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ABSTRACT

Recent clinical trials and meta-analyses have indicated that high-intensive statin treatment lowers
low-density lipoprotein cholesterol (LDL-C) levels and reduces the risk of nonfatal cardiovascular
(CV) events compared with moderate-intensity statin treatment. However, there are residual risks
of CV events and safety concerns associated with high-intensity statin treatment. The Improved
Reduction of Outcomes: Vytorin Efficacy International Trial (IMPROVE-IT) study showed that
ezetimibe plus moderate-intensity statin therapy after acute coronary syndromes incrementally
lowers LDL-C levels and improved CV outcomes compared with moderate-intensity statin
therapy. However, despite the LDL-C-lowering effects, a substantial residual CV risk still remains,
which includes other lipid abnormalities such as low high-density lipoprotein cholesterol
(HDL-C). The most representative agents that primarily increase HDL-C are cholesteryl

ester transfer protein (CETP) inhibitors. Until now, 4 CETP inhibitors, including torcetrapib,
dalcetrapib, evacetrapib, and anacetrapib, have been introduced and all have significantly raised
the HDL-C from 30% to 133%. However, the results for CV outcomes in clinical trials differed,
based on the 4 agents. Torcetrapib increased the risk of CV events and total mortality in patients
at high CV risk (ILLUMINATE trial). Dalcetrapib and evacetrapib did not result in lower rate

of CV events in patients with recent acute coronary syndrome and high risk vascular disease,
respectively (dal-OUTCOMES and ACCELERATE trials). However, anacetrapib significantly
decreased the incidence of major coronary events in patients with atherosclerotic vascular disease
(REVEAL trial). This topic summarizes the major results of recent statin and CETP inhibitor trials
and provides framework to interpret and implement the trial results in real clinical practice.

Keywords: Dyslipidemia; Statins; Ezetimibe; Cholesterol ester transfer protein;
Cholesteryl ester transfer protein inhibitor; High-density lipoprotein cholesterol
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Bl &4>%(reverse cholesterol transport) 282 55l ASCVDL] &8-S of| Y 5}= ol & 21z}
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Table 1. Brief summary of CETP inhibitors’ outcome trials

Characteristics ILLUMINATE (torcetrapib) dal-OUTCOMES (dalcetrapib) ACCELERATE (evacetrapib) REVEAL (anacetrapib)

No. of patients 15,067 15,871 12,092 30,449

Patients disease High CV risk Post ACS ASCVD, CHD with DM Occlusive vascular disease

FU duration 550 day 31 mon 26 mon 50 mon

HDL-C 72% increase 31%-40% increase 133% increase 104% increase

LDL-C 95% decrease Neutral 31% decrease Direct method: 41% decrease
BQ: 17% decrease

Primary endpoint” 25% RR increase No difference No difference 9% RR reduction

Total mortality 58% RR increase No difference 16% RR reduction No difference

SBP 5.4 mmHg increase 0.6 mmHg increase 1.2 mmHg increase 0.7 mmHg increase

CETP; cholesteryl ester transfer protein, ILLUMINATE; Investigation of Lipid Level Management to Understand its Impact in Atherosclerotic Events, dal-OUTCOMES;
Dalcetrapib in Stable Coronary Heart Disease Patients with Recent Acute Coronary Syndrome, ACCELERATE; Assessment of Clinical Effects of Cholesteryl Ester Transfer
Protein Inhibition with Evacetrapib in Patients at a High Risk for Vascular Outcomes, REVEAL; Randomized Evaluation of the Effects of Anacetrapib through Lipid
Modification, CV; cardiovascular, ASCVD; atherosclerotic cardiovascular disease, CHD; coronary heart disease, DM; diabetes mellitus, FU; follow up, HDL-C; high density
lipoprotein cholesterol, LDL-C; low density lipoprotein cholesterol, BQ; beta quantification, SBP; systolic blood pressure, MI; myocardial infarction, UAP; unstable angina.
*Primary endpoint was defined as a composite of CHD death, nonfatal MI, stroke, unstable angina hospitalization in the ILLUMINATE study; a composite of

CHD death, nonfatal MI, ischemic stroke, UAP, cardiac arrest with resuscitation in the dal-OUTCOMES study; a composite of CV death, MI, stroke, coronary
revascularization, UAP hospitalization in the ACCELERATE study; a composite of coronary death, MI, coronary revascularization in the REVEAL study.
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T S5 #2118,1448 & 22 AHEAER 40 mg TEA| S5 A HEAERE 40 mgt
o AIE W] 2 10 mg] &2 BT 7he] o] F W Fake] Akl oot B 47|72 6
o3t} YAt e AP WO 2 QIR AN, B AP A AT T, A dol
o= A, wE AN S (729 B 309 o] $) S ZAT B2 A ol5kel
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95% confidence interval [CI], 0.68-0.92 for non-diabetics and HR, 0.80; 95% CI, 0.65-0.99 for
diabetics, respectively). IMPROVE-IT 917-2] 0|23t Aut52 2| WH o] JA AL F A=
Aol A-go] HAtt. &3] 201797} 2018 1| =W E-H] T2 53] (American Association of
Clinical Endocrinologists and American College of Endocrinology)®l| A= 4] °é]"]' Azgke] 9d
L= 30l very high riskwt 2o =2 M 22 H 52l extreme riskw-& T2 75 =E, o
710 LDL-CE 70 mgid, Bl 70 2 Wik Steleks B QA S Hah
ASCVD At i B, RHg 38 A g 37]9t47], 7FEA 1 Zel| 2B Ed Fol Ae=C

= 22, 7] AscvDs] 7|9eio] 9 BAEE THe], o Mo 1br o] BHAHE
55 mg/dL O|FFO. 2 W= 713 UXSIRA s

r°l'

rogressive

4 2] & S, IMPROVE-IT A= /8 e S 22 2 31.9|(very high risk) 2
Aol E5] S SHIeh eAtEol A S = AEHE 2 o A B 0| Bo] -8 X 57}

https://doi.org/10.12997/jla.2018.7.1.12 14



Recent Statin and CETP Inhibitor Trials

Journal of
Lipid and
Atherosclerosis

https://e-jla.org

TRL (VLDL, IDL)

HDL subparticles

LDL

Fig. 1. Putative mechanisms explaining the effect of CETP inhibitors on HDL-C and LDL-C.

(A) decreased transfer CE in HDL into TRL; (B) decreased transfer CE in HDL into LDL; and (C) increased
catabolism of LDL with increased uptake of LDL via hepatic LDL receptor.

CETP; cholesteryl ester transfer protein, CE; cholesterol ester, HDL-C; high-density lipoprotein cholesterol,
LDL-C; low-density lipoprotein cholesterol, TRL; triglyceride-rich lipoprotein, VLDL; very low-density lipoprotein,
IDL; intermediate density lipoprotein.
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CETP+= Fig. 19| 4] H= vle} Zho] HDLY ARl 4] CES VLDLO| L LDLE KIS tﬂ a3t
e zlo|ot, mhebA CETP] -85 Ao HDL-CE /4541 7]+= ¥, LbL-c9o] ZH4 &
Th 5 7S 4= T}, CETP JA|A = A F7HA] 2A] 47FA] A7} 7= QL= o] F
torcetrapib, evacetrapib, anacetrapib= 732t CETP JA| EHE 7}A|+= HHH, dalcetrapib<
FeiA o & oFgt CETP A A IS 7HZITh. 47F2] CETP JAA| &2 Al B oAb ol st 4
Aol thislf 2+eks] g 2 shalz) gkt

INVESTIGATION OF LIPID LEVEL MANAGEMENT TO
UNDERSTAND ITS IMPACT IN ATHEROSCLEROTIC
EVENTS (ILLUMINATE) &3

A R 2 7HEE CETP JAIA Q! torcetrapib O 2 XY H 2 A= 7|diet G £2] 22
(]

T Bk A2 1987 22} 15,0678 2 th/d S 2 torcetrapib¥} atorvastatin®]
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H 8 %] 39} 9k} atorvastatin®] HE 2| & 7] 9 AlF AL ] EHAQF S H| WS B
2+9] o] F W] Aot 3 XA W &= torcetrapibt atorvastatin®] B -8 ] S0l A AF
AlZF o8] 127§ LA HDL-C& 72.1% % Al Z 2L LDL-C-2 24.9% A A H T, 5FA] T atorvas-
tatin} torcetrapib®] ¥-8-%] 5 0] 22kt atorvastatin®] H-G2| 5ol H| S| LxApH S
ol 29 AEIARA 2 o] T H =5 25% 2] 0] QA Z7HAIH AL, & AP 2 o] i€
HEE 58% 57 ZATH B3 torcetrapib2] A| A ¥ 3}of thdh okE 3t o] =57 A5,
2] L E 3} bicarbonate, aldosterone2] 2351t ZHg- o] 7hA S5o] B8 o] w2
=L ILLUMINATE 7= torcetrapib2] 52 A& WAL 2} ZAFgofl tf$h LH A2 915 o
T 4.58 4712 AL AT 550 Tholl 27]F 5= T}
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St B3R 2 A olsith A7]7t 59 HDL-C2] ¥l3t= dalcetrapibwOll Al 31%-40% &
7}t A AT, HHH LDL-coll T3t ZHAaTH= A Th A BAabzdof) thgh x4 ahH 4=0f] T
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ESTER TRANSFER PROTEIN INHIBITION WITH
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VASCULAR OUTCOMES (ACCELERATE) ¥

2 A= th2oll A3 REVEAL A8} 74| Zhdol| WaEQl=d), & d4= o2 23t

£ Ho{F0th. ACCELERATE 7= 7|&9] BEX|RE Tl QU AscvD7} AU B&
mAgto] Ql= iy #HA} 12,002 -S th/F O 2 evacetrapibF ol w3t 9] 2kt 7He] F2HQ
olF W4 d/dATtoltt. A = A TS o 2 QIgHANY, A8 E, 58,
2 EQMYAAN SO QIS YU S 3k Bt 42 A osiqint. A 370
EH HDL-C2 22 A3 A|ZF A7 T | evacetrapl bl A 133.2%, 9] kol A 1.6% 37153
11(p<0.001), LDL-C-2 evacetrapibw-0l| A 31.1% 7+4$F BFH Q] ekt of| A= 6.0% 5 715F A T
A Aol digh AxpA o 4o HhgHl e of] o gt At & 5t 7ol 2Jn] 9l= &Fol= ¢l
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RANDOMIZED EVALUATION OF THE EFFECTS OF
ANACETRAPIB THROUGH LIPID MODIFICATION
(REVEAL) &3t

oro] A] 79} 2] REVEAL 17 CETP o4 4] 175 % sk Al A ale] 2]
e AAaAZ Aolt}, 7] Eo 187 atorvastating H-8-5H1L Q= ASCVD 22} 30,4499
S 44O 2 anacetrapibF o 71t ot 7Ho] H| WL Z, oeli}g;r_}@_/;% B=olAslo 2 o]
SEAFL A2 AMZE HEm 7 ES 25Hst 29 e AL 0 &2 Holstith A7)t
SUANHL EF A thﬂ&}— E™H ¥+ HDL-C2 anacetraplb:rLOﬂ A ATt A1ZF Al 40 mg/

dLollA] 85 mg/dLE, ] 2Ftoll A 40 mg/dLOA] 42 mg/dLE F7FsER AL & o 7+ 2fo|+=
104%%Ath. & o+ 7+2] LDL-C9] AFth A o)== direct method = 41%, beta quantification &2
17%2 anacetrapibwol| 4] 21| IA] Z+43TH Non-HDL-C2 & & 7Holl 18% 2ol & ¢
T}, A2 3t 40l th &t A= anacetrapibat 0] 9] oFtol| H] 8l 4.1 59 2 HE
AR o] dE 91 o] AT =5 9% 2 1] A A 2T, BEH QH /4 S 7 ol A<= anace-
trapibw-oll A B o] WY Q182 ofm] QA FAAZAIT +57]€ 4S5 0.7 mmHg 35
Al1Z13L 60 mL/min P TFO] ARLA] of Mh-8-0) ZhAs HI &= A A] F71sk QAT SHAI T AN, o,
a3 Foheh #Ago) HI T 52 & - Thof| &Fo] 7} 13l Th. ASCVD #AH=ll A anacetrapib
o] Q9 FF Apof thgt §3HE 1SS REVEAL A& E ot 71 7|7 5Qte] AEaAb

St &3} anacetrapib] A2 A W) 4 FA) 59 b/ HIHE s A AAIE
FAHEAR7E Y Fofl Aot

o2
=r

REVEAL g312| 2 23 AR0f Chel 23t= ANACETRAPIB
2| HDL-C &5 =& ¢let Zielot?

CETP QA A= 2kA] 123 tf & CETPE A A|5}0] HDL-CS A4 Al 7| = Zlo] ZQ ZH8o]

A9k A= HDL Y &}oll 1= CEZ} triglyceride-rich lipoprotein (TRL)®| L} LDLEZ MY &= 7
S 2}51o] TRLO| Y LDLE] cholesterolZ ZAAlZ 4= 131, FEGF 7Hoj| A LDL4E-4| & £3]
LDLO| £ tiAHS Z715}k0] LDL-COlU non-HDL-C9] Zr4 &3S 7| ok 4= Qlch. A
BATEL B 5L HDL-C 4 E ABVAL) S8 ZAAANGT LeiA] A
HDL-C 4441717] 913t o271 29] Q41750 Zake RevEAL 7S Alelala A
YeA7e] 992 741717 2Yho HOLE LDLE el HpLe) A oA 2 el 5
21219] 24o] o3 cheystol AT & BAIS Aeahol HDL-c2 A4 AI71ct stel et
T o] oA == T4 ohA| 9] thAtol] F&F2S n|E 4= Qlct o] 2 Q13| HAEQl 7 sS &
%ol 2] £3h HDLO) 3718 4 2182 WAIT 4 gk 7 Aetele) dl R TS 5
3HCTT 4] 23} non-HDL-CO] ZH4of mh2 = F oAb o] ZHA§ 3= LDL-Cc9] ZAa 3t
OF FAFSHA AAde] Ak A| S B ot REVEAL A5 CTT & HA—I Jejz=o E,%E‘H B
non-HDL-C Z+ 48t 2 @ A TAA o] Zh A4 g ato]| oot A= Al 2| L 7he 3 x| 9k T2 Tof| A
TS Hol 71 MAfol Eoioltt. of2lg ATk REVEALYIT Zate] 718 Haks] A
M5k = AT anacetrapib®] HDL-C2] /4 a3to]| oot Zio|gtal T sl7] Eihe= 23]
& non-HDL-CQ] Z+A G T}of| 7]Qlstth= -2 7H A 0 & A|A|5kal @t
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ACCELERATE 719} REVEAL g3t Z1t= ¢ff X}0|E Ho|=7}?

2017'8 2 E ] Q1 E ACCELERATE -9} REVEAL L= T2 Au}E 2 o] I}, Evacetrapib
T} anacetrapib®] 35 A o] tist G7H= F kA7) FAFSEI T SHA R REVEAL ALof| A RE
2.9 50 AIS] B 92 o] 29ILk o] 22t o] 2 Kol o] 9.2 Waks| e
S QAT E 7EA] ZHAA s o]f-50] k. AM], A7 t]&}Q1e] xfoo| T}, REVEAL A+
= ACCELERATE 1712 12,0027 \ o OF 3| 7Faf 12 30,4497 2] A2 T 0. 2 Z35H3
T} 471717t 9 A| REVEAL 9= ACCERATE 1712 3+ 26711 ol] |5} 4 o]0 = AJg] ek
o] a5 Hrlohe=t| B 323t 717 & 218451tk REVEAL 119] 4 A7 |7kl wh
£ 24 43E B, anacetrapibw-2 9] 2ftoll H] 8l 24 7|7to] AojA 45 £ Q e AR
o] 9y 913l e] A F it SFRE)X| AL 53] 28@7kA] = F i 7ol 2fo| & Ko A] Yty 34
3ERE o] gl 2ho] & HojFglet. 3, Axp 0] HHAY 744~ 94| ACCELERATE 9
9] 1,555 0l H] 3l 3,443% 0 2 F-23H FAISHA QI powerE 7HA T 4, F 2FA9] on-target
T} off-target & 1+2] 2}o] o]t} Evacetrapib-= ACCENTUATE ¢+ 2 3} ¢ Z-2}-g-of ¥Hod8tal HDL
9] 7l sl E 2T 4= = apo C-IIE 7d45A| 7] AL C-reactive protein (CRP)S] /d5-0] ¥z =]
Ach 22 HH anacetrapib-> DEFINE 90l 4] CRP2] o] 1| Q)= 3= 2| 2] ehtrh= 11 9
5 kA 7+9] cholesterol efflux capacitytt W] A 7|50l T3t 2H-8-2] x}o] 5-& & 4= ATt

m

CETP {HX[2| efE27 TN H2 (PHARMACOGENOMIC
APPROACH)

oFA 7|45t dalcetrapib®] dal-OUTCOMES 9175 HDL-C2] AF5:0ll &= Al TAFA S Z0| 4]
Ak SHARE, 2| dalcetrapib®] A AR O] gt E3HE AR = FE-F7I8HE 24
7H 3= It} dal-OUTCOME S-tol] 7ol 3t 245 55,7492 T2 &2 AAA] 1601 91| 3h
adenylyl cyclase (ADCY) 9 -F- A} T}od /3 2] 371 2Fod o] whZ dalcetrapib2] EIHE H| w3 A3} AA
FARFE & 7171 RS0l A dalcetrapibat-2 9] 2ktoll H] 5 AxFA THAS0] AT 9 & =5 39%
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