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Abstracts

The Additional Effect of Cilostazol for the ADPdunced
Platelet Aggregation and Soluble CD40L in Patienit

Primary Percutaneous Coronary Intervention

Cilostazol increases in cyclic adenosine monophatgplevels in platelets and
might ameliorate the antiplatelet activity of cldpgrel. This study investigated the
additional effect of cilostazol for the plateletgaggation measured by a VerifyNow
analyzer and soluble CD40 ligand (sCD40L) as a sraokthe activated platelet in
patients undergoing primary percutaneous coromagyvention (PCI). Sixty cases
with primary PCl were randomly assigned to a daap{rin and clopidogrel) and
triple (dual plus cilostazol) therapy. The antiplat effects of aspirin and

clopidogrel were evaluated by VerifyNow™ tests. Tolasma sCD40L levels at
admission, 24 hours, and 21 days were measurechd\ELISA method. The

aspirin-induced platelet aggregation was similarboth groups. However, the
triple group was significantly lower the P2Y12 riéa unit (dual; 208.8+69.0 vs.

triple 168.2+79.2, p=0.041) and higher the % infidioi of P2Y12 receptor (dual

23.8+21.4 vs. triple 40.5+21.0 %, p=0.004). In nvaltiate analysis, cilostazol was
the negative predictor for low responders to clogi@l (95% confidence interval;

0.067-0.711). The plasma sCD40L levels were noifsigint differences between
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the two groups at the same point of time. The &ufdiof cilostazol to the
combination of aspirin plus clopidogrel significgnincreases in the inhibition of
P2Y12-induced aggregation. However, there was rditiae effect on aspirin-

induced antiplatelet activity or lowering of sCD40L

Key words: Cilostazol; Acute myocardial infarctidPlatelets
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The Additional Effect of Cilostazol for the ADP-
induced Platelet Aggregation and Soluble CD40L
in Patients with Primary Percutaneous Coronary

Intervention

Kyoung-Hoon Lee
Department of Medicine

The Graduate School Yonsei University

(Directed by Professor Seung-Hwan Lee)

1. Introduction

Platelets play a central role in the pathogenesisitberothrombosis. Thus,
achieving platelet inhibition is an important paftmanaging a patient with an

atherothrombotic event. Dual antiplatelet therajiyh wlopidogrel plus aspirin has



been shown to reduce ischemic events in patients umstable angina and
myocardial infarction (M), especially those undgirgy percutaneous coronary
intervention (PCI) and stentifg. Despite its proven benefit, there is a
considerable heterogeneity in the responses ofvidhthl patients to each of
aspirin and clopidogrél’ Emerging data show adequate antiplatelet effeets a
not achieved in 5 to 45% of patients taking aspand 4 to 30% of patients taking
clopidogrel*’ suggesting that many patients are resistant oy qalrtially
responsive to their antiplatelet effect. Some daiggest that these patients are at
an increased risk of stent thrombosis and cardatas complication§®**

Cilostazol is a potent oral antiplatelet agent wathrapid onset of action that
selectively inhibits phosphodiesterase 3 and is@®ain cyclic adenosine
monophosphate (CAMP) levels in platelets. The iaseein the cAMP blocks all
activating pathways in the platelets, inhibitingogess such as adenosine
diphosphate (ADP) induced platelet activation, hidanic acid (AA) induced

platelet activation, and cellular interaction amoplgatelets, leukocytes, and

vascular endothelial celt§**



Recent studies showed that adding cilostazol toagpirin and clopidogrel

regimen is associated with the additional suppoasef P-selectin expression in

vitro'® and is more effective in preventing thrombotic glications after

coronary stenting without an increased risk of siffects'® However, whether

adding cilostazol has synergistic antiplatelet\éii¢is on the top of a standard

dual antiplatelet regimen remains uncertain. Tloeeef We hypothesized that

adding cilostazol administration to the standardl dantiplatelet regimen might

lead to additional suppression of platelet aggregaand soluble CD40 ligand

(sCD40L, a marker of platelet activation) and aoralie the aspirin and

clopidogrel responsiveness in patients with prinfa@f.

2. Methodsand Materials

2.1 Study population

We enrolled 60 consecutive patients with ST elevalill (STEMI) undergoing

primary PCls within 12 h of symptom onset. The guats were randomly assigned

1:1 to undergo either a standard dual regimeniiaspid clopidogrel) or a triple

regimen (aspirin, clopidogrel, and cilostazol). Eston criteria were any
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contraindications for antiplatelet agents, sevefieventricular dysfunction (EE

30%), severe hepatic dysfunction (AST/ALTE 3 times of upper normal limit),

severe renal dysfunction (serum €rR), thrombocytopenia (<150x109/L),

cardiogenic shock, infectious or neoplastic diseasd bleeding disorders (Fig. 1).

This study was approved by the Investigational BevBoard of the Wonju

College of Medicine. All patients gave written infieed consent.



Eligible patients ( n=83)

Exclusions( n=17)
Refused (n=6)

Y

Randomization ( n=60)

Y y
Dual regimen ( n=30) Triple regimen ( n=30)
- Aspirin (A) + clopidogrel (C) “ A+ C+ cilostazol (C1)
Loading dose Loading dose
A 300 mg and C: 600 mg A:300mg,C: 600 mg and Ci: 400 mg

Primary PCIs with drug eluting stent implantation

Maintain daily dose Maintain daily dose
A 100 mg and C: 75mg A 100 mg .C: 75 mg and Ci: 200 mg

VeryfyNow-aspirin and -P2Y , assay during 7- 21 days (n=30)

Fig.1. Flow chart of study design
sCD40L: soluble CD 40 ligand

Fust blood sample
|]|]1:> for sCDA0L
at random

Second blood sample
un\:> for sCD40L
at 24 h after random

Thurd blood sample
um:> for sCDA0L
at 21 d after random



2.2 Method

2.2.1. Study protocol

As soon as diagnosis of STEMI was confirmed at gamey department, we

administered a loading dose of antiplatelet regsramd a bolus of unfractionated

heparin (70U/kg) or enoxaparin (30mg) to the pasidrom before 30 t0120

minutes before primary PCls. Standard dual regigrenps received 600 mg

clopidogrel and 300 mg oral aspirin in the emergeonom, followed by 75 mg

clopidogrel and 100 mg aspirin daily thereafterta triple regimen groups,

patients received 600 mg clopidogrel, 300 mg aspirin and 400mg cilostazol as

loading dosages, followed by 75 mg clopidogrel, ffipaspirin, and 200 mg

cilostazol daily for 1 month.

After coronary angiography via transradial or tfansoral, primary PCls were

performed using standard technique for the infegtzted artery. Procedural

success was defined as a residual diameter stasfesi30 % with TIMI grade 3

flows. Major adverse cardiac event (MACE) was dafims death, recurrent

myocardial infarction and target vessel revascrddion until 1 month. Major
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bleeding was defined as a drop in hemoglobirzofs g/dL, or significant

hypotension with the need for inotropes, or reggisurgery (other than vascular

site repair), or symptomatic intracranial hemoren@@H), or requiring

transfusion of four or more units of red blood sell

2.2.2. VerifyNow-aspirin /P2Y 12 assay and measur ement of sCD40L

Blood samples for sCD40L were obtained at baseliddirs and 21 days in all

participants. Concentrations of sSCD40L in plasmaaweeasured in duplicate with

a standard enzyme-linked immunosorbent assay anchenercial kit (R&D

Systems, Minneapolis, Minnesota) according to thaufacturer’s instructions.

The samples for in vitro platelet function wereaibéd after 7th to 21st

consecutive day in the study scheme when aspidrclpidogrel were applied at

a dosage of 100mg daily for aspirin and 75mg daihclopidogrel. All specimens

were obtained by venipuncture after a 5-ml whot®blsample drawn into two

1.8-ml blood collection tubes containing 3.2% d¢#rand were analyzed

independently.

In vitro platelet function testing for aspirin aolbpidogrel was performed with the
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VerifyNow System (Accumetrics, San Diego, Calif@aniwhich is similar to the

principle of light transmission aggregometry.

The VerifyNow-aspirin system measures the changmiital signal caused by

aggregation using cartridges containing fibrinogeated beads and platelet

agonists (cationic propyl gallate which activate tiyclooxygenase-1 pathway).

The results were expressed in the Aspirin Readtioits (ARUs) based on the

extent of platelet aggregation. An ARU &f550 indicates the absence of aspirin-

induced platelet dysfunction and was defined agiagesistanceé’*®

TheVerifyNow-P2Y12 system measures the changeficalsignal caused by

aggregation using cartridges containing fibrinogeated beads and platelet

agonist ADP. Prostaglandin E1 is added to this rbkio reduce the nonspecific

contribution of the P2Y1 receptor. The results wexpressed in P2Y12 reaction

units (PRU) based on the ADP-mediated aggregatidrparcentage inhibition of

P2Y12 receptor (% inhibition) was calculated atofws: 1- (PRU after

clopidogrel/PRU at baseline) X 100. The PRU at liaselefines the platelet

aggregation in the thrombin receptor activatingtipep(TRAP) channel and serves
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as an estimate of the baseline platelet functidependent of P2Y12 inhibition.

A lower responder to clopidogrel was defined as¢hpatients with % inhibition

of P2Y12 receptor less than 20.

2.2.3. Statistical analysis

Continuous variables (presented as mean + SD) empared by Student’s t-test

for normally distributed variables and by the Witoa test for non-normally

distributed variables. Categorical variables weqgressed as the number of

subjects and percentages and were analyzed byitisgueare or Fisher’'s exact

tests, as appropriate. Serial measurements for BCbdtween two groups were

compared using repeated measures of AVOVA, andffechenultiple comparison

tests was used to compare the mean different mlerMultivariate stepwise

logistic regression analyses were performed totifyjeimdependent predictors for

low responders to clopidogrel as the dichotomoyeddant variable. Statistical

analysis was performed with the SPSS software pgcia Windows 12.0 (SPSS

Inc., Chicago, lllinois). P values < 0.05 were ddesed statistically significant.



3. Reaults

3.1. Basdline characteristics and clinical outcomes

Baseline clinical, angiographic, and procedural rabi@ristics were similar
between the dual and triple regimens shown in TablBrocedural success was
achieved in 100% in both groups. A complete 304adgw-up was available for
all eligible patients. MACE was 3.3% in dual regimgroup (one case of
recurrent Non-Q wave MI) and 6.7% in triple regimgroup (two cases of
recurrent Non-Q wave MI) (p = 0.554). There wasmajor bleeding in both

groups and no discontinuation of cilostazol duadweerse drug reactions.
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Table 1. Clinical Characteristics of Study Patients

Dual (n = 30 Triple (n = 30 p

Age, year 63.949.0 62.3+11.1 0.571
Male (%) 21 (70) 21 (70) 1.000
Total cholesterol(mg/dL) 167.1+47.8 181.8+47.2 g.23
Hypertension (%) 14 (47) 17 (59) 0.571
Diabetes (%) 8 (27) 9 (31) 0.633
Hypercholesterolemia (%) 4 (13) 6 (20) 0.406
Smoking (%) 18 (60) 18 (60) 0.221
B-blocker (%) 19( 63) 23 (77) 0.266
ACE inhibitor (%) 10 (33) 12 (40) 0.691
ARB (%) 8 (27) 11 (37) 0.485
Statin (%) 22(73) 20 (67) 0.485
Diuretics (%) 10 (33) 13 (43) 0.493
LV ejection fraction (%) 46.348.1 46.2+12.6 0.702
Killips class , % 0.215

I/ 1/ 80.8 /11.5/7.7 92.0/0/8.0
Access site, % 0.166

Radial artery/ femoral artery 90.0/10.0 76.7/23.3
Lesion Type (A/B/C), % 15.4 /53.8 /30.8 12.0 /4@8.0 0.648
Stent type(SES/PES/others), % 79.2/16.7/4.2 84.0/8.0/8.0 0.290
Infarct-related artery, % 0.203

LAD/LCX/RCA 53.3/20.0/26.7  41.4/10.3/48.3
1 month MACE 3.3% 6.7% 0.554

ARB: Angiotensin |l Receptor Blocker, ACE: Angiotan Converting Enzyme,
MACE: Major Adverse Cardiac Event, SES : Sirolinelgting stent, PES :
Paclitaxel-eluting stent, LAD : Left anterior desdeng artery, LCX : Left

circumflex artery, RCA : Right coronary artery
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3.2. In vitro Platelet function test by VerifyNow on aspirin and clopidogrel

response

The mean ARUs for the dual and triple regimen wsnailar between the two
groups. (dual: 421:449.6, vs. triple; 426 462.1, p = 0.717 ). Aspirin resistance
(ARU = 550) rate was also identical in both groups (354 3.6%, p=0.960).
However, the VerifyNow P2Y12 assay showed a sigaiftly lower degree of PRU
in the triple regimen (168.2+79.2) than in the dusgimen group (208.8+69.0,
p=0.041). The % inhibition of P2Y12 receptor wagnsicantly higher in the triple
than the dual regimens (dual: 23.8+21.4, vs. trigle5+21.1, p =0.004)(Fig. 2).
The rate of lower responder to clopidogrel was ificantly lower in the triple
regimen group than in the dual regimen (dual; 4és4triple; 15.4 %, p=0.014).

In multivariate logistic regression analysis usiage, sex, risk factors and
medications as independent variables and lowerorely to clopidogrel as a
dependent variable, additional cilostazol (tripggiment) was the only independent
negative risk factor for a lower responder to diimgjrel. (odds ratio=0.219, 95%

confidence interval 0.067 — 0.711: Table 2.).
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Fig.2. The ARU (A), PRU (B), and % inhibition (Cj B2Y12 receptor between
dual and triple regimen group using VerifyNow assay

ARU: aspirin reaction unit, PRU: P2Y12 reactiontuni
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Table 2. Multivariate logistic regression analyfsisindependent variables for low

responder to clopidogrel

Adjusted OR 95% CI p value
Cilostazol medication 0.219 0.06/.711 0.011
Blocker medication 1.095 0.3143.815 0.886
ARB medication 0.678 0.1852.481 0.557
ACEI medication 1.602 0.4755.408 0.448
Statin medication 2.317 0.5949.046 0.226
Hypertension 0.745 0.2482.243 0.601
DM 1.369 0.396- 4.736 0.620
Smoking 2.046 0.108 6.719 0.354

OR: odds ration, Cl: confidence interval, ARB: Aoginsin Il Receptor Blocker,
ACEI : Angiotensin Converting Enzyme inhibitor, DMDiabetes Mellitus
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3.3. Serial changesin sCD40L

The mean plasma sCD40L concentration between tla¢ ahd triple regimen

group did not differ at admission (dual: 395.8+&22vs. triple; 346.6£489.5

pag/mL, p = NS). The level of sCD40L in plasma desed in both groups at 24

hour compare to the baseline values, but, shehange of sCD40L was not

statistically significant between both groups (du&aB1.8+219.1 vs. triple;

110.9£186.5 pg/mL, p = NS). The plasma sCD40L frtdecreased in both

groups at 21 days compare to at 24 hour, butAtbbange of sCD40L was also

insignificant between both groups (dual: 166.9+150s. triple; 148.0+157.6

pa/mL, p = NS) (Fig. 3).
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Fig.3. Serial changes in plasma concentrations@f40L (pg/mL) between dual
and triple regimen group
sCD40L: soluble CD 40 ligand
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4. Discussion

The main finding of the present study was that agldilostazol to an aspirin

and clopidogrel regimen significantly increasesitifgbition of P2Y12-induced

platelet aggregation compared with aspirin plupidogrel regimen in patients

undergoing primary PCls. However, there was notaddor synergistic effect on

aspirin-induced antiplatelet activity or lowerinfsCD40L.

Cilostazol is a 2-oxo-guinoline derivative with gmtombotic, vasodilator, and

antimigrogenic properties. This compound is a potgnbitor of

phosphodiesterase (PDE) 3A, leading to increasadellular cAMP of platelets by

inhibiting the degradation to AMP (Fig. 4). Althdughe detailed signal

transduction pathways remain unclear, increasedRAkh activate CAMP-

dependent protein kinase (PKA) in human plateféts The PKA activation

induce the phosphorylation of vasodilator-stimudgpéosphoprotein (VASP)

which is closely correlated with the inhibition fiddrinogen binding to integrin

allbp3 and the inhibition of platelet aggregation antemion?

In randomized clinical trials, cilostazol was afeefive as ticlopidin& or
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clopidogref? in preventing stent thrombosis after coronarytitgnand triple

antiplatelet therapy with aspirin, cilostazol ptlgpidogrel or ticlopidine was

more effective in preventing stent thrombosis taapirin plus clopidogrel or

ticlopidine® Based on the different mechanisms compared toltfpdogrel and

clinical data of cilostazol, we hypothesized thaftigle regimen might result in

additional suppression of platelet aggregations@040L, and ameliorate the

aspirin and clopidogrel responsiveness in high ofsktherothrombotic patients.

Our date clearly showed that adding cilostazol aistration to the standard

regimen additionally suppressed P2Y12-induced leteéggregation and

significantly decreased the clopidogrel resistance.

Although the exact mechanism of the beneficialaff®f adding cilostazol was

unclear, our results suggested that cilostazohhdifferent mode of action

(increased the cAMP mediated by PDE 3) from thahefP2Y12 receptor

inhibition of clopidogrel and the additional inHilein of ADP induced platelet

aggregation. Supporting results in previous stusiesved that the addition of

cilostazol to an aspirin and clopidogrel regimesutted in additional suppression
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of platelet P-selectin expression.15 Indeed, thexe 23 to 35% increase in

inhibition of ADP-induced ex vivo platelet aggreigatand no additive or

synergistic effect on arachidonic acid-inducedgittaggregation by cilostazol

plus aspirin when compared with aspirin aléhmhibitory effects of PDE3A

activity correlated with their inhibition of plattlaggregation induced by thrombin,

collagen, or ADPB’ Taken together of previous studies and our resuits another

logical approach to overcome clopidogrel resistangght be adding cilostazol to

the standard dual antiplatelet regimen. Despitatititional antiplatelet effects,

cilostazol did not additionally inhibit the releasesCD40L, which is a

prothrombotic and proinflammatory biomarker maidbrived from activated

platelets in acute coronary syndrofé® Thus, further studies should clarify the

role of cilostazol in patients with clopidogrel igance in primary PCI settings and

with a high risk for stent thrombosis.

There were some limitations in our study. Firsg sample size was relatively

small, but we found the significant difference iRWPvalue and % inhibition of

P2Y12 receptor between the dual and triple regindénalso verified the
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additional benefit of cilostazol for clopidogrekistance by multivariate regression

models. Second, we evaluated ex vivo platelet respeness to P2Y12 receptor

inhibition based on VerifyNow P2Y12 test. Ideallgsponses are monitored by

light transmission aggregometry using 5 or 20 uMPAased on measuring the

change in aggregation at baseline and post-drdgwever, ADP-induced LTA is

impractical to test in primary PCI settings. Vehiyw P2Y12 test is also a reliable

and sensitive measure for monitering clopidogretdpy in a recent validation

study?®

5. Conclusions

This study was a randomized and controlled studgotmpare adding cilostazol

administration to the standard dual antiplatelgimen versus the standard dual

antiplatelet regimen in patients with primary PChe aim of the study was to

evaluate the effect and the aspirin and clopidogesponsiveness of triple

antiplatelet regimen. The important findings ardal®w.

1. The VerifyNow P2Y12 assay showed a significamhdhywer degree of PRU in

the triple regimen (168.2+79.2) than in the duajimen group (208.8+69.0,
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p=0.041). The % inhibition of P2Y12 receptor wagngéicantly higher in the

triple than the dual regimens (dual: 23.8+21.4 triple; 40.5+21.1, p =0.004)(Fig.

2). The rate of lower responder to clopidogrel wigmificantly lower in the triple

regimen group than in the dual regimen (dual; 46s4triple; 15.4 %, p=0.014).

2. The level of sCD40L in plasma decreased in lgotlups at 24 hour compare to

the baseline values, but, thechange of sCD40L was not statistically significant

between both groups (dual: 131.8+219.1 vs. tripld).9+186.5 pg/mL, p = NS).

The plasma sCD40L further decreased in both grau@4d days compare to at 24

hour, but, theA change of sCD40L was also insignificant betweeth lgyoups

(dual: 166.9£150.1 vs. triple; 148.0£157.6 pg/mis pS).

3. There was no major bleeding in both groups aonddiscontinuation of

cilostazol due to adverse drug reactions.

In conclusion, cilostazol in addition to an aspipinis clopidogrel regimen led to

additional inhibition of P2Y12-induced plateletigation in primary PCI settings.

These results suggested that cilostazol can impobepidogrel resistance in

patients with acute myocardial infarction with gteg.
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