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BACKGROUND AND PURPOSE: Among patients with a transient ischemic attack or minor ischemic strokes, those with ipsilateral
atherosclerotic stenosis of cervicocranial vasculature have the highest risk of recurrent vascular events.

METHODS: In the double-blind THALES (The Acute Stroke or Transient Ischemic Attack Treated With Ticagrelor and ASA
for Prevention of Stroke and Death) trial, we randomized patients with a noncardioembolic, nonsevere ischemic stroke, or
high-risk transient ischemic attack to ticagrelor (180 mg loading dose on day 1 followed by 90 mg twice daily for days
2-30) or placebo added to aspirin (300-325 mg on day 1 followed by 756—100 mg daily for days 2-30) within 24 hours of
symptom onset. The present paper reports a prespecified analysis in patients with and without ipsilateral, potentially causal
atherosclerotic stenosis >30% of cervicocranial vasculature. The primary end point was time to the occurrence of stroke or
death within 30 days.

RESULTS: Of 11016 randomized patients, 2351 (21.3%) patients had an ipsilateral atherosclerotic stenosis. After 30 days, a
primary end point occurred in 92/1136 (8.1%) patients with ipsilateral stenosis randomized to ticagrelor and in 132/1215
(10.9%) randomized to placebo (hazard ratio 0.73 [95% ClI, 0.66—0.96], P=0.023) resulting in a number needed to treat
of 34 (95% CI, 19-171). In patients without ipsilateral stenosis, the corresponding event rate was 211/4387 (4.8%) and
230/4278 (5.4%), respectively (hazard ratio, 0.89 [95% Cl, 0.74-1.08]; ~=0.23, P __ . =0.245). Severe bleeding occurred
in 4 (0.4%) and 3 (0.2%) patients with ipsilateral atherosclerotic stenosis on ticagrelor and on placebo, respectively (F=NS),
and in 24 (0.5%) and 4 (0.1%), respectively, in 8665 patients without ipsilateral stenosis (hazard ratio=5.87 [95% Cl,

2.04-16.9], A~=0.001).

CONCLUSIONS: In this exploratory analysis comparing ticagrelor added to aspirin to aspirin alone, we found no treatment by
ipsilateral atherosclerosis stenosis subgroup interaction but did identify a higher absolute risk and a greater absolute risk
reduction of stroke or death at 30 days in patients with ipsilateral atherosclerosis stenosis than in those without. In this easily
identified population, ticagrelor added to aspirin provided a clinically meaningful benefit with a number needed to treat of 34
(95% CI, 19-171).
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Nonstandard Abbreviations and Acronyms

ASCOD atherosclerosis, small vessel disease,
cardiac pathology, other disease,
dissection

Clopidogrel in High-Risk Patients with
Acute Nondisabling Cerebrovascular

Events

Global Utilization of Streptokinase and
Tissue-Type Plasminogen Activator for
Occluded Coronary Arteries Trial

HR hazard ratio

CHANCE

GUSTO

MATCH Management of ATherothrombosis
with Clopidogrel in High-risk patients

NNH number needed to harm

NNT number needed to treat

POINT Platelet Oriented Inhibition in New TIA
and Minor Ischemic Stroke

PRINCE Platelet Reactivity in Acute Nondis-
abling Cerebrovascular Events

PROFESS Prevention Regimen for Effectively
Avoiding Secondary Strokes

SOCRATES The Acute Stroke or Transient Isch-
emic Attack Treated With Aspirin or
Ticagrelor and Patient Outcomes

SPS-3 Secondary Prevention of Small Sub-
cortical Strokes

THALES The Acute Stroke or Transient Isch-
emic Attack Treated With Ticagrelor
and ASA for Prevention of Stroke and
Death

TIA transient ischemic attack

with ipsilateral stenosis of the cervicocranial vas-

culature and have the highest risk of recurrence
among ischemic stroke etiologic subtypes.? In the
SOCRATES trial (Acute Stroke or Transient Ischemic
Attack Treated With Aspirin or Ticagrelor and Patient
Outcomes), patients with transient ischemic attack (TIA)
or minor ischemic strokes, ticagrelor resulted in a 32%
relative risk reduction in recurrent stroke and cardiovas-
cular events compared with aspirin among the subgroup
of patients with ipsilateral atherosclerotic stenosis of cer-
vicocranial vasculature® Because the main trial did not
meet its primary hypothesis of a superiority of ticagrelor
over aspirin,? the result in the atherosclerotic subgroup
was considered hypothesis generating.

In the THALES trial (Acute Stroke or Transient Isch-
emic Attack Treated With Ticagrelor and ASA for Preven-
tion of Stroke and Death), we randomized patients with
a noncardioembolic, nonsevere ischemic stroke, or high-
risk TIA to ticagrelor (180 mg loading dose on day 1
followed by 90 mg twice daily for days 2-30) or placebo

Among patients with ischemic stroke, 40% present
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within 24 hours of symptom onset. All patients received
aspirin (300-325 mg on day 1 followed by 100 mg daily
for days 2-30). In THALES, ticagrelor added to aspirin
reduced the 30-day risk of stroke or death by 17% rela-
tive to placebo and aspirin.* In a prespecified analysis of
the THALES trial, we aimed to evaluate the efficacy and
safety of ticagrelor added to aspirin in the first 30 days
following a TIA or minor ischemic stroke in patients with
or without ipsilateral, potentially causal, 230% athero-
sclerotic stenosis of cervicocranial vasculature.

METHODS

Trial Design and Oversight

THALES was a randomized, double-blind, placebo-controlled,
multicenter, international, parallel-group trial conducted at 414
sites in 28 countries.* The Executive Committee designed and
oversaw the conduct and analysis of the trial in collaboration
with the sponsor, AstraZeneca. Details of the study rationale,
design, and methods have been described previously® After
the trial start, given the results of the POINT trial (Platelet
Oriented Inhibition in New TIA and Minor Ischemic Stroke) and
CHANCE trial (Clopidogrel in High-Risk Patients With Acute
Nondisabling Cerebrovascular Events),®” the study assump-
tions were adjusted to a lower hazard ratio requiring less pri-
mary end points and smaller sample size.*

The trial was approved by the relevant ethics committee for
each participating site. Descriptions of the trial leadership, com-
mittees, and investigators are provided in the Data Supplement,
available online with the full text of this article.

An independent Data Monitoring Committee regularly over-
saw the safety of the patients and the integrity and conduct of
the study based on patient accrual throughout the trial.

The trial analyses were done by the sponsor under the
direction of the Executive Committee. The first author, who
had full access to the data, wrote the first draft of the article.
The article was reviewed, edited, and approved by all authors,
who decided to publish the data. The authors vouch for the
accuracy and completeness of the data and the adher-
ence to the study protocol and statistical analysis plan, both
of which are available online with the full text of this article.
Data underlying the findings described in this article may be
obtained in accordance with AstraZeneca's data sharing policy
described at https://astrazenecagrouptrials.pharmacm.com/
ST/Submission/Disclosure.

Patients

Eligible patients enrolled in THALES were 240 years of age
had a noncardioembolic acute ischemic stroke with a National
Institutes of Health Stroke Scale score (range 0-42, higher
scores indicate more severe stroke) of <5 or high-risk TIA (age,
blood pressure, clinical symptoms, diabetes, duration stroke risk
score [scores assessing the risk of stroke on the basis of age,
blood pressure, clinical features, duration of TIA, and presence
or absence of diabetes; range O (lowest risk)=7 (highest risk)])
of >6 or symptomatic intracranial or extracranial stenosis (=50%
narrowing in the diameter of the lumen of an artery that could
account for the TIA). Randomization was required to occur within
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24 hours after onset of symptoms. Before randomization patients
had undergone a computer tomography or magnetic resonance
imaging scan of the brain. In the present subgroup analysis, we
included patients with symptomatic intracranial or extracranial
arterial stenosis, that is, 230% narrowing in the diameter of the
lumen of an artery that could account for the clinical presentation
(irrespective of >4 mm thick aortic arch plaque). Thirty percent
narrowing was chosen as cutoff based on criteria of the athero-
sclerosis, small vessel disease, cardiac pathology, other disease,
dissection (ASCOD) grading system.3®

Patients were not eligible if there was history of atrial fibril-
lation, ventricular aneurysm, or suspicion of cardioembolic
cause for TIA or stroke; planned carotid endarterectomy that
required halting study medication within 3 days of randomiza-
tion; known bleeding diathesis or coagulation disorder; history
of previous symptomatic nontraumatic intracerebral hem-
orrhage, gastrointestinal bleed within the past 6 months, or
major surgery within 30 days. Additional information on inclu-
sion and exclusion criteria is found in the Data Supplement,
available with the full text of this article.

Trial Procedures

Written informed consent was provided prior to any study-
specific procedures. Following enroliment/randomization, visits
were scheduled at 7 (£2) days, 30 (+4) days, and 60 (+4)
days. The visits at 7 and 60 days could be telephone visits.

Enrolled, eligible patients were randomly assigned to
receive either ticagrelor or matching placebo, in accordance
with the sequestered, fixed-randomization schedule, with the
use of balanced blocks to ensure an approximate 1:1 ratio of
the 2 regimens.

A loading dose of ticagrelor 180 mg (two 90 mg tablets)
or matching placebo was to be given as soon as possible after
randomization. Subsequent maintenance doses of ticagrelor
90 mg or matching placebo were taken in the morning and
evening, at ~12-hour intervals, for the remainder of the 30-day
treatment period.

In addition, and as part of clinical practice, patients received
a loading dose with aspirin (recommended 300-325 mg aspi-
rin, taking any dose of aspirin given after symptom onset but
before randomization in account) and, thereafter, were treated
with a recommended aspirin dose of 75 to 100 mg once daily.

After the 30 days of study treatment, patients were treated
according to standard of care at the discretion of the investiga-
tor and followed for an additional 30 days with continued col-
lection of end points and safety events.

Atherosclerotic Subgroup

The case report form contained a questionnaire about severity
and location of atherosclerosis of the cervicocranial vascu-
lature derived from the ASCOD atherosclerosis phenotype.®
Vascular imaging data were systematically collected in the
case report form from computed tomography angiography,
magnetic resonance angiography, or ultrasound of both
extracranial and intracranial arteries conducted as part of
clinical practice for detection of atherosclerotic stenosis and
investigated the presence of aortic arch atheroma >4 mm in
thickness. The arteries supplying and those not supplying the
ischemic field were categorized as occlusion with evidence
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of atherosclerosis, a stenosis with narrowing of the lumen of
70% to 99%, 50% to 69%, 30% to 49%, <30% or plaque, no
atherosclerosis and occlusion with no evidence of atheroscle-
rosis, with or without aortic arch atheroma >4 mm in thickness.
The presence of medical history of peripheral artery disease,
coronary artery disease, coronary artery bypass grafting, myo-
cardial infarction, and percutaneous coronary intervention
was also recorded.

Outcomes

Outcome events were not adjudicated centrally given a lack
of evidence that this improves data quality.® All efficacy and
safety analyses were based on investigator-assessed events.
Stroke events, which included both progression of index stroke
or new stroke events, were recorded as adverse events and
classified by investigators as ischemic, hemorrhagic, or of
undetermined cause. Bleeding events were classified by the
investigator according to the GUSTO trial (Global Utilization
of Streptokinase and Tissue-Type Plasminogen Activator for
Occluded Coronary Arteries) bleeding definition as severe,
moderate, or mild."® The definitions of the prespecified end
points and GUSTO bleeding classification for this study have
been previously described®'" and are also included in the study
protocol available in the Data Supplement. The primary effi-
cacy end point was the time from randomization to the first
subsequent event of stroke or death. Secondary end point
was time from randomization to first subsequent ischemic
stroke. For this analysis, we also evaluated disabling stroke as
an exploratory end point, defined as an incident stroke with a
modified Rankin Scale score >1 at end of treatment visit 30 to
34 days after randomization. The modified Rankin Scale mea-
sures disability as a score of O to 6: 0 to 1 no disability, 2 to b
increasing disability, and 6 death.

Statistical Analyses

Trial assumptions have been reported.*® All efficacy and safety
analyses were based on the intention-to-treat principle using
the full analysis set (including all randomized patients). The time
from randomization to the first occurrence of any event for a
given end point was compared using the Cox proportional haz-
ards model with a factor for treatment group, using the Efron
method for ties. Pvalues and 95% CI for the hazard ratio (HR)
were based on the Wald statistic. Since all analyses presented
were exploratory, no adjustment for multiple comparisons was
made, and Pvalues were nominal. If the total number of events
is <15, only the number and percentage of patients with events
were presented, but no Kaplan-Meier estimates, HRs, CI, or P
values. Interactions between treatment assignment and pre-
specified subgroups were evaluated by including terms for
treatment, subgroup, and treatment-by-subgroup interaction in
the Cox model. Interaction terms with a P value of <0.05 were
considered statistically significant. With 224 primary events in
the ipsilateral stenosis group, the power was 82% assuming a
hazard ratio of 0.68 (as found in the SOCRATES trial®).

RESULTS

Between January 22, 2018 and October 7, 2019, 2351
patients (21.3% of the overall 11016 patients in the
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Table 1. Baseline Characteristics of Patients With and Without Ipsilateral Stenosis

Ticagrelor Plus Aspirin in Atherosclerotic Stroke

Patients with ipsilateral stenosis

Patients without ipsilateral stenosis

(N=2351) (N=8665)
Ticagrelor Placebo Ticagrelor Placebo
Baseline (N=1136) (N=1215) (N=4387) (N=4278)
Age, y (SD) 67.1 (10.7) 67.6 (10.5) 64.7 (11.0) 64.4 (11.2)
Female sex, n (%) 369 (32.5) 388 (31.9) 1739 (39.6) 1783 (41.7)
Race, n (%)
White patients 651 (57.3) 665 (54.7) 2322 (52.9) 2283 (53.4)
Black patients 4 (0.4) 6 (0.5) 17 (0.4) 26 (0.6)
Asian patients 468 (41.2) 531 (43.7) 1885 (43.0) 1808 (42.3)
Other 13 (1.1) 13 (1.1) 163 (3.7) 161 (3.8)
Region, n (%)
Asia or Australia 470 (41.4) 533 (43.9) 1903 (43.4) 1823 (42.6)
Europe 615 (54.1) 635 (52.3) 2199 (50.1) 2168 (50.7)
North America 2(0.2) 1(0.1) 10 (0.2) 10 (0.2)
Central or South America 49 (4.3 46 (3.8) 275 (6.3) 277 (6.5)

Median blood pressure (IQR), mmHg

Systolic

150 (138-165)

150 (136-163)

150 (134-162)

149 (134-163)

Diastolic

84 (78-90.5)

83 (77-90)

84 (79-92)

84 (79-92)

Median body mass index (IQR)

26.1 (23.5-29.0)

25.8 (23.1-28.7)

25.8 (23.2-29.1)

25.7 (23.2-29.0)

Medical history, n (%)

Hypertension 932 (82.0) 990 (81.5) 3366 (76.7) 3232 (77.5)

Dyslipidemia 463 (40.8) 468 (38.5) 1635 (37.3) 1581 (37.0)

Current smoker 356 (31.3) 347 (28.6) 1148 (26.2) 1081 (25.3)

Diabetes 356 (31.3) 367 (30.2) 1233 (28.1) 1190 (27.8)

Previous ischemic stroke 211 (18.6) 238 (19.6) 690 (15.7) 676 (15.8)

Previous TIA 66 (5.8) 65 (5.3) 209 (4.8) 175 (4.1)

Previous ischemic heart disease 173 (15.2) 164 (13.5) 359 (8.2) 369 (8.6)

Congestive heart failure 64 (5.6) 64 (5.3) 143 (3.3) 140 (3.3)
Taking aspirin prior to index event, n (%) 162 (14.3) 162 (13.3) 592 (13.5) 517 (12.1)
Taking clopidogrel prior to index event, n (%) 22 (1.9) 27 (2.2) 53 (1.2) 48 (1.1)
Taking proton-pump inhibitor 81 (7.1) 90 (7.4) 322 (7.3) 316 (7.4)
Time to randomization after onset of symptoms, n (%)

<12h 356 (31.3) 375 (30.9) 1456 (33.2) 1401 (32.7)

>12h 780 (68.7) 840 (69.1) 2931 (66.8) 2877 (67.3)
Qualifying event, n (%)

TIA 158 (13.9) 175 (14.4) 333 (7.6) 365 (8.5)

Ischemic stroke 978 (86.1) 1040 (85.6) 4054 (92.4) 3913 (91.5)
Baseline ABCD2 score among patients with TIA as qualifying event, n (%)

<6 55 (4.8) 66 (5.4) 5 (0.1) 5 (0.1)

6 or7 108 (9.1) 109 (9.0) 328 (7.5) 360 (8.4)
Baseline NIHSS score among patients with ischemic stroke as qualifying event, n (%)

<3 633 (55.7) 671 (55.2) 2726 (62.1) 2641 (61.7)

>3 345 (30.4) 369 (30.4) 1328 (30.3) 1272 (29.7)

ABCD2 indicates age, blood pressure, clinical symptoms, diabetes, duration; IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale; TIA, transient

ischemic attack.

THALES trial) with ipsilateral stenosis of the cerebral
vasculature were randomized and included in the pres-
ent THALES subgroup analysis (Figure | in the Data

Stroke. 2020;51:3504-3513. DOI: 10.1161/STROKEAHA.120.032239

Supplement, CONSORT). Among 11016 patients, 8802
(79.9%) had an imaging of extracranial and intracranial
arteries. Four patients with ipsilateral stenosis withdrew
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their consent during the study; vital status at the end of
the study was ascertained for all these patients. Event
status for the primary end point was ascertained for
99.7% of the potential patient follow-up time. Baseline
characteristics are presented in Table 1; there were no
major imbalances between the groups.

In the THALES ipsilateral stenosis population, ticagre-
lor resulted in fewer primary efficacy outcome events
(9271136, 8.1%) than placebo (132/1215, 10.9%), HR
0.73 (95% ClI, 0.566-0.96), P=0.023; Figure 1, Table 2)
with a number needed to treat (NNT) of 34 (95% CI,
19-171), whereas in the subgroup with no ipsilateral ste-
nosis 211/4387 patients on ticagrelor and 230/4278
on placebo had a primary outcome event (4.8% versus
5.4%, HR=0.89 [95% ClI, 0.74-1.08]; P=0.230; P for
interaction=0.245; Figure 1, Table 2). A sensitivity analy-
sis excluding patients with no vascular imaging found the
same results.

The first secondary end point, ischemic stroke,
occurred in 87 (7.7%) patients in the ticagrelor group and
127 (10.5%) in the placebo group, HR 0.72 (0.55-0.95),
P=0.020 (Table 2).

Analysis of the primary efficacy outcome including
only disabling stroke (modified Rankin Scale score>1
at 30 days) or death showed 2.3% absolute difference
between groups (NNT 43; Table 2).

There were no treatment-by-subgroup interactions for
the primary end point in the prespecified subgroups at

Ticagrelor Plus Aspirin in Atherosclerotic Stroke

a threshold of A<0.05, except for weight <70 kg (Fig-
ure 2). Of note the absolute benefit in Asian patients was
more pronounced (10.3 versus 16.2%, HR, 0.61 [95%
Cl, 0.43-087], P__....=0.09, NNT=17) as well as in
patients weighting <70 kg (Figure 2). Table 3 shows the
distribution of atherosclerotic stenosis in European and
Asian patients (showing more intracranial stenosis in
Asia and more extracranial stenosis in Europe). However,
including geographical region as a factor in the analysis
of the primary end point yielded an HR=0.74 (0.57-0.97)
for the group with ipsilateral stenosis, and an HR=0.89
(0.74-1.07) for the group without, that is, almost identical
results as presented above. Table | in the Data Supple-
ment shows the effect of ticagrelor versus placebo in
patients with ipsilateral stenosis according to the extra-
cranial or intracranial site of the stenosis. The effect was
significant in patients with intracranial stenosis (9.9%
versus 15.2%, HR=0.66 [95% Cl, 0.47-0.93], ~=0.016;
Table | in the Data Supplement).

The primary safety end point (GUSTO severe bleed-
ing) occurred in 4 patients (0.3562%) of the ticagrelor
group and 3 (0.247%) of the placebo group with ipsilat-
eral atherosclerotic stenosis (P=NS; a number needed
to harm [NNH] of 951 [95% CI, 182 to —296]), while it
occurred in 24 (0.5%) and 4 (0.1%) patients respectively
in the group with no atherosclerosis (HR 5.87 [95% CI,
2.04-16.9], P=0.001; Table 2). Intracranial hemorrhage
occurred in 4 patients (0.4%) in the ticagrelor group

12 —
Placebo - ipsilateral stenosis
10 —
Ticagrelor — ipsilateral stenosis
B 8 —
(4]
=
=
o 6 — Placebo - no ipsilateral stenosis
e T e . 4
£ e mammm e m e - = = T T T T .
=3 S
o 4 — N S - Ticagrelor — no ipsilateral stenosis
-k -7
2 — -
-
0 | | | | | | |
0 5 10 15 20 25 30 34
No. at Risk Days from Randomization
T: ips 1136 1076 1060 1054 1049 1044 1043 211
P: ips 1215 1133 1105 1093 1089 1085 1079 247
T: noips 4387 4238 4197 4187 4178 4171 4166 880
P: noips 4278 4120 4076 4066 4057 4053 4047 888

Figure 1. Kaplan-Meier event curves for the primary efficacy end point of stroke or death in patients with ipsilateral atherosclerotic
stenosis of cervicocranial vasculature (solid lines, ticagrelor: blue line, placebo: red line) and without (dashed lines).
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Table 2. Outcomes in Patients With or Without Ipsilateral Extracranial or Intracranial Stenosis on Ticagrelor or Placebo

Ipsilateral Ticagrelor (N=5523) Placebo (N=5493)
stenosis No. of patients| Event rate No. of patients | Event rate Hazard ratio* P value for
Outcome >30% (%) (KM estimate)| (%) (KM estimate) | (95% CI) Pvalue | interaction
Primary efficacy end point
Stroke or death Yes 92 (8.1%) 7.9% 132 (10.9%) 10.9% 0.73 (0.56-0.96) 0.023 0.245
No 211 (4.8%) 4.8% 230 (5.4%) 5.3% 0.89 (0.74-1.08) 0.230
Stroke Yes 87 (7.7%) 7.6% 127 (10.5%) 10.5% 0.72 (0.55-0.95) 0.020 0.277
No 197 (4.5%) 4.5% 220 (5.1%) 5.1% 0.87 (0.72-1.05) 0.157
Death Yes 10 (0.9%) 0.8% 6 (0.5%) 0.5% 1.78 (0.65-4.91) 0.262 0.511
No 26 (0.6%) 0.6% 21 (0.5%) 0.5% 1.21 (0.68-2.15) 0.517
Secondary end point
Ischemic stroke Yes 87 (7.7%) 7.6% 127 (10.5%) 10.5% 0.72 (0.55-0.95) 0.020 0.373
No 189 (4.3%) 4.3% 218 (5.1%) 5.0% 0.84 (0.69-1.02) 0.085
Exploratory end point
Disabling stroke or death Yes 70 (6.2%) 6.1% 102 (8.5%) 8.5% 0.72 (0.53-0.98) 0.038 0.195
(RS score >1) No 151 (3.4%) | 3.4% 158 (3.7%) 3.7% 0.93 (0.74-1.16) | 0.526
Safety end points
GUSTO severe bleedings Yes 4 (0.4%) 3 (0.2%)
No 24 (0.5%) 0.5% 4 (0.1%) 0.1% 5.87 (2.04-16.90) | 0.001
Intracranial hemorrhage or | Yes 4 (0.4%) 3 (0.2%)
fatal bleedings No 18 (0.4%) 0.4% 3(0.1%) 0.1% 5.86 (1.78-19.90) | 0.005
Fatal bleedings Yes 1 (0.1%) 1 (0.1%)
No 10 (0.2%) 1 (0.0%)
Intracranial hemorrhage Yes 4 (0.4%) 3 (0.2%)
No 16 (0.4%) 0.4% 3 (0.1%) 0.1% 5.21 (1.52-17.89) | 0.009
Hemorrhagic stroke Yes 0 (0.0%) 0 (0.0%)
No 10 (0.2%) 2 (0.0%)
GUSTO moderate or severe | Yes 6 (0.5%) 3 (0.2%)
bleedings No 30 (0.7%) 0.7% 8 (0.2%) 0.2% 3.67 (1.68-8.01) | 0.001
Premature permanent discon- | Yes 43 (3.8%) 4.1% 11 (0.9%) 1.0% 4.21 (2.17-8.17) <0.001 0.627
::‘;T;';’gl:; study drugs due | 109 (25%) | 2.6% 21 (0.5%) 0.5% 5.15 (3.23-8.22) | <0.001

HRs were not calculated if there were <15 events. HRs and P value are calculated for ticagrelor vs placebo from Cox proportional hazards model with treatment as
the only explanatory variable. The Pvalue for the interaction is calculated from Cox proportional hazards model with treatment, the relevant subgroup, and their interaction
as explanatory variables. GUSTO indicates Global Utilization of Streptokinase and Tissue-Type Plasminogen Activator for Occluded Coronary Arteries Trial; HR, hazard

ratio; KM, Kaplan-Meier; and mRS, modified Rankin Scale.

versus 3 (0.29%) in the placebo group with ipsilateral
atherosclerosis (P=NS), and 16 (0.4%) and 3 (0.1%)
patients respectively in the group with no atherosclerosis
(HR 521 [95% ClI, 1.62-17.89], P=0.009). Fatal bleed-
ing occurred in one patient in the ticagrelor group and one
in the placebo group among those with atherosclerosis,
as compared to 10 and one patients in the ticagrelor and
placebo group, respectively, in patients with no athero-
sclerosis. Permanent discontinuation of study medication
due to bleeding in patients with ipsilateral atherosclerotic
stenosis occurred in 43 (3.8%) of the ticagrelor group
versus 11 (0.9%) of the placebo group (HR=4.21 [95%
Cl, 2.17-8.17], A/<0.001; Table 2). Proton-pump inhibi-
tor was used during the treatment period in 44.9% and
44.7% of patients with ipsilateral stenosis on ticagrelor
added to aspirin and aspirin alone, respectively, and in

Stroke. 2020;51:3504-3513. DOI: 10.1161/STROKEAHA.120.032239

43.8% and 43.5% in patients without ipsilateral ste-
nosis on ticagrelor added to aspirin, and aspirin alone,
respectively.

Patients with postrandomization carotid endarterec-
tomy or stenting had a trend toward fewer primary effi-
cacy outcome events in the ticagrelor group (4/46, 8.7%)
than in the placebo group (9/38, 23.7%; P=0.0692),
with one GUSTO severe bleedings each.

DISCUSSION

The THALES ftrial enrolled 23561 patients with ipsilateral
atherosclerotic stenosis >30% in extracranial or intracranial
artery with or without aortic arch plaques >4 mm in thick-
ness. Ticagrelor added to aspirin resulted in a significant
27% relative risk reduction of stroke or death as compared
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N Ticagrelor (%ev) Placebo (%ev)

Overall 2351 92 (8.1) 132 (10.9)
Age (years)

<65 947 36 (7.6) 54 (11.4)

65-75 829 37 (9.5) 41 (9.4)

>75 575 19 (7.0) 37 (12.2)
Sex

Male 1594 66 (8.6) 99 (12.0)

Female 757 26 (7.0) 33 (8.5)
Race

White 1316 40 (6.1) 43 (6.5)

Black or African American 10 2 (50.0) 0 (0.0)

Asian 999 48 (10.3) 86 (16.2)

Other 26 2 (15.4) 3(23.1)
Weight (kg)

<70 963 29 (6.4) 65 (12.7)

>=70 1380 62 (9.1) 67 (9.6)
BMI

<30 1912 77 (8.4) 118 (11.8)

>=30 428 14 (6.5) 14 (6.6)
Geographic region

Asia and Australia 1003 48 (10.2) 86 (16.1)

Europe 1250 37 (6.0) 40 (6.3)

North America 3 1 (50.0) 0 (0.0)

Central and South America 95 6 (12.2) 6 (13.0)
Diagnosis of index event

Stroke NIHSS score <=3 1304 50 (7.9) 70 (10.4)

Stroke NIHSS score >3 714 36 (10.4) 56 (15.2)

TIA 333 6 (3.8) 6 (3.4)
Index event to randomization (h)

<12 731 26 (7.3) 41 (10.9)

>=12 1620 66 (8.5) 91 (10.8)
Index event to loading dose (h)

<12 678 24 (7.4) 40 (11.3)

>=12 1655 67 (8.3) 92 (10.8)
Diabetes mellitus

Yes 723 40 (11.2) 40 (10.9)

No 1628 52 (6.7) 92 (10.8)
Hypertension

Yes 1922 75 (8.0) 108 (10.9)

No 429 17 (8.3) 24 (10.7)
Prior ischaemic stroke or TIA

Yes 552 22 (8.3) 39 (13.5)

No 1799 70 (8.0) 93 (10.0)
Prior ischaemic heart disease

Yes 337 12 (6.9) 13 (7.9)

No 2014 80 (8.3) 119 (11.3)
Prior ASA

Yes 324 13 (8.0) 12 (7.4)

No 2027 79 (8.1) 120 (11.4)
Prior statin treatment

Yes 379 15 (8.3) 15 (7.5)

No 1972 77 (8.1) 117 (11.5)
Smoking status

Current 703 25 (7.0) 42 (12.1)

Former 406 18 (9.0) 24 (11.7)

Never 1242 49 (8.5) 66 (10.0)

HR (95% Cl)  P-value
. 0.73  (0.56, 0.96)
0.21
T 0.65  (0.43,1.00)
_— 1.00  (0.64,1.57)
- 0.56  (0.32,0.98)
0.62
—a 071  (0.52,0.96)
e 0.82  (0.49,1.38)
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0.02
_— 049  (0.32,0.76)
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0.40
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—a— 0.66  (0.44,1.01)
0.57
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Figure 2. Subgroup analysis in patients with ipsilateral stenosis.

Primary end point: ticagrelor added to aspirin versus placebo added to aspirin. BMI indicates body mass index; HR, hazard ratio; NIHSS, National

Institutes of Health Stroke Scale; and TIA, transient ischemic attack.

to placebo added to aspirin, with an NNT of only 34 (95%
Cl, 19-171) as compared to a NNT of 92 (95% ClI, 51—
509) in the overall THALES population.* The results of the
THALES study,* as well as the subgroup of patients with
documented ipsilateral atherosclerosis in THALES and
SOCRATES® may guide treating physicians to a patient
population with potentially larger treatment effect. However,
contrary to what we observed in the SOCRATES trial ath-
erosclerotic stenosis subanalysis?® in the THALES ftrial, the
treatment-by-ipsilateral-stenosis >30% subgroup interac-
tion was not significant. Indeed, the THALES trial enrolled
fewer patients with atherosclerotic stenosis than the
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SOCRATES trial® for 4 reasons. First, THALES made little
attempt to enrich this subgroup of patients with the premise
that the overall SOCRATES results'™ just missed statisti-
cal significance, and that the addition of ticagrelor to aspirin
would yield a greater relative risk reduction. Second, based
on the CHANCE and POINT trials results®” some investi-
gators may have treated their high-risk patients with more
severe atherosclerotic stenosis outside the trial with a com-
bination of clopidogrel and aspirin, rather than randomizing
them. Third, there were numerically fewer patients enrolled
in the THALES trial (11016)* than in the SOCRATES trial
(18199)." Finally, when designing the trial, we did not

Stroke. 2020;51:3504-3513. DOI: 10.1161/STROKEAHA.120.032239
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Table 3. Distribution of Ipsilateral Atherosclerotic Stenosis
According to Geographical Regions

Europe Asia/Australia
No. of patients (%) | No. of patients (%)
Ipsilateral stenosis >30% 1250 1003
Extracranial 1093 (87%) 550 (55%)
Intracranial 328 (26%) 703 (70%)
Ipsilateral stenosis >50% 739 (59%) 683 (68%)
Extracranial 593 (47%) 308 (31%)
Intracranial 252 (200%) 512 (51%)
Aortic arch atheroma >4 mm 43 (3%) 18 (2%)

This table does not include the 3 subjects from North America or the 95
subjects from Central or South America, and hence the numbers do not add
up to 23561.

calculate a specified sample size for this subanalysis and
thus did not set targets for enroliment in these subgroups.
However, the lack of interaction may be due to the fact that
ticagrelor added to aspirin has some beneficial effect also in
the subgroup of patients with no ipsilateral stenosis.
Regarding safety, the results in the THALES-athero-
sclerosis subgroup are similar to the result in the over-
all population, but the NNH was 951 (95% ClI, 182 to
—296) as compared to 263 (95% Cl, 169-588) in the
overall population. However, the number of safety end
points is small, and we should be cautious in interpreting
them. Three long-term antiplatelet trials with dual ther-
apy have shown an unacceptable increase risk in major
bleeding as compared to monotherapy, with a 53%, 52%,
and 100% proportion of patients with small vessel dis-
ease in MATCH trial (Management of Atherothrombosis
With Clopidogrel in High-Risk Patients),'® PRoFESS trial
(Prevention Regimen for Effectively Avoiding Second-
ary Strokes),'* and SPS-3 trial (Secondary Prevention
of Small Subcortical Strokes),'® respectively. In THALES,
major bleeding was found in 4 patients on ticagrelor and
3 patients on placebo in 2351 patients with ipsilateral
stenosis, and in 24 patients on ticagrelor and 4 patients
on placebo in 8665 patients without ipsilateral stenosis.
In the latter subgroup, small vessel disease was likely
highly represented and may account for a large part of
excess of bleedings, explaining the difference in bleeding
risk between groups with and without ipsilateral stenosis.
In our study, the absolute risk in patients with ipsilateral
atherosclerotic stenosis was twice the risk of patients with-
out. A recent registry and several trials found that the ipsi-
lateral atherosclerotic disease subgroup had a much higher
absolute risk than other ischemic stroke subtypes in noncar-
dioembolic stroke populations.?-#6%1216-22 |ndeed, the large
artery atherosclerosis subgroup of ischemic stroke patients is
a logical target for stroke prevention with antiplatelet agents
as ruptured atherosclerotic plaques promote thrombosis.
In this respect, ticagrelor has shown a high potential ben-
eficial effect in this trial as well as in SOCRATES? PRINCE
(Platelet Reactivity in Acute Nondisabling Cerebrovascular

Stroke. 2020;51:3504-3513. DOI: 10.1161/STROKEAHA.120.032239
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Events) and trials performed in patients with coronary artery
disease3#3-% This population is nowadays easily identifiable
in clinical practice since imaging of extracranial and intracra-
nial arteries is recommended upon arrival in stroke unit using
computed tomography angiography, magnetic resonance
angiography, or ultrasonography?® Given the results of the
present analysis with an NNT of 34 (95% Cl, 19-171) and
an NNH due to bleeding of 951 (95% ClI, 182 to —296),
patients with ipsilateral stenosis >30% of an extracranial
or intracranial artery with or without aortic arch plaques >4
mm in thickness, this subgroup may be the appropriate tar-
get for ticagrelor plus aspirin therapy over a 30-day period
after the index stroke. As an indirect comparison, the NNT
in the POINT trial was 67 and the NNH was 200 over a
90-day period of treatment” In the present trial again, the
Kaplan-Meier curves suggest that most of the benefit was
front-loaded during the first 10 days.

The limitation of this analysis is that this is a subgroup
analysis from the larger trial. While prespecified, it was not
selected as a secondary analysis in the hierarchical test-
ing, and thus it should be seen exploratory and hypothesis
generating. This analysis was also limited by the low pro-
portion of patients (21.3%) with ipsilateral atherosclerotic
stenosis 230% with or without aortic arch plaque of 24 mm,
although in practice it is 40%,' because some investigators
may have treated their patients outside the trial with clopi-
dogrel plus aspirin. It was also limited by the low proportion
of patients who underwent a carotid artery revasculariza-
tion, although our results in these patients suggest a large
relative risk reduction in the primary end point and a 15%
absolute risk difference without increase GUSTO severe
bleedings. Also, in 20% of patients the information on the
presence of ipsilateral stenosis was not obtained as data
was based on imaging performed as part of clinical practice.
Finally, permanent discontinuation of study drug was more
common on ticagrelor than on placebo.

In conclusion, in this exploratory analysis comparing
ticagrelor added to aspirin to aspirin alone, we found no
interaction between treatment group and ipsilateral ath-
erosclerosis stenosis subgroup but did identify a higher
absolute risk and a greater absolute risk reduction of
stroke or death at 30 days in the ipsilateral atherosclero-
sis stenosis group than in those without. Taken together
with similar subgroup analysis of the SOCRATES trial
showing significant interaction, ticagrelor added to aspi-
rin yielded a clinically meaningful relative and absolute
risk reduction of stroke and death as compared to aspi-
rin alone with an NNT of 34 (95% Cl, 19-171) and an
NNH of 951 (95% Cl, 182 to —296). These patients
form indisputably a group to target with this therapy after
a TIA or a minor ischemic stroke.
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