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ABSTRACT

Background Stroke after acute coronary syndrome (ACS)
can be devastating. It is uncertain whether the risks of
ischaemic stroke or intracranial haemorrhage (ICH) are
associated with different choices of P2Y12 inhibitors
(potent P2Y12 inhibitors such as ticagrelor and prasugrel
vs clopidogrel). Even though East Asians are known to
have different thrombotic and haemorrhagic profiles from
Caucasians, data on Chinese patients are sparse.

Method This was a retrospective cohort study conducting
in Chinese patients with ACS who underwent first-ever
percutaneous coronary intervention from 14 hospitals

in Hong Kong between 2010 and 2017. The primary
efficacy endpoint was ischaemic stroke. The secondary
efficacy endpoint was a composite outcome of thrombotic
events including all-cause mortality, non-fatal myocardial
infarction and ischaemic stroke. The primary safety
endpoint was ICH. The secondary safety endpoint was a
composite of major bleeding events.

Results After adjustment of baseline characteristics by
1:1 propensity score matching, a total of 6220 patients
(3110 on each group) were analysed. Compared with
clopidogrel, potent P2Y12 inhibitors were associated with
a lower risk of ischaemic stroke (HR 0.57; 95% Cl 0.37

t0 0.87; p=0.008) and a lower risk of thrombotic events
(HR 0.77; 95% Cl 0.66 to 0.90; p=0.001). Potent P2Y12
inhibitor was associated with similar risk of ICH (HR 0.65;
95% Cl 0.34 to 1.25, p=0.20) and major bleeding (HR 0.83;
95%Cl 0.68 to 1.01, p=0.069).

Conclusions Potent P2Y12 inhibitors were associated with
a lower adjusted risk of ischaemic stroke and thrombotic
events, compared with clopidogrel. The risks of ICH and
major bleeding were similar.

BACKGROUND

Stroke occurs in 1%—-4% patients within the
first year after acute coronary syndrome
(ACS).'? Patients with stroke after ACS have a
high mortality rate up to 36%, and nearly 60%
of the remaining survivors had poor func-
tional outcomes.” * It is important to identify
effective secondary prevention to reduce the
occurrence of stroke after ACS.
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Key messages

WHAT IS ALREADY KNOWN ON THIS TOPIC?

= Potent P2Y12 inhibitors may reduce ischaemic
stroke but at a cost of intracranial haemorrhage.
Data in Asians including Chinese were sparse.

WHAT THIS STUDY ADDS?

= Compared with clopidogrel, potent P2Y12 inhibi-
tors were associated with a lower risk of ischaemic
stroke and thrombotic events, without excess risks
of intracranial haemorrhage or major bleeding.

HOW THIS STUDY MIGHT AFFECT RESEARCH,

PRACTICE OR POLICY?

= Chinese patients may benefit from potent P2Y12 in-
hibitors with regard to ischaemic stroke prevention
and without excess bleeding risk.

Dual-antiplatelet therapy involving aspirin
and a P2Y12 inhibitor is the standard anti-
thrombotic therapy in patients with ACS.
Potent P2Y12 inhibitors, ticagrelor and pras-
ugrel, can achieve more pronounced platelet
inhibition and reduce major adverse cardiac
events (MACE) compared with clopidogrel
in patients with ACS.' ® They became the
preferred choice over clopidogrel in most
patients with ACS according to American
and European guidelines.” ® However, their
protective effects on stroke prevention is less
obvious. For example, the PLATelet inhi-
bition and patient Outcomes trial showed
that ticagrelor reduced individual endpoint
of vascular death and myocardial infarction
(MI), but not stroke or ischaemic stroke
alone when compared with clopidogrel.' The
Trial to Assess Improvement in Therapeutic
Outcomes by Optimising Platelet Inhibition
with Prasugrel-Thrombolysis in Myocardial
Infarction 38 showed that prasugrel reduced
MI and stent thrombosis but not stroke when
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compared with clopidogrel.” In contrast, a retrospective
analysis found a reduction in subsequent ischaemic stroke
with ticagrelor compared with clopidogrel in Swedish
patients with ACS and a history of ischaemic stroke.’

East Asians have different thrombotic and bleeding
profiles from White patients. Known as the East Asian
Paradox, it describes the vulnerability to bleeding and
resistance to ischaemic events of East Asian popula-
tions.'”" Asians are observed to have a higher risks
of intracranial haemorrhage (ICH) and cerebral
microbleed,”™ but a lower risk of MACE after percuta-
neous coronary intervention (PCI)."° This would argue in
favour of clopidogrel use, since both ticagrelor and pras-
ugrel have been linked to increase fatal ICH in certain
subgroups.' ® However, approximately 65% of East Asians
carry a CYP2C19 loss-of-function allele and may result in
impaired metabolic activation of clopidogrel,'” which is
supportive of more liberal use of potent P2Y12 inhibitors.
Even though East Asians are the largest ethnic group with
a population more than 1.5billion, they was represented
in less than 4% in the landmark randomised controlled
trials (RCTs).' ®'® In the few East Asian RCTs and regis-
tries with smaller sample sizes, inconsistent results were
shown.'"* Their interpretation can also be confusing
since some of these studies condensed ischaemic and
haemorrhagic stroke as separate endpoints.

Currently, there are no data to compare the effect of
different P2Y12 inhibitors with regard to ischaemic and
haemorrhagic stroke in East Asians. Therefore, our aim
is to determine the comparative risks of ischaemic and
thrombotic stroke in Chinese patients with ACS treated
with potent P2Y12 inhibitors or clopidogrel after PCI.

METHODS

Study population and design

Data from all patients who underwent first-ever PCI
between 1 January 2004 and 31 December 2017 from all
14 public hospitals that performed PCI and recorded
in a territory-wide PCI registry were reviewed. Patients
baseline characteristics, exposures and outcomes were
retrieved from the PCI Registry and Clinical Data and
Analysis Reporting System.

We included all adult patients (18 years of age or
older) of Chinese ethnicity, who underwent first-
ever PCI performed for ACS and survived beyond
hospital discharge. Patients were excluded if they are
not prescribed on any P2Y12 inhibitor on discharge or
received concomitant anticoagulant on discharge.

Definitions of exposure and outcome variables

Patients were stratified according to the P2Y12 inhib-
itor (potent P2Y12 inhibitor, ie, ticagrelor or prasugrel,
vs clopidogrel) prescribed on hospital discharge. No
further cross-over was allowed after group assignment.
Of note, intravenous form of P2Y12 inhibitor was not
available in this locality. The primary efficacy endpoint
was ischaemic stroke. The secondary efficacy endpoint

was thrombotic events, defined as a composite outcome
of all-cause mortality, non-fatal MI and ischaemic stroke.
The primary safety endpoint was ICH. The secondary
safety endpoint was a composite of major bleeding (MB)
events. Major bleeding was defined as a composite of
fatal bleeding event, bleeding that occurred in the crit-
ical sites (intracranial, intra-articular or intramuscular
with compartment syndrome, intraocular, pericardial,
retroperitoneal), bleeding necessitating transfusion, or
bleeding that caused a drop in haemoglobin of >20g/L,
in accordance to the International Society on Thrombosis
and Haemostasis.”” The diagnosis of clinical events were
made by managing clinicians with verification on blood
transfusion records and laboratory test findings.

Statistical analyses

All analyses were performed with prespecified endpoints
and statistical methods. We constructed a propensity
score that predicted the likelihood of potent P2Y12 inhib-
itors versus clopidogrel with variables selected a priori
based on data in the published literature and biological
plausibility: gender, age, tobacco use, diabetes mellitus,
hypertension, dyslipidaemia, cerebrovascular disease,
chronic obstructive pulmonary disease, peripheral
vascular disease, previous MI, previous coronary arterial
bypass grafting, previous heart failure, decompensated
heart failure on presentation (New York Heart Associa-
tion Class III or IV), atrial fibrillation, anaemia, PCI indi-
cation (ST elevation MI, non-ST elevation MI, unstable
angina) and other medications on discharge (aspirin,
beta blocker, angiotensin antagonist, statin).

The study cohort consisted of two comparison
groups—‘potent P2Y12 inhibitor group’ and ‘clopido-
grel group’—generated by 1:1 propensity-score-matching
using a calliper of 0.2 times the SD of the logit of the
propensity score. Unadjusted analyses were made using
% tests for categorical variables and Student’s t-test or
Wilcoxon rank-sum tests for continuous variables. Kaplan-
Meier survival curves were constructed for study groups.®
Cox proportional hazards regression was performed to
evaluate the relationship between P2Y12 inhibitors and
clinical outcomes as a time-to-first-event analysis until 365
days after index PCI.

Sensitivity analyses

First, we repeated the primary analysis using the same
model except that outcomes were included from PCI
until 30 days after cessation of P2Y12 inhibitors. Next,
to assess any residual confounding by treatment selec-
tion, we performed falsification testing for the primary
outcomes with landmark analysis at 30 days after cessa-
tion of P2Y12 inhibitors until 5 years after PCI, such
that any residual difference would likely results from
reflect residual confounding because patients were
no longer exposed to the effect of P2Y12 inhibitor.
Next, we included all patients before propensity score
matching and repeated the primary analysis using
Cox regression model, adjusting for the same set of
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covariates used to construct the propensity score. Next,
we used multiple imputation with chained equations to
address missing data and repeated the primary analysis
on the entire cohort using the same Cox regression
model.

Exploratory analyses
We studied the effect modification on the relation-
ship between P2Y12 inhibitor and primary outcomes
by predefined clinical variables, and introduced inter-
action terms to the Cox regression model. We also
performed landmark analysis to explore the associa-
tion between P2Y12 inhibitors and primary outcomes
for the period 0-30 days and 30-365 days after PCI
separately.

Data management and statistical analyses were
performed in Stata software, V.16 (StataCorp). A two-
tailed p<0.05 was considered statistically significant.

RESULTS

Patients and characteristics

Between January 2010 and December 2017, a total of
21110 patients were considered for inclusion: 2826
(13.4%) were excluded due to any of the following
exclusion criteria—age younger than 18 years,
ethnicity not Chinese or unknown, died before hospital
discharge, not prescribed with P2Y12 inhibitor on
hospital discharge, on concurrent anti-coagulant on
hospital discharge. Of the remaining 18284 patients
analysed, a total of 1054 (5.8%) were excluded from
the complete case analysis due to missing values in any
of the variables used in the propensity score model
(figure 1). Baseline characteristics of all patients
before propensity score matching is shown in online
supplemental appendix table S1). A total of 3110 pairs
of patients prescribed on either potent P2Y12 inhibitor

21,110 patients screened for eligibility |

2,826 excluded

1 Age<18

1,340 Ethnicity not Chinese or unknown

590  Died before hospital discharge

175  Not prescribed with P2Y12 inhibitor on
hospital discharge

720 On concurrent anti-coagulant on hospital
discharge

18,284 eligible
(cohort for imputation)

1,054 had one or more missing data
1,026 Tobacco use
56 Peripheral vascular disease

17,230 patients
(Cohort for complete case analysis)

6,220 patients
(Cohort after 1:1 propensity score matching)

Figure 1 Study profile.

or clopidogrel at hospital discharge were generated
by propensity score matching. The mean age was
61.5+11.7, in which 940 (15.1%) were women. The two
groups were well balanced in the bassline characteris-
tics with standardised differences <0.1 for all variables
except for age >75, as shown in table 1. The two groups
had similar duration of P2Y12 inhibitor use, but more
patients in the potent P2Y12 inhibitor group transi-
tioned to clopidogrel than vice versa. Details of P2Y12
inhibitor use were shown in online supplemental
appendix table S2.

Primary and secondary efficacy outcomes

In the propensity match cohort, the primary outcome
of ischaemic stroke developed in 35 (1.13%) patients
on potent P2Y12 inhibitors and in 61 (1.96%) patients
on clopidogrel, corresponding to an annualised risk of
1.15% and 2.02%, respectively (HR 0.57; 95% CI 0.37
to 0.87; p=0.008) (table 2 and figure 2). The annual-
ised risk of composite thrombotic events were lower in
the potent P2Y12 inhibitor group than the clopidogrel
group (HR 0.77; 95% CI 0.66 to 0.90; p=0.001) and
so was the risk of MI (HR 0.71; 95% CI 0.59 to 0.87,
p=0.001). The risk of all-cause mortality was similar
across groups (HR 1.17; 95% CI 0.87 to 1.56; p=0.30).

Primary and secondary safety outcomes

The annualised risk of ICH was similar across both
groups (HR 0.65; 95% CI 0.34 to 1.25, p=0.20) (table 2
and figure 3). Other major bleeding outcomes were also
similar (table 2).

Sensitivity analyses

When outcomes were observed until 30 days after cessa-
tion of P2Y12 inhibitor, the risk of ischaemic stroke was
lower in the potent P2Y12 inhibitor group (HR 0.57;
95% CI 0.38 to 0.86; p=0.007) and the risk of ICH was
similar across groups (HR 0.71; 95% CI 0.37 to 1.38;
p=0.31), consistent with the primary analysis.

Falsification testing with landmark analysis at 30 days
after cessation of P2Y12 inhibitor showed that the risk
of ischaemic stroke was similar across groups (HR 1.11;
95% CI 0.77 to 1.60; p=0.56), and so was the risk of ICH
(HR 1.09; 95% CI 0.63 to 1.89; p=0.75), suggestive of no
residual confounding.

We analysed the outcomes of all 17230 patients
with complete information before propensity score
matching. The risk of ischaemic stroke was lower in the
potent P2Y12 inhibitor group (HR 0.69; 95% CI 0.47 to
0.99; p=0.046) and the risk of ICH was similar across
groups (HR 1.00; 95% CI 0.57 to 1.79; p=0.98), consis-
tent with the primary analysis. Next, we analysed the
outcomes of all 18284 patients using multiple impu-
tation with chained equations to address missing data.
Their baseline characteristics were shown in online
supplemental appendix table S1. The risk of ischaemic
stroke was lower in the potent P2Y12 inhibitor group
(HR 0.69; 95% CI 0.48 to 0.98; p=0.041) and the risk of
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Table 1 Baseline characteristics of patient

Characteristics Potent P2Y12 inhibitors  Clopidogrel Pvalue Standardised difference
N 3110 3110
Female gender 443 (14.2%) 497 (16.0%) 0.056 0.048
Age, mean (SD) 61.1 (11.1) 61.9 (12.3) 0.011 0.064
Age >75 382 (12.3%) 545 (17.5%) <0.001 0.148
Tobacco use 1648 (53.0%) 1650 (53.1%) 0.96 0.001
Diabetes mellitus 804 (25.9%) 828 (26.6%) 0.49 0.018
Hypertension 1525 (49.0%) 1609 (51.7%) 0.033 0.054
Dyslipidaemia 1488 (47.8%) 1541 (49.5%) 0.18 0.034
Cerebrovascular disease 152 (4.9%) 175 (5.6%) 0.19 0.033
Peripheral vascular disease 45 (1.4%) 49 (1.6%) 0.68 0.011
Chronic obstructive pulmonary disease 22 (0.7%) 30 (1.0%) 0.27 0.028
Previous myocardial infarction 151 (4.9%) 156 (5.0%) 0.77 0.007
Previous CABG 18 (0.6%) 18 (0.6%) 1.00 <0.001
Congestive heart failure 101 (3.2%) 118 (3.8%) 0.24 0.030
Atrial fibrillation or flutter 54 (1.7%) 52 (1.7%) 0.84 —-0.005
eGFR <60 mL/min/m? 402 (12.9%) 445 (14.3%) 0.11 0.040
Anaemia* 730 (23.5%) 830 (26.7%) 0.003 0.074
PCl indication 0.004 0.083

Unstable angina 294 (9.5%) 293 (9.4%)

NSTEMI 1405 (45.2%) 1529 (49.2%)

STEMI 1411 (45.4%) 1288 (41.4%)
Aspirin on discharge 3040 (97.7%) 3028 (97.4%) 0.32 -0.025
Aspirin dose, median (IQR) 80 (80-100) 80 (80-100) 0.79 0.007
Aspirin at 1year 2974 (95.6%) 2984 (95.9%) 0.53 0.016
Beta-blocker on discharge 2374 (76.3%) 2393 (76.9%) 0.57 0.014
Angiotensin blockade on discharge 2466 (79.3%) 2433 (78.2%)  0.31 -0.026
Statin on discharge 3063 (98.5%) 3048 (98.0%) 0.15 -0.037

*Anaemia: haemoglobin <130g/L for men, <120g/L for women

CABG, coronary artery bypass surgery; CAD, coronary artery disease; EGFR, estimated glomerular filtration rate; NSTEMI, non-ST elevation
myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST elevation myocardial infarction.

ICH was similar across groups (HR 0.91; 95% CI 0.51 to
1.61; p=0.74), also consistent with the primary analysis.

Exploratory analyses

The association between P2Y12 inhibitors and
ischaemic stroke was modified by gender, which female
patients had less benefit with potent P2Y12 inhibitor
(table 3 and figures 4-5). The association between
P2Y12 inhibitors and ICH was modified by age group.
In landmark analysis, potent P2Y12 inhibitors were
associated with similar risk of ischaemic stroke between
0 and 30 days after PCI (HR 0.58, 95% CI 0.28 to 1.21,
p=0.15) and a lower risk between 30 to 365 days after
PCI (HR 0.57, 95% CI 0.34 to 0.94, p=0.028). Potent
P2Y12 inhibitors were associated with similar risk of
ICH between 0 and 30 days after (HR 0.12, 95% CI 0.02
to 1.00, p=0.05) and between 30 and 365 days after PCI
(HR 0.93, 95% CI 0.45 to 1.94, p=0.86).

DISCUSSION
In this cohort of 6220 Chinese patients with ACS under-
going first-ever PCI, potent P2Y12 inhibitors were associ-
ated with lower risk of ischaemic stroke and similar risk of
ICH, compared with clopidogrel. The risks of thrombotic
events and MI were lower with potent P2Y12 inhibitors,
while the risk of all-cause mortality was similar. The risks
of major bleeding and fatal bleeding were also similar.
ACS can trigger systemic atherosclerotic inflamma-
tion and result in recurrent atherothrombotic events
including stroke.?” Stroke after ACS can be devastating
with a mortality rate up to one-third and poor functional
outcomes in nearly two-thirds of the survivors.” * Tt is
considered hierarchically as the second most important
endpoint in the standardised composite endpoint defi-
nition of the Academic Research Consortium, after all-
cause mortality.”® Although potent P2Y12 inhibitors were
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Table 2 Annualised risks and HRs of primary and secondary outcomes

Potent P2Y12
inhibitor Clopidogrel
Outcomes (95% Cl) (95% CI) Hazard ratio (95%CI) P value
Primary efficacy
Ischaemic stroke 1.15% 2.02% 0.57 0.008
(0.83% to 1.61%) (1.57% to 2.59%) (0.37 to 0.87)
Secondary efficacy
Composite of all-cause 9.30% 12.12% 0.77 0.001
mortality, myocardial (8.26% to 10.47%) (10.91% to 13.47%) (0.66 to 0.90)
infarction and ischaemic
stroke
All-cause mortality 3.24% 2.78% 1.17 0.30
(2.66% to 3.95%) (2.24% to 3.43%) (0.87 to 1.56)
Myocardial infarction 5.99% 8.42% 0.71 0.001
(5.17% to 6.94%) (7.43% to 9.55%) (0.59 to 0.87)
Primary safety
Intracranial haemorrhage  0.49% 0.75% 0.65 0.20
(0.30% to 0.82%) (0.50% to 1.13%) (0.34 to 1.25)
Secondary safety
Major bleeding 6.04% 7.27% 0.83 0.069
(5.22% to 7.00%) (6.36% to 8.31%) (0.68 to 1.01)
Fatal bleeding 0.16% 0.13% 1.25 0.74
(0.07% to 0.39%) (0.05% to 0.35%) (0.34 to 4.67)
Intra-articular or 0% 0% N/A N/A
intramuscular with
compartment syndrome
Intraocular bleeding 0% 0.07% N/A N/A
(0.02% to 0.26%)
Pericardial bleeding 0% 0.03% N/A N/A
(0% to 0.23%)
Retroperitoneal bleeding 0% 0% N/A N/A
Bleeding necessitating 4.24% 4.75% 0.89 0.35
transfusion (8.57% to 5.05%) (4.03% to 5.60%) (0.70t0 1.13)
Gastrointestinal 1.92% 2.19% 0.88 0.47

bleeding with drop in
haemoglobin >20g/L

N/A, not availble.

(1.49% to 2.49%)

(1.72% to 2.78%)

(0.62% to 1.25%)

shown to reduce ischaemic events compared with clopi-
dogrel after ACS, the individual endpoint of stroke was
not reduced while the incidence of fatal or non-fatal ICH
was increased in RCT and a large registry study.' °* In
a pooled meta-analysis of 82784 patients from 12 RCT,
there was no incremental benefit of potent P2Y12 inhib-
itors with regards to total stroke prevention.”’ However,
one would concern about the possibility that excess in
haemorrhagic stroke with potent P2Y12 inhibitors might
have offset the prevention of ischaemic stroke events.
Furthermore, effects of potent P2Y12 inhibitors may
vary across ethnic groups, as subgroup analysis indicated
significantly less effect of ticagrelor in North America than
in the rest of the world." * This uncertainty is particularly
problematic for East Asians, as they were well recognised

to have a different thromboembolic and bleeding risks
with regards to P2Y12 inhibitors compared with Cauca-
sians.'"* Unfortunately East Asians were vastly under-
represented (<4%) in large scale RCT,' ® even though
they are currently the most populous ethnic group.

The current best evidence for East Asians came from
smaller RCTs. However, due to the limited sample size, they
are not sufficiently powered to detect any difference in isch-
aemic stroke and ICH. The PHILO study randomised 801
East Asians with ACS to ticagrelor or clopidogrel and found
no significant differences in thrombotic or bleeding events.”'
The PRASFIT-ACS study randomised 1363 Japanese patients
with ACS to reduced dose prasugrel or clopidogrel, and
found no significant differences in any composite or indi-
vidual thrombotic and bleeding events.” The TICA-KOREA
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Probability of ischemic stroke
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Number at risk
Clopidogrel 3110 3047 3019 2994 2973
Potent P2Y12i 3110 3065 3031 3009 2988

Figure 2 Estimated probabilities of ischaemic stroke
stratified by P2Y12 inhibitor. Potent P2Y12 inhibitor had
a lower risk of ischaemic stroke than clopidogrel in the
propensity score matched cohort. PCI, percutaneous
coronary intervention.

Clopidogrel Potent P2Y12 inhibitor |

study randomised 800 Koreans with ACS to ticagrelor or
clopidogrel, and found in increase in major bleeding and
fatal bleeding with ticagrelor, along with a numerically higher
incidence of ischaemic events."” Apart from RCT, several
retrospective studies have compared MACE and bleeding
events in Asians treated with different P2Y12 inhibitors. Yun
et al examined 70715 Asians with ACS and found a mortality
benefit from ticagrelor over clopidogrel, but at a cost of
increased minor bleeding with no differences in overall
MACE. However risks of MI and stroke were not reduced
with potent P2Y12 inhibitors. Importantly, ischaemic stroke
were condensed together with haemorrhagic stroke in the
effectiveness endpoint, therefore potentially masking any
benefit in prevention of thrombotic events. Park et al exam-
ined 8010 Koreans with ACS and found that ticagrelor did

Probability of intracranial hemorrhage
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0 90 180 270 360
Days after PCI
Number at risk
Clopidogrel 3110 3071 3050 3029 3009
Potent P2Y12i 3110 3075 3043 3022 3001

Clopidogrel Potent P2Y12 inhibitor

Figure 3 Estimated probabilities of intracranial haemorrhage
stratified by P2Y12 inhibitor. Potent P2Y12 inhibitor and
clopidogrel had a similar risk of intracranial haemorrhage in
the propensity score matched cohort. PCI, percutaneous
coronary intervention.

Table 3 Subgroup analysis for primary efficacy and safety
outcomes

P value for
Subgroup HR 95% CI interaction
Primary efficacy outcome of ischaemic stroke
All patients 0.57 0.37 t0 0.87
Gender 0.025
Male 0.44 0.27 10 0.72
Female 1.33 0.58 t0 3.10
Age group 0.56
Age <75 0.58 0.36 to 1.00
Age >75 0.75 0.39to 1.42
Diabetes 0.85
No 0.56 0.33 t0 0.94
Yes 0.61 0.30to 1.20
Cerebrovascular 0.93
disease
No 0.58 0.36 to 0.95
Yes 0.61 0.27 to 1.36
Indication for PCI 0.53
Non-ST elevation 0.64 0.36to0 1.16
ACS
STEMI 0.50 0.27 t0 0.89
Primary safety outcome of intracranial haemorrhage
All patients 0.65 0.34to 1.25
Gender 0.88
Male 0.64 0.32t0 1.28
Female 0.74 0.12t0 4.44
Age group 0.027
Age <75 0.42 0.18 to 0.96
Age >75 2.10 0.66 to 6.52
Diabetes 0.50
No 0.81 0.33 to 1.96
Yes 0.52 0.19t0 1.37
Cerebrovascular 0.37
disease
No 0.57 0.27 to 1.21
Yes 1.18 0.30to 4.72
Indication for PCI 0.74
Non-ST elevation 7.19 0.29to0 1.76
ACS
STEMI 0.58 0.22 to 1.49

ACS, acute coronary syndrome; PCI, percutaneous coronary
intervention; STEMI, St elevation myocardial infarction.

not reduce ischaemic events but increased bleeding compli-
cations compared with clopidogrel.® Similarly, ischaemic
stroke were condensed together with haemorrhagic stroke in
the efficacy endpoint. Lee e al examined 27339 Taiwanese
and found better anti-ischaemic effects from ticagrelor over
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Risk of ischemic stroke stratefied by subgroups
Potent P2Y12i Better Clopidogrel Better

Risk of intracranial hemorrhage stratefied by subgroups
Potent P2Y12i Better Clopidogrel Better

|

Overall —i— : Overall —_———

Gender : : Gender : :
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Female : : Female : :
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Previous cerebrovascular disease : : Previous cerebrovascular disease : :
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Figure 4 Forrest plot for subgroup analysis. HRs of
ischaemic stroke stratified by P2Y12 inhibitors were
modified by gender. P2Y12i denotes P2Y12 inhibitor. PCI,
percutaneous coronary intervention.

clopidogrel without any difference in major bleeding.” The
driver for reduction in MACE was all-cause mortality and no
differences in individual thrombotic endpoints were noted.
Our study supplemented important data on the ischaemic
stroke and ICH in relation to P2Y12 inhibitors in this popula-
tion. Moreover, our findings were consistent with other obser-
vations that potent P2Y12 inhibitors were associated with
reduced ischaemic events without excessive bleeding events
in Chinese, a phenomenon differently observed in Koreas
and Japanese studies which instead found no reduction in
ischaemic events but rather excess in bleeding events.”

The choice of P2Y12 inhibitors for Asian patients with ACS
is a real dilemma. An important advantage of potent P2Y12
inhibitors is their insusceptibility to CYP2C19 polymor-
phisms, which is more common in East Asian than Western
patients.'”'” It is known that patients with any CYP2C19 allele
associated with lower enzyme activity had lower levels of
active clopidogrel metabolites, less platelet inhibition, lower
risk of bleeding and higher risk of cardiovascular events.”
Therefore many East Asians may benefit from potent P2Y12
inhibitors. However, Asians are known to have a higher risk of
ICH and cerebral microbleed with or without antithrombotic
therapy.'*™" Asians also experience more bleeding events
after ACS despite similar treatment,” or when recruited in
large scale clopidogrel RCT.® This may have caused physi-
cians to be more conservative in anti-platelet therapy for

— — —— No effect — — — — Overall effect

Figure 5 Forrest plot for subgroup analysis. HRs of
intracranial haemorrhage (ICH) stratified by P2Y12 inhibitors
were modified by age. P2Y12i denotes P2Y12 inhibitor. Non-
STEACS, Non-ST elevation acute coronary syndrome; PCI,
percutaneous coronary intervention; STEMI, ST elevation
myocardial infarction.

Asians. Our data supported that Chinese patients may benefit
from potent P2Y12 inhibitors with regards to ischaemic
stroke prevention and without excess bleeding risk, although
this would require confirmation from RCT. Our findings can
provide basis for the rationale and sample size calculation for
RCTs dedicated for Asians.

Subgroup analysis showed that the protective effect of
potent P2Y12 inhibitor on ischaemic stroke was more signif-
icant in male patients. This may be related to the lower
proportion of women in our cohort and higher incidence
of ischaemic stroke in men.***” We also identified a signal
that potent P2Y12 inhibitors may not be as safe as clopido-
grel with regards to ICH in patients 275 years old, although
the interaction was mainly based on less ICH in patients
<75 years old rather than excess ICH in those 275 years old.
Nevertheless, prasugrel was previously noted to have a strong
trend towards major bleeding including ICH in patients >75
years old and a related boxed warning was issued.’ Since age
is generally known as an important risk factor for ICH in
patients on anti-platelet therapy,™ future studies are needed
to ensure the safety of intensification of antiplatelet therapy
in elderly patients.

This study has some limitations. First, the observational
nature of this retrospective cohort study conferred risks of
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unmeasured confounding and bias. We had adjusted exten-
sively for potential confounders that may affect choice of
P2Y12 inhibitor and outcomes, and the findings were consis-
tent in multiple sensitivity analyses. Second, we only included
patients who had first-ever PCL. Our findings may not be
applicable to those who has ACS and recurrent coronary
stenosis. Third, information on function outcomes of stroke
were unknown to us. Forth, more patients transitioned from
potent P2Y12 inhibitors to clopidogrel than vice versa. This
could potentially create bias towards the null.

Further studies are needed to determine the best strategy
of P2Y12 inhibitor use in Chinese or East Asian popula-
tions. The effects of CYP2C19 loss-of-function alleles or
platelet reactivity, and extending to individualised geno-
typic or phenotypic guided anti-platelet therapy should
be determined. It would be important to know to deter-
mine whether potent P2Y12 inhibitors prevented a certain
subtypes of ischaemic stroke (ie, cardioembolic, small vessel
related or large artery atherothrombotic stroke). Finally, it
is important to identify any effect modification by age and
cerebral microbleed burden in the association between ICH
and choice of P2Y12 inhibitors.

CONCLUSION

Among Chinese patients with ACS undergoing firstever PCI
in Hong Kong, potent P2Y12 inhibitors were associated with
a lower adjusted risk of ischaemic stroke and thrombotic
events, compared with clopidogrel. The risks of ICH and
major bleeding were similar.
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