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Abstract

Background—Antiplatelet therapy with clopidogrel is recommended to reduce cardiovascular
events in patients with peripheral artery disease (PAD); however, clopidogrel efficacy has not been
adequately studied in this patient population. Therefore, we aimed to determine the effects of
cilostazol therapy on platelet reactivity among PAD patients on clopidogrel.

Methods—We performed a cross-sectional pilot study of 46 Puerto Rican patients diagnosed
with PAD. The cohort was divided based on use of clopidogrel and cilostazol (n = 24) or
clopidogrel alone (n = 22). Platelet function was measured ex vivo using the VerifyNow P2Y12
assay. Genomic DNA was extracted from peripheral blood samples using the QlAamp DNA Blood
Midi Kit, which was subjected to candidate variant genotyping (CYP2C19, ABCB1, PONI and
PZRY12) using TagMan quantitative polymerase chain reaction assays. All analyses were
performed using SAS version 9.4 (SAS Institute).

Results—Among all enrolled patients, 18 (39%) had high on-treatment platelet reactivity
(HTPR). The mean platelet reactivity was 207 + 53 (range, 78-325) with higher P2Y12 reaction
units in the non-cilostazol group, 224 + 45 vs. 191 + 55 on the cilostazol group (p = 0.03). No
significant differences were observed in the clinical or genetic variables between the two groups.
A multiple regression analysis determined that history of diabetes mellitus (p= 0.03), use of
cilostazol (p = 0.03) and hematocrit (p = 0.02) were independent predictors of platelet reactivity.

Conclusions—In Puerto Rican PAD patients on clopidogrel therapy, history of diabetes
mellitus, use of cilostazol and hematocrit are independent predictors of platelet reactivity.
Adjunctive cilostazol therapy may enhance clopidogrel efficacy among PAD patients with HTPR.
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Introduction

Antiplatelet therapy (APT) with aspirin or clopidogrel alone is currently recommended to
reduce major adverse cardiovascular events (MACE) such as acute myocardial infarction
(AMI), stroke and cardiovascular death in patients with peripheral artery disease (PAD) [1].
Moreover, in symptomatic patients undergoing extremity revascularization, dual antiplatelet
therapy (DAPT) with aspirin and clopidogrel is indicated to prevent limb-related events
(restenosis and stent thrombosis) [1]. Unfortunately, up to 83% of patients treated with
DAPT have high on-treatment platelet reactivity (HTPR) to clopidogrel, which is a risk
factor for MACE [2]. This inter-individual variation in platelet reactivity has been associated
with several clinical and genetic variables including body mass index, diabetes mellitus
(DM), concomitant use of some drugs, smoking status and variant alleles in the ABCBI,
PZRY12, PON1, CESIand B4GALTZgenes [3-9]. Importantly, even though the effects of
HTPR on clinical adverse outcomes have been extensively described in patients with
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coronary artery disease (CAD) undergoing percutaneous coronary interventions [10], the
utility of HTPR in predicting MACE and guiding APT in PAD has been poorly explored.

Cilostazol, a selective phosphodiesterase 3 inhibitor, is well known for its positive
antiplatelet, anti-inflammatory, anti-oxidant and ischemia-reperfusion injury protective
effects [11, 12]. When added to standard DAPT, cilostazol inhibits the adenosine
diphosphate (ADP)-induced platelet aggregation, leading to enhanced antiplatelet effects and
reduced platelet reactivity on clopidogrel [13]. The pharmacokinetic and pharmacodynamic
interaction of clopidogrel and cilostazol has not been fully elucidated, but current evidence
suggests a mechanism linked to CYP2C19and/or CYP3A5 genotypes [14].

Because triple antiplatelet therapy with cilostazol, clopidogrel and aspirin is considered as
an alternative regimen to achieve adequate platelet inhibition in CAD patients with HTPR
[15], studying this interaction in the PAD population is warranted. Consequently, we aimed
to determine the effect of cilostazol therapy on platelet reactivity among patients with PAD
on clopidogrel.

Materials and methods

Study design and ethics

This was a multicenter cross-sectional study of Puerto Rican patients receiving APT who
were recruited from January to February 2017. The study was approved by the institutional
review board (Protocol No. A4070416), and it was conducted in accordance with the
Declaration of Helsinki in compliance with Good Clinical Practice. Verbal and written
informed consent was obtained from all participants included in the study.

Patient population and data collection

A total of 46 patients with PAD of Hispanic Puerto Rican descent on clopidogrel plus
cilostazol or clopidogrel monotherapy were consecutively recruited from all geographic
regions of the island. A single physician gathered patient information from the medical
record. The study included Puerto Rican Hispanics >21 years old who were receiving 75
mg/day maintenance dose of clopidogrel with or without cilostazol 100 mg/day for at least
seven consecutive days. Co-administration of aspirin with clopidogrel was permitted but not
required for study inclusion. Exclusion criteria included current or recent therapy with other
ADP receptor antagonists, patients receiving glycoprotein inhibitors, inherited or acquired
platelet function disorder, malignancy, HIV-positive/AIDS patients, creatinine clearance <15
mL/min and patients on hemodialysis, hematocrit (Hct) <25% and platelet count
<100,000/mm?3. The cohort was divided into patients on clopidogrel plus cilostazol (n = 24)
and patients on clopidogrel monotherapy (n = 22). An initial blood sample (2 mL) was
collected from each participant for platelet function and DNA testing. Blood was collected
from a peripheral vein, and platelet reactivity was assessed within 4 h of blood sampling.
Platelet function was measured ex vivo using the United Stated Food and Drug
Administration-approved point-of-care VerifyNow P2Y12 analyzer following the
manufacturer’s instructions (Accumetrics Inc. San Diego, CA, USA). Genomic DNA was
extracted using the QlAamp DNA Blood Midi Kit (QIAGEN Inc., Valencia, CA, USA)
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following the manufacturer’s protocol. TagMan Genotyping Assay Reagent kits for allelic
discrimination (Applied Biosystems, Foster City, CA, USA) were used to genotype all
candidate variants, following the manufacturer’s instructions. A full description of this
method can be found elsewhere [16, 17]. High platelet reactivity was defined as P2Y12
reaction unit (PRU) values <230.

Statistical analyses

Results

Continuous variables were compared using the two-tailed Student’s t-test, and categorical
data were assessed using either the Chi Squared (XZ) or Fisher’s exact test as appropriate.
Comparison of minor allele frequencies between our cohort and reference populations was
performed using a z-test for population proportions. The Hardy-Weinberg equilibrium
(HWE) test was applied as a quality control for genotyping; deviation from the HWE was
estimated using a XZ goodness-of-fit test with one degree of freedom. Simple linear
regression analysis was performed to determine the association between all measurements
and platelet reactivity (refer to Table 1 for a full list of all the studied variables). A forward
stepwise multiple regression analysis and backward stepwise elimination approach were
performed to determine the predictors of platelet reactivity on clopidogrel and the total
contribution of cilostazol therapy toward PRU values. Variables were included in the final
multiple regression model if they were significantly associated with platelet reactivity in the
study cohort (i.e. p <0.05, entry criteria). Statistical analyses were performed using SAS
software version 9.4 (SAS Institute, Cary, NC, USA), and values of p <0.05 were considered
statistically significant.

Study population

In our study cohort, 18 patients (39%) had HTPR. The study group characteristics are
described in Table 1. No significant differences in baseline characteristics were identified
including common comorbid conditions, laboratory results, concomitant use of aspirin
(ASA), proton pump inhibitors (PPIs), statins or calcium channel blockers (CCBs) and
genotypes. Notably, there was a significant difference in mean platelet reactivity between the
two studied groups, with a higher PRU in the non-cilostazol group (224 + 45; range: 78—
285) than in the cilostazol group (191 + 55; range: 146-325) (p = 0.03).

Genotype characteristics

Genotyping results are illustrated in Table 1 /CYP2C19*3and CYP2C19%*4 loss-of-function
(LoF) alleles are not represented as they were not detected in the cohort]. A total of 22% of
the participants were carriers of at least one copy of the CYP2C19*2 LoF allele. No
significant differences were observed between frequencies of the different variants detected
in the study cohort. Because of the low frequency of homozygosity for the tested variant
alleles (i.e. CYP2C19%2,0.04; CYP2C19*17,0.02, ABCB1,0.17; PON1,0.22 and P2RY12,
0.0), carriers of at least one variant allele were compared to wild-type individuals with no
significant differences observed between the clopidogrel and clopidogrel plus cilostazol
groups. In addition, the observed variant allele frequencies in the study population were
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consistent with those from the Puerto Rican cohort included in the 1000 Genomes Project (p
>0.05) [18]. No significant departure from HWE was found for all of the genotyped variants.

Determinants of platelet reactivity

The overall mean platelet reactivity on clopidogrel was 207 + 53 (range: 78-325). No
significant differences in platelet reactivity were detected between smokers and non-
smokers, PPI and no PPI and carriers of CYP2C197*2or CYP2C19*17and wild type (Figure
1). However, diabetic patients had higher platelet reactivity than non-diabetic patients (p =
0.03). In a simple linear regression analysis, history of DM was positively associated with
platelet reactivity (p = 0.03), while concomitant use of cilostazol and Hct had a negative
significant effect (p = 0.03, p = 0.02; respectively). No genetic variants or other clinical
factors including smoking or PPI use correlated with platelet reactivity. Additionally,
cilostazol was found to determine 8% of the total variability in platelet reactivity. Moreover,
after adjusting for possible confounders and interactions among history of DM, Hct and
cilostazol use, they all remained as independent predictors of platelet reactivity on
clopidogrel (Table 2).

Discussion

To better inform medical decision-making for PAD patients undergoing antiplatelet
treatment, we conducted a pilot study that assessed the effect of cilostazol on platelet
reactivity among PAD patients on clopidogrel therapy. To the best of our knowledge, this is
the first study of this kind conducted in Hispanic patients diagnosed with PAD. Accordingly,
our results have potential clinical implications for this particular population.

PAD affects an estimated 202 million people world-wide [19]. PAD patients generally have a
poor prognosis because they often experience an increased risk of cardiovascular death, non-
fatal myocardial infarction and stroke within 5 years, with symptoms ranging from
intermittent claudication to tissue loss [19, 20]. There is a lack of consensus regarding the
APT to be used in patients with PAD, and little is known on the benefits of DAPT. Despite a
slightly higher risk of severe bleeding, DAPT with aspirin and clopidogrel has been
previously found to be associated with a reduced rate of major leg amputations following
revascularization [21]. Furthermore, based on a systematic review and network meta-
analysis of 49 available randomized controlled trials comparing different antiplatelet drugs
in 34,518 patients, clopidogrel may be the preferred antiplatelet agent in treating PAD
patients [21]. Nevertheless, PAD patients are often excluded from antiplatelet
pharmacokinetic, pharmacodynamic and pharmacogenetic studies, and, to date, it is
uncertain which approach is best to use when monotherapy fails.

In this study, we found that concomitant use of cilostazol was associated with platelet
reactivity in PAD patients, with a significantly higher PRU in the non-cilostazol vs. the
cilostazol group (224 + 45 vs. 191 + 55, p = 0.03). Of note, some preliminary studies on the
impact of adjunctive cilostazol therapy on platelet reactivity in patients undergoing coronary
stenting or with AMI have been performed [13, 22]; however, no studies have been reported
to date in PAD patients. For example, in the ACCEL-RESISTANCE (i.e. Adjunctive
Cilostazol Versus High Maintenance Dose Clopidogrel in Patients With Clopidogrel
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Resistance) trial, the addition of 100 mg/day of cilostazol to DAPT reduced the rate of
HTPR and improved platelet inhibition compared to high maintenance doses of clopidogrel
(150 mg/day) [13].

Similarly, the ACCELAMI2C19 (i.e. Adjunctive Cilostazol Versus High Maintenance-Dose
Clopidogrel in Acute Myocardial Infarction [AMI] Patients According to CYP2C19
Polymorphism) trial also showed that adjunctive cilostazol therapy significantly diminished
the rate of HTPR in AMI patients with CYP2C19 L oF variants [23]. Therefore, DAPT plus
cilostazol may benefit those patients who are CYP2C19poor metabolizers [14]. However, in
the present work, no significant differences were found between wild type and carriers of
CYP2C19*2with regard to platelet reactivity in PAD patients. Accordingly, CYP2C19
genotype was not an independent predictor of HTPR in this study, which was likely due to
the small size of this PAD patient cohort. Nevertheless, the similar genetic profile between
the studied groups allowed us to test the direct impact of cilostazol on residual platelet
reactivity without the interaction/confounding effect of CYP2C19and other potential
pharmacogenetic variants.

Another finding from this study was the confirmation that a history of DM was an
independent predictor of platelet reactivity on clopidogrel. Similar to other patient
populations, DM is a significant factor that can impair the antiplatelet response to
clopidogrel [7]. It has been suggested that the reduced response to clopidogrel among
patients with DM, resulting in HTPR, is due in part to a higher percentage of circulating
immature platelets as well as to the loss of responsiveness to insulin [7, 24, 25]. Notably, we
recently reported that DM is an independent predictor of HTPR (odds ratio = 3.27; 95%
confidence interval = 1.20-8.96; p < 0.05) in a heterogeneous cohort of cardiovascular
Hispanic patients on clopidogrel therapy, which, together with four other clinical factors,
explained 28% of the total variation in PRUs [3]. This is particularly relevant as Puerto
Ricans are disproportionately affected by type 2 DM compared with other ethnic groups
[26].

Interestingly, Hct showed a significant inverse correlation with platelet reactivity in our
study cohort (p = 0.02). Kakouros et al. [27] have suggested that this association is more
likely an /n vitro phenomenon inherent to the platelet function assay, indicating that the
VerifyNow P2Y12 assay may have limitations in patients with anemia. Despite this effect, a
correction of PRUs for this lab result is not currently recommended [28].

There are some limitations to the present analysis. First, the small sample size precluded any
stratification by CYP2C19 genotype between and within the studied subgroups.
Additionally, we were unable to test a genotype-driven pharmacokinetic interaction between
carriers of the CYP2C19*2and CYP3A5*3variants among Hispanic PAD patients on
cilostazol plus clopidogrel. A previous study suggested that cilostazol might overcome
clopidogrel resistance caused by CYP2C19poor metabolizers, but only in subjects with the
CYP3A5%*3/%3 genotype [14]. It is postulated that patients with a CYP3A5*3/*3 genotype
have decreased clearance of the active metabolite of clopidogrel, in effect compensating for
the decreased formation of the active metabolite in patients carrying CYP2C19*2. Further
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studies in larger PAD and cardiovascular patient cohorts are warranted to confirm or refute
this hypothesis.

Conclusions

In Puerto Rican PAD patients on clopidogrel APT, history of DM, adjunctive cilostazol
therapy and Hct are independent predictors of platelet reactivity. The addition of cilostazol
to DAPT may enhance the antiplatelet effect of clopidogrel in patients with HTPR. Further
studies are now warranted to determine the clinical significance of adjunctive cilostazol
therapy and pharmacogenetic variants on cardiovascular outcomes in PAD patients with
HTPR.
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Figure 1.
Association of important clinical and genetic characteristics with platelet reactivity.
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Baseline characteristics of the study patients according to cilostazol therapy.

Table 1

Characteristics Nocilostazol Cilostazol ~ All patients p-Value
(n=22) (n=24) (n=46)
Medical history
Age, years 72+8 71+9 72+9 0.56
Females 11 (50) 18 (75) 29 0.08
BMI, kg/m?2 28+5 29+8 28+7 0.73
Hypertension 21 (95) 22 (92) 43 1.00
DM 17 (77) 18 (75) 35 0.86
Dyslipidemia 18 (82) 20 (83) 38 1.00
Active smoker 5(23) 5(21) 10 0.88
Platelet reactivity (PRU) 224 £ 45 191 £55 207 £53 0.03
Laboratory results
WBC, x103/uL 75+2.0 89+25 83+24 0.04
Hgb, g/dL 132+22 130+15  131+18 0.74
Hct, % 39.1+6.0 38.8+%38 39.0+5.0 0.83
Platelet count, x103/uL 249 + 86 252+ 78 25181 0.89
BUN, mg/dL 22+8 207 21+8 0.34
Creatinine, mg/dL 1.0+03 0.9+0.3 0.9+0.3 0.23
Concomitant therapy
Aspirin 11 (50) 15 (63) 26 0.39
PPIs 3(14) 5(21) 8 0.70
Statins 17 (77) 19 (79) 36 0.88
CCBs 7(32) 7(29) 14 1.00
Genotypes
CYP2C19%2(G681A) (rs4244285)
Wild 17 (77) 17 (71) 34 (74) 0.61
Mutant 5 (23) 7(29) 12 (26)
CYP2C19*17C806T) (rs12248560)
Wild 13 (59) 20 (83) 33(72) 0.10
Mutant 9 (41) 4(17) 13 (28)
ABCBI (C3435T) (rs1045642)
Wild 8 (36) 7(29) 15 (33) 0.60
Mutant 14 (64) 17 (71) 31 (67)
PON1 (A575G) (rs662)
Wild 5 (23) 3(13) 8 (17) 0.45
Mutant 17 (77) 21 (87) 38 (83)
P2RY12(T744C) (rs2046934)
Wild 17 (77) 20 (83) 37 (80) 0.72
Mutant 5 (23) 4(17) 9 (20)
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Values are mean + SD or n (%). BMI, Body mass index; WBC, white blood cells; Hgb, hemoglobin; BUN: blood urea nitrogen. The alleles
CYP2C19%3and CYP2C19*4 were not observed in the study population. p-Values indicate significance of effects of genotype groups on the results
of comparisons between the cilostazol and non-cilostazol groups.
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Stepwise multiple regression analysis to determine the best predictors of platelet reactivity.

Table 2

Independent variables Coefficient  Standard error t p-Value
DM 44.41 16.94 2.62 0.01
Hct -4.27 -1.48 -2.89 0.01
Cilostazol -33.54 15.08 -2.22 0.03
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