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Key Points

Question

What is the time course for benefit and risk with dual antiplatelet therapy for individuals with mi-
nor ischemic stroke or transient ischemic attack (TIA) who carry CYP2C19 loss-of-function (LOF)
alleles?
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Findings

In this secondary analysis of the Ticagrelor or Clopidogrel With Aspirin in High-risk Patients With
Acute Nondisabling Cerebrovascular Events II (CHANCE-2) randomized clinical trial, the benefit
with ticagrelor and aspirin was predominately present in the first week and persisted throughout
the 21-day period of dual antiplatelet therapy with ticagrelor and aspirin in patients with a minor
stroke or TIA who carried CYP2C19 LOF alleles.

Meaning

The findings suggest that the benefit with ticagrelor and aspirin found in CHANCE-2 among pa-
tients with a minor ischemic stroke or TIA carrying CYP2C19 LOF alleles was predominant in the
first week, with a small benefit observed in the following 2 weeks.

Abstract

Importance

Dual antiplatelet therapy (DAPT) with ticagrelor and aspirin has been found to be effective for
secondary prevention after minor ischemic stroke or transient ischemic attack (TIA) in individuals
who carry CYP2C19 loss-of-function (LOF) alleles; however, uncertainties remain about the time
course of benefit and risk with ticagrelor and aspirin in these patients.

Objective

To obtain time-course estimates of efficacy and risk with ticagrelor and aspirin after minor stroke
or TIA in individuals with CYP2C19 LOF alleles.

Design, Setting, and Participants

The Ticagrelor or Clopidogrel With Aspirin in High-risk Patients With Acute Nondisabling
Cerebrovascular Events II (CHANCE-2) randomized clinical trial enrolled patients 40 years and
older from 202 hospitals in China with acute minor stroke or TIA who carried CYP2C19 LOF alle-
les between September 23, 2019, and March 22, 2021, and were followed up for 90 days. All 6412
patients enrolled in the CHANCE-2 trial were included in this secondary analysis. Data were ana-
lyzed in October 2021.

Interventions

Ticagrelor (180 mg on day 1 followed by 90 mg twice daily on days 2-90) or clopidogrel (300 mg
on day 1 followed by 75 mg daily on days 2-90). All patients received aspirin (75-300 mg on day 1
followed by 75 mg daily for 21 days).
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Main Outcomes and Measures

The efficacy outcome was major ischemic event, defined as the composite of ischemic stroke or
nonhemorrhagic death. Safety outcomes included moderate to severe bleeding and any bleeding.

Results

A total of 6412 patients were included (3205 in the ticagrelor and aspirin group and 3207 in the
clopidogrel and aspirin group). The median (IQR) age was 65 (57-71) years, and 4242 patients
(66%) were men. The reduction of major ischemic events with ticagrelor and aspirin predomi-
nately occurred in the first week (absolute risk reduction, 1.34%; 95% CI, 0.29 to 2.39) and atten-
uated but remained in the next 3 weeks (absolute risk reduction in the second week, 0.11%; 95%
CI, -0.24 to 0.45; absolute risk reduction in the third week, 0.14%; 95% CI, -0.11 to 0.38; absolute
risk reduction in the fourth week, 0.04%; 95% CI, -0.18 to 0.25). The risk of moderate to severe
bleeding was consistently low in the ticagrelor and aspirin group. The absolute increase in any
bleeding seen in the first week (0.87%; 95% CI, 0.25 to 1.50) remained in the next 3 weeks (abso-
lute increase in the second week, 1.21%; 95% CI, 0.75 to 1.68; absolute increase in the third week,
0.33%; 95% CI, -0.05 to 0.72; absolute increase in the fourth week, 0.23%; 95% CI, -0.03 to 0.49).

Conclusion and Relevance

Among patients with minor stroke or TIA who carried CYP2C19 LOF alleles, benefit with ticagrelor
and aspirin was present predominately in the first week, with additional small benefit accruing in
the next 2 weeks.

Introduction

Patients with an acute minor ischemic stroke or transient ischemic attack (TIA) experience a high
short-term risk of subsequent stroke of approximately 5% to 10% during the first 3 months.%23
Dual antiplatelet therapy (DAPT) with P2Y, inhibitors added to aspirin started within 24 hours
after symptoms onset has been shown to be an effective secondary prevention strategy for pa-
tients with minor stroke or TIA.22¢ The major concern in clinical practice is that DAPT with P2Y;,
inhibitors ticagrelor or clopidogrel added to aspirin also modestly increases the risk of bleeding.

The Ticagrelor or Clopidogrel With Aspirin in High-risk Patients With Acute Nondisabling
Cerebrovascular Events II (CHANCE-2) randomized clinical trial” evaluated the efficacy and safety
of DAPT with ticagrelor and aspirin vs clopidogrel and aspirin in patients with minor ischemic
stroke or high-risk TIA who carried CYP2C19 loss-of-function (LOF) alleles. CHANCE-2 demon-
strated that, in comparison with clopidogrel and aspirin, 21 days of DAPT with ticagrelor and as-
pirin followed by ticagrelor alone for days 22 through 90 reduced the risk of subsequent stroke
(ischemic or hemorrhagic) without increasing the risk of severe or moderate bleeding at 90 days.
However, an increased risk of overall bleeding was observed in the ticagrelor and aspirin group
and the main analysis ignored overlap in the primary efficacy and safety outcome measures,
which may obscure a direct comparison of benefits and harms. Furthermore, concerns remained
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regarding the duration of DAPT with ticagrelor and aspirin for 21 days in the CHANCE-2 trial,” be-
cause long-term duration of DAPT has been associated with an increased risk of bleeding.2?
Practitioners continue to be concerned about the increased risk of bleeding with ticagrelor and
aspirin. Therefore, the benefit-risk profile of DAPT with ticagrelor and aspirin for these patients is
still unknown. Whether a different treatment period than 21 days of DAPT with ticagrelor and as-
pirin would improve the benefit-risk ratio of for these patients is unclear. In this exploratory sec-
ondary analysis of the CHANCE-2 trial,Z we aimed to assess the time course of benefit and risk
with DAPT with ticagrelor and aspirin vs clopidogrel and aspirin in patients with a minor ischemic
stroke or high-risk TIA who carried CYP2C19 LOF alleles.

Methods

Study Design and Participants

Details on the design, protocol, and primary results of CHANCE-2 have been published
elsewhere. 219 In brief, the CHANCE-2 trialZ was a randomized double-blind active-controlled trial
enrolling 6412 patients from 202 hospitals in China between September 23, 2019, and March 22,
2021, to assess the efficacy and safety of DAPT with ticagrelor and aspirin vs clopidogrel and as-
pirin in individuals with minor ischemic stroke or TIA who carried CYP2C19 LOF alleles (with at
least 1 CYP2C19 LOF allele [*2 or *3])! identified using a rapid point-of-care genotyping
system.12 Eligible patients in the trial were 40 years and older and diagnosed with an acute minor
noncardioembolic ischemic stroke (National Institutes of Health Stroke Scale score 3 or lower) or
high-risk TIA (ABCDZ score 4 or greater) within 24 hours after symptom onset. Patients were not
eligible for the trial if they had received intravenous thrombolytic therapy or mechanical
thrombectomy; surgery or interventional treatment requiring study drug cessation were sched-
uled; they had a history of intracranial hemorrhage or amyloid angiopathy; they were currently
receiving treatment with heparin therapy or oral anticoagulation; or they had a contraindication
to ticagrelor, clopidogrel, or aspirin. The protocol of the trial was approved by the ethics commit-
tee at Beijing Tiantan Hospital and each participating site. All participants or their representatives
provided written informed consent before enrollment. The trial protocol has been published
elsewhere.”

Randomization and Treatment

We randomly assigned patients within 24 hours after symptom onsetin a 1:1 ratio to 1 of the 2
treatment groups in a double-blind active-controlled design. Patients were randomly assigned a
number corresponding to a medication kit, and then the medication in the kit was administered to
the patient.

Patients were randomly assigned to receive either placebo clopidogrel plus ticagrelor (180-mg
loading dose on day 1 followed by 90 mg twice daily for days 2 through 90) or placebo ticagrelor
plus clopidogrel (300-mg loading dose on day 1 followed by 75 mg per day for days 2 through
90). All patients also received a 75- to 300-mg loading dose of aspirin followed by 75 mg daily for
21 days.
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Outcomes

We collected efficacy and safety outcomes through face-to-face interviews by trained neurologists
from participating sites. All ischemic and hemorrhagic events were verified by an independent
central adjudication committee.” Stroke events were classified as ischemic or hemorrhagic, and
bleeding events were classified as severe, moderate, or mild according to the Global Utilization of
Streptokinase and Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO)
definition.Z2 The original primary efficacy outcome in the trial was new stroke (ischemic or hem-
orrhagic) at 90 days and the original primary safety outcome was severe or moderate bleeding
according to the GUSTO definition at 90 days. In the present time-course benefit-risk analysis, we
defined the efficacy outcome, major ischemic event, as the composite of ischemic stroke or non-
hemorrhagic death!? and included the safety outcomes of any bleeding and moderate to severe
bleeding.t2 Severe bleeding was defined as fatal, intracranial, or other hemorrhage causing sub-
stantial hemodynamic compromise that required intervention. Moderate bleeding was defined as
bleeding that did not lead to hemodynamic compromise requiring intervention but required trans-
fusion of blood.22 Net clinical benefit was also evaluated using the composite outcome of major is-
chemic event and moderate to severe bleeding, which included the combination of ischemic
stroke, moderate to severe bleeding, and death. The outcomes of major ischemic event and mod-
erate to severe bleeding were selected because they represent the expected main benefits and
risks for antiplatelet drugs while avoiding double counting of events.1%

Statistical Analysis

All efficacy and safety analyses were performed by the intention-to-treat principle based on the
randomized treatment assignment. To determine the short-term temporal course of effect of tica-
grelor and aspirin, we estimated the absolute number of events and absolute difference in pro-
portions (clopidogrel and aspirin minus ticagrelor and aspirin) for the periods of each week for
the first 5 weeks and sixth week through day 90 from randomization. This analysis covered the
full period of treatment in the trial (90 days) and each week in the first 5 weeks (3 weeks with
DAPT and 2 weeks with single antiplatelet therapy) in both arms.

Landmark analyses of ischemic benefit and hemorrhagic risk by week (the first 5 weeks and the
sixth week through day 90) and periods from 0 to 21 days and 22 to 90 days (monoantiplatelet
therapy was administered after 21 days in both arms) were performed in patients who were
event free at the start of each period. For each interval with at least 1 event in each treatment
group, the absolute risk differences in proportions (ticagrelor and aspirin minus clopidogrel and
aspirin) and 95% CIs were estimated using generalized linear models, and hazard ratios (HRs)
with 95% Cls were calculated using Cox proportional hazard models with study centers set as a
random effect. We also evaluated the cumulative incidence of new events by treatment during cu-
mulative periods of days 1 to 7, days 1 to 14, days 1 to 21, days 1 to 28, days 1 to 35, and days 1 to
90. Absolute risk differences in proportions and HRs with 95% CIs for each outcome were calcu-
lated for each cumulative period.
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For the composite outcome of major ischemic event and moderate to severe bleeding, interactions
between treatment assignment and prespecified subgroups were evaluated by including terms for
treatment, subgroup, and treatment-by-subgroup interaction in the Cox model. In sensitivity analy-
sis, we also calculated the net clinical benefit with ticagrelor and aspirin with different weights of
the bleeding events for the total timeframe of the trial, periods by week, and periods from 0 to 21
days and from 22 to 90 days, respectively. The number of moderate to severe bleeding events and
mild bleeding events (bleeding events other than moderate to severe bleeding) attributable to
ticagrelor and aspirin was subtracted from the number of major ischemic events prevented by
ticagrelor and aspirin with the weight of 0.5 to 1.2 and 0 to 0.5, respectively: net clinical benefit =
(major ischemic event [clopidogrel and aspirin group] — major ischemic event [ticagrelor and as-
pirin group]) - weight (moderate to severe bleeding) x (moderate to severe bleeding [ticagrelor
and aspirin group] - moderate to severe bleeding [clopidogrel and aspirin group]) — weight (mild
bleeding) x (mild bleeding [ticagrelor and aspirin group] — mild bleeding [clopidogrel and aspirin
group]). The weights account for the effects of a moderate to severe (weight [moderate to severe
bleeding]) or mild (weight [mild bleeding]) bleeding event compared with a major ischemic
event.21218 When the weight for mild bleeding was set to 0, the values corresponded to the net
clinical benefit when only moderate to severe bleeding events considered. All analyses presented
were exploratory. No adjustment for multiple comparisons was made, and all P values were nomi-
nal. All statistical analyses were performed with SAS version 9.4 (SAS Institute). Two-sided P val-
ues <.05 were considered statistically significant.

Results

A total of 6412 patients with minor ischemic stroke or TIA who carried CYP2C19 LOF alleles were
randomized in the CHANCE-2 trial,Z including 3205 patients in the ticagrelor and aspirin group
and 3207 in the clopidogrel and aspirin group. The median (IQR) age was 65 (57-71) years, and
42472 patients (66%) were men. All randomized patients were included in this secondary analysis.

The Figure shows the time-course distribution of the absolute treatment difference in major is-
chemic events and moderate to severe bleeding events. The largest reduction of major ischemic
events by ticagrelor and aspirin occurred in the first week (4.2% vs 5.5%; absolute risk reduction,
1.34%; 95% CI, 0.29 to 2.39, with a number needed to treat of 75) and attenuated but remained in
the next 3 weeks (absolute risk reduction in the second week, 0.11%; 95% CI, -0.24 to 0.45; abso-
lute risk reduction in the third week, 0.14%; 95% CI, -0.11 to 0.38; absolute risk reduction in the
fourth week, 0.04%; 95% CI, -0.18 to 0.25) (Figure; eTable in the Supplement). Cumulative analy-
sis showed that the reduction of major ischemic events by ticagrelor and aspirin in the first week
remained throughout the 90-day treatment period (Table 1). There were 2 fewer moderate to se-
vere bleeding events in the ticagrelor and aspirin group, and risk was relatively constant during
the 90-day treatment period. The absolute increase in any bleeding event in the first week (2.1%
vs 1.2%; absolute risk increase, 0.87%; 95% CI, 0.25 to 1.50, with a number needed to harm of
115) remained in the next 3 weeks (absolute increase in the second week, 1.21%; 95% CI, 0.75 to
1.68; absolute increase in the third week, 0.33%; 95% CI, -0.05 to 0.72; and absolute increase in
the fourth week, 0.23%; 95% CI, -0.03 to 0.49) (eTable in the Supplement). Cumulative analysis
showed that the absolute increase in any bleeding event seen during the first week remained rela-
tively constant in the following weeks (Table 1). Landmark analysis at 21 days showed that reduc-
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tion of major ischemic events (4.7% vs 6.3%; absolute risk reduction, 1.56%; 95% CI, 0.44 to 2.67,
with a number needed to treat of 64) and increase in any bleeding event (4.3% vs 1.9%; absolute
risk increase, 2.37%; 95% CI, 1.52 to 3.22, with a number needed to harm of 42) was observed
within the first 21 days (DAPT in both arms) but not during the period from day 22 to day 90 (sin-
gle antiplatelet therapy in both arms) (Table 2).

The net clinical benefit with the composite outcome of major ischemic event and moderate to se-
vere bleeding favored ticagrelor and aspirin in the first week (absolute risk reduction, 1.49%;
95% CI, 0.43 to 2.56) and remained in the next 3 weeks (absolute risk reduction in the second
week, 0.04%; 95% CI, -0.32 to 0.40; absolute risk reduction in the third week, 0.10%; 95% C],
-0.15 to 0.35; absolute risk reduction in the fourth week, 0.07%; 95% CI, -0.16 to 0.29) (Table 1;
eTable in the Supplement). The net clinical benefit was consistently observed across the prespeci-
fied subgroups, except that greater absolute net benefit was observed in patients without previ-
ous ischemic stroke or TIA than in those with previous ischemic stroke or TIA (eFigure 1 in the
Supplement).

In sensitivity analysis, ticagrelor and aspirin had a positive net clinical benefit in the total period of
90 days and mainly in the first week, regardless of the weight of a moderate to severe bleeding
event (between 0.5- to 1.2-fold greater) and the weight of a mild bleeding event (between 0- to
0.5-fold greater) compared with a major ischemic event (eFigure 2 in the Supplement; Table 3).

Landmark analysis showed that ticagrelor and aspirin had a positive net clinical benefit within the
first 21 days, but a negligible net benefit in the period from day 22 to day 90, regardless of the
weights of the moderate to severe and mild bleeding events (eFigure 2 in the Supplement).

Discussion

In this post hoc exploratory analysis of CHANCE-2Z including patients with minor ischemic stroke
or TIA who carried CYP2C19 LOF alleles, we found that the benefit with ticagrelor and aspirin
compared with clopidogrel and aspirin predominately reduced the risk of major ischemic events
in the first week, with additional attenuated benefit accruing in the second and third weeks of
treatment. The overall risk of moderate to severe bleeding was low, but the increased risk of over-
all bleeding with ticagrelor and aspirin at the early stage persisted for the first 4 weeks. The net
clinical benefit with ticagrelor and aspirin over clopidogrel and aspirin treatment may be predom-
inant in the first week, with additional small benefit accruing in the second and third weeks.

Intensive antiplatelet therapy with potent platelet inhibition may reduce ischemic event rates but
may also increase the risk of bleeding, which is a concern with P2Yy, inhibitors added to aspirin in
clinical practice.l” Prolonged duration of DAPT is potentially associated with increased risk of
bleeding in patients with ischemic stroke or TIA.12 A previous time-course analysis'2 of the
Clopidogrel With Aspirin in High-risk Patients With Acute Nondisabling Cerebrovascular Events
(CHANCE) trial*? indicated that the net clinical benefit with DAPT with clopidogrel and aspirin in
patients with minor stroke or TIA might be limited to the first 2 weeks. A secondary analysis2? of
the Platelet Oriented Inhibition in New TIA and Minor Ischemic Stroke (POINT) trial2! and the
pooled analysis® of the CHANCE and POINT trials demonstrated that the benefit with DAPT with
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clopidogrel and aspirin in patients with minor stroke or high-risk TIA occurred predominately
within the first 21 days and that longer duration DAPT may increase hemorrhagic risk without ad-
ditional ischemic benefit.

Clopidogrel is a commonly used antiplatelet agent but requires hepatic conversion that is influ-
enced by CYP2C19 genetic polymorphisms.222 In contrast, ticagrelor reversibly blocks the
platelet P2Y;, receptor without requirement of metabolic activation.22 Guidelines recommend
ticagrelor as an alternative antiplatelet agent for use with aspirin, especially for patients who carry
CYP2C19 LOF alleles.* However, DAPT with ticagrelor and aspirin may also cause a small increase
in bleeding. To our knowledge, no previous study has investigated the time course of benefit and
risk with ticagrelor and aspirin vs clopidogrel and aspirin treatment in patients with minor stroke
or TIA who carry CYP2C19 LOF alleles. In addition to the overall effect of DAPT in the main analy-
sis of the CHANCE-2 trial,Z the present analysis directly compared and described the time course
of the benefit (reduction in major ischemic events) and harm (increase in bleeding) with DAPT
with ticagrelor and aspirin vs clopidogrel and aspirin in these patients. The results of the present
study indicated that the net benefit with ticagrelor and aspirin treatment was largely realized in
the first week but with additional small benefit accruing in the second and third weeks of treat-
ment, regardless of whether mild bleeding events were considered. This demonstrated that the
benefit with ticagrelor over clopidogrel was predominately present in the short term, which may
be related to the fast action of ticagrelor. Nevertheless, numerical benefit and no evidence of harm
were observed in the second and third weeks of treatment, although the trial was not powered to
identify impacts in these periods. Whether DAPT with ticagrelor and aspirin should be adminis-
trated as a 1-week regimen needs further investigation with larger sample size.

Limitations

This study has several limitations. First, this secondary analysis of the temporal course of treat-
ment is exploratory, although it does support the main trial design and findings. All patients were
randomized to 21 days of DAPT followed by single antiplatelet therapy from day 22 to day 90.
Moreover, the landmark analyses in each stratified period were hampered by low power with
small sample size, especially for the event of moderate to severe bleeding. Second, the generaliz-
ability of these results was limited to patients with an acute minor ischemic stroke or high-risk TIA
who carried CYP2C19 LOF alleles. The results cannot be generalized to patients with major stroke
who may be more at risk of hemorrhagic transformation?* or those who metabolize clopidogrel
normally. Third, the CHANCE-2 trial” enrolled exclusively Chinese patients, who may be more sus-
ceptible to bleeding,22 have a high proportion of intracranial artery stenosis (30% to 50% in Asian
vs 8% in non-Asian patients227), and more frequently carry of the CYP2C19 LOF allele (eg, 60%
in Asian individuals vs 25% in White individuals22). Secondary prevention practices also may dif-
fer in China compared with other countries. Therefore, the generalizability of these findings needs
further validation in non-Chinese populations who have different demographic characteristics and
disease patterns. Fourth, although sensitivity analysis of net clinical benefit was performed with
different weighting assumptions, there is no definite weight of a bleeding event compared with a
major ischemic event. Nonetheless, ischemic events produced permanent injury and most hemor-
rhages were mild and transitory.
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Conclusions

In conclusion, this exploratory time-course analysis suggests that the ischemic benefit with tica-
grelor and aspirin treatment occurring predominantly in the first week may outweigh the risk of
bleeding throughout the 21-day period of DAPT in patients with minor ischemic stroke or TIA
who carried CYP2C19 LOF alleles. This analysis does not support shortening the 21-day regimen
of DAPT with ticagrelor and aspirin demonstrated in the CHANCE-2 trial.Z

Notes

Supplement.

eFigure 1. Absolute risk differences between ticagrelor-aspirin and clopidogrel-aspirin on composite of major ischemic

event and moderate-severe bleeding in predefined subgroups
eFigure 2. Sensitivity analysis of net clinical benefit

eTable. Landmark analysis of benefit and risk by week after randomization

References

1. Amarenco P, Lavallée PC, Labreuche ], et al.; TIAregistry.org Investigators . One-year risk of stroke after transient
ischemic attack or minor stroke. N Engl ] Med. 2016;374(16):1533-1542. doi: 10.1056/NEJMo0a1412981 [PubMed:
27096581] [CrossRef: 10.1056/NE]JMo0a1412981]

2. Shahjouei S, Sadighi A, Chaudhary D, et al.. A 5-decade analysis of incidence trends of ischemic stroke after transient
ischemic attack: a systematic review and meta-analysis. JAMA Neurol. 2021;78(1):77-87. doi:
10.1001 /jamaneurol.2020.3627 [PMCID: PMC7551236] [PubMed: 33044505] [CrossRef: 10.1001/jamaneurol.2020.3627]

3.PanY, Elm J], Li H, et al.. Outcomes associated with clopidogrel-aspirin use in minor stroke or transient ischemic attack:
a pooled analysis of Clopidogrel in High-Risk Patients With Acute Nondisabling Cerebrovascular Events (CHANCE) and
Platelet-Oriented Inhibition in New TIA and Minor Ischemic Stroke (POINT) trials. JAMA Neurol. 2019;76(12):1466-1473.
doi: 10.1001/jamaneurol.2019.2531 [PMCID: PMC6704730] [PubMed: 31424481] [CrossRef:

10.1001 /jamaneurol.2019.2531]

4. Kleindorfer DO, Towfighi A, Chaturvedi S, et al.. 2021 Guideline for the prevention of stroke in patients with stroke and
transient ischemic attack: a guideline from the American Heart Association/American Stroke Association. Stroke.
2021;52(7):e364-e467. doi: 10.1161/STR.0000000000000375 [PubMed: 34024117] [CrossRef:
10.1161/STR.0000000000000375]

5. Liu L, Chen W, Zhou H, et al.; Chinese Stroke Association Stroke Council Guideline Writing Committee . Chinese Stroke
Association guidelines for clinical management of cerebrovascular disorders: executive summary and 2019 update of
clinical management of ischaemic cerebrovascular diseases. Stroke Vasc Neurol. 2020;5(2):159-176. doi: 10.1136/svn-
2020-000378 [PMCID: PM(C7337371] [PubMed: 32561535] [CrossRef: 10.1136/svn-2020-000378]

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9214630/?report=printable 10/16



7/13/23, 11:42 AM Time Course for Benefit and Risk With Ticagrelor and Aspirin in Individuals With Acute Ischemic Stroke or Transient Ischemic Att...
6. Dawson ], Merwick A, Webb A, Dennis M, Ferrari ], Fonseca AC; European Stroke Organisation . European Stroke
Organisation expedited recommendation for the use of short-term dual antiplatelet therapy early after minor stroke and
high-risk TIA. Eur Stroke J. 2021;6(2):CLXXXVII-CXCI. doi: 10.1177/23969873211000877 [PMCID: PMC8370083] [PubMed:
34414300] [CrossRef: 10.1177/23969873211000877]

7. Wang Y, Meng X, Wang A, et al.; CHANCE-2 Investigators . Ticagrelor versus clopidogrel in CYP2C19 loss-of-function
carriers with stroke or TIA. N Engl ] Med. 2021;385(27):2520-2530. doi: 10.1056/NE]M0a2111749 [PubMed: 34708996]
[CrossRef: 10.1056/NEJMo0a2111749]

8. Berger PB, Bhatt DL, Fuster V, et al.; CHARISMA Investigators . Bleeding complications with dual antiplatelet therapy
among patients with stable vascular disease or risk factors for vascular disease: results from the Clopidogrel for High
Atherothrombotic Risk and Ischemic Stabilization, Management, and Avoidance (CHARISMA) trial. Circulation.
2010;121(23):2575-2583. doi: 10.1161/CIRCULATIONAHA.109.895342 [PubMed: 20516378] [CrossRef:
10.1161/CIRCULATIONAHA.109.895342]

9. Ge F, Lin H, Liu Y, et al.. Dual antiplatelet therapy after stroke or transient ischaemic attack—how long to treat? the
duration of aspirin plus clopidogrel in stroke or transient ischaemic attack: a systematic review and meta-analysis. EurJ
Neurol. 2016;23(6):1051-1057. doi: 10.1111/ene.12982 [PubMed: 27021849] [CrossRef: 10.1111/ene.12982]

10. Wang Y, Johnston C, Bath PM, et al.; CHANCE-2 Investigators . Clopidogrel With Aspirin in High-risk Patients With Acute
Nondisabling Cerebrovascular Events Il (CHANCE-2): rationale and design of a multicentre randomised trial. Stroke Vasc
Neurol. 2021;6(2):280-285. doi: 10.1136/svn-2020-000791 [PMCID: PMC8258075] [PubMed: 33952670] [CrossRef:
10.1136/svn-2020-000791]

11. Wang Y, Zhao X, Lin ], et al.; CHANCE investigators . Association between CYP2C19 loss-of-function allele status and
efficacy of clopidogrel for risk reduction among patients with minor stroke or transient ischemic attack. JAMA.
2016;316(1):70-78. doi: 10.1001 /jama.2016.8662 [PubMed: 27348249] [CrossRef: 10.1001 /jama.2016.8662]

12. Meng X, Wang A, Zhang G, et al.. Analytical validation of GMEX rapid point-of-care CYP2C19 genotyping system for the
CHANCE-2 trial. Stroke Vasc Neurol. 2021;6(2):274-279. doi: 10.1136/svn-2021-000874 [PMCID: PM(C8258065] [PubMed:
33952669] [CrossRef: 10.1136/svn-2021-000874]

13. GUSTO investigators . An international randomized trial comparing four thrombolytic strategies for acute myocardial
infarction. N Engl ] Med. 1993;329(10):673-682. doi: 10.1056/NEJM199309023291001 [PubMed: 8204123] [CrossRef:
10.1056/NEJM199309023291001]

14. Johnston SC, Amarenco P, Aunes M, et al.; THALES Investigators . Ischemic benefit and hemorrhage risk of ticagrelor-

aspirin versus aspirin in patients with acute ischemic stroke or transient ischemic attack. Stroke. 2021;52(11):3482-3489.
doi: 10.1161/STROKEAHA.121.035555 [PMCID: PM(C8547576] [PubMed: 34477459] [CrossRef:
10.1161/STROKEAHA.121.035555]

15. Pany, Jing ], Chen W, et al.; CHANCE investigators . Risks and benefits of clopidogrel-aspirin in minor stroke or TIA:
time course analysis of CHANCE. Neurology. 2017;88(20):1906-1911. doi: 10.1212/WNL.0000000000003941 [PubMed:
28424269] [CrossRef: 10.1212/WNL.0000000000003941]

16. Friberg L, Rosenqvist M, Lip GY. Net clinical benefit of warfarin in patients with atrial fibrillation: a report from the
Swedish atrial fibrillation cohort study. Circulation. 2012;125(19):2298-2307. doi: 10.1161/CIRCULATIONAHA.111.055079
[PubMed: 22514252] [CrossRef: 10.1161/CIRCULATIONAHA.111.055079]

17. Ferreiro JL, Sibbing D, Angiolillo D]. Platelet function testing and risk of bleeding complications. Thromb Haemost.
2010;103(6):1128-1135. doi: 10.1160/TH09-11-0799 [PubMed: 20352168] [CrossRef: 10.1160/TH09-11-0799]

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9214630/?report=printable 11/16



7/13/23, 11:42 AM Time Course for Benefit and Risk With Ticagrelor and Aspirin in Individuals With Acute Ischemic Stroke or Transient Ischemic Att...

18. Grotta JC. Antiplatelet therapy after ischemic stroke or TIA. N Engl ] Med. 2018;379(3):291-292. doi:
10.1056/NEJMe1806043 [PubMed: 29766754] [CrossRef: 10.1056/NEJMe1806043]

19. Wang Y, Wang Y, Zhao X, et al.; CHANCE Investigators . Clopidogrel with aspirin in acute minor stroke or transient
ischemic attack. N Engl ] Med. 2013;369(1):11-19. doi: 10.1056/NE]JMo0a1215340 [PubMed: 23803136] [CrossRef:
10.1056/NEJMo0a1215340]

20. Johnston SC, Elm JJ, Easton ]JD, et al.; POINT and Neurological Emergencies Treatment Trials Network Investigators .
Time course for benefit and risk of clopidogrel and aspirin after acute transient ischemic attack and minor ischemic stroke.
Circulation. 2019;140(8):658-664. doi: 10.1161/CIRCULATIONAHA.119.040713 [PubMed: 31238700] [CrossRef:
10.1161/CIRCULATIONAHA.119.040713]

21. Johnston SC, Easton ]D, Farrant M, et al.; Clinical Research Collaboration, Neurological Emergencies Treatment Trials
Network, and the POINT Investigators . Clopidogrel and Aspirin in Acute Ischemic Stroke and High-Risk TIA. N Engl ] Med.
2018;379(3):215-225. doi: 10.1056/NE]M0a1800410 [PMCID: PMC6193486] [PubMed: 29766750] [CrossRef:
10.1056/NEJM0a1800410]

22.PanY, Chen W, Xu Y, et al.. Genetic polymorphisms and clopidogrel efficacy for acute ischemic stroke or transient
ischemic attack: a systematic review and meta-analysis. Circulation. 2017;135(1):21-33. doi:
10.1161/CIRCULATIONAHA.116.024913 [PubMed: 27806998] [CrossRef: 10.1161/CIRCULATIONAHA.116.024913]

23. Easton JD, Aunes M, Albers GW, et al.; SOCRATES Steering Committee and Investigators . Risk for major bleeding in
patients receiving ticagrelor compared with aspirin after transient ischemic attack or acute ischemic stroke in the
SOCRATES study (Acute Stroke or Transient Ischemic Attack Treated With Aspirin or Ticagrelor and Patient Outcomes).
Circulation. 2017;136(10):907-916. doi: 10.1161/CIRCULATIONAHA.117.028566 [PubMed: 28655834] [CrossRef:
10.1161/CIRCULATIONAHA.117.028566]

24. Bath PM, Woodhouse L], Appleton JP, et al.; TARDIS Investigators . Antiplatelet therapy with aspirin, clopidogrel, and
dipyridamole versus clopidogrel alone or aspirin and dipyridamole in patients with acute cerebral ischaemia (TARDIS): a
randomised, open-label, phase 3 superiority trial. Lancet. 2018;391(10123):850-859. doi: 10.1016/S0140-6736(17)32849-
0 [PMCID: PM(C5854459] [PubMed: 29274727] [CrossRef: 10.1016/S0140-6736(17)32849-0]

25. Kang HJ, Clare RM, Gao R, etal.; PLATO Investigators . Ticagrelor versus clopidogrel in Asian patients with acute
coronary syndrome: a retrospective analysis from the Platelet Inhibition and Patient Outcomes (PLATO) trial. Am Heart ].
2015;169(6):899-905.e1. doi: 10.1016/j.ahj.2015.03.015 [PubMed: 26027629] [CrossRef: 10.1016/j.ahj.2015.03.015]

26. Wong LK. Global burden of intracranial atherosclerosis. Int J Stroke. 2006;1(3):158-159. doi: 10.1111/j.1747-
4949.2006.00045.x [PubMed: 18706036] [CrossRef: 10.1111/j.1747-4949.2006.00045.x]

27. Wang Y, Zhao X, Liu L, et al.; CICAS Study Group . Prevalence and outcomes of symptomatic intracranial large artery
stenoses and occlusions in China: the Chinese Intracranial Atherosclerosis (CICAS) Study. Stroke. 2014;45(3):663-669. doi:
10.1161/STROKEAHA.113.003508 [PubMed: 24481975] [CrossRef: 10.1161/STROKEAHA.113.003508]

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9214630/?report=printable 12/16



7/13/23, 11:42 AM

Figures and Tables

Figure.

1.60
el
& 1.204
kel
.E Major ischemic event
2 0.80-
W
=
g 0.404
o
E [ o= _  ——h— A

Moderate to severe bleeding
-0.40 T T ]
1 2 3 4 5 6-13
Time since randomization, wk
Patient, Total No. of events (event rate), wk

Major ischemic event No. events 1 2 3 5 6-13
CLP+ASA 3207 247 176 16 9 2 38
TIC+ASA 3205 193 133 13 5 4 33
Difference 6412 54 43(1.3%)  3(0.1%) 4(0.1%) 1(0.04%) -2(-0.1%) 5(0.2%)
Moderate to severe bleeding
CLP+ASA 3207 11 7 0 0 0 3
TIC+ASA 3205 9 3 2 1 1 2
Difference 6412 2 4(0.1%) -2(-0.1%) -1(-0.03%) 1(0.03%) -1(-0.03%) 1(0.03%)

Time Course of the Absolute Treatment Difference

Major ischemic event was defined as the composite of ischemic stroke and nonhemorrhagic death. Moderate or severe

bleeding was defined according to the Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded

Coronary Arteries (GUSTO) criteria. ASA indicates aspirin; CLP, clopidogrel; TIC, ticagrelor.
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Table 1.

Cumulative Analysis of Benefit and Risk by Week After Randomization

Time Course for Benefit and Risk With Ticagrelor and Aspirin in Individuals With Acute Ischemic Stroke or Transient Ischemic Att...

Outcome Time Ticagrelor + aspirin, Clopidogrel + Risk Hazard P
interval No. of events (n= aspirin, No. of difference ratio value
3205) events (n=3205) (95% CI),% (95% CI)
Composite of major Day 1-7 3205 135 (4.21) 3207 183 (5.71) -1.49(-2.56 0.73(0.58 .005
ischemic event® and to -0.43) to 0.91)
moderate to severe  pay 114 3205 150 (4.68) 3207 199 (6.21) -1.53(-2.64 0.74(0.60 .006
b
bleeding to -0.42) t0 0.92)
Day 1-21 3205 156 (4.87) 3207 208 (6.49) -1.62(-2.75 0.74(0.60 .005
to -0.49) to 0.91)
Day 1-28 3205 161 (5.02) 3207 215(6.70) -1.68 (-2.83  0.74 (0.60 .004
to -0.53) to 0.91)
Day 1-35 3205 165 (5.15) 3207 217 (6.77) -1.62 (-2.78 0.75(0.61 .005
to -0.46) to 0.92)
Day 1-90 3205 200 (6.24) 3207 257 (8.01) -1.77 (-3.03  0.77 (0.64 .005
to -0.52) to 0.92)
Major ischemic Day 1-7 3205 133 (4.15) 3207 176 (5.49) -1.34(-2.39 0.75(0.59 .01
event? to -0.29) to 0.93)
Day 1-14 3205 146 (4.56) 3207 192 (5.99) -1.43(-2.53 0.75(0.60 .008
to -0.34) to 0.93)
Day 1-21 3205 151 (4.71) 3207 201 (6.27) -1.56 (-2.67 0.74(0.60 .006
to -0.44) to 0.92)
Day 1-28 3205 156 (4.87) 3207 207 (6.45) -1.59(-2.72 0.74(0.60 .005
to -0.46) to 0.92)
Day 1-35 3205 160 (4.99) 3207 209 (6.52) -1.53(-2.66 0.76 (0.61 .008
to -0.39) to 0.93)
Day 1-90 3205 193 (6.02) 3207 247 (7.70) -1.68(-2.92 0.77 (0.64 .006
to —-0.44) to 0.93)
Moderate to severe  Day 1-7 3205 3(0.09) 3207 7 (0.22) -0.13(-0.32 0.43(0.11 .23
bleedingb to 0.07) to 1.68)
Day 1-14 3205 5(0.16) 3207 7 (0.22) -0.06 (-0.27  0.72(0.23 .57
to 0.15) to 2.26)
Day 1-21 3205 6 (0.19) 3207 7 (0.22) -0.03(-0.25 0.86(0.29 .79
to 0.19) to 2.56) v

a@Major ischemic event was defined as the composite of ischemic stroke and nonhemorrhagic death.

b Moderate or severe bleeding was defined according to the Global Utilization of Streptokinase and Tissue Plasminogen

Activator for Occluded Coronary Arteries (GUSTO) criteria.
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Table 2.

Landmark Analysis of Benefit and Risk at 21 Days After Randomization

Outcome Time Ticagrelor-aspirin Clopidogrel-aspirin Risk Hazard P
interval  no of No. of No. of No. of difference ratio value

patients events  patients events (95%C1), % (95% CI)

(%) (%)
Composite of major Day 1-21 3205 156 (4.9) 3207 208 (6.5) -1.62(-2.75 0.74(0.60 .005
ischemic event? and to —-0.49) to 0.91)
moderate to severe Day 22- 3049 44 (1.4) 2999 49 (1.6) -0.19(-0.81  0.87 (0.58 .50
b
bleeding 90 to 0.43) to 1.31)
Major ischemic event® Day 1-21 3205 151 (4.7) 3207 201 (6.3) -1.56(-2.67 0.74 (0.60 .006
to -0.44) to 0.92)
Day 22- 3052 42 (1.4) 3003 46 (1.5) -0.16(-0.76  0.88(0.58 .56
90 to 0.45) to 1.34)
Moderate to severe Day 1-21 3205 6(0.2) 3207 7 (0.2) -0.03 (-0.25 0.86 (0.29 .79
bleeding® to 0.19) to 2.56)
Day 22- 3196 3(0.1) 3189 4 (0.1) -0.03(-0.19 0.75(0.17 .71
90 to 0.13) to 3.36)
Any bleeding Day 1-21 3205 138 (4.3) 3207 62 (1.9) 2.37(1.52to 2.30 (1.70 <.001
3.22) to 3.12)
Day 22- 3064 32 (1.0) 3134 18 (0.6)  0.47 (0.02 to 1.75(0.98 .06
90 0.92) to 3.13)

3 Major ischemic event was defined as the composite of ischemic stroke or nonhemorrhagic death.
b Major hemorrhage was defined as moderate or severe bleeding according to the Global Utilization of Streptokinase and

Tissue Plasminogen Activator for Occluded Coronary Arteries (GUSTO) criteria.
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Table 3.

Sensitivity Analysis of Net Clinical Benefit by Week

Weight (moderate-severe Net clinical benefit?
bleeding) 1st wk 2nd wk 3rdwk  4thwk  5thwk 6th wk-day
90
0.5 45,419,295 2,-1.6,-16 3.5,2.6,-1 1.5,0.7, -2.5,-2.5, 5.5,4.7,1.5
-2.5 -2.5

0.6 45.4,42.3, 1.8, -1.8, 3.4, 2.5, 1.6, 0.8, -2.6,-2.6, 5.6,4.8, 1.6
29.9 -16.2 -1.1 -2.4 -2.6

0.7 45.8,42.7, 1.6,-2,-16.4 3.3,2.4, 1.7, 0.9, -2.7,-2.7, 5.7,4.9, 1.7
30.3 -1.2 -2.3 -2.7

0.8 46.2,43.1, 1.4, -2.2, 3.2,2.3, 1.8,1,-2.2 -2.8,-2.8, 5.8,5,1.8
30.7 -16.6 -1.3 -2.8

0.9 46.6, 43.5, 1.2, -2.4, 3.1, 2.2, 1.9, 1.1, -2.9,-2.9, 59,51,19
31.1 -16.8 -1.4 -2.1 -2.9

1.0 47,439,315 1,-2.6,-17 3,2.1,-1.5 2,1.2,-2 -3,-3,-3 6,522

1.1 47.4, 44.3, 0.8, -2.8, 29,2,-1.6 21,13, -3.1,-3.1, 6.1,5.3,2.1
31.9 -17.2 -1.9 -3.1

1.2 47.8, 44.7, 0.6,-3,-17.4 2.8, 1.9, 2.2,1.4, -3.2,-3.2, 6.2,5.4,2.2
32.3 -1.7 -1.8 -3.2

2 Net clinical benefit was calculated as: net clinical benefit= (major ischemic event [clopidogrel-aspirin group] - major

ischemic event [ticagrelor-aspirin group]) - weight (moderate-severe bleeding) x (moderate-severe bleeding [ticagrelor-

aspirin group] - moderate-severe bleeding [clopidogrel-aspirin group]) - weight (mild bleeding) x (mild bleeding

[ticagrelor-aspirin group] - mild bleeding [clopidogrel-aspirin group]). The weights account for the effects of a moderate to

severe (weight [moderate-severe bleeding]) or mild (weight [mild bleeding]) bleeding incident compared with a major

ischemic event. Major ischemic event included ischemic stroke and nonhemorrhagic death. Data represented net clinical

benefit with weight (mild bleeding) of 0, 0.1, and 0.5.
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