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Aim: The study aim is to investigate synergistic effects of cilostazol and probucol combination ther-
apy on coronary plaque volume and composition.

Methods: A total of 119 patients undergoing coronary stenting were treated with probucol and cilo-
stazol combination therapy (group I) or with cilostazol monotherapy (group II) in a double-blind,
randomized multicenter trial, and evaluated by virtual histology intravascular ultrasound (VH-IVUS)
at baseline and 9-month follow-up for changes in coronary plaque volume and composition at an
index intermediate lesion with luminal narrowing >30% and <70% and for neointimal hyperplasia
at the stented segment. In all patients simvastatin 20 mg was started with enrollment.

Results: Qualifying VH-IVUS data from 91 patients were included in the final analysis. There were no
significant differences between group I and II with respect to the primary endpoint, nominal change
in normalized total atheroma volume (TAV) of the index intermediate coronary lesion (A-12.6%
17.7 vs. = 14.2+20.2 mm?, p=0.691), or plaque composition. Plaque regression was observed in more
than 70% of patients in both groups. Diabetes was the only significant independent determinant of
changes in TAV ($=0.22, p=0.037). There were greater decreases in total cholesterol (A-51.8+
33.0 vs. —25.4+39.1 mg/dL, p<0.001) and LDL (A -33.5+30.5 vs. —20.3 +30.8 mg/dL, p=0.044)
levels in group I than in group II. However, HDL cholesterol (A -11.2+8.5 vs. 2.7 +7.7 mg/dL,
£<0.001) and apoAl (A-18.2+21.4 vs. 10.0+ 16.5 mg/dL, p<0.001) levels were also significantly
decreased in group I compared with group II.

Conclusions: There were no significant differences in changes in plaque volume or composition
between the cilostazol and probucol combination therapy and cilostazol monotherapy group despite
different impacts of the treatments on lipid biomarkers.
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been shown to reduce atherosclerosis in previous clini-
cal trials'®. However, its action mechanisms remain

Probucol, a mild cholesterol-lowering agent with unclear. In addition to inhibiting oxidative modifica-
antioxidant and anti-inflammatory properties, has tion of LDL cholesterol, enhancing reverse cholesterol

Introduction
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transport (RCT) by activating cholesteryl ester trans-
fer protein (CETP) and scavenger reverse cholesterol
class B type 1 (SR-B1) has been suggested as an
important contributing mechanism to the antiathero-
genic effect of probucol*®.

Cilostazol is an inhibitor of type 3 phosphodies-
terase with antiplatelet activity that acts through sup-
pression of cyclic adenosine monophosphate degrada-
tion. Cilostazol is also known to have antiatherogenic
properties”. Studies have shown that cilostazol
improves endothelial function by increasing nitric
oxide production, promoting scavenging of free radi-
cals, and inhibiting foam cell formation and smooth
muscle cell proliferation®!V. Furthermore, cilostazol
increases high-density lipoprotein (HDL) cholesterol
and decreases triglyceride levels, possibly by increasing
the activity of lipoprotein lipase'>'?.

Recent preclinical studies have suggested syner-
gistic inhibitory effects of combined treatment with
cilostazol and probucol on the atherosclerotic pro-

cess'® 19,

Aim
The aim of the present clinical study was to
investigate possible synergistic actions of cilostazol and
probucol combination therapy on coronary plaque
volume and composition compared with cilostazol
monotherapy using virtual histology intravascular

ultrasound (VH-IVUS).

Methods

Study Design

The SECURE (Synergistic Effect of Combina-
tion Therapy with Cilostazol and Probucol on Plaque
Stabilization and Lesion Regression) study was designed
as a randomized, double-blind, placebo-controlled,
multicenter clinical trial'®. Patients were randomized
(1:1) to either the combination therapy group (cilo-
stazol 100 mg and probucol 250 mg twice a day) or
cilostazol monotherapy (cilostazol 100 mg and pla-
cebo one tablet twice a day) group using a web-based
randomization system. The randomization was strati-
fied according to enrolling site and the presence of
diabetes mellitus. All study drugs including cilostazol,
probucol, and placebo were provided by Korea Otska
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Pharmaceutical Co. Ltd (Seoul, Korea). The trial pro-
tocol was approved by the local institutional review
boards of each patient-enrolling center, and has been
registered at www.clinicaltrials.gov (NCT01031667).
All patients provided written informed consent. The
primary end point was the nominal change in the nor-
malized total atheroma volume (TAV) of index inter-
mediate lesions from baseline to 9-month follow-up.
The secondary end points include change in percent
atheroma volume (PAV) and plaque composition by
VH IVUS, clinical outcomes, neointimal volume
obstruction at index PCI target lesions, change in
blood levels of lipid components and biomarkers

[hsCRP, VCAM-1, oxidized LDL, Lp(a), vWEF].

Study Population

Inclusion criteria were age over 20 years, one
intermediate lesion on native coronary arteries with
luminal narrowing >30% and <70% by visual esti-
mation, and presence of at least one percutaneous
intervention (PCI) target lesion (reference diameter,
2.5-4 mm; lesion length, <26 mm) with >50% diam-
eter stenosis that could be covered with a single stent.
Exclusion criteria were intermediate lesions that might
provide difficult for IVUS evaluation because of heavy
calcification or severe tortuosity; previous coronary
artery bypass graft; cardiogenic shock; inability to take
antiplatelet therapy (aspirin and clopidogrel); known
hypersensitivity or contraindication to medications
such as heparin, aspirin, clopidogrel, cilostazol, probu-
col, statin, and contrast media; history of severe ven-
tricular arrhythmia; significant QTc prolongation
(2470 ms); congestive heart failure (New York Heart
Association class TI/IV) or left ventricular ejection frac-
tion <35%; familial hypercholesterolemia or uncon-
trolled hypertriglyceridemia (>400 mg/dL); chronic
renal failure (serum creatinine, >2 mg/dL); severe liver
disease; and women who were pregnant or of child-
bearing age. Acute coronary syndrome (ACS) is defined
as symptoms related to acute myocardial ischemia and
includes ST-segment elevation myocardial infarction
(STEMI), non-ST elevation myocardial infarction
(NSTEMI), and unstable angina'”. In this study, we
also excluded patients with STEMI undergoing pri-
mary or rescue PCI. All patients received a starting
dose of 20 mg simvastatin. The dose of simvastatin
was adjusted to reach a target LDL level <100 mg/
dL. Concomitant use of other drugs that interfere
with serum lipid levels, such as niacin, fenofibrate or
omega-3, was not allowed.

Percutaneous Coronary Intervention
All patients received aspirin (250 mg) and clopi-
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dogrel (300-600 mg) loading at least 12 hours before
PCI, unless they had been on aspirin (100-325 mg/d)
and clopidogrel (75 mg/d) for =5 days. Unfraction-
ated heparin was administered to maintain an active
clotting time >250 seconds. The criteria for an index
PCI target lesion were a coronary segment with a ste-
nosis diameter >50% and lesion length <26 mm that
could be covered by a single stent. All PCI target
lesions, including additional lesions not established as
index lesions, were treated with zotarolimus-eluting
stents (Endeavor Sprint; Medtronic Vascular Inc.,
Santa Rosa, CA, USA). After implantation of stents,
aspirin (100 mg/d) and clopidogrel (75 mg/d) were
administered during the period of study.

IVUS Imaging and VH Reconstruction

In all patients, one index intermediate lesion and
one index PCI target lesion were evaluated by serial
VH IVUS at baseline and 9-month follow-up. The
index intermediate lesion was defined as a de novo,
native coronary artery lesion with luminal narrowing
>30% and <70% by visual estimation which did not
require PCI. All index intermediate lesions were
located in major coronary arteries other than PCI tar-
get vessels. All IVUS imaging was performed using a
20-MHz 2.9E, phased-array IVUS catheter (Eagle Eye;
Volcano Therapeutics, Rancho Cordova, CA, USA)
after intracoronary injection of nitroglycerin (200 pg).
The IVUS catheter was placed distal to the target
lesion and then pulled back at 0.5 mm/s using a
motorized pullback system. During pullback, gray-
scale IVUS was recorded and raw radiofrequency data
were captured at the top of the R-wave for reconstruc-
tion of the color-coded map by a VH-IVUS data
recorder (Volcano Therapeutics). For evaluation of the
index intermediate lesion, a segment at least 30 mm
in length was evaluated with IVUS and VH at base-

line and 9-month follow-up.

Analysis of IVUS and VH Data

IVUS and VH reconstructions images at baseline
and follow-up were displayed side-by-side and ana-
lyzed for plaque volume and plaque composition
(fibrotic, fibrofatty, dense calcium, and necrotic core
components) by experienced personnel of an indepen-
dent core laboratory (Cardiac Core Analysis Labora-
tory, Stanford University Medical Center, Stanford,
CA, USA) blinded to treatment assignment. Vessel
(external elastic membrane) area and lumen area were
manually traced at 1-mm intervals, and plaque area
was defined as vessel area minus lumen area. TAV was
calculated by summation of plaque area from each
measured image as TAV =X (vessel area—lumen area).

Normalized TAV was calculated as normalized TAV =
[ (vessel area —lumen area)/number of images in pull-
back] x median number of images in a cohort'®. PAV
was determined using the formula: PAV=100 x [X (ves-
sel area —lumen area)/ X (vessel area)]. The tissue com-
position of the plaque area was characterized automat-
ically using custom-built software (IVUS Lab soft-
ware; Volcano Therapeutics) based on mathematical
autoregressive spectral analysis of IVUS backscattered
data. The absolute values of each plaque component
were calculated automatically by the software. The
volume of each tissue component was determined by
summation of the tissue component area, and the per-
centage of the volume comprised by each tissue com-
ponent was calculated as tissue component volume
divided by TAV.

Index PCI target lesions were analyzed for neo-
intimal growth at 9-month follow-up with gray-scale
IVUS. Vessel, stent, and lumen areas were traced man-
ually at 1-mm intervals in stented segments and in
adjacent reference segments (5-mm long). Vessel, stent,
lumen, and neointimal (stent minus lumen) volumes
were obtained by summation of each area. Percent
neointimal volume obstruction was calculated as neo-
intimal volume divided by stent volume. Neointimal
volume index was defined as neointimal volume divided
by stent length.

Laboratory Assessment

Blood levels of lipid composition and biomarkers
were evaluated at baseline and 9 months. Blood sam-
ples were obtained after overnight fasting. Serum was
separated by centrifugation and stored at —80C until
assayed. Serum lipids and apolipoproteins were mea-
sured using standard enzymatic methods. High sensi-
tivity C-reactive protein (hsCRP; Nitobo Inc., Tokyo,
Japan), lipoprotein(a) [Lp(a); Daiichi Pure Chemicals,
Tokyo, Japan], oxidized LDL (Mercodia AB, Uppsala,
Sweden), VCAM-1 (R&D Systems, Minneapolis,
USA), and von Willebrand factor (vWF; R&D Sys-
tems, Minneapolis, USA) levels were measured using
commercially available enzyme-linked immunosor-
bent assay kits. All measurements were performed at a
central clinical laboratory (Seoul Clinical Laboratories,
Seoul, Korea). The particle-size distribution of LDL,
isolated by sequential flotation ultracentrifugation,
was analyzed using a pore-gradient lipoprotein system
(CBS Scientific Inc., Solana Beach, CA, USA). Circu-
lating HDL subfractions were quantified using a Pore
Gradient Lipoprotein electrophoresis system (CSI Sci-
entific Electrophoresis LPE-4003; CBS Scientific Inc.)
after micro-ultracentrifugation of serum.
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Fig.1. Study flow chart.

Statistical Analysis

Sample size calculations have been described pre-
viously'?. The calculation of the sample size was based
on an inequality design and a two-sample, two-sided
test. Assuming a standard deviation of 8%, an a-level
of 0.05 and a statistical power of 80%, 41 patients are
required for each group (combination therapy, cilo-
stazol monotherapy) to demonstrate a 5% difference
in the plaque volume of the index intermediate lesion.
Making allowance for a drop-out rate of 30% increases
the number of patients required for each group to 59.

Continuous variables with an approximately nor-
mal distribution were expressed as means* standard
deviations, and differences between the two treatment
groups were compared using Student’s z-test. Contin-
uous variables not distributed normally were com-
pared using the Mann-Whitney U test. Comparisons
of continuous variables between baseline and follow-
up in each group were performed by paired #-test for
normally distributed variables and by Wilcoxon signed
rank test for non-normally distributed variables. Cate-
gorical variables were described as frequency and per-
centage and compared using chi-squared statistics or
Fisher’s exact test, as appropriate. Univariate and mul-
tivariate linear regression analyses were performed to
identify independent predictors of changes in normal-

ized TAV. Variables with a p-value <0.15 on univari-
ate analysis and probucol were included in multivari-
ate analyses. A p-value <0.05 was considered statisti-
cally significant. All statistical analyses were conducted
using IBM PASW Statistics 20.0 (IBM Corporation,
New York, NY, USA).

Results

Study Subjects and Baseline Characteristics
Between February 2010 and August 2010, a total
of 119 patients at five centers were randomized to com-
bination therapy with probucol and cilostazol (group I,
n=59) or a monotherapy of cilostazol (group I, 7=
60). The final analysis included data from 91 patients
(group I, n=45; group II, n=46) who had completed
evaluable IVUS investigations at baseline and after 9
months of treatment (Fig. 1). Of the 28 patients who
were not included in the IVUS analysis, four patients
(two in group I, two in group II) withdrew consent;
nine patients (five in group I, four in group II) vio-
lated study protocol; one patient (group I) was lost
for follow-up; six patients [one in group I (diarrhea);
five in group I (liver enzyme elevation, headache,
fever of unknown origin, pancreatic cancer, and hepa-
tocellular carcinoma, respectively)] were withdrawn
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Table 1. Baseline clinical characteristics

Group I Group II
Probucol & cilostazol Cilostazol only p-value
(n=45) (n=46)
Age (years) 62.6%9.1 59.1+x7.5 0.050
Male 35 (77.8%) 34 (73.9%) 0.667
Diabetes mellitus 13 (28.9%) 9 (19.6%) 0.229
Hypertension 27 (60.0%) 31 (67.4%) 0.463
Hypercholesterolemia 28 (62.2%) 28 (60.9%) 0.895
Current smoker 7 (15.6%) 12 (26.1%) 0.217
Renal failure (sCr = 1.5 mg/dL) 0 (0.0%) 1(2.2%) 1.000*
LVEF <45% 3 (6.7%) 1 (2.2%) 0.361%
Previous MI 1(2.2%) 2 (4.3%) 1.000*
Previous stroke 2 (4.4%) 4 (8.7%) 1.000*
Previous statin 16 (35.6%) 22 (47.8%) 0.235
Multi-vessel disease 28 (62.2%) 26 (56.5%) 0.580
Clinical presentation 0.357
Chronic stable angina 24 (53.3%) 29 (63.0%)
Unstable angina 14 (31.1%) 14 (30.4%)
NSTEMI 7 (15.6%) 3 (6.5%)
Concomitant medications
Aspirin 45 (100%) 46 (100%) 1.000
Clopidogrel 45 (100%) 46 (100%) 1.000
Beta-blocker 38 (84.4%) 39 (84.8%) 0.964
ACE inhibitor/ARB 31 (68.9%) 27 (58.7%) 0.312
Statin (simvastatin) 45 (100%) 46 (100%) 1.000
Final simvastatin dose (mg) 20.4+4.7 20.0+5.2 0.670

Abbreviations: ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; EES, everolimus-eluting stent; SES,
sirolimus—eluting stent; sCr, serum creatinine; PCI, percutaneous intervention; CABG, coronary artery bypass graft; MI,
myocardial infarction; LVEF, left ventricular ejection fraction; NSTEMI, non-ST-segment elevation myocardial infarction.
*p-value determined by Fisher’s exact test. P-value of 1.0 by Fisher’s exact test indicates a p-value close to 1.0.

due to an adverse event; two patients (one in group I,
one in group II) refused to undergo 9-month follow-
up angiography and IVUS investigation; and six
patients had inadequate IVUS images for quantitative
analysis (four in group I, two in group II). We
included only the patients who took >75% of the
prescribed study drugs during the follow-up into the
final analysis. All patients were on aspirin, clopidogrel,
and simvastatin during the study period. There were
no significant differences in baseline clinical characteris-
tics or medication between the two treatment groups
Table 1. However, group I showed a trend toward
older age compared to group II (62.6%9.1 vs. 59.1+
7.5 years, p=0.050).

Biochemical Parameters

Table 2 presents blood levels of lipid and bio-
chemical parameters during treatment for the 91
patients who completed the trial. All patients received

a stating dose of simvastatin 20 mg with enrollment.
Baseline levels of the parameters did not differ signifi-
cantly between the two treatment groups. However,
there was a trend toward higher LDL (102.7 £28.9 vs.
94.2+21.8 mg/dL, p=0.118) and oxidized LDL levels
(37.9%9.0 vs. 35.0+8.0 U/L, p=0.101), and larger
LDL particle size (23.8+1.0 vs. 23.4+1.1 nm, p=
0.086) in group I compared to group II. At 9-month
follow-up, total cholesterol (117.0%30.6 vs. 140.3 +
26.9 mg/dL, »<0.001), HDL (32.0%9.2 vs. 46.0
11.2 mg/dL, p<0.001), apoliprotein Al (apoAl; 98.2
+22.6 vs. 131.4+19.0 mg/dL, p<0.001), and HDLz»
(31.9%2.5% vs. 34.1+2.4%, p<0.001) were signifi-
cantly lower in group I than in group II. HDLz
(23.2+1.4% vs. 22.1%£1.1%, p<0.001) and HDLs
(18.2%+1.2% vs. 17.3%1.0%, »p<0.001) were signifi-
cantly higher in group I than in group II at 9 months.
LDL cholesterol, triglycerides, apoliprotein B (apoB),
LDL particle size, HDL3s,, HDLsc, Lp(a), oxidized
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Table 2. Lipid and biochemical parameters at baseline and 9-month follow-up

Group 1 Group 1II
Probucol & cilostazol Cilostazol only p-value
(n=45) (n=46)

Total cholesterol (mg/dL) Baseline 169.2 +34.8 165.7 £26.3 0.595

Follow-up 117.0%30.6 140.3%26.9 <0.001

A -51.8+33.0' -254%39.1" 0.001

LDL (mg/dL) Baseline 102.7+£28.9 94.2+21.8 0.118

Follow-up 69.1+£26.0 73.9+21.7 0.348

A -33.5%30.5' -20.3+30.8" 0.044

HDL (mg/dL) Baseline 42.7+11.3 43.3£8.6 0.787
Follow-up 32.0£9.2 46.0+11.2 <0.001*
A -11.2+85% 2.7£7.7% <0.001*

Triglycerides (mg/dL) Baseline 120.7+53.1 134.0£53.4 0.246
Follow-up 102.2+57.7 108.2%49.7 0.343*

A -15.9£65.0 -31.8+54.5" 0.225

ApoAl (mg/dL) Baseline 116.2£19.7 121.4%19.7 0.224
Follow-up 98.2£22.6 131.4%19.0 <0.001*

A -18.2+21.4' 10.0£16.5% <0.001

ApoB (mg/dL) Baseline 71.4%16.7 69.1£15.8 0.502

Follow-up 53.5%14.4 54.4%12.4 0.762
A -17.9=15.1" -14.7+19.3 0.196*

LDL particle size (nm) Baseline 23.8%=1.0 23.4%1.1 0.086
Follow-up 23.7%1.0 23.6%1.0 0.968*

A -0.2%0.9 02%1.1 0.126

HDLab (%) Baseline 32.4%2.6 32.8+2.4 0.444
Follow-up 31.9%2.5 34.1%2.4 <0.001*
A -0.5%3.2 1.3+2.8" 0.001*

HDLz. (%) Baseline 225%1.2 225+1.1 0.970
Follow-up 23214 22.1%1.1 <0.001"

A 0.7+1.8% -04+1.8 0.006

HDLs. (%) Baseline 18.3x1.1 18.1%x1.3 0.331

Follow-up 18.2+1.2 17.3£1.0 <0.001

A -02%15 -0.8%1.6 0.064

HDLsb (%) Baseline 12.7+1.1 12.6+1.1 0.634
Follow-up 12.4%1.2 12.2%0.9 0.181"

A -0.3%1.5 -04=1.1" 0.668
HDLs (%) Baseline 14.1%2.2 13.9+2.3 0.955*

Follow-up 14.3+1.7 14.3%£2.0 0.857

A 02%2.7 0.4%+3.9 0.740
Lp(a) (mg/dL) Baseline 17.7%16.0 18.6+20.4 0.537*
Follow-up 17.5£16.6 21.5%25.4 0.846"
A -0.1%£7.3 2.8+8.8" 0.151*

Oxdized LDL (U/L) Baseline 37.9+£9.0 35.0x£8.0 0.101

Follow-up 28277 29.3+8.5 0.505

A -9.8+8.2" -5.6=8.8" 0.024
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(Cont Table 2)
Group 1 Group 1II
Probucol & cilostazol Cilostazol only p-value
(n=45) (n=46)
sVCAM-1 (ng/mL) Baseline 597.6%x151.0 552.8%=117.1 0.125
Follow-up 634.1£189.5 591.0+145.8 0.237
A 36.5%97.5' 38.2+103.1" 0.937
vWE (mU/mL) Baseline 1120.1+652.8 1094.9 £679.4 0.861
Follow-up 1241.5%795.3 1124.4£924.1 0.167*
A 121.4+891.7 29.4+785.9 0.611
hsCRP (mg/L) Baseline 1.3£1.6 2.1%45 0.699*
Follow-up 2344 1.2£2.0 0.166"
A 0.0£2.0 -0.8%2.7% 0.316"

Abbreviations: LDL, low density lipoprotein; HDL, high density lipoprotein; apo, apolipoprotein; Lp(a), hpoprotem (a); sVCAM, solu-
ble vascular cell adhCSlOIl molecule; vWE von Willebrand factor; hsCRP high sensitivity C-reactive protein. *p-value determined by
Mann-Whitney U test. p -value <0.05, determined by paired #-test. p -value <0.05, determined by Wilcoxon signed rank test.

LDL, sVCAM, vWF, and hsCRP levels were similar
between the two groups at 9-months. There were sig-
nificant decreases in blood levels of total cholesterol,
LDL cholesterol, and oxidized LDL from baseline to
9-month follow-up in both groups. However, there
were greater decreases in total cholesterol (A-51.8%
33.0 vs. =25.4%39.1 mg/dL, p<0.001) and LDL
(A=33.5%£30.5 vs. —20.3+30.8 mg/dL, p=0.044)
levels in group I than in group II. ApoB levels showed
significant decrease during follow-up only in group I.
HDL cholesterol (A-11.2+8.5 vs. 2.7+7.7 mg/dL,
£<0.001) and apoAl (A-18.2+21.4 vs. 10.0=16.5
mg/dL, p<0.001) levels were significantly decreased
from baseline to follow-up in group I; however, they
showed a significant increase in group II. Group I
showed a shift from HDL2., HDLs, and HDLsb
toward the larger HDL subtype, HDLab, whereas
group II exhibited an increase in the HDL2. subtype.
There was no change in LP(a) level in group I; how-
ever, LP(a) levels were significantly increased in group
I (A-0.1%7.3 vs. 2.8%8.8 mg/dL, p=0.151). Oxi-
dized LDL showed a greater decrease in group I than
in group II at 9 months (A-9.8+8.2 vs. =5.6%8.8
UIL, p=0.024).

Plaque Volume and Composition of Index
Intermediate Lesions

IVUS and VH data for index intermediate
lesions at baseline and 9-month follow-up are pre-
sented in Table 3. Lesion location and length, and
baseline TAV, normalized TAV, and PAV did not differ
between the two treatment groups at baseline. There
were no significant differences in the primary end-

point-nominal change in normalized TAV (A-12.6%
17.7 vs. =14.2+20.2 mm’, p=0.691)- or PAV (A-7.1
+£9.8% vs. =6.6+13.5%, p=0.855) between group I
and group II. However, in both groups, normalized
TAV [nominal change —12.6+17.7 mm’ (p<0.001)
for group I; —14.2+20.2 mm® (p<0.001) for group
II] and PAV [nominal change —3.4+4.6% (»p<0.001)
for group I; —3.2%5.8% (p=0.001) for group II]
were significantly reduced from baseline to 9-month
follow-up. Plaque regression based on normalized
TAV was observed in 33 patients (73.3%) in group I
and in 34 patients (73.9%) in group II (»=0.950).

Plaque composition, as assessed by VH, showed
no significant differences in changes in percent vol-
umes of fibrofatty and fibrous tissues, necrotic core,
and dense calcium between the two groups during
treatment. However, group I showed a significant
decrease in the percent volume of fibrotic tissue,
whereas group II exhibited a significant increase in the
percent volume of fibrofatty tissue.

Independent Determinants of Plaque Regression
To investigate independent determinants of
nominal change in normalized TAV of index interme-
diate lesions, we performed univariate and multivari-
ate linear regression analyses using various clinical and
biochemical factors Table 4. In univariate analysis, the
presence of DM, clinical presentation of acute coro-
nary syndrome, and change in LP(a) levels were sig-
nificantly associated with a change in normalized TAV.
Multivariate analysis revealed DM [8=0.22; 95%
confidence interval (CI), 0.62-19.05; p=0.037] as the

only significant independent determinant of nominal
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Table 3. Bascline and 9-month follow-up gray-scale IVUS and VH data for index intermediate lesions

Group I Group II
Probucol & cilostazol Cilostazol only p-value
(n=45) (n=406)
Lesion location 0.780
Left anterior descending 17 (37.8%) 17 (37.0%)
Left circumflex 18 (40.0%) 16 (34.8%)
Right coronary 10 (22.2%) 13 (28.3%)
Lesion length (mm) 25.6%+9.0 24.5%8.0 0.578
TAV
Baseline (mm?) 178.4+96.8 166.7+79.5 0.532
Follow-up (mm?) 166.6£96.9 149.1£63.1 0.312
Nominal change (mm?®) -11.8%20.3' -17.6%34.6' 0.949*
Percent change (%) -84*11.8 -7.1%19.2 0.739*
Normalized TAV
Baseline (mm?) 162.0£63.6 162.8%+54.3 0.952
Follow-up (mm?) 149.4+59.7 148.6%£51.9 0.943
Nominal change (mm?) -12.6%17.7" -14.2%20.2" 0.691
Percent change (%) -7.7+10.2 -8.5+10.5 0.702
PAV
Baseline (%) 48.6+10.6 46.0+9.2 0.183
Follow-up (%) 45.2+11.0 42.6%£9.8 0.234
Nominal change (%) -3.4%4.6' -3.2%5.8' 0.879
Percent change (%) -7.1+£9.8 -6.6+13.5 0.855
Plaque regression
Based on normalized TAV 33 (73.3%) 34 (73.9%) 0.950
Based on PAV 36 (80.0%) 36 (78.3%) 0.838
Percent fibrous tissue volume (%)
Baseline 58.5+7.2 57.3%6.2 0.406
Follow-up 53.1£9.6 54.8+9.2 0.152*
A -55+8.7" -25%8.6 0.060*
Percent fibrofatty tissue volume (%)
Baseline 15.5+7.2 17.1£10.2 0.575*
Follow-up 19.8+15.1 19.7£12.6 0.250"
A 48+14.6 27+10.5° 0.938*
Percent necrotic tissue volume (%)
Baseline 19.6+7.8 19.1+9.0 0.781
Follow-up 19.4%8.4 17.9+7.9 0.252%
A -0.5%£7.9 -1.2%£6.3 0.633
Percent dense calcium volume (%)
Baseline 6.4%4.6 6.5%4.0 0.923
Follow-up 7.7%4.9 7.6%5.6 0.707*
A 1.14.4 1.1£4.7 0.658™

*p-value determined by Mann-Whitney U test. Tp—value <0.05, determined by paired #-test. jtp—value <0.05, determined by
Wilcoxon signed rank test. Abbreviations: TAV, total atheroma volume; PAV, percent atheroma volume.

26.7 mg/dL, p=0.045) and a greater increase in LP(a)
level (A2.5+8.3 vs. —1.8%7.0 mg/dL, p=0.047) than
patients without plaque regression (Fig.2). Changes

changes in normalized TAV. Patients with plaque
regression based on normalized TAV showed a greater
reduction in LDL level (-A31.2+30.0 vs. =17.0%
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Table 4. Univariate and multivariate linear regression analyses of determinants of nominal changes in normalized TAV

Univariate analysis Multivariate analysis
Beta 95% CI p-value Beta 95% CI p-value
Probucol 0.04 -6.33-9.51 0.691 0.01 -7.56-8.03 0.953
Male 0.17 -1.64-6.60 0.107 0.11 —-4.58-14.30 0.309
DM 0.26 2.58-20.73 0.012 0.22 0.62-19.05 0.037
ACS -0.25 -17.48--1.87 0.016 -0.20 —-15.94-0.32 0.055
Change in Lp(a) -0.26 -1.09--0.13 0.014 -0.20 -0.94-0.03 0.066

Probucol use and all variables found to be associated with contrast-induced nephropathy in univariate analysis (p<0.15) were included in the mul-
tivariate analysis. Abbreviations: TAV, total atheroma volume; CI, confidence interval; DM, diabetes mellitus; ACS, acute coronary syndrome;
Lp(a), lipoprotein (a).

A B

Fig.2. Changes in lipid and biomarker levels according to plaque regression based on TAV.
Abbreviations: LDL, low density lipoprotein; HDL, high density lipoprotein; Lp(a), lipoprotein (a); oxLDL, oxidized

LDL cholesterol.
in HDL and oxidized LDL levels were not signifi- target lesions are presented in Table 5. There were no
cantly different between patient groups with and with- significant differences in baseline or procedural data
out plaque regression. between the two treatment groups. Follow-up angiog-
raphy at 9 months showed similar stenosis diameter,
Neointimal Hyperplasia of PCI Target Lesions late loss, and in-stent restenosis rates between the

Angiographic and procedural data for index PCI patient groups. The IVUS parameters of the stented
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Table 5. Angiographic and procedural data for index PCI target lesions

Group 1 Group 1II
Probucol & cilostazol Cilostazol only p-value
(n=45) (n=46)
PCI target lesion 0.996
Left anterior descending 25 (55.6%) 26 (56.5%)
Left circumflex 12 (26.7%) 12 (26.1%)
Right coronary 8 (17.8%) 8 (17.4%)
Lesion type B2/C 27 (60.0%) 26 (56.5%) 0.737
Lesion length (mm) 17.0£6.1 18.8%7.1 0.219
Pre-PCI data
Reference diameter (mm) 3.1x0.4 3204 0.529
Minimum lumen diameter (mm) 1.0£0.4 1.1£0.4 0.728
Diameter stenosis (%) 67.3%11.6 66.5x12.4 0.781
Post-PCI data
Minimum lumen diameter (mm) 2.8%0.4 2904 0.511
Diameter stenosis (%) 9.9+8.2 9.6%6.3 0.864
Stent diameter (mm) 3.2x0.4 3204 0.908
Stent length (mm) 22.2%59 223%54 0.916
Follow-up data
Reference diameter (mm) 3.1x0.4 3204 0.358
Minimum lumen diameter (mm) 2.4%0.7 2.4%0.5 0.935
Diameter stenosis (%) 22.1+15.8 23.0+12.9 0.779
Late loss (mm) 0.4=0.4 0.5%£0.4 0.564
In-stent restenosis 3 (6.7%) 1(2.2%) 0.361*
In-segment restenosis 3 (6.7%) 1(2.2%) 0.361*

. . * . .
PCI, percutaneous coronary intervention. = p-value determined by Mann-Whitney U test.

segments are shown in Table 6. The vessel, lumen,
and persistent plaque volumes post-procedure and at
9-month follow-up did not differ between the two
groups. Neointimal volume, neointimal volume index,
and percent neointimal obstruction were not signifi-
cantly different between group I and group 1II.

Clinical Outcomes and Adverse Events

Clinical outcomes are summarized in Table 7.
There were no significant differences in the incidence
of major adverse clinical events (1.2% vs. 4.3%, p=
1.000), a composite of all-cause death, MI and target
vessel revascularization (TVR); incidence of death
(0.0% vs. 0.0%, p=1.000); TVR (2.2% vs. 4.3%, p=
1.000); or target lesion revascularization (2.2% vs.
2.2%, p=1.000) between group I and group II. There
were no cases of MI or stent thrombosis in either
group. The cause of death in one mortality case in
group II was related to hepatic cell carcinoma diag-
nosed one month after enrollment and was considered
unrelated to the study drugs. Various adverse events
potentially related to the study drugs among initially
enrolled patients are presented in Table 8. There was a

trend toward a lower frequency of drug-related adverse
events in group I than group I (20.3% vs. 35.0%,
2=0.114). However, only a small number of patients
(one patient in group I and three patients in group II)
discontinued the treatment due to adverse events.
There was no incidence of significant bleeding event
in both patient groups. Each group had only one case
of skin bruise that was well tolerated by the patients.

Discussion

In the present study, plaque volume regression
was observed in more than 70% of individuals in both
treatment groups. There was approximately a 7-8%
decrease in TAV for both groups. However, VH-IVUS
revealed no significant differences in plaque volume
changes or changes in plaque composition between
the two groups.

The reduction of TAV might be due to anti-ath-
erosclerotic effects of statin and/or cilostazol.

In our study, all patients received simvastatin, a
rather moderate potency statin, and both treatment
groups achieved mean LDL levels of approximately 70
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Table 6. Post-procedural and 9-month follow-up IVUS data for stented PCI target lesions

Group 1 Group I
Probucol & cilostazol Cilostazol only p-value
(n=45) (n=46)
Vessel volume (mm?)
Baseline 326.3+113.6 342.4%115.7 0.599
Follow-up 324.1+106.6 340.0£109.5 0.488
A -2.2%286 1.6+37.5 0.668
Lumen volume (mm?)
Baseline 151.4+56.2 159.6+52.8 0.578
Follow-up 130.7+49.0 142.1£50.5 0.392
A -20.7+17.7% -17.5+17.3" 0.489
Peristent plaque volume (mm?)
Baseline 174.7+65.2 182.6+70.0 0.571
Follow-up 177.9+61.1 186.6%+63.3 0.548
A 3.2+18.0 4.1£259 0.887
Neointimal volume (mm?) 16.2+13.2 14.8+£10.6 0.605
Neointimal volume index (mm?®/mm) 0.7+0.5 0.7+0.4 0.707
Percent neointimal volume (%) 11.3£7.2 9.6+6.6 0.289
*p-value determined by Mann-Whitney U test.
Table 7. Clinical outcomes
Group 1 Group I
Probucol & cilostazol Cilostazol only p-value™
(n=45) (n=46)
Clinical outcomes
MACE! 1(2.2%) 2 (4.3%) 1.000
Death 0 (0.0%) 0 (0.0%) 1.000
MI 0 (0.0%) 0 (0.0%) 1.000
TVR 1(2.2%) 2 (4.3%) 1.000
TLR 1(2.2%) 1(2.2%) 1.000
Stent thrombosis 0 (0.0%) 0 (0.0%) 1.000

'MACE is defined as a composite of death, MI, and target vessel revascularization. Abbreviations: MACE, major adverse car-
diac event; MI, myocardial infarction; TVR, target vessel revascularization; TLR, target lesion revascularization; All p-values
were determined by Fisher’s exact test. P-value of 1.0 by Fisher’s exact test indicates a p-value close to 1.0.

mg/dL at 9-month follow-up, although a greater reduc-
tion in LDL cholesterol level was achieved with the
combination therapy than with cilostazol monother-
apy. Patients with plaque regression showed a greater
reduction in LDL levels than those without plaque
regression. However, there was no signiﬁcant linear
relationship between the extent of LDL reduction and
percent change in TAV. Multivariate regression analy-
sis demonstrated that the presence of DM was the
only independent determinant of change in TAV. Our
observation that the presence of DM contributed to

the increase in TAV is plausible since DM is known to
be a major risk factor for atherosclerosis. ACS showed
a trend toward significant association with reduction
of TAV in the multivariate analysis (»=0.055). Previ-
ous studies have also shown that stabilization of ACS
results in negative remodeling and a reduction in
plaque volume in coronary artery lesions'” *°. Fur-
thermore, we found a trend toward a negative linear
relationship between percent change in Lp(a) level and
percent change in TAV: patients with plaque regres-
sion showed a greater increase in Lp(a) levels than
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Table 8. Adverse events related to study drugs and reasons for discontinuation of treatment

Group I Group II
Probucol & cilostazol Cilostazol only p-value
(n=59) (n=060)
Adverse events related to study drugs
Number of patients 12 (20.3%) 21 (35.0%) 0.114
Number of events 15 31
QTc interval (>470 ms) 2 (3.4%) 1(1.7%) 0.619*
AST/ALT >3 x ULN 0 (0.0%) 1 (1.7%) 1.000*
Palpitation 1(1.7%) 1(1.7%) 1.000*
Diarrhea/nausea 4 (6.8%) 2 (3.3%) 0.439*
Headache/dizziness 6 (10.2%) 18 (30.0%) 0.014
Dizziness 0 4 (6.7%) 0.119%
Weakness 2 (3.4%) 2 (3.3%) 1.000*
Muscle pain 0 (0.0%) 1(1.7%) 1.000*
Blurred vision 0 (0.0%) 1 (1.7%) 1.000*
Discontinuation of treatment 9 (11.9%) 11 (20.0%) 0.597
Reasons
Adverse events 1 (1.7%) 5 (5.0%) 0.207*
AST/ALT elevation 0 (0.0%) 1 (1.7%) 1.000*
Palpitation 1 (1.7%) 0 (0.0%) 0.496*
Headache 0 (0.0%) 1 (1.7%) 1.000*
Fever 0 (0.0%) 1 (1.7%) 1.000*
Malignancy 0 (0.0%) 2 (3.3%) 0.496*
Consent withdrawal 2 (3.4%) 2 (3.3%) 1.000*
Loss of follow-up 1 (1.7%) 0 (0.0%) 0.496*
Protocol violations 5 (8.5%) 4 (6.7%) 0.743*
Inadequate enrollment 3 (5.1%) 2 (3.3%) 1.000*
Non-compliance 2 (3.4%) 2 (3.3%) 1.000*

Abbreviations: QTc interval, corrected QT interval; AST, aspartate

. . . *
aminotransferase; ALT, alanine aminotransferase. ~p-value

determined by Fisher’s exact test. P-value of 1.0 by Fisher’s exact test indicates a p-value close to 1.0.

those without plaque regression. This finding appears
to be contradictory since Lp(a) is generally known as a
biomarker of increased cardiovascular risk. However,
increases in Lp(a) levels under statin therapy were also
observed in the REVERSAL study?". It was suggested
that Lp(a) may bind and remove oxidized fatty acids
from oxidized phospholipids, thus acting as a scaven-
ger??. However, the mechanism and clinical impact of
increased Lp(a) levels during treatment remain uncer-
tain. Although Lp(a) levels were increased in the cilo-
stazol monotherapy group, both probucol and cilo-
stazol have been reported to exert no effect on Lp(a)
level™ 2. Oxidized LDL levels were significantly
decreased in both treatment groups. However, a
greater reduction in oxidized LDL levels occurred
under the combination therapy. This observation may
reflect reduced oxidation of LDL cholesterol by pro-
bucol as the previous study reported*”. However, this

cannot be validated in the present study since addi-
tional markers of oxidative stress were not evaluated.
In the present study, the use of probucol
decreased not only LDL cholesterol and apoB levels,
but also HDL cholesterol and apoAl levels, in agree-
ment with previous findings. Probucol is thought to
reduce HDL cholesterol by enhancing RCT through
increased expression of the hepatic HDL-receptor
SR-B1 and activation of CETP®#>29_ Increased expres-
sion of SR-B1 in the liver increases hepatic uptake of
HDL cholesterol, resulting in increased biliary excre-
tion of cholesterol. Activation of CETP increases trans-
fer of cholesterol esters from HDL to triglyceride-rich
lipoprotein particles in exchange for triglyceride, thereby
reducing the circulating HDL cholesterol concentra-
tion. Probucol-activated CETP increases pref1-HDL
(lipid-poor apoAl), which participates in the choles-
terol efflux, and decreases HDL particle size””. A pre-
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vious study showed that probucol treatment resulted
in a greater reduction in HDLab than in HDL2 and
HDLs, and that CETP mass increased by 20%%Y. We
also observed a trend toward a decrease in HDL2b and
a significant increase in the HDL2 subtype in the
combination treatment group. In the cilostazol mono-
therapy group, HDL cholesterol and apoAl levels
were increased in association with a significant shift in
HDL subtypes from HDL2 and HDL3 to the larger
HDL subtype, HDLab. Generally, the larger triglycer-
ide-rich HDL: subfraction is thought to confer better
protection against coronary artery disease than the
smaller HDL3 fraction?”. However, we found no rela-
tionship between plaque regression and a given HDL
subtype in our study. In a recent study, Nakaya ez 2/."
reported that cilostazol exerts its anti-atherosclerotic
effects by promoting RCT through increased ABCA1/
G1 expression in macrophages. Specifically, cilostazol
was shown to induce macrophage ABCA1 and ABCG1
expression in a cAMP/PKA-independent manner and
stimulate apoAl- and HDL-mediated cholesterol
efflux, resulting in promotion of RCT in vive. In our
study, we confirmed the effects of probucol and cilo-
stazol on various lipid and biochemical parameters.
However, the mechanisms by which probucol or cilo-
stazol treatment lead to plaque volume regression
could not be fully clarified in the present study.

Previous studies have demonstrated that both
probucol and cilostazol are effective in preventing
restenosis after PCI, with or without stent implanta-
tion” 3V, Sekiya et al3? reported that cilostazol and
probucol combination therapy reduces restenosis after
stent implantation more effectively than either cilo-
stazol or probucol alone. However, our study showed
no significant difference in neointimal growth at PCI
target lesions after stenting between combination ther-
apy and cilostazol monotherapy. Therefore, probucol
and cilostazol combination therapy seems to have less
impact on neointimal hyperplasia and restenosis in
patients treated with drug-eluting stents than in
patients treated with bare-metal stents.

There are several limitations to be considered in
the present study. First, there was no control group
treated with statin alone or without statin. Therefore,
we cannot rule out that regression of coronary plaques
was mainly caused by simvastatin effect on LDL
reduction. Pleotropic effect of statin may have also
lead to plaque regression in both treatment groups.
Second, the size of the study population was relatively
small and the follow-up duration may have been short
to detect significant differences in plaque regression
between the two treatment groups. Third, we analyzed
a relatively short segment of coronary artery that may

not be representative of the entire coronary artery sys-
tem. Fourth, the combination treatment group in our
study received a smaller dose (500 mg daily) of probu-
col compared to previous studies *". Thus, we cannot
exclude the possibility that a higher dose of probucol
might have lead to a greater reduction in plaque vol-
ume. However, the present study was able to show
effects of probucol on various biomarkers, suggesting
that the dose of probucol was not insufficient.

Conclusions

The present study did not demonstrate the supe-
riority of cilostazol and probucol combination therapy
in reducing coronary plaque volume compared with
cilostazol monotherapy. However, plaque regression
was achieved in the majority of individuals in both
treatment groups. A larger study population and lon-
ger-term follow-up are required to fully assess the effi-
cacy of cilostazol and probucol combination therapy.
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