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Abstract

Objective: The CYP2C19 loss-of-function (LoF) allele is present in half of the East Asian

population and is associated with high on-treatment platelet reactivity (HTPR). This study

aimed to investigate whether a rapid genotyping-guided approach is feasible and efficacious for

selecting P2Y12 receptor blockers in Chinese patients suffering from acute coronary syndrome

(ACS).

Methods: This was a single-centre, prospective, randomized, open-label study. A total of

132 patients with ACS were randomized to the rapid genotyping-guided treatment group (GG,

N¼ 65) or the standard treatment group (SG, N¼ 67). Patients in the GG group were genotyped

by the Verigene system. Patients with the CYP2C19 LoF allele were switched to ticagrelor and all

remaining patients continued on clopidogrel. The endpoints were HTPR at 24 hours after the first

loading dose of clopidogrel and 1 month afterwards.

Results: Forty patients in the GG group switched to ticagrelor, while others continued on

clopidogrel. The incidence of HTPR in the GG vs SG groups was 9.2% vs 40.3% at 24 hours and

6.5% vs 32.3% at 1 month, respectively. Rapid point-of-care genotyping showed 100% concordance

with conventional genotyping by real-time polymerase chain reaction.

Conclusions: In Chinese patients suffering from ACS, the rapid genotyping-guided approach for

selecting P2Y12 receptor blockers is feasible and reduces the incidence of HTPR.
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Introduction

P2Y12 receptor blockers are cornerstones
for management of acute coronary syn-
drome (ACS). Clopidogrel is used for treat-
ing ACS, but there is substantial evidence to
suggest its marked inter-individual variabil-
ity in response.1,2 Ticagrelor is another
P2Y12 receptor blocker, which has more
potent and consistent antiplatelet activity
than clopidogrel. Ticagrelor improves
cardiovascular mortality and all-cause
mortality at the expense of increased non-
procedural-related bleeding compared with
clopidogrel in patients with ACS.3,4 Despite
approval of ticagrelor as class I indication in
American and European guidelines,5–7 its
use in East Asian populations is still not
popular because of concerns of a high
propensity for bleeding complications.8,9

Cytochrome P450 (CYP) 2C19 poly-
morphism may partially explain the hetero-
geneity in clopidogrel response. The
CYP2C19 loss-of-function (LoF) allele is
associated with an increased risk of adverse
cardiovascular outcomes,10,11 particularly in
East Asian patients with ACS after percu-
taneous coronary intervention (PCI).12

While clopidogrel is commonly used in
East Asian patients with ACS, approxi-
mately 60% of them have CYP2C19 LoF
alleles13 and they have a high incidence
of high on-treatment platelet reactivity
(HTPR)14 and major adverse cardiovascular
events.15,16 Pharmacogenetics is an attract-
ive option for selecting East Asian patients
with a suboptimal response to clopidogrel
for potent antiplatelet agents without expos-
ing others to excessive bleeding risks and

treatment costs. Use of rapid genotyping
technology with a turnaround time of 2 to
4 hours is technically feasible, even in the
context of ACS. The RAPIDGENE study17

demonstrated that this approach signifi-
cantly reduced the incidence of HTPR in
patients taking clopidogrel.

This study aimed to investigate the feasi-
bility and efficacy of the rapid genotyping-
guided approach to select P2Y12 receptor
blockers in Chinese patients suffering from
ACS. We hypothesize that this strategy
reduces HTPR, which is an important sur-
rogate marker of cardiovascular mortality in
our patients.

Materials and methods

Study design and patients

This was a single-centre, prospective, rando-
mized, open-label study. From August 2013
to May 2015, consecutive patients who were
admitted for ACS and planned to have
treatment with P2Y12 receptor blockers
were eligible for the study. The diagnosis
of ACS included ST elevation myocardial
infarction (STEMI), non-ST elevation
myocardial infarction (NSTEMI), and
unstable angina according to the American
Heart Association/American College of
Cardiology criteria.6 Exclusion criteria
included exposure to P2Y12 receptor block-
ers in the previous 6 months; an active
bleeding disorder, chronic renal failure on
dialysis or planning for dialysis within
1 year; serious hepatic disease, contraindi-
cated or allergic to clopidogrel or ticagrelor;
a history of intracranial bleeding; and
women who were pregnant or who were of
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childbearing potential who did not use
adequate contraception. The study design
is shown in Figure 1. Enrolled patients were
randomized at a 1:1 ratio to the rapid
genotyping-guided treatment group (GG)
or standard treatment group (SG).
Randomization was performed using com-
puterized random number generation by an
independent investigator. All of the patients
were provided loading doses of clopidogrel
according to the clinical protocol as follows:
600mg for patients with STEMI undergoing

primary PCI, and 300mg for patients with
STEMI not undergoing primary PCI, those
with NSTEMI, and those with unstable
angina. For patients in the GG group,
blood was collected for rapid genotyping
(see below). As soon as the genotyping
results were available, which was usually in
2 to 4 hours, additional loading doses of
ticagrelor 180mg were administered to indi-
viduals with CYP2C19 LoF alleles *2/*3,
and they were then continued with ticagrelor
90mg twice daily. Individuals without

Figure 1. Study design.

Patients were provided loading doses of clopidogrel and then randomized into the genotyping-guided

treatment group or the standard treatment group. Patients in the genotyping-guided treatment group were

genotyped with the Verigene system and those with CYP2C19 LoF allele were switched to ticagrelor. All of

the patients in the standard treatment group continued on clopidogrel. Platelet reactivity was assessed at

24 hours after the first loading dose of clopidogrel and 1 month afterwards.
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CYP2C19 LoF alleles *2/*3 continued to
take clopidogrel 75mg daily. All of the
patients in the SG group continued to take
clopidogrel 75mg daily. Additionally, blood
was collected from all of the study patients
for conventional genotyping (see below) for
which results were available at the end of the
study. Subsequent clinical management was
left to the discretion of attending physicians.
Informed consent was obtained from each
patient. The study protocol conformed
to the ethical guidelines of the 1975
Declaration of Helsinki as reflected in a
priori approval by the institution’s human
research committee.

CYP2C19 genotyping

Rapid genotyping. For patients who were
randomized to the GG group, blood was
drawn for rapid genotyping by the Verigene
CYP2C19 system (Nanosphere,
Northbrook, IL). This system is an FDA
approved, microarray-based genotyping
assay for rapid detection of CYP2C19 poly-
morphisms from whole blood using nano-
particle probes. EDTA-anticoagulated
blood was loaded in Verigene test cartridges
and then transferred to the Verigene proces-
sor, which is a fully automated system for
genome extraction, preparation, and ana-
lysis.18,19 This system identified three of the
potential allelic variants as follows:
*2 (dbSNP: rs4244285), *3 (dbSNP:
rs4986893), and *17 (dbSNP: rs12248560)
of the CYP2C19 gene. The turnaround time
was approximately 2 to 4 hours. All of the
tests were performed by trained personnel
and accuracy was expected to be higher than
99%. All of the equipment was regularly
evaluated by qualified persons who used
appropriate quality control measures.

Conventional genotyping. A volume of 3ml of
blood was drawn into EDTA tubes and sent
for conventional genotyping. A commercial
LightMix multiplex real-time polymerase

chain reaction (PCR) and melting curve
analysis kit (TIB MOLBOL, Germany)
was carried out for analysis of the
CYP2C19*2 (dbSNP: rs4244285) and
CYP2C19*3 (dbSNP: rs4986893) alleles in
the genomic DNA samples using the Roche
LightCycler 480 instrument (LC480).
Melting curves were acquired by measuring
the fluorescence during the temperature
transition from 40�C to 85�C with a ramp
rate of 20�C/s after 20 seconds of the
denaturation step at 95�C. High-resolution
melting analysis of the CYP2C19*2 and
CYP2C19*3 alleles was performed on the
LC480 using a filter combination of 465–
510 nm and 498–640 nm, respectively. All
assays were conducted blindly without the
knowledge of platelet reactivity. For the
CYP2C19*17 (dbSNP: rs12248560) allele,
commercial LightSNiP real-time PCR and
the melting curve analysis kit (TIB
MOLBOL, Germany) were used. Melting
curves were acquired by measuring fluores-
cence during the temperature transition
from 40�C to 85�C after 30 seconds of the
denaturation step at 95�C. Positive DNA
controls, including wild type, mutant, and
heterozygous, as well as water as the nega-
tive control, were tested in each experiment.

We classified the CYP2C19 genotyping
results based on guidelines from the
Clinical Pharmacogenetics Implementation
Consortium (CPIC)20 into extensive metab-
olizers (*1/*1), intermediate metabolizers
(*1/*2, *1/*3), or poor metabolizers (*2/*2,
*2/*3, *3/*3). Evidence concerning the effect
of *17 on other LoF alleles is conflicting21,22

because of an inadequate compensatory
effect of gain-of-function allele and linkage
disequilibrium. Therefore, we classified the
combination of the presence of *17 and LoF
alleles into the IM group as in the CPIC
guidelines.

Study endpoint. The primary endpoint of the
study was platelet reactivity at 24 hours after
the first loading dose of clopidogrel.
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We assessed patients’ on-treatment platelet
reactivity by using the VerifyNow P2Y12
assay (Accumetrics, San Diego, CA, USA).
The VerifyNow P2Y12 assay is a point-of-
care, whole blood-based method used to
measure the magnitude of ADP-induced
platelet agglutination using 20 mmol/L
ADP to induce platelet activation. The
machine detects an optical signal and results
are expressed as P2Y12 reaction units
(PRU). The procedures were performed
according to the manufacturer’s instructions
by nursing staff who had no knowledge of
the patients’ genotype status. If a glycopro-
tein IIbIIIa antagonist (eptifibatide in our
institution) was used during the first 24
hours after randomization, the VerifyNow
P2Y12 assay was performed 48 hours after
cessation of drug infusion. We classified
patients with PRU> 208 as having HTPR,
which has been shown to correlate with
worse clinical outcomes.23,24

Sample size calculation and statistical

analysis. Based on our own experience and
previous data,14,25 the percentages of high
on-clopidogrel platelet reactivity in Chinese
patients with and without the CYP2C19
LoF allele are approximately 70% and 30%,
respectively. Additionally, the prevalence of
Chinese patients possessing at least one
CYP2C19 LoF allele is approximately
50%.14,16 For the GG group, the estimated
percentage of HTPR was 10%, and for the
SG group, it was 50%. Using a power of 0.9
and a two-sided 5% level of statistical
significance, the calculated sample size was
at least 26 patients per arm.

Continuous variables are reported as
mean� standard deviation (SD). Categori-
cal values are presented as absolute values or
percentages. Comparison of continuous
variables was performed by one-way
ANOVA, the Mann–Whitney U test, or
the independent-samples Kruskal–Wallis
test, depending on data distribution. The
Chi-square and Fisher’s exact tests were

used for comparison of categorical values
and calculation of Hardy–Weinberg equi-
librium. A two-sided P value of �0.05 was
considered statistically significant. All stat-
istical analyses were performed using SPSS
for Windows (version 19.0, SPSS Inc.,
Chicago, Illinois).

Results

A total of 330 patients were screened and
132 patients were enrolled into the study
(Figure 2). A total of 65 patients were
randomized to the GG group. In this
group, 40 patients possessed the CYP2C19
LoF allele and were switched to ticagrelor,
while the remaining 25 continued on clopido-
grel. A total of 67 patients were randomized
to the SG group and all of them continued to
receive clopidogrel. Eight patients stopped
receiving P2Y12 receptor blockers (Figure 2)
and were excluded from analysis at 1 month
of follow-up. Baseline clinical characteristics
are shown in Table 1 and they were compar-
able between both groups. Most patients
underwent PCI for treatment of ACS,
while some required coronary artery bypass
grafting (CABG) or received medical treat-
ment only.

Table 2 shows the genotyping results of
both groups of patients. There was 100%
concordance between rapid genotyping by
Verigene and conventional genotyping by
real-time PCR. The prevalence of CYP2C19
LoF alleles *2 and *3 were comparable
between both groups and they were in
Hardy–Weinberg equilibrium (Table 3).
Only one patient possessed the gain-of-
function allele *17.

The prevalence of HTPR (PRU> 208) at
24 hours and 1 month in the GG group was
significantly lower than that in the SG group
(P< 0.001; Table 4, Figure 3). At 1 month of
follow-up, one patient in the GG group had
recurrent NSTEMI. In the SG group,
one patient had recurrent NSTEMI and
one patient suffered from acute ischemic
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stroke. With regard to major bleeding com-
plications, one patient in the GG group
suffered from acute subarachnoid haemor-
rhage and another patient suffered from
acute gastrointestinal bleeding requiring
blood transfusion. One patient in the SG
group developed acute haemoptysis, which
required early termination of clopidogrel.

Discussion

Our study showed that rapid genotyping-
guided selection of a P2Y12 receptor blocker
in Chinese patients with ACS was able to
reduce HTPR. Rapid genotyping of
CYP2C19 polymorphism by the Verigene
system using whole blood was feasible at the
bedside and 100% concordant with conven-
tional genotyping by real-time PCR.

This finding is consistent with a previous
study17 that used another rapid genotyping
platform (Spartan RX CYP2C19; Spartan
Biosciences, Ottawa, ON, Canada). This
previous study also showed that personal-
ization of antiplatelet therapy by point-of-
care genotyping device is efficacious for
reducing HTPR. Our study is different in
that all patients were Chinese who suffered
from ACS and ticagrelor was used in
patients with CYP2C19 LoF alleles instead
of prasugrel.

Ticagrelor is a potent P2Y12 receptor
blocker with superior anti-platelet effects
over clopidogrel. In our study, all patients
who were taking ticagrelor did not show
HTPR. Indeed, the latest American and
European guidelines5–7 recommend using
ticagrelor over clopidogrel in patients with

Figure 2. Study patients.
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ACS. However, universal use of ticagrelor
may increase the risk of non-procedural
related major bleeding.4,26 A personalized
approach for selecting appropriate drugs for
appropriate patients may be of interest for
selected populations, such as East Asian
patients. Clinical experience suggests differ-
ences in thrombogenicity and haemostasis
between races. East Asians are thought to
have a higher risk of bleeding after exposure

to anticoagulants and antiplatelet
agents.9,27–29 These differences may partly
explain the reluctance of physicians in East
Asia to universally switch to novel P2Y12
receptor blockers for all East Asian patients
suffering from ACS. Particularly for the
current approved dose of ticagrelor in
patients with ACS, the drug and exposure
to its major active metabolite are signifi-
cantly higher in East Asian patients than in

Table 1. Baseline characteristics of the patients.

Genotyping-guided

N¼ 65

Standard treatment

N¼ 67 P value

Age, y (mean� standard deviation) 61.6� 11.8 60.3� 12.2 0.78

Male sex (%) 51 (78.5) 55 (82.1) 0.60

Body weight in kg (mean) 67.8� 9.2 69.6� 10.4 0.22

Hypertension (%) 38 (58.5) 34 (50.7) 0.37

Diabetes mellitus (%) 20 (30.8) 16 (23.9) 0.36

Hyperlipidemia (%) 15 (23.1) 11 (16.4) 0.34

Diagnosis (%) 0.78

STEMI 34 (52.3) 36 (53.7)

NSTEMI 27 (41.5) 25 (37.3)

UA 4 (6.2) 6 (9.0)

P2Y12 receptor blockers (%)

Clopidogrel 25 (38.5) 67 (100)

Ticagrelor 40 (61.5)

Aspirin (%) 64 (98.5) 66 (98.5) 0.98

ACEI/ARB (%) 30 (46.2) 31 (46.3) 0.98

Beta-blockers (%) 37 (56.9) 37 (55.2) 0.59

Ca channel blockers (%) 6 (9.2) 8 (11.9) 0.61

PPI (%) 58 (89.2) 59 (88.1) 0.83

Statin (%) 62 (95.4) 65 (97.0) 0.62

GPIIbIIIa (%) 1 (1.5) 6 (9.0) 0.12

PCI (%) 52 (80) 49 (73.1) 0.35

Infarct-related artery 52 (80) 49 (73.1) 0.56

LM (%) 0 (0) 1 (2.0)

RCA (%) 20 (38.5) 14 (28.6)

LAD (%) 25 (48.1) 27 (55.1)

LCX (%) 7 (13.5) 7 (14.3)

Time from clopidogrel loading

to PCI in patients with

STEMI and primary PCI (h)

0.73� 1.24 0.24� 0.44 0.29

CABG (%) 2 (3.1) 3 (4.5) 0.36

STEMI, STelevation myocardial infarction; NSTEMI, non-STelevation myocardial infarction; UA, unstable angina; ACEI/ARB,

Angiotensin converting enzyme inhibitor/Angiotensin receptor blocker; PPI, proton pump inhibitor; PCI, percutanous

coronary intervention; LM, left main; RCA, right coronary artery; LAD, left anterior descending; LCX, left circumflex;

CABG, coronary artery bypass grafting.
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White patients.30,31 This correlates with the
higher level of platelet inhibition during
ticagrelor treatment in East Asian individ-
uals than in White individuals.31 The
PHILO study32 showed that East Asian
subjects taking ticagrelor have a higher
rate of major bleeding than those taking
clopidogrel (PLATO major bleeding: 10.3%
vs 6.8%, non-CABG major bleeding: 8.3%

vs 5.8%).4 This finding suggests that pre-
scribing potent antiplatelet agents non-selec-
tively to East Asians patients is potentially
harmful. The prevalence of the CYP2C19
LoF allele in the East Asian population is
greater than 50%, as shown in current study.
A recent meta-analysis12 demonstrated that
the correlation between the CYP2C19 LoF
allele and major cardiovascular outcome in

Table 2. Genotyping results and metabolizer status.

CYP2C19 Rapid

genotyping

(Verigene)

Genotype

guided

N¼ 65

CYP2C19

genotyping

(PCR)

Genotype

guided

N¼ 65

Standard

treatment

N¼ 67

CYP2C19*2 CYP2C19*2

GG (*1/*1) 31 GG (*1/*1) 31 36

GA (*1/*2) 30 GA (*1/*2) 30 25

AA (*2/*2) 4 AA (*2/*2) 4 6

CYP2C19*3 CYP2C19*3

GG (*1/*1) 56 GG (*1/*1) 56 61

GA (*1/*3) 9 GA (*1/*3) 9 6

AA (*3/*3) 0 AA (*3/*3) 0 0

CYP2C19*17 CYP2C19*17

CC (*1/*1) 65 CC (*1/*1) 65 66

CT (*1/*17) 0 CT (*1/*17) 0 1

TT (*17/*17) 0 TT (*17/*17) 0 0

Metabolizer status

Ultra-rapid (UM)/Extensive (EM) 25 (39%) 32 (48%)

Intermediate (IM) 33 (50%) 27 (40%)

Poor (PM) 7 (11%) 8 (12%)

Table 3. Allelic frequency.

Genotype of a single

nucleotide polymorphism N

Minor allelic

frequency

Hardy–Weinberg

equilibrium P value

CYP2C19*2 (rs 4244285)

GG (*1/*1) 67 28% 0.780

GA (*1/*2) 55

AA (*2/*2) 10

CYP2C19*3 (rs 4986893)

GG (*1/*1) 117 6% 0.489

GA (*1/*3) 15

AA (*3/*3) 0
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patients with ACS taking clopidogrel is
stronger in East Asians than in other ethnic
groups. Therefore, a pharmacogenetic
approach of selecting P2Y12 receptor block-
ers in East Asians suffering fromACS appears
to be attractive. Furthermore, clopidogrel is
already available as a generic drug. Therefore,
from a resource allocation perspective, using
novel antiplatelet agents in selected individ-
uals, especially in locations with financial
constraints, appears to be reasonable.

CYP2C19 polymorphism is closely asso-
ciated with a suboptimal response to clopi-
dogrel and major cardiovascular outcomes
in patients with ACS taking clopidogrel.10,11

However, a minority of patients without
CYP2C19*2 and *3 may still have HTPR.
There are other genetic determinants of
clopidogrel metabolism, such as rare single
nucleotide polymorphisms of the CYP2C19
gene,20 ABCB1,33,34 PON-1,35 and CES-1.36

However, their clinical significance has not
been consistently replicated. Additionally,

non-genetic factors, such as age, body mass
index, renal function, and diabetes,11,37 also
account for the clopidogrel response.
Therefore, measuring the phenotype of
platelet reactivity may be more comprehen-
sive. Nevertheless, platelet reactivity in the
setting of ACS has a large temporal fluctu-
ation. Advantages of the pharmacogenetic
approach are that genotype information is
constant and individuals’ responses to clo-
pidogrel can be predicted with reasonable
confidence, even before patients take the
drug. With the use of rapid genotyping
technology, this is particularly beneficial
during ACS because the patients can be
stratified early to receive the appropriate
drug. Adopting a global risk algorithm
incorporating the CYP2C19 genotype and
clinical profile, such as the PREDICT
score38 (age, reduced ejection fraction,
renal failure, diabetes, ACS), could be a
useful approach of personalizing antiplatelet
therapy. However, during the acute phase of

Table 4. On-treatment platelet reactivity.

Genotyping-guided Standard treatment P value

HTPR (PRU> 208) at 24 hours 6/65 (9.2%) 27/67 (40.3%) <0.001

HTPR (PRU> 208) at 1 month 4/62 (6.5%) 20/62 (32.3%) <0.001

Mean PRU at 24 hours 72.4� 85.1 169.8� 87.5 <0.001

Mean PRU at 1 month 80.0� 73.9 166.9� 74.4 <0.001

Metabolizer status

Ultra-rapid/extensive

HTPR (PRU> 208) at 24 hours 6/25 (24%) 10/32 (31.3%)

HTPR (PRU> 208) at 1 month 4/25 (16%) 5/28 (17.9%)

Mean PRU at 24 hours 139.2� 95.5 148.63� 93.4

Mean PRU at 1 month 129.4� 81.0 138.4� 80.4

Moderate

HTPR (PRU> 208) at 24 hours 0/33 (0%) 12/27 (44.4%)

HTPR (PRU> 208) at 1 month 0/31 (0%) 10/27 (37%)

Mean PRU at 24 hours 25.1� 32.2 183.0� 82.4

Mean PRU at 1 month 43.5� 43.5 180.9� 61.1

Slow

HTPR (PRU> 208) at 24 hours 0/7 (0%) 5/8 (62.5%)

HTPR (PRU> 208) at 1 month 0/6 (0%) 5/7 (71.4%)

Mean PRU at 24 hours 43.8� 38.9 209.4� 62.0

Mean PRU at 1 month 62.5� 52.4 226.7� 47.0
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STEMI, approximately 40% and 60% of
patients demonstrate HTPR 2 hours after
ticagrelor 180mg loading39 and clopidogrel
600mg loading,40 respectively. Therefore,
our pharmacogenetic approach does not
appear to be able to overcome the issue of
delayed onset of action of antiplatelets in the
first few hours of STEMI.

One major limitation of the current study
is the use of a surrogate marker to assess
outcome. Although HTPR, as measured by
the VerifyNow P2Y12 assay, has been
proven to correlate with major cardiovascu-
lar events,41 studies that aimed to reduce
HTPR have failed to improve clinical out-
comes.42,43 The limited sample size of our
single-centre study precluded analysis of
clinical endpoints, which are much more
meaningful. However, the ongoing multi-
centre Tailored Antiplatelet Therapy fol-
lowing PCI study will be able to provide

more concrete evidence toward the clinical
efficacy of a pharmacogenetic approach of
selecting P2Y12 receptor blockers.
Nonetheless, the current study suggests the
feasibility of using a point-of-care rapid
genotyping platform to guide the use of
P2Y12 receptor blockers in patients of
Chinese ethnicity with ACS who are thought
to derive more benefit than universally using
novel, potent antiplatelet agents. Another
limitation is that we only used the
VerifyNow P2Y12 assay. Therefore, our
pharmacodynamics data may be less repre-
sentative than using multiple platelet func-
tion assays.

Conclusion

In Chinese patients suffering from ACS, the
rapid genotyping-guided approach of select-
ing P2Y12 receptor blockers is feasible and

Figure 3. On-treatment platelet reactivity at 24 hours and 1 month.

The red line denotes patients with clinical events. Patient 1 suffered from subarachnoid haemorrhage. Patient

2 suffered from recurrent NSTEMI and acute upper gastrointestinal bleeding, which required intervention.

Patient 3 had recurrent NSTEMI and patient 4 suffered from acute ischemic stroke.
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efficacious for reducing HTPR compared
with the conventional approach. Further
studies are required to investigate whether
our approach can translate into a superior
clinical outcome.
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