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ABSTRACT

BACKGROUND

Cryptogenic strokes constitute 20 to 30% of ischemic strokes, and most crypto-
genic strokes are considered to be embolic and of undetermined source. An ear-
lier randomized trial showed that rivaroxaban is no more effective than aspirin in
preventing recurrent stroke after a presumed embolic stroke from an undeter-
mined source. Whether dabigatran would be effective in preventing recurrent
strokes after this type of stroke was unclear.

METHODS
We conducted a multicenter, randomized, double-blind trial of dabigatran at a dose
of 150 mg or 110 mg twice daily as compared with aspirin at a dose of 100 mg once
daily in patients who had had an embolic stroke of undetermined source. The
primary outcome was recurrent stroke. The primary safety outcome was major
bleeding.

RESULTS

A total of 5390 patients were enrolled at 564 sites and were randomly assigned to
receive dabigatran (2695 patients) or aspirin (2695 patients). During a median
follow-up of 19 months, recurrent strokes occurred in 177 patients (6.6%) in the
dabigatran group (4.1% per year) and in 207 patients (7.7%) in the aspirin group
(4.8% per year) (hazard ratio, 0.85; 95% confidence interval [CI], 0.69 to 1.03;
P=0.10). Ischemic strokes occurred in 172 patients (4.0% per year) and 203 pa-
tients (4.7% per year), respectively (hazard ratio, 0.84; 95% CI, 0.68 to 1.03). Major
bleeding occurred in 77 patients (1.7% per year) in the dabigatran group and in
64 patients (1.4% per year) in the aspirin group (hazard ratio, 1.19; 95% CI, 0.85
to 1.66). Clinically relevant nonmajor bleeding occurred in 70 patients (1.6% per
year) and 41 patients (0.9% per year), respectively.

CONCLUSIONS
In patients with a recent history of embolic stroke of undetermined source, dabi-
gatran was not superior to aspirin in preventing recurrent stroke. The incidence of
major bleeding was not greater in the dabigatran group than in the aspirin group,
but there were more clinically relevant nonmajor bleeding events in the dabigatran
group. (Funded by Boehringer Ingelheim; RE-SPECT ESUS ClinicalTrials.gov number,
NCT02239120.)
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SCHEMIC INFARCTIONS ACCOUNT FOR THE

majority of strokes and are classified by their

cause: large-artery extracranial or intracra-
nial atherosclerosis, embolism from a cardiac
source, small-artery occlusion, and other, less
common causes.! However, 20 to 30% of ische-
mic strokes are categorized as cryptogenic,*?
and a proportion of these are further classified
as embolic strokes of undetermined source if a
pattern of infarction that suggests an embolic
(nonlacunar) cause is present on brain imaging
but no source for the embolus is identified after
a series of tests is performed to try to find the
source.*®

Guidelines for secondary prevention of stroke
in patients who have had a cryptogenic stroke
recommend administration of antiplatelet agents,
and treatment may include aspirin, a combina-
tion of extended-release dipyridamole and aspi-
rin, or clopidogrel and aspirin.® Oral anticoagu-
lants, including dabigatran etexilate, have an
established role in reducing the incidence of re-
current strokes among patients with high-risk car-
dioembolic factors, such as atrial fibrillation.”®

We conducted the RE-SPECT ESUS trial (Ran-
domized, Double-Blind, Evaluation in Secondary
Stroke Prevention Comparing the Efficacy and
Safety of the Oral Thrombin Inhibitor Dabigat-
ran Etexilate versus Acetylsalicylic Acid in Pa-
tients with Embolic Stroke of Undetermined
Source) to compare the efficacy and safety of
dabigatran with those of aspirin for the preven-
tion of recurrent stroke.

METHODS

STUDY DESIGN AND OVERSIGHT

RE-SPECT ESUS was an international, double-
blind, parallel-group, randomized trial. Patients
were enrolled during the period from December
2014 through January 2018 at 564 sites in 42
countries. The trial was approved by the ethics
committee at each participating site. The study
rationale, design, and methods have been pub-
lished previously,’ and the protocol, including the
statistical plan, is available with the full text of
this article at NEJM.org.

The executive committee and representatives
of the sponsor, Boehringer Ingelheim, developed
the protocol and were responsible for supervis-
ing the trial and making protocol amendments.

An independent data monitoring committee
assessed safety outcomes and study conduct. An
independent adjudication committee, whose mem-
bers were unaware of the treatment assign-
ments, reviewed and classified primary and
secondary efficacy outcomes and major bleeding
events.

The sponsor provided the investigational drugs,
collected the data, performed the statistical
analysis, and paid for professional editing of an
earlier version of the manuscript for submission.
Confidentiality agreements were in place be-
tween the investigators and authors and the
sponsor. The executive committee drafted the
manuscript. All the authors vouch for the accu-
racy and completeness of the data and reporting
of adverse events and for the fidelity of the trial
to the protocol. All patients provided written in-
formed consent before participating in the trial.

TRIAL POPULATION
Patients 60 years of age or older were eligible for
enrollment if they had had an embolic stroke
of undetermined source within the previous
3 months or, if they had at least one vascular
risk factor, within the previous 6 months; pa-
tients 18 to 59 years of age were eligible if they
had had a qualifying stroke within the previous
3 months and had at least one additional vascu-
lar risk factor.” Exclusion criteria are provided in
Table S1 in the Supplementary Appendix, avail-
able at NEJM.org.

Embolic stroke of undetermined source was
defined* as a nonlacunar ischemic stroke (de-
tected by brain imaging) in a patient in whom
no extracranial or intracranial atherosclerosis
causing 50% or greater stenosis in arteries sup-
plying the area of the stroke was detected by
arterial imaging or cervical and transcranial
Doppler ultrasonography, no atrial fibrillation
lasting longer than 6 minutes® was shown by
cardiac rhythm monitoring for 20 hours or lon-
ger, no intracardiac thrombus was detected by
transthoracic or transesophageal echocardiogra-
phy, and no other specific cause of stroke was
identified.

TRIAL TREATMENTS
Patients were randomly assigned in a 1:1 ratio,
in a double-blind manner, to receive dabigatran
and aspirin placebo or aspirin and dabigatran
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placebo (Fig. S1 in the Supplementary Appen-
dix). Dabigatran was administered at a dose of
150 mg twice daily, but in patients 75 years of
age or older and in patients who had an esti-
mated creatinine clearance of 30 to 50 ml per
minute, dabigatran was administered at a dose
of 110 mg twice daily. Patients in the aspirin
group were given aspirin in nonenteric-coated
form at a dose of 100 mg once daily. Patients
with coronary heart disease who were assigned
to the dabigatran group could receive aspirin for
treatment of their coronary heart disease; patients
in the aspirin group who had coronary heart dis-
ease received aspirin plus placebo. The trial treat-
ment period was planned to be a minimum of
6 months and a maximum of 3.5 years.

OUTCOMES
The primary efficacy outcome was recurrent stroke
of ischemic, hemorrhagic, or unspecified type,
assessed in a time-to-event analysis. The two
key secondary efficacy outcomes were ischemic
stroke and a composite of nonfatal stroke, non-
fatal myocardial infarction, or death from cardio-
vascular causes, with both outcomes evaluated
in time-to-event analyses. Other secondary effi-
cacy outcomes were disabling recurrent stroke
and death from any cause. Disabling recurrent
stroke was defined by a score on the modified
Rankin scale of 4 or more 3 months after a re-
current stroke; scores on the modified Rankin
scale range from 0 to 6, with 0 indicating no
deficit and 6 indicating death. Tertiary efficacy
outcomes are shown in Table S2 in the Supple-
mentary Appendix. The primary safety outcome
was major bleeding according to International
Society on Thrombosis and Hemostasis (ISTH)
criteria, assessed in a time-to-event analysis.!
Additional safety outcomes were nonmajor bleed-
ing resulting in hospitalization, medical or sur-
gical intervention, or change, interruption, or
discontinuation of the trial drug (i.e., clinically
relevant nonmajor bleeding) and a composite of
major bleeding or clinically relevant nonmajor
bleeding.

STATISTICAL ANALYSIS
We calculated that the trial would have 92%
power to detect a 30% lower risk of recurrent
stroke (the primary outcome) in the dabigatran
group than in the aspirin group. The targeted
number of recurrent strokes confirmed by the
independent adjudication committee in this event-

N ENGL J MED 380;20

driven trial was 353 strokes. The original plan
was to randomly assign 6000 patients over the
course of 2.5 years, with a planned maximum
observation period of 3 years. Because recruit-
ment was slower than planned and the primary
event rate was higher than expected, the recruit-
ment period was extended to 3 years, which re-
sulted in a total observation period of 3.5 years,
and the target total sample size was reduced to
5390 patients.

All analyses were performed in the intention-
to-treat population unless otherwise specified;
analysis of data from patients who were lost to
follow-up was based on the last day their status
was known. A Cox proportional-hazards regres-
sion model, adjusted for the covariates of age,
renal impairment (baseline creatinine clearance
<50 or >50 ml per minute), and transient ische-
mic attack or stroke before the index stroke, was
the prespecified model for the analysis of out-
comes. However, the assumption of proportional
hazards was not satisfied for the primary out-
come; therefore, we explored whether the treat-
ment effect varied according to time (after inspec-
tion of the Kaplan—Meier curves), with additional
analyses describing the results separately before
and after 1 year in a piecewise Cox model.

To control for type I errors, a hierarchical
analysis plan stipulated that if the results for the
primary outcome were not statistically signifi-
cant, key secondary outcomes would be reported
without claims of statistical significance. No
multiplicity adjustments were planned for other
secondary outcomes, and all confidence inter-
vals reported for secondary outcomes were un-
adjusted for multiple comparisons. On-treatment
analyses were performed as sensitivity analyses.
No imputation of missing data was performed.
Tests for the interaction of treatment with vari-
ous subgroups were performed to evaluate the
consistency of results with respect to the primary
outcome and major bleeding. A total of 22 sub-
groups were prespecified for analysis. Results
for 11 prespecified subgroups of greatest clinical
interest are presented; 1 subgroup (assignment
to dabigatran dose of 110 mg vs. 150 mg) was
analyzed post hoc.

RESULTS

PARTICIPANTS AND FOLLOW-UP
A total of 5830 patients were screened, and 5390
were randomly assigned to a treatment group
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5830 Patients were assessed for eligibility

440 Were excluded
268 Did not meet inclusion criteria

108 Declined to participate
64 Had other reason

5390 Underwent randomization

/

2695 Were assigned to receive dabigatran
2084 Were assigned to 150 mg, twice daily
611 Were assigned to 110 mg, twice daily

2695 Were assigned to receive aspirin

2676 Received at least one dose of dabigatran
19 Did not receive a dose of dabigatran

2674 Received at least one dose of aspirin
21 Did not receive a dose of aspirin

1886 Did not discontinue dabigatran
790 Discontinued dabigatran
555 Had adverse event
142 Withdrew
93 Had other reason

1954 Did not discontinue aspirin
720 Discontinued aspirin
499 Had adverse event
127 Withdrew
94 Had other reason

19 Were lost to follow-up

14 Were lost to follow-up

2676 Had vital status known
2620 Completed follow-up
56 Died

2681 Had vital status known
2623 Completed follow-up
58 Died

Figure 1. Enrollment, Randomization, and Treatment.

Patients who did not receive the trial medication and those who discontinued the study early were still followed, and
vital status was known for nearly all the patients (99.4%) at the end of the trial; data for 33 patients (0.6%) were
censored because their vital status could not be verified at the end of the trial.

(2695 in each group) (Fig. 1). Patients were re-
cruited from Europe (58.8%), Asia (22.2%), North
America (11.0%), and Latin America (4.2%). The
mean age of the patients was 64.2 years, and
36.9% were women. Patients in the two groups
had similar baseline clinical and demographic
characteristics, except for age; patients in the
dabigatran group were a mean of 0.6 years older
than those in the aspirin group (Table 1). Patent
foramen ovale was diagnosed in 680 patients
(12.6%), with similar numbers in the two treat-
ment groups.

The median time from the qualifying first
stroke to randomization was 44 days (interquar-

tile range, 21 to 80). At the time of randomiza-
tion, the median score on the National Institutes
of Health Stroke Scale (NIHSS; scores range
from 0 to 42, with higher scores indicating more
neurologic deficits) resulting from the qualify-
ing stroke was 1 (interquartile range, 0 to 2). In
addition to the minimum required 20 hours of
electrocardiogram (ECG) monitoring, extended
ECG monitoring with an outpatient monitoring
device was performed in 14% of the patients,
and 6% of the patients received an implantable
loop recorder to monitor cardiac rhythm. A total
of 24 patients in the dabigatran group (0.9%)
and 20 in the aspirin group (0.7%) were found
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Table 1. Characteristics of the Patients at Baseline.*

Dabigatran Group

Aspirin Group

Characteristic (N=2695) (N =2695)
Mean age —yr 64.5+11.4 63.9+11.4
Female sex — no. (%) 1001 (37.1) 986 (36.6)
Region — no. (%)
North America 300 (11.1) 294 (10.9)
Central Europe 369 (13.7) 335 (12.4)
Western Europe 1210 (44.9) 1254 (46.5)
Latin America 107 (4.0) 118 (4.4)
Asia 616 (22.9) 582 (21.6)
Other 93 (3.5) 112 (4.2)
Race — no. (%) 7
White 1926 (71.5) 1966 (72.9)
Black 4 (2.0) 40 (1.5)
Asian 631 (23.4) 597 (22.2)
Other or missing 4 (3.1) 92 (3.4)
Mean body-mass indexi: 27.2+5.0 27.3+5.0
Current smoker — no. (%) 458 (17.0) 433 (16.1)
Creatinine clearance <50 ml per minute at baseline — no. (%) 227 (8.4) 203 (7.5)
Median time from index stroke to randomization (IQR) — days 46.0 (21.0-82.0) 43.0 (20.0-78.0)
Median score on modified Rankin Scale (IQR)§ 1(0-2) 1(0-2)
Median NIHSS score (IQR)€] 1(0-2) 1(0-2)
Medical history — no. (%)
Previous TIA or stroke 475 (17.6) 500 (18.6)
Previous myocardial infarction 168 (6.2) 172 (6.4)
Coronary artery disease 301 (11.2) 276 (10.2)
Hypertension 1996 (74.1) 1985 (73.7)
Diabetes mellitus 585 (21.7) 639 (23.7)
Hyperlipidemia 1533 (56.9) 1510 (56.0)
Patent foramen ovale 319 (11.8) 361 (13.4)
Congestive heart failure| 117 (4.3) 124 (4.6)
LV dysfunction, ejection fraction =40%, or both 6 (1.3) 5 (1.3)

* Plus—minus values are means £SD. There were no significant differences between the groups except with respect to
age (P=0.03). P values were calculated with Student’s t-tests for continuous variables and chi-square tests for categori-
cal variables. Percentages may not total 100 because of rounding. IQR denotes interquartile range, LV left ventricular,
and TIA transient ischemic attack.

 Race was reported by the patient. Patients who identified as more than one race or did not identify their race were clas-
sified as other.

1 The body-mass index is the weight in kilograms divided by the square of the height in meters.

§ Scores on the modified Rankin scale range from 0 to 6, with higher scores indicating worse functional deficits.

9§ Scores on the National Institutes of Health Stroke Scale (NIHSS) range from 0 to 42, with higher scores indicating
worse neurologic deficits.

| No patients had New York Heart Association class IV heart failure.

—_
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Table 2. Efficacy Outcomes.*

Outcome

Primary outcome: first recurrent stroke
Key secondary outcomesf
Ischemic stroke

Composite of nonfatal stroke, nonfatal myocardial
infarction, or cardiovascular death

Other secondary outcomes
Disabling stroke
Death from any cause
Tertiary outcomes
Death from cardiovascular causes
Hemorrhagic stroke
TIA
Systemic embolism
Myocardial infarction
Venous thromboembolism

Net clinical outcome: disabling stroke, life-threatening
bleeding, myocardial infarction, venous thrombo-
embolism, or death from cardiovascular causes

Dabigatran Group  Aspirin Group Hazard Ratio
(N=2695) (N=2695) (95% ClI)t
no. of patients (annualized rate)

177 (4.1) 207 (4.8) 0.85 (0.69-1.03)F
172 (4.0) 203 (4.7) 0.84 (0.68-1.03)
207 (4.8) 232 (5.4) 0.88 (0.73-1.06)
25 (0.6) 42 (0.9) 0.59 (0.36-0.96)
56 (1.2) 58 (1.3) 0.96 (0.66-1.38)
19 (0.4) 24 (0.5) 0.78 (0.43-1.43)
6 (0.1) 7 (0.2) 0.86 (0.29-2.55)
43 (1.0) 37 (0.8) 1.14 (0.73-1.77)
6 (0.1) 11 (0.2) 0.54 (0.20-1.46)
23 (0.5) 18 (0.4) 1.28 (0.69-2.38)
9 (0.2) 15 (0.3) 0.59 (0.26-1.34)
98 (2.2) 109 (2.5) 0.88 (0.67-1.16)

* All outcomes were confirmed by an independent adjudication committee, except the score on the modified Rankin scale,

which determines disabling stroke.

T Hazard ratios have not been adjusted for multiple comparisons.

1 P=0.10 for the primary outcome of first recurrent stroke.

§ Because no adjustment for multiple comparisons was made for secondary outcomes and because the result of the pri-
mary outcome was not statistically significant, P values were not computed for secondary outcomes, and only confidence

intervals unadjusted for multiplicity are shown.

after randomization to have atrial fibrillation
(defined as cumulative duration of atrial fibrilla-
tion of more than 6 minutes during the extended
monitoring period).

The median duration of follow-up was 19
months (interquartile range, 13 to 27). Trial
medication was discontinued in 671 patients in
the dabigatran group (24.9%) and in 568 in the
aspirin group (21.1%) before a primary outcome
was reached. Adverse events were the main rea-
son for discontinuation in both groups; 555 pa-
tients in the dabigatran group and 499 patients
in the aspirin group had adverse events leading
to discontinuation (Fig. 1). The vital status of 19
patients in the dabigatran group and 14 patients
in the aspirin group could not be established.

EFFICACY OUTCOMES

A recurrent stroke of any type (the primary out-
come) occurred in 177 patients (6.6%) in the
dabigatran group (a rate of 4.1% per year) and in
207 patients (7.7%) in the aspirin group (a rate of
4.8% per year) (hazard ratio, 0.85; 95% confi-
dence interval [CI], 0.69 to 1.03; P=0.10) (Table 2
and Figs. 2A and 3). Results for secondary out-
comes are shown in Table 2. Ischemic strokes
occurred in 172 patients (6.4%) in the dabigat-
ran group (a rate of 4.0% per year) and in 203
patients (7.5%) in the aspirin group (a rate of
4.7% per year) (hazard ratio, 0.84; 95% CI, 0.68
to 1.03). A composite outcome event of nonfatal
stroke, nonfatal myocardial infarction, or cardio-
vascular death occurred in 207 patients (7.7%) in

N ENGL ) MED 380;20 NEJM.ORG MAY 16, 2019

Page 6 of 32

1911



New England Journal of Medicine

2019, 380:20

1906-1917

P19-03974

Please follow your local copyright law

The NEW ENGLAND JOURNAL of MEDICINE

A First Adjudicated Recurrent Stroke
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Days since Randomization
No. at Risk
Dabigatran 2695 2620 2565 2284 2024 1738 1451 1185 944 712 499 309
Aspirin 2695 2617 2549 2297 2033 1738 1452 1163 934 704 485 297
B First Major Bleeding Episode
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0 90 180 270 360 450 540 630 720 810 900 990
Days since Randomization
No. at Risk
Dabigatran 2695 2667 2631 2355 2095 1807 1514 1239 983 736 518 322
Aspirin 2695 2662 2618 2376 2120 1815 1526 1232 984 739 515 318
Figure 2. Kaplan—Meier Curves for First Recurrent Stroke and First Major Bleeding Episode.
The inset in each panel shows the same data on an enlarged y axis.

the dabigatran group (a rate of 4.8% per year) CI, 0.73 to 1.06). Hemorrhagic strokes occurred
and in 232 patients (8.6%) in the aspirin group in 6 patients (0.2%) in the dabigatran group (a rate
(a rate of 5.4% per year) (hazard ratio, 0.88; 95% of 0.1% per year) and in 7 patients (0.3%) in the
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Subgroup Dabigatran Aspirin Hazard Ratio (95% Cl)
no. of events/total no. (%)
Overall 177/2695 (6.6) 2072695 (7.7) e 0.85 (0.69-1.03)
Age classification ,
<50 yr 11/285 (3.9)  10/320 (3.1) —— 1.31 (0.55-3.15)
50 to <65 yr 57/961 (5.9)  58/965 (6.0) —— 0.99 (0.69-1.43)
65 to <75 yr 66/901 (7.3)  79/928 (8.5) i 0.85 (0.62-1.19)
=75 yr 43/548 (7.8) 607482 (12.4) —a—! 0.63 (0.43-0.94)
Sex E
Male 123/1694 (7.3)  144/1709 (8.4) FaH 0.87 (0.68-1.11)
Female 54/1001 (5.4)  63/986 (6.4) i 0.81 (0.56-1.17)
Geographic region ,
North America 24/300 (8.0) 18/294 (6.1) i 1.26 (0.68-2.33)
Central Europe 16/369 (4.3)  25/335 (7.5) —— 0.56 (0.30-1.06)
Western Europe 87/1210 (7.2)  94/1254 (7.5) -t 0.94 (0.70-1.26)
Latin America 9/107 (8.4) 7/118 (5.9) —— 1.39 (0.51-3.75)
Asia 37/616 (6.0)  54/582 (9.3) —a— 0.68 (0.44-1.03)
Other 4/93 (4.3) 9/112 (8.0) a — 0.46 (0.14-1.51)
Dose assignment E
110 mg 45/611 (7.4)  71/546 (13.0) — 0.57 (0.39-0.83)
150 mg 132/2084 (6.3)  136/2149 (6.3) e 0.99 (0.78-1.26)
Proton-pump inhibitors ,
No 113/1748 (6.5)  117/1797 (6.5) - 1.00 (0.77-1.29)
Yes 58/876 (6.6)  87/827 (10.5) = 0.61 (0.44-0.86)
Days from index stroke to randomization E
<8 14/95 (14.7) 6/97 (6.2) e 2.02 (0.76-5.38)
8-30 72/892 (8.1)  75/937 (8.0) i 1.00 (0.72-1.38)
31-90 67/1219 (5.5)  89/1200 (7.4) e 0.73 (0.53-1.00)
=91 24/489 (49)  37/460 (8.0) i 0.62 (0.37-1.04)
Creatinine clearance at baseline :
30 to <50 ml/min 23/226 (10.2)  33/201 (16.4) e 0.63 (0.37-1.07)
50 to <80 ml/min 59/1041 (5.7)  80/965 (8.3) i 0.68 (0.48-0.95)
=80 ml/min 95/1424 (6.7)  93/1525 (6.1) . 1.10 (0.83-1.46)
Add-on aspirin at baseline ,
No 165/2526 (6.5)  191/2557 (7.5) s 0.88 (0.71-1.08)
Yes 12/169 (7.1)  16/138 (11.6) —a 0.50 (0.24-1.07)
History of stroke or TIA before index stroke E
No 124/2220 (5.6) 1322195 (6.0) = 0.92 (0.72-1.18)
Yes 53/475 (11.2)  75/500 (15.0) = 0.71 (0.50-1.01)
Cardiac monitoring at baseline 1
<48 hr 139/2220 (6.3)  174/2263 (7.7) e 0.80 (0.64-1.00)
>48 hr 38/474 (8.0)  33/432(7.6) —— 1.07 (0.67-1.71)
CHA,DS,-VASc score E
2-3 41/836 (4.9)  40/840 (4.8) —— 1.06 (0.69-1.65)
4 50/743 (6.7)  64/779 (8.2) i 0.82 (0.56-1.18)
=5 86/1116 (7.7)  103/1076 (9.6) = 0.79 (0.59-1.06)
Patent foramen ovale E
No 160/2375 (6.7) 1882333 (8.1) ] 0.83 (0.68-1.03)
Yes 16/319 (5.0)  19/361 (5.3) —— 0.88 (0.45-1.71)
01 10 100
Dabigatran Better Aspirin Better
Figure 3. Analyses of Treatment Effects on Recurrent Stroke in Subgroups.
The trial may be underpowered to assess these subgroups. All subgroups were prespecified except dose assignment, which was post
hoc. The CHA,DS,-VASc score reflects the risk of stroke among patients with atrial fibrillation. Scores range from 0 to 9, with higher
scores indicating greater risk. TIA denotes transient ischemic attack.
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Table 3. Safety Outcomes.*

Outcome

Major bleeding

Intracranial hemorrhage

Gastrointestinal bleeding

Life-threatening bleeding

Fatal bleeding and fatal hemorrhagic strokei:
Clinically relevant nonmajor bleeding

Major or clinically relevant nonmajor bleeding

Dabigatran Group Aspirin Group Hazard Ratio
(N = 2695) (N = 2695) (95% CI)7
no. of patients (annualized rate)
77 (1.7) 64 (1.4) 1.19 (0.85-1.66)
32 (0.7) 32 (0.7) 0.98 (0.60-1.60)
27 (0.6) 22 (0.5) 1.22 (0.70-2.15)
38 (0.8) 45 (1.0) 0.83 (0.54-1.28)
1(0.02) 6 (0.1) 0.17 (0.02-1.39)
70 (1.6) 41 (0.9) 1.73 (1.17-2.54)
145 (3.3) 101 (2.3) 1.44 (1.12-1.85)

* All outcomes except clinically relevant nonmajor bleeding

were confirmed by an independent adjudication committee.

T Hazard ratios have not been adjusted for multiple comparisons.

i Three deaths were confirmed by the adjudication committee

as fatal intracranial hemorrhage (all three in the aspirin group),

and four deaths were confirmed by the adjudication committee as fatal hemorrhagic stroke (one in the dabigatran

group and three in the aspirin group).

aspirin group (a rate of 0.2% per year) (hazard
ratio, 0.86; 95% CI, 0.29 to 2.55). Disabling strokes
occurred in 25 patients (0.9%) in the dabigatran
group (a rate of 0.6% per year) and in 42 patients
(1.6%) in the aspirin group (a rate of 0.9% per
year) (hazard ratio, 0.59; 95% CI, 0.36 to 0.96)
(Fig. S2 in the Supplementary Appendix). Effi-
cacy outcomes during the on-treatment period
for the treated population, which included all
randomly assigned patients who received one or
more doses of the assigned trial treatment, are
shown in Table S3 in the Supplementary Appen-
dix. The results of a post hoc exploratory analy-
sis comparing the incidence of first recurrent
strokes before 1 year and after 1 year are shown
in Table S4 in the Supplementary Appendix.
The absence of a treatment effect on the pri-
mary outcome was consistent across most pre-
specified subgroups (Fig. 3). Patients with patent
foramen ovale showed a treatment effect consis-
tent with the overall trial results; 16 of 319 pa-
tients (5.0%) with foramen ovale in the dabi-
gatran group and 19 of 361 patients (5.3%) with
foramen ovale in the aspirin group had recurrent
stroke (hazard ratio, 0.88; 95% CI, 0.45 to 1.71).
Potential treatment interactions that were explor-
atory, and from which inferences cannot be made,
were observed in two subgroups — those de-
fined according to the use of proton-pump in-
hibitors and according to the number of days
from the index stroke to randomization (Fig. 3).

N ENGL J MED 380;20

SAFETY OUTCOMES

Major bleeding occurred in 77 patients (2.9%) in
the dabigatran group (a rate of 1.7% per year)
and in 64 patients (2.4%) in the aspirin group
(a rate of 1.4% per year) (hazard ratio, 1.19; 95%
CI, 0.85 to 1.66) (Table 3 and Fig. 2B). The com-
posite outcome event of major or clinically rele-
vant nonmajor bleeding occurred more frequently
with dabigatran than with aspirin (hazard ratio,
1.44; 95% CI, 1.12 to 1.85) because of the excess
of clinically relevant nonmajor bleeding episodes
with dabigatran (hazard ratio, 1.73; 95% CI, 1.17
to 2.54).

Intracranial hemorrhage occurred in 32 pa-
tients (1.2%) in both the dabigatran group and
the aspirin group (a rate of 0.7% per year) (hazard
ratio, 0.98; 95% CI, 0.60 to 1.60). The incidence
of life-threatening bleeding did not differ be-
tween the two treatment groups (hazard ratio,
0.83; 95% CI, 0.54 to 1.28) (Table 3). The treat-
ment effect on major bleeding was consistent
across subgroups. Other safety outcomes are
shown in Figure S3 and Tables S3, S5, and S6 in
the Supplementary Appendix.

DISCUSSION

The RE-SPECT ESUS trial showed no significant
difference between the effect of dabigatran and
that of aspirin on the risk of recurrent stroke
among patients with embolic stroke of undeter-

NEJM.ORG MAY 16, 2019

Page 9 of 32



P19-03974

New England Journal of Medicine
2019, 380:20 1906-1917

Please follow your local copyright law

DABIGATRAN AFTER EMBOLIC STROKE OF UNDETERMINED SOURCE

mined source. The rate of recurrent stroke was
4.1% per year among patients in the dabigatran
group and 4.8% per year among patients in the
aspirin group. Dabigatran was associated with
major bleeding in 1.7% of the patients per year,
and aspirin was associated with major bleeding
in 1.4% of the patients per year. The percentages
were similar in the two groups in all subcatego-
ries of major bleeding, but more patients in the
dabigatran group than in the aspirin group had
clinically relevant nonmajor bleeding.

Our hypothesis was that dabigatran would be
more effective than aspirin for stroke prevention
in patients with embolic stroke of undetermined
source because many of these patients might
have had an unrecognized source of cardiac
embolism, including atrial fibrillation. Post hoc
analysis suggested that dabigatran may have had
an effect on stroke recurrence after 1 year, but no
inferences can be made because of the post hoc
nature of the analysis. A possible explanation for
this temporal pattern might be a progressive in-
crease in the occurrence of asymptomatic, unde-
tected atrial fibrillation and other cardiac sources
of embolism over time. The CRYSTAL-AF (Crypto-
genic Stroke and Underlying Atrial Fibrillation)'?
and FIND-AF (Finding Atrial Fibrillation in
Stroke)® trials in patients with cryptogenic stroke
showed detection rates of atrial fibrillation of
approximately 10 to 15% per year in populations
that were similar to the RE-SPECT ESUS popula-
tion. In our trial, extended ECG monitoring after
randomization was performed in only 14% of
patients; therefore, we do not have a systematic
assessment of the occurrence of atrial fibrilla-
tion. Whether patients with cryptogenic stroke
who have atrial cardiopathy and are at a high risk
for atrial fibrillation could benefit from antico-
agulation is being investigated in the ongoing
ARCADIA trial (Atrial Cardiopathy and Antithrom-
botic Drugs In Prevention after Cryptogenic
Stroke).™

Our trial design differed from that of
NAVIGATE ESUS (New Approach Rivaroxaban
Inhibition of Factor Xa in a Global Trial versus
ASA to Prevent Embolism in Embolic Stroke of
Undetermined Source).”® NAVIGATE ESUS used a
lower dose of rivaroxaban than has been used for
stroke prophylaxis in patients with atrial fibril-
lation. In RE-SPECT ESUS, for patients 75 years
of age or older or patients who had impaired

renal function, we used the lower dose of dabi-
gatran (110 mg twice daily) according to slightly
modified criteria from the European approved
labeling for atrial fibrillation. The median follow-
up was 11 months in NAVIGATE ESUS as com-
pared with 19 months in RE-SPECT ESUS. The
overall number of bleeding events in patients in
the aspirin group was lower in NAVIGATE ESUS
than in RE-SPECT ESUS. Aspirin was used in an
enteric-coated form in NAVIGATE ESUS and in
plain form in RE-SPECT ESUS.

The strengths of RE-SPECT ESUS are the
large sample size and the broad distribution of
international trial centers that may allow the
results to be generalized. The stroke event rates
matched the expectations that were used in the
power calculation for the trial, and we reached
the prespecified target number of recurrent
strokes in this event-driven trial.

In conclusion, we found that dabigatran was
not superior to aspirin in preventing recurrent
stroke in patients who had had an embolic stroke
of undetermined source. The incidence of major
bleeding was not greater in the dabigatran group
than in the aspirin group, but there were more
clinically relevant nonmajor bleeding events in
the dabigatran group.

A data sharing statement provided by the authors is available
with the full text of this article at NEJM.org.

Supported by Boehringer Ingelheim.

Dr. Diener reports receiving honoraria from Abbott, Allergan,
Bayer Vital, Bristol-Myers Squibb, Brainsgate, CoAxia, Corimmun,
Covidien, Daiichi Sankyo, D-Pharm, EV3, Fresenius, Knoll, Merck
Sharpe & Dohme, Lilly, Medtronic, Mind-Frame, Neurobiologi-
cal Technologies, Novo Nordisk, Paion, Parke-Davis, Pfizer,
Schering-Plough, Servier, Solvay, Thrombogenics, and Wyeth,
grant support and honoraria from AstraZeneca, Boehringer Ingel-
heim, GlaxoSmithKline, Janssen-Cilag, Novartis, and Sanofi
Aventis, and grant support from Lundbeck, Syngis, and Talecris;
Dr. Sacco, receiving consulting fees from Boehringer Ingelheim;
Dr. Easton, receiving grant support from AstraZeneca and provi-
sion of drugs by Sanofi; Dr. Granger, receiving grant support
and consulting fees from Boehringer Ingelheim, Bayer, Bristol
Mpyers Squibb, Daiichi Sankyo, Janssen Pharmaceutica, Pfizer,
GlaxoSmithKline, and Sanofi, consulting fees and lecture fees
from Boston Scientific, grant support from Merck, and consult-
ing fees from AstraZeneca, Armetheon, Eli Lilly, Gilead, Hoff-
mann-La Roche, Medtronic, Takeda, and the Medicine Com-
pany; Dr. Bernstein, receiving grant support, paid to his
institution, fees for serving on a steering committee, consulting
fees, lecture fees, and travel support from Medtronic, consulting
fees and travel support from Bristol-Myers Squibb, Amgen, and
Abbott, fees for serving on a data and safety monitoring board
from AbbVie, consulting fees from Portola, and consulting fees
and lecture fees from WebMD; Dr. Uchiyama, receiving grant
support, honoraria, advisory board fees, and lecture fees from
Boehringer Ingelheim, Bayer, Daiichi Sankyo, Sanofi, Otsuka,
Takeda, AstraZeneca, Dainippon Sumitomo, Mitsubishi Tanabe,

N ENGL ) MED 380;20 NEJM.ORG MAY 16, 2019

1915

Page 10 of 32



New England Journal of Medicine

2019, 380:20

1906-1917

P19-03974

Please follow your local copyright law

The NEW ENGLAND JOURNAL of MEDICINE

1916

Shionogi, Astellas, Amgen, and Bristol-Myers Squibb; Dr. Kreuzer,
being employed by Boehringer Ingelheim Singapore (Singapore)
and Boehringer Ingelheim International (Ingelheim, Germany);
Dr. Cronin, being employed by Boehringer Ingelheim (Canada);
Mr. Cotton, being employed by Boehringer Ingelheim Pharma-
ceuticals (USA); Dr. Grauer, being employed by Boehringer Ingel-
heim Pharma (Germany); Dr. Brueckmann, being employed by
Boehringer Ingelheim International (Germany); Dr. Chernya-
tina, receiving honoraria from Boehringer Ingelheim, Daiichi
Sankyo, GlaxoSmithKline, Janssen Pharmaceutica, Pfizer, Alfa
Wassermann S.p.A., Berlin-Chemie AG (Menarini Group), and
PRO.MED.CS Praha; Dr. Donnan, receiving advisory board fees
from Amgen, Lundbeck Foundation, and Boehringer Ingelheim;
Dr. Ferro, receiving advisory board fees, lecture fees, and hono-
raria from Boehringer Ingelheim, lecture fees from Bristol-
Myers Squibb, and grant support, paid to José Ferro Lab at Insti-
tuto de Medicina Molecular, and writing fees from Bayer; Dr.
Grond, receiving honoraria from Boehringer Ingelheim, Bayer
Vital, Boston Scientific, Bristol-Myers Squibb, Daiichi Sankyo,
Medtronic, and Pfizer; Dr. Kallmiinzer, receiving grant support
from Boehringer Ingelheim and honoraria from Daiichi Sankyo,
Bayer, and Pfizer; Dr. Krupinski, receiving lecture fees from Fer-
rer, Boehringer, Bayer, UCB, and Italfarmaco; Dr. Lee, receiving
grant support and lecture fees from Boehringer Ingelheim, Astra-
Zeneca, Bayer, Sanofi, Pfizer, Daiichi Sankyo, and Eisai; Dr.
Lemmens, receiving lecture fees, advisory board fees, and con-
sulting fees, paid to KU Leuven, from Boehringer Ingelheim,
lecture fees and advisory board fees, paid to KU Leuven, from

AstraZeneca, consulting fees, paid to KU Leuven, from Ische-
miaview, and lecture fees, paid to KU Leuven, from Pfizer; Dr.
Masjuan, receiving grant support and honoraria from Boeh-
ringer Ingelheim, Abbott, AstraZeneca, Bayer Vital, Bristol-
Myers Squibb, Daiichi Sankyo, Pfizer, Sanofi Aventis, and Ser-
vier; Dr. Saver, receiving fees for serving on steering committees
and travel support from Abbott and serving as site investigator
for the University of California Regents; Dr. Schellinger, receiv-
ing honoraria from Boehringer Ingelheim, Bayer Vital, Bristol-
Myers Squibb, Cerevast, CoAxia, Covidien, Daiichi Sankyo, EV3,
Medtronic, Pfizer, Servier, and Takeda, and fees paid by German
federal courts for providing expert testimony on neurology-
related topics; Dr. Toni, receiving honoraria from Boehringer
Ingelheim, Pfizer, Bristol-Myers Squibb, Daiichi Sankyo, and
Medtronic; and Dr. Toyoda, receiving grant support from Boeh-
ringer Ingelheim, Bayer, Bristol-Myers Squibb, Daiichi Sankyo,
and Takeda. No other potential conflict of interest relevant to
this article was reported.

Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.

We thank James Lee and Sufian Chowdhury for programming
support; Romain Mazenc and Markus Schiller for data manage-
ment support; Wansuk Choi for statistical support; Andrea
Horauer and Sachin Sadekar for trial management support;
Juliane Meyerhoff for scientific advice and review of the manu-
script; and Sarah Petit and Keith Day from PAREXEL for edito-
rial and technical support in the preparation of an earlier version
of the manuscript.

APPENDIX

The authors’ full names and academic degrees are as follows: Hans-Christoph Diener, M.D., Ph.D., Ralph L. Sacco, M.D., J. Donald
Easton, M.D., Christopher B. Granger, M.D., Richard A. Bernstein, M.D., Ph.D., Shinichiro Uchiyama, M.D., J6rg Kreuzer, M.D., Lisa
Cronin, M.D., Daniel Cotton, M.S., Claudia Grauer, Ph.D., Martina Brueckmann, M.D., Marina Chernyatina, M.D., Ph.D., Geoffrey
Donnan, M.D., José M. Ferro, M.D., Ph.D., Martin Grond, M.D., Bernd Kallmiinzer, M.D., Jerzy Krupinski, M.D., Ph.D., Byung-Chul
Lee, M.D., Ph.D., Robin Lemmens, M.D., Ph.D., Jaime Masjuan, M.D., Miroslav Odinak, M.D., Jeffrey L. Saver, M.D., Peter D.
Schellinger, M.D., Danilo Toni, M.D., and Kazunori Toyoda, M.D.

The authors’ affiliations are as follows: the University Duisburg-Essen and University Hospital Essen, Essen (H.-C.D.), Boehringer
Ingelheim Pharma GmbH K.G., Biberach (C.G.), Boehringer Ingelheim International GmbH, Ingelheim, Faculty of Medicine Mannheim
of the University of Heidelberg, Mannheim (M.B.), Kreisklinikum Siegen, Siegen, and the University of Marburg, Marburg (M.G.),
University Hospital Erlangen, Erlangen (B.K.), and Johannes Wesling Klinikum Minden and Ruhr University Bochum, Minden (P.D.S.)
— all in Germany; Miller School of Medicine, University of Miami, Miami (R.L.S.); University of California at San Francisco, San Fran-
cisco (J.D.E.), and the Department of Neurology and Comprehensive Stroke Center, University of California at Los Angeles, Los Angeles
(J.L.S.) — both in California; Duke Clinical Research Institute, Duke University Medical Center, Durham, NC (C.B.G.); Feinberg School
of Medicine of Northwestern University, Chicago (R.A.B.); International University of Health and Welfare, Center for Brain and Cerebral
Vessels, Sanno Hospital and Sanno Medical Center, Tokyo (S.U.), and the National Cerebral and Cardiovascular Center, Osaka (K.T.)
— both in Japan; Boehringer Ingelheim, Singapore, Singapore (J. Kreuzer); Boehringer Ingelheim, Burlington, ON, Canada (L.C.);
Boehringer Ingelheim Pharmaceuticals, Ridgefield, CT (D.C.); City Clinical Emergency Care Hospital, Kursk (M.C.), and the Military
Medical Academy, St. Petersburg (M.0O.) — both in Russia; Florey Institute of Neuroscience and Mental Health, University of Melbourne,
Parkville, VIC, Australia (G.D.); Servico de Neurologia, Hospital de Santa Maria, Centro Hospitalar Lisboa Norte, Instituto de Medicina
Molecular, University of Lisbon, Lisbon, Portugal (J.M.E.); F. Ass. Mutua Terrassa, Terrassa (J. Krupinski), and Servicio de Neurologia,
Hospital Universitario Ramén y Cajal (IRYCIS), Departamento de Medicina, Universidad de Alcald, Madrid (J.M.) — both in Spain;
Hallym University Sacred Heart Hospital, Seoul, South Korea (B.-C.L.); KU Leuven—University of Leuven, Department of Neurosciences,
Experimental Neurology, VIB Center for Brain & Disease Research, University Hospitals Leuven, Department of Neurology, Leuven,
Belgium (R.L.); and Hospital Policlinico Umberto I, Sapienza University, Rome (D.T.).

REFERENCES

1. Adams HP Jr, Bendixen BH, Kappelle
LJ, et al. Classification of subtype of acute
ischemic stroke: definitions for use in a
multicenter clinical trial: TOAST: Trial of
Org 10172 in Acute Stroke Treatment.
Stroke 1993;24:35-41.

2. Fonseca AC, Ferro JM. Cryptogenic
stroke. Eur J Neurol 2015;22:618-23.

3. Ntaios G, Papavasileiou V, Milionis H,

et al. Embolic strokes of undetermined
source in the Athens Stroke Registry: a de-
scriptive analysis. Stroke 2015;46:176-81.
4. Hart RG, Diener HC, Coutts SB, et al.
Embolic strokes of undetermined source:
the case for a new clinical construct. Lan-
cet Neurol 2014;13:429-38.

5. Sacco RL, Ellenberg JH, Mohr JP, et
al. Infarcts of undetermined cause: the

NINCDS Stroke Data Bank. Ann Neurol
1989;25:382-90.

6. Kernan WN, Ovbiagele B, Black HR,
et al. Guidelines for the prevention of
stroke in patients with stroke and tran-
sient ischemic attack: a guideline for
healthcare professionals from the Ameri-
can Heart Association/American Stroke
Association. Stroke 2014;45:2160-236.

N ENGL J MED 380;20 NEJM.ORG MAY 16, 2019

Page 11 of 32



P19-03974

New England Journal of Medicine
2019, 380:20 1906-1917

Please follow your local copyright law

DABIGATRAN AFTER EMBOLIC STROKE OF UNDETERMINED SOURCE

7. Ruff CT, Giugliano RP, Braunwald E,
et al. Comparison of the efficacy and safe-
ty of new oral anticoagulants with war-
farin in patients with atrial fibrillation:
a meta-analysis of randomised trials. Lan-
cet 2014;383:955-62.

8. Connolly SJ, Ezekowitz MD, Yusuf S,
et al. Dabigatran versus warfarin in pa-
tients with atrial fibrillation. N Engl J] Med
2009;361:1139-51.

9. Diener HC, Easton JD, Granger CB,
et al. Design of Randomized, double-blind,
Evaluation in secondary Stroke Preven-
tion comparing the EfficaCy and safety of
the oral Thrombin inhibitor dabigatran
etexilate vs. acetylsalicylic acid in patients
with Embolic Stroke of Undetermined

N ENGLJ MED 380;20 NEJM.ORG

Source (RE-SPECT ESUS). Int ) Stroke 2015;
10:1309-12.

10. Healey]JS, Connolly SJ, Gold MR, et al.
Subclinical atrial fibrillation and the risk
of stroke. N Engl J Med 2012;366:120-9.
11. Schulman S, Kearon C, Subcommittee
on Control of Anticoagulation of the Sci-
entific and Standardization Committee of
the International Society on Thrombosis
and Haemostasis. Definition of major
bleeding in clinical investigations of anti-
hemostatic medicinal products in non-sur-
gical patients. ] Thromb Haemost 2005;3:
692-4.

12. Sanna T, Diener HC, Passman RS, et al.
Cryptogenic stroke and underlying atrial
fibrillation. N EnglJ Med 2014;370:2478-86.

13. Wachter R, Groschel K, Gelbrich G,
et al. Holter-electrocardiogram-monitoring
in patients with acute ischaemic stroke
(Find-AF,,, 0. ): an open-label random-
ised controlled trial. Lancet Neurol 2017;
16:282-90.

14. Kamel H, Longstreth WT Jr, Tirsch-
well DL, et al. The AtRial Cardiopathy and
Antithrombotic Drugs In prevention After
cryptogenic stroke randomized trial: ra-
tionale and methods. IntJ Stroke 2019;14:
207-14.

15. Hart RG, Sharma M, Mundl H, et al.
Rivaroxaban for stroke prevention after
embolic stroke of undetermined source.
N EnglJ Med 2018;378:2191-201.

Copyright © 2019 Massachusetts Medical Society.

MAY 16, 2019

1917

Page 12 of 32



P19-03974

New England Journal of Medicine
2019, 380:20 1906-1917

Please follow your local copyright law

Supplementary Appendix

This appendix has been provided by the authors to give readers additional information about their work.

Supplement to: Diener H-C, Sacco RL, Easton JD, et al. Dabigatran for prevention of stroke after embolic stroke
of undetermined source. N Engl J] Med 2019;380:1906-17. DOI: 10.1056/NEJM0a1813959

Page 13 of 32



New England Journal of Medicine P1 9'03 9 74
2019, 380:20 1906-1917

Please follow your local copyright law
Supplementary Appendix

Table of Contents

Committees and Principal Investigators of the RE-SPECT ESUS Study

(ClinicalTrials.gov NCT02239120) .........ccoiiiiirirnsnnsnsnssssssssss s 2
EXECULIVE COMMILIEE ....oei ittt e e e e e e e e e e e e e e e e e e e e eaanas 2
Steering Committee/National Coordinators .............ccoiiiiiii i 2
Data Monitoring COMMULIEE ...........eiiiiiiiei e e e 2
Adjudication COMMITEE.......oiiiiiiie e ee e e 2
PrincCipal INVESHIGAtOrS .......ooiiiiii e e e 2

Supplementary Table S1. Main Exclusion Criteria in RE-SPECT ESUS. ................... 7

Supplementary Table S2. Other/Tertiary Efficacy Outcomes in RE-SPECT ESUS. ..8

Supplementary Table S3. Efficacy and Safety Outcomes for the Treated Set.......... 9

Supplementary Table S4. Post hoc Exploratory Analysis of Time to First Recurrent

Stroke by Time for the Randomized Set. ..., 10

Supplementary Table S5. Serious Adverse Events (SAEs) for the Treated Set......11

Supplementary Table S6. Adverse Events (AEs) Leading to Discontinuation for the

Treated Set. ... e 13

Supplementary Table S7. Definition of Lacunar Infarcts (Adapted from)............... 15

Supplementary Table S8. Possible Embolic Sources among ESUS Cases. ........... 16

Supplementary Figure S1. Overview of the Design of the RE-SPECT ESUS study.

...................................................................................................................................... 17

Supplementary Figure S2. Recurrent Stroke Severity in the Randomized Set. ...... 18

Supplementary Figure S3. Primary Safety Outcome (ISTH Major Bleeding) Overall

and by Subgroups in the Randomized Set..........ccccmmrimmciiiiii 19

1

Page 14 of 32



P19-03974

New England Journal of Medicine
2019, 380:20 1906-1917

Please follow your local copyright law

Committees and Principal Investigators of the RE-SPECT ESUS Study
(ClinicalTrials.gov NCT02239120)

Executive Committee

Hans-Christoph Diener (Co-chair), Germany; Ralph Sacco (Co-chair), USA; J. Donald
Easton, USA; Christopher Granger, USA; Lisa Cronin, Canada; Claudia Grauer,
Germany; Daniel Cotton, USA; Shinichiro Uchiyama, Japan; Richard Bernstein, USA.

Steering Committee /National Coordinators

Conrado Estol, Argentina; Cecilia Bahit, Argentina; Geoff Donnan, Australia/New
Zealand; Michael Brainin, Austria; Robin Lemmens, Belgium; Sheila Martins, Brazil;
Frank Silver, Canada; Sergio lllanes, Chile; Yongjun Wang, China; Mario Munoz,
Colombia; Zdravka Poljakovic, Croatia; Daniel Sanak, Czech Republic; Janika Korv,
Estonia; Didier Leys, France; Martin Grond, Germany; Georgios K. Tsivgoulis, Greece;
Lawrence Ka Sing Wong, Hong Kong; Laszlo Csiba, Hungary; MV Padma Srivastava,
India; Natan Bornstein, Israel; Danilo Toni, Italy; Shinichiro Uchiyama (Co-chair), Japan;
Kazunori Toyoda, Japan; Byung-Chul Lee, Korea; Hamidon Bin Basri, Malaysia; Jorge
Villareal-Careaga, Mexico; Danny Moises Barrientos Iman, Peru (until February 2017);
Segundo Carlos Abanto Argomedo, Peru (from February 2017); Adam Stepien, Poland;
José Ferro, Portugal; Miroslav Odinak, Russia; Ljillana Beslac-Bumbasirevic, Serbia; Hui
Meng Chang, Singapore; Zuzana Gdovinova, Slovakia; Bojana Zvan, Slovenia; Christo
Coetzee, South Africa; Jaime Masjuan, Spain; Christina Sjostrand, Sweden; Phillippe
Lyrer, Switzerland; Chia-Wei Liou, Taiwan; Nijasri Charnnarong Suwanwela, Thailand;
Nevzat Uzuner, Turkey; Tamara Mishchenko, Ukraine; Richard Bernstein (Co-chair),
USA; Jeffrey Saver, USA; Robert Makuch, USA.

Data Monitoring Committee

Kennedy Lees (Chair), United Kingdom; Paulus Kirchhof, United Kingdom; Ruediger
Von Kummer, Germany; Jan G.P. Tijssen, The Netherlands; Frank Schuetz
(independent statistician), Germany.

Adjudication Committee

Heinrich Mattle, Switzerland; Waimei Amy Tai, USA; Valeria Caso, Italy; Louis Caplan,
USA; James Januzzi, USA; Kenneth Mahaffey, USA; Alan Miller, USA; Renato Lopes,
USA.

Principal Investigators

Argentina: Conrado Estol, Maria Cristina Zurru, Francisco Klein, Alberto Caccavo,
Alberto Lorenzatti, Pablo loli.

Page 15 of 32



New England Journal of Medicine P1 9'03 9 74
2019, 380:20 1906-1917

Please follow your local copyright law

Australia: Chris Bladin, Martin Krause, Tim Kleinig, Rohan Grimley, Neil Spratt,
Stephen Davis, Andrew Lee, Candice Delcourt, Andrew Wong, Jonathon Sturm,
Geoffrey Cloud, Romesh Markus, Vincent Thijs.

Austria: Christian Eggers, Gerhard Daniel, Hans-Peter Haring, Michael Knoflach,
Nilguen Yilmaz-Kaymaz, Milan Vosko, Kurt Niederkorn, Christoph Baumgartner.

Belgium: Robin Lemmens, Frederik Vanhee, Andre Peeters, Georges Mairesse,
Philippe Desfontaines, Patrice Laloux, Dimitri Hemelsoet, Sofie De Blauwe, Marie-
Christine Hasenbroekx, Wouter De Vooght, Marie-Dominique Gazagnes, Eddy
Mulleners, William Van Landegem, Matthieu Rutgers, Marleen Vieren.

Brazil: Carla Heloisa Moro, Sheila Martins, Rodrigo Bazan, Viviane Zetola, Octavio
Pontes Neto, Gabriel Freitas.

Canada: Steve Verreault, Celine Odier, Francois Moreau, Vladimir Hachinski, Ashfaq
Shuaib, Jean-Martin Boulanger, Frank Silver, Eric Ehrensperger, Daniel Selchen, Brian
Buck, Shelagh Coutts, Michel Beaudry, Dylan Blacquiere, Marsha Eustace, Yves
Pesant, Arturo Tamayo.

Chile: Sergio lllanes, Angel Castro, Rodrigo Rivas.

China: Xiaodong Lu, Huisheng Chen, Jiachun Feng, Lan Tan, Min Lou, Deqin Geng,
Yongjun Wang, Zhijun Zhang, Pingyi Xu, Zhibing Wu, Xingyue Hu, Xiaoping Yin, Anding
Xu, Xudong Pan, Zhiyu Nie, Qilin Ma, Xuemei Wang, Qiang Dong, Yaguo Li, Yun Xu,
Yifan Zhang, Dongsheng Fan.

Colombia: Mario Munoz, Javier Triana, Federico Silva, Francisco Arias.

Croatia: Zdravka Poljakovic, Branko Malojcic, Spomenka Kidemet Piskac, Vanja Basic
Kes.

Czech Republic: Michal Bar, Michal Reif, Daniel Sanak, Ondrej Skoda, Miroslav Kalina,
Daniel Vaclavik, lvana Sarbochova.

Estonia: Katrin Gross-Paju, Siim Schneider, Janika Korv, Georgi Zjablov.

France: Igor Sibon, Norbert Nighoghossian, Emmanuel Touze, Didier Leys, Serge
Timsit, Thierry Moulin, Silvia Di Legge, Xavier Ducrocq, Vincent Larrue, Emmanuel Ellie,
David Calvet, Olivier Detante, Mathieu Zuber.

Germany: Peter Schellinger, Bernd Kallmunzer, Lars Marquardt, Lars Krause, Carsten
Pohlmann, Hassan Soda, Darius Guenther Nabavi, Waltraud Pfeilschifter, Felix
Butscheid, Joerg Berrouschot, Peter A. Ringleb, Joachim Roether, Sven Poli, Martin
Grond, Klaus Groeschel, Rainer Dziewas, Gernot Reimann, Hans-Christoph Diener,
Karin Weissenborn, Juergen Hartmut Faiss, Matthias von Mering, Tobias Neumann-
Haefelin, Michael Goertler, Wolf-Ruediger Schaebitz, Sebastian Schellong, Katharina
Althaus (née Knauer), Gerhard Hamann, Elisabeth Schmid, Felix Schlachetzki,
Wolfgang Heide, Gotz Thomalla, Christoph Terborg, Roger Schubert, Ralph Weber,
Christian Sass, Martin Nuckel, Volker Puetz, Christian Oelschlaeger, Otto W. Witte,
Johannes Meyne, Andreas Siedow, Christian Tanislav, Pawel Kermer, Dominik

3

Page 16 of 32



P19-03974

New England Journal of Medicine
2019, 380:20 1906-1917

Please follow your local copyright law

Michalski, Hans-Markus Kerth, Imanuel Dzialowski, Susanne Knake, Lars Kellert, Jan
Marek Jauss, Matthias Maschke, Wolfgang Steinke, Sebastian Jander, Oezguer
Abdullah Onur, Bernadette Gaida, Peter Kuhnlein, Claus G. Haase, Roman Huber,
Sabine Gass, Christian Opherk, Jens-J Schwarze, Felix Fluri, Thorsten Steiner, Rolf
Malessa, Christos Krogias, Silke Wunderlich, Carl-Albrecht Haensch, Peter
Schwenkreis, Sven Thonke, Andreas Kastrup, Martin Eicke.

Greece: Georgios Tsivgoulis, Theodoros Karapanayiotides, Antonios Tavernarakis,
loannis Ellul, Efthimios Dardiotis, Konstantinos Vadikolias, Panayiotis Mitsias.

Hong Kong: Ka Sing Wong, Richard Shek Kwan Chang, Richard Li.

Hungary: Samuel Komoly, Gyula Panczel, Csaba Ovary, Daniel Bereczki, Zsolt Pauker,
Laszlo Csiba.

India: Rupam Borgohain, Dheeraj Khurana, P. Vijaya, Uma Sundar, Sebastian Joseph,
Shankara Nellikunja, M.V. Padma Srivastava, G.R.K. Sarma, Mangesh Udar, Rahul
Baviskar.

Israel: David Tanne, Hen Hallevi, Sergiu Sabetay.

Italy: Andrea Zini, Luisa Roveri, Maria Delodovici, Donata Guidetti, Danilo Toni, Tiziana
Tassinari, Rossana Tassi, Claudio Baracchini, Mauro Magoni, Sabrina Anticoli,
Alessandro De Vito, Daniele Imperiale, Maria Guarino, Maurizia Rasura, Vincenzo Di
Lazzaro, Laura Adobbati, Giancarlo Agnelli, Carlo Serrati, Simone Tonello, Rosa
Musolino, Nicola Micheletti, Antonio Carolei, Paolo Cerrato.

Japan: Yasushi Hagihara, Takahiro Kuwashiro, Kenji Kamiyama, Takahisa Mori,
Hidemitsu Nakagawa, Kozo Fukuyama, Yuji Akaike, Yoshinori Go, Shigenari Kin, Eiji
Imamura, Hiroshi Uenohara, Yasuhiko Kaku, Yasuhiro Ishibashi, Kazuo Kitagawa,
Yoshio Tsuboi, Katsunobu Takenaka, Yasuhiro Ito, Masato Osaki, Hiroyuki Matsumoto,
Atsushi Sato, Masanori Tsutsumi, Ryohei Goda, Shoji Kikui, Hidenori Yoshida, Tadashi
Terasaki, Teruyuki Hirano, Hideki Matsuoka, Yasuhiro Nishiyama, Yoshikazu Kusano,
Takashi Naka, Mamoru Ota, Hideki Sakai, Shinjiro Saito, Nobuyuki Sakai, Hiromitsu
Naka, Hiroaki Arai, Taizen Nakase, Nao Shimooka, Masao Watanabe, Yutaka Naka,
Tsutomu Hitotsumatsu, Akira Takahashi, Masahiro Sato, Hirokatsu Taniguchi, Toshiro
Yonehara, Toshitaka Umemura, Tetsuzo Tomosugi, Takao Kanzawa, Masaki Takao,
Yoshihisa Fukushima, Hidetoshi Nakamoto, Shuichi Oki, Hideo Osada, Akira Tsujino,
Hiroyuki Tomimitsu, Hideki Mochizuki, Ken Asakura, Tomoyuki Kawaba, Kazuya
Uemura, Satoshi Inoha, Yoichiro Hashimoto, Hideki Sato, Yasushi Nishina.

Korea, Republic of: Ji Hoe Heo, Jaseong Koo, Oh Young Bang, Sun Uck Kwon, Hee-
Joon Bae, Byung-Chul Lee, Seong Hwan Ahn, Man Seok Park, Ju-Hun Lee, Yang-Ha
Hwang, Kyungmi Oh, Yong-Seok Lee, Jae-Kwan Cha, Keun-Sik Hong, Kwang-Yeol
Park, Ji Man Hong, Hye-Seon Jeong.

Malaysia: Irene Looi, Zariah Aziz, Wan Law.

Mexico: Jorge Villarreal, Juan Gongora, Carlos Cantu-Brito, lldefonso Rodriguez, Raul
Leal.
4

Page 17 of 32



P19-03974

New England Journal of Medicine
2019, 380:20 1906-1917

Please follow your local copyright law
New Zealand: Jeremy Lanford, Alan Barber, Joe Singh.
Peru: Segundo Abanto, Rosa Cotrina.

Poland: Joanna Chrzanowska-Wasko, lwona Kobielusz-Gembala, Piotr Sobolewski,
Andrzej Szczudlik, Lukasz Dylewicz, Agnieszka Krzak-Kubica, Konrad Rejdak, Anna
Domzal-Stryga, Adam Stepien, Robert Bonek.

Portugal: Vitor Cruz, Jose Roriz, Nuno Inacio, Luisa Fonseca, Catarina Fonseca,
Miguel Rodrigues, Carla Ferreira, Gabriela Lopes, Fernando Silva, Miguel Baptista,
Vasco Salgado, Ana Nunes.

Russia: Marina Chernyatina, Liudmila Timchenko, Evgeniy Kovalchuk, Yury Shvarts,
Andrey Belkin, Dina Khasanova, Natalia Maslova, Elena Vasilieva, lvan Schukin, Olga
Doronina, Miroslav Odinak, Olga Vorobyeva, Alla Guekht.

Serbia: Marija Zarkov, Ljiljana Beslac-Bumbasirevic, Jasna Zidverc-Trajkovic, Miroslava
Zivkovic, Milan Savic.

Singapore: Hui Meng Chang, Bernard Chan, Rajinder Singh.
Slovakia: Miroslav Brozman, Zuzana Gdovinova.

Slovenia: Marija Sostaric Podlesnik, Bojana Zvan, Marija Menih.
South Africa: Rajendran Moodley, Mandisa Kakaza.

Spain: Jerzy Krupinski, Carlos Molina, Jose Miguel Lainez, Manuel Rodriguez, Tomas
Segura, Jaime Masjuan, Francisco Purroy, Maite Martinez Zabaleta, Exuperio Diez
Tejedor, Ana Rodriguez, Francisco Moniche, Juan Francisco Arenillas, Xavier Ustrell,
Joaquin Serena, Jose Antonio Egido, Alvaro Ximenez-Carrillo, Antonio Gil-Nunez, Joan
Marti Fabregas, Nuria Aymerich, Carmen Jimenez.

Sweden: Jan-Erik Karlsson, Christina Sjostrand, Ann-Charlotte Laska, Bjorn Cederin,
Konstantinos Kostulas, Mikael Dellborg.

Switzerland: Philippe Lyrer, Georg Kagi, Patrik Michel, Carlo Cereda, Krassen
Nedeltchev, Andreas Luft, Marcel Arnold.

Taiwan: Chia-Wei Liou, Tsong-Hai Lee, Helen L. Po, Chih-Hung Chen, Huey-Juan Lin,
Po-Lin Chen, Chang-Ming Chen, Jiunn-Tay Lee, Chung-Hsiang Liu, Jiann-Shing Jeng,
Ruey-Tay Lin, Jiu-Haw Yin, Mu-Chien Sun.

Thailand: Aurauma Chutinet, Yongchai Nilanont, Kanoksri Samintharapanya, Jesada
Keandoungchun.

Turkey: Nevzat Uzuner, Levent Gungor, Murat Arsava, Nilufer Yesilot, Canan Togay
Isikay, Aysun Soysal, Baki Goksan, Mehmet Kolukisa, Vildan Yayla, Kursad Kutluk,
Nilda Turgut, Ipek Midi, Zeynep Tanriverdi, Bijen Nazliel.

Ukraine: Nadiia Smolko, Olga Dubenko, Svitlana Shkrobot, Svitlana Kuznetsova,
Yanosh Sanotskyy, Volodymyr Pryshchepa, Valeriy Pashkovskyy, Tamara Mishchenko.

Page 18 of 32



P19-03974

New England Journal of Medicine
2019, 380:20 1906-1917

Please follow your local copyright law

United States: Pramod Sethi, Aneesh Singhal, Navdeep Sangha, Truman Milling, Fan
Caprio, Lance Lee, Mahmoud Rayes, Norman Lepor, Fenwick Nichols, David Rose,
Fazeel Siddiqui, Ali Saad, Pierre Fayad, Austin Hake, David Chiu, James Conners,
Kumiko Owada, Andrei Alexandrov, Ali Malek, Carmelo Graffagnino, Aboubakar Sharaf,
James Welker, Sidney Mallenbaum, Nils Mueller-Kronast, Mark Goldstein, Warren
Felton, Mark Young, Daniel Gzesh, Jeffrey Katz, John Ip, Haitham Hussein, Robert
Yapundich, Muhammad Farooq, Edward Bradbury, David Wang, Karl Meisel, Dennis
Finkielstein, Sebastian Koch, Angelos Katramados, Richard Zweifler, Helmi Lutsep,
Gerald Mclintosh, Rony Salem, Mutaz Tabbaa, Abhay Kumar, Muhib Khan, Vivien Lee,
Stuart Shafer, Raj Rajan, Elaine Skalabrin, Kerri Remmel, Raymond Reichwein, Eugene
Francis LaFranchise, Justin Nolte, Allyn Sher, Ritesh Kaushal, Sushant Kale, Helmi
Lutsep, Carol Pappas, Gregory Anderson, Guy Rordorf, James Brorson, Rolando Ania,
Larry Blankenship, John Freiberg, Naseem Jaffrani, Nirav Shah, Logan McDaneld,
Harvey Serota, Bhupesh Dihenia, Andrew Xavier, Karen Porth, Amre Nouh, Donald
Tamulonis, Latisha Sharma, Royya Modir, Amir Khan, Adrian Jarquin-Valdivia, Aniel
Maijjhoo, Ziad Darkhabani, Jonathan Harris, Michael Jacoby, Christopher Commichau,
Aamir Rasheed, William Jones, Vasileios Lioutas, Amanda Mack, Diana Tzeng, Brandi
French, Justin Stahl, Jay Yasen, Nirav Patel, Bronislava Shafran, Jeffrey Wagner,
Ahmad Mohammad, Glenn Hamroff, Seemant Chaturvedi, Michael Puente, Christine
Boutwell, Arbi Ohanian, Steven Lupovitch, Terry Heiman-Patterson, George Juang,
Omar Almousalli, B. Judson Colley, Nada El Husseini.

Page 19 of 32



P19-03974

New England Journal of Medicine
2019, 380:20 1906-1917

Please follow your local copyright law
Supplementary Table S1. Main Exclusion Criteria in RE-SPECT ESUS.

¢ Modified Rankin Scale score of 24 at the time of randomization

e Maijor-risk cardioembolic source of embolism such as history of atrial fibrillation,
intracardiac thrombus, prosthetic cardiac valve (mitral or aortic, bioprosthetic or
mechanical), atrial myxoma or other cardiac tumors, moderate or severe mitral
stenosis, recent (<4 weeks) myocardial infarction, valvular vegetations, or infective

endocarditis

e Other specific stroke etiology (e.g., cerebral arteritis or arterial dissection,

migraine/vasospasm, drug abuse)

e Intracerebral hemorrhage on qualifying neuroimaging, and/or history of

symptomatic nontraumatic intracranial hemorrhage
¢ Increased risk of bleeding
e Estimated creatinine clearance <30 ml per min

¢ Indication for antiplatelet therapy with a P2Y12 antagonist or with dipyridamole, or
indication for aspirin (acetylsalicylic acid) other than for embolic stroke of
undetermined source (with the exception of coronary artery disease, where open-
label aspirin at a dose of 100 mg once daily could be assigned, in addition to the

blinded aspirin regimen, at the discretion of the investigator)
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Supplementary Table S2. Other/Tertiary Efficacy Outcomes in RE-SPECT ESUS.

e Cardiovascular death

e Hemorrhagic stroke

e Transient ischemic attack

e Systemic embolism

e Myocardial infarction

e Venous thromboembolism

e Cardiovascular hospitalization

e Recurrent stroke or systemic embolism (composite)
e Recurrent stroke or death (composite)

¢ Net clinical benefit as measured by the composite clinical end point of disabling
stroke (modified Rankin Scale score 24, as determined 3 months after recurrent
stroke), life-threatening bleed, venous thromboembolism, myocardial infarction,

and cardiovascular death

e Composite of myocardial infarction, ischemic stroke, cardiovascular death, venous

thromboembolism, or cardiovascular hospitalization

e Change in cognitive status from baseline to end of treatment in all patients as

assessed by the MoCA questionnaire

¢ Modified Rankin Scale at three months post-stroke

MoCA denotes Montreal Cognitive Assessment.
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Supplementary Table S3. Efficacy and Safety Outcomes for the Treated Set.

Dabigatran Aspirin
Outcome Group Group

(N=2676) (N=2674) Hazard Ratio
(95% ClI)

No. of Patients
(Annualized Rate)

Primary outcome: first 154 (4.4) 179 (5.0) 0.87 (0.70-1.08)
recurrent stroke

Key secondary outcomes
Ischemic stroke 149 (4.2) 177 (4.9) 0.85 (0.69-1.06)

Composite of nonfatal 172 (4.9) 197 (5.5) 0.89 (0.72-1.09)
stroke, nonfatal MI, or
cardiovascular death

Secondary outcomes
Disabling stroke 16 (0.4) 26 (0.7) 0.61 (0.33-1.14)
Death from any cause 14 (0.4) 23 (0.6) 0.61 (0.31-1.19)

Safety outcomes

Major bleed 65 (1.8) 48 (1.3) 1.36 (0.94-1.97)
Intracranial hemorrhage | 24 (0.7) 23 (0.6) 1.03 (0.58-1.83)
Gastrointestinal 25 (0.7) 17 (0.5) 1.48 (0.80-2.74)
Life-threatening bleed 27 (0.8) 33 (0.9) 0.82 (0.49-1.36)
Fatal bleed and fatal 1 (0.0) 2(0.1) 0.53 (0.05-5.85)
hemorrhagic stroke*

Major or clinically relevant 127 (3.6) 82 (2.3) 1.57 (1.19-2.07)

non-major bleed

* Includes 2 deaths confirmed by adjudication as fatal ICH (0 dabigatran and 2 aspirin),
plus 1 death confirmed by adjudication as fatal hemorrhagic stroke (1 dabigatran and 0O
aspirin)

On-treatment outcome events are included if they occurred between the first intake of
trial medication and the last intake of trial medication plus 6 days.

Cl denotes confidence interval, Ml myocardial infarction.
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Supplementary Table S4. Post hoc Exploratory Analysis of Time to First Recurrent
Stroke by Time for the Randomized Set.

Dabigatran Aspirin
Group Group

Randomised patients, N 2695 2695
Patients with recurrent stroke 146 146
0 to 12 months after randomisation, n
Annualised event rate, %/yr 6.0 6.0
Hazard ratio vs. aspirin (95% CI) 0.99 (0.79, 1.25)
Number of patients in the trial 2013 2018
2366 days since randomisation, N
Patients with recurrent stroke 31 61
>12 months after randomisation, n
Annualised event rate, %/yr 1.6 3.2
Hazard ratio vs. aspirin (95% CI) 0.50 (0.32, 0.77)

Cl denotes confidence interval.
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Supplementary Table S5. Serious Adverse Events (SAEs) for the Treated Set.

System organ class Dabigatran Aspirin Overall
(MedDRA 21.0) Group Group

(N=2676) (N=2674) (N=5350)
Total number of patients with 724 (27.1) 740 (27.7) 1464 (27 4)
SAEs
Blood and lymphatic system
disorders 10 (0.4) 6 (0.2) 16 (0.3)
Cardiac disorders 91 (3.4) 94 (3.5) 185 (3.5)
Congenital, familial and genetic
disorders 9(0.3) 8 (0.3) 17 (0.3)
Ear and labyrinth disorders 20 (0.7) 12 (0.4) 32 (0.6)
Endocrine disorders 5(0.2) 2(0.1) 7 (0.1)
Eye disorders 31 (1.2) 25 (0.9) 56 (1.0)
Gastrointestinal disorders 45 (1.7) 49 (1.8) 94 (1.8)
General disorders and
administration site conditions 20(0.7) 23(0.9) 43(0.8)
Hepatobiliary disorders 11 (0.4) 11 (0.4) 22 (0.4)
Immune system disorders 2(0.1) 0 (0.0) 2 (0.0)
Infections and infestations 77 (2.9) 61 (2.3) 138 (2.6)
Injury, poisoning, and 68 (2.5) 59 (2.2) 127 (2.4)
procedural complications
Investigations 4 (0.1) 8 (0.3) 12 (0.2)
Metabolism and nutrition
disorders 13 (0.5) 12 (0.4) 25 (0.5)
Musculoskeletal and connective
tissue disorders 44(1.6) 48 (1.8) 92(1.7)
Neoplasms benign, malignant,
and unspecified (incl. cysts and | 69 (2.6) 73 (2.7) 142 (2.7)
polyps)
Nervous system disorders 298 (11.1) 322 (12.0) 620 (11.6)
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Product issues 0 1 (0.0) 1(0.0)
Psychiatric disorders 22 (0.8) 22 (0.8) 44 (0.8)
Renal and urinary disorders 33 (1.2) 30 (1.1) 63 (1.2)
Reproductive system and breast
disorders 14 (0.5) 7 (0.3) 21 (0.4)
Respiratory, thoracic, and
mediastinal disorders 25(0.9) 28 (1.0) 53 (1.0)
Skin and subcutaneous tissue
disorders 7 (0.3) 3(0.1) 10 (0.2)
Social circumstances 1(0.0) 0 (0.0) 1(0.0)
Surgical and medical
procedures 2 (0.1) 2 (0.1) 4 (0.1)
Vascular disorders 29 (1.1) 40 (1.5) 69 (1.3)

Data shown are no. (%)

On-treatment AEs are included if they occurred between the first intake of trial
medication and the last intake of trial medication plus 6 days.
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Supplementary Table S6. Adverse Events (AEs) Leading to Discontinuation for the

Treated Set.

System organ class Dabigatran Aspirin Overall
(MedDRA 21.0) Group Group

(N=2676) (N=2674) (N=5350)
Total number of patients with 550 (20.6) 490 (18.3) 1040 (19.4)
AEs
Blood and lymphatic system
disorders 8 (0.3) 3(0.1) 11 (0.2)
Cardiac disorders 185 (6.9) 171 (6.4) 356 (6.7)
Congenital, familial, and genetic
disorders 3(0.1) 3(0.1) 6 (0.1)
Ear and labyrinth disorders 1 (0.0) 4 (0.1) 5(0.1)
Endocrine disorders 1 (0.0) 0 (0.0) 1 (0.0)
Eye disorders 8 (0.3) 4 (0.1) 12 (0.2)
Gastrointestinal disorders 72 (2.7) 44 (1.6) 116 (2.2)
General disorders and
administration site conditions 17(0.6) 16(0.6) 33(0.6)
Hepatobiliary disorders 3(0.1) 2 (0.1) 5(0.1)
Infections and infestations 13 (0.5) 12 (0.4) 25 (0.5)
Injury, poisoning, and 26 (1.0) 10 (0.4) 36 (0.7)
procedural complications
Investigations 13 (0.5) 10 (0.4) 23 (0.4)
Metabolism and nutrition
disorders 1(0.0) 3(0.1) 4(0.1)
Musculoskeletal and connective
tissue disorders 8(0.3) 9(0:3) 1703)
Neoplasms benign, malignant,
and unspecified (incl. cysts and | 16 (0.6) 17 (0.6) 33 (0.6)
polyps)
Nervous system disorders 141 (5.3) 157 (5.9) 298 (5.6)

13

Page 26 of 32




P19-03974

New England Journal of Medicine
2019, 380:20 1906-1917

Please follow your local copyright law

Pregnancy, puerperium, and

perinatal conditions 1(0.0) 1(0.0) 2(0.0)
Psychiatric disorders 6 (0.2) 6 (0.2) 12 (0.2)
Renal and urinary disorders 26 (1.0) 10 (0.4) 36 (0.7)
Reproductive system and breast

disorders 6 (0.2) 2 (0.1) 8 (0.1)
Respiratory, thoracic, and

mediastinal disorders 8(0.3) 14(0.5) 22(04)
Skin and subcutaneous tissue

disorders 17 (0.6) 9 (0.3) 26 (0.5)
Vascular disorders 7 (0.3) 24 (0.9) 31 (0.6)

Data shown are no. (%)

On-treatment AEs are included if they occurred between the first intake of trial
medication and the last intake of trial medication plus 6 days.
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Supplementary Table S7. Definition of Lacunar Infarcts (Adapted from').

Location e In the deep parts of the brain, in the
territories of small penetrating arteries

e Absent from the cerebral and
cerebellar cortex

Sites of predilection e Lenticular nucleus, thalamus, central
white matter, internal capsule, centrum
ovale, corpus callosum, basis pontis;
and, rarely, the cerebellum, midbrain,
and medulla

Size of infarct e Of restricted size: on brain CT or MRI:
<1.5 cm in largest diameter or <2.0 cm
if measured on MRI diffusion
sequences

What is not a lacunar stroke? e Infarcts <1.5 cm in largest diameter, or
<2.0 cm if measured on MRI diffusion
sequences

e Located in the dorsal or lateral areas
of the brain stem, in the territory of
circumferential, rather than deep-
penetrating arteries

CT denotes computed tomography and MRI magnetic resonance imaging.

*Wardlaw JM, Smith EE, Biessels GJ, et al. Neuroimaging standards for research into
small vessel disease and its contribution to ageing and neurodegeneration. Lancet
Neurol 2013;12:822-38.
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Supplementary Table S8. Possible Embolic Sources among ESUS Cases.

Heart — cardiac | Rhythm e Subclinical AF

thrombi e Atrial asystole

e Paroxysmal atrial tachycardia
e Sick sinus syndrome

Structural e Left atrial enlargement

e Left atrial spontaneous echo contrast

e Moderate left ventricular systolic
dysfunction

e Heart failure

e Left ventricular diastolic dysfunction

e Mpyocardial infarction with left
ventricular regional wall motion
abnormalities

e Myxomatous mitral valves

e Mitral valve prolapse

e Mitral annular calcification

e Mitral stenosis

e Calcific aortic stenosis

e Patent foramen ovale

e Atrial septal aneurysm

e Chiari network

Large vessels e Aortic arch atheroma

e Nonstenotic ulcerated cervical or
intracranial plaques

e Fibromuscular dysplasia

Hypercoagulable states

AF denotes atrial fibrillation and ESUS embolic stroke of undetermined source.
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Supplementary Figure S1. Overview of the Design of the RE-SPECT ESUS study.

Patients =60 years old who had experienced an ESUS
within the prior 3 months, or within the prior 6 months
if they had at least one vascular risk factor; or were
18-59 years old and experienced a qualifying stroke

within the prior 3 months and had at least one Primary Endpoint:
additional vascular risk factor
l Stroke
Randomization End of treatment

Index ischemic

i i
| |
i i
stroke (ESUS ! . . . . '
( ) | Dabigatran etexilate (150 or 110 mg twice daily)’ |
| |
| |

! Placebo (matching aspirin) ! N=2695
| |
\ |
" A |

to rule m:.g:gr ! \\ Aspirin (100 mg once daily) I N=2695
wvascular imaging, I :
echocardiography, ! Placebo (matching dabigatran etexilate) !
and >24-hr rhythm | |
monitoring i i

_ 30-day

follow-up

0.5-3.5yrs

The dabigatran dose was 150 mg twice daily, and 110 mg twice daily in patients 275 years or with an estimated creatinine clearance
of 230 to <50 ml per min.

CT denotes computerized tomography; ESUS embolic stroke of undetermined source; MRl magnetic resonance imaging.
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Supplementary Figure S2. Recurrent Stroke Severity in the Randomized Set.

Evaluated using the modified Rankin Scale at 3 months post recurrent stroke.

[0 mRSo [] mRS 1 ] mAS 2 O mRS 3 B mAS 4 B mRS s W mRSs

Aspirin 15.8 248 24.8 789 45 B84

— £ £

etexilate

Patients (%)

MRS denotes modified Rankin Scale.
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Supplementary Figure S3. Primary Safety Outcome (ISTH Major Bleeding) Overall and by Subgroups in the Randomized €

Subgroup Dabigatran etexilate Aspirin HR HR, 95% Cl
/N (%) /N (%) (95% CI) Dabigatran etexilate vs. aspirin
|
Overall 772695 (2.9) 64/2695 (2.4) 1.19 (0.85, 1.66) Ha
Age classification |
<50 6/285 (2.1) 1/320 (0.3) 6.65 (0.80, 55.23) [ -
50—<65 20/961 (2.1) 14/965 (1.5) 1.43(0.72, 2.83) — -
85—<75 31/901 (3.4) 24/928 (2.6) 1.34 (0.78, 2.28) [
275 20/548 (3.6) 26/482 (5.2) 0.75 (0.42, 1.35) I
Sex |
Male 43/1694 (2.5) 47/1700 (2.8)  0.93 (0.61, 1.40) i
Female 34/1001 (3.4) 17/986 (1.7) 1.90 (1.06, 3.40) A
Region |
North America 14/300 (4.7) 10/294 (3.4) 1.22 (0.54, 2.75) —
Central Europe 4/369 (1.1) 2/335 (0.6) 1.73 (0.31, 9.57) | ! | |
Western Europe 2711210 (2.2) 271254 (2.2)  1.02 (0.60, 1.74) I
Latin America 6/107 (5.6) 2/118 (1.7) 3.20 (0.65, 15.88) [— -
Asia 24/616 (3.9) 22/582 (3.8) 1.07 (0.60, 1.90) .
Other 2/93 (2.2) 1/112 (0.9) 2.24 (0.19, 26.49) } t ]
Dose assignment |
110 mg 24/611 (3.9) 26/546 (4.8)  0.87 (0.50, 1.52) .
150 m 53/2084 (2.5) 38/2149 (1.8) 1.43 (0.94, 2.17) —a—
Proton pump inhibitors |
No 47/1748 (2.7) 30/1797 (2.2)  1.22(0.80, 1.87) [ —
Yes 24/876 (2.7) 24/827 (2.9) 0.91 (0.52, 1.61) )—I{—|
Days from index stroke to randomization
<8 3795 (3.2) 2/97 (2.1) 1.34 (0.21, 8.49) | m |
8-30 25/892 (2.8) 22/037 (2.3) 1.20 (0.67, 2.12) .
31-90 37/1219 (3.0) 28/1200 (2.3) 1.29 (0.79, 2.11) =
201 12/489 (2.5) 12/460 (2.6) 0.92 (0.41, 2.05) P
Creatinine clearance at baseline (ml/min) |
30-<50 15/226 (6.6) 117201 (5.5) 1.30 (0.5, 2.82) ——
50-<80 30/1041(2.9) 31/065 (3.2) 0.90 (0.55, 1.49) e
=280 32/1424 (2.2) 21/1525 (1.4) 1.61 (0.93, 2.80) }I—I—|
Add-on aspirin at baseline |
No 72/2526 (2.9) 50/2557 (2.3) 1.23 (0.87, 1.73) Il—l—|
Yes 5/169 (3.0) 5/138 (3.6) 0.69 (0.20, 2.41) | o {
Previous stroke/TIA prior to index stroke !
No 63/2220 (2.8) 46/2195 (2.1) 1.35 (0.92, 1.97) H—a—
Yes 14/475 (2.9) 18/500 (3.6) 0.78 (0.39, 1.58) e
Cardiac monitoring at baseline (nrs) |
<48 64/2220 (2.9) 56/2263 (2.5)  1.15(0.80, 1.65) ]
>48 13/474 (2.7) 8/432 (1.9) 1.41 (0.58, 3.41) ]
CHA,DS,-Vasc score category |
2-3 17/836 (2.0) 12/840 (1.4) 1.46 (0.70, 3.06)
4 18/743 (2.4) 18/779 (2.3) 1.03 (0.54, 1.99) })——ﬁ{
5+ 42/1116 (3.8) 34/1076 (3.2)  1.20(0.76, 1.88) -
Patent foramen ovale
No 74/2375 (34) 50/2333 (2.5)  1.23(0.88, 1.74) Hom
Yes 3/319(0.9) 5/361 (1.4) 0.65 (0.15, 2.74) } = : |
T I 1
0.1 1.0 10.0

Favors dabigatran etexilate ~ Favors aspirin

Cl denotes confidence interval; HR hazard ratio TIA, transient ischemic attack.
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