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Abstract

Tenecteplase is a newer thrombolytic agent with possible clinical and pharmacological advantages compared to alteplase. In NOR-TEST, a
randomized-controlled study, both thrombolytics had a similar safety profile as well in Wake-up stroke (WUPS) patients. In order, to assess
both thrombolytics in a bigger WUPS cohort, we merged WUPS patients treated in NOR-TEST with WUPS patients treated after the trial and
reanalyzed the patient outcome.

Methods: WUPS patients were included in Nor-Test based on DWI/FLAIR mismatch and randomly assigned (1:1) to receive intravenous
tenecteplase 0-4 mg/kg or alteplase 0-9 mg/kg. The clinical outcome was measured by the National Institutes of Health Stroke Scale (NIHSS),
functional outcome by the modified Rankin Scale (mRS). After the termination of the trial one center continued treating the patients with
tenecteplase while another center switched back to alteplase. Patients with a pre-stroke mRS>1 were excluded from the analysis.

Results: Total 114 patients were included in this study. Clinical outcome was measured in 97 patients with prestroke mRS<1. Of them, 38
(39%) were treated with tenecteplase. There was neither a difference in neurological improvement 24h after admission, (alteplase: 41
(69.5%), tenecteplase: 21 (55.3%); (p=0.154) nor any difference in mRS at day 90; (alteplase: 39 (66.1%), tenecteplase: 22 (57.9%); p=0.414).
Symptomatic intracranial hemorrhage was detected on control MRI/CT in one tenecteplase patient (n=1; 2.6%, p=0.392).

Conclusion: Compared to alteplase, tenecteplase appears to have similar efficacy and safety profile in WUPS patients selected by DWI-FLAIR
mismatch at admission MRI, also in a bigger WUPS patient cohort.
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Introduction

In NOR-TEST, comparing 0.4 mg/kg tenecteplase with 0.9 mg/kg
alteplase, tenecteplase showed similar efficacy without increasing
the rate of intracerebral bleedings [7]. In our previous study, a
small substudy of NOR-TEST trial, where total 40 WUPS patients
were treated with either alteplase (24 patients) or tenecteplase

Intravenous thrombolysis (IVT) is an effective, established
treatment in acute ischaemic stroke if administered within 4.5h of
symptom onset, but the IVT effect decreases with time [1]. Today
alteplase, which is a genetically modified product of recombinant
tissue plasminogen activator with superior pharmacodynamic
and pharmacokinetic properties, is the established and
approved thrombolytic agent used in acute stroke patients [2,3].
Nevertheless, alteplase has its limitations such as short half-life,
low recanalisation rate and risk of intracranial hemorrhage [4,5].

(16 patients) with an overall low stroke severity measured in
NIHSS, respectively NIHSS 4.5 vs 6, showed no difference in
clinical outcome (mRS 0-1) at day 90, and no ICH or deaths were
detected in either alteplase or tenecteplase group [8]. Due to a
small patient data, it was concluded that more investigation is

Up to 25 % stroke patients wake up with neurological deficit
also called wake-up stroke (WUPS) [6]. To select stroke patients
eligible for IVT treatment MRI imaging is used, guided by
mismatch between weighted imaging (DWI) and Fluid Attenuated
Inversion Recovery (FLAIR) on MRI (MRI mismatch) [6].

required [8]. Still limited data is available about the efficiency and
safety profile in WUPS patients selected to IVT by MRI mismatch.
In order, to assess alteplase and tenecteplase in a bigger WUPS
cohort, we merged WUPS patients treated in NOR-TEST with
WUPS patients treated after the trial and reanalyzed the patient
outcome.
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Methods
Study design and patients

In this study both WUPS patient treated in NOR-TEST and
after NOR-TEST were included. NOR-TEST was a multicenter,
randomized, open-label, blinded endpoint, phase III trial,
designed to investigate safety and efficacy of tenecteplase 0.4
mg/kg versus alteplase 0.9 mg/kg in patients with acute ischemic
stroke. Inclusion of NOR-TEST patients occurred between Sept 1,
2012 and Sep 30,2016 and from Oct 1, 2016 to Oct 31, 2019 after
the NOR-TEST trial.

Inclusion criteria: patients had to be >18 years, living
independently pre-stroke and had to be admitted within 4.5
hours of stroke onset with a measurable neurological deficit on
the National Institutes of Health Stroke Scale (NIHSS).

Along with stroke patients with Known Symptom Onset (KOS),
also patients with symptoms on awakening or unknown onset
were included in NOR-TEST. They underwent randomization
based on FLAIR-DWI mismatch and the treatment of thrombolysis
were randomly assigned (1:1) with either tenecteplase (0.4 mg/
kg to a maximum of 40 mg as a single bolus intravenously) or
alteplase (0.9 mg/kg to a maximum of 90 mg, 10% as an initial
bolus, followed by 90% as 1h intravenous infusion). Detailed
inclusion and exclusion criteria are published elsewhere [7].

In order; to gain a larger WUPS corhort, WUPS patients treated
with thrombolysis after the termination of NOR-TEST trial were
also included in the current study. One stroke center, Stavanger
University Hospital, switched back to alteplase treatment (0.9
mg/kg to a maximum of 90 mg), whereas another stroke center,
Haukeland University Hospital, continued treating acute stroke
patients with tenecteplase (0.4 mg/kg to a maximum of 40
mg). 24-48 hours after the treatment a control CT or MRI was
performed. The radiological assessment was done by the local
neuroradiologists. Intracranial hemorrhage and symptomatic
intracerebral hemorrhage were defined in according to
respectively ECASS I and ECASS III criteria [2,9].

Functional outcomes were measured with modified Rankin
Scale at day 7 or at discharge if discharged earlier and finally
after 3 months by telephone consultation or as an outpatient
consultation performed by qualified stroke staff. Improvement of
neurologic deficits were defined as an improvement of NIHSS 4
points within 24 hours as compared to admission NIHSS or NIHSS
0 at 24 hours; mRS of 0 or 1 at 90 days was defined as a favorable
functional outcome.

Statistics: SPSS Statistics version 24 was used to complete
all statistical analysis. Mann-Whitney test, Chi square test, and
Fisher’s exact test were used to examine both baseline variables
and variable changes.

Results

In NOR-TEST 1107 patients were signed up and of these 1100
patients were included after 7 patients were excluded either
because informed consent was withdrawn or reconsideration of
thrombolysis eligibility. Of these, 45 patients were included as
WUPS. Five patients did not present an ischemic lesion on DWI,
but still treated with IVT on clinical suspicion of stroke. These
patients were subsequently classified as stroke mimics and
excluded from further safety and efficacy analysis [8].

All 40 WUPS patients (24 treated with alteplase and 16
with Tenecteplase) from NOR-TEST were included in this study.
In order to achieve a larger WUPS cohort in this current study,
further 74 WUPS patients were included after the completion
of the NOR-TEST trial. Of these, 44 patients were treated with
alteplase 0.9 mg/kg in Stavanger University Hospital while 30
patients were treated with tenecteplase 0.4 mg/kg in Haukeland
University Hospital.

By this, the total WUPS cohort reached 114 WUPS patients.
Clinical outcome was measured in 97 WUPS patients with pre-
stroke mRS<1 while 17 patients presented a pre-stroke > 1 and
excluded from the clinical analysis. A median age of 73 (61-79)
was seen in the total WUPS cohort and no significant difference
was seen in age in the treatment groups; (p=0.57). Female
patients were represented with (n=37) (38.1%). No significant
difference was seen in the other baseline characteristics in any of
the treatment groups (Table 1).

The median NIHSS of the entire cohort at admission was 4
(IQR 2-8). No significant difference was seen between alteplase
and tenecteplase in NIHSS at admission: (4 (2-7), 5.5 (3-9);
p=0.082), in NIHSS at 24h: (1 (0-3), 2 (0-5); p=0.056) or NIHSS at
discharge: (0 (0-1), 0.5 (0-4); p=0.161).

Significant difference was not seen in neurological
improvement at 24h after admission, (alteplase: 41 (69.5 %),
tenecteplase: 21 (55.3 %); p=0.154) nor any difference in mRS
at 3 months; (alteplase: 39 (66.1 %), tenecteplase: 22 (57.9 %);
p=0.414). Intracranial hemorrhage was detected on control MRI/
CT in one tenecteplase patient; (p=0.392) and one patient died
in the alteplase group while 2 patients died in the tenecteplase
group, respectively within the first 3 months; (p=0.560) without

exhibiting any significant difference (Table 2).
Discussion

Patients in this WUPS cohort were included in the NOR-
TEST and after the termination of the NOR-TEST trial. We did
not find any significant differences in neurological improvement
or favorable clinical outcome at three months between patients
treated with either alteplase or tenecteplase. Neither any
significant differences in hemorrhagic complications or deaths in
any of the treatment groups. In this WUPS cohort patients were
selected to IVT treatment based on MRI DWI-FLAIR imaging [10].
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Table 1: Baseline characteristics.

(nég7) Alteplase (n=59) Tenecteplase (n=38) P
Age - median (IQR) (617-379] (637-379) (637-279) 0.57¢
Female gender (38?TZ%) (372;%) (391.5?%) 083"

Cardiovascular medical history

Hypertension (4:3%) (37z.§%) (552.;%) 0.08°
Diabetes mellitus (112%4) (102%) (152%) 0.41°
Atrial fibrillation (15.98%) (10.3%) (7;’%) 0.71°
Hypercholesterolemia (252;%) (251'27;%) (21.81%) 0.39°
Previous myocardial infarction (101.2%) (6.3%) (15%%) 0.15°
Previous stroke (191.2%) (161.‘(9)%) (23.97%) 0.42°
Previous TIA (Z.f%) (0.8%) (5;%) 0.15¢
Smoking (303.8%) (301?%) @3 1?62 %) 0.99°
mRS baseline > 1 (171.57%) (17%;%) (212%) 0.60°¢

- Abbreviations: IQ: interquartile range, TIA: Transitory ischemic attack, mRS: modified Rankin Scale, NIHSS: National Institutes of Health
Stroke Scale.

- If not specified otherwise numbers are shown as n and (%).

- P-values from # Mann-Whitney U test, * Chi-square test, and ¢ Fisher’s Exact Test.

Table 2: Clinical Outcome.

All Alteplase Tenecteplase P
(n=97) (n=59) (n=38)
NIHSS on 4 4 5.5 .
Admission (2-8) 2-7) (3-9) 0.082
NIHSS 1 1 2 .
24h (0-4) (0-3) (0-5) 0.056
NIHSS on 0 0 0.5 R
Discharge (0-2) (0-1) (0-4) 0-161
Neurological 62 41 21 0.154
Improvement 24h (63.9 %) (69.5 %) (55.3%) ’
mRS 0-1 61 39 22 0.4145
(3 months) (62.9 %) (66.1 %) (57.9%) ’
Mortality 3 1 2 0.560°
(3 month) (3.1 %) (1.7 %) (5.3 %) '
1 0 1 .
ICH (1.0 %) (0.0 %) (2.6 %) 0.392

- Abbreviations: NIHSS: National Institutes of Health Stroke Scale, mRS:
modified Rankin Scale, ICH: intracranial hemorrhage.

- Statistics given as median (interquartile range, IQR) or count (percentage).

- P-values calculated with * Mann-Whitney test, ® Chi square test, and © Fisher’s
exact test. P-values < 0.05 is considered as significant.

Current WUPS cohort is relatively small in size with an overall admission tend to get a good functional outcome independent of
low stroke severity in NIHSS (Altp: 4, Tnc: 5.5) making it difficult ~ whether or not they are treated with reperfusion therapy [11].
to elucidate clinical effects, as patients with small infarction on
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Five WUPS patients were initially enrolled in NOR-TEST
and treated with IVT on clinical suspicion without any lesion on
DWI, but later excluded from the study as stroke mimics and not
included in further statistical analysis. None of these patients
experienced an ICH [8].

Our study has some shortcomings. Basically, a relatively
low number of WUPS patients included and treated with either
alteplase or Tenecteplase. Additionally presenting a low NIHSS
score, respectively 4 and 5.5 which tend to improve clinically
regardless of IVT treatment [11].

The first 40 patients in this study were included in NOR-TEST
which was a randomized study, whereas the last 74 patients
were included after the NOR-TEST trial was terminated and
was not part of a randomized control trial which might weaken
the study protocol. Still the follow up CT/MRI, measurement of
clinical outcomes with NIHSS and scoring the functional outcome
with mRS at 3 months was performed in the same way as in the
NOR-TEST trial [7,8]. This study shows that the treatment of
tenecteplase compared with alteplase has similar efficacy and
safety profile, and being comparable with our previous study [8].

Selection of WUPS patients with a traditional MRI DWI/FLAIR,
might exclude patients who would otherwise benefit from IVT
treatment encouraging a modified MRI mismatch concept [12-
14]. CT selection of WUPS patients might have similar safety and
efficacy compared to MRI selection [6,12,15]. However, the role of
CT in WUPS patients has been investigated in the TWIST trial by
selecting WUPS patients with non-contrast CT [16]. No increased
ICH complications were seen, but the trial failed to document
better functional outcome in the treatment group, encouraging
studies of other imaging modalities.

CT perfusion criteria has been used to select also WUPS
patients [17]. However, the concept has low sensitivity in posterior
strokes and possibly excluded lacunar stroke syndromes [18].
In the extend-1A TNK-2 study, tenecteplase dosages before EVT,
concluded that patients with large vessel occlusion ischemic
treated with 0.40 mg/kg did not significantly improve cerebral
reperfusion prior to EVT compared to patients treated with 0.25
mg/kg [19]. The NOR-TEST trial had showed in minor strokes,
similar clinical effect and safety profile of tenecteplase 0.4 mg/kg
compared to alteplase 0.9 mg/kg [7]. The NOR-TEST II trial aimed
to test non-inferiority of tenecteplase 0.4 mg/kg versus alteplase
0.9 mg/kg in moderate and severe strokes. NOR- TEST II was
terminated prior to completion due to a significant larger number
of Symptomatic Intracranial Hemorrhages (sICH) and mortality
rate [20].

In conclusion, this current extended WUPS cohort treated with
either tenecteplase or alteplase exhibited equivalent neurological
improvement and favorable clinical outcome at 3 months in the
treatment groups. One ICH was observed in the tenecteplase
group and none in the alteplase group, exhibiting no significant

difference. Further one death was observed in the alteplase group
and two deaths in the tenecteplase group within the first 3 months
after IVT treatment, also without showing significant difference.
Our study supports selection of WUPS patients to thrombolytic
treatment with either alteplase or tenecteplase in acute ischemic
stroke. Our study further encourages ongoing trials testing
different dosages of tenecteplase and different imaging modalities
in acute ischemic stroke including in known onset stroke and
wake-up stroke.
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