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ABSTRACT

Introduction Antiplatelet therapy combining aspirin
and clopidogrel is considered to be a key intervention
for acute ischaemic minor stroke (AIMS) and transient
ischaemic attack (TIA). However, the interindividual
variability in response to clopidogrel resulting from

the polymorphisms in clopidogrel metabolism-related
genes has greatly limited its efficacy. To date, there

are no reports on individualised antiplatelet therapy

for AIMS and TIA based on the genetic testing and
clinical features. Therefore, we conduct this randomised
controlled trial to validate the hypothesis that the
individualised antiplatelet therapy selected on the
basis of a combination of genetic information and
clinical features would lead to better clinical outcomes
compared with the standard care based only on clinical
features in patients with AIMS or TIA.

Methods and analysis This trial will recruit 2382
patients with AIMS or TIA who meet eligibility criteria.
Patients are randomly assigned in a 1:1 ratio to
pharmacogenetic group and standard group. Both
groups receive a loading dose of 300 mg aspirin and
300 mg clopidogrel on day 1, followed by 100 mg aspirin
per day on days 2—-365. The P2Y12 receptor antagonist
is selected by the clinician according to the genetic
information and clinical features for pharmacogenetic
group and clinical features for the standard group

on days 2-21. The primary efficacy endpoint is a

new stroke event (ischaemic or haemorrhagic) that
happens within 1year. The secondary efficacy endpoint
is analysed as the individual or composite outcomes

of the new clinical vascular event (ischaemic stroke,
haemorrhagic stroke, myocardial infarction or vascular
death). Baseline characteristics and outcomes after
treatment will be evaluated.

Ethics and dissemination This protocol has been
approved by the ethics committee of Yangpu Hospital,

Tongji University School of Medicine (No. LL-2018-KY-012).

We will submit the results of this trial for publication in a
peer-reviewed journal.

Trial registration number ChiCTR1800019911; Pre-
results.

Strengths and limitations of this study

» This is a study to assess the efficacy and safety of
individualised antiplatelet therapy selected on the
basis of a combination of genetic information and
a patient’s clinical features in patients with acute
ischaemic minor stroke (AIMS) or transient isch-
aemic attack (TIA).

» The results from this randomised controlled trial will
provide new evidence of the efficacy of individual-
ised antiplatelet therapy on the basis of genetic in-
formation for AIMS or TIA.

» This study will help clinicians predict and estimate
the risk of clopidogrel resistance in patients with
AIMS or TIA, and then take corresponding measures
to reduce the risk of stroke recurrence.

» The study is mainly focused on the CYP2C19 geno-
type (*2, *3 and *17 alleles), which might neglect the
potential impact of other alleles.

» The trial implementation is not multicentred and
only Chinese population are included, which might
limit its generalisability.

INTRODUCTION
Acute ischaemic minor stroke (AIMS) and
transient ischaemic attack (TTA) are common
cerebrovascular events with a high tendency
to cause disability. Patients with AIMS or TIA
have a high risk of subsequent ischaemic
events, especially during the first 90 days
after the cerebrovascular event.! During this
acute phase, there is still a risk of previous
ischaemic tissue, with ruptured plaques in a
state of high thrombus formation and high
platelet activation, which may lead to more
severe acute instability events.’ Therefore,
antiplatelet therapy is considered to be a key
intervention for AIMS and TIA at present.
Clopidogrel is one of the commonly used anti-
platelet drugs in clinic, which is recommended
for the secondary prevention of ischaemic
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stroke. The Clopidogrel in High-Risk Patients with Acute
Non-disabling Cerebrovascular Events (CHANCE) trial
reported that compared with aspirin alone, the combina-
tion of clopidogrel with aspirin decreased the risk of stroke
among patients with AIMS or TIA who can be treated within
24 hours after the onset of symptoms.” However, there is inter-
individual variability in response to clopidogrel, which leads
to the result that a large number of subsequent strokes still
occur despite clopidogrel treatment and even among those
treated with dual-antiplatelet agents.* Compared with the
inhibition of platelet aggregation expected, poor inhibition
using antiplatelet therapy is referred to high on-treatment
platelet reactivity (HPR).” Those patients who show HPR to
clopidogrel and are therefore at greater risk of ischaemic
events are suffering from clopidogrel resistance.” ® Clopido-
grel resistance is an important cause of failure in the preven-
tion and treatment of patients with partial ischaemic stroke,
and will greatly increase the recurrence of ischaemic stroke.
To date, the mechanisms related to variability in clopidogrel
responsiveness are not fully elucidated.”

Mounting evidence has shown that genetic factors may
play a crucial role in mediating clopidogrel resistance.® As
clopidogrel is a prodrug that requires hepatic cytochrome
P450 (CYP) for its conversion into an active metabolite,’
polymorphisms of its encoded gene CYP2C19 have been
identified as strong predictors of clopidogrel non-respon-
siveness.'” Among them, CYP2C19 loss-of-function genotype
(*2 and/or *3 alleles) is found to be related to low respon-
siveness to clopidogrel, which is a risk factor for ischaemic
events, whereas the presence of gain-of-function CYP2CI19
allele (*17) is associated with a high platelet inhibition and
increased risk of bleeding.'" The genetic substudy of the
CHANCE trial also showed that only in patients with AIMS
or TIA who did not carry the CYP2C19 loss-of-function
alleles, the combined treatment of clopidogrel and aspirin
could reduce the risk of a new stroke in comparison with
aspirin alone.'” This study provided evidence to support the

LOADING DOSE (LD)

genetic testing that may allow clinicians to personalise anti-
platelet therapy, especially in East Asian patient populations
for whom the prevalence of CYP2C19 loss-offunction allele
is high.'?"?

To date, the clinical factors and genetic factors affecting
clopidogrel responses have not reached a consistent conclu-
sion. Besides, most of the study endpoints are cardiovas-
cular events, and the research on cerebrovascular events
is lacking. For example, Clinical Pharmacogenetics Imple-
mentation Consortium guidelines recommend that non-car-
riers of CYP2C19 loss-of-function alleles patients with acute
coronary syndrome (ACS) continue to take clopidogrel
75mg daily, and carriers are advised to increase the dose
of clopidogrel or switch to other antiplatelet agents such
as ticagrelor."* Wallentin e al researched on the genetics
of the CYP2C19 gene polymorphism in patients with ACS
and found that compared with clopidogrel, treatment with
ticagrelor significantly reduced the death rate from vascular
causes in patients with CYP2C19 loss-of-function alleles."
However, for patients with AIMS or TIA with clopidogrel
resistance, it is unclear whether there will be a more clinical
benefit when switching to ticagrelor. Based on the above, we
conduct this randomised controlled trial (RCT) to validate
the hypothesis that the individualised antiplatelet therapy
selected on the basis of a combination of genetic informa-
tion and a patient’s clinical features would lead to better clin-
ical outcomes compared with the standard care based only
on clinical features in patients with AIMS or TIA.

METHOD

Design

The design of study is shown in figure 1. The pharmacoge-
netics of clopidogrel in patients with AIMS or TIA study is
a prospective, open-label RCT, aiming to evaluate whether
selecting antiplatelet therapy (label recommended or
doubled dosage of clopidogrel or ticagrelor) on the basis

Clopidogrel 300mg | clopidogrel 75 mg per day (UM and EM group), clopidogrel
150mg per day (IM group) and ticagrelor 90 mg twice daily
(PM group) from day 2 to day 21, further adjusted in

| combination with clinical features

Patients will be
randomized to
treatment within 72
hours of the start of

a minor ischemic stroke
or TIA event
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Figure 1
ischaemic attack; UM, ultra metabolisers.

P2Y12 receptor antagonist is selected by the clinician
according to the clinical characteristics of the patients

Study flow chart. EM, extensive metabolisers; IM, intermediate metabolisers; PM, poor metabolisers; TIA, transient
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of a patient’s both genetic and clinical features leads to
more clinical benefits compared with the standard care
which bases selection only on clinical features. Collection
and genetic analysis of samples are subjected to informed
consent from all patients.

Patient population

Patients are included into this study if they meet all the
following criteria: (1) age of 18 years or older; (2) diag-
nosis of an AIMS or TIA; AIMS is defined as a sudden
focal neurological dysfunction caused by vascular causes,
and score of 3 or less at the time of randomisation on the
National Institutes of Health Stroke Scale (scores range
from 0 to 42, with higher scores indicating greater defi-
cits).” TIA is defined as a transient episode of neurological
dysfunction caused by focal brain, spinal cord or retinal
ischaemia, without acute infarction'® and (3) onset of the
AIMS or TIA symptoms less than 72 hours.

Patients are excluded from study participation if one of
the following criteria is met:

(1)haemorrhage; other conditions, such as vascular
malformation, trauma, tumour, abscess, degenerative
neurological disease or other major non-ischaemic
brain disease; (2) systemic infectious diseases, autoim-
mune diseases, severe heart, liver and kidney diseases;
(3) any contraindication to the use of aspirin or P2Y12
receptor antagonists; (4) prior knowledge of the patients’
CYP2C19%#2, CYP2C19*3 or CYP2C19*17 genotype; (5)
ongoing treatment in another observational or registry
randomised trial and (6) an inability to provide informed
consent or unavailability for follow-up.

Based on the Platelet Inhibition and Patient Outcomes
(PLATO) trial and Pharmacogenetics of clopidogrel in
patients with acute coronary syndromes (PHARMCLO)
trial exclusion criteria, ticagrelor is contraindicated in
patients: (1) with active pathological bleeding; (2) with
a history of intracranial bleeding; (3) requiring dialysis,
(4) taking oral anticoagulant therapy that could not be
stopped; (5) with known clinically important thrombo-
cytopaenia; (6) receiving fibrinolytic therapy within the
previous 24hours and (7) taking concomitant therapy
with strong CYP3A inhibitors or inducers.'® !’

Patients and public involvement

Patients in this trial will not be involved in the design,
recruitment and conduction of the study. Clopidogrel
genes of patients in pharmacogenetic group will be
detected as soon as possible after the random assign-
ment. The individual genetic information and the corre-
sponding antiplatelet aggregation drug adjustment
regimen will be disseminated to study participants as soon
as possible after the gene detection. Satisfaction of the
intervention and the burden of involvement in this RCT
will be assessed as part of the evaluation.

Randomisation and treatments
Patients are consented and randomised in a 1:1 ratio
to the pharmacogenetic or standard group as soon as

feasible after the diagnosis of AIMS or TIA is made and
no later 72hours after initial symptom onset. A blood
sample is obtained from every participant right after
randomisation. Three single-nucleotide polymorphisms
(SNPs) for CYP2C19 (National Center for Biotech-
nology Information Genome build 37.1, GenBank
NG_008384), including CYP2C19*2 (681G>A, dbSNP
rs4244285), CYP2C19*3 (636G>A, dbSNP rs4986893)
and CYP2C19*17 (-806C>T, dbSNP rs12248560), are
genotyped in the participants assigned to the pharmacog-
enetical strategy. Genotyping of the 3 SNPs is done at the
Central laboratory of Yangpu Hospital Tongji University
School of Medicine with microarray-based method (Capi-
talBio Technology). Patients are categorised by CYP2C19
metaboliser status based on *2, *3 and *17 genotypes
within 24hours of admission. And they are divided into
four metabolite types: ultra metabolisers (UM, *1/%17,
*®17/%17), extensive metabolisers (EM, *1/*1), interme-
diate metabolisers (IM, *1/%2, *1 /%3 *17/%2 *17/%3),
poor metabolisers (PM, #2/*2, #2 /%3 #3/ *3),

Both pharmacogenetic group and standard group
receive a loading dose of 300 mg aspirin and 300 mg clopi-
dogrel on day 1, followed by a dose of 100 mg of aspirin
per day on days 2—-365. Patients randomly assigned to the
pharmacogenetic group receive a dose of 75 mg clopido-
grel per day (UM and EM group), 150mg clopidogrel
per day (IM group) or ticagrelor 90mg two times daily
(PM group) on days 2-21, which can be further adjusted
in combination with clinical features. While for standard
group, the P2Y12 receptor antagonist is selected by the
clinician according to the clinical features of the patients.
The clinical features include age, weight, ischaemic risk,
prior history of stroke/TIA, bleeding risk, intracranial
bleeding, active bleeding, history of bleeding, anaemia,
diabetes or chronic kidney disease.

Primary efficacy endpoint

The primary efficacy endpoint for this trial is a new stroke
event (ischaemic or haemorrhagic) that happens within
lyear. Ischaemic stroke is defined as a sudden focal
neurological dysfunction caused by vascular causes, dura-
tion 224 hours or neurological dysfunction due to imaging
and clinical symptoms caused by bloody infarction rather
than cerebral haemorrhage found by imaging examina-
tion. Haemorrhagic stroke is defined as acute extravasa-
tion of blood into the brain parenchyma or subarachnoid
space with associated neurological symptoms.

Secondary efficacy endpoint

The secondary efficacy endpoint is analysed as the
individual or composite outcomes of the new clinical
vascular event (ischaemic stroke, haemorrhagic stroke,
myocardial infarction or vascular death). The definition
of vascular death is adapted from the CHANCE trial.”
Briefly, vascular death is defined as death resulting from
stroke (ischaemic or haemorrhagic), systemic haemor-
rhage, myocardial infarction, congestive heart failure,
pulmonary embolism, sudden death or arrhythmia.
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Safety assessments

Safety endpointis a major bleeding event, according to the
definitions in International Society on Thrombosis and
Haemostasis'® and Platelet-Oriented Inhibition in New
TIA and Minor Ischemic Stroke) Trial.'’ Major haemor-
rhage is defined as symptomatic intracranial haemorrhage
or intraocular bleeding causing loss of vision, requiring
two or more units of red cells or equivalent amount of
whole blood replacement, or requiring hospitalisation or
prolongation of an existing hospitalisation, surgical inter-
vention or death. An independent clinical event adjudica-
tion committee evaluates all components of the primary
and secondary outcomes and safety endpoint.

Sample size

Based on data from the 1-year outcomes of the CHANCE
trial with a primary endpoint (ischaemic or haemorrhagic
stroke) rate of 10.6%,” and considering that the time
point when patients start to receive treatments in our
study is later than that in the CHANCE trial, we estimate a
higher incidence of primary efficacy endpoint in the stan-
dard group and define it as 15%. As we expect an absolute
risk reduction of 5% in the pharmacogenomic group, so
we define it as 10%. Given a 5% missed follow-up rate,
95% power and a two-sided type I error of 0.05, the calcu-
lated sample size is 1191 patients in each group.

Statistical analyses

The distributions of baseline characteristics are compared
between two study groups using t-test. Proportions and
x” test are used for categorical variables and continuous
variables will be reported as median (IQR). Cox propor-
tional hazard model is used to estimate the HR and 95%
CIs relating to the primary and secondary outcomes.
Schoenfeld residuals test is used to confirm the propor-
tional hazards assumption for the Cox regression model.
For estimating the cumulative incidence of endpoints
during the I-year follow-up, we perform the Kaplan-Meier
analyses by means of Aalen-Johansen estimator. And, Fine-
Gray model is used to test the significance of the differ-
ences between the subdistribution of the hazards. Values
of p<0.05 are considered statistically significant.

DISCUSSION

Currently, clopidogrel combined with aspirin has become
the preferred short-term treatment for patients with
AIMS or TIA for many clinicians.?! However, the phar-
macokinetics of clopidogrel could be influenced by meta-
bolic status. PM will cause insufficient antiplatelet effect
and impaired clinical benefit.?? At present, the mecha-
nisms of clopidogrel resistance are not fully elucidated
and evidences from the genetic substudy of CHANCE
trail showed the correlation between CYP2C19 polymor-
phisms with clopidogrel non-responsiveness. For patients
with AIMS or TIA treated with clopidogrel and aspirin,
CYP2C19 loss-of-function alleles carriers were prone to
have increased risk for subsequent stroke and composite

vascular events compared with non-carriers.'* Although
these genetic associations with clinical benefits have been
widely replicated and the sample sizes are large enough
to be predictive in the clinical setting, there are few
examples using the pharmacogenetic data concerning
clopidogrel metabolism to guide the clinical prac-
tice.”® Regarding to cardiovascular diseases, mounting
evidence has shown that for patients with CYP2C19 loss-
offunction alleles, obtaining genotype data early after
percutaneous coronary intervention and thus making
genotype-guided personalised antiplatelet therapeutic
regimen could reduce risks for major adverse cardio-
vascular events.” * Thus, genotype-guided antiplatelet
therapy may be regarded as a prospective alternative
approach to personalised treatment in AIMS or TIA.

Given the fact that clopidogrel is currently the most
widely used antiplatelet agent for AIMS or TIA with
aspirin and there are indeed differences in reactivity
among individuals, varying the dose of clopidogrel or
shifting to new antiplatelet agents based on genetic data
may be alternatives, but it has not been adequately evalu-
ated.”® The ongoing Platelet Reactivity in Acute Non-dis-
abling Cerebrovascular Events (PRINCE) study intends
to investigate whether the combination of ticagrelor
and aspirin is superior to the combination of clopido-
grel and aspirin in reducing the 90-day HPR for AIMS
or TTA, especially for carriers of CYP2C19 loss-of-function
allele. The interim results of PRINCE trial have shown
that although ticagrelor could significantly reduce HPR
better than clopidogrel, there were no significant differ-
ences between the two groups in reducing stroke and the
composite endpoint events.”’ More future randomised
studies of genotype-guided antiplatelet therapy may be
of value. Thus, this RCT will provide evidence for the
assumption that using pharmacogenetic data to select
P2Y12 receptor antagonists can be successfully incorpo-
rated into the clinical care of patients with AIMS or TIA.
The selection of a P2Y12 receptor antagonist in our trial
(label recommended or doubled dosage of clopidogrel
or ticagrelor) is based on their pharmacogenetic data and
individual clinical features in order to acquire the best
trade-off between ischaemic events and bleeding compli-
cations. Furthermore, for the sake of racial and geograph-
ical differences in genetic factors, we will collect patients
of AIMS or TIA from both Han and Uygur population
in different regions of Shanghai and Xinjiang of China.
The North-South differences make the participants more
representative, ensuring the effectiveness of clinical trial.
In addition, due to the fact that the clinical course of
most patients in clinical practice is long, we appropriately
expand the time of patient enrolment, so that it can be
applied to more people in the future.
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