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Background/Aims: Newer P2Y,, inhibitors, such as prasugrel and ticagrelor, have
greater antiplatelet efficacy but may increase the risk of bleeding. In this study,
we compared the pharmacodynamic efficacy of prasugrel and ticagrelor in East
Asian patients with acute coronary syndrome (ACS).

Methods: We selected 83 ACS patients undergoing percutaneous coronary inter-
vention who were discharged with 9o mg ticagrelor twice daily (n = 24), 10 mg
prasugrel daily (n = 39) or 5 mg prasugrel daily (n = 20). After 2 to 4 weeks, on-
treatment platelet reactivity (OPR) was assessed in terms of P2Y,, reaction units
(PRUs) using the VerifyNow P2Y,, assay (Accumetrics). We compared East Asian (85
< PRU <= 275) and Caucasian (85 < PRU = 208) criteria for assessing the therapeutic
window of OPR.

Results: OPR was lowest in the ticagrelor group, followed by the 10 mg prasugrel
and 5 mg prasugrel groups (49.1 + 29.9 vs. 83.7 + 57.1 vs. 168.5 + 60.8, respectively;
p < o.001). The 5 mg prasugrel group had the highest proportion of patients with
OPR values within the therapeutic window, followed by the 10 mg prasugrel and
ticagrelor groups (90.0% vs. 46.2% vs. 12.5%, respectively; p < 0.001 for East Asian
criteria; 60.0% vs. 43.6% vs. 12.5%, respectively; p < 0.001 for Caucasian criteria).
Conclusions: Short-term administration of 5 mg prasugrel facilitated mainte-
nance within the therapeutic window of OPR compared with the 10 mg prasugrel
and ticagrelor groups. Thus, 5 mg prasugrel daily may be the optimal antiplatelet
regimen for stabilized East Asian ACS patients.
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INTRODUCTION

these agents have been associated with higher bleeding
rates [3,4] and increased response in East Asian patients

Newer P2Y | inhibitors, such as prasugrel and ticagrelor,
have greater antiplatelet efficacy than clopidogrel [1,2].
Recent randomized control trials have shown that fewer
ischemic events occur in acute coronary syndrome (ACS)
patients treated with these newer P2Y , inhibitors com-
pared to patients treated with clopidogrel. However,
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[5,6], raising concern over potential bleeding complica-
tions in this population. In particular, excess bleeding
complications have occurred during the maintenance
phase [7,8]. Tt is thus necessary to reconsider the safety
and efficacy of prolonged administration of such potent
antiplatelet agents, especially in East Asian patients who
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may be more vulnerable to bleeding complications.

The point-of-care VerifyNow P2Y , test (Accumetrics,
San Diego, CA, USA) is commonly used to assess residu-
al platelet reactivity following administration of a P2Y ,
inhibitor. Many studies have demonstrated its clinical
utility for the prediction of future ischemic and bleed-
ing events in coronary artery disease patients receiving
P2Y , inhibitors following percutaneous coronary inter-
vention (PCI)[9-11]. The international working group on
on-treatment platelet reactivity (OPR) has proposed the
following classification based on P2Y , reaction units
(PRUs): low on-treatment platelet reactivity (LPR), PRU
=< 85; high on-treatment platelet reactivity (HPR), 208 <
PRU; and OPR within the therapeutic window, 85 < PRU
=< 208 [12]. However, the therapeutic window may vary
according to ethnicity, elapsed time and clinical setting,
as well as the presence of ACS [11,13,14]. Cut-off HPR
values for the prediction of adverse cardiac events are
consistently higher in East Asian samples (PRU = 275)
compared with Caucasian samples (PRU = 208 to 240)
[13,15-17]. Moreover, limited data are available describing
the effects of newer P2Y , inhibitors on platelet reactiv-
ity in the Korean population. To maximize drug efficacy
and avoid potential bleeding risks, we need to assess
and manage the antiplatelet efficacy of these agents, es-
pecially during the maintenance period in patients who
present with ACS. Therefore, we evaluated the pharma-
codynamic efficacy of 9o mg ticagrelor twice daily, 10 mg
prasugrel daily (one a day) or 5 mg prasugrel daily (one a
day) on platelet reactivity using the VerifyNow P2Y , as-
say in stabilized ACS patients who underwent PCL

METHODS

Study sample

This retrospective pilot study enrolled all eligible pa-
tients who presented to our institution with ACS, un-
derwent PCI with drug-eluting stents, and were dis-
charged with ticagrelor or prasugrel between February
2013 and March 2014 (Fig. 1). Ticagrelor and prasugrel
were not used in patients with bradyarrhythmia, history
of transient ischemic or cerebrovascular attacks, platelet
counts < 150,000/mL, or hematocrit < 30% [3,4). Prasug-
rel is also contraindicated in patients with body weight
< 60 kg and age = 75 years. Other exclusion criteria were:

http://dx.doi.org/10.3904/kjim.2015.30.5.620

KJIM™

2013 February—2014 March
90 Patients who discharged with ticagrelor or prasugrel after PCI
(Ticagrelor 180 mg, 30; Prasugrel 10 mg, 39; Prasugrel 5 mg, 21)

Exclusion
Ticagrelor: 3 Switched to clopidogrel due to dyspnea
1 Switched to clopidogrel due to petechia
1 Switched to clopidogrel due to nasal bleeding
1 Switched to clopidogrel due to generalized rash
Prasugrel 5 mg: 1 traumatic SAH

n=28
[ Ticagrelor 180 mg, 24; Prasugrel 10 mg, 39; Prasugrel 5 mg, 20 ]

Figure 1. Selection of the study population. PCI, percutane-
ous coronary intervention; SAH, subarachnoid hemorrhage.

contraindications to antiplatelet therapy, severe left ven-
tricular dysfunction (ejection fraction < 30%), neoplastic
disease, and creatinine clearance rate < 30 mL/min. As
this study included all eligible patients, a sample size
calculation was not performed. Patients on oral antico-
agulants or other antiplatelet agents such as cilostazol
were also excluded.

Clinical, laboratory and angiographic data were col-
lected from go Korean patients. Among these patients,
six switched from ticagrelor to clopidogrel due to dys-
pnea (three patients), generalized petechiae (one pa-
tient), nasal bleeding (one patient), or generalized rash
(one patient) before being tested with the VerifyNow
assay. One additional patient could not continue 5 mg
prasugrel due to a traumatic subarachnoid hemorrhage.
The final analysis included 83 eligible patients. The In-
stitutional Review Board at Wonju Severance Christian
Hospital approved this retrospective study and waived
the requirement for informed consent (CR314008).

Antithrombotic regimen

All patients received 300 mg aspirin and either 180 mg
ticagrelor or 60 mg prasugrel before arriving at the car-
diac catheterization laboratory. A bolus of unfraction-
ated heparin (70 U/kg) was administered immediately
before coronary angiography through the introducer
sheath. A second bolus of unfractionated heparin (70 U/
kg) was delivered immediately prior to PCI, and addi-
tional heparin was administered to achieve an activated
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clotting time of 250 to 300 seconds. Aspirin was contin-
ued at a dose of 100 mg daily indefinitely following PCI.
P2Y , inhibitors were continued for 1 year after PCI at
a dose of 9o mg ticagrelor twice daily, 10 mg prasugrel
daily or 5 mg prasugrel daily. The selection of P2Y , in-
hibitors depended on physician preference. Intravenous
or intracoronary glycoprotein ITb/IIIa inhibitor was also
administered at the discretion of the treating physician
during PCI.

Measurement of residual platelet reactivity

OPR was assessed using the VerifyNow P2Y , assay (Ac-
cumetrics). Blood samples were obtained within 2 to 4
weeks after discharge (23.2 + 7.3 days). Each sample was
placed in a tube containing 3.2% citrate, and the PRU val-
ue was assessed within 2 hours, as previously described
[18]. We used two different criteria to define therapeutic
windows according to PRU values. The East Asian thera-
peutic window was defined as 85 < PRU = 275, according
to data from Korean observational studies [13,15-17]. The
Caucasian therapeutic window was defined as 85 < PRU
< 208, according to observational studies from Western
countries [12]. HPR was defined by the PRU above the
upper limits of each therapeutic window, and LPR was
defined by the PRU below the lower limits of the win-
dow. The primary endpoint was the OPR measured by
the VerifyNow assay, and the secondary endpoint was
the proportion of patients within the therapeutic win-
dow of OPR.

Statistics

All continuous variables are presented as the mean +
SD and were analyzed using Student ¢ test or one-way
analysis of variance (ANOVA). Categorical variables are
presented as frequencies (percentage) and were analyzed
using the chi-square test or Fisher exact test. Post hoc
analyses were performed for parameters with p < 0.0s.
PRU values in the 180 mg ticagrelor, 10 mg prasugrel,
and 5 mg prasugrel groups were compared using ANO-
VA. Proportions of patients with HPR, LPR, and OPR
within the therapeutic window were compared using
the chi-square test or Fisher exact test. Statistical sig-
nificance was defined as p < 0.05. All analyses were per-
formed with the SPSS version 20.0 (IBM Co., Armonk,
NY, USA).
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RESULTS

Baseline characteristics

Baseline characteristics according to type of P2Y , in-
hibitor are summarized in Table 1. Age, body mass
index, and history of diabetes mellitus, hypertension,
hyperlipidemia, and smoking did not differ signifi-
cantly between the three treatment groups. The highest
proportion of male patients was observed in the 10 mg
prasugrel group, followed by the 5 mg prasugrel and ti-
cagrelor groups (92.3% vs. 90.0% vs. 62.5%, respectively;
p = 0.006). The prevalence of acute myocardial infarc-
tion (MI) was the highest in the 10 mg prasugrel group,
followed by the 5 mg prasugrel and ticagrelor groups
(94.8% vs. 80.0% vs. 33.3%, respectively; p < 0.001).

On-treatment platelet reactivity

The mean period for conducting the VerifyNow assay
after discharge was shorter in the 10 mg prasugrel group
(17.8 % 5.5 days) than in the 180 mg ticagrelor (30.0 + 2.7
days) and 5 mg prasugrel (25.6 + 5.8 days) groups. A scat-
terplot of PRU values according to the different regi-
mens is shown in Fig. 2. The mean OPR was the highest
(b < 0.001) in the 5 mg prasugrel group (168.5 + 60.8), fol-
lowed by the 10 mg prasugrel (83.7 + 57.1) and 180 ticagre-
lor (49.1 + 29.9) groups. A post hoc analysis showed that the
OPR values were significantly different in all groups (p
< 0.05). When applying the East Asian criteria for defin-
ing the therapeutic window, the proportion of patients
within the therapeutic window range was the highest in
the 5 mg prasugrel group (90.0%), followed by theio mg
prasugrel (46.2%) and 180 mg ticagrelor groups (12.5%, p
< 0.001) (Fig. 3). The majority of patients in the ticagrelor
group had LPR (87.5%), whereas only a minority of pa-
tients in the 5 mg prasugrel group had LPR (10.0%). HPR
was not noted in any group. When the Caucasian criteria
for defining the therapeutic window were applied, the
proportion of patients within the therapeutic window
was also the highest in the 5 mg prasugrel group (60.0%),
followed by the 10 mg prasugrel (43.6%) and ticagrelor
groups (12.5%, p < 0.001) (Fig. 4). The proportion of HRP
was 30% in the 5 mg prasugrel group, while the HPR was
noted as 2.5% and 0% in 10 mg prasugrel and ticagrelor
groups, respectively.
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Table 1. Baseline characteristics of study participants
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All

Ticagrelor 180 mg Prasugrel 10 mg Prasugrel 5 mg

Characteristic (n=83) (n = 24) (n =30) (n = 20) pvalue
Age, yr 57.9 £ 10.1 60.1+103 56.5+ 9.5 58.0+11.0 0392
Male sex 69 (83.1) 15 (62.5) 36 (92.3) 18 (90.0) 0.006
Height, cm 165.7+ 8.6 1613+9.8 169.2 + 6.0 163.9 + 8.8 0.001
Weight, kg 68.8 +11.1 65.5+12.4 71.8 £ 9.6 66.9 £11.3 0.063
Body mass index, kg/m? 24.9+2.5 25.0+2.8 25.0% 2.4 247 %25 0.909
Systolic blood pressure, mmHg 130.8 £20.5 137.1 £ 15.7 129.3 £20.9 126.1 £ 23.6 0.164
Diastolic blood pressure, mmHg 76.5 £ 14.2 80.3+15.6 75.5 +14.6 74.0 £11.6 0.298
Heart rate, bpm 74.9 £ 14.0 76.1 £ 11.7 73.8 £14.2 75.5+16.4 0.797
Diagnosis < 0.001
Unstable angina 22 (26.5) 16 (66.7) 2(5.1) 4(20.0)
Acute myocardial infarction 61(73.5 8(333) 37(94-2) 16 (80.0)
Past history
Hypertension 31(37.3) 12 (50.0) 12 (30.8) 7(35.0) 0.300
Diabetes 18 (21.7) 6 (25.0) 10 (25.6) 2 (10.0) 0.346
Hyperlipidemia 11 (13.3) 4(16.7) 3(7.7) 4(20.0) 0.353
Currently smoking 43 (51.8) 8(33.3) 23 (59.0) 12 (60.0) 0.099
Prior myocardial infarction 2(2.4) 1(4.2) 1(2.6) o 0.666
LVEF, % 55.8 £10.9 61.2 +10.0 52.1+11.1 56.5+ 8.8 0.004
Culprit lesion 0.133
Left main 1(1.2) 1(4.2) o o
LAD 40 (48.2) 10 (41.7) 22.(56.4) 8 (40.0)
LCX 12 (14.5) 3 (12.5) 8 (20.5) 1(5.0)
RCA 30(36.1) 10 (41.7) 9(23.1) 11 (55.0)
Disease extent 0.117
1VD 41(49.4) 15 (62.5) 19 (48.7) 7(35.0)
2VD 32 (38.6) 9(375) 15 (38.5) 8 (40.0)
3VD 10 (12.0) o 5(12.8) 5(25.5)
Stents used 1.4+0.8 1.8+ 0.9 13+0.8 1.2+ 0.6 0.029
Stent diameter, mm 3.2+0.7 33+0.6 3.1+0.7 3.1+0.9 0.776
Stent length, mm 32.6 £19.0 40.5+22.5 30.9 £17.3 25.9 +13.8 0.031
Discharge medication
ACFior ARB 54 (65.1) 19 (79.2) 25 (64.1) 10 (50.0) 0.128
p-Blocker 68 (81.9) 13 (54.2) 36 (92.3) 19 (95.0) <0.001
CCB 4(4.8) 3 (12.5) o 1(5.0) 0.080
Statin 23(95.8) 23(95.8) 39 (100.0) 19 (95.0) 0397
Periods for PFT, day 23.1+73 30.0 £2.7 17.8 5.5 25.6 £5.8 < 0.001

Values are presented as mean + SD or number (%).
bpm, beats per minute; LVEF, left ventricular ejection fraction; LAD, left anterior descending artery; LCX, left circumflex ar-
tery; RCA, right coronary artery; VD, vessel disease; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin recep-
tor blocker; CCB, calcium channel blocker; PFT, platelet function test.
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Figure 2. Scatterplot of platelet reactivity unit values
grouped by antiplatelet agent. Arrows represent the means
and bars represent 95% confidence intervals.
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Figure 3. Proportion of the therapeutic window grouped by
antiplatelet agent based on East Asian criteria (85 < platelet
reactivity unit [PRU] = 275). LPR, low on-treatment platelet
reactivity.
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Figure 4. Proportion of the therapeutic window grouped by
antiplatelet agent based on Caucasian criteria (85 < platelet
reactivity unit [PRU] < 208). HPR, high on-treatment platelet
reactivity; LPR, low on-treatment platelet reactivity.

DISCUSSION

The study described herein demonstrates the antiplate-
let efficacy of 5 or 10 mg daily prasugrel and 9o mg twice
daily ticagrelor in Korean patients with ACS. Our main
findings suggest that commonly used doses of ticagre-
lor and prasugrel excessively inhibit platelet activation,
leading to LPR in Korean patients. The highest pro-
portion of patients within the therapeutic window was
found in those patients taking 5 mg prasugrel based on
East Asian and Caucasian criteria. This suggests that
daily administration of 5 mg prasugrel may optimally
inhibit platelet reactivity in East Asian patients stabi-
lized after ACS.

HPR is a risk factor for post-PCI stent thrombosis
and MI [10,12]. This association is more prominent in
patients with ACS compared to those with stable coro-
nary artery disease [13,14,19,20]. Prasugrel and ticagrelor
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have emerged as alternatives to clopidogrel for resolv-
ing HPR [21]. Their anti-ischemic efficacy with respect
to reducing MI, death and stent thrombosis was dem-
onstrated in the TRial to Assess Improvement in Thera-
peutic Outcomes by Optimizing Platelet InhibitioN
with Prasugrel-Thrombolysis In Myocardial Infarction
(TRITON-TIMI 38) and PLATelet inhibition and pa-
tient Outcomes (PLATO) trials [3,4]. Thus, European PCI
guidelines recommend prasugrel and ticagrelor over
clopidogrel as first-line antiplatelet agents in ACS pa-
tients [22,23]. However, these trials were conducted pri-
marily in patients of European descent with very few East
Asian patients in the cohorts (< 5% in PLATO and <1%
in TRITON-TIMI 38) [3,4,24]. Thus, there may be limita-
tions to generalizing these results to East Asian patients.
In a randomized controlled trial of Japanese patients,
a dose of 3.75 mg prasugrel was associated with a lower
incidence of ischemic events compared to clopidogrel
(9.4% vs. 11.8%, respectively; p > 0.05), despite a similar
risk of major bleeding [25]. Although these results were
not statistically significant, they should be interpreted
with caution since doses of prasugrel representing one-
third of the conventional dose demonstrated inferior ef-
ficacy and safety compared to clopidogrel.

LPR has also been associated with increased bleeding
complications [10,11]. Campo et al. [11] suggested a cut-
off PRU value of < 85 for predicting bleeding episodes.
In the present study, 87.5% of patients in the ticagrelor
group and 53.8% in the 10 mg prasugrel group had LPR
compared to 10% patients in the 5 mg prasugrel group
with LPR. Ischemic, as well as hemorrhagic complica-
tions are strongly associated with all-cause mortality fol-
lowing PCI [10,26]. Premature termination of antiplate-
let therapy and platelet activation by blood transfusion
are potential causes for higher mortality risk [12]. Thus,
clinicians must pay careful attention when initiating
prolonged antiplatelet therapy with conventional dos-
ages of these potent P2Y , inhibitors, particularly in East
Asian patients. In the present study, most patients were
switched from prasugrel or ticagrelor to clopidogrel fol-
lowing the platelet function tests. No adverse ischemic
or bleeding events occurred during the period from dis-
charge to platelet function testing.

Despite the high prevalence of CYP2C19 polymor-
phisms and HPR in East Asians, the incidence of isch-
emic events is paradoxically lower in this population

http://dx.doi.org/10.3904/kjim.2015.30.5.620
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compared to patients of European descent [27]. We
hypothesize that this may be due to a reduced contri-
bution of HPR in the occurrence of ischemic events
in East Asian patients compared to those of European
descent. Several factors also contribute to the develop-
ment of adverse cardiac events following PCI, including
underlying risk factors, inflammation and coagulation
[28-30]. Lower levels of the inflammatory marker C-re-
active protein in East Asians have been observed [31], and
patients of Asians/Pacific Islander descent have a 70%
reduction in the prevalence of venous thromboembo-
lism compared to Europeans [32]. Moreover, bleeding
events occur more frequently in East Asian patients
treated with warfarin [33] or clopidogrel [34]. This low
thrombogeneity could partly explain the low incidence
of ischemic events in East Asian patients. Population-
based, personalized antithrombotic therapy is necessary
to achieve a balance between the reduction in ischemic
events and excessive bleeding [35]. When we considered
the decreased risk of thrombotic events and increased
risk of bleeding in East Asian patients, we found that 5
mg prasugrel, rather than 9o mg ticagrelor twice daily or
10 mg prasugrel daily, was more appropriate for Korean
patients with ACS to reach the therapeutic window of
OPR during maintenance periods.

The present study has several limitations. First, it
was performed retrospectively in a single center with
a small study sample, and the selection of antiplatelet
agents was dependent upon the operator. We thus had
to minimize the exclusion of patients rather than per-
form propensity matching for the adjustment of covari-
ates. As a result, selection bias may affect our findings
and careful interpretation is required. Second, prasugrel
is contraindicated in patients with a body weight < 60
kg and age = 75 years, leading to a higher proportion of
males in the prasugrel group. Third, HPR is not likely
a stable phenomenon, and intra-individual variability
in PRU has been noted previously [11]. Therefore, single
measurements of PRU cannot ensure steady state plate-
let reactivity. Fourth, the median follow-up period for
the VerifyNow assay was shorter in the 10 mg prasugrel
group than in the other groups. However, a period of
2 to 4 weeks may be sufficient to show stabilized plate-
let reactivity in patients with ACS [36]. Fifth, the cut-off
value for LPR and the prognostic impact of LPR has not
been evaluated in the Korean population, and thus we
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used the Caucasian cut-off value of LPR to define the
therapeutic window. The clinical impact of LPR should
be evaluated through a large-scale observational study
in East Asian populations. Finally, we tested platelet re-
activity only using the VerifyNow P2Y , assay, which is a
well-validated test for the measurement of platelet reac-
tivity and widely used around the world [12].

In conclusion, the recommended doses of prasugrel
(10 mg daily) and ticagrelor (9o mg twice daily) for re-
ducing platelet reactivity in patients of European de-
scent may be excessive for Korean patients, resulting
in increased risk of bleeding. Therefore, 5 mg prasugrel
daily could be the most appropriate regimen to prevent
increased bleeding risk and maintain antiplatelet effi-
cacy in Korean patients during the maintenance phase.
Further randomized controlled trials powered for clini-
cal and safety outcomes are warranted to test this hy-
pothesis.

KEY MESSAGE

1. In East Asian populations, conventional dosages
of prasugrel (10 mg daily) and ticagrelor (9o mg
twice daily) excessively inhibit platelet reactivity.

2. A daily dose of 5 mg prasugrel may be the opti-
mum regimen for East Asian patients with acute
coronary syndrome during the maintenance
period.
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