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Abstract

Introduction: The encouraging efficacy and safety data on intravenous thrombolysis with tenecteplase in ischemic
stroke and its practical advantages motivated our centers to switch from alteplase to tenecteplase. We report its impact
on treatment times and clinical outcomes.

Methods: We retrospectively analyzed clinical and procedural data of patients treated with alteplase or tenecteplase
in a comprehensive (CSC) and a primary stroke center (PSC), which transitioned respectively in 2019 and 2018.
Tenecteplase enabled in-imaging thrombolysis in the CSC. The main outcomes were the imaging-to-thrombolysis and
thrombolysis-to-puncture times. We assessed the association of tenecteplase with 3-month functional independence
and parenchymal hemorrhage (PH) with multivariable logistic models.

Results: We included 795 patients, 387 (48.7%) received alteplase and 408 (51.3%) tenecteplase. Both groups
(tenecteplase vs alteplase) were similar in terms of age (75 vs 76 years), baseline NIHSS score (7 vs 7.5) and proportion
of patients treated with mechanical thrombectomy (24.1% vs 27.5%). Tenecteplase patients had shorter imaging-to-
thrombolysis times (27 vs 36 min, p <0.0001) mainly driven by patients treated in the CSC (22 vs 38 min, p <0.001).
In the PSC, tenecteplase patients had shorter thrombolysis-to-puncture times (84 vs 95min, p =0.02), reflecting faster
interhospital transfer for MT. 3-month functional independence rate was higher in the tenecteplase group (62.8% vs
53.4%, p<0.0l). In the multivariable analysis, tenecteplase was significantly associated with functional independence
(OR, 1.68,95% CI 1.15-2.48, p <0.01), but not with PH (OR_ 0.68, 95% CI 0.41-1.12, p=0.13).

Conclusion: Switch from alteplase to tenecteplase reduced process times and may improve functional outcome, with
similar safety profile.
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Introduction
Intravenous alteplase, administered as a 10% bolus fol-
lowed by a 1-h infusion, is the standard thrombolytic used
for acute ischemic stroke (AIS).!? Tenecteplase is a geneti-
cally modified more fibrin-specific variant of alteplase,
with a longer half-life, allowing a single bolus administra-
tion. In patients with large vessel occlusion (LVO), a recent
randomized-controlled trial has shown that intravenous
thrombolysis (IVT) with tenecteplase before thrombectomy
increases early recanalization and leads to a better func-
tional outcome than alteplase.’ The safety and efficacy of
tenecteplase in bridging therapy was subsequently sup-
ported by real-life registry studies.*® In patients without
LVO, following meta-analyses of previous trials which
suggested that tenecteplase could be noninferior to
alteplase,”® the ACT controlled randomized trial this is no
longer necessary as the paper has been published in the
Lancet demonstrated in 1577 patients, 75% of whom with-
out LVO, the non-inferiority of tenecteplase.” Although
current stroke guidelines have only added tenecteplase as
an alternative to alteplase for IVT in bridging therapy,'?
some centers have started using it off-label in routine clini-
cal care for all AIS patients.>%12

Previously, we reported in the Tenecteplase Treatment in
Stroke (TETRIS) retrospective registry study that tenect-
eplase use before thrombectomy was safe and effective in
everyday practice. Among the participating centers, two
opted for the off-label use of tenecteplase in all AIS patients.
This decision was motivated by the expected benefits of
shorter treatment times, the reassuring data available in AIS
without LVO and the safety of using a single IVT protocol
for all patients. Here, we report a comparison of treatment
time metrics and outcomes between AIS patients with and
without LVO that received thrombolysis before and after
the switch from alteplase to tenecteplase.

Methods
Study design and population

We included consecutive patients who received IVT in two
centers within the TETRIS registry® which opted for the
off-label use of tenecteplase in all AIS patients: the Saint-
Antoine Hospital (SAH) primary stroke center (PSC) and
Bordeaux University Hospital (BUH) comprehensive
stroke center (CSC), which transitioned on May 28th 2018
and April 16th 2019, respectively. Patients treated with
either 0.9 mg/kg alteplase (maximum 90 mg) or 0.25 mg/kg
tenecteplase (maximum 25mg) were included from
September 1st 2016 to December 31st 2020 in SAH, and
April 1st 2018 to March 31st 2020 in BUH. Among them,
78 patients (30 in BUH and 48 in SAH) treated with tenect-
eplase and thrombectomy were part of the previously pub-
lished TETRIS cohort.® In BUH, the switch allowed to
change the stroke code alert protocol (Figure 1(a)): while

alteplase infusion started once the patients was carried to
the stroke unit, tenecteplase could be administered inside
the MRI or CT, as soon as the diagnosis was confirmed and
before vascular imaging acquisition. In SAH, both throm-
bolytics were administered in the radiology department as
soon as the patient exited the MRI. For bridging therapy,
tenecteplase use simplified transfers to the Pitié-Salpétriére
CSC (2.5km distant), which were previously medicalized
because of the 1-h alteplase infusion (Figure 1(b)).

Outcome assessment following thrombolytic
switch

We extracted from the registry demographic data (age, sex,
vascular risk factors, baseline medication and modified
Rankin Scale (mRS) score) and stroke characteristics
(National Institutes of Health Stroke Scale (NIHSS) score,
anterior circulation infarct and LVO on imaging). We col-
lected the following outcome data: time metrics (Symptoms
onset, beginning of brain imaging, IVT, groin puncture and
recanalization), 24-h parenchymal hemorrhage (PH) on imag-
ing (MRI in BUH, CT in SAH), symptomatic intracranial
hemorrhage (sICH), recanalization (final modified Treatment
in Cerebral Ischemia [(mTICI) 2b-3 score) and 3-month mRS
score. LVO was defined as an occlusion of either the intracra-
nial internal carotid artery, the first or second segment of the
middle cerebral artery, or the basilar artery. Functional inde-
pendence was defined as a 3-month mRS score <2. sICH was
defined as an increase of at least four points in the NIHSS
score within 36h of IVT associated with a local or remote
type 2 PH.!? Cerebral imaging and digital subtraction angiog-
raphy (DSA) data were assessed retrospectively by experi-
enced stroke neurologists and neuroradiologists.

Statistical analysis

Quantitative variables were described as median [interquar-
tile ranges (IQR)] and qualitative parameters as counts and
percentages. Categorical variables were compared with Chi-
square or Fisher’s exact test and continuous variables with
Wilcoxon’s row sum test, as appropriate. Treatment time
metrics (imaging-to-IVT and IVT-to-puncture times) were
the main outcome. Secondary outcomes included 24-h PH,
sICH and 3-month mRS. The association between tenect-
eplase and 3-month functional independence was assessed
with a multivariable logistic regression model, using multi-
ple imputations to replace missing values, taking into
account the following variables: age, gender, baseline mRS,
and NIHSS scores, anterior circulation stroke, DSA, center
and the onset-to-imaging time (<90min, 90-180min,
=180min, and unknown onset). The same covariates,
excluding baseline mRS score, were used for the model
assessing PH. All tests were two-sided and p values <0.05
were considered significant. Analyses were performed using
R statistical software version 4.10.1.
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Ethical standards

This research was approved by the Sorbonne University
Research Ethics Committee (CER-2021-1053). As per cur-
rent French law regarding retrospective studies of
anonymized standard care data, patients were informed of
their participation in this research and offered the possibil-
ity to withdraw, but no written consent was required.

Data availability statement

The data that support the findings of this study are available
from the corresponding author upon reasonable request.

Results

Over the study period, 795 patients received IVT, 385 (48.4%)
in SAH and 410 (51.6%) in BUH. Alteplase was given in 387
patients (48.7%) and 408 (51.3%) received tenecteplase.
Baseline characteristics were similar between both treatment
groups (Table 1), except for a higher proportion of women in

the tenecteplase group (51.5% vs 43.7%, p=0.03). Onset-to-
imaging times were similar in both groups. Patients treated
with tenecteplase had significantly shorter imaging-to-IVT
times than those treated with alteplase (27 [17-38] vs 36 [26—
46] min, p<<0.0001) and a larger proportion received IVT
within 30min from imaging beginning (56.0% vs 33.2%,
p<<0.0001). The switch to tenecteplase impacted treatment
times differently in both centers (Figure 1(a) and (b)): in
BUH, the imaging-to-IVT time decreased from 38 to 22 min
(»<<0.001); in SAH, the IVT-to-puncture time was reduced
from 95 to 84 min (p=0.02). Patient baseline characteristics
in each center are detailed in the Supplemental Table 1.
Notably, patients treated in the PSC were more severe with a
median baseline NIHSS of 8 [4-16] versus 6 [3—12] in the
CSC (p<0.01), a LVO rate of 53.0% versus 36.8% in the
CSC (p<<0.0001), and a higher rate of cardio-embolic origin
0f49.7% vs 35.1% (p<0001).

In the whole cohort, 3-month functional independence
rate (Figure 2, Table 2) was higher in the tenecteplase
group (62.8% vs 53.4%; p<0.01). Similar trends were
observed in the CSC (60.1% vs 50.5%; p=0.06) and the
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Table I. Baseline characteristics and process times.

Characteristic All patients (n=795) Alteplase (n=387) Tenecteplase (n=408) p-Value
Age, y, =794 75 [63-86] 76 [64-85] 75 [63-86] 0.99
Female sex 3791795 (47.7) 169/387 (43.7) 210/408 (51.5) 0.03
Vascular risk factors

Hypertension 486/790 (61.5) 236/383 (61.6) 250/407 (61.4) >0.99

Diabetes mellitus 158/790 (20.0) 76/383 (19.8) 82/407 (20.1) 0.93

Smoking 191/788 (24.2) 90/381 (23.6) 101/407 (24.8) 0.74

History of atrial fibrillation 116/793 (14.6) 66/386 (17.1) 50/407 (12.3) 0.06
Prestroke treatment

Antiplatelet agent 260/795 (32.7) 124/387 (32.0) 136/408 (33.3) 0.71

Anticoagulant 51/795 (6.4) 31/387 (8.0) 20/408 (4.9) 0.08
Pre-stroke mRS score <2 648/730 (88.8) 311/348 (89.4) 337/382 (88.2) 0.64
Saint-Antoine Hospital 385/795 (48.4) 183/387 (47.3) 202/408 (49.5) 0.57
Known onset 608/795 (76.5) 297/387 (76.7) 311/408 (76.2) 0.87
Baseline NIHSS, n=787 7 [4-14] 7.5 [4-15] 7 [4-12] 0.25
Anterior circulation 639/781 (81.8) 305/379(80.5) 334/402 (83.1) 0.35
MRI imaging 724/795 (91.1) 349/387 (90.2) 375/408 (91.9) 0.46
LvO 355/795 (44.7) 179/387 (46.3) 176/408 (43.1) 0.39
Cerebral DSA 254/795 (31.9) 132/387 (34.1) 122/408 (29.9) 0.22
Thrombectomy 222/792 (28.0) 106/385 (27.5) 98/407 (24.1) 0.27

DSA: digital subtraction angiography; IQR: interquartile range; IVT: intravenous thrombolysis; mRS: modified Rankin scale; LVO: large vessel occlu-

sion; NIHSS: National Institute of Health stroke score.
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The dashed lines represent the mRS limit of 2 or less for the neurological outcome.

Data are proportion of patients.

PSC (65.6% vs 56.9%; p=0.10). In the multivariable
logistic regression model, tenecteplase use in the whole
cohort was significantly associated with 3-month func-
tional independence (OR, 1.68, 95% CI 1.15-2.48;
p<<0.01). This association was statistically significant
among patients treated in the CSC (OR, 2.10, 95% CI

1.17-3.78; p=0.01) but not among those treated in the
PSC (OR, 1.55, 95% CI 0.90-2.68; p=0.12).
Symptomatic ICH rates did not differ between the
tenecteplase and alteplase in the whole cohort (2.5% vs
3.6%; p=0.41) as well as in the CSC (2.9% vs 2.9%; p=1)
and PSC (2.0% vs 4.4%; p=0.24). Parenchymal
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Table 2. Clinical and safety outcomes.

Characteristic All patients (n=795) Alteplase (n=387) Tenecteplase (n=408) p-Value
Process times, min
Onset-to-imaging, n=605 133 [101-179] 134 [99-179.8] 130 [105-178.5] 0.73
Imaging-to-IVT, n=782 31 [21-42] 36 [26—46] 27 [17-38] <0.0001
Imaging-to-IVT <30 min 352/782 (45.0) 125/377 (33.2) 2271405 (56.0) <0.0001
IVT-to-puncture, n=247 77 [51-100] 79.5 [46-105] 75 [59.5-91.5] 0.75
Onset-to-recanalization, n= 147 275 [233.5-315] 279 [235-320] 265.5 [229-305.8] 0.26
Outcomes
Recanalization (mTICI 2b-3) 222/250 (88.8) 113/130 (86.9) 109/120 (90.8) 0.42
3-month mRS, n=753 2[1-4] 2[1-4] 2[1-3] 0.04
3-month mRS =<2 439/753 (58.3) 191/358 (53.4) 248/395 (62.8) <0.0l
3-month mortality, n=753 110/753 (14.6) 61/358 (17) 49/395 (12.4) 0.08
PH 79/784 (10.1) 47/381 (12.3) 32/403 (7.9) 0.04
PHI 19/79 (24.1) 13/47 (27.7) 6/32 (18.8) 0.85
PH2 48/79 (60.8) 26/47 (55.3) 22/32 (68.8)
RPH 12/79 (15.2) 8/47 (17.0) 4/32 (12.5)
sICH 24/789 (3) 14/385 (3.6) 10/404 (2.5) 0.41

IQR: interquartile range; mRS: modified Rankin scale; IVT: intravenous thrombolysis; mTICI: modified treatment in cerebral infarction;
NIHSS: National Institute of Health stroke score; PH: parenchymal hemorrhage; sICH, symptomatic intracranial hemorrhage.

hemorrhage rates were lower in the in the tenecteplase
group in the whole cohort (7.9% vs 12.3%; p=0.04) and the
PSC (4.5% vs 12.2%; p <0.01) but not the CSC (11.3% vs
12.4%; p=0.76). In the multivariable model, the associa-
tion of tenecteplase with lower PH rate was statistically sig-
nificant among patients treated in the PSC (OR, 0.33, 95%
C10.14-0.76, p <0.01) but not in the CSC (OR, 1.05, 95%
CI 0.55-2.01, p=0.89) nor in the whole cohort (OR, 0.68,
95% C10.41-1.12, p=0.13).

Discussion

In our study, we have shown that the switch from alteplase
to tenecteplase can reduce both imaging-to-IVT and, in a
drip-and-ship paradigm, IVT-to-puncture times. Moreover,
compared to alteplase, patients treated with tenecteplase
achieved a better 3-month functional outcome with similar
safety.

Reduced treatment times are a key expected benefit of
tenecteplase, thanks to its simple and fast administration, but
discrepant data are available in the literature. While Zhong
et al. found similar door-to-IVT times with both thrombolyt-
ics,” two recent studies have shown that tenecteplase was
associated with shorter door-to-IVT times compared with
alteplase.!"!2 The present study confirms that tenecteplase
use speeds up the thrombolysis procedure and shows more
specifically in two centers with different stroke code proto-
cols how this can be achieved. BUH opted for in-imaging
administration of tenecteplase instead of in-stroke-unit infu-
sion of alteplase. Although reduced treatment times have
been previously reported with the in-imaging administration
of alteplase,'* its application in France has been limited by
the widespread use of MRI. Indeed, while some centers start

IVT within the MRI, either with only the bolus which can
significantly impact serum alteplase levels,'> or for fewer
centers also the 1-h infusion using long tubing or MRI-
compatible pumps, most centers initiate IVT outside the
MRIL' Here, the major modification of the thrombolytic
administration process was facilitated by the use of tenect-
eplase and was associated with a significant reduction of the
imaging-to-IVT time (16 min, 95% CI 12—-19). Conversely,
stroke code alert protocol was unchanged in SAH and the
imaging-to-IVT time did not differ between alteplase- and
tenecteplase-treated patients. However, in the drip-and-ship
paradigm treatment of SAH patients, the switch from
alteplase to tenecteplase was associated with a significant
IVT-to-puncture time reduction (11 min, 95% CI 3-23) likely
reflecting the easier interhospital transfer when the 1-h infu-
sion of alteplase is not needed. Tenecteplase use may be par-
ticularly beneficial in areas, as in France, where medicalized
transport is required for patients receiving continuous
infusion.

Interestingly, we found that tenecteplase is associated
with a higher rate of 3-month functional independence
(62.8% vs 53.4%). Although this association was only sta-
tistically significant in the CSC in the multivariable analy-
sis, similar trends (60.1% vs 50.5% in the CSC and 65.6%
vs 56.9% in the PSC) were observed in both centers in the
univariable analysis. Association of tenecteplase with better
functional outcome has already been reported, in clinical tri-
als of patients with LVO,>!® and in recent real-life studies.!!
Several mechanisms could explain our result. First, the
shorter treatment times with tenecteplase could play a key
part, as it has been demonstrated that shorter door-to-needle
times in AIS patients is associated with lower mortality
rates.!”!® Second, the faster and more efficient reperfusion
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associated with tenecteplase, well documented in LVO
AIS,3*616 g likely to be beneficial to patients with LVO and
also those with more distal occlusions. The lack of signifi-
cant association in the PSC could result from key differ-
ences between patients treated in both centers. Indeed,
patients treated in the PSC had more severe strokes, with a
higher rate of LVO and thrombectomy, which could level
the treatment effect of tenecteplase. Additionally, it cannot
be excluded that other confounding factors unaccounted for
in our model, such as the higher rate of cardio-embolic
strokes, could play a role in this result.

Additionally, as reported in previous studies and meta-
analyses,>*%7 we observed reassuring safety data and found
equivalent sICH rates (2.5% vs 3.6%) in both tenecteplase
and alteplase groups. In the multivariable analysis, we
observed a significant association with a lower rate of PH
in the PSC but not in the CSC. However, each center mostly
used a different imaging modality for the 24-h control, MRI
in the CSC and CT in the PSC. Although it has been reported
that MRI and CT were equivalent to detect PH,' it cannot
be excluded that it still played a part in this difference.

Our study has limitations linked to its retrospective
nature. It is not randomized and we cannot exclude that
non-analyzed confounding factors may have participated to
the time metrics or functional outcome improvement. For
instance, temporal trends which generally tend toward
improvement, could also explain the better treatment met-
rics and functional outcome rates. Indeed, it stands in con-
trast with the recent results reported from the ACT
controlled randomized trial, which did not demonstrate the
superiority of tenecteplase over alteplase in a secondary
analysis of 1577 patients. On the other hand, a real-life
study may be the best design to assess time metrics as they
would be impacted by the patient information and consent
process required in clinical trials.

Conclusion

In our study, we found that the switch from alteplase to
tenecteplase was associated with a reduction of treatment
times for AIS patients managed in both a CSC and PSC.
Moreover, in the post-switch cohort, better 3-month func-
tional independence rates were observed with similar
safety. We have shown in this study that tenecteplase,
thanks to its ease of use, can enable in-imaging administra-
tion and is associated to time metrics reduction. In a drip-
and-ship paradigm, we have found that tenecteplase is
associated with faster patient transfer to a CSC for
thrombectomy. Finally, functional outcome improvement
associated with tenecteplase will have to be confirmed by
further clinical trials.
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