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Abstract

Background—Patients with minor acute ischemic stroke (AIS) or transient ischemic attack (TIA)
are at high risk for subsequent stroke, and more potent antiplatelet therapy in the acute setting is
needed. However, the potential benefit of more intense antiplatelet therapy must be assessed in
relation to the risk for major bleeding. The SOCRATES trial was the first trial with ticagrelor in
patients with AIS or TIA, in which the efficacy and safety of ticagrelor were compared with aspirin.
The main safety objective was assessment of PLATO-defined major bleeds on treatment, with
special focus on intracranial hemorrhage (ICrH).

Methods—An independent adjudication committee, blinded to study treatment, classified bleeds
according to the PLATO, TIMI and GUSTO definitions. The definitions of ICrH and major
bleeding excluded cerebral micro-bleeds and asymptomatic hemorrhagic transformations of
cerebral infarctions so that the definitions better discriminated important events in the acute
stroke population.

Results—A total of 13,130 of 13,199 randomized patients received at least one dose of study
drug and were included in the safety analysis set. PLATO major bleeds occurred in 31 patients
(0.5%) on ticagrelor and 38 patients (0.6%) on aspirin (HR 0.83, 95% CI 0.52—1.34). The most
common locations of major bleeds were intracranial and gastrointestinal. ICrH was reported in
12 patients (0.2%) on ticagrelor and 18 patients (0.3%) on aspirin. Thirteen of all 30 ICrHs (four
on ticagrelor and nine on aspirin) were hemorrhagic strokes and four (two in each group) were
symptomatic hemorrhagic transformations of brain infarctions. The ICrHs were spontaneous in
six and 13, traumatic in three and three, and procedural in three and two patients on ticagrelor
and aspirin, respectively. In total, nine fatal bleeds occurred on ticagrelor and four on aspirin.
The composite of ICrH or fatal bleeding included 15 patients on ticagrelor and 18 on aspirin.
Independent of bleeding classification, PLATO, TIMI or GUSTO, the relative difference
between treatments for major/severe bleedings was similar. Non-major bleeds were more
common on ticagrelor.

Conclusions—Antiplatelet therapy with ticagrelor in patients with AIS or TIA showed a similar
bleeding profile as aspirin for major bleeds. There were few ICrHs.

Clinical Trial Registration—URL: http://www.clinicaltrials.gov Unique Identifier: NCT01994720.

Key Words: safety; stroke; bleeding; aspirin; ticagrelor
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Clinical Perspective

What is new?

The SOCRATES trial (n=13,199) was the first outcome study with ticagrelor in patients with
acute ischemic stroke (NIHSS <5) or TIA.

Ninety days of monotherapy with ticagrelor 90 mg twice daily was compared with aspirin
100 mg daily.

Ticagrelor was not superior to aspirin in reducing the primary composite end point of stroke,
myocardial infarction, or death (hazard ratio, 0.89; 95% confidence interval, 0.78—1.01; P =
0.07).

The risk for major bleeding was similar with ticagrelor and aspirin.

The number of intracranial hemorrhages was low.

There was a numerical increase of minor bleedings with ticagrelor.

What are the clinical implications?

The SOCRATES trial contributes important data on the bleeding profile of ticagrelor in
patients with acute cerebral ischemia, a patient population that has not been included in any
other ticagrelor outcome study.

Reassuringly, there was no increased risk in major bleedings with ticagrelor compared with
aspirin, including intracranial bleeds.

There was a numerical reduction in the primary efficacy end point and a numerical increase
in minor bleedings, which may reflect a more pronounced anti-platelet effect of ticagrelor.
The role of ticagrelor in the treatment of patients with acute cerebral ischemia is yet to be

determined by additional clinical studies.
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Ticagrelor is a potent antiplatelet drug. It is a reversibly binding and direct-acting oral antagonist of
the P2Y 12 receptor on platelets,'? and it does not require metabolic activation. Ticagrelor has an
additional mechanism of action, increasing local endogenous adenosine levels by inhibiting
equilibrative nucleoside transporter-1 (ENT-1).?

Two large outcome studies in patients with coronary artery disease have demonstrated
that ticagrelor, in combination with aspirin, is effective in preventing cardiovascular events.*>¢
The SOCRATES (Acute Stroke or Transient Ischemic Attack Treated with Aspirin or Ticagrelor
and Patient Outcomes) study’® was the first trial with ticagrelor in patients with acute cerebral
ischemia. The SOCRATES trial (NCT01994720) was a randomized, double-blind study with
antiplatelet monotherapy of ticagrelor compared with aspirin in patients with acute ischemic
stroke (AIS) (National Institute of Health Stroke Scale [NIHSS] score <5) or high-risk transient
ischemic attack (TIA) of non-cardioembolic origin randomized within 24 hours of symptom
onset. It showed a non-significant 11% relative risk reduction in the composite of stroke
(ischemic or hemorrhagic), MI or death. Its predefined first secondary outcome, ischemic stroke,
occurred in 385 patients (5.8%) treated with ticagrelor and in 441 patients (6.7%) treated with
aspirin (HR, 0.87; 95% CI, 0.76—1.00).

Major bleeding events, especially fatal and intracranial bleeds, are the most worrisome
side effect in patients taking antithrombotic drugs. Even moderate doses of aspirin are associated
with a risk of hemorrhagic events, including gastrointestinal bleeding.’ Furthermore, there are
accumulating data indicating a heightened risk of ICrH among patients with a history of stroke
who are treated with potent antiplatelet therapy.'®!! The primary safety objective in SOCRATES
was assessment of PLATO-defined major bleeds,”® with special emphasis on ICrH. The aims of

this paper are to describe the bleeding profile of monotherapy with ticagrelor versus aspirin in
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this population of patients with AIS and TIA, to characterize major bleeding based on the
PLATO, TIMI (Thrombolysis in Myocardial Infarction) and GUSTO (Global Use of Strategies

4,12,13

to Open Occluded Coronary Arteries) bleeding definitions, and to identify factors associated

with major bleeding.

Methods and Definitions

Patients participating in the SOCRATES study were randomized to blinded study treatment with
aspirin as loading dose of 300 mg followed by a maintenance dose of 100 mg daily or to ticagrelor as a
loading dose of 180 mg followed by 90 mg twice daily for 90 days.

All bleed events not considered as PLATO minimal by the investigator were adjudicated by the
independent Clinical Event adjudication Committee (CEC), blinded to study treatment, and classified
according to PLATO, TIMI and GUSTO definitions, and whether bleeds were spontaneous, traumatic or
procedural *!'>13 Procedure-related bleeds were defined as “bleeding events directly provoked by a medical
or dental procedure of any kind.”

PLATO bleeding definitions have not been used in TIA and stroke studies, but were selected to be
consistent with the previous major ticagrelor trials. PLATO, TIMI and GUSTO definitions were primarily
developed for an acute coronary syndrome setting. In the SOCRATES study these were adapted to the
AIS/TIA population. For PLATO and GUSTO definitions, asymptomatic hemorrhagic transformations of
brain infarctions and micro-hemorrhages <10 mm evident only on gradient-echo magnetic resonance
imaging (MRI) were excluded from fulfilling ICrH criteria. This has been the common convention in
recent large stroke trials.'*!® The TIMI definition, which already excluded cerebral micro-hemorrhages,
was updated to exclude asymptomatic hemorrhagic transformations. For PLATO, TIMI and GUSTO

bleeding definitions, see Table 1.
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The bleeding events were assessed in patients on study treatment, which also included 7 days
after intake of last dose of study drug to take into account the duration of the pharmacodynamic
effect of aspirin.

The SOCRATES study design was approved by Institutional Review Boards/relevant Ethics
committee at each participating site. Patients provided written informed consent before any study-
specific procedures were performed.

Statistical Analyses

The safety analysis set consisted of all patients who received at least one dose of study drug
(ticagrelor or aspirin). Patients were accounted for in treatment groups by actual treatment received.
One patient randomized to ticagrelor inadvertently received aspirin instead and was thus included in
the aspirin group for the safety analyses.

A brief description of baseline characteristics is presented for the safety population in the
Results section. Categorical variables are described as counts and percentages. The time from
randomization to the first bleed was compared with the use of the Cox proportional hazards model,
with a factor for treatment group. P-value and confidence intervals for the hazard ratio (HR) are
based on the Wald statistics. P-values and HRs were calculated for end points with more than or
equal to 15 events in total for both treatments. Tables include HRs with confidence intervals, P-
values, number and percentage of patients with events and Kaplan-Meier estimates.

Study Funding
The study was sponsored by AstraZeneca. The Executive Committee was responsible for the
overall design, ensuring the integrity of the data, analysis of the results, and the decision to

submit for publication. The corresponding author had full access to all the data.
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Results
In total, 13,130 (of 13,199 randomized) patients received at least one dose of study drug in the
SOCRATES study.

Baseline characteristics for the safety population were balanced across the two treatment
groups. The mean age was 65.9 years; 41.5% were women; 12.1% had a history of stroke before the
index stroke/TIA; 73.7% had a history of hypertension; and 24.3% had a history of diabetes
(Supplementary Table 1).

PLATO major bleeds occurred in 31 patients (0.5%) on treatment with ticagrelor and in 38
patients (0.6%) on aspirin (HR 0.83, 95% CI1 0.52—1.34) (Table 2, Figure 1). No patient had more
than one PLATO major bleed.

In both treatment groups the most common locations for PLATO major bleeds were
intracranial and gastrointestinal. Intracranial bleeding was reported in 12 patients (0.2%) on
treatment with ticagrelor and in 18 patients (0.3%) on aspirin. There were 10 (0.2%) gastrointestinal
bleeds on ticagrelor and nine (0.1%) on aspirin.

Bleeds were also classified based on provocation. Spontaneous PLATO major bleeds
occurred in 22 patients on ticagrelor versus 31 patients on aspirin, procedural bleeds in five patients
versus three patients and traumatic bleeds in 4 patients in each treatment group (Table 3).
Procedural PLATO major bleeds (n=5) on ticagrelor developed in association with thrombolytic
treatment of ischemic stroke (n=2), after decompressive craniotomy, after a cerebral thrombectomy
procedure with angioplasty and stenting of the right internal carotid artery, and in association with
percutaneous coronary intervention (pericardial bleed). On aspirin, the three procedural major bleeds
developed after cerebral aneurysm clipping, after cerebral thrombectomy, and after thoracic surgery

for aortic aneurysm, respectively.
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Details on ICrHs by category and by provocation for each treatment group are presented in
Table 4. Thirteen (four on ticagrelor vs nine on aspirin) were hemorrhagic strokes and four (two vs
two) were symptomatic hemorrhagic transformations of the index or new ischemic stroke event.
There were six other ICrHs (traumatic or procedure-related) on ticagrelor and seven on aspirin.

Asymptomatic hemorrhagic transformations of ischemic stroke were not considered as ICrHs
(see section on Methods and Definitions). The number of events adjudicated to asymptomatic
hemorrhagic transformations of the index or new ischemic stroke event was similar in both treatment
groups (Supplementary Table 2).

Nine fatal bleeds occurred on ticagrelor and four on aspirin. For ticagrelor, six of the fatal
bleeds were intracranial, two were aortic, and one was gastrointestinal. All fatal bleeds on aspirin
were intracranial.

There were 75 patients (1.1%) with 79 PLATO minor bleeds on ticagrelor and 45 patients
(0.7%) with 49 events on aspirin. PLATO minimal bleedings were reported by investigators in 521
patients (8.0%) on ticagrelor and 239 patients (3.6%) on aspirin.

More patients had bleeding adverse events leading to permanent and premature
discontinuation of study drug (DAEs) in the ticagrelor group than in the aspirin group: 82 (1.3%)
and 37 (0.6%), respectively, corresponding to an HR of 2.26 (95% CI 1.53-3.34), (Figure 2). The
most common bleeding DAEs were epistaxis, bruising, and spontaneous hematoma (>0.1% of
patients in both treatment groups).

In the ticagrelor treatment group, the majority of bleeding DAEs were classified as PLATO
minimal: 10 (0.2%) for PLATO major 20 (0.3%) for PLATO minor, and 52 (0.8%) for PLATO

minimal. In the aspirin treatment group, bleeding DAEs were distributed more evenly across the
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PLATO major (n=14; 0.2%), PLATO minor (n=10; 0.2%), and PLATO minimal (n=13; 0.2%)
classifications.

End point events were not reported as AEs. Few end points were bleeding events. A
sensitivity analysis including all bleeding end points as DAEs showed consistent results (87 [1.3%)]
and 48 [0.7%] in the ticagrelor and aspirin groups, respectively; HR 1.85; 95% CI 1.30, 2.63).

Due to the low number of PLATO major bleeds, it was not possible to make any conclusions
on subgroups (Figure 3) or to identify risk factors for major bleeds.

The number of bleeds that were major/severe and minor/moderate according to the PLATO,
TIMI and GUSTO bleeding classifications by treatment with ticagrelor and aspirin is provided in
Table 5. Although the number of patients differs based on how inclusive the definition is (Table 1),

the relative difference between treatments is similar for the major/severe bleeds.

Discussion

The main results showed that the number of PLATO major bleeds, including ICrHs, was low and
similar in both treatment groups. However, the number of patients with PLATO non-major bleeds
was higher for ticagrelor than for aspirin.

Patients who experience minor AIS or TIA are at high risk for developing new ischemic
stroke, even when treated with aspirin, the current standard of care. More effective antiplatelet
therapy, despite a potential slight increase of the bleeding risk, could significantly reduce the overall
burden of TIA/ischemic stroke if initiated soon after symptom onset. Consequently, based on the
potent antiplatelet effect of ticagrelor, SOCRATES was designed to test the efficacy and safety of
monotherapy in patients with AIS or high-risk TIA. In addition, to study monotherapy was

considered appropriate in light of the growing concern that patients with cerebral ischemic disease
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might be at especially high risk for ICrH on dual antiplatelet treatment, as suggested by results for
patients with previous stroke in long-term antiplatelet studies for various indications, e.g. in patients
with recent ischemic stroke/TIA (Management of Atherothrombosis with Clopidogrel in High-Risk
Patients with Recent Transient Ischaemic Attack or Ischaemic Stroke [MATCH] trial),'? in acute
coronary syndromes (TRial to assess Improvement in Therapeutic Outcomes by optimising platelet
InhibitioN with prasugrel [TRITON] TIMI 38)!! and a broader atherosclerotic population (Thrombin
Receptor Antagonist in Secondary Prevention of Atherothrombotic Ischemic Events [TRA 2P] TIMI
50).1

In contrast, in the Clopidogrel in High-Risk Patients with Acute Nondisabling
Cerebrovascular Events (CHANCE) study'® investigating patients with AIS (NIHSS <3) or high-risk
TIA, there was no increase of major bleeds on treatment with clopidogrel and aspirin (clopidogrel at
an initial dose of 300 mg, followed by 75 mg per day for 90 days, plus aspirin at a dose of 75 mg per
day for the first 21 days) versus placebo plus aspirin (75 mg per day for 90 days). The SOCRATES
study had the same duration of study treatment and a similar population, but allowed inclusion of
patients with AIS with a slightly higher NIHSS of <5.

In SOCRATES, the results showed that PLATO-defined major bleeds were uncommon and
that there was no difference between the treatment groups. Fatal bleeds were few. Due to the small
number of major bleeds, it was not possible to identify factors associated with major bleeding or
discern a specific bleeding profile. As expected in this population, the most common locations of
major bleeds were intracranial and gastrointestinal and they were equally distributed on ticagrelor
and on aspirin. Independent of bleeding classification, PLATO, TIMI or GUSTO, the relative
difference between treatments for major/severe bleedings was similar. There was a stroke study

adaptation of the definitions. Symptomatic hemorrhagic transformations of index stroke or new
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ischemic stroke events were classified as major bleeding events, while asymptomatic hemorrhagic
transformations were not. The rationale for this was that asymptomatic hemorrhagic transformations
are a common accompaniment of ischemic infarctions even in the absence of antiplatelet treatment.
Furthermore, because there was no predefined schedule for re-imaging, asymptomatic events were
not systematically studied, whereas new neurological symptoms would trigger imaging.

PLATO-defined minor and minimal bleeds were more common on ticagrelor than on aspirin,
which might reflect a more potent antiplatelet effect. This finding was also associated with a higher
number of permanent and premature study drug discontinuations due to bleeding events in the
ticagrelor group compared with aspirin, although the total number was low. The most common
bleeding drug discontinuations due to adverse events were epistaxis, bruising, and spontaneous
hematoma, which, in spite of being non-major, are nuisance bleeds that are important to the patients
and may result in reduced compliance with antiplatelet treatment.

The SOCRATES study did not result in a significant outcome on efficacy. The low rate of
major bleedings offers the possibility that dual treatment with ticagrelor plus aspirin may be more
beneficial for patients with acute cerebral ischemic disease. Patients with acute TIA and minor
cerebral ischemia are at high risk for evolving and recurring ischemic injury, yet have no or small
infarctions and therefore likely a lower risk of intracerebral hemorrhage.

Limitations

The present analysis presents some limitations. Although the trial was large, the number of major
bleeds available to assess bleed risk factors was small. This is partly explained by the limited
amount of acute brain injury in this population and the 3-month trial duration. However, the fact that
there were few major bleeds is reassuring in a population with acute cerebral ischemia and high risk

of evolving ischemic injury.
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Conclusions

There was no increased risk for major bleeding in patients receiving ticagrelor compared with
aspirin after TIA or acute ischemic stroke in the SOCRATES study, and there were few ICrHs. This
was true irrespective of bleeding classification for major bleeding. PLATO non-major bleeds and
bleeds leading to discontinuation of treatment were more common on ticagrelor, but the total

number of bleeding events leading to discontinuation of study drug was low.
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Table 1. Complete PLATO, TIMI and GUSTO definitions with footnotes on what was analyzed

in SOCRATES.

PLATO, TMI and GUSTO bleeding classifications

PLATO* TIMI" GUSTO"

Major bleed — Fatal/Life- TIMI major bleed GUSTO severe

threatening Any of the following: Any of the following:

IAny of the following: Fatal (a bleeding event that directly |Fatal
Fatal led to death within 7 days) Intracranial”
Intracranial® Intracranial” Bleeding that caused hemodynamic
Intrapericardial bleed with cardiac | Clinically overt signs of compromise requiring intervention
tamponade hemorrhage associated with a (e.g. systolic blood pressure <90

Hypovolemic shock or severe
hypotension due to bleeding and
requiring pressors or surgery
Clinically overt or apparent
bleeding associated with a
decrease in Hb of more than 50
g/L
Transfusion of 4 or more units
(whole blood or packed red blood
cells (PRBCs) for bleeding

Major bleed — other

Any one of the following:
Significantly disabling (e.g.
intraocular with permanent vision
loss)
Clinically overt or apparent
bleeding associated with a
decrease in Hb of 30 g/L to 50 g/L
Transfusion of 2—3 units (whole
blood or PRBCs) for bleeding

Minor bleed
Requires medical intervention to
stop or treat bleeding (e.g.
epistaxis requiring visit to medical
facility for packing)

Minimal bleed (collected but not

adjudicated)
All others (e.g. bruising, bleeding
gums, oozing from injection sites,
etc) not requiring intervention or
treatment.

decrease in Hb of 250 g/L

Minor bleed
Clinically overt signs of
hemorrhage (including imaging)
associated with a decrease in Hb of
30—<50 g/L

Medical attention due to bleed’
Any overt sign of hemorrhage that
meets one of the following criteria
and that does not meet criteria for a
major or minor bleeding event, as
defined above
Requiring intervention: defined as
medical practitioner-guided medical
or surgical treatment to stop or treat
bleeding including temporarily or
permanently discontinuing or
changing the dose of a medication
or study drug
Leading to hospitalization: defined
as leading to or prolonging
hospitalization
Prompting evaluation: defined as
unscheduled contact with a
healthcare professional and
diagnostic testing (laboratory or
imaging)

Minimal bleed"
Any overt bleeding event that does
not meet the criteria above

mm Hg that required blood or fluid
replacement, or
vasopressor/inotropic support, or
surgical intervention)

Moderate bleed

Bleeding requiring transfusion of
whole blood or PRBCs without
hemodynamic compromise (as
defined above)

Mild bleed’

Bleeding without blood transfusion
or hemodynamic compromise

*Stroke study adaptation of bleeding classifications: For PLATO, TIMI and GUSTO, intracranial bleed
was defined as ICH excluding asymptomatic hemorrhagic transformations of ischemic brain infarctions
and excluding micro-hemorrhages <10 mm evident only on gradient-echo MRI. TThis item not analyzed

in the SOCRATES study.
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Table 2. PLATO Major or Minor bleeding events (safety analysis set)

10.1161/CIRCULATIONAHA.117.028566

Ticagrelor 90 mg bd ASA 100 mg od

(N=6549) (N=6581)

Patients Patients with Hazard Ratio
Characteristic with events | KM% events KM% [(95% CI) P-value
PLATO Major 31 0.5% 38 0.6%  [0.83(0.52,1.34) [0.45
Major, fatal/life-threatening [22 10.4% 27 [0.4%  ]0.83(0.47, 1.46) [0.52
Fatal bleeding 19 | |4 | |
Intracranial bleeding 12 10.2% 18 10.3%  ]0.68 (0.33, 1.41) [0.30
Fatal/intracranial bleeding  [15 10.2% 18 10.3%  ]0.85(0.43, 1.68) [0.64
Major, other 19 10.1% 11 [0.2%  ]0.84 (0.35,2.03) [0.70
PLATO Major or Minor  [106 [1.7% B [13%  [1.32(0.99, 1.76) [0.06

KM%, Kaplan-Meier percentage at 90 days
PLATO Minimal bleeds (non-adjudicated) were reported in 521 patients (8.0%) in the ticagrelor group
and 239 patients (3.6%) in the aspirin group.
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Table 3. PLATO Major bleeding events by provocation (safety analysis set)

Ticagrelor 90 mg bd ASA 100 mg od

(N=6549) (N=6581)

Patients with Patients with Hazard Ratio
Characteristic |events (%) KM% events (%) KM% (95% CI) P-value
PLATO Major |31 0.5% 38 0.6% 0.83 (0.52,1.34) 1045
Spontaneous  [22 10.4% 31 05%  ]0.73(0.42,1.25) [0.25
Procedural 5 | 3
Traumatic 4 | |4

KM%, Kaplan-Meier percentage at 90 days
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Table 4. Intracranial hemorrhages fulfilling the criteria for PLATO Major bleeding - on treatment

(safety analysis set)

Total Number of Events |First Event

Ticagrelor |[ASA Ticagrelor 90 mg bd |ASA 100 mg od
Characteristic 90 mgbd [100 mg od |(N=6549) (N=6581)
Intracranial hemorrhages fulfilling the criteria for PLATO 12 18 12 (0.2%) 18 (0.3%)
Major bleeding®
Hemorrhagic stroke 4 9 4 (0.1%) 9 (0.1%)
Ischaemic stroke with symptomatic hemorrhagic transformation |1 1 1 (0.0%) 1 (0.0%)
Symptomatic hemorrhagic transformation of index event 1 1 1 (0.0%) 1 (0.0%)
Other intracranial hemorrhage 6 7 6 (0.1%) 7 (0.1%)
By provocation
Spontaneous intracranial hemorrhage 6 13 6 (0.1%) 13 (0.2%)
Traumatic intracranial hemorrhage 3 3 3 (0.0%) 3 (0.0%)
Procedural intracranial hemorrhage 3 2 3 (0.0%) 2 (0.0%)

PLATO bleeding definitions have been adapted to the acute stroke population by excluding asymptomatic

hemorrhagic transformations of ischemic brain infarctions and micro-hemorrhages <10 mm evident only on

gradient-echo MRL

This table includes both events reported as AEs and end points.
Patients may be counted in more than one bleeding event category.
This table includes events with an onset date on or after the date of first dose and up to and including 7 days

following the date of last dose of study medication.
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Table 5. PLATO, TIMI and GUSTO bleeding events (safety analysis set)

10.1161/CIRCULATIONAHA.117.028566

Ticagrelor 90 mgbd |ASA 100 mg od

(N=6549) (N=6581)

Patients with Patients with Hazard Ratio
Characteristic events KM% |events KM% |(95% CI) P-value
PLATO Major 131 10.5% [38 10.6% [0.83(0.52,1.34) [0.45
PLATO Major or Minor  [106 [1.7% [82 [13% [1.32(0.99,1.76) [0.06
TIMI Major 121 103% [27 10.4% [0.79 (0.45, 1.40) [0.43
TIMI Major or Minor 127 10.4% [32 10.5% [0.86 (0.52, 1.44) [0.57
GUSTO Severe |18 103% [21 10.3% [0.87 (047, 1.64) [0.67
GUSTO Severe or Moderate |31 10.5% [32 10.5% 10.99 (0.60, 1.62) [0.96

KM%, Kaplan-Meier percentage at 90 days
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Figure Legends

Figure 1. Kaplan-Meier plot of cumulative percentage of patients with PLATO major bleeding —
on treatment (safety analysis set).” From Johnston et al. Ticagrelor versus Aspirin in Acute
Stroke or Transient Ischemic Attack. N Engl J Med. 2016;375:35-43. Copyright © (2016)
Massachusetts Medical Society. Reprinted with permission from Massachusetts Medical Society.

BD, twice daily; HR, hazard ratio; KM, Kaplan-Meier; OD, once daily

Figure 2. Kaplan-Meier plot of cumulative percentage of patients who prematurely discontinued
study drug due to bleeding AE (safety analysis set). BD, twice daily; HR, hazard ratio; KM,

Kaplan-Meier; OD, once daily

Figure 3. Forest plot of PLATO major bleeding events by subgroup — on treatment (safety
analysis set). BMI, body mass index; CAD, coronary artery disease; HR, hazard ratio; NIHSS,
National Institutes of Health Stroke Scale; MI, myocardial infarction; TIA, transient ischemic

attack
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Yes
No
Prior MI
Yes
No
Prior aspirin therapy
Yes
No
Prior CAD
Yes
No
Hypertension
Yes
No
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This appendix has been provided by the authors to give readers additional information about
their work.
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Receiving Ticagrelor Compared with Aspirin after TIA or Acute Ischemic Stroke in the
SOCRATES Study. Circulation, 2017.



Supplementary table 1: Baseline Characteristics (safety analysis set)

Ticagrelor Aspirin
Characteristic (N=6549) (N=6581)
Age (years) — mean (SD) 65.8 (11.23) 65.9 (11.37)

Female sex — no. (%)

Previous ischemic stroke — no. (%)

History of hypertension — no. (%)

History of diabetes mellitus — no. (%)
Qualifying event

Ischemic stroke — no. (%)

TIA = no. (%)

Qualifying ischemic stroke baseline NIHSS

<3 - no. (%)
>3 - no. (%)

2742 (41.9%)

763 (11.7%)

4773 (72.9%)

1651 (25.2%)

4771 (72.9%)
1778 (27.1%)

3220 (49.2%)
1530 (23.4%)

2711 (41.2%)

825 (12.5%)

4910 (74.6%)

1543 (23.4%)

4849 (73.7%)
1732 (26.3%)

3268 (49.7%)
1560 (23.7%)

NIHSS National Institute of Health Stroke Scale



Supplementary table 2: Patients with adjudicated asymptomatic hemorrhagic transformations of index and outcome ischemic stroke
events — on treatment (safety analysis set)

Total number of events

Ticagrelor ASA
90 mg bd 100 mg od
Characteristic (N=6549) (N=6581)
Asymptomatic hemorrhagic transformation of outcome ischemic stroke 8 8
Fatal 1 0
Non-fatal 7 8
Asymptomatic hemorrhagic transformation of index event 14 19

Since there was no predefined schedule for re-imaging, asymptomatic events were not systematically studied.
Fatal outcome due to the ischemic stroke.
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National Lead Investigator: Ovidiu Bajenaru

Prof. Dr. Ovidiu Bajenaru, Spitalul Universitar de Urgenta Bucuresti; Conf. Dr. Cristina Panea, Spitalul
Universitar de Urgenta Elias; Prof. Dr. Mihaela Simu, Spitalul Clinic Judetean De Urgenta Timisoara;
Conf. Dr. Rodica Balasa, Spitalul Clinic Judetean de Urgenta Tiigu-Mures; Conf. Dr. lulian Cuciureanu,
Spitalul Clinic de Urgenta "Prof. Dr. Nicolae Oblu"; Conf. Dr. Bogdan Popescu, Colentina Clinical
Hospital; Dr. Monica Sabau, Spitalul Clinic Judetean Oradea; Conf. Dr. Corina Roman-Filip, Spitalul

Clinic Judetean Sibiu, Clinica Neurologie

Russian Federation

National Lead Investigator: Liudmila Stakhovskaya

Dr Leonid Pimenov, City clinical hospital # 9; Prof. Alla Gekht, Moscow City Clinical Hospital 12; Prof.
Anna Milto, Moscow, City Hospital No. 64; Dr. Ivan Shchukin, City Clinical Hospital#1 n.a. Pirogov;



Prof. Vladimir Parfenov, First Moscow Medical Sechenov University; Prof. Liudmila Stakhovskaya,
Pirogov Russian National Research Medical University ; Prof. Mikhail Arkhipov, Ural state medical
academy; Prof. Elena Vishneva, City Clinical Hospital 14; Dr. Nadezhda Sokolova, Chelyabinsk
Regional Hospital 3; Prof Enver Bogdanov, Kazan State Medical University; Prof. Radiy Esin,
Republican Clinical Hospital # 2; Prof. Dina Khasanova, Interregional Clinical and Diagnostic Center;
Dr Konstantin Golikov, St.Petersburg City Multiservice Hospital #2; Md, Phd Elena Melnikova,
SPbGUZ "City Hospital #26"; Dr Leonid Zaslavskiy, Leningrad Regional Clinical Hospital; Dr. Igor
Voznyuk, St.Petersburg Dzhanelidze Research Inst for Emergency Care; Dr Alexander Nazarov, City
Hospital of Saint Martyr Elizaveta; Dr Leila Akhmadeeva, Bashkir State Medical university; Dr. Aida
lakupova, Kazan State Medical University; Dr. Nikolay Shamalov, Russian National Investigational
Medical University; Prof. Galina Belskaya, City hospital Ne1; Dr. Svetlana Chuprina, State Healthcare
Institution, Voronezh Regional Hospital#1; Dr. Olga Denisova, MIH City Clinical Hospital #1,
Cardiology Dept; Dr. Ekaterina Drozdova, City Hospital #13; Prof. Yuliya Karakulova, City hospital Ne2
n.a. F. H. Graal; Prof. llya Sholomov, Saratov City Clinical Hospital Ne9; Prof. Nikolay Spirin, Yaroslavl
State Med Acad Healthcare Inst Clin Hospital 8; Dr. Elena Vostrikova, City clinical Hospital Ne34; Dr
Elena Mordvintseva, Road Clinical Hospital at Novosibirsk-Glavniy Station; Prof. Vera Grigoryeva,
Nizhny Novgorod Regional Clinical Hospital n.a. N.A.Semashko; Prof. Dmitry Zateyshchikov, Moscow,
City Hospital # 51; Prof. Vladimir Gorbachev, Irkutsk Regional Clinical Hospital after Znak Pocheta
Order; Prof. Zhanna Chefranova, Belgorod State National Research University; Dr. Mikhail Dudarev,
City Clinical Hospital Ne6 Ministery of Healthcare; Dr. Rostislav Nilk, City Hospital #38 n.a.
N.A.Semashko; Prof. Alexey Rozhdestvenskiy, Omsk State Medical Academy

Slovakia

National Lead Investigator: Miroslav Brozman

Dr. Ladislav Gurcik, Vseobecna nemocnica s poliklinikou; Dr. Miloslav Dvorak, Nemocnica s
poliklinikou,a.s.; Dr. Georgi Krastev, Fakultna nemocnica Trnava; Dr Egon Kurca, Univerzitna
nemochica Martin; Dr Juraj Vyletelka, Fakultna nemocnica s poliklinikou Zilina; Dr Miroslav Brozman,

Fakultna nemocnica Nitra

South Korea

National Lead Investigator: Jong Sung Kim

Prof Jong Sung Kim, Asan Medical Center; Prof Hee-Joon Bae, Seoul National University Bundang
Hospital ; Prof Yong-Won Kim, Kyungpook National University Hospital; Prof Joon-Tae Kim, Chonnam
National University Hospital; Prof Jae-Kwan Cha, Dong-A University Hospital; Professor Hyo Suk
Nam, Yonsei Univ Severance Hospital;, Prof Dae-Il Chang, KyungHee University Medical Center; Prof
Yong-Seok Lee, SMG - SNU Boramae Medical Center; Prof Kyungmi Oh, Korea University Guro
Hospital; Prof Sung-Wook Yu, Korea University Anam Hospital; Prof Sung-1l Sohn, Keimyung



University Dongsan Medical Center; Prof Jun Lee, Yeungnam University Medical Center; Prof Han Jin
Cho, Pusan National University Hospital; Prof Eung-Gyu Kim, Inje University Pusan Paik Hospital; Prof
Joung-Ho Rha, Inha University Hospital; Prof Seo Hyun Kim, Yonsei Univ Wonju College of Medicine

Wonju Christian Hosp

Spain

National Lead Investigator: Carlos A. Molina

Dr. Carlos Molina Cateriano, Hospital Universitari Vall d'Hebron; Dr Joaquin Serena Leal,
Gerona,H.Josep Trueta,Neurologia; Dr. José Vivancos Mora, Madrid, H. La Princesa, Neurologia; Dr.
Manuel Rodriguez Yafiez, Santiago,H.C.Universit.,Neurologia; Dr. Jaume Roquer Gonzélez,
Barcelona, H. del Mar, Neurologia; Dr. Francisco Purroy Garcia, Hospital Arnau de Vilanova; Dr
Meritxell Gomis Cortina, Badalona,H.Germans Trias, Neurologia; Dr Jaime Masjuan Vallejo, Hosp.
Ramaén y Cajal; Dr. Juan Arenillas Lara, Hosp. Clinico de Valladolid; Dr. Tomas Segura Martin,
Complejo Hospitalario Universitario de Albacete; Dr. José Antonio Egido Herrero, Madrid,
H.C.S.Carlos,Neurologia; Dr. Jose Ignacio Tembl Ferrair6, Valencia, H. La Fe, Neurologia; Dr Jaime
Gallego Culleré, Complejo Hospitalario de Navarra; Dr. Francisco Moniche Alvarez,

Sevilla,H.V.Rocio,Neurologia

Sweden

National Lead Investigator: Nils Wahlgren

Anna Steinberg, Karolinska Universitetssjukhuset Solna, Neurologkliniken; Dr Margarita Callander,
Linkdpings Universitetssjukhus, Neurokliniken; Ann Charlotte Laska, Danderyds sjukhus,
Strokeforskningsenheten; Dr Lena Bokemark, SU/Sahlgrenska Universitetssjukhus, Medicin pol 1; Dr
Thomas Mooe, Ostersunds sjukhus, Medicinkliniken; Dr Tor-Bjorn Kéll, Sédersjukhuset,
Medicinmottagningen; Lennart Welin, Skaraborgs Sjukhus Lidkdping, Med Avd 5; Lars Sjoblom,
Akademiska sjukhuset, Strokeenheten; Joakim Hambraeus, Falu lasarett, Medicin Kliniken; Dr Jérg
Teichert, Mora lasarett Med klin; Hans Wannberg, Vastmanlands sjukhus Vasteras Medicin kliniken;
Dr Johan Sanner, Karlstad Centralsjukhuset Neurologi och Rehabiliteringsmott; Dr Bo Ramstromer,
Hallands sjukhus Halmstad; Dr Bo Ziedén, Norrképing Vrinnevisjukhuset Med klin; Dr Stefan Olsson
Hau, Skénes Universitetssjukhus Neurologmottagningen; Dr Claes Gustafsson, Goteborg SU Ostra
Stroke/Diab

Switzerland

National Lead Investigator: Patrik Michel

Dr. Med. Patrik Michel, Centre Hospitalier Universitaire Vaudois; Dr. Med. Timo Kahles, Kantonsspital
Aarau; Prof. Dr. Med. Philippe Lyrer, Universitatsspital; Prof. Dr. Med. Marcel Arnold, Inselspital; Dr.
Med. Martin Liesch, Kantonsspital Graubiinden; Dr. Med. Friedrich Medlin, H6pital Cantonal Fribourg;



Dr. Med. Carlo Cereda, Ospedale Regionale di Lugano Ospedale Civico; Dr. Med. Georg Kagi, St.
Gallen, Kantonsspital St. Gallen; Prof. Dr. Med. Andreas Luft, Zirich, Universitatsspital; Dr. Med.
Emmanuel Carrera, Hopital universitaire Genéve

Taiwan

National Lead Investigator: Tsong-Hai Lee

Dr. Tsong-Hai Lee, Chang-Gung Medical Foundation, Linkou, Neurology Department; Dr. Helen L.

Po, Mackay Memorial Hospital-Neurology; Dr. Chang-Ming Chern, Taipei Veterans General Hospital,
Neurology Department; Dr. Li-Ming Lien, Shin Kong Memorial Hospital; Dr. Lung Chan, Taipei Medical
University Shuang-Ho Hospital; Dr. Chung-Hsiang Liu, China Medical University Hospital, Neurology
Department; Dr. Shey-Lin Wu, Changhua Christian Hospital-Neurology; Dr. Jiann-Der Lee, Chang-
Gung Medical Foundation Chiayi; Dr. Chih-Hung Chen, National Cheng Kung University Hospital; Dr
Huey-Juan Lin, Chi Mei Medical Center; Dr Ruey-Tay Lin, Kaohsiung Medical University Hospital; Dr
Wei-Hsi Chen, Chang-Gung Medical Foundation Kaohsiung; Dr Yu Sun, En Chu Kong Hospital

Thailand

National Lead Investigator: Nijasri Charnnarong Suwanwela

Prof. Nijasri Charnnarong Suwanwela, Division of Neurology, Department of Medicine; Dr. Tasanee
Tantirittisak, Prasat Neurological Institute; Dr. Sombat Muengtaweepongsa, Thammasat University
Hospital; Assist. Prof. Yongchai Nilanont, Division of Neurology, Siriraj Hospital; Asso.Prof. Somsak
Tiamkao, Medicine, Srinagarind Hosp., KHON KAEN; Dr. Chesda Udommongkol, Division of
Neurology, Phramongkutklao Hospital; Dr. Kanokwan Watcharasaksilp, Neurology,

MaharajNakornChiangMai Hospital; Dr. Witoon Jantararotai, Chonburi Hospital

Turkey

National Lead Investigator: Kursad Kutluk

Prof. Dr. Kursad Kutluk, Dokuz Eylul University Neurology Department; Prof. Dr. Hadiye Sirin, Ege
University Medical Faculty Neurology department; Prof. Dr. Birsen Ince, Istanbul University
Cerrahpasa Medical Faculty Neurology; Prof. Dr. Talip Asil, Bezm-i Alem Vakif University Hospital
Neurology department; Murat Arsava, Hacettepe University Medical Faculty Neurology department;
Prof. Dr. Tulay Kurt Incesu, Izmir Ataturk Research & Trainining Hospital Neurology; Assoc.Prof. Dr.
Hulya Tireli, Haydarpasa Numune Hospital Neurology Department; Spec. Dr. Hayriye Kucukoglu,
Bakirkoy Psychiatric Disorders Research & Training Hospital; Assoc.Prof. Dr. Fikri Ak, Ankara Numune
Research and Training Hospital Neurology; Dr. Ali Unal, Akdeniz University Medical Faculty Neurology
Department; Prof. Dr. Serefnur Ozturk, Selcuk University Medical Faculty Neurology Department; Prof.

Dr. Nevzat Uzuner, Osmangazi University Medical Faculty Neurology Department



Ukraine

National Lead Investigator: Sergii Moskovko

Md Galyna Chmyr, Ivano-Frankivsk Regional Clinical Hospital; Md Volodymyr Lebedynets, State
Treatm and Prev Inst “Central Clin Hosp of Ukrzalizn"; Md Vadym Nikonov, Kharkiv Municipal Clinical
Hospital of Emergency Help; Md Lyudmyla Shulga, Municipal Institution "Lutsk City Clinical Hospital";
Md Volodymyr Smolanka, Uzhgorod Regional Clin Centre of Neurosurgery and Neurology; Dr. Sergii
Moskovko, Regional Clin Psychourological Hospital n.a. O.l. Ushchenko; Md Marta Khavunka, 5-th
Lviv City Clinical Hospital; Prof. Valentyna Yavorska, ME of Health Care "Kharkiv City Clinical Hospital
#7"; Dr. Nataliya Tomakh, Municipal Institution "City Clinical Hospital #2"; Prof. Olexandr Kozyolkin, Ml
"City clinical Hospital # 6; Md Galyna Litovaltseva, City Clinical Hospital # 4

United States

National Lead Investigator: Scott Kasner, Daniel Laskowitz, Wayne Clark

Dr Maarten Lansberg, Stanford University Medical Center; Dr Richard Bernstein, Feinberg School of
Medicine of Northwestern University; Dr David Brown, Hoag Memorial Hospital Presbyterian; Dr
Wayne Clark, Oregon Stroke Center; Dr Jonathan Dissin, Einstein Healthcare Network; Dr Carmelo
Graffagnino, Duke University Medical Center; Dr Jonathan Harris, Neurologic Consultants PA; Dr
William Hicks, Ohio Health Research Institute; Dr Scott Kasner, University of Pennsylvania ; Dr Irene
Katzan, Cleveland Clinic Foundation; Dr Jeffrey Kramer, Mercy Hospital and Medical Center; Dr
Joshua Willey, Columbia University Medical Center; Dr Scott Silliman, University of Florida Health
Sciences; Dr Sidney Starkman, UCLA Stroke Center ; Dr David Thaler, Tufts University Medical
Center; Dr Margaret Tremwel, Sparks Regional Medical Center; Dr Mauricio Concha, Intercoastal
Medical Group; Dr Kumar Rajamani, Wayne State University; Dr Bhuvaneswari Dandapani, Holmes
Regional Medical Center; Dr. Brian Silver, Rhode Island Hospital; Dr. Nathan Deal, Baylor College of
Medicine; Dr Ira Chang, CNI Stroke Ctr/Blue Sky Neurology; Dr Ameer Hassan, Valley Baptist Medical
Center-Harlingen; Dr Steven Rudolph, Maimonides Medical Center; Dr Kenneth Fischer, Innovative
Medical Research of South Florida; Dr Howard Kirshner, Vanderbilt University Medical Center; Dr
William Logan, Mercy Hospital St. Louis; Dr Sidney Mallenbaum, Carilion Roanoke Memorial Hospital,
Dr Hebah Hefzy, Henry Ford Hospital West Bloomfield; Dr Julius Latorre, SUNY Upstate Medical
University; Dr Steven Levine, SUNY Downstate; Dr Anthony Ciabarra, Neurology Center of North
Orange County; Dr Rima Dafer, NorthShore University Health System ; Dr Benjamin Anyanwu, Novant
Health Forsyth Medical Center; Dr Laurel Cherian, Rush University Medical Center; Dr Spozhmy
Panezai, New Jersey Neuroscience Institute; Anna Khanna, University of Florida - Gainesville -
Shands Hospital; Dr Jodi Dodds, Novant Health Heart and Vascular Institute; Dr Michel Torbey, The
Ohio State University Wexner Medical Center; Dr James Gebel, Akron General Medical Center; Dr.
Henry Woo, Stony Brook University Medical Center; Dr David Chiu, Houston Methodist Hospital

Neurological Institute; Dr. Xiao Androulakis, Palmetto Health Richland; Dr. William Burgin, University of



South Florida; Dr Maria Pineda, Thomas Jefferson University Hospital; Dr. Engin Yilmaz, Ingalls
Hospital; Dr Irfan Altafullah, Minneapolis Clinic of Neurology; Dr Christine Boutwell, St. Luke's Hospital
of Kansas City; Dr Salvador Cruz-Flores, Texas Tech University HSC; Dr. Biggya Sapkota,
Chattanooga Center for Neurologic Research; Dr Pierre Fayad, University of Nebraska Medical
Center; Dr Michael Jacoby, Ruan Neurology Clinic and Research Center; Dr Shahid Rafiq, Frederick
Memorial; Dr Efrain Salgado, Cleveland Clinic; Dr Eugene Lafranchise, St Thomas Research Institute;
Dr Warren Felton, Virginia Commonwealth University; Dr. Ramesh Madhavan, St Joseph Mercy
Oakland; Dr Osama Zaidat, Medical College of Wisconsin; Dr Connie Pieper, University of lowa
Hospitals and Clinics; Dr Ralph Riviello, Drexel University College of Medicine; Dr Aaron Burnett,
Regions Hospital; Dr Michelle Fischer, Penn State Milton S Hershey Medical Center; Dr Nina Gentile,
Temple University Hospital; Dr Christopher Calder, University of New Mexico Hospital; Dr Dennis
Dietrich, Advanced Neurology Specialists; Dr Jonathan Cross, Neurology Group of South Florida; Dr
Larry Blankenship, Community Clinical Research Center; Dr Rima Dafer, NorthShore University Health
System ; Dr Liliana Montoya, NeuroStudies Inc; Dr Wendell Grogan, Kingwood Research Institute; Dr
Mark Young, Abbott Northwestern Univ; Dr Farrukh Khan, Columbus Regional Research Institute; Dr
Duane Campbell, Watson Clinic LLP; Dr Nizar Daboul, Advanced Medical Research; Dr Andrey
Espinoza, Hunterdon Cardiovascular Associates; Dr Paul Cullis, St. John Hospital and Medical Center;
Dr Gilberto Concepcion, Clinovationresearch; Dr John Wulff, Ball Memorial Hospital Research Dept; Dr
Haider Afzal, Inquest Clinical Research LLC; Dr Naseem Jaffrani, Cambridge Medical Trials; Dr
William Reiter, St Peter's Hospital and Medical Group; Dr Tamjeed Arshad, Baptist Medical Center
South; Dr Timothy Lukovits, Dartmouth Hitchcock Medical Center; Dr James Welker, Ann Arundel
Medical Center; Dr Fen Lei Chang, Parkview Research Center; Dr Aamir Badruddin, Presence Saint
Joseph Medical Center; Dr Viken Babikian, Boston Medical Center; Dr Ravi Menon, Swedish Medical
Center; Dr James Sander, Toledo Hospital Sponsored Research; Dr Mellanie Springer, Montefiore
Medical Center; Dr Ashish Nanda, University of Missouri Columbia; Dr Luis Mas, General Research
Facility Co; Dr Raj Rajan, Nova Clinical Research, LLC; Dr Bruce Silverman, Providence Hospital and
Medical Center; Dr Hebah Hefzy, Henry Ford Hospital; Dr David Huang, UNC-CH; Dr David Carpenter,
Washington University School of Medicine; Dr Joni Clark, St. Joseph's Hospital & Medical Center; Dr
Marilou Ching, Kaleida Health Buffalo General Hospital; Dr Sunitha Santhakumar, William Beaumont
Health System; Dr Jeffrey Gould, Doylestown Hospital; Dr Vibhav Bansal, Carle Foundation Hospital;
Dr Gabriel Vidal, Ochsner Clinic Foundation; Dr Timothy Mikesell, Advocate Lutheran General
Hospital; Dr John Brick, West Virginia University Ruby Memorial; Dr William French, Harbor-UCLA
Medical Center; Dr Qaisar Shah, Abington Memorial Hospital; Dr Christine Holmstedt, Medical
University of South Carolina Dept. of Rheumatology; Dr Nadir Ishag-Osman, EENA Comprehensive
Neurology & Sleep Center, Inc; Dr John Kostis, Rutgers Robert Wood Johnson Medical School; Dr
Abbas Shehadeh, Saint Michael's Medical Center; Dr Pramodkumak Sethi, Guilford Neurology

Associates; Dr Asher Imam, Southlake Neurology; Dr Carl Mccomas, St Marys Medical Center; Dr Duc



Tran, Neurology Consultants of Dallas; Dr Mehari Gebreyohanns, UT Southwestern Medical Center;
Dr Brian Wiseman, University of Tennessee; Dr Maheen Malik, Saint Anthony's Medical Center; Dr
Aron Schwarcz, Englewood Hospital and Medical Center; Dr Dorothea Altschul, Valley Health System;
Dr John Castaldo, Lehigh Valley Hospital; Dr Amer Alshekhlee, DePaul Health Center; Dr Stephen
Gancher, Kaiser Permanente - Mount Scott; Dr Nagesh Krish, Bayonne Medical Center; Dr Mai
Nguyen-Huynh, Kaiser Permanente; Dr Margaret Tremwell, Washington Regional Medical Center ; Dr
Jitendra Sharma, Sanford Health; Dr Lance Lee, Glendale Adventist Medical Center; Dr William Neil,
Kaiser Permanente Medical Center; Dr Fazeel Siddiqui, Southern lllinois University School of
Medicine; Dr Ali Malek, Saint Mary's Medical Center; Dr Charles Romero, UPMC Hamot

Vietnam

National Lead Investigator: Huy Thang Nguyen

Dr Thang Nguyen Huy, 115 People's Hospital; Prof Hoa Hoang, Director Board, Gia Dinh People
Hospital; Dr. Thang Nguyen, Nguyen Tri Phuong Hospital; Prof Anh Nguyen, Bach Mai Hospital; Prof.
Hung Nguyen, National Geriatric Hospital



