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Abstract

Rationale: In patients with acute cerebral ischemia, the rate of stroke, myocardial infarction, or death during 90 days

was reported to be non-significantly lower with ticagrelor compared with aspirin, with no increase in major hemorrhage.

Dual antiplatelet therapy may be more effective in this setting.

Aim: To investigate whether ticagrelor combined with aspirin are superior to aspirin alone in preventing stroke or death

in patients with non-severe, non-cardioembolic ischemic stroke or high-risk transient ischemic attack.

Design: The Acute Stroke or Transient Ischemic Attack Treated with Ticagrelor and Aspirin for Prevention of Stroke

and Death (THALES) trial is a randomized, placebo-controlled, double-blind, event-driven study. Patients will be rando-

mized within 24 h of onset of acute ischemic symptoms. THALES is expected to randomize 13,000 at �450 sites

worldwide, to collect 764 primary outcome events. Study treatments are ticagrelor 180 mg loading dose on day 1,

then 90 mg twice daily on days 2–30, or matching placebo. All patients will also receive open-label aspirin 300–325 mg on

day 1, then 75–100 mg once daily on days 2–30.

Study outcomes: The primary efficacy outcome is time to the composite endpoint of stroke or death through 30-day

follow-up. The primary safety outcome is time to first severe bleeding event.

Discussion: The THALES trial will provide important information about the benefits and risks of dual antiplatelet

therapy with ticagrelor and aspirin in patients with acute cerebral ischemia in a global setting (funding: AstraZeneca).
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Introduction and rationale

Patients with acute cerebral ischemia are at high risk
of recurrent ischemic events, particularly ischemic
stroke1–6 and current international guidelines recommend
antiplatelet therapy for secondary prevention in patients
with acute stroke or transient ischemic attack (TIA) of
non-cardioembolic origin. Aspirin is the only antiplatelet
agent that has received a class 1A recommendation.7–9

Ticagrelor is a reversibly binding, direct-acting, oral
P2Y12 receptor antagonist that prevents adenosine
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diphosphate-mediated P2Y12 dependent platelet activa-
tion and aggregation.10 Ticagrelor has a faster onset
and achieves greater and more consistent platelet inhib-
ition than clopidogrel,11 which requires metabolism to
its active form through a pathway that is genetically
determined.12 Poor responsiveness to clopidogrel is
common, with a frequency that may be as high as
20–50% in some populations.13

The Acute Stroke or Transient Ischemic Attack
Treated with Aspirin or Ticagrelor and Patient
Outcomes (SOCRATES) trial (NCT01994720) investi-
gated whether ticagrelor was superior to aspirin, when
initiated within 24 h after symptom onset in patients
with acute cerebral ischemia.14 The rate of stroke, myo-
cardial infarction, or death during 90 days were numer-
ically lower with ticagrelor as compared with aspirin
(hazard ratio (HR) 0.89; 95% confidence interval (CI)
0.78 to 1.01; p¼ 0.07), with no increase in major
hemorrhage.4,15

These promising results prompted several secondary
analyses of SOCRATES to guide the design of the pre-
sent study. One planned secondary analysis indicated
benefit in reducing recurrent stroke events; HR 0.86
(95% CI 0.75 to 0.99; nominal p¼ 0.03). Stroke con-
stituted almost 90% of primary events in SOCRATES,
and the highest risk for new stroke events was seen
during the first 30 days of treatment.4 Regarding
population, patients with an ABCD2 score of 4–5 had
a lower event rate compared with an ABCD2 score
of 6–7 or minor ischemic strokes, consistent with
international registry data.6 Also, patients with acute
stroke/TIA with ipsilateral large vessel stenosis
seemed to benefit more from ticagrelor treatment com-
pared with aspirin.16 In another subgroup analysis, the
treatment effect of ticagrelor was more pronounced
in patients who received aspirin within 7 days before
randomization.17 Since the antiplatelet effect of aspirin
persisted into the first week of the trial among this
group, short-term dual antiplatelet therapy (DAPT)
could account for the greater benefit of ticagrelor in
patients taking aspirin prior to randomization. This
observation is in line with other studies suggesting
that DAPT with clopidogrel and aspirin may be more
effective in reducing the high risk of stroke after an
acute ischemic stroke or TIA compared with aspirin
alone, including studies of microembolization from
atherosclerotic cerebral arteries in patients with acute
cerebral ischemic events18,19 and in trials of patients
with minor stroke or TIA.3,5

The pharmacological properties of ticagrelor
support the hypothesis that combining ticagrelor with
aspirin would be an even more effective DAPT combin-
ation, without non-responders and without a clinically
unacceptable risk of severe bleeding events. The aim of
the THALES trial is, therefore, to test whether DAPT

with ticagrelor and aspirin results in clinical benefit to
patients with acute cerebral ischemia.

Methods

Design

The THALES trial (NCT03354429) is a randomized,
placebo-controlled, double-blind, parallel-group, inter-
national, multicenter, phase III study to test the
hypothesis that ticagrelor and aspirin is superior to pla-
cebo and aspirin in preventing stroke and death in
patients with acute cerebral ischemia.

Patients will be randomized within 24 h of symptom
onset to 30 days of treatment with ticagrelor or placebo
on top of standard-of-care therapy with aspirin and
followed up for 30 days for efficacy and 60 days for
safety (Figure 1). Key design features of the THALES
trial compared with the SOCRATES trial are presented
in Table 1. In SOCRATES, the estimated treatment
effect was similar whether adjudicated events or inves-
tigator-reported events were used in the analysis;20

therefore, investigator-reported outcomes will be used
in THALES.

The study is event-driven with approximately 13,000
patients expected to be randomized from approxi-
mately 450 sites in 28 countries worldwide to identify
764 outcome events. The first patient was recruited on
22 January 2018.

Patient population

Eligible are patients � 40 years of age who have experi-
enced a non-cardioembolic acute ischemic stroke with a
National Institutes of Health Stroke Scale score �5 or
high-risk TIA (defined as an ABCD2 score � 6 or ipsi-
lateral atherosclerotic stenosis �50% in an extra/intra-
cranial artery) who can be randomized within 24 h of
symptom onset or for wake-up strokes since last time
known to be free of new ischemic symptoms. The com-
plete inclusion and exclusion criteria are shown in
Tables S1 and S2, respectively.

Randomization

Randomization codes are computer-generated by the
AstraZeneca Global Randomization system and
loaded into the Interactive Web Response System
database. Patients are randomized as soon as possible
after symptom onset, but within 24 h.

Treatments

Randomized patients receive either ticagrelor 180mg
loading dose on day 1, then 90mg twice daily during
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the study treatment period or matching placebo, in
addition to receiving standard-of-care open-label
aspirin 300–325mg on day 1, then 75–100mg once
daily during the study treatment period (Figure 1).
The loading dose of ticagrelor/placebo should be

given immediately after randomization. After the
30 days of study treatment, patients are treated with
standard-of-care therapy at the discretion of the inves-
tigator and followed up for an additional 30 days with
continued collection of endpoints and safety events.

Figure 1. THALES study design.

R: randomization.

Ticagrelor 180 mg loading dose (day 1) then 90 mg twice daily (days 2–30).

Aspirin 300–325 mg loading dose (day 1) then 75–100 mg daily (days 2–30).

Table 1. Comparison of THALES and SOCRATES study designs

Comparison

THALES

n �13,000

SOCRATES

n¼ 13,199

Dose regimen Ticagrelor vs. placebo

on top of aspirin (DAPT)

Ticagrelor vs. aspirin

(single antiplatelet therapy)

Study duration 30 daysþ 30 days follow-up 90 daysþ 30 days follow-up

Population TIA with ABCD2 score� 6 and/or

ipsilateral stenosis and acute

ischemic stroke NIHSS �5

TIA with ABCD2 score� 4 and/or

ipsilateral stenosis and acute

ischemic stroke NIHSS �5

Endpoints

Primary efficacy

Secondary efficacy

Safety

Strokeþ death

Ischemic stroke, disability (mRS)

Severe bleeding and AEs leading

to discontinuation of study medication

Strokeþmyocardial infarctionþ death

Ischemic stroke, net clinical outcome

Major bleeding and AEs

leading to discontinuation

of study medication
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Primary outcomes

The primary outcome is the time from randomization
to first subsequent investigator-reported stroke or
all-cause death at 30 days.

Secondary outcomes

Two secondary efficacy outcomes will be evaluated hier-
archically after assessing the primary outcome. First,
time from randomization to first subsequent ischemic
stroke will be assessed, and then modified Rankin Scale
(mRS) score> 1 at the end of treatment (visit 3).21,22

The main safety outcomes are: time from random-
ization to first bleeding event, categorized as severe
based on criteria from the Global Utilization of
Streptokinase and tissue-type plasminogen activator
for Occluded Coronary Arteries (GUSTO) trial; time
from randomization to first intracranial hemorrhage or
fatal bleeding event; time from randomization to first
bleeding event categorized as GUSTO moderate or
severe; time from randomization to premature perman-
ent discontinuation of study treatment due to bleed-
ing.23 Asymptomatic hemorrhagic transformations of
brain infarctions and microhemorrhages <10mm evi-
dent only on gradient-echo magnetic resonance imaging
are excluded from fulfilling intracranial hemorrhage
criteria. This revision is an adaptation of the standard
GUSTO definition to better distinguish clinically rele-
vant events in the acute stroke population, and has
been the common convention in recent large stroke
trials.15 Serious adverse events (SAEs) and AEs leading
to premature and permanent discontinuation of study
medication will also be assessed.

Pre-defined exploratory outcomes are time from ran-
domization to first subsequent stroke or death in patients
with ipsilateral atherosclerotic stenosis; mRS score > 2 at
visit 3 in patients with subsequent stroke; and generic
health status (using the EQ-5D-5L questionnaire).

Data monitoring committee

An independent data monitoring committee (DMC)
will review on an ongoing basis accumulating study
data to safeguard the interests of the patients. The
DMC will assess the benefit/risk profile of the interven-
tion during the study, ensure the validity and integrity
of the study, review the overall conduct of the study,
and provide recommendations to the Executive
Committee (EC) regarding the continued conduct of
the study. The DMC will have access to the individual
treatment codes and will be able to merge these with the
collected study data while the study is ongoing.

One interim analysis for efficacy and futility will be
performed by the DMC following the accrual of
approximately 60% of planned primary events.

A DMC Charter details roles, responsibilities, and
procedures to ensure maintenance of the blinding and
integrity of the study.

Sample size estimates

The study is event-driven and the final number of
randomized patients will be based on the blinded data
review of overall primary endpoints. At least 764 pri-
mary endpoint events are needed to provide 85%
power, assuming an HR of 0.805 (based on an HR of
0.8 for stroke and cardiovascular death, and an HR of
1.0 for non-cardiovascular death) in favor of ticagrelor
at the significance level of 4.988%, adjusted for the
planned interim analysis. Based on data from the
SOCRATES study, a primary endpoint rate of 6.7%
in the placebo group is assumed at 30 days following
randomization. Hence, randomizing approximately
13,000 patients to ticagrelor or placebo, in a 1:1 ratio,
is expected to yield the required 764 events.

Statistical analyses

All efficacy and safety analyses will be based on the
intention-to-treat principle. In time-to-event analyses,
the treatment groups will be compared using a Cox pro-
portional hazards model with a factor for treatment
group, using the Efron method for ties. P-values and
95% CIs for the HRs will be based on the Wald statistic.

The primary and secondary efficacy outcomes will be
included in a confirmatory testing procedure. Only if
the analysis of the primary outcome is significant at the
4.988% level (adjusted for the interim analysis) will
the secondary outcomes be tested in a confirmatory
sense in the specified hierarchical order.

Study organization and funding

The EC, in collaboration with the sponsor, is respon-
sible for the overall design, study protocol and amend-
ments, interpretation, supervision, and reporting of the
study results at international congresses and publishing
in peer-reviewed journals. AstraZeneca is responsible
for the operational study conduct. The EC will make
recommendations to AstraZeneca regarding early
stopping or modifications of the study based on the
recommendations received from the DMC. The EC is
comprised of six designated international academic
experts including the Steering Committee chair and
three non-voting AstraZeneca representatives, and
operates under a separate charter.

The International Steering Committee is comprised
of national lead investigators from each country where
the study is conducted (Table S3) and will be supervised
by the EC. Members of the Steering Committee will be
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responsible for providing clinical guidance on
study implementation and conduct in their respective
countries.

This study is sponsored by AstraZeneca.

Discussion

Acute cerebral ischemia most often presents as a non-
severe stroke or TIA,24 and risk of recurrent ischemic
events is very high, particularly in the first few days.1–6

Therefore, urgent assessment of these cases is required
to initiate treatment to reduce the risk of subsequent
severe, disabling stroke.

In this setting, aspirin is the only antiplatelet
agent with a class 1A recommendation in international
guidelines7–9 and the only antiplatelet therapy that has
been shown to reduce disabling strokes.25 However, the
status of aspirin as the standard-of-care for all non-
cardioembolic strokes has been challenged by two
trials investigating DAPT containing clopidogrel.3,5

The Platelet-Oriented Inhibition in New TIA and
minor ischemic stroke (POINT) trial26 recently
reported a benefit for clopidogrel and aspirin over
aspirin alone.5 The POINT trial was stopped early by
the Data and Safety Monitoring Board after an interim
analysis with 84% of pre-planned events. POINT
reported both a benefit in reduction of ischemic
events and an increased risk of major bleeding events.
However, the robustness of the POINT trial results suf-
fers from a high rate of study-drug discontinuation and
a large number of patients lost to follow-up without
known vital status.

The Clopidogrel in High-Risk Patients with Acute
Nondisabling Cerebrovascular Events (CHANCE) trial
reported similar efficacy for clopidogrel-aspirin com-
pared with aspirin in reducing stroke risk but did not
demonstrate an increase in major bleeding events.3

Concerns about differences in standards of care,
stroke subtypes, duration of antiplatelet therapy, and
genetics of clopidogrel metabolism limited generaliza-
tion of CHANCE findings beyond China, where it was
performed.

Thus, despite encouraging results in the POINT and
CHANCE trials, clinically important questions remain
in this setting. Treatment with clopidogrel in combin-
ation with aspirin in acute cerebral ischemia has not
been evaluated by health authorities. Furthermore, clo-
pidogrel as single antiplatelet therapy has not been
approved for secondary prevention of stroke within
7 days after an acute stroke/TIA.

Internationally, health authorities have approved
aspirin for the indication of reducing the risk of death
and recurrent stroke in patients experiencing an ische-
mic stroke or TIA, noting that aspirin treatment can be
started in the acute setting.27,28 Regulatory agencies in

the US, Europe, and China were consulted during
the planning of the THALES trial and all stated that
placebo, rather than clopidogrel, was the appropriate
comparator in patients receiving standard-of-care
aspirin in acute minor stroke/TIA.

There are potential benefits of ticagrelor therapy
that should be acknowledged. Ticagrelor has a faster
onset of action and achieves greater, more consistent,
and predictable platelet inhibition than clopidogrel.11–13

Nearly all poor responders to clopidogrel will have plate-
let reactivity below the cut-off points associated with
ischemic risk when treated with ticagrelor.12

The rapid and consistent onset of action of
ticagrelor is expected to be important in all patients
with acute cerebral ischemia, whereas the rapid offset
may be more important for patients who are likely
to undergo surgical intervention, such as patients with
carotid stenosis. A subgroup analysis from the
SOCRATES trial suggests that patients with ischemic
events attributable to ipsilateral atherosclerotic stenosis
may have a greater treatment effect with ticagrelor
compared with those without ipsilateral stenosis.16

Patients with carotid stenosis were largely excluded
from POINT,29 and were uncommon in the Chinese
population enrolled in CHANCE.3 THALES has the
opportunity to improve outcomes for these high-risk
patients since patients with carotid stenosis are eligible
for THALES, and the fast onset, fast offset, and revers-
ible binding of ticagrelor11,12 may be an advantage
compared with the irreversible inhibitor, clopidogrel.
Moreover, preliminary analysis of the ticagrelor with
aspirin on Platelet Reactivity In acute Non-disabling
Cerebrovascular Events (PRINCE) trial showed a
benefit of ticagrelor with aspirin compared with clopi-
dogrel plus aspirin on platelet reactivity, which was the
primary endpoint.30 Moreover, 21 strokes in 335
patients (6.3%) were reported in the ticagrelor-aspirin
arm vs. 30 strokes in 339 patients (8.8%) in the clopi-
dogrel-aspirin arm.

The ticagrelor dose in THALES is the same as that
used in the target population of patients with ischemic
stroke or TIA in the SOCRATES study, in which tica-
grelor was well-tolerated and had a similar safety profile
as aspirin with respect to major bleeding events.4,15

In patients with acute coronary syndrome, the same
ticagrelor dose was used and treatment with ticagrelor
compared with clopidogrel resulted not only in a higher
degree of platelet inhibition31 but also in a reduced rate
of myocardial infarction, stroke, or death from vascular
causes, without an increase in the rate of overall major
bleeding in the PLATO study.32 Importantly, the efficacy
and bleeding results with ticagrelor in high-risk patients
with a history of stroke or TIA were consistent with the
overall PLATO trial population, with a favorable clinical
net benefit and associated impact on mortality.33
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Summary and conclusions

Overall, the available data support the potential for
DAPT with ticagrelor and aspirin to improve outcomes
in patients with acute ischemic stroke or high-risk
TIA as compared with aspirin alone, the current stand-
ard of care. Despite advances in the field, there are still
clinically important questions remaining about the bene-
fits and risks of DAPT. The THALES trial will address
these questions with a design and study conduct that will
meet the rigorous standards of regulatory authorities.
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