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Summary: Restenosis of a segment of diseased coronary
artery following metdlic stenting isacommon clinical prob-
lem and amgjor limitation of the procedure. Systemic phar-
macologic interventions to deal with this problem have met
with little success. Several small studies suggest that cilosta:
zol, a phosphodiesterase [11 inhibitor whose pharmacologic
propertiesinclude antiplatel et, antithrombotic, and vasodilato-
ry effects; abeneficia effect on serumlipids; and invitroinhi-
bition of smooth muscle cell proliferation, may help prevent
platelet aggregation and impedethe accumulation of new inti-
mal tissueinthestented artery. The Cilostazol for RESTenosis
(CREST) trid will @mto evaluate more definitively the abili-
ty of cilostazol to prevent restenosisfollowing uncomplicated
stent implantation for de novo coronary artery stenosis. Inthis
randomized, double-blind, multicenter study, 700 patientswill
receive clopidogrel, aspirin, and either cilostazol or placebo
after successful intracoronary stentimplantation. Theprimary
endpoint is minimal lumina diameter (MLD) of the first
lesion stented after 6 months; secondary endpoints include
MLD indl lesions, mean percent diameter stenosis, target le-
sion revascularization, and major angiographic endpoints.
Safety endpointsareabnorma completeblood count and liver
functiontestsat 1, 3, and 6 months. Thetrial hasbeeniinitiated,
and enrollment is anticipated to be concluded in 2003. Cilo-
stazol haspropertiesthat may reduce or avert in-stent coronary
restenosis. The CREST tria isalarge, rigoroudy conducted
trial that may corroboratethefavorable effectsof cilostazol on
coronary stent restenosissuggested by earlier sudies.
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Introduction

Restenosisof atarget coronary artery lesionfollowing per-
cutaneous tranduminal coronary angioplasty (PTCA) has
been apersistent limitation of thisintervention sinceit came
into useinthe 1970s.1 Stent impl antation hasimproved out-
come, with asignificantly lower incidence of restenosisthan
balloon angioplasty.> 8 However, lossof lumenwithinthede-
ployed device (in-stent restenosis) can have substantial dele-
terious consequences, and preventing or minimizing such
lossremainsasignificant clinica challenge.2 -9

Numerous approaches to reduce the incidence of in-stent
coronary restenosis have met with limited success. Intracor-
onary radiation (brachytherapy) appears promising, but there
are serious concerns about its long-term safety. 10 11 Anti-
platel et therapy by means of agentswith rapid onset of action
have had a sizeable impact on the incidence of early lumen
loss, caused by increased platelet aggregation immediately
following stent implantation.12-24 However, later lumen loss,
attributablein large part to neointima hyperplasiaand throm-
busformation, has proved more problematic.15 16 |t isthought
to arise essentially from a peri-device inflammatory reaction
resulting in migration of proliferative elementsinto the seg-
ment, with maximal tissue accumulationinthedevice by ap-
proximately the sixth month post implantation.t”

Cilogtazol, an antiplatelet agent that selectively inhibitsphos-
phodiesterase type 11, is approved for thergpy of intermittent
claudication. Although the precise mechanism by which cilo-
stazol improvesclaudication has not yet been determined, 1821
the drug has severd important properties—antithrombotic,
antiproliferative, and vasodil atory effects—that suggest its po-
tentid asaspecific adjunct to PTCA and stentimplantation.

Two animal studies®? 23 and several small clinicd tridsin
approximately 1,480 subjects®*28 have demonstrated compa:
rableor significantly increased antirestenosis effectsfor cilo-
stazol versusaspirin and/or ticlopidine. Tsuchikaneet al., with
quantitative coronary arteriography (QCA), found significant-
ly lessrestenosis(p<0.001), aswell aslower ratesof target le-
sion revascularization, larger minimal luminal diameter, and
lower percent diameter stenosisfor cilostazol versusaspirinin
211 patientsafter successful PTCA .26 Another clinical triad in-
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volving 300 patients randomized to aspirin and ticlopidine, or
aspirinand cilostazol, found that cilostazol was as efficacious
as the standard regimen in preventing stent thrombosis.2* A
trend toward specific increased drug-rel ated events (e.g., neu-
tropenia) was seen for ticlopidine but not for cilostazol .24 In
another investigationinvolving 409 patientstreated with ticlo-
pidine or cilostazol, the overal rate of restenosiswassimilar
for both agents, but asignificantly lower rate of restenosiswas
seen among subjects with diabetes who received cilostazol
(21.7% of cilostazol-treated patientswith diabetesvs. 50.0%
of ticlopidine-treated patientswith diabetes, p < 0.05).2 There
wasdsoasignificantly lower rateof diffusein-stent restenosis
inall patientstreated with cilostazol (26.8vs. 54.2%, p<0.05).
Park et al., inastudy of 490 patientsin whomthe primary end-
point wasacomposite of cardiac death, myocardid infarction
(M1), stent thrombosi's, or need for repegt revascularization, re-
ported equivalent resultswith cilostazol and ticlopidine.?® No
major adverse events or deaths occurred with the agentsused
inthese trids, dthough cilostazol showed some evidence of
greater safety thanticlopidine.

The favorable results demonstrated by cilostazal in these
studies suggest the need for validation by alarger, morerigor-
oudy controlledtrial. TheCilogtazol for RESTenosis(CREST)
tria will beaPhaselll study designed totest thehypothesisthat
cilostazol will decrease or prevent restenosis, as measured by
QCA, following uncomplicated coronary stent implantation.

TaBLE | Study schedule

Methods
Study Design

The CREST trid is an Inditutional Review Board-
approved multicenter, randomized, double-blind, placebo-
controlled clinical investigation of 700 patientsenrolled at 20
clinica sites. Prior to stent implantation, patientswill receive
aspirin and aloading dose of clopidogrel of at least 300 mg.
Treatment with aglycoprotein I1&/l11b receptor inhibitor isat
the operator’s discretion. Trestment will consist of either
clopidogrd, aspirin, and cilostazol, or clopidogrel, aspirin, and
placebo, to beinitiated approximately 6 hfollowing successful
intracoronary stent implantation. Patientswill befollowedin-
hospital until any complicationsareresolved, and then will be
discharged. Study drug and aspirin will be continued for 6
months, clopidogre for only 1 month. Planned follow-up will
cond &t of phone contact and labwork a 1 month; clinic visits
and labwork at 3 and 6 months; and QCA and electrocardiog-
raphy (ECG) a 6 months (window of opportunity, 4 to 8
months) at alocal and a designated core fecility (Table I).
Patients with early angiograms (4 months prior), showing
restenosis (>50% diameter stenosis) and/or target lesion
revascularization, will have reached the primary study end-
point. Thosewith early (<4 months) angiogramsindicating no
restenosis or no revascularization will require additiona an-

Entry Hospital course

1Month 3Months 6 Months Asneeded

Randomization
Demographics
Basdinedaa
PTCA

Hospital discharge X
1- Month telephone F/U +lab data?

3-MonthdlinicFU +labdata

6-MonthclinicFU +labdata

Angiographic F/U (local 1ab)

Angiographicanaysis(corelab) X

ECG (corelab) X X
Seriousadverseevents

Desth report

Rehospitalization

Myocardid infarction

Stroke

Bleeding event

Additiona catheterization

Additiona PTCA

Sedttle AnginaQuestionnaire X

EuroQoal X

UB92 formulation of thehospital bill X

X X X X

X X X X

X X X X X X X X X X

X

aCompleteblood count and liver functiontests (SGOT, SGPT, or ALT) at basdline, 1, 3, and 6 months. Study drug will bediscontinued for platelets

<125,000, and platel et count repeated.

Abbreviations: ECG = dectrocardiogram, F/U = follow-up, PTCA = percutaneoustrandumina coronary angioplasty.



J. S. Douglas et al.: Rationale and design of the CREST tria 453

giography within the4- to 8-month window. Thisstudy will be
conducted in accordancewith the Declaration of Helsinki.

Endpoints

Theprimary endpointisminimal lumind diameter (MLD)
at 6 months of thefirst lesion stented per patient, assessed by
QCA at the angiographic core laboratory. Secondary end-
points include MLD in al lesions, mean percent diameter
stenosisper patient and per stented segment, binary restenosis
(defined as> 50% diameter stenosis per patient and per stent-
ed segment), target lesion revascul arization, and mgjor angio-
graphicand clinical endpoints. Safety endpointsare abnormal
complete blood count and liver function tests a 1, 3, and 6
months. A platelet count < 125,000 will requirestudy drug dis-
continuation.

Study Population

Men and women who are candidates for coronary cathe-
terization with percutaneousrevascul arization areeligiblefor
inclusion. Patients may berecruited prior to the procedure or
when fully recovered from sedation, when informed consent
will beobtained. Thetria will include patients=> 18 yearsold
who have documentation of a target lesion with de novo
stenosis> 50% and < 100% diameter by visual estimate, un-
complicated placement of an intracoronary stent in a native
coronary artery segment (< 10% residual stenosis by visua
estimate), Thrombolysisin Myocardial Infarction (TIMI) 11
flow with no residual dissection, and astented segment <40
mm by visud estimate (any stent approved by the US Food
and Drug Administration is acceptable). Also included will
bewomen of childbearing potentia with anegative pregnan-
cy test, and acommitment to abstain from sexual intercourse
or to use contraception for the duration of the study.

Subjects will be excluded from the study if they have
known intoleranceto study medication; acute M| with cregtine
kinase el evated to threetimesthe upper limit of norma within
24 h; prior PTCA within 6 months; heart failure or gection
fraction < 30%; target |es on encompassing side branches>2
mmindiameter; moderateto severetarget lesion cacification;
intraluminal thrombus at thetarget lesion; thrombocytopenia,
defined asplatelet level < 150,000/ml; known bleeding diathe-
sis; active peptic ulcer disease or other gastrointestinal bleed-
ing; rend insufficiency with creatinine> 2.5 mg/dl; concurrent
coumadin use; known hepatic dysfunction; current participa:
tionin another randomized trid; inability to return for follow-
up angiography; major life-threstening iliness; or aninability
to giveinformed consent.

Randomization and Study Drug

Patient randomization and alocation of drug or placebo
will beundertaken by the coordinating center, based onthede-
velopment of ablocked design randomi zation scheme. Match-
ing bottlesof cilostazol or placebo, markedwith apatient alo-
cation number, will bedistributed to study sites. The siteswill

receivealist of their sequentia alocation numbers, and drugs
will be made availableto patients based on those numbers.

Treatment Regimen

Patientswill receive cilostazol 100 mg b.i.d., taken astwo
50 mg tablets twice daily. Cilostazol is metabolized by the
cytochrome P450 isozymes 3A4 and 2C19. At the treating
physician’s discretion, the cilostazol dose will be adjusted to
one 50 mg tablet b.i.d. in patients who must receive medica-
tionsthat interfere with isozymes 3A4 or 2C19. Patientswill
be asked not to drink grapefruit juice on aregular basisfor the
duration of the study. M edication sufficient for 4 monthswill
be given at hospital discharge and renewed at 3 months. Rill
count will beperformed at 3 and 6 months.

Follow-Up

Patients will be contacted by phone for follow-up at 1
month, when blood testing, including monitoring of liver en-
zymes, can be performed by aloca physician. At 3 months,
patientswill revisit theclinic, and at 6 monthswill return for
angiography and blood testsat theclinical site.

Coronary Angiograms

All coronary angiograms will be obtained after intracoro-
nary administration of 100 to 200 pg of nitroglycerin, unless
omitted at operator discretion for safety reasons. Initial and
follow-up angiography will be performedin the sametwo or-
thogonal views.

All angiographic films or digital media obtained at the
study stewill beforwarded to the angiographic corelaborato-
ry for interpretation. The corefacility will be blinded to study
interventions and will determine the following quantitative
measurements; MLD of target lesion and other native stented
segments, MLD of reference sites; percent diameter stenosis,
target lesion and other native stented sitelengths; and target le-
sion and other native stent total stent lengths (or totd length of
stent deployed). Descriptive results will include American
College of Cardiology/American Heart Association (ACC/
AHA) lesiontype (A, B1, B2, or C), cdiber of TIMI flow, and
presenceof intralumind filling defects.

Electrocardiograms will be collected at basdline, prior to
discharge, at 3- and 6-month follow-up, and during intercur-
rent hospitalizationsfor chest pain, heart failure, or suspected
acutemyocardia infarction.

Data Analysisand Power Calculation

Continuousvariableswill be displayed asmean + sandard
deviation and compared by unpaired t-test or analysis of vari-
ance as appropriate. Categorical variables will be displayed
asproportionsand compared by chi-squaretests. All datawill
be analyzed by intention-to-treat analysis. A p vaue<0.05
will beconsidered significant. Correlatesof binary categorical
variableswill bedetermined by logistic regression and corre-
latesof continuousvariablesby multipleregression.
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The power ca culation was based on an expected basdline
restenosisrate of 30% and acilogstazol-trested restenosisrate of
20%. To achieve 80% power, 294 patients per sudy armwill be
required. To account for possible dropouts, approximately 350
patients will be recruited per trestment arm. A second power
calculation, according to the results of Kunishimaet al.28 for
the continuousvariable ML D, will be based on expected mean
MLDsof 1.65 (trested) and 1.40 (untrested). To achieve 90%
power, 123 patients per treatment armwill berequired.

Organizational Structure

The tria will be run by the Executive Committee, which
will also serve as a publication committee. All clinical end-
pointswill be adjudicated by an independent endpoint com-
mittee, and al datawill be reviewed by anindependent Data
and Safety Monitoring Board. Therewill betwo corelabora-
tories, one for angiography and one for e ectrocardiography.
All siteswill bemonitored during thetrial.

Current Statusof Study

Thisrandomized placebo-controlled trial hasbeeninitiated,
and enrollment isantici pated to be concluded in 2003.

Conclusions

Cilostazol possesses antiplatelet, antiproliferative, and
other propertiesthat may minimize or prevent in-stent coro-
nary restenosis. Early work has shown afavorable effect on
coronary stent restenosis. The CREST trial isalarger, more
rigorously conducted trial that may confirm an important
rolefor cilostazol in the long-term management of patients
with coronary artery disease after uncomplicated coronary
stent implantation.
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