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THrombolysis for Acute Wake-up and unclear-onset Strokes with alteplase at

0-6 mg/kg (THAWS) Trial
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Rationale Because of lack of information regarding timing of
stroke, patients who suffer stroke during sleep are generally
ineligible for intravenous thrombolysis, although many of
these patients could potentially recover with this treatment.
Magnetic resonance image findings with positive diffusion-
weighted imaging and no marked parenchymal hyperintensity
on fluid-attenuated inversion recovery (negative pattern) can
identify acute ischemic stroke patients within 4-5h from
symptom onset.

Aims The THrombolysis for Acute Wake-up and unclear-onset
Strokes with alteplase at 0-6 mg/kg trial aims to determine the
efficacy and safety of intravenous thrombolysis with alteplase
at 0-6 mg/kg body weight, the approved dose for Japanese
stroke patients, using magnetic resonance image-based selec-
tion in ischemic stroke patients with unclear time of symptom
onset, and compare findings with standard treatment.
Design This is an investigator-initiated, multicenter, prospec-
tive, randomized, open-treatment, blinded-end-point clinical
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trial. The design is similar to the Efficacy and Safety of MRI-
based Thrombolysis in Wake-up Stroke trial. Patients with
unclear-onset time of stroke symptoms beyond 4-5h and
within 12 h after the time of the last-known-well period and
within 4-5 h after symptom recognition, who showed a nega-
tive fluid-attenuated inversion recovery pattern, are random-
ized to either intravenous thrombolysis or standard treatment.
Study outcomes The primary efficacy end-point is modified
Rankin Scale 0-1 at 90 days. The safety outcome measures are
symptomatic intracranial hemorrhage at 22-36 h, and major
bleeding and mortality at 90 days.

Discussion This trial may help determine if low-dose alteplase
at 0-6 mg/kg should be recommended as a routine clinical
strategy for ischemic stroke patients with unclear-onset time.
Key words: acute ischemic stroke, clinical trials, diffusion-weighted
imaging, fluid-attenuated inversion recovery imaging, thrombolysis,
unclear-onset time

Introduction and rationale

Currently, intravenous (i.v.) thrombolysis with recombinant
tissue-type plasminogen activator (rt-PA) is the only evidence-
based effective treatment for acute ischemic stroke within 4-5h
after symptom onset (1,2). Because the therapeutic time range for
effective i.v. rt-PA therapy is limited, onset-to-treatment time is
vital. Delayed thrombolysis may cause a life-threatening condi-
tion such as symptomatic intracranial hemorrhage (SICH).
Because accurate onset-to-treatment time is not determined for
patients with unclear-onset time of stroke symptoms or those
who wake up with stroke symptoms, i.v. rt-PA therapy is usually
contraindicated for these patients.

According to previous reports, about one-fourth of acute
stroke patients suffer from stroke symptoms with unclear-onset
time or onset during sleep (3-5). These patients were reported to
have similar early ischemic findings on initial computed tomog-
raphy (CT) or magnetic resonance imaging (MRI) compared
with those presenting within three-hours (6) or six-hours of
symptom recognition (7). Because onset of all subtypes of stroke
has an early morning peak (8), a large number of patients who
wake up with stroke symptoms may still be within the time
window for i.v. thrombolysis when they arrive at the hospital.

Recently, stroke MRI findings with positive diffusion-weighted
imaging (DWI) and no marked parenchymal hyperintensity on
fluid-attenuated inversion recovery (FLAIR) (negative FLAIR
pattern) was proposed to act as a ‘brain clock’ that indicates the
stroke occurred within 3-4-5h from stroke symptom onset
(9-11). DWI depicts a reduced apparent diffusion coefficient
indicating cytotoxic edema caused by ischemia within minutes of
stroke (12). FLAIR is characterized by strong T2 weighting
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together with suppression of cerebrospinal fluid signal and is
often positive 3—4-5 h after stroke onset (9-11,13).

There are several reports of nonrandomized patients on
thrombolysis based on CT or MRI findings in acute stroke
patients with unclear-onset time. Most reports had retrospective
study designs and suggested the safety and feasibility of throm-
bolysis for this subgroup of stroke patients (14-19). In Japan, a
single-center, nonrandomized, prospective study involving 20
patients with unclear-onset time and negative FLAIR pattern on
initial MRI showed no occurrence of sICH after i.v. rt-PA at
0-6 mg/kg alteplase; at 90 days, 47% of patients showed modified
Rankin Scale (mRS) scores of 0-2 (15). However, there is no
established data from randomized, controlled trials of i.v. rt-PA in
patients with unclear-onset time. To our knowledge, there are six
ongoing clinical trials to test the safety and efficacy of thromboly-
sis in acute stroke patients with unclear-onset time worldwide: the
Safety of Intravenous Thrombolytics in Stroke on Awakening
(SAIL-ON) (ClinicalTrials.gov Identifier NCT01643902), the
Safety of Intravenous Thrombolysis for Wake-up Stroke
(Wake-Up Stroke) (ClinicalTrials.gov Identifier NCT01183533),
the Efficacy and Safety of MRI-based Thrombolysis in Wake-up
Stroke (WAKE-UP) (ClinicalTrials.gov Identifier NCT01525290)
(20), the Wake up Symptomatic Stroke in Acute Brain Ischemia
(WASSABI) Trial (ClinicalTrials.gov Identifier NCT01455935),
and WUS-rTPA (EudraCT no. 2010-019359-23). All of the trials
use alteplase at 0-9 mg/kg. We hypothesized that stroke patients
with unclear-onset time and a negative FLAIR pattern on MRI
will improve more by i.v. thrombolysis than by standard treat-
ment using alteplase at 0-6 mg/kg, a dose that is unique to Japa-
nese patients. Thus, we planned a multicenter trial to test this
hypothesis.

Methods

Design

The THrombolysis for Acute Wake-up and unclear-onset Strokes
with alteplase at 0-6 mg/kg (THAWS) Trial is an investigator-
initiated, multicenter, prospective, randomized, open-treatment,
blinded-end-point clinical trial comparing i.v. rt-PA (alteplase)
and standard treatment in unclear-onset stroke. This trial is
registered with the ClinicalTrials.gov (Clinical Trials.gov
Identifier NCT02002325) and the UMIN clinical trial (ID:
UMIN000011630). Figure 1 shows a flowchart of the trial design.
Table 1 shows a schedule of the trial. The design is similar to the
WAKE-UP trial (20).

Patient population

Patients with acute ischemic stroke whose onset time of stroke
symptoms cannot be determined represent the target population
for the THAWS. Inclusion and exclusion criteria are listed in
Table 2. As clinical inclusion criteria for timing of treatment ini-
tiation, time from last-known-well period without neurological
symptoms to treatment initiation should be between 4-5and 12 h,
and time from symptom recognition to treatment initiation
should be within 4-5 h. Patients with posterior circulation stroke
including brain stem stroke are not excluded because they are
reported to potentially have a longer therapeutic time window

M. Koga et al.

than those with anterior stroke (21). The negative FLAIR pattern
as an acute ischemic lesion visible on DWI, but no marked paren-
chymal hyperintensity visible on FLAIR is a vital imaging inclu-
sion (Fig.2). Exclusion criteria mainly follow the prescribing
information for alteplase in Japan. A detailed imaging guidebook
kindly provided by the WAKE-UP steering committee will confer
extensive examples ilustrating inclusion and exclusion criteria on
MRI (20).

MRI sequence and baseline assessment

DWI (spin-echo echo planar imaging), FLAIR (fast spin echo),
T2* and magnetic resonance angiography (MRA) sequences are
mandatory acquired. Perfusion imaging with dynamic suscepti-
bility contrast is optionally added for baseline imaging. The
details of DWI and FLAIR parameters are as follows: DWI with
field of view (FOV) of 240 mm, acquisition matrix of 128 x 128,
slice thickness of =5 mm, gap of 0—1 mm, repetition time (TR) of
=8000 ms, and echo time (TE) of <100 ms; FLAIR on 1-5 Tesla
MRI with FOV of 240 mm, acquisition matrix of 256 x 256, slice
thickness of =5 mm, gap of 0-1 mm, TR of 28000 ms, TE of
100140 ms, and inversion time (TI) of 2300 ms; and FLAIR on
3 Tesla MRI with FOV of 240 mm, acquisition matrix of
256 x 256, slice thickness of =5 mm, gap of 0-1 mm, TR of
210000 ms, TE of 95-125 ms, and TI of =2600 ms.

Basically, DWI and FLAIR lesions are visually assessed accord-
ing to the WAKE-UP imaging guidebook. For DWTI assessment,
apparent diffusion coefficient map can be used to exclude a T2
shine through effect. If DWT lesion is extensively overlapping with
a previous stroke lesion or extensive white matter change, such
patient needs to be excluded. The guidebook optionally provides
the objective guidance to include patients with relative signal
intensity of <1-2 on FLAIR lesion corresponding to acute DWI
lesion as compared with contralateral normal signal intensity.

Randomization and data management

Eligible patients are randomized 1:1 to either i.v. rt-PA (alteplase,
the rt-PA group) or standard treatment (the control group). Both
patients and investigators are open to treatment allocation.
However, primary and secondary outcomes are assessed without
information regarding treatment allocation by independent neu-
rologists, neurosurgeons, or nurses. The Research Electronic
Data Capture (REDCap) system is used for data entering and
management.

Treatment

Alteplase is supplied in glass vials. Labeling and packaging of
study medication are conducted according to good manufactur-
ing practice, good clinical practice, and local and national regu-
latory requirements. Patients randomized to the rt-PA group
receive alteplase 0-6 mg/kg body weight i.v. up to a maximum of
60 mg, 10% as bolus, and 90% as continuous infusion over one-
hour. Patients randomized to the control group do not receive i.v.
rt-PA but are treated with one to three antithrombotic drugs,
including aspirin (160-300 mg/day), clopidogrel (75 mg/day),
argatroban, and unfractionated heparin, except for the combina-
tion of argatroban and heparin according to attending physician’s
decisions. Such antithrombotics are prohibited for use in the
rt-PA group within the initial 25 h. Treatment has to be initiated
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Fig. 1 Thrombolysis for Acute Wake-up and unclear-onset Strokes with alteplase at 0-6 mg/kg (THAWS) trial flow chart. AEs, adverse events; ASPECTS,
the Alberta Stroke Program Early CT Score; CT, computed tomography; DWI, diffusion-weighted imaging; FLAIR, fluid-attenuated inversion recovery; i.v.,
intravenous; MRI, magnetic resonance imaging; NIHSS, National Institutes of Health Stroke Scale; mRS, modified Rankin Scale; rt-PA, recombinant

tissue-type plasminogen activator.

as soon as possible within 60 min of the end of the MRI exami-
nation. In addition, i.v. edaravone (free radical scavenger) is rou-
tinely given before or soon after trial enrollment for both groups,
for a maximum of 14 days, unless contraindicated or inappropri-
ate. Other antiplatelets (e.g., cilostazol) and anticoagulants (e.g.,
warfarin) are prohibited within the initial 25 h, and thrombolytic
agents such as urokinase and monteplase are prohibited during
the 90-day study period in both groups.

Clinical and radiological assessments

Trained neurologists, neurosurgeons, or nurses will perform clini-
cal assessment at baseline, at 22-36 h, at 7-14 days or at hospital
discharge, and at 90 days after stroke onset. Neurological severity
is evaluated using the National Institutes of Health Stroke Scale

(NIHSS). At 90 days, a physician, nurse, or clinical research coor-
dinator who is not aware of treatment assignment assesses mRS
and adverse events at the clinic or by telephone interview. Inves-
tigators are recommended to complete a training and certification
program for NIHSS and mRS.

In addition to the initial MRI prior to randomization,
follow-up MRI is performed after 22-36 h to identify ICH, and
after 7-14 days to delineate final infarct volume. All images are
judged at the MRI examination scanner or the display for reading
or viewing purposes by the local investigators. All investigators are
recommended to pass a standardized training program for image
judgment provided by the WAKE-UP committee. A central image
reading board continuously monitors the fulfillment of the pre-
specified MRI standards in each participating center and the
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compliance of patients randomized with the imaging inclusion
and exclusion criteria.

Primary and secondary outcomes

Efficacy and safety end-points are listed in Table 3. Primary effi-
cacy end-point is favorable outcome defined by mRS score 0-1 at
90 days after stroke onset. The safety end-points are sICH at
22-36 h and major bleeding (22), and death due to any cause at 90
days.

Data monitoring body

Data monitoring is centrally conducted by the members of
Department of Advanced Medical Technology Development,
National Cerebral and Cardiovascular Center. According to the
order from the steering committee, the members occasionally
visit collaborating hospitals to review source materials, including
related medical records and documents for consent forms.
Responsible authorities, related ethics committees, or directors of
collaborating hospitals have the right to review source material if
necessary.

Data and safety monitoring board

An independent data and safety monitoring board (DSMB) over-
sees the conduct of the trial. The occurrence of any safety end-
point is immediately reported to the DSMB by the responsible
physician via the central office, along with the accumulated
number of safety end-points and total patient enrollment
numbers. All safety end-points are mandatorily analyzed after
inclusion of 150 and 300 patients. The proportion of sICH in the
i.v. rt-PA group is compared with those of previous reports (23—
27), and the proportions of major bleeding and death in the i.v.
rt-PA group are compared with those in the control group. In any

_Fo!low up MRI at 24 h is allowed to be obtained between 22 and 36 h after the treatment administration, , :
: *Follow~up MRI at day 7 is allowed to be abtained between 7 and 14 days after the treatment admlmstratlon or at dlscharge (whlchever is ﬁrst) :
i\;’fMRE magnetlc resonance (magmq, mRS modffred Ra kkm Scale NIHSS Natro, al Institute

Health Stroke Sca{e

case of concern about the safety of participants, the DSMB makes
a recommendation to the steering committee about continuing,
stopping, or modifying the trial.

Sample size calculation

A total of 278 patients (139 per group) is required to ensure
1 — B =90% probability to demonstrate that the relative effect of
i.v. rt-PA to standard treatment for ischemic stroke patients is
more than a fraction of 0-5 of the combined relative effect of i.v.
rt-PA across the stroke thrombolysis studies (15-17,28), by using
one-sided chi-square test of significant level of 2-:5%, where the
effects of i.v. rt-PA and standard treatment are assumed 30% and
20% commonly for Japanese patients and comparable combined
studies. Accounting for possible treatment failures, protocol vio-
lations, and dropouts, a total of 300 patients (150 per treatment
group) will be recruited.

Statistical analysis

Analyses will be done according to an intention-to-treat (ITT)
principle. A secondary per-protocol sensitivity analysis will be
done to assess the robustness of conclusion from ITT basis analy-
sis. Patient demographic data will be analyzed descriptively; cat-
egorical variables will be assessed with the chi-square test or
Fisher’s exact test, whereas continuous variables will be assessed
with the Student’s t-test or the Wilcoxon rank-sum test, as appro-
priate. The primary outcome is the proportion of patients with
mRS 0-1 (i.e., primary end-point) at 90 days between the i.v.
rt-PA and control groups, analyzed by the chi-square test. Relative
risk (RR) for the primary outcome will be calculated with the
corresponding 95% confidence interval. The secondary outcome
is the change in NIHSS from baseline to at 24 h or 7 days, analyzed
by analysis of covariance (ANCOVA), where the model includes

1120 Vol 9, December 2014, 1117-1124

© 2014 World Stroke Organization

2714 —



M. Koga et al.

treatment group as factor and NIHSS at baseline as a covariate.
Safety data will be analyzed descriptively for the treated set, which
consists of all randomized patients who receive at least one study
treatment. The statistical analysis plan, which includes more tech-
nical and detailed elaboration of the principal features stated in
the protocol, will separately be prepared and be finalized before
breaking the blind.

Study organization and funding

The THAWS is organized by a central coordinating center
located at the National Cerebral and Cardiovascular Center, and
conducted in approximately 35 centers in Japan after the
approval of Advanced Medical Technology Development
authentication system by the Ministry of Health, Labour and
Welfare. The steering committee manages the trial. The THAWS
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Fig. 2 Examples of magnetic resonance imaging (MRI) inclusion and exclusion criteria. (a) A negative fluid-attenuated inversion recovery (FLAIR) pattern
shows an acute ischemic lesion clearly visible on diffusion-weighted imaging (DW1), but no marked parenchymal hyperintensity visible on fluid-attenuated
inversion recovery (FLAIR) corresponding to the DW lesion (yellow circles). (b) A positive FLAIR pattern shows an acute ischemic lesion clearly visible on
DWI and clear parenchymal hyperintensity on FLAIR corresponding to the acute DWI lesion (yellow circle).

receives funding support from the Award from Charitable Trust
Mihara Cerebrovascular Disorder Research Promotion Fund (to
Minematsu) and the Intramural Research Fund for Cardiovas-
cular Diseases of National Cerebral and Cardiovascular Center
(H23-4-3).

Discussion and conclusion

The THAWS is a randomized, controlled trial of stroke throm-
bolysis with alteplase 0-6 mg/kg based on the presence of negative
FLAIR pattern on initial MRI in patients with unclear-onset time
of stroke symptom, that is, wake-up stroke. The negative FLAIR
will ensure the enrollment of patients with ischemic lesions likely
to be less than 45 h after stroke onset who are likely to benefit
from thrombolysis. The THAWS may trigger approval of low-

dose i.v. thrombolysis using MRI-based selection as a routine
clinical practice for ischemic stroke patients with unclear-onset
time. Furthermore, 0-6 mg/kg of alteplase is expected to have
similar efficacy and higher safety than 0-9 mg/kg in Asian coun-
tries (29), and it is now investigated in the Enhanced Control of
Hypertension and Thrombolysis Stroke Study (ENCHANTED)
(Clinical Trials.gov Identifier NCT01422616).

Of several ongoing clinical trials on thrombolysis in acute
stroke patients with unclear-onset time in worldwide, the
WAKE-UP trial is the largest. We are in contact with the
WAKE-UP group and they kindly provided us their detailed
imaging guidebook and standardized training program for image
judgment to share the same imaging inclusion criteria. We may
conduct a meta-analysis with the ongoing trials for unclear-onset
stroke, including the WAKE-UP trial.
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THAWS boards and institutions

Senior advisor: Kazuo Minematsu

Steering committee: Kazunori Toyoda (Chair), Kazumi Kimura
(vice-chair), Haruko Yamamoto (data monitoring), Masatoshi
Koga (central office)

Protocol committee: Junya Aoki, Toshimitsu Hamasaki, Kazumi
Kimura, Masatoshi Koga, Shoichiro Sato, Kazunori Toyoda

Statistician: Toshimitsu Hamasaki

Independent safety monitoring board: Takanari Kitazono
(Chair), Toshisuke Otsuki, Wataru Shimizu, Takashi Sozu

Central imaging reading board: Makoto Sasaki (Chair), Teruyuki
Hirano, Kohsuke Kudo, Naomi Morita

Central pharmacy: Ken Kuwahara

Coordinating investigators: Sohei Yoshimura, Shoichiro Sato,
Kazunari Homma, Kenta Seki

Secretariats: Haruka Kanai, Azusa Tokunaga

THAWS consortium

National Cerebral and Cardiovascular Center, Suita, Osaka —
Kazunori Toyoda, Kazuyuki Nagatsuka, Haruko Yamamoto,
Masatoshi Koga, Hiroshi Yamagami, Shoichiro Sato, Kazunari
Homma, Kenta Seki

Kawasaki Medical School, Kurashiki ~ Kazumi Kimura, Junya
Aoki

Hokkaido PW.EA.C. Obihiro-Kosei General Hospital, Obihiro —
Masafumi Ohtaki

Nakamura Memorial Hospital, Sapporo — Kamiyama Kenji

Hirosaki Stroke and Rehabilitation Center, Hirosaki — Metoki
Norifumi

Kohnan Hospital, Sendai — Eisuke Furui

Yamagata City Hospital SAISEIKAN, Yamagata — Rei Kondo

South Miyagi Medical Center, Shibata — Hiroshi Mochizuki

Niigata City General Hospital, Niigata — Shuichi Igarashi

Mihara Memorial Hospital, Isesaki — Ban Mihara

Jichi Medical University, Shimotsuke — Tomoaki Kameda

Saitama Medical University International Medical Center, Hidaka
— Norio Tanahashi, Ichiro Deguchi

Juntendo University Urayasu Hospital, Urayasu — Takao Urabe

Juntendo University Hospital, Tokyo — Nobutaka Hattori

Jikei University School of Medicine, Tokyo — Yasuyuki Iguchi

Toranomon Hospital, Tokyo — Yoshikazu Uesaka

Kyorin University, Mitaka — Yoshiaki Shiokawa, Denbo Norihisa

St. Marianna University School of Medicine, Kawasaki — Yasuhiro
Hasegawa

Tokai University, Isehara — Shunya Takizawa

Shizuoka Saiseikai General Hospital, Shizuoka — Jin Yoshii

Toyota Memorial Hospital, Toyota — Yasuhiro Ito

National Hospital Organization Nagoya Medical Center, Nagoya —
Satoshi Okuda

Japanese Red Cross Kyoto Daini Hospital, Kyoto — Yoshinari
Nagakane

Hyogo College of Medicine, Nishinomiya — Shinichi Yoshimura

Kobe City Medical Center Central Hospital, Kobe — Nobuyuki
Sakai, Kenichi Todo.

Ohnishi Neurological Center, Akashi — Hideyuki Ohnishi

Kawasaki Hospital, Okayama — Tsuyoshi Inoue

Osaka Neurosurgical Hospital, Takamatsu — Hideo Ohyama

Kokura Memorial Hospital, Kokura — Ichiro Nakahara

Steel Memorial Yawata Hospital, Kitakyushu — Shigeru Fujimoto

Japanese Red Cross Fukuoka Hospital, Fukuoka — Kenichiro Fujii,
Sohei Yoshimura

National Hospital Organization Kyushu Medical Center, Fukuoka
— Yasushi Okada, Takeshi Uwatoko

Nagasaki University Hospital, Nagasaki — Akira Tsujino
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Protoco

Saiseikai Kumamoto Hospital, Kumamoto — Toshiro Yonehara
Japanese Red Cross Kumamoto Hospital, Kumamoto — Tadashi
Terasaki
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