and dalcetrapib. The discrepancies of
lipid modifying effects among different CETP inhibitors are
largely attributed to the differences in molecular structures.
Pharmacological studies revealed that dalcetrapib binds to CETP
through the formation of a covalent disulfide bond at its 13™
amino acid residue, inducing conformational changes in the
protein. Torcetrapib and anacetrapib induce a non-productive
complex between CETP and HDL, hence blocking CETP’s lipid
transfer functions [33]. Evacetrapib is a novel benzazepine-based
CETP inhibitor, the CETP inhibitory mechanism remains to be
elucidated, but Evacetrapib is more efficient in inhibiting CETP
activities. The concentration of Evacetrapib causing half-maxi-
mum inhibition of CETP activity was 5.5 nM in vitro analysis,
compared to 25.2 nM for torcetrapib and 21.5 nM for anace-
trapib [34]. A slight increase in SBP and DBP were observed in
patients receiving torcetrapib therapy subgroup. However, we did
not find any other similar effects in the other CETP inhibitors,
indicating that CETP inhibition per se might not be the cause of
the elevated blood pressure. Although the cause of the off-target
toxicity needs further investigation, some studies from the animal
and cell models revealed that torcetrapib can induce the synthesis
of aldosterone and cortisol in a molecularly-specific way [33].
Torcetrapib also induces a sustained impairment of endothelial
function and decrease nitric oxide release, stimulate aldosterone
secretion as well as vascular reactive oxygen species and
endothelin production [36-37]. The blood pressure elevating
effects of torcetrapib exert a profound influence on CETP
inhibitors studies, as in RADIANCE and ILLUSTRATE (Inves-
tigating Lipid Level management Using Coronary Ultrasound to
Assess Reduction of Atherosclerosis by CETP inhibition and HDL
Elevation) study, torcetrapib failed to ameliorate carotid IMT
progression and increased the cause of mortality partly due to the
elevated blood pressure [38]. Hence, CETP inhibitors without
blood pressure elevating off-target toxicity are imperative in the
development of novel CETP inhibitors.
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HDL is emerging as a novel target for lipid modifying therapy.
Although a series of epidemiological studies have observed an
inverse relationship between cardiovascular mortality and HDL-c,
the beneficial effects of raising HDL-c by the use of treatments
with currently available drugs (such as niacin and fibrates) are
obscure [39]. Our meta-analysis revealed that CETP inhibitors
treatment received satisfactory lipid modifying effects with good
safety in patients with dyslipdiemia. Recent meta-analysis revealed
that a change of an SD increase of (13.12 mg/dl) in mean change
of HDL-c resulting from lipid modifying therapy was associated
with a 26% reduction in the risk of cardiovascular death [40]. The
main concern of dyslipidemia is the risk of atherosclerosis and
associated CVD. In our meta-analysis, only Vergeer’s [21] study
had a 2-year long treatment duration to evaluate the progression
of carotid IMT progression as detected by carotid ultrasonogra-
phy. In Vergeer’s [22] study, despite significant improvement of
lipid profiles, the elevated HDL-c failed to prevent the progression
of carotid IMT. Recent studies have demonstrated that endoge-
nous low CETP plasma levels constitute an independent risk factor
for all-cause and CV mortality, thus indicating that CETP displays
anti-atherogenic properties which need to be preserved [41].
Moreover, besides the effect on blood pressure, the effects of
individual CETP inhibitors on HDL-c are different and our meta-
analysis found that the mean change in HDL-c is heterogeneous
among different CETP inhibitors. Evacetrapib and Anacetrapib
raise HDL-c more efficiently than dalcetrapib and torcetrapib.
The results of dall-OUTCOMES study were published recently.
This study enrolled 15,871 patients and evaluated the efficacy and
safety of dalcetrapib in reducing mortality and morbidity due to
acute coronary syndrome. Dalcetrapib increased HDL-c levels,
but failed to reduce the risk of recurrent cardiovascular events
[42]. Hopefully, large multi-center randomized control studies of
anacetrapib and evacetrapib will provide more evidence to
provide to the CETP inhibitor studies.

In conclusion, CETP inhibitors exert excellent effects on the
lipid parameters in patients with dyslipidemia even in combination
with statin therapy. Given the fact that HDL-c is inversely
correlated with CVD mortality, CETP inhibitors could potentially
be another novel therapeutic option for CVD treatment.

Supporting Information

Figure S1 Flow chart of trails.
(TIF)

Figure 82 Risk of bias graph: review authors’ judgements about
each risk of bias item presented as percentages across all included
studies.

(TIF)

Figure 83 Torest plots depicting the treatment associated
adverse events.

(TIF)

Figure S4 Forest plots depicting the treatment associated
withdrawal.

(TIF)

Figure 85 Forest plots depicting the CETP inhibitors on hepato-
toxicity.

(TIF)

Figure 86 Iorest plots depicting the CETP inhibitors on muscle-
skeletal injury.
(TIF)

Checklist S1 PRISMA Checklist.
DOC)

October 2013 | Volume 8 | Issue 10 | e77049



Author Contributions

Conceived and designed the experiments: CL. Performed the experiments:
CL WZ. Analyzed the data: LZ YL LL. Contributed reagents/materials/

References

1.

20.

21.

Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ (2006) Global and
regional burden of disease and risk factors, 2001: systematic analysis of
population health data. Lancet 367: 1747-57.

. Briel M, Vale N, Schwartz GG, de Lemos JA, Colivicchi F, et al. (2012) Updated

evidence on early statin therapy for acute coronary syndromes: Meta-analysis of
18 randomized trials involving over 14,000 patients. Int J Cardiol 158: 93-100.

. Roger VL, Go AS, Lloyd-Jones DM, Adams R], Berry JD, et al. (2011) Heart

Disease and Stroke Statistics-2011 update: A Report From the American Heart
Association. Circulation 123: ¢18-¢129.

. Cholesterol Treatment Trialists’ (C'TT) Collaboration, Baigent C, Blackwell L,

Emberson J, Holland LE, et al. (2010) Efficacy and safety of more intensive
lowering of LDL cholesterol: a meta-analysis of data from 170,000 participants
in 26 randomised trials. Lancet 376: 1670-81.

Gordon DJ, Probstfield JL, Garrison R], Neaton JD, Castelli WP, et al. (1989)
High-density lipoprotein cholesterol and cardiovascular disease. Four prospec-
tive American studies. Circulation 79: 8-15.

. Jafri H, Alsheikh-Ali AA, Karas RH (2010) Meta-analysis: statin therapy does

not alter the association between low levels of high-density lipoprotein
cholesterol and increased cardiovascular risk. Ann Intern Med 153: 800-8.

. Birjmohun RS, Hutten BA, Kastelein JJ, Stroes ES (2005) Efficacy and safety of

high-density lipoprotein cholesterol-increasing compounds: a meta-analysis of
randomized controlled trials. ] Am Coll Cardiol 45: 185-97.

. Plump AS, Masucci-Magoulas L, Bruce C, Bisgaier CL, Breslow JL, et al. (1999)

Increased atherosclerosis in ApoE and LDL receptor gene knock-out mice as a
result of human cholesteryl ester transfer protein transgene expression.

Arterioscler Thromb Vasc Biol 19: 1105-10.

. de Vries R, Perton FG, Dallinga-Thie GM, van Roon AM, Wolffenbuttel BH, et

al. (2005) Plasma cholesteryl ester transfer is a determinant of intima-media
thickness in type 2 diabetic and nondiabetic subjects: role of CETP and
triglycerides. Diabetes 54: 3554-9.

. Foger B, Luef G, Ritsch A, Schmidauer C, Doblinger A, et al. (1995)

Relationship of high-density lipoprotein subfractions and cholesteryl ester trasfer
protein in plasma to carotid artery wall thickness. ] Mol Med 73: 369-72.

. Inazu A, Brown ML, Hesler CB, Agellon LB, Koizumi J, et al. (1990) Increased

high-density lipoprotein levels caused by a common cholesteryl-ester transfer
protein gene mutation. N Engl ] Med 323: 1234-38.

. Thompson A, Di Angelantonio E, Sarwar N, Erqou S, Saleheen D, et al. (2008)

Association of cholesteryl ester transfer protein genotypes with CETP mass and
activity, lipid levels, and coronary risk. JAMA 299: 2777-88.

. Okamoto H, Yonemori F, Wakitani K, Minowa T, Maeda K, et al. (2000) A

cholesteryl ester transfer protein inhibitor attenuates atherosclerosis in rabbits.
Nature 406: 203-7.

. Hermann F, Enseleit F, Spieker LE, Périat D, Sudano I, et al. (2009)

Cholesterylestertransfer protein inhibition and endothelial function in type II
hyperlipidemia. Thromb Res 123: 460-5.

. Ballantyne CM, Miller M, Niesor EJ, Burgess T, Kallend D, et al. (2012) Effect

of dalcetrapib plus pravastatin on lipoprotein metabolism and high-density
lipoprotein composition and function in dyslipidemic patients: results of a phase
IIb dose-ranging study. Am Heart J 163: 515-21.

. de Grooth GJ, Kuivenhoven JA, Stalenhoef AF, de Graaf J, Zwinderman AH, et

al. (2002) Efficacy and safety of a novel cholesteryl ester transfer protein
inhibitor, JTT-705, in humans: a randomized phase II dose-response study.
Circulation 105: 2159-65.

. Kuivenhoven JA, de Grooth GJ, Kawamura H, Klerkx AH, Wilhelm F, et al.

(2005) Effectiveness of inhibition of cholesteryl ester transfer protein by JTT-705
in combination with pravastatin in type II dyslipidemia. Am J Cardiol 95: 1085—
8

. Bisoendial RJ, Hovingh GK, El Harchaoui K, Levels JH, Tsimikas S, et al.

(2005) Consequences of cholesteryl ester transfer protein inhibition in patients
with familial hypoalphalipoproteinemia. Arterioscler Thromb Vasc Biol 25:
cl33—4.

. Davidson MH, McKenney JM, Shear CL, Revkin JH (2006) Efficacy and safety

of torcetrapib, a novel cholesteryl ester transfer protein inhibitor, in individuals
with below-average high-density lipoprotein cholesterol levels. ] Am Coll Cardiol
48: 1774-81.

McKenney JM, Davidson MH, Shear CL, Revkin JH (2006) Efficacy and safety
of torcetrapib, a novel cholesteryl ester transfer protein inhibitor, in individuals
with below-average high-density lipoprotein cholesterol levels on a background
of atorvastatin. J Am Coll Cardiol 48: 1782-90.

Vergeer M, Bots ML, van Leuven SI, Basart DC, Sijbrands EJ, et al. (2008)
Cholesteryl ester transfer protein inhibitor torcetrapib and off-target toxicity: a
pooled analysis of the rating atherosclerotic disease change by imaging with a
new CETP inhibitor (RADIANCE) trials. Circulation 118: 2515-22.

PLOS ONE | www.plosone.org

10

CETP Inhibitors in Treatment of Dyslipidemia

analysis tools: FZ CC. Wrote the paper: CL. Searching literatures and
browsing the abstract: FP JC. Maintenance of clinical research database:
ZH HL. Coordinator of the research: CZ.

22.

24.

26.

28.

29.

30.

31

32.

34.

36.

37.

38.

39.

40.

41.

42.

Guerin M, Le Goff W, Duchene E, Julia Z, Nguyen T, et al. (2008) Inhibition of
CETP by torcetrapib attenuates the atherogenicity of postprandial TG-rich
lipoproteins in type I1IB hyperlipidemia. Arterioscler Thromb Vasc Biol 28: 148~
54.

. Bloomfield D, Carlson GL, Sapre A, Tribble D, McKenney JM, et al. (2009)

Efficacy and safety of the cholesteryl ester transfer protein inhibitor anacetrapib
as monotherapy and coadministered with atorvastatin in dyslipidemic patients.
Am Heart J 157: 352-360.

Krishna R, Anderson MS, Bergman A]J, Jin B, Fallon M, et al. (2007) Effect of
the cholesteryl ester transfer protein inhibitor, anacetrapib, on lipoproteins in
patients with dyslipidaemia and on 24-h ambulatory blood pressure in healthy
individuals: two double-blind, randomised placebo-controlled phase I studies.
Lancet 370: 1907-14.

. Nicholls SJ, Brewer HB, Kastelein JJ, Krueger KA, Wang MD, et al. (2011)

Effects of the CETP inhibitor evacetrapib administered as monotherapy or in
combination with statins on HDL and LDL cholesterol: a randomized controlled
trial. JAMA 306: 2099-109.

Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, et al. (2009) The
PRISMA statement for reporting systematic reviews and meta-analyses of studies
that evaluate healthcare interventions: explanation and elaboration. BM]J 339:
b2700.

. Hozo SP, Djulbegovic B, Hozo I (2005) Estimating the mean and variance from

the median, range, and the size of a sample. BMC Med Res Methodol 5: 13.
Liu T, Li G, Li L, Korantzopoulos P (2007) Association between C-reactive
protein and recurrence of atrial fibrillation after successfulelectrical cardiover-
sion: a meta-analysis. ] Am Coll Cardiol 49: 1642-8.

Vuorio A, Kuoppala J, Kovanen PT, Humphries SE, Strandberg T, et al. (2010)
Statins for children with familial hypercholesterolemia. Cochrane Database of
Systematic Reviews 2010.Cochrane Database Syst Rev 7: CD006401.

Vekic J, Topic A, Zeljkovic A, Jelic-Ivanovic Z, Spasojevic-Kalimanovska V
(2007) LDL and HDL subclasses and their relationship with Framingham risk
score in middle-aged Serbian population. Clin Biochem 40: 310-6.

Sahoo D, Trischuk TC, Chan T, Drover VA, Ho S, et al. (2004) ABCAI-
dependent lipid efflux to apolipoprotein A-I mediates HDL particle formation
and decreases VLDL secretion from murine hepatocytes. J Lipid Res 45: 1122~
31.

Otvos JD, Collins D, Freedman DS, Shalaurova I, Schaefer EJ, et al. (2006)
Low-density lipoprotein and high-density lipoprotein particle subclasses predict
coronary events and are favorably changed by gemfibrozil therapy in the
Veterans Affairs High-Density Lipoprotein Intervention Trial. Circulation 113:
1556-63.

Vergeer M, Stroes ES (2009) The pharmacology and off-target effects of some
cholesterol ester transfer protein inhibitors. Am J Cardiol 104: 32E-8E.

Cao G, Beyer TP, Zhang Y, Schmidt R]J, Chen YQ, et al. (2011) Evacetrapib is
a novel, potent, and selective inhibitor of cholesteryl ester transfer protein that
clevates HDL cholesterol without inducing aldosterone or increasing blood

pressure. J Lipid Res 52: 2169-76.

. Hu X, Dietz JD, Xia C, Knight DR, Loging WT, et al. (2009) Torcetrapib

induces aldosterone and cortisol production by an intracellular calcium-
mediated mechanism independently of cholesteryl ester transfer protein
inhibition. Endocrinology 150: 2211-9.

Simic B, Hermann M, Shaw SG, Bigler L, Stalder U, et al. (2012) Torcetrapib
impairs endothelial function in hypertension. Eur Heart J 33: 1615-24.
Connelly MA, Parry TJ, Giardino EC, Huang Z, Cheung WM, et al. (2010)
Torcetrapib produces endothelial dysfunction independent of cholesteryl ester
transfer protein inhibition. J Cardiovasc Pharmacol 55: 459-68.

Nissen SE, Tardif JC, Nicholls SJ, Revkin JH, Shear CL, et al. (2007) Effect of
torcetrapib on the progression of coronary atherosclerosis. N Engl J Med 356:
1304-16.

Briel M, Ferreira-Gonzalez I, You JJ, Karanicolas PJ, Akl EA, et al. (2009)
Association between change in high density lipoprotein cholesterol and
cardiovascular disease morbidity and mortality: systematic review and meta-
regression analysis. BMJ 338: b92.

Ray K, Wainwright NW, Visser L, Witteman J, Breteler M, et al. (2012)
Changes in HDL cholesterol and cardiovascular outcomes after lipid
modification therapy. Heart 98: 780-5.

Ritsch A, Scharnagl H, Eller P, Tancevski I, Duwensee K, et al. (2010)
Cholesteryl ester transfer protein and mortality in patients undergoing coronary
angiography: the Ludwigshafen Risk and Cardiovascular Health study.
Circulation 121: 366-74.

Schwartz GG, Olsson AG, Abt M, Ballantyne CM, Barter PJ, et al. (2012)
Effects of Dalcetrapib in Patients with a Recent Acute Coronary Syndrome.
N Engl ] Med 367: 2089-99.

October 2013 | Volume 8 | Issue 10 | e77049



